
Chapter No.: 1 Title Name: <TITLENAME> ffirs.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:26:46 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: i

SHERLOCK’S DISEASES OF THE LIVER AND BILIARY SYSTEM



Chapter No.: 1 Title Name: <TITLENAME> ffirs.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:26:46 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: ii

About the Companion Website

This book is accompanied by a companion website:

www.wiley.com/go/sherlock/liver13e

The website includes:

 ● PowerPoints of all figures from the book for downloading



Chapter No.: 1 Title Name: <TITLENAME> ffirs.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:26:46 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
iii

Sherlock’s Diseases of the Liver and Biliary System

Thirteenth Edition

Edited By

James S. Dooley
University College London Institute for Liver and Digestive Health and
Sheila Sherlock Liver Centre
Royal Free London NHS Foundation Trust
London
UK

Anna S. F. Lok
Division of Gastroenterology and Hepatology
Michigan Medicine, University of Michigan
Ann Arbor, MI
USA

Guadalupe Garcia‐Tsao
Section of Digestive Diseases
Yale University School of Medicine
New Haven, CT;
Veterans Affairs Connecticut Healthcare System
West Haven, CT
USA

Massimo Pinzani
University College London Institute for Liver and Digestive Health and
Sheila Sherlock Liver Centre
Royal Free London NHS Foundation Trust
London
UK



Chapter No.: 1 Title Name: <TITLENAME> ffirs.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:26:46 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
iv

This edition first published 2018.
© 2018 John Wiley & Sons Ltd

Edition History
Blackwell Publishing Ltd (1e, 1955; 2e,1958; 3e,1963; 4e,1968; 5e,1975; 6e,1981; 7e,1985; 8e,1989; 9e,1993; 10e,1997; 11e, 2002; 12e, 2011)

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, recording or otherwise, except as permitted by law. Advice on how to obtain permission to reuse material 
from this title is available at http://www.wiley.com/go/permissions.

The right of James S. Dooley, Anna S. F. Lok, Guadalupe Garcia‐Tsao, Massimo Pinzani to be identified as the authors of the editorial material in 
this work has been asserted in accordance with law.

Registered Office(s)
John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA
John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial Office
9600 Garsington Road, Oxford, OX4 2DQ, UK

For details of our global editorial offices, customer services, and more information about Wiley products visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print‐on‐demand. Some content that appears in standard print versions of 
this book may not be available in other formats.

Limit of Liability/Disclaimer of Warranty
The contents of this work are intended to further general scientific research, understanding, and discussion only and are not intended and should 
not be relied upon as recommending or promoting scientific method, diagnosis, or treatment by physicians for any particular patient. In view 
of ongoing research, equipment modifications, changes in governmental regulations, and the constant flow of information relating to the use of 
medicines, equipment, and devices, the reader is urged to review and evaluate the information provided in the package insert or instructions for 
each medicine, equipment, or device for, among other things, any changes in the instructions or indication of usage and for added warnings and 
precautions. While the publisher and authors have used their best efforts in preparing this work, they make no representations or warranties with 
respect to the accuracy or completeness of the contents of this work and specifically disclaim all warranties, including without limitation any 
implied warranties of merchantability or fitness for a particular purpose. No warranty may be created or extended by sales representatives, written 
sales materials or promotional statements for this work. The fact that an organization, website, or product is referred to in this work as a citation 
and/or potential source of further information does not mean that the publisher and authors endorse the information or services the organization, 
website, or product may provide or recommendations it may make. This work is sold with the understanding that the publisher is not engaged 
in rendering professional services. The advice and strategies contained herein may not be suitable for your situation. You should consult with a 
specialist where appropriate. Further, readers should be aware that websites listed in this work may have changed or disappeared between when 
this work was written and when it is read. Neither the publisher nor authors shall be liable for any loss of profit or any other commercial damages, 
including but not limited to special, incidental, consequential, or other damages.

Library of Congress Cataloging‐in‐Publication Data

Names: Dooley, James (James S.), editor. | Lok, Anna S. F., editor. | Garcia-Tsao, Guadalupe, editor. | Pinzani, Massimo, editor.
Title: Sherlock’s diseases of the liver and biliary system / edited by James S. Dooley, Anna S.F. Lok, Guadalupe Garcia-Tsao, Massimo Pinzani.
Other titles: Diseases of the liver and biliary system
Description: 13th edition. | Hoboken, NJ : Wiley, 2018. | Preceded by Sherlock’s diseases of the liver and biliary system / edited by  

James S. Dooley … [et al.]. 12th ed. 2011. | Includes bibliographical references and index. | 
Identifiers: LCCN 2017057075 (print) | LCCN 2017059204 (ebook) | ISBN 9781119237563 (pdf) | ISBN 9781119237648 (epub) |  

ISBN 9781119237549 (cloth)
Subjects: | MESH: Liver Diseases | Biliary Tract Diseases
Classification: LCC RC845 (ebook) | LCC RC845 (print) | NLM WI 700 | DDC 616.3/6–dc23
LC record available at https://lccn.loc.gov/2017057075

Cover image: © Nerthuz/Shutterstock
Cover design by Wiley

Set in 10/12pt Warnock by SPi Global, Pondicherry, India

1 2018



Chapter No.: 1 Title Name: <TITLENAME> ftoc.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:02 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: v

v

Contents

List of Contributors xi
Preface to the Thirteenth Edition xv
Preface to the First Edition xvi

1 Anatomy and Function 1
Jay H. Lefkowitch
 Development of the liver and bile ducts 1
 Anatomy of the liver 1
 Functional liver anatomy: sectors and  
segments 3
 Anatomical abnormalities of the liver 3
 Anatomy of the biliary tract 4
 Surface marking 5
 Methods of examination 6
 Microanatomy of the liver 7
 Hepatic ultrastructure (electron microscopy) 
and organelle functions 9
 Functional heterogeneity of the liver 13
 Dynamics of the hepatic microenvironment 
in physiology and disease 14
 Hepatocyte death and regeneration 15
 References 16

2 Liver Function in Health and Disease: Clinical 
Application of Liver Tests 20
George Mells and Graeme Alexander
 Bilirubin metabolism 21
 Bile acids 23
 Lipid and lipoprotein metabolism 26
 Amino acid metabolism 28
 Plasma proteins 29
 Carbohydrate metabolism 31
 Markers of hepatocellular injury: the serum 
transaminases 32
 Markers of cholestasis: alkaline phosphatase (ALP) 
and gamma‐glutamyl transferase (GGT) 33
 Haematology in liver disease 34
 Effects of ageing on the liver 35
 References 36

3 Biopsy of the Liver 39
David Patch and Tu Vinh Luong
 Selection and preparation of the patient 39
 Techniques 40
 Risks and complications 43
 Sampling variability 45
 Naked‐eye appearances 46
 Preparation of the specimen 46
 Interpretation: a stepwise diagnostic  
approach 46
 Indications 48
 Special methods 49
 References 50

4 Coagulation in Cirrhosis 53
Nicolas M. Intagliata and Stephen H. Caldwell
 Introduction 53
 Normal coagulation pathways: a hepatologist’s 
perspective 54
 The coagulation system in cirrhosis 56
 Bleeding and thrombosis in cirrhosis 57
 Clinical laboratory tests of the coagulation 
system in cirrhosis 58
 Conclusion 60
 References 60

5 Acute Liver Failure 62
Shannan R. Tujios and William M. Lee
 Definition 62
 Epidemiology and aetiologies 63
 Clinical features 66
 Initial investigations 67
 Complications and management of acute liver 
failure 68
 Specific therapies 73
 Prognosis 75
 Liver transplantation 76
 Conclusion 78
 References 78



Chapter No.: 1 Title Name: <TITLENAME> ftoc.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:02 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
vi

Contentsvi

6 Hepatic Fibrogenesis 82
Meena B. Bansal and Scott L. Friedman
 Introduction 82
 Natural history of hepatic fibrosis 82
 Cellular and molecular features of hepatic 
fibrosis 83
 Clinical aspects of hepatic fibrosis 89
 Emerging antifibrotic targets and strategies 89
 References 90

7 Non‐invasive Assessment of Fibrosis 
and Cirrhosis 93
Avik Majumdar and Massimo Pinzani
 Introduction 93
 The use of invasive and non‐invasive tests 93
 Non‐invasive tests: specifics 95
 Conclusions 102
 References 103

8 Hepatic Cirrhosis 107
P. Aiden McCormick and Rajiv Jalan
 Definition 107
 Causes of cirrhosis 107
 Anatomical diagnosis 108
 Reversible cirrhosis 110
 Clinical cirrhosis: compensated versus 
decompensated 110
 Prognosis (Child–Pugh score, MELD, UKELD) 111
 Clinical and pathological associations 112
 Management 119
 Acute‐on‐chronic liver failure 120
 References 123

9 Ascites 127
Guadalupe Garcia‐Tsao
 Mechanisms of ascites formation 127
 Clinical features 130
 Differential diagnosis 132
 Spontaneous bacterial peritonitis 132
 Treatment of cirrhotic ascites 134
 Hyponatraemia 138
 Refractory ascites 139
 Hepatorenal syndrome 141
 Prognosis 144
 References 145

10 Hepatic Encephalopathy in Patients 
with Cirrhosis 151
Marsha Y. Morgan
 Clinical Features 151
 Classification 153
 Prevalence and consequences 154
 Diagnosis 154

 Diagnostic comorbidities, confounders, 
and alternatives 160
 Pathogenesis 161
 Management 167
 Prevention 174
 References 174

11 Portal Hypertension in Cirrhosis 180
Jaime Bosch and Annalisa Berzigotti
 Introduction 180
 Pathophysiology and rational basis  
of therapy 185
 Evaluation and diagnosis 188
 Natural history and prognosis 194
 Management 196
 Treatment of portal hypertension according 
to clinical scenarios 200
 References 205

12 Vascular Disorders of the Liver and Extrahepatic 
Portal Hypertension 209
Dominique‐Charles Valla
 Hepatic artery occlusion 209
 Aneurysms of the hepatic artery 210
 Hepatic arterioportal fistula 211
 Hepatic vascular malformations in hereditary 
haemorrhagic telangiectasia 212
 Congenital portosystemic shunts – Abernethy 
malformation 213
 Budd–Chiari syndrome – hepatic venous outflow 
tract obstruction 214
 Extrahepatic portal vein obstruction – portal vein 
thrombosis and portal cavernoma in the  
absence of cirrhosis 217
 Portal vein thrombosis in patients 
with cirrhosis 220
 Idiopathic non‐cirrhotic intrahepatic portal 
hypertension 221
 Hypoxic hepatitis 223
 Congestive cardiac hepatopathy 223
 Non‐obstructive sinusoidal dilation (NOSD) 
and peliosis 225
 References 226

13 Jaundice and Cholestasis 231
Peter L. M. Jansen
 Introduction 231
 Mechanics of bile formation 233
 Syndrome of cholestasis 238
 Causes of isolated hyperbilirubinaemia 239
 Causes of cholestatic and hepatocellular 
jaundice 242



Chapter No.: 1 Title Name: <TITLENAME> ftoc.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:02 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
vii

Contents vii

 Consequences of cholestasis and their 
management 244
 Investigation of the jaundiced patient 247
 Decisions to be made in the jaundiced patient 250
 Management of cholestatic disorders 251
 References 251

14 Gallstones and Benign Biliary Disease 256
James S. Dooley, Kurinchi S. Gurusamy, and 
Brian R. Davidson
 Introduction 256
 Imaging the gallbladder and biliary tract 256
 Gallstones 259
 Symptoms and complications of gallstones 264
 Cholecystectomy 266
 Complicated acute gallbladder disease 268
 Percutaneous cholecystostomy 269
 Asymptomatic gallbladder stones 269
 Non‐surgical treatment of gallstones 
in the gallbladder 269
 Common bile duct stones 270
 Acute gallstone pancreatitis 272
 Large common duct stones 272
 Mirizzi syndrome 273
 Intrahepatic gallstones 274
 Haemobilia 274
 Functional gallbladder and sphincter of Oddi 
disorders 274
 Other gallbladder pathologies 276
 Relationships to malignant change 279
 Benign biliary strictures 279
 Anastomotic strictures following biliary surgery 282
 IgG4‐related sclerosing cholangitis 283
 Chronic pancreatitis 283
 References 284

15 Malignant Biliary Diseases 294
Rahul S. Koti and John Bridgewater
 Carcinoma of the gallbladder 294
 Carcinoma of the bile duct 
(cholangiocarcinoma) 296
 Other biliary malignancies 301
 Metastases at the hilum 301
 Ampullary and periampullary carcinomas 301
 Conclusion 305
 References 305

16 Fibropolycystic Liver Diseases and Congenital 
Biliary Abnormalities 308
Nedim Hadžić and Mario Strazzabosco
 Overview 308
 Polycystic liver disease 309
 Fibropolycystic diseases 313

 Autosomal recessive polycystic kidney disease 314
 Congenital hepatic fibrosis 314
 Caroli disease 316
 Microhamartomas (von Meyenberg complexes) 318
 Choledochal cysts 318
 Solitary non‐parasitic liver cyst 320
 Congenital anomalies of the biliary tract 321
 References 324

17 Primary Biliary Cholangitis 328
David E. J. Jones
 Clinical features 328
 Diagnosis 329
 Epidemiology 333
 Aetiology and pathogenesis 334
 Management 335
 Prognosis 337
 References 338

18 Sclerosing Cholangitis 341
Tom Hemming Karlsen and Kirsten Muri Boberg
 Introduction 341
 Primary sclerosing cholangitis 341
 Secondary sclerosing cholangitis 350
 Sclerosing cholangitis in systemic inflammatory 
diseases 351
 References 351

19 Autoimmune Hepatitis and Overlap 
Syndromes 355
Ashnila Janmohamed and Gideon M. Hirschfield
 Introduction 355
 Disease overview 356
 Biological determinants of disease 357
 Disease presentation 359
 Laboratory features 361
 Imaging 363
 Liver biopsy and histological features 363
 Differential diagnosis 365
 Diagnostic dilemmas 366
 Making a diagnosis in practice 367
 Management strategies 368
 Pretreatment and on‐treatment considerations 371
 Treatment challenges and alternative  
agents 371
 Pregnancy and autoimmune hepatitis 372
 The elderly and autoimmune hepatitis 372
 Childhood‐onset autoimmune hepatitis 373
 Autoimmune hepatitis and liver 
transplantation 373
 Overlap syndromes 374
 Conclusion 377
 References 377



Chapter No.: 1 Title Name: <TITLENAME> ftoc.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:02 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
viii

Contentsviii

20 Enterically Transmitted Viral Hepatitis: Hepatitis 
A and Hepatitis E 380
Rinjal D. Brahmbhatt and Anna S. F. Lok
 General features of enterically transmitted viral 
hepatitis 380
 Hepatitis A virus 385
 Hepatitis E virus 389
 References 391

21 Hepatitis B 395
Anna S. F. Lok
 Introduction 395
 Hepatitis B virus 395
 Immune response and mechanisms of hepatic 
injury 398
 Epidemiology 399
 Prevention 400
 Diagnosis 402
 Clinical manifestations 404
 Natural history 405
 Treatment 408
 HBV and HCV coinfection 414
 HBV and HDV coinfection 414
 HBV and HIV coinfection 414
 References 415

22 Hepatitis D 421
Patrizia Farci and Grazia Anna Niro
 History 421
 Hepatitis D virus 421
 Epidemiology 422
 Pathogenesis 425
 Modes of infection and clinical course 425
 Diagnosis 428
 Treatment 429
 Prevention 432
 References 432

23 Hepatitis C 436
Geoffrey Dusheiko
 Introduction 436
 Epidemiology 436
 Virology 438
 Pathology and pathogenesis 439
 Diagnostic tests for hepatitis C 440
 Acute hepatitis C 441
 Chronic hepatitis C 441
 References 459

24 Drug‐Induced Liver Injury 468
Frank W. DiPaola and Robert J. Fontana
 Introduction 468
 Epidemiology 468
 Complications of DILI 469
 Classification of hepatotoxicity 469

 Drug metabolism and pharmacokinetics 469
 Hepatic drug metabolism 471
 Molecular mechanisms in drug‐induced 
liver injury 472
 Non‐genetic risk factors for DILI 473
 Diagnosis of DILI 474
 Medical management 478
 Pharmacogenetic risk factors 478
 Potential immunological mechanisms 
in idiosyncratic DILI 479
 Liver injury from specific drugs 479
 References 486

25 Alcohol and the Liver 494
Stephen Stewart and Ewan Forrest
 Introduction 494
 Alcohol metabolism 494
 Pathogenesis 496
 Susceptibility 497
 Histological features 498
 Clinical features 501
 Clinical syndromes 503
 Prognosis 504
 Treatment 506
 Conclusions 507
 References 508

26 Iron Overload States 511
Paul Adams and Heinz Zoller
 Normal iron physiology 511
 Iron overload and liver damage 515
 Genetic haemochromatosis 516
 Other iron storage diseases 521
 References 523

27 Wilson Disease 526
Eve A. Roberts and Karl Heinz Weiss
 Molecular genetics: pathogenesis 527
 Pathology 528
 Clinical picture 529
 Laboratory tests 532
 Genetic strategies 533
 Diagnostic difficulties 533
Treatment 533
 Prognosis 536
 Non-Wilsonian copper-related cirrhosis 536
 References 536

28 Non‐Alcoholic Fatty Liver Disease 540
Timothy Hardy and Christopher P. Day
 Introduction 540
 Further definitions, terminology, and  
diagnosis 541
 Liver biopsy, classification of NAFLD, and non‐
invasive markers of NASH and fibrosis 541



Chapter No.: 1 Title Name: <TITLENAME> ftoc.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:02 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
ix

Contents ix

 Clinical features 543
 Laboratory testing 544
 Epidemiology 545
 Ethnic variation in NAFLD 545
 Pathogenesis of NASH 545
Natural history of NAFLD 550
 NAFLD and hepatocellular carcinoma  
(HCC) 551
 Therapy for non‐alcoholic fatty liver disease 552
 Other forms of NAFLD 554
 References 555

29 Nutrition and Chronic Liver Disease 561
Manuela Merli
 Introduction 561
 Epidemiology and general characteristics 562
 Causes of malnutrition 562
 Consequences of malnutrition 564
 Diagnosis and assessment 565
 Treatment and management 568
 References 570

30 Pregnancy and the Liver 572
Rachel H. Westbrook and Catherine Williamson
 Introduction 572
 Normal physiology in pregnancy 572
 Pregnancy‐related liver diseases 573
 Pre‐existing liver diseases and pregnancy 578
 Liver transplantation and pregnancy 580
 Liver disease coincidentally 
arising with pregnancy 581
 Conclusion 582
 References 582

31 The Liver in the Neonate, in Infancy, 
and Childhood 588
Susan M. Siew and Deirdre A. Kelly
 Investigation of liver disease in children 588
 Neonatal jaundice 589
 Neonatal unconjugated hyperbilirubinaemia 589
 Neonatal liver disease (conjugated 
hyperbilirubinaemia) 591
 Neonatal hepatitis 594
 Inherited disease in the neonate 596
 Genetic cholestatic syndromes 598
 Structural abnormalities: biliary atresia 
and choledochal cyst 600
 Acute liver failure in infancy 602
 Liver disease in older children 605
 Metabolic disease in older children 607
 Cirrhosis and portal hypertension 613
 Liver transplantation 613
 Tumours of the liver 614
 References 615

32 The Liver in Systemic Diseases 622
James S. Dooley and Christopher McNamara
 Collagen‐vascular and autoimmune  
disorders 622
 Hepatic granulomas 624
 Sarcoidosis 626
 The liver in endocrine disorders 628
 Amyloidosis 629
 Porphyrias 632
 The liver in haemolytic anaemias 634
 The liver in myelo‐ and lymphoproliferative 
disease 638
 Bone marrow transplantation 639
 Lymphoma 640
 Extramedullary haemopoiesis 642
 Rare haematological disorders that may involve 
the liver 643
 Lipid storage diseases 643
 Non‐metastatic complications of malignancy 646
 References 646

33 The Liver in Infections 652
Sanjay Bhagani and Ian Cropley
 Introduction 652
 Jaundice of infections 652
 Pyogenic liver abscess 652
 Hepatic amoebiasis 655
 Tuberculosis of the liver 657
 Hepatic actinomycosis 659
 Syphilis of the liver 659
 Perihepatitis 660
 Leptospirosis 660
 Relapsing fever 663
 Lyme disease 663
 Rickettsial infections 663
 Fungal infections 664
 Schistosomiasis (bilharzia) 665
 Malaria 667
 Kala‐azar (visceral leishmaniasis) 668
 Echinococcosis (hydatid disease) 668
 Ascariasis 673
 Strongyloides stercoralis 674
 Trichinosis 674
 Toxocara canis (visceral larva migrans) 674
 Liver flukes 675
 References 676

34 Imaging of the Liver and Diagnostic Approach of 
Space‐Occupying Lesions 682
Neil H. Davies and Dominic Yu
 Ultrasound 682
 Computed tomography 683
 Magnetic resonance imaging 685
 Radioisotope scanning 688
 Positron emission tomography 691



Chapter No.: 1 Title Name: <TITLENAME> ftoc.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:02 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
x

Contentsx

 MR spectroscopy 691
 Conclusions and choice of imaging technique 691
 References 691

35 Benign Liver Tumours 693
Ian R. Wanless
 Diagnosis of focal liver lesions 693
 Hepatocellular lesions 693
 Biliary and cystic lesions 699
 Mesenchymal tumours 700
 References 701

36 Primary Malignant Neoplasms of the Liver 705
Adam Doyle and Morris Sherman
 Hepatocellular carcinoma 705
 Intrahepatic cholangiocarcinoma 718
 Other malignant neoplasms of the liver 721
 Other sarcomas 722
 References 722

37 Hepatic Transplantation 730
Lindsay Y. King and Carl L. Berg
 Selection of patients 730
 Candidates 732

 Absolute and relative contraindications 737
 General preparation of the patient 738
 Donor selection and operation 738
 The recipient operation 739
 Immunosuppression 742
 Postoperative course 743
 Post‐transplantation complications 744
 Conclusion 751
 References 752

38 Hepatic Transplantation and HBV, HCV, and HIV 
Infections 758
Norah A. Terrault
 Introduction 758
 Hepatitis B and liver transplantation 759
 Hepatitis C and liver transplantation 763
 HIV and liver transplantation 770
 References 773

Index 781



xi

Paul Adams MD
Professor of Medicine
Chief of Gastroenterology
University Hospital
University of Western Ontario
London, ON, Canada

Graeme Alexander MA, MD, FRCP
UCL Professor
Institute for Liver and Digestive Health
UCL Medical School
London, UK

Meena B. Bansal MD
Associate Professor of Medicine
Division of Liver Diseases
Icahn School of Medicine at Mount Sinai
New York, NY, USA

Carl L. Berg MD
Professor of Medicine
Medical Director of Abdominal Transplantation
Duke University Health System
Durham, NC, USA

Annalisa Berzigotti MD, PhD
Swiss Liver Center, Hepatology
University Clinic for Visceral Surgery and Medicine 
Inselspital
University of Bern
Bern, Switzerland

Sanjay Bhagani BSc, MB BCh, FRCP
Consultant Physician and Honorary Senior Lecturer
Department of Infectious Diseases/HIV Medicine
Royal Free Hospital
Research Department of Infection, UCL
London, UK

Kirsten Muri Boberg MD, PhD
Professor of Hepatology
Department of Transplantation Medicine
Oslo University Hospital Rikshospitalet
Oslo, Norway

Jaime Bosch MD, PhD, FRCP, FAASLD
Hepatic Hemodynamic Laboratory, Liver Unit, 
Hospital Clinic, IDIBAPS, University of Barcelona 
Barcelona, Spain;
CIBERehd, Instituto de Salud Carlos III, Madrid, Spain;
Swiss Liver Center, Hepatology, University Clinic for 
Visceral Surgery and Medicine, Inselspital, University 
of Bern
Bern, Switzerland

Rinjal D. Brahmbhatt MD
Division of Gastroenterology and Hepatology
Michigan Medicine, University of Michigan
Ann Arbor, MI, USA

John Bridgewater MA, FRCP, PhD, MB BS
Professor and Consultant in Medical Oncology
University College London Medical School and Cancer 
Institute
London, UK

Stephen H. Caldwell MD
Professor, Director of Hepatology
Division of Gastroenterology and Hepatology
University of Virginia
Charlottesville, VA, USA

Ian Cropley MA, MB BS, FRCP, DTM&H
Consultant Physician and Honorary Senior Lecturer
Department of Infectious Diseases/HIV Medicine
Royal Free Hospital
London, UK

Brian R. Davidson MB BCh, MD, FRCS (Glas), 
FRCS (Eng)
Consultant HPB and Liver Transplant Surgeon
HPB and Liver Transplant Unit
Royal Free Hospital, London
Professor of Surgery
Head of HBP and Liver Transplant Research
University College London Medical School, Royal Free 
Campus,
London, UK

List of Contributors



Chapter No.: 1 Title Name: <TITLENAME> fbetw.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:11 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
xii

List of Contributorsxii

Neil H. Davies MB BS, FRCS, FRCR
Consultant Interventional Radiologist
Department of Radiology
Royal Free Hospital
London, UK

Christopher P. Day FMedSci
Professor of Liver Medicine
Institute of Cellular Medicine, Newcastle University
Newcastle upon Tyne, UK

Frank W. DiPaola MD
Department of Pediatrics
University of Michigan Medical School
Ann Arbor, MI, USA

James S. Dooley MD, FRCP
Emeritus Reader in Medicine, UCL Institute for Liver 
and Digestive Health, and Honorary Consultant 
Hepatologist, Sheila Sherlock Liver Centre,  
Royal Free Hospital
London, UK

Adam Doyle MBBS, BMedSc, FRACP
Department of Gastroenterology and Hepatology
Royal Perth Hospital
Perth, WA, Australia

Geoffrey Dusheiko FCP(SA), FRCP, FRCP(Edin)
Emeritus Professor of Medicine, UCL Institute 
for Liver and Digestive Health, and Kings College 
Hospital
London, UK

Patrizia Farci MD
Chief, Hepatic Pathogenesis Section
Laboratory of Infectious Diseases
National Institute of Allergy and Infectious Diseases
National Institutes of Health
Bethesda, MD, USA

Robert J. Fontana, MD
Professor of Medicine
Department of Internal Medicine, University of 
Michigan Medical School
Ann Arbor, MI, USA

Ewan Forrest MD, FRCPS (Glasgow), FRCP (Edin)
Consultant Hepatologist
Liver Unit, Glasgow Royal Infirmary
Glasgow, UK

Scott L. Friedman MD
Fishberg Professor of Medicine
Chief, Division of Liver Diseases
Icahn School of Medicine at Mount Sinai
New York, NY, USA

Guadalupe Garcia‐Tsao MD
Professor of Medicine
Section of Digestive Diseases
Yale School of Medicine
New Haven, CT;
Veterans Affairs Connecticut Healthcare System
West Haven, CT, USA

Kurinchi S. Gurusamy MB BS, MRCS, PhD
Reader in Surgery
University College London Medical School, Royal Free 
Campus, and Royal Free Hospital, London, UK

Nedim Hadžić MD, MSc, FRCPCH, FAALD
Professor and Consultant in Paediatric Hepatology
Paediatric Centre for Hepatology, Gastroenterology and 
Nutrition
King’s College Hospital
London, UK

Timothy Hardy MB BS, BSc (Hons)
MRC Clinical Research Fellow
Institute of Cellular Medicine, Newcastle University
Newcastle upon Tyne, UK

Gideon M. Hirschfield MA, MB BChir, PhD, FRCP
Professor and Honorary Consultant Hepatologist
Centre for Liver Research, NIHR Biomedical Research 
Centre, University of Birmingham
Birmingham, UK

Nicolas M. Intagliata MD
Assistant Professor of Medicine, Gastroenterology and 
Hepatology
University of Virginia
Charlottesville, VA, USA

Rajiv Jalan MBBS, MD, PhD, FRCP, FRCPE, FAASLD
Professor of Hepatology
Liver Failure Group, Institute for Liver and Digestive 
Health, Division of Medicine, University College 
London
London, UK

Ashnila Janmohamed BSc, MBBS, MRCP
Clinical Research Fellow in Hepatology  
Centre for Liver Research, NIHR Biomedical Research 
Centre, University of Birmingham
Birmingham, UK



Chapter No.: 1 Title Name: <TITLENAME> fbetw.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:11 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
xiii

List of Contributors xiii

Peter L. M. Jansen MD, PhD
Professor of Hepatology
Department of Gastroenterology and Hepatology
Academic Medical Center
University of Amsterdam
Amsterdam, The Netherlands

David E. J. Jones BM, BCh, MA, PhD, FRCP
Professor of Liver Immunology
Medical School, Newcastle University
Honorary Consultant Hepatologist
Freeman Hospital
Newcastle upon Tyne, UK

Tom Hemming Karlsen MD, PhD
Professor of Internal Medicine
Senior Consultant of Gastroenterology and Hepatology
Department of Transplantation Medicine
Oslo University Hospital Rikshospitalet
Oslo, Norway

Deirdre A. Kelly MD, FRCP, FRCPI, FRCPCH
Professor of Paediatric Hepatology
Birmingham Children’s Hospital and University of 
Birmingham
Birmingham, UK

Lindsay Y. King MD, MPH
Assistant Professor of Medicine
Duke University Health System
Durham, NC, USA

Rahul S. Koti MD, FRCS
Honorary Senior Lecturer in Surgery
Royal Free Hospital and University College London 
Medical School
London, UK

William M. Lee MD, FACP
Professor of Internal Medicine
University of Texas Southwestern Medical Center
Dallas, TX, USA

Jay H. Lefkowitch MD
Professor of Clinical Pathology
College of Physicians and Surgeons, Columbia University
New York, NY, USA

Anna S. F. Lok MBBS, MD, FRCP
Alice Lohrman Andrews Research Professor in 
Hepatology
Director of Clinical Hepatology
Division of Gastroenterology and Hepatology
Michigan Medicine, University of Michigan
Ann Arbor, MI, USA

Tu Vinh Lu ong MD
Consultant Histopathologist
Department of Cellular Pathology, Royal Free Hospital;
Honorary Senior Lecturer,
UCL Institute for Liver and Digestive Health
London, UK

Avik Majumdar MBBS(Hons), MPHTM, FRACP
UCL Institute for Liver and Digestive Health and  
Sheila Sherlock Liver Centre
Royal Free Hospital, London, UK;
AW Morrow Gastroenterology and Liver Centre 
Australian National Liver Transplant Unit  
Royal Prince Alfred Hospital,  
Sydney, NSW, Australia

Christopher McNamara FRACP, FRCPA, FRCPath
Department of Haematology
University College London Hospitals
London, UK

P. Aiden McCormick MD, FRCP, FRCPI, FEBGH, 
FAASLD
Consultant Hepatologist and Newman  
Clinical Research Professor
St Vincent’s University Hospital and  
University College Dublin
Dublin, Ireland

George Mells MB BS, PhD, MRCP
Consultant Hepatologist
Cambridge Liver Unit
Addenbrooke’s Hospital
Cambridge, UK

Manuela Merli MD
Associate Professor, Gastroenterology
Department of Clinical Medicine, Sapienza  
University of Rome
Rome, Italy

Marsha Y. Morgan MB ChB, FRCP
Principal Research Associate and Honorary  
Consultant Physician
UCL Institute for Liver and Digestive Health  
Division of Medicine  
University College London
London, UK

Grazia Anna Niro, MD
Gastroenterology Unit
IRCCS “Casa Sollievo Sofferenza” Hospital
San Giovanni Rotondo
Foggia, Italy



Chapter No.: 1 Title Name: <TITLENAME> fbetw.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:11 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 
xiv

List of Contributorsxiv

David Patch MB BS, FRCP
Consultant Hepatologist
Sheila Sherlock Liver Centre, Royal Free Hospital and 
UCL Institute for Liver and Digestive Health
London, UK

Massimo Pinzani MD, PhD, FRCP, FAASLD
Professor of Medicine
UCL Institute for Liver and Digestive Health and Sheila 
Sherlock Liver Centre
Royal Free Hospital
London, UK

Eve A. Roberts MD, PhD, FRCPC
Departments of Paediatrics, Medicine, and 
Pharmacology and Toxicology
University of Toronto
Toronto, ON, Canada

Morris Sherman MB BCh, PhD, FRCP(C), FAASLD
Professor of Medicine
Department of Medicine,  
Division of Gastroenterology
University of Toronto and  
University Health Network
Toronto, ON, Canada

Susan M. Siew MBBS (Hons.), FRACP, PhD
Paediatric Gastroenterologist
Department of Gastroenterology and James Fairfax 
Institute of Paediatric Nutrition
Sydney Children’s Hospital Network (Westmead)
Sydney, NSW, Australia

Stephen Stewart MBChB, PhD
Consultant Hepatologist and Director of Centre for 
Liver Disease
Mater Misericordiae University Hospital
Dublin, Ireland

Mario Strazzabosco MD, PhD
Professor of Medicine;
Director, Smilow Liver Cancer Program;
Deputy Director, Yale Liver Center
Yale School of Medicine
New Haven, CT, USA

Norah A. Terrault MD, MPH
Professor of Medicine
Division of Gastroenterology/Hepatology
University of California San Francisco
San Francisco, CA, USA

Shannan R. Tujios MD
Assistant Professor of Internal Medicine
Division of Digestive and Liver Diseases
University of Texas Southwestern Medical Center
Dallas, TX, USA

Dominique‐Charles Valla MD
Professor of Hepatology
University Paris‐Diderot and Inserm UMR‐1149, Paris;
Department of Hepatology, Hôpital Beaujon, APHP
Clichy‐la‐Garenne, France

Ian R. Wanless MD CM, FRCPC
Professor of Pathology
Department of Pathology
Queen Elizabeth II Health Sciences Centre and 
Dalhousie University
Halifax, NS, Canada

Karl Heinz Weiss MD
Head of Section of Transplant Hepatology
Department of Internal Medicine IV
University of Heidelberg
Heidelberg, Germany

Rachel H. Westbrook MBChB, MRCP, MD
Consultant Hepatologist and Honorary Senior Lecturer
Royal Free Hospital and UCL Institute for Liver and 
Digestive Health
London, UK

Catherine Williamson MD, FRCP
Professor of Women’s Health, Department of Women 
and Children’s Health
Faculty of Life Sciences & Medicine
King’s College London
London, UK

Dominic Yu MB BS, MRCPI, FRCR
Consultant Radiologist
Department of Radiology
Royal Free Hospital
London, UK

Heinz Zoller MD
Associate Professor of Medicine
Consultant in Gastroenterology and Hepatology
Department of Internal Medicine 1
Medical University of Innsbruck
Innsbruck, Austria



Chapter No.: 1 Title Name: <TITLENAME> fpref.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:28:08 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: xv

xv

 Since 2011 important new data have contributed to all 
areas of hepatobiliary disease, and revision of the 12th 
edition of Sherlock’s Diseases of the Liver and Biliary 
System, published then, is timely. Many clinical chal-
lenges remain. However, advances in the understanding 
of pathogenesis and prognostic staging are leading to 
more individualized patient care and providing improved 
outcomes in many conditions. Studies of the basic cellu-
lar mechanisms involved are leading to the investigation 
of new therapeutic approaches.

A particular advance with important implications is in 
the treatment of hepatitis C, which can now be cured in 
more than 95% of patients with 8 to 16 weeks of oral anti-
viral therapy.

The current hepatological epidemic in the Western 
world is non‐alcoholic fatty liver disease and much 
research is published and on‐going to dissect and 
understand the mechanisms and predisposing factors 
related to progression to cirrhosis. New agents are 
being studied for their potential to prevent or reverse 
such progression.

The drive of clinical hepatologists and basic scientists 
for greater understanding is a credit to the worldwide 
community of those involved. International collabora-
tions to gather data on large cohorts of patients are play-
ing an important role. Viral hepatitis has been 
mentioned, but there has been much new work in chole-
static liver diseases. Molecular genetic techniques are 
more accessible, for example in the diagnosis of condi-
tions such as haemochromatosis and Wilson disease. 
Gene therapy may be on the horizon for some genetic 
diseases. Genome‐wide studies are becoming almost 
routine to dissect the predisposing factors, for example 
in immune‐related and alcoholic liver disease. Liver 
imaging, already strides ahead of what was available in 
earlier days, has greatly reduced the need for biopsies. 
Liver transplantation is widely available. The selection 
and management of this cohort of patients is constantly 
being assessed and refined to attain better outcomes.

Sheila Sherlock, an enthusiastic pioneer in the devel-
opment of Hepatology worldwide, would have been 

excited and we think stunned by the current state of her 
speciality. She herself used her textbook as a resource in 
which to annotate the most current work and knowl-
edge. Her goal with each edition was to provide a 
 textbook of manageable size, critical and current.

It is with this ethos that we have approached the 13th 
edition with specialist contributors from across the 
world. We hope that this edition will stimulate interest in 
hepatobiliary disease among students and young doc-
tors, as well as provide a reference source for specialist 
hepatologists, surgeons, pathologists, radiologists, and 
clinical nurse specialists. The edition has over 100 new 
figures and more than 1500 new references.

The format is as before – designed to preserve clarity, 
with the text written as far as is possible with Sheila 
Sherlock’s style in mind.

New chapters reflect current developments and inter-
est with particular contributions on non‐invasive assess-
ment of hepatic fibrosis and cirrhosis, coagulation in 
cirrhosis, and nutrition in the patient with cirrhosis.

We are most grateful to the authors for their work 
updating, fully revising, or providing new chapters. We 
thank Pri Gibbons and Deirdre Barry at Wiley Blackwell 
for their contributions to making this project a success. 
We wish also to express our particular thanks to Gill 
Whitley for her unflinching commitment, expertise, and 
support during the production of this 13th edition. We 
are grateful to Jane Fallows for the new artwork and for 
the reworking where necessary of figures from the previ-
ous edition.

Finally, this textbook is the legacy of Sheila Sherlock’s 
exceptional life and career, and we hope that her daugh-
ters and their families will take pleasure in seeing their 
mother’s seminal contribution to Hepatology celebrated 
in another edition of Diseases of the Liver and Biliary 
System.

September 2017 James S. Dooley
Anna S. F. Lok
Guadalupe Garcia‐Tsao
Massimo Pinzani

Preface to the Thirteenth Edition
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My aim in writing this book has been to present a com-
prehensive and up‐to‐date account of diseases of the 
liver and biliary system, which I hope will be of value to 
physicians, surgeons, and pathologists and also a refer-
ence book for the clinical student. The modern literature 
has been reviewed with special reference to articles of 
general interest. Many older more specialized classical 
contributions have therefore inevitably been excluded.

Disorders of the liver and biliary system may be classi-
fied under the traditional concept of individual diseases. 
Alternatively, as I have endeavoured in this book, they 
may be described by the functional and morphological 
changes which they produce. In the clinical management 
of a patient with liver disease, it is important to assess the 
degree of disturbance of four functional and morpho-
logical components of the liver: hepatic cells, vascular 
system (portal vein, hepatic artery, and hepatic veins), 
bile ducts, and reticulo‐endothelial system. The typical 
reaction pattern is thus sought and recognized before 
attempting to diagnose the causative insult. Clinical and 
laboratory methods of assessing each of these compo-
nents are therefore considered early in the book. 
Descriptions of individual diseases follow as illustrative 
examples. It will be seen that the features of hepatocel-
lular failure and portal hypertension are described in 
general terms as a foundation for subsequent discussion 
of virus hepatitis, nutrition liver disease, and the cirrho-
ses. Similarly blood diseases and infections of the liver 
are included with the reticuloendothelial system, and 
disorders of the biliary tract follow descriptions of acute 
and chronic bile duct obstruction.

I would like to acknowledge my indebtedness to my 
teachers, the late Professor J. Henry Dible, the late 
Professor Sir James Learmonth and Professor Sir John 
McMichael, who stimulated my interest in hepatic dis-
ease, and to my colleagues at the Postgraduate Medical 
School and elsewhere who have generously invited me to 
see patients under their care. I am grateful to Dr A. G. 
Bearn for criticizing part of the typescript and to Dr A. 
Paton for his criticisms and careful proof reading. Miss 
D. F. Atkins gave much assistance with proof reading and 

with the bibliography. Mr Per Saugman and Mrs J. M. 
Green of Blackwell Scientific Publications have co‐oper-
ated enthusiastically in the production of this book.

The photomicrographs were taken by Mr E. V. 
Willmott, frps, and Mr C. A. P. Graham from sections 
prepared by Mr J. G. Griffin and the histology staff of the 
Postgraduate Medical School. Clinical photographs are 
the work of Mr C. R. Brecknell and his assistants. The 
black and white drawings were made by Mrs H. M. G. 
Wilson and Mr D. Simmonds. I am indebted to them all 
for their patience and skill.

The text includes part of unpublished material included 
in a thesis submitted in 1944 to the University of 
Edinburgh for the degree of MD, and part of an essay 
awarded the Buckston–Browne prize of the Harveian 
Society of London in 1953. Colleagues have allowed me 
to include published work of which they are jointly 
responsible. Dr Patricia P. Franklyn and Dr R. E. Steiner 
have kindly loaned me radiographs. Many authors have 
given me permission to reproduce illustrations and 
detailed acknowledgments are given in the text. I wish 
also to thank the editors of the following journals for 
 permission to include illustrations: American Journal of 
Medicine, Archives of Pathology, British Heart Journal, 
Circulation, Clinical Science, Edinburgh Medical Journal, 
Journal of Clinical Investigation, Journal of Laboratory 
and Clinical Investigation, Journal of Pathology and 
Bacteriology, Lancet, Postgraduate Medical Journal, 
Proceedings of the Staff Meetings of the Mayo Clinic, 
Quarterly Journal of Medicine, Thorax, and also the 
 following publishers: Butterworth’s Medical Publications, 
J. & A. Churchill Ltd, The Josiah Macy Junior Foundation, 
and G. D. Searle & Co.

Finally I must thank my husband, Dr D. Geraint James, 
who, at considerable personal inconvenience, encour-
aged me to undertake the writing of this book and also 
criticized and rewrote most of it. He will not allow me to 
dedicate it to him.

SHEILA SHERLOCK
1955

 Preface to the First Edition
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 Development of the liver 
and bile ducts

The liver begins as a hollow endodermal bud from the 
foregut (duodenum) during the third week of gestation. 
The bud separates into two parts: hepatic and biliary. The 
hepatic part contains bipotential progenitor cells that dif-
ferentiate into hepatocytes or ductal cells, which form the 
early primitive bile duct structures (bile duct plates). 
Differentiation is accompanied by changes in cytokeratin 
type within the cell [1]. Normally, this collection of rapidly 

proliferating cells penetrates adjacent mesodermal tissue 
(the septum transversum) and is met by ingrowing capil-
lary plexuses from the vitelline and umbilical veins, which 
will form the sinusoids. The connection between this 
 proliferating mass of cells and the foregut, the biliary part 
of the endodermal bud, will form the gallbladder and extra-
hepatic bile ducts. The intrahepatic bile ducts begin to 
develop at week 8 from the flattened epithelium of the 
ductal plates adjacent to portal tracts [2]. Bile begins to 
flow at about the 12th week. Connective tissue cells of 
 portal tracts are derived from the mesoderm of the septum 
transversum. Kupffer cells derive from circulating mono-
cytes and possibly yolk sac macrophages. Hepatic stellate 
cells appear to be mesodermal derivatives from submeso-
thelial cells located beneath the surface of the developing 
liver [3]. The fetal liver is the main site of haemopoiesis by 
the 12th week; this subsides in the fifth month coincident 
with the onset of bone marrow haemopoietic activity, so 
that only a few haemopoietic cells remain at birth.

 Anatomy of the liver

The liver, the largest organ in the body, weighs 1200–1500 g 
and comprises one‐fiftieth of the total adult body weight. 
It is relatively larger in infancy, comprising one‐eighteenth 
of the birth weight. This is mainly due to a large left lobe.

Sheltered by the ribs in the right upper quadrant, the 
upper border lies approximately at the level of the nipples. 
There are two anatomical lobes, the right being about six 
times the size of the left (Fig. 1.1, Fig. 1.2, Fig. 1.3). Lesser 
segments of the right lobe are the  caudate lobe on the 
 posterior surface and the quadrate lobe on the inferior 
surface. The right and left lobes are  separated anteriorly 
by a fold of peritoneum called the falciform ligament, 
 posteriorly by the fissure for the ligamentum venosum, 
and inferiorly by the fissure for the ligamentum teres.

Chapter 1

Anatomy and Function
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LEARNING POINTS

 ● The liver is derived from a foregut endodermal bud 
which develops in the third week of gestation and 
divides into two parts: hepatic and biliary.

 ● The Couinaud classification subdivides the liver into 
eight segments (segments I–IV in the left lobe, seg-
ments V–VIII in the right lobe) based on vascular and 
biliary anatomical landmarks.

 ● The lobule described by Kiernan is the most widely used 
unit of liver microanatomy, consisting of a hexagon‐like 
region of liver parenchyma with a central vein as its hub 
and portal tracts located in the periphery of the hexagon.

 ● Hepatocytes are functionally heterogeneous within the 
lobular parenchyma, whereby centrilobular cells sub-
serve different functions (e.g. drug metabolism) from 
periportal cells (e.g. bile salt‐dependent bile formation).

 ● Uncomplicated regeneration of hepatocytes and/or 
bile duct epithelium usually occurs by cell division of 
the indigenous cells; however, when normal regenera-
tive capacity is overwhelmed there may be activation 
of progenitors cells located in the region of the canals 
of Hering.
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The liver has a double blood supply. The portal vein 
brings venous blood from the intestines and spleen and the 
hepatic artery, coming from the coeliac axis, supplies the 
liver with arterial blood. These vessels enter the liver 
through a fissure, the porta hepatis, which lies far back on 
the inferior surface of the right lobe. Inside the porta, the 
portal vein and hepatic artery divide into branches to the 
right and left lobes, and the right and left hepatic bile ducts 

join to form the common hepatic duct. The hepatic 
nerve plexus contains fibres from the sympathetic gan-
glia T7–T10, which synapse in the coeliac plexus, the right 
and left vagi and the right phrenic nerve. It accompanies 
the hepatic artery and bile ducts into their finest ramifica-
tions, even to the portal tracts and hepatic parenchyma [4].

The ligamentum venosum, a slender remnant of the 
ductus venosus of the fetus, arises from the left branch of 
the portal vein and fuses with the inferior vena cava at 
the entrance of the left hepatic vein. The ligamentum 
teres, a remnant of the umbilical vein of the fetus, runs in 
the free edge of the falciform ligament from the umbili-
cus to the inferior border of the liver and joins the left 
branch of the portal vein. Small veins accompanying it 
connect the portal vein with veins around the umbilicus. 
These become prominent when the portal venous  system 
is obstructed inside the liver.

The venous drainage from the liver is into the right and 
left hepatic veins which emerge from the back of the liver 
and at once enter the inferior vena cava very near its 
point of entry into the right atrium.

Lymphatic vessels terminate in small groups of glands 
around the porta hepatis. Efferent vessels drain into 
glands around the coeliac axis. Some superficial hepatic 
lymphatics pass through the diaphragm in the falciform 
ligament and finally reach the mediastinal glands. 
Another group accompanies the inferior vena cava into 
the thorax and ends in a few small glands around the 
intrathoracic portion of the inferior vena cava.

The inferior vena cava makes a deep groove to the 
right of the caudate lobe about 2 cm from the midline.

The gallbladder lies in a fossa extending from the inferior 
border of the liver to the right end of the porta hepatis.

The liver is completely covered with peritoneum, 
except in three places. It comes into direct contact with 
the diaphragm through the bare area which lies to the 
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Fig. 1.1 Anterior view of the liver.
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Fig. 1.2 Posterior view of the liver.
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Fig. 1.3 Inferior view of the liver.
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right of the fossa for the inferior vena cava. The other 
areas without peritoneal covering are the fossae for the 
inferior vena cava and gallbladder.

The liver is kept in position by peritoneal ligaments 
and by the intra‐abdominal pressure transmitted by the 
tone of the muscles of the abdominal wall.

 Functional liver anatomy: sectors 
and segments

Based on the external appearances described earlier, the 
liver has a right and left lobe separated along the line of 
insertion of the falciform ligament. This separation, how-
ever, does not correlate with blood supply or biliary drain-
age. A functional anatomy is now recognized based upon 
vascular and biliary anatomy. The Couinaud classification 
[5] defines eight segments (segments I–IV in the left lobe, 
V–VIII in the right lobe), while the Bismuth classification 
[6] divides the liver into four sectors. These can be corre-
lated with results seen with imaging techniques.

The main portal vein divides into right and left 
branches and each of these supplies two further subunits 
(variously called sectors). The sectors on the right side 
are anterior and posterior and, in the left lobe, medial 

and lateral – giving a total of four sectors (Fig. 1.4). Using 
this definition, the right and left side of the liver are 
divided not along the line of the falciform ligament, but 
along a slightly oblique line to the right of this, drawn 
from the inferior vena cava above to the gallbladder bed 
below. The right and left side are independent with 
regard to portal and arterial blood supply, and bile drain-
age. Three planes separate the four sectors and contain 
the three major hepatic vein branches.

Closer analysis of these four hepatic sectors produces a 
further subdivision into segments (Fig. 1.5). The right ante-
rior sector contains segments V and VIII; right posterior 
sector, VI and VII; left medial sector, IV; left lateral sector, 
II and III. There is no vascular anastomosis between the 
macroscopic vessels of the segments but communications 
exist at the sinusoidal level. Segment I, the equivalent of the 
caudate lobe, is separate from the other segments and does 
not derive blood directly from the major portal branches 
or drain by any of the three major hepatic veins.

This functional anatomical classification allows inter-
pretation of radiological data and is of importance to the 
surgeon planning a liver resection. There are wide varia-
tions in portal and hepatic vessel anatomy which can be 
demonstrated by spiral computed tomography (CT) and 
magnetic resonance imaging (MRI) reconstruction [7].

 Anatomical abnormalities 
of the liver

These are being increasingly diagnosed with more wide-
spread use of CT and ultrasound scanning.

Accessory lobes. The livers of the pig, dog, and camel 
are divided into distinct and separate lobes by strands of 
connective tissue. Occasionally, the human liver may 
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Fig. 1.4 The sectors of the human liver.
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Fig. 1.5 Schematic representation of the functional anatomy of 
the liver. Three main hepatic veins (dark blue) divide the liver into 
four sectors, each of them receiving a portal pedicle; hepatic veins 
and portal veins are intertwined as the fingers of two hands [6].
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show this reversion and up to 16 lobes have been 
reported. This abnormality is rare and without clinical 
significance. The lobes are small and usually on the 
undersurface of the liver so that they are not detected 
clinically but are noted incidentally at scanning, opera-
tion, or necropsy. Rarely, they are intrathoracic [8]. An 
accessory lobe may have its own mesentery containing 
hepatic artery, portal vein, bile duct, and hepatic vein. 
This may twist and demand surgical intervention.

Ectopic liver. Small nodules of normal liver derived 
from the embryologic hepatic bud may be found in less 
than 1% of laparoscopies and autopsies near the gallblad-
der, hepatic ligaments, gastrorenal ligament, omentum, 
retroperitorneum, and thorax. These may give rise to 
hepatocellular carcinoma [9,10].

Riedel’s lobe. This is fairly common and is a downward 
tongue‐like projection of the right lobe of the liver [11]. It is 
a simple anatomical variation; it is not a true accessory lobe. 
The condition is more frequent in women. It is detected as 
a mobile tumour on the right side of the abdomen which 
descends with the diaphragm on inspiration. It may come 
down as low as the right iliac region. It is easily mistaken for 
other tumours in this area, especially a visceroptotic right 
kidney. It does not cause symptoms and treatment is not 
required. Rarely, it is a site for metastasis or primary hepa-
tocellular carcinoma. Scanning may be used to identify 
Riedel’s lobe and other anatomical abnormalities.

Cough furrows on the liver. These are vertical grooves 
on the convexity of the right lobe. They are one to six in 
number and run anteroposteriorly, being deeper posteri-
orly. These represent diaphragmatic sulci and fissures 
produced by pressure exerted by diaphragmatic muscle 
on peripheral structurally weak liver parenchymal zones 
associated with watershed vascular distribution [12]. 
Chronic cough produces such pressure.

Corset liver. This is a horizontal fibrotic furrow or 
pedicle on the anterior surface of one or both lobes of the 
liver just below the costal margin [13]. The mechanism is 
unknown, but it affects elderly women who have worn 
corsets for many years. It presents as an abdominal mass 
in front of and below the liver and is isodense with the 
liver. It may be confused with a hepatic tumour.

Lobar atrophy. Interference with the portal supply or 
biliary drainage of a lobe may cause atrophy. There is 
usually hypertrophy of the opposite lobe. Left lobe atro-
phy found at post‐mortem or during scanning is not 
uncommon and is probably related to reduced blood 
supply via the left branch of the portal vein. The lobe is 
decreased in size with thickening of the capsule, fibrosis, 
and prominent biliary and vascular markings. The vas-
cular problem may date from the time of birth. Loss of 
left lobe parenchyma in this instance develops by the 
process of ischaemic extinction due to impaired flow 
from the affected large portal vein branch. Replacement 

fibrosis ensues. This large vessel extinction process 
should be distinguished from cirrhosis in which the 
entire liver is affected by numerous intrahepatic and dis-
crete extinction lesions, which affect small hepatic veins 
and portal vein branches during the course of inflamma-
tion and fibrosis. Hence, in cirrhosis the entire liver 
 surface is diffusely converted to regenerative parenchy-
mal nodules surrounded by fibrosis.

Obstruction to the right or left hepatic bile duct by benign 
stricture or cholangiocarcinoma is now the most common 
cause of lobar atrophy [14]. The alkaline phosphatase is 
usually elevated. The bile duct may not be dilated within the 
atrophied lobe. Relief of obstruction may reverse the 
changes if cirrhosis has not developed. Distinction between 
a biliary and portal venous  aetiology may be made using 
technetium‐labelled iminodiacetic acid (IDA) and colloid 
scintiscans. A small lobe with normal uptake of IDA and 
colloid is compatible with a portal aetiology. Reduced or 
absent uptake of both isotopes favours biliary disease.

Agenesis of the right lobe [15]. This rare lesion may be 
an incidental finding associated, probably coincidentally, 
with biliary tract disease and also with other congenital 
abnormalities. It can cause presinusoidal portal hyper-
tension. The other liver segments undergo compensa-
tory hypertrophy. It must be distinguished from lobar 
atrophy due to cirrhosis or hilar cholangiocarcinoma.

Situs inversus (SI). In the exceedingly rare SI totalis or 
abdominalis the liver is located in the left hypochon-
drium and may be associated with other anomalies 
including biliary atresia, polysplenia syndrome, aberrant 
hepatic artery anatomy, and absent portal vein. Hepatic 
surgery (partial hepatectomy, liver transplantation) is 
feasible, but complex. Other conditions associated with 
displacement of the liver from its location in the right 
upper quadrant include congenital diaphragmatic 
 hernias, diaphragmatic eventration, and omphalocoele.

Anatomical abnormalities of the gallbladder and 
 biliary tract are discussed in Chapter 14.

 Anatomy of the biliary tract (Fig. 1.6)

The right and left hepatic ducts emerge from the liver 
and unite in the porta hepatis to form the common 
hepatic duct. This is soon joined by the cystic duct from 
the gallbladder to form the common bile duct.

The common bile duct runs between the layers of the 
lesser omentum, lying anterior to the portal vein and to 
the right of the hepatic artery. Passing behind the first part 
of the duodenum in a groove on the back of the head of the 
pancreas, it enters the second part of the duodenum. The 
duct runs obliquely through the posteromedial wall, 
 usually joining the main pancreatic duct to form the 
ampulla of Vater (c. 1720). The ampulla makes the 
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mucous  membrane bulge inwards to form an eminence, 
the duodenal papilla. In about 10–15% of subjects the bile 
and pancreatic ducts open separately into the duodenum.

The dimensions of the common bile duct depend on 
the technique used. At operation it is about 0.5–1.5 cm in 
diameter. Using ultrasound the values are less, the com-
mon bile duct being 2–7 mm, with values greater than 
7 mm being regarded as abnormal. Using endoscopic 
cholangiography, the duct diameter is usually less than 
11 mm, although after cholecystectomy it may be more 
in the absence of obstruction.

The duodenal portion of the common bile duct is 
 surrounded by a thickening of both longitudinal and 
 circular muscle fibres derived from the intestine. This is 
called the sphincter of Oddi (c. 1887).

The gallbladder is a pear‐shaped bag 9 cm long with a 
capacity of about 50 mL. It always lies above the trans-
verse colon, and is usually next to the duodenal cap over-
lying, but well anterior to, the right renal shadow. The 
fundus is the wider end and is directed anteriorly; this is 
the part palpated when the abdomen is examined. The 
body extends into a narrow neck which continues into 
the cystic duct. The valves of Heister are spiral folds of 
mucous membrane in the wall of the cystic duct and 
neck of the gallbladder. Hartmann’s pouch is a saccula-
tion at the neck of the gallbladder; this is a common site 
for a gallstone to lodge.

The mucosa is in delicate, closely woven folds; instead of 
glands there are indentations of mucosa which usually lie 
superficial to the muscle layer. Increased intraluminal pres-
sure in chronic cholecystitis results in formation of branched, 
diverticula‐like invaginations of the mucosa which reach into 
the muscular layer, termed Rokitansky–Aschoff sinuses. 
There is no submucosa or muscularis mucosae. The gallblad-
der wall consists of a loose connective tissue lamina propria 
and muscular layer containing circular, longitudinal, and 
oblique muscle bundles without definite layers, the muscle 
being particularly well developed in the neck and fundus. 
The outer layers are the subserosa and serosa. The distensible 
normal gallbladder fills with bile and bile acids secreted by 
the liver, concentrates the bile through absorption of water 
and electrolytes and with meals contracts under the  influence 
of cholecystokinin (acting through preganglionic cholinergic 
nerves) to empty bile into the duodenum.

Blood supply. The gallbladder receives blood from the 
cystic artery. This branch of the hepatic artery is large, 
tortuous, and variable in its anatomical relationships. 
Smaller blood vessels enter from the liver through the 
gallbladder fossa. The venous drainage is into the cystic 
vein and thence into the portal venous system. Attention 
to the vascular‐biliary anatomy in the reference area 
known as Calot’s triangle (bordered by the cystic duct, 
common hepatic duct, and lower edge of the liver) 
reduces the risk of vascular injuries and potential biliary 
strictures. Most bile duct injuries occur at cholecystec-
tomy (incidence of <1.3% for either open or laparoscopic 
cholecystectomy). After liver transplantation 10–33% of 
patients may develop biliary complications, of which 
 biliary stricture is the most important.

The arterial blood supply to the supraduodenal bile 
duct is generally by two main (axial) vessels which run 
beside the bile duct. These are supplied predominantly 
by the retroduodenal artery from below, and the right 
hepatic artery from above, although many other vessels 
contribute. This pattern of arterial supply would explain 
why vascular damage results in bile duct stricturing [16].

Lymphatics. There are many lymphatic vessels in the 
submucous and subperitoneal layers. These drain 
through the cystic gland at the neck of the gallbladder to 
glands along the common bile duct, where they anasto-
mose with lymphatics from the head of the pancreas.

Nerve supply. The gallbladder and bile ducts are liber-
ally supplied with nerves, from both the parasympathetic 
and the sympathetic system.

 Surface marking (Fig. 1.7, Fig. 1.8)

Liver. The upper border of the right lobe is on a level with 
the 5th rib at a point 2 cm medial to the right midclavicu-
lar line (1 cm below the right nipple). The upper border 
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Fig. 1.6 Gallbladder and biliary tract.
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of the left lobe corresponds to the upper border of the 
6th rib at a point in the left midclavicular line (2 cm 
below the left nipple). Here only the diaphragm separates 
the liver from the apex of the heart.

The lower border passes obliquely upwards from the 
9th right to the 8th left costal cartilage. In the right nip-
ple line it lies between a point just under to 2 cm below 
the costal margin. It crosses the midline about midway 
between the base of the xiphoid and the umbilicus and 
the left lobe extends only 5 cm to the left of the sternum.

Gallbladder. Usually the fundus lies at the outer bor-
der of the right rectus abdominis muscle at its junction 
with the right costal margin (9th costal cartilage) 
(Fig. 1.8). In an obese subject it may be difficult to iden-
tify the outer border of the rectus sheath and the gall-
bladder may then be located by the Grey–Turner 
method. A line is drawn from the left anterior superior 
iliac spine through the umbilicus; its intersection with 

the right costal margin indicates the position of the 
 gallbladder. These guidelines depend upon the individu-
al’s build. The fundus may occasionally be found below 
the iliac crest.

 Methods of examination

Liver. The lower edge should be determined by palpation 
just lateral to the right rectus muscle. This avoids mistak-
ing the upper intersection of the rectus sheath for the 
liver edge.

The liver edge moves 1–3 cm downwards with deep 
inspiration. It is usually palpable in normal subjects 
inspiring deeply. The edge may be tender, regular or 
irregular, firm or soft, thickened or sharp. The lower 
edge may be displaced downwards by a low diaphragm, 
for instance in emphysema. Movements may be 
 particularly great in athletes or singers. Some patients 
with practice become very efficient at ‘pushing down’ 
the liver. The normal spleen can become palpable in 
similar fashion. Common causes of a liver palpable 
below the umbilicus are malignant deposits, polycystic 
or Hodgkin disease, amyloidosis, congestive cardiac 
failure, and gross fatty change. Rapid change in liver 
size may occur when congestive cardiac failure is cor-
rected, cholestatic jaundice relieved, or when severe 
diabetes is controlled. The surface can be palpated in 
the epigastrium and any irregularity or tenderness 
noted. An enlarged caudate lobe, as in the Budd–Chiari 
syndrome or with some cases of cirrhosis, may be 
 palpated as an epigastric mass.

Pulsation of the liver, usually associated with tricuspid 
valvular incompetence, is felt by manual palpation with 
one hand behind the right lower ribs posteriorly and the 
other anteriorly on the abdominal wall.

The upper edge is determined by fairly heavy percussion 
passing downwards from the nipple line. The lower edge is 
recognized by very light percussion passing upwards from 
the umbilicus towards the costal margin. Percussion is a Fig. 1.7 The surface marking of the liver.
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Fig. 1.8 Surface markings of the gallbladder. 
Method I: the gallbladder is found where the 
outer border of the right rectus abdominis 
muscle intersects the 9th costal cartilage. 
Method II: a line drawn from the left anterior 
superior iliac spine through the umbilicus 
intersects the costal margin at the site of the 
gallbladder.
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valuable method of determining liver size and is the only 
clinical method of determining a small liver.

The anterior liver span is obtained by measuring the 
vertical distance between the uppermost and lowermost 
points of hepatic dullness by percussion in the right 
midclavicular line. This is usually 12–15 cm. Direct per-
cussion is as accurate as ultrasound in estimating liver 
span [17].

Friction may be palpable and audible, usually due to 
recent biopsy, tumour, or perihepatitis. The venous hum 
of portal hypertension is audible between the umbilicus 
and the xiphisternum. An arterial murmur over the liver 
may indicate a primary liver cancer or acute alcoholic 
hepatitis.

Gallbladder. The gallbladder is palpable only when it is 
distended. It is felt as a pear‐shaped cystic mass usually 
about 7 cm long. In a thin person, the swelling can some-
times be seen through the anterior abdominal wall. It 
moves downwards on inspiration and is mobile laterally 
but not downwards. The swelling is dull to percussion 
and directly impinges on the parietal peritoneum, so that 
the colon is rarely in front of it. Gallbladder dullness is 
continuous with that of the liver.

Abdominal tenderness should be noted. Inflammation 
of the gallbladder causes a positive Murphy’s sign. This is 
the inability to take a deep breath when the examining 
fingers are hooked up below the liver edge. The inflamed 
gallbladder is then driven against the fingers and the pain 
causes the patient to catch their breath.

The enlarged gallbladder must be distinguished from a 
visceroptotic right kidney. This, however, is more mobile, 
can be displaced towards the pelvis and has the resonant 
colon anteriorly. A regenerative or malignant nodule 
feels much firmer.

Imaging. A plain film of the abdomen, including the 
diaphragms, may be used to assess liver size and in par-
ticular to decide whether a palpable liver is due to actual 
enlargement or to downward displacement. On moder-
ate inspiration the normal level of the diaphragm, on the 
right side, is opposite the 11th rib posteriorly and the 6th 
rib anteriorly.

Ultrasound, CT, or MRI can be used to study liver size, 
shape, and content.

 Microanatomy of the liver

For over a century, many models of liver substructure 
have been proposed [18]. The most popular of these is 
the lobule introduced by Kiernan in 1833 as the basic 
architectural unit, based on pig dissections [19]. He 
described circumscribed, hexagonal lobules consisting 
of a central tributary of the hepatic vein (central vein) 
and at the periphery a portal tract containing the bile 

duct, portal vein radicle, and hepatic artery branch. 
Cords (plates) of liver cells and blood‐containing 
 sinusoids extend between these two systems. The lobule 
has foundations in pig, camel, raccoon, and polar bear 
livers, in which such hexagonal units are surrounded by 
interlobular connective tissue septa [20]. Such septa have 
no counterparts in human liver.

Stereoscopic reconstructions and scanning electron 
microscopy have shown the human liver as cords of liver 
cells radiating from a central vein, and interlaced in 
orderly fashion by sinusoids (Figs 1.9, 1.10). The terminal 
branches of the portal vein discharge their blood into the 
sinusoids and the direction of flow is determined by the 
higher pressure in the portal vein than in the central vein 
(or terminal hepatic venule) – see later.

The portal tracts are small connective tissue islands 
containing triads composed of the portal vein radicle, 
the hepatic arteriole, and bile duct (Fig.  1.11). Portal 
tracts are surrounded by a limiting plate of liver cells. 
Histological sections of normal liver show portal tracts 
containing dyads as frequently as triads, with the portal 
vein being the most frequently absent element. Within 
each linear centimetre of liver tissue obtained at biopsy 
there are usually two interlobular bile ducts, two hepatic 
arteries and one portal vein per portal tract, with six full 
portal triads [21].

The liver has to be divided functionally. Traditionally, 
the unit is based on a central hepatic vein and its sur-
rounding liver cells. However, Rappaport [22] envisages 
a series of functional acini, each centred on the portal 
tract with its terminal branch of portal vein, hepatic 
artery, and bile duct (zone 1) (Fig. 1.12, Fig. 1.13). These 
interdigitate, mainly perpendicularly, with terminal 
hepatic veins of adjacent acini. The circulatory periph-
eries of acini (adjacent to terminal hepatic veins) (zone 
3) suffer most from injury, whether viral, toxic, or 
anoxic. Bridging necrosis may extend from the periph-
ery (acinar zone 1) to zone 3. The regions closer to the 
axis formed by afferent vessels and bile ducts survive 
longer and may later form the core from which regen-
eration will proceed. The contribution of each acinar 
zone to liver cell regeneration depends on the acinar 
location of damage [22].

The liver cells (hepatocytes) comprise about 60% of the 
liver. They are polygonal and approximately 30 μm in 
diameter. The nucleus is single or, less often, multiple 
and divides by mitosis. The lifespan of liver cells is about 
150 days in experimental animals. The hepatocyte has 
three surfaces: one facing the sinusoid and space of 
Disse, the second facing the canaliculus, and the third 
facing neighbouring hepatocytes (Fig. 1.14). There is no 
basement membrane.

The sinusoids are lined by endothelial cells with small 
pores (fenestrae) for macromolecule diffusion from 
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blood to hepatocytes. On the vascular side of the sinu-
soids are the phagocytic cells of the reticulo‐endothelial 
system (Kupffer cells) and pit cells (NK or natural killer 
cells) which are cytotoxic lymphoid cells involved in sur-
veillance for tumour cells and viral infections [23,24].

There are approximately 202 × 103 cells in each milli-
gram of normal human liver, of which 171 × 103 are 
parenchymal and 31 × 103 littoral (sinusoidal, including 
Kupffer cells).

The space of Disse between hepatocytes and sinusoidal 
endothelial cells contains a few collagen fibrils and the 
hepatic stellate cells, which have also been called fat‐
storing cells, Ito cells, and lipocytes. These cells store 
vitamin A and when activated in disease become colla-
gen‐synthesizing myofibroblasts. The hepatic lymphat-
ics are found in the periportal connective tissue and are 
lined throughout by endothelium. Tissue fluid seeps 
through the endothelium into the lymph vessels.
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Fig. 1.10 Normal hepatic histology. H, terminal hepatic vein; P, 
portal tract. (H & E, ×60.)
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B

Fig. 1.11 Normal portal tract. A, hepatic artery; B, bile duct; P, 
portal vein. (H & E.)
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The branch of the hepatic arteriole forms a plexus 
around the bile ducts and supplies the structures in the 
portal tracts. It empties into the sinusoidal network at 
different levels. There are no direct hepatic arteriolar–
portal venous anastomoses.

The excretory system of the liver begins with the bile 
canaliculi (Fig.  1.14, Fig.  1.15). These are formed by 
modifications of the contact surfaces of liver cells and are 
covered by microvilli. The plasma membrane is rein-
forced by microfilaments forming a supportive cytoskel-
eton. The canalicular surface is sealed from the rest of 
the intercellular surface by junctional complexes includ-
ing tight junctions, gap junctions, and desmosomes. The 
intralobular canalicular network drains into the canals of 
Hering lined by low cuboidal epithelium which connect 
via short bile ductules to the larger terminal bile ducts 
within the portal tracts. Bile ducts are classified into 
small (less than 100 μm in diameter), medium (about 
100 μm), and large (more than 100 μm) calibre types.

 Hepatic ultrastructure (electron 
microscopy) and organelle functions

Hepatocytes (Fig. 1.14, Fig. 1.15, Fig. 1.16, 
Fig. 1.17)

The liver cell margin is straight except for a few anchor-
ing pegs (desmosomes). From it, equally sized and spaced 
microvilli project into the lumen of the bile canaliculi. 
Along the sinusoidal border, irregularly sized and spaced 
microvilli project into the perisinusoidal tissue space. 
The microvillous structure indicates active secretion or 
absorption, mainly of fluid.

The nucleus has a double contour with pores allowing 
interchange with the surrounding cytoplasm. Human 
liver after puberty contains tetraploid nuclei and, at 
about age 20, in addition, octoploid nuclei are found. 
Increased polyploidy has been regarded as precancer-
ous. In the chromatin network one or more nucleoli are 
embedded.

The mitochondria also have a double membrane, the 
inner being invaginated to form grooves or cristae. An 
enormous number of energy‐providing processes take 
place within them, particularly those involving oxidative 
phosphorylation. They contain many enzymes, particu-
larly those of the citric acid cycle and those involved in 
β‐oxidation of fatty acids. They can transform energy so 
released into adenosine diphosphate (ADP). Haem syn-
thesis occurs here.

The rough endoplasmic reticulum (RER) is seen as 
lamellar structures lined by ribosomes. These are 
responsible for basophilia under light microscopy. They 
synthesize specific proteins, particularly albumin, those 
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Fig. 1.12 The complex acinus according to Rappaport. Zone 1 is 
adjacent to the entry (portal venous) system. Zone 3 is adjacent to 
the exit (hepatic venous) system.
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Fig. 1.13 Blood supply of the simple liver acinus, zonal 
arrangements of cells and the microcirculatory periphery. The 
acinus occupies adjacent sectors of the neighbouring hexagonal 
fields. Zones 1, 2, and 3, respectively, represent areas supplied 
with blood of first, second, and third quality with regard to oxygen 
and nutrient content. These zones centre on the terminal afferent 
vascular branches, bile ductules, lymph vessels, and nerves (PS) 
and extend into the triangular portal field from which these 
branches crop out. Zone 3 is the microcirculatory periphery of the 
acinus since its cells are as remote from their own afferent vessels 
as from those of adjacent acini. The perivenular area is formed by 
the most peripheral portions of zone 3 of several adjacent acini. In 
injury progressing along this zone, the damaged area assumes the 
shape of a starfish (darker tint around a terminal hepatic venule 
[THV] in the centre). 1–3, microcirculatory zones; 1′–3′, zones of 
neighbouring acinus [22].
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used in blood coagulation and enzymes. They may adopt 
a helix arrangement, as polysomes, for coordination of 
this function. Glucose‐6‐phosphatase is synthesized. 
Triglycerides are synthesized from free fatty acids and 
complexed with protein to be secreted by exocytosis as 
lipoprotein. The RER may participate in glycogenesis.

The smooth endoplasmic reticulum (SER) forms 
tubules and vesicles. It contains the microsomes. It is the 
site of bilirubin conjugation and the detoxification of 
many drugs and other foreign compounds (P450 sys-
tems). Steroids are synthesized, including cholesterol 
and the primary bile acids, which are conjugated with the 
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Fig. 1.15 Colourized scanning electron 
micrograph of liver showing hepatocytes in 
green, sinusoids (S) in light pink, 
erythrocytes (E), Kupffer cells (K), and bile 
canaliculi (BC). Courtesy of Ms Jackie Lewin, 
UCL Medical School, London.
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amino acids glycine and taurine. The SER is increased by 
enzyme inducers such as phenobarbital.

Peroxisomes are versatile organelles, which have com-
plex catabolic and biosynthetic roles, and are distributed 
near the SER and glycogen granules. Peroxisomal 
enzymes include simple oxidases, β‐oxidation cycles, the 
glyoxalate cycle, ether lipid synthesis, and cholesterol and 
dolichol biosynthesis. Several disorders of peroxisomal 
function are recognized of which Zellweger  syndrome is 
one [25]. Endotoxin severely damages peroxisomes [26].

The lysosomes are membrane‐bound, electron‐dense 
bodies adjacent to the bile canaliculi. They contain many 
hydrolytic enzymes which, if released, could destroy the 
cell. They are the site of deposition of ferritin, lipofuscin, 
bile pigment, copper, and senescent organelles.

The Golgi apparatus consists of a system of particles 
and vesicles, again lying near the canaliculus. It may be 
regarded as a ‘packaging’ site before excretion into the 
bile. This entire group of lysosomes, microbodies, and 
Golgi apparatus is a means of sequestering any material 
that is ingested and has to be excreted, secreted, or stored 
for metabolic processes in the cytoplasm. The Golgi 
apparatus, lysosomes, and canaliculi are concerned in 
cholestasis (Chapter 13).

The intervening cytoplasm contains granules of glyco-
gen, lipid, and ferritin.

The cytoskeleton supporting the hepatocyte consists of 
microtubules, microfilaments, and intermediate filaments 
[27]. Microtubules contain tubulin and control subcellular 
mobility, vesicle movement, and plasma  protein secretion. 
Microfilaments are made up of actin, are contractile and 
are important for the integrity and motility of the canali-
culus and for bile flow. Intermediate  filaments are elon-
gated branched filaments comprising cytokeratins [1]. 
They extend from the plasma membrane to the perinu-
clear area and are fundamental for the stability and spatial 
organization of the hepatocyte. They become disrupted or 
lost with hepatocellular injury by alcohol, lipid peroxida-
tion by‐products, and ischaemia [28].

Sinusoidal cells

The sinusoidal cells (endothelial cells, Kupffer cells, 
hepatic stellate cells, and pit cells) form a functional and 
histological unit together with the sinusoidal aspect of 
the hepatocyte [29]. These cells interact via cytokines 
and other signalling mechanisms [30,31]. The close 
structural relationship of sinusoidal cells to hepatic cords 
is evident on transmission (Fig.  1.17) and scanning 
 electron microscopy (Fig. 1.15).

Endothelial cells line the sinusoids and have fenestrae, 
which provide a graded barrier between the sinusoid and 
space of Disse (Fig. 1.18). The Kupffer cells anchor on the 
endothelium by their cytoplasmic projections.

Fig. 1.16 Electron microscopic appearances of part of a normal 
human liver cell. N, nucleus; M, mitochondrion; P, peroxisome; L, 
lysosome; ER, rough endoplasmic reticulum. Courtesy of Ms Jackie 
Lewin, UCL Medical School, London.

Fig. 1.17 Transmission electron micrograph showing an 
hepatocyte (right) with its microvillus membrane surface facing 
onto the space of Disse (spD) and the overlying endothelium 
(End). The endothelium has fenestrations (F) and there are a few 
collagen bundles (C) in the space of Disse. Erythrocytes (E) are 
present within the sinusoidal lumen. M, mitochondrion; P, 
peroxisome; G, glycogen granules. Courtesy of Ms Jackie Lewin, 
UCL Medical School, London.
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The hepatic stellate cells lie in the space of Disse 
between the hepatocytes and the endothelial cells 
(Fig. 1.19). Disse’s space contains tissue fluid which flows 
outwards into lymphatics in the portal zones. When 
sinusoidal pressure rises, lymph production in Disse’s 
space increases and this plays a part in ascites formation 
where there is hepatic venous outflow obstruction.

Endothelial cells. These cells form a continuous lining 
to the sinusoids. They differ from endothelial cells else-
where in not having a regular basement membrane. The 
endothelial cells act as a sieve between the sinusoid and 
space of Disse, have specific and non‐specific endocy-
totic activity and have a variety of receptors. Their capac-
ity to act as a sieve is due to fenestrae, around 0.15 μm in 

diameter (Fig.  1.18). These make up 6–8% of the total 
endothelial cell surface, and there are more in the centri-
lobular zone of the sinusoid than the periportal area. 
Extracellular matrix affects their function.

Fenestrae are clustered into sieve plates, and act as bio-
filters and transport pores between sinusoidal blood and 
the plasma within the space of Disse. They have a 
dynamic cytoskeleton [32]. This maintains and regulates 
their size, which can be changed by many influences 
including alcohol, nicotine, serotonin, endotoxin, and 
partial hepatectomy. The fenestrae filter macromole-
cules of differing size. Particles greater than 0.2 μm in 
diameter, which include large triglyceride‐rich parent 
chylomicrons, will not pass. Smaller triglyceride‐
depleted, cholesterol‐rich, and retinol‐rich remnants can 
enter the space of Disse [33]. In this way the fenestrae 
have an important role in chylomicron and lipoprotein 
metabolism. Open fenestrae, which are located in the 
thin cytoplasmic periphery of the endothelial cells while 
close to the endothelial nuclei fenestrae, are multifolded 
and labyrinth‐like [34].

Endothelial cells have a high capacity for endocytosis 
(accounting for 45% of all pinocytotic vesicles in the 
liver) and are active in clearing macromolecules and 
small particles from the circulation [35]. Coated and 
uncoated membrane‐bound vesicles on endothelium are 
present near their nuclei or on non‐fenestrated portions 
of their cytoplasm [36]; these are involved in various 
endocytic functions. There is receptor‐mediated endo-
cytosis for several molecules including transferrin, caer-
uloplasmin, modified high‐density lipoprotein (HDL) 
and low‐density lipoprotein (LDL), hepatic lipase and 
very low‐density lipoprotein (VLDL). Hyaluronan (a 
major polysaccharide from connective tissue) is taken up 
and this provides a method for assessing hepatic endothe-
lial cell capacity. Endothelial cells can also clear small 
particles (<0.1 μm) from the circulation, as well as dena-
tured collagen. Scanning electron microscopy has shown 
a striking reduction in the number of fenestrae, particu-
larly in zone 3 in alcoholic patients, with formation of a 
basal lamina, which is also termed capillarization of the 
sinusoid [37].

Kupffer cells. These are highly mobile macrophages 
attached to the endothelial lining of the sinusoid, in 
greater numbers in the periportal areas [38]. They have 
microvilli and intracytoplasmic‐coated vesicles and 
dense bodies which make up the lysosomal apparatus. 
They proliferate locally but under certain circumstances 
macrophages can immigrate from an extrahepatic site. 
They are responsible for removing old and damaged 
blood cells or cellular debris, also bacteria, viruses, para-
sites, and tumour cells. They do this by endocytosis 
(phagocytosis, pinocytosis), including absorptive (recep-
tor‐mediated) and fluid phase (non‐receptor‐mediated) 

Fig. 1.18 Scanning electron micrograph of sinusoid showing 
fenestrae (F) grouped into sieve plates (S). D, space of Disse; 
E, endothelial cell; M, microvilli; P, parenchymal cell. Courtesy of 
Professor E. Wisse.

Fig. 1.19 Transmission electron micrograph of an hepatic stellate 
cell. Note the characteristic fat droplets (F). C, bile canaliculus; D, 
space of Disse; M, mitochondria; N, nucleus; P, parenchymal cell; S, 
lumen of sinusoid. (×12 000) Courtesy of Professor E. Wisse.
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mechanisms [39]. Several processes aid this, including 
cell surface Fc and complement receptors. Coating of 
the  particle with plasma fibronectin or opsonin also 
 facilitates phagocytosis, since Kupffer cells have specific 
binding sites for fibronectin on the cell surface. These 
cells also take up and process oxidized LDL (thought to 
be atherogenic), and remove fibrin in disseminated intra-
vascular coagulation. Alcohol reduces the phagocytic 
capacity.

Kupffer cells are activated by a wide range of agents, 
including endotoxin, sepsis, shock, interferon‐γ, arachi-
donic acid, and tumour necrosis factor (TNF). The result 
of activation is the production of an equally wide range 
of products: cytokines, hydrogen peroxide, nitric oxide, 
TNF, interleukin (IL) 1, IL6 and IL10, interferon‐α and 
‐β, transforming growth factor (TGF‐β), and various 
prostanoids [40]. This whole array acts alone or in 
 combination to stimulate other events in the cytokine 
cascade, but also increases discomfort and sickness. The 
Kupffer cell products may be toxic to parenchymal cells 
and endothelial cells. Kupffer cell‐conditioned medium 
inhibits albumin synthesis in parenchymal cells, as do 
IL1, IL6, and TNF‐α. The toxicity of endotoxin is caused 
by the secretory products of Kupffer cells since endo-
toxin itself is not directly toxic.

Hepatic stellate cells (fat‐storing cells, lipocytes, Ito 
cells). These cells lie within the subendothelial space of 
Disse. They have long cytoplasmic extensions, some 
 giving close contact with parenchymal cells, and others 
reaching several sinusoids, where they may regulate 
blood flow and hence influence portal hypertension 
[41,42]. In normal liver they are the major storage site 
of retinoids, giving the morphological characteristic of 
cytoplasmic lipid droplets. When empty of these drop-
lets, they resemble fibroblasts. They contain actin and 
myosin and contract in response to endothelin‐1 and 
substance P [43]. With hepatocyte injury, hepatic stel-
late cells lose their lipid droplets, proliferate, migrate to 
zone 3 of the acinus, change to a myofibroblast‐like 
phenotype, and produce collagen type I, III, and IV, and 
laminin [44]. Stellate cells also release matrix protein-
ases and inhibitory molecules of matrix proteinases 
[45] (tissue inhibitor of metalloproteinases [TIMP]) 
(Chapter  6). Collagenization of the space of Disse 
results in decreased access of protein‐bound substrates 
to the hepatocyte.

Pit cells. These are highly mobile, liver‐specific, natural 
killer lymphocytes attached to the sinusoidal surface of the 
endothelium [39,46]. They are short‐lived cells and are 
renewed from circulating large granular lymphocytes, 
which differentiate within the sinusoids. They have charac-
teristic granules and rod‐cored vesicles. Pit cells show spon-
taneous cytotoxicity against tumour‐ and virus‐infected 
hepatocytes and show the surface marker CD49a [47].

There are complex interactions between Kupffer and 
endothelial cells, as well as sinusoidal cells and hepato-
cytes [30]. Kupffer cell activation by lipopolysaccharide 
suppresses hyaluronan uptake by endothelial cells, an 
effect probably mediated by leukotrienes [48]. Cytokines 
produced by sinusoidal cells can both stimulate and 
inhibit hepatocyte proliferation [31].

In or around the space of Disse, all major constituents 
of a basement membrane can be found including type IV 
collagen, laminin, heparan sulphate, proteoglycan, and 
fibronectin. All cells impinging on the sinusoid can con-
tribute to this matrix. The matrix within Disse’s space 
influences hepatocellular function [30], affecting expres-
sion of tissue‐specific genes such as albumin as well as 
the number and porosity of sinusoidal fenestrations [49]. 
It may be important in liver regeneration.

In liver disease, particularly in the alcoholic, the liver 
microcirculation may be altered by collagenization of the 
space of Disse  –  formation of a basement membrane 
beneath the endothelium and modification of the 
endothelial fenestrations [36]. All these processes are 
maximal in zone 3. They contribute to deprivation of 
nutrients intended for the hepatocyte and to the devel-
opment of portal hypertension.

Bile duct epithelial cells

Bile duct epithelial cells [50] (cholangiocytes) line the 
extrahepatic and intrahepatic bile ducts, and modify the 
bile derived from the canaliculi of the hepatocytes. 
Cholangiocytes have both secretory (bicarbonate) and 
reabsorptive processes, which are under the control of 
hormones (e.g. secretin), peptides (endothelin‐1), and 
cholinergic innervation. Cholangiocytes derived from 
different levels of the bile duct have different proper-
ties – as is true for hepatocytes from different areas of 
the acinus. This heterogeneity may explain in part the 
distribution of different diseases across specific areas of 
the biliary tree. Primary cilia on cholangiocytes [51] 
serve as mechano‐ and chemosensors and express poly-
cystin proteins which, if mutated, lead to fibropolycystic 
diseases [52] (Chapter 16).

 Functional heterogeneity of the 
liver (Fig. 1.20)

Hepatocytes show different structural and functional 
characteristics depending on their acinar location [53]. 
The relative functions of cells in the circulatory periph-
ery of acini (zone 3) adjacent to terminal hepatic veins 
are different from those in the circulatory area adjacent 
to terminal hepatic arteries and portal veins (zone 1). 
This zonation is related to the lobular/acinar oxygen 
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gradient [54] and to signalling via the Wnt/β‐catenin 
pathway [55].

Krebs’ cycle enzymes (urea synthesis and glutaminase) 
are found in the highest concentration in zone 1, whereas 
glutamine synthetase is perivenular (Fig. 1.20). Cells in 
zone 3 receive their oxygen supply last and are particu-
larly prone to anoxic liver injury.

The drug‐metabolizing P450 enzymes are present in 
greater amounts in zone 3. This is particularly so after 
enzyme induction, for instance with phenobarbital. 
Hepatocytes in zone 3 receive a higher concentration of 
any toxic product of drug metabolism. They also have a 
reduced glutathione concentration. This makes them 
particularly susceptible to hepatic drug reactions as 
exemplified by the centrilobular necrosis produced by 
‘predictable’ or ‘direct’ hepatotoxins such as paracetamol 
(acetaminophen, Tylenol) and carbon tetrachloride.

Hepatocytes in zone 1 receive blood with a high bile salt 
concentration and, therefore, are particularly important in 
bile‐salt‐dependent bile formation. Hepatocytes in zone 3 
are important in non‐bile‐salt‐dependent bile formation. 
There are also zonal differences in the hepatic transport 
rate of substances from the sinusoid to canaliculus.

The cause of the metabolic difference between the 
zones varies. For some functions (gluconeogenesis, gly-
colysis, ketogenesis) it appears to be dependent upon the 

direction of blood flow along the sinusoid. For others 
(cytochrome P450) the gene transcription rate differs 
between perivenular and periportal hepatocytes. The 
differential expression of glutamine synthetase across 
the acinus is already established in fetal liver.

 Dynamics of the hepatic 
microenvironment in physiology 
and disease (Fig. 1.21)

The sinusoidal plasma membrane of the hepatocyte is a 
receptor‐rich and metabolically dynamic domain that is 
separated from the bile canaliculus by a lateral domain 
which participates in cell–cell interactions. Toll‐like 
receptors on the hepatocyte surface react with microbial 
substances such as lipopolysaccharide (LPS) of Gram‐
negative bacteria resulting in a wave of intracellular 
 signalling [56]. Receptor‐mediated endocytosis is 
responsible for the transfer of large molecules such as 
glycoproteins, growth factors, and carrier proteins 
(transferrin [57]). These ligands bind to receptors on the 
sinusoidal membrane, the occupied receptors cluster 
into a coated (clathrin) pit and endocytosis proceeds. 
The fate of the ligand within the cell varies according to 
the molecule involved, and the pathways are complex. 
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synthetic and metabolic processes. Below, a portion of a lobule immunostained with antibody to glutamine synthetase shows localization of 
the enzyme to several layers of hepatocytes surrounding the central vein (CV). Negative staining is present elsewhere. PT, portal tract.
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Certain ligands, once bound to cell surface receptors, are 
then transferred for further interaction with claudin and 
occluden proteins located in tight junctions prior to 
clathrin‐pit endocytosis. This is true of hepatitis C virus 
entry into liver cells [58]. Many ligands terminate in lys-
osomes where they are broken down while the receptor 
returns to the sinusoidal plasma membrane to perform 
again. Some ligands such as copper pass by vesicular 
transport across the cell to be discharged into the bile 
canaliculus.

Transport proteins are present on hepatocyte basolat-
eral and apical (canalicular) membranes for uptake of 
organic acids and bile salt export [59] (see Chapter 13). 
Organic acid transport protein (OATP), bile salt export 
pump (BSEP), familial intrahepatic cholestasis 1 (FIC1), 
and multidrug resistance protein 3 (MDR3) are examples 
(Fig.  1.21). Jaundice and histological cholestasis may 
result from inhibition (e.g. BSEP by drugs and LPS) or 
mutation (e.g. FIC1 in Byler disease; MDR3 in intrahe-
patic cholestasis of pregnancy) of transport proteins.

Hepatocytes communicate at their sinusoidal mem-
brane surfaces with other cells by membrane‐bound, 
nanometer‐sized extracellular vesicles (EV) [60]. There 
are three main types of EV: exosomes (derived from mul-
tivesicular bodies), microvesicles, and apoptotic bodies 
(Fig. 1.21). Hepatocellular carcinoma cells can transmit a 

fourth type of unusually large (1–10 μm) EVs called 
oncosomes [61]. The content or ‘cargo’ of EV includes a 
broad spectrum of biological agents such as chemokines, 
microRNAs, heat shock proteins [62], and hepatitis 
viruses that are involved in normal liver homeostasis and 
in diseases such as viral hepatitis [63] and non‐alcoholic 
steatohepatitis [64].

 Hepatocyte death and 
regeneration (Fig. 1.22)

Normal liver structure and function depends upon a 
 balance between cell death and regeneration [65,66].

Cell death

Hepatocytes die as a result of either necrosis or apoptosis. 
The characteristic of necrosis is loss of plasma membrane 
integrity with release of the cellular contents locally 
which elicit an inflammatory response. This may poten-
tiate the disease process and lead to further cell death. 
Ischaemia results in necrosis.

Apoptosis is the mechanism by which cells, damaged, 
senescent, or excess to requirement, self‐destruct with the 
least production of inflammatory products [67]. There is 
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constituent products; (2) endocytosis into clathrin‐coated pits of ligands bound to cell surface receptors results in clathrin uncoating, ligand 
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DNA fragmentation; organelles remain viable. Thus in 
comparison with necrotic cells, there is minimal release of 
injurious products, although there may still be a fibrotic 
reaction. Equilibrium within normal tissue depends upon 
the mitotic rate equalling the rate of apoptosis. Cytokine 
release from lymphocytes and other immune cells also 
causes apoptosis [68]. The classical example of immuno-
logically mediated apoptosis is the apoptotic body (apop-
totic hepatocyte) found in periportal regions of interface 
hepatitis (piecemeal necrosis) in chronic hepatitis [69].

Pathological processes can alter the cellular mecha-
nisms involved in apoptosis, leading to disease [70–72]. 
Increased apoptosis affecting cholangiocytes may lead to 
ductopenia. Apoptosis is increased in alcoholic and non‐
alcoholic fatty liver disease [68–70]. If cells containing a 
mutation predisposing to malignant change do not 
undergo apoptosis, malignant transformation is enhanced.

The pathway to apoptotic cellular destruction is com-
plex, and can be described in morphological and bio-
chemical terms. Once the process is initiated a cascade 
of changes occurs, which may be irreversible after a par-
ticular stage is reached. There is great interest in the 
development of agents that interfere with the apoptotic 
process, since these may have a therapeutic place in 
 diseases where apoptosis is increased or decreased.

Regeneration

When there is a need for additional hepatocytes, patches of 
quiescent cells [73] are stimulated by mediators  (primers), 
including cytokines, to move into a primed state (G0 → G1), 
when growth factors can stimulate DNA synthesis and cel-
lular replication (Fig. 1.22). Priming activates transcription 
factors including NFκB and STAT 3. Regeneration may be 
rapid, as seen after partial hepatectomy.

If hepatocytes are damaged so that this response is 
impaired, hepatocytes may be derived from progenitor/
stem cells (‘oval cells’ in rodents) located in the vicinity of 
the canals of Hering and nearby small bile ductules 
[74,75]. In the fetus such stem cells are near ductal 
plates [64]. Hepatocytes may also be derived from extra-
hepatic stem cells, probably of bone marrow origin 
[76,77]. The specificity of hepatocellular or bile duct epi-
thelial differentiation by progenitor cells is encoded by 
progenitor cell transcription factors, which can be repro-
grammed according to the cell type required. Hepatocyte 
nuclear factor 1α (HNF1α) and HNF4α regulate gene 
transcription for hepatocyte lineage, while HNF1β and 
HNF6 mediate development of the gallbladder and bile 
ducts [78]. NOTCH signalling in cooperation with the 
transforming growth factor‐β (TGF‐β)/activin pathway 
further specifies bile duct tubulogenesis [79].
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The liver is a remarkable organ with a wide range of 
metabolic functions (Fig 2.1). These include:

 ● removal of by‐products of physiological processes, 
such as bilirubin and ammonia;

 ● synthesis and handling of bile acids;
 ● metabolism of lipids and lipoproteins;
 ● metabolism of amino acids;
 ● synthesis of proteins (albumin and coagulation factors 

being most relevant);
 ● gluconeogenesis and other roles in carbohydrate 

metabolism;
 ● metabolism and removal of many drugs.

It is not surprising, therefore, that liver failure causes a 
plethora of abnormalities in laboratory measurements. 
This chapter reviews the metabolic functions of the liver 
and their respective laboratory measurements, including 
bilirubin, ammonia, bile acids, lipids and lipoproteins, 
proteins, glucose, and lactate. In isolation, each of these 
measurements has limited utility for the assessment of 
liver function  –  but in combination, they are highly 
informative. Thus, in clinical practice, scoring systems 

that combine clinical features with a variety of these 
measurements are used to estimate prognosis from liver 
disease and guide decision making, such as candidacy 
for liver resection or liver transplantation. The scoring 
systems used most frequently are:

 ● Acute liver failure (ALF) (Chapter 5)
 – King’s College criteria (aetiology, age, time to 
encephalopathy, INR, bilirubin, creatinine, arterial 
pH, lactate)

 – Clichy criteria (encephalopathy, age, factor V level)
 ● Chronic liver disease (Chapters 8 and 37)

 – Child–Turcotte–Pugh (CTP) score (encephalopathy, 
ascites, bilirubin, albumin, INR)

 – Model of End‐Stage Liver Disease (MELD) (bilirubin, 
INR, creatinine)

 – United Kingdom End‐Stage Liver Disease score 
(UKELD) (bilirubin, INR, creatinine, sodium).

It is not always convenient or appropriate to calculate a 
prognostic score  –  and in general, liver function (or 
dysfunction) is reliably assessed by serial measurement of 
bilirubin, albumin, and PT after vitamin K. Rising arterial 
ammonia levels also reflect severe hepatic dysfunction in 
patients with ALF (Chapter 5), whereas hyperammonaemia 
in decompensated cirrhosis does not always correlate 
with hepatic encephalopathy or progression of liver disease 
(Chapter 8). Other, quantitative tests of liver function are 
listed in Table 2.1 but are performed infrequently owing 
to cost and complexity.

In clinical practice, biochemical tests are important, not 
only to evaluate liver function but also to screen for liver 
disease and direct the diagnostic work‐up. The ‘liver tests’ 
(rather than ‘liver function tests’) are the aminotrans
ferases (alanine transaminase [ALT] and aspartate 
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LEARNING POINTS

 ● No single test can assess liver function.
 ● ‘Liver function tests’ include biochemical tests that 

reflect liver injury rather than liver function.
 ● Clues may come from haemoglobin and red cell 

properties, white cell and platelet count.
 ● The liver plays a central role in carbohydrate, lipid, 

and protein metabolism and the clearance of both 
endogenous and exogenous molecules.

 ● Liver blood flow and first‐pass metabolism of drugs 
fall with age, but hepatic microsomal mono‐
oxygenase activity is conserved.
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transaminase [AST]), the alkaline phosphatase (ALP), 
and the gamma glutamyl transferase (GGT). Liver test 
abnormalities may be classified as hepatocellular (pre
dominant elevation of the ALT and AST) or cholestatic 
(predominant elevation of the ALP and GGT) (Table 2.2). 
Biochemical tests in liver disease also include markers of 
fibrosis, covered in Chapter 7.

Haematological tests are important for the assess
ment of liver disease because they provide important 
information about the aetiology (e.g. macrocytosis in 
alcohol excess; haemolysis in Wilson disease), activity 
(e.g. spur cell anaemia in alcoholic hepatitis), or stage 
(e.g. thrombocytopenia in portal hypertension). Haema
tological abnormalities may also arise as a complication 
of liver disease (e.g. anaemia following acute variceal 
haemorrhage). For this reason, haematological tests are 
also discussed in this chapter.

 Bilirubin metabolism (see Chapter 13)

Bilirubin is derived from degradation of haemoglobin 
after physiological destruction of erythrocytes within 
the reticuloendothelial system (80%), catabolism of other 
haemoproteins (e.g. myoglobin, cytochrome P450) (20%), 
or from ineffective erythropoiesis with overproduction 
of haem [1,2]. Within macrophages, haem is oxidized by 
haem oxygenase to biliverdin, then reduced by biliverdin 
reductase to form unconjugated bilirubin.
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Fig. 2.1 Important hepatic fat, protein, 
and carbohydrate metabolic pathways.

Table 2.1 Quantitative liver function tests

Location Substrate Function

Cytosol Galactose* Galactokinase 
(phosphorylation)

Microsome Aminopyrine N‐Demethylation
(cytochrome 
P450 system)

Caffeine N‐Demethylation

Lignocaine N‐Deethylation
Antipyrine Hydroxylation/demethylation

Sinusoidal 
receptor 
membrane

Galactose‐
terminated 
glycoprotein

Asialoglycoprotein receptor

*Low dose assesses hepatic perfusion.

Table 2.2 Blood tests in hepatobiliary disease

Test Normal range Value

Bilirubin
Total 5–17 µmol/L* Diagnosis of jaundice; assess 

severity
Conjugated <5 µmol/L Unconjugated bilirubinaemia 

seen with Gilbert syndrome or 
haemolysis

ALP 35–130 iu/L Diagnosis of cholestasis, 
hepatic infiltrations

AST 5–40 iu/L Diagnosis of hepatocellular 
disease; follow progress

ALT 5–35 iu/L ALT relatively lower than AST 
in alcoholism

γ‐GT 10–48 iu/L Raised with alcohol abuse, 
biliary cholestasis

Albumin 35–50 g/L Assess severity
γ‐globulin 5–15 g/L Diagnosis chronic hepatitis 

and cirrhosis; follow course
PT‐post 
vitamin K

12–16 seconds Assess severity

*0.3–1.0 mg/dL.
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Unconjugated bilirubin is lipid soluble but water insolu
ble. It diffuses across the plasma membrane of the reticu
loendothelial cell and circulates bound to albumin. In the 
liver, unconjugated bilirubin is taken up by hepatocytes by 
passive diffusion and active transport, mediated by organic 
anion transporting proteins (OATP) located at the basolat
eral (sinusoidal) membrane (see Table 13.1 and Fig. 13.2b) 
[3,4]. These same transporters mediate uptake of many 
drugs including statins, sartans, glinides, and antihista
mines, as well as Na+‐independent uptake of bile acids [5,6].

Within hepatocytes, unconjugated bilirubin binds to 
glutathione S‐transferase A (GSHA, ligandin) and other 
proteins (e.g. fatty acid binding protein [FABP]) [7], pre
venting efflux of unconjugated bilirubin and increasing 
net uptake because of the resultant lower free intracel
lular concentration.

In the endoplasmic reticulum, bilirubin is conjugated 
with glucuronic acid by the enzyme, uridine diphosphate 
glucuronosyltransferase 1A1 (UGT1A1), forming bilirubin 
mono‐ and diglucuronides [8]. Conjugated bilirubin is 
excreted into bile via the efflux pump, multidrug resistance‐
associated protein 2 (MRP2), located at the apical (canalicu
lar) membrane (Fig. 13.2b) [9]. Conjugated bilirubin may 
also be excreted into sinusoidal blood via the inducible 
basolateral (sinusoidal) efflux pump, MRP3 [10]. This 
pathway assumes importance under pathophysiological 
conditions, such as cholestatic liver injury or cirrhosis [11].

In the intestine conjugated bilirubin is hydrolysed by 
bacterial β‐glucuronidases to unconjugated bilirubin. 
Some unconjugated bilirubin is absorbed, transferred via 
the portal vein to the liver and re‐cycled. The remainder 
is reduced by bacterial action to colourless urobilinogen 
[12]. Urobilinogen may be oxidized to urobilin; reduced 
to stercobilinogen then oxidized to stercobilin; or 
reduced directly to stercobilin. Stercobilin accounts for 
stool colour. Some urobilinogen is absorbed from the 
intestine, and finally excreted in urine, where it may be 
oxidized to the yellow‐pigmented urobilin.

Laboratory measurement of bilirubin

In plasma, bilirubin is found in two main forms1:

 ● Unconjugated bilirubin, insoluble in water circulating 
bound to albumin;

 ● Conjugated bilirubin, water soluble circulating unbound.

1 Bilirubin may also be found in plasma as δ bilirubin, which is 
conjugated bilirubin covalently bound to albumin. It is rarely of clinical 
significance. Formation of δ bilirubin does, however, increase after 
sustained conjugated hyperbilirubinaemia. Whereas clearance of 
conjugated bilirubin from plasma into urine is rapid, clearance of δ 
bilirubin depends on the halflife of albumin, which is around 21 days. 
This explains why conjugated hyperbilirubinaemia may persist after 
other liver biochemical parameters have settled. Thus a slow falling 
conjugated bilirubin does not necessarily indicate persistent liver injury.

Traditionally, bilirubin is measured using the van den 
Bergh reaction, whereby bilirubin is reacted with diazotised 
sulfanilic acid (the diazo reagent) to produce coloured 
azodipyrroles that can be measured by spectrophotometry 
[13]. This reaction is faster in the presence of ‘accelerants’ 
that dissociate unconjugated bilirubin from albumin. Thus, 
in the presence of accelerants, conjugated and unconju
gated bilirubin are measured, giving the ‘total’ bilirubin 
concentration. In the absence of accelerants, only the 
conjugated bilirubin is measured: this is called the ‘direct’ 
bilirubin (because it is measured directly). The ‘indirect’ 
bilirubin is calculated by subtracting the direct from 
total bilirubin, providing an indirect measure of the uncon
jugated fraction.

Direct bilirubin is therefore a measure of the conju
gated fraction, whereas indirect bilirubin is a measure 
of the unconjugated fraction.2 In clinical practice, the 
‘split’ bilirubin (i.e. measurement of the direct and indirect 
fractions) is requested to differentiate unconjugated 
from conjugated hyperbilirubinaemia, typically when 
there is suspicion of haemolysis or Gilbert syndrome. 
Causes of unconjugated and conjugated hyperbilirubi
naemia are as follows:

Unconjugated hyperbilirubinaemia
This may result from increased production, impaired 
hepatic uptake, or impaired conjugation of bilirubin 
(Chapter 13).

 ● Increased production of bilirubin may result from hae
molysis, ineffective erythropoiesis, haematoma, or 
rhabdomyolysis. Haemolysis is not unusual in alcohol‐
related liver disease and may contribute to jaundice. 
Haematoma and rhabdomyolysis are easily overlooked 
in clinical practice as causes of jaundice.

 ● Impaired hepatic uptake of bilirubin may result from 
reduced hepatic blood flow, for example, in heart fail
ure or from porto‐systemic shunting. It may also result 
from medications that inhibit organic anion‐trans
porting polypeptides OATP1B1 and OATP1B3, such 
as rifampicin and ciclosporin [5].

 ● Impaired conjugation of bilirubin may be inherited (e.g. 
Gilbert and Crigler–Najjar syndromes) or it may result 
from drugs that inhibit UGT1A1, such as ketoconazole, 
ethinyl oestradiol, amitriptyline, antineoplastic agents 
(e.g. nilotinib), and human immunodeficiency virus 
(HIV) protease inhibitors (e.g. atazanavir, indinavir) 
[14,15].

2 Except in the presence of δ bilirubin. Like unconjugated bilirubin, δ 
bilirubin can only be measured after it has been dissociated from 
albumin. Thus, in the presence of δ bilirubin, direct bilirubin is 
actually a measure of unbound conjugated bilirubin and indirect 
bilirubin is actually a measure of unconjugated bilirubin and δ 
bilirubin.
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Gilbert syndrome is a common, autosomal recessive 
condition that results from homozygous or compound 
heterozygous mutations in UGT1A1 causing moderate 
reduction in enzyme activity. It is characterized by mild 
unconjugated hyperbilirubinemia and otherwise normal 
liver biochemistry. Tests for haemolysis (haemoglobin, 
reticulocyte count, and serum haptoglobin) are normal 
(see Chapter 13).

Crigler–Najjar syndrome is a rare, autosomal recessive 
condition that results from homozygous or compound 
heterozygous mutations in UGT1A1 causing substantial 
reductions in enzyme activity. It is a more serious condi
tion than Gilbert syndrome (see Chapters 13 and 31).

Conjugated hyperbilirubinaemia
Conjugated hyperbilirubinaemia may result from any 
form of hepatocellular or cholestatic liver injury. In con
ditions causing hepatocellular liver damage (e.g. viral 
hepatitis, paracetamol poisoning) bilirubin reflects the 
severity of liver injury. In cholestatic liver diseases the 
relationship between bilirubin and disease severity is less 
clear‐cut but elevated levels in intrahepatic cholestasis 
help to identify patients with advanced disease and poor 
prognosis. In bile duct obstruction, the bilirubin levels 
approximate to the degree of obstruction. Conjugated 
hyperbilirubinaemia with otherwise normal liver bio
chemistry may result from rare inherited defects in 
bilirubin transport or secretion into bile, such as Rotor 
and Dubin–Johnson syndromes.

Rotor syndrome is a very rare, autosomal recessive 
condition caused by simultaneous, homozygous loss of 
function mutations in both OATP1B1 and OATP1B3. 
It  is characterized by conjugated hyperbilirubinemia 
with otherwise normal liver biochemistry and normal 
liver histology. Dubin–Johnson syndrome is another 
rare, autosomal recessive condition caused by homozy
gous or compound heterozygous mutations in MRP2. 
It is characterized by conjugated hyperbilirubinemia and 
otherwise normal liver biochemistry. The liver histology 
is remarkable for hepatocyte melanin‐like pigment 
deposition. (See also Chapter 13).

Urine bilirubin and urobilinogen/urobilin
With unconjugated hyperbilirubinaemia caused by increased 
production (e.g. haemolysis), greater quantities of bilirubin 
are conjugated by the liver, secreted in the bile and reach 
the gut. The stools are normal or darker in colour. More 
urobilinogen is generated, absorbed, and excreted in urine, 
giving a raised urinary urobilinogen and urobilin. However, 
no bilirubin is found in urine because the circulating uncon
jugated bilirubin is insoluble in water. In conjugated hyper-
bilirubinaemia of any cause, bilirubinuria occurs because 
conjugated bilirubin is soluble in water. The urine is there
fore dark in colour. When conjugated hyperbilirubinaemia 

is caused by biliary obstruction, (e.g. ampullary cancer), 
reduced amounts of bilirubin reach the gut, leading to 
reduced generation of urobilinogen, stercobilinogen, and 
stercobilin. Urinary urobilinogen and urobilin are reduced 
or absent and stools are pale.

 Bile acids

Bile acid metabolism

Bile acids are synthesized from cholesterol in the liver [16]. 
The two main biosynthetic routes are the ‘classical’ and 
‘alternative’ pathways (Fig. 2.2); other minor pathways 
are described. The classical (‘neutral’) pathway occurs 
only in liver, where the first, rate‐limiting step is 7α‐
hydroxylation by cholesterol 7α‐hydroxylase (CYP7A1), 
a cytochrome P450 enzyme expressed only in liver. This 
is followed by a cascade of reactions catalysed by 
enzymes located at the endoplasmic reticulum, cytosol, 
mitochondria, and peroxisomes. The classical pathway 
produces the two primary bile acids, cholic acid (CA) 
and chenodeoxycholic acid (CDCA), in approximately 
equal quantities. The alternative (‘acidic’) pathway starts 
with oxidation of cholesterol to 27‐hydroxycholesterol 
by sterol 27‐hydroxylase (CYP27A1), followed by con
version into 7, 27‐dihydroxycholesterol by oxysterol 
7‐hydroxylase (CYP7B1). Both CYP27A1 and CYP7B1 
are expressed in several tissues but only liver has appro
priate enzymes to complete bile acid synthesis. CDCA is 
the main bile acid generated through this pathway. 
Under physiological conditions, the alternative pathway 
makes little contribution to overall bile acid synthesis; it 
may, however, become the major bile acid synthetic 
pathway in liver disease.

Bile acids regulate synthesis via negative feedback, in 
particular inhibiting CYP7A1 expression and activity, 
mediated by the farnesoid X receptor (FXR), a nuclear 
bile acid receptor activated by hydrophobic bile acids, 
such as CDCA. In hepatocytes, activated FXR induces 
expression of the small heterodimer partner (SHP) tran
scriptional repressor, which interacts with other transcrip
tions factors to inhibit CYP7A1 gene expression [17]. 
In enterocytes, activated FXR induces expression of 
fibroblast growth factor 19 (FGF19), which circulates to 
liver and binds the hepatic receptor, FGFR4 [18]. 
Activation of FGFR4 and its co‐receptor, Klotho β, leads 
to repression of CYP7A1 [19].

Following synthesis, bile acids are conjugated in the 
hepatocyte with glycine or taurine, catalysed by bile acid 
coenzyme A: amino acid N‐acyltransferase (BAAT). By 
convention, conjugated bile acids are known as bile salts. 
Bile acids may also be conjugated with sulphate by sul
fotransferase‐2A1, or with small sugar residues by the 
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UDP glycosyltransferase (UGT) superfamily of enzymes 
(in particular, glucuronidation by UGT1A3). Sulphation 
and glucuronidation favour faecal and urinary excretion 
of bile acids.

Bile salts are excreted into the biliary canaliculus against 
a concentration gradient. This is mainly dependent on 
active transport by ATP‐binding cassette (ABC) proteins, 
including the bile salt export pump (BSEP) (see Fig. 13.2b 
and Table 13.1), responsible for the excretion of most bile 
salts, and MRP2, which excretes sulphate and glucuron
ide conjugates [20,21]. Efflux of bile salts stimulates excre
tion of phospholipids and cholesterol into the biliary 
canaliculus, followed by passive inflow of water. The 
secretion of bile salts and formation of bile are described 
in Chapter 13. Bile salts form simple and mixed micelles 

with phospholipid and cholesterol in bile; these are essen
tial for lipid absorption in the intestine. Imbalance between 
biliary cholesterol, phospholipids, and bile salts is a factor 
in cholesterol gallstone formation (Chapter 14).

Gut bacteria, mainly in the colon, hydrolyse bile salts to 
bile acid and glycine or taurine, and partially dehydroxy
late primary into secondary bile acids (CA to deoxycholic 
acid, and CDCA to lithocholic acid, respectively). In the 
terminal ileum and proximal colon, 95% of bile acids and 
bile salts are absorbed actively via the apical Na+‐depend
ent bile acid transporter (ASBT, IBAT) [22]. In addition, 
non‐ionic, passive diffusion occurs throughout the intes
tine, being most efficient for unconjugated bile acids.

Re‐absorbed bile acids and bile salts pass via the 
portal vein to liver and are taken up by hepatocytes. 
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Sodium‐dependent co‐transport, mediated by the Na+‐
taurocholate co‐transporting polypeptide (NTCP, 
SLC10A1), is the major mechanism responsible for uptake 
of conjugated bile salts at the basolateral (canalicular) 
membrane (see Chapter  13, Fig.  13.2a) [23]. Sodium‐
independent uptake of bile acids occurs mainly through 
OATP1B1 and OATP1B3 [24]. More hydrophobic bile 
acids may enter the hepatocyte by simple diffusion 
(‘flip‐flop’) across the lipid membrane. After the uptake 
of bile acids from sinusoidal blood into hepatocytes, 
they are conjugated again and secreted into bile. 
Lithocholic acid is rendered non‐toxic by sulphation 
and is not secreted into bile. The enterohepatic circu
lation of bile salts takes place 2–15 times per day 
(Fig. 2.3). Individual bile acids have different synthetic 
and fractional turnover rates because the efficiency of 
their absorption varies.

Conjugation of bile acids with sulphates and glucuronic 
acid is increased in cholestasis. Moreover, cholestasis 
induces MRP3 and MRP4, ABC proteins that are usually 
expressed at low levels in the basolateral (sinusoidal) 
membrane [25,26]. These mediate efflux of sulphated or 
glucuronidated bile salts into sinusoidal blood, enabling 
renal elimination and potentially protecting hepatocytes 
from toxic levels of bile salts. In cholestasis, bile acid 
excretion is mainly renal.

Bile acids in health and disease

In the small intestine, bile salt micelles emulsify dietary 
fat, assist pancreatic lipolysis, stimulate release of gastro
intestinal hormones and facilitate mucosal absorption. 
Inborn errors of metabolism affecting bile acid synthesis 
are rare, autosomal recessive disorders that account for 
1–2% of cholestatic disorders in children [27]. Progressive 
cholestasis in infancy is the most common presentation. 
Diagnosis requires profiling of bile acid species and pre
cursors and/or metabolites in body fluids. Treatment is 
based on specific bile acid replacement. Inherited defects 
in bile acid transport into the canaliculus are recognized, 
causing benign recurrent intrahepatic cholestasis (BRIC) 
and progressive familial intrahepatic cholestasis (PFIC) 
(see Chapter  13); they may also contribute to intrahe-
patic cholestasis of pregnancy (see Chapter 30).

In small intestinal bacterial overgrowth, excessive 
deconjugation of bile salts in the small intestine and sub
sequent absorption of bile acids leads to impairment of 
micelle formation. This contributes to fat malabsorption. 
In bile acid diarrhoea, impaired absorption of bile acids 
in the terminal ileum (which may be idiopathic or caused 
by disease or resection of the terminal ileum) allows 
large amounts of bile acids to reach the colon. This 
causes a secretory diarrhoea by stimulating electrolyte 
and water secretion.
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Fig. 2.3 The enterohepatic circulation of bile acids in normal subjects and in cholestasis.
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Measurement of serum bile acids

Serum total bile acid concentrations reflect the extent to 
which bile acids absorbed from the intestine have 
escaped hepatic extraction, which is highly efficient. 
Thus levels are normally very low in healthy individuals, 
increasing two‐ to fivefold after eating, with a postpran
dial peak at 60–90 min. It is important to measure fasting 
or fasting and postprandial bile acids.

Changes in serum bile acids

Changes in serum bile acids are seen in mild liver disor
ders and may be combined with other tests such as serum 
glutathione‐S‐transferase (GST) or GGT to provide sen
sitive tests of liver function. In pregnant patients with 
pruritus, bile acid measurement is used to confirm intra-
hepatic cholestasis of pregnancy (see Chapter  30). Bile 
acid measurement is not indicated in patients with overt 
liver disease, irrespective of cause, because it provides no 
additional information.

 Lipid and lipoprotein metabolism

Lipids

The liver is central to lipid (cholesterol, phospholipid, 
triglyceride) and lipoprotein metabolism. Lipids are 
insoluble in water; lipoproteins, being hydrophobic 
inside and hydrophilic outside, allow their transport in 
the plasma.

Cholesterol is a constituent of cell membranes and a 
precursor of bile acids, vitamin D and steroid hormones. 
Some is obtained from intestinal absorption, reaching 
the liver in chylomicron remnants; most is synthesized, 
mainly in liver. Cholesterol synthesis takes place mainly 
from acetyl coenzyme A (CoA) in the cytosol and micro
somal fractions (Fig. 2.4). The rate‐limiting step is con
version of 3‐hydroxy‐3‐methylglutaryl‐CoA (HMG‐CoA) 
to mevalonate by HMG‐CoA reductase, which is located 
almost exclusively in periportal cells. Cholesterol syn
thesis is increased in bile duct obstruction, terminal ileal 
resection, biliary or intestinal lymph fistula, and with 
medications (e.g. cholestyramine, corticosteroids, thy
roxine). Synthesis is inhibited by bile acids, cholesterol 
feeding, fasting, and medications (e.g. clofibrate, nico
tinic acid, statins).

Cholesterol in membranes and bile is present almost 
exclusively as free cholesterol. Cholesterol esters are also 
found in plasma, liver, adrenal, and skin; these are both 
less polar and metabolically active than free cholesterol. 
Esterification of cholesterol with free fatty acids is car
ried out by plasma lecithin cholesterol acyl transferase 
(LCAT) [28]. Free cholesterol is excreted into bile, the 

only route for cholesterol excretion, by the heterodimer 
ABCG5/G8 in the canalicular membrane [29].

Phospholipids contain glycerol, one or more phos
phoric acid groups, another polar group such as a 
 heterogeneous base (e.g. choline or ethanolamine), and 
two long‐chain fatty acid residues. Phospholipids are 
important constituents of cell membranes and participate 
in many reactions. The most abundant phospholipid in 
plasma and most cellular membranes is phosphatidyl
choline (lecithin), which accounts for 66% of all 
phospholipids.

Phospholipid secretion into bile is promoted by efflux 
of bile salts into the canalicular lumen, which induces 
vesiculation of the outer, canalicular membrane. This 
process is dependent on the floppase MDR3 (ABCB4), 
‘flopping’ phosphatidylcholine from the inner to outer 
leaflet of the canalicular membrane, making phosphati
dylcholine available for extraction by bile salts into bile 
[30]. This movement of phospholipid is counterbalanced 
by the aminophospholipid transferase or flippase 
ATP8B1, ‘flipping’ phosphatidylserine from the outer to 
the inner leaflet of the canalicular membrane, stabilizing 
the plasma membrane [31,32].

Triglycerides have a backbone of glycerol, with hydroxy 
groups esterified with fatty acids. Naturally occurring 
triglycerides contain a variety of fatty acids, acting as a 
store of energy and a method of energy transport from 
small intestine and liver to peripheral tissues.
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Fig. 2.4 Hepatic cholesterol balance. Free cholesterol is derived 
from intracellular synthesis and uptake of chylomicron remnants 
and lipoproteins from the circulation. It is stored as cholesterol 
ester, which is the result of esterification of free cholesterol with a 
fatty acid by ACAT (acyl CoA‐cholesterol ester transferase). CEH 
(cholesteryl ester hydrolase) hydrolyses this ester linkage. Bile 
acids are synthesized from free cholesterol. Both are secreted into 
bile. 3‐Hydroxy‐3‐methylglutaryl coenzyme A (HMG‐CoA) 
reductase is the rate‐limiting step in cholesterol synthesis. HDL, 
high‐density lipoprotein; LDL, low‐density lipoprotein.
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Lipoproteins

Lipoproteins, hydrophobic inside and hydrophilic out
side, allow the transport of lipids in the plasma (choles
terol being insoluble in water) and are essential for 
their circulation and metabolism. They are separated by 
differing density on ultracentrifugation, explaining the 
nomenclature. Their surface comprises apolipoproteins 
of several different types (Table 2.3), free cholesterol, and 
phospholipids. Inside there is cholesterol ester, triglycer
ides, and fat‐soluble vitamins. There are two prominent 
metabolic cycles for lipoproteins, one involved in fat 
absorbed from the intestine, the other responsible for 
handling lipid synthesized endogenously (Fig. 2.5).

Dietary fat is absorbed from the small intestine and 
incorporated into chylomicrons [33,34]. Chylomicrons 
pass via the thoracic duct into the circulation where 
triglyceride is removed by lipoprotein lipases and utilized 
or stored in tissue. The chylomicron remnant is taken up 
by the liver by the low‐density lipoprotein (LDL) receptor‐
related protein [34]. The cholesterol enters metabolic 
pathways or plasma membranes, or is excreted in bile via 
ABCG5/G8.

In the endogenous pathway, cholesterol and triglyceride 
leave the liver in very low‐density lipoprotein (VLDL) syn
thesized predominantly in mitochondria of perivenous 
hepatocytes. In the circulation, triglyceride is removed 
by lipoprotein lipase. As a result, VLDL particles become 
smaller, forming intermediate density lipoprotein (IDL) 
and then LDL, the major carrier for cholesterol. The pre
dominant route for removal of LDL is by LDL receptors 
on the liver surface but receptors on other cells are also 
important in atheromatous plaque formation.

The liver is the major source of high‐density lipopro
tein (HDL) with some derived from the intestine. HDL 
facilitates removal of cholesterol from peripheral tissues. 
Cholesterol is transported actively from cells by choles
terol‐efflux regulatory protein (CERP, ABC1) [35]. HDL 
is then taken up either by the liver or incorporated into 
IDL, forming LDL. Removal of peripheral cholesterol is 
an important pathway, as reflected by the protective 
effect of high HDL–cholesterol levels against coronary 
artery disease.

Most apolipoproteins are synthesised by liver, some 
intestinally. Apart from being components of lipoproteins, 
some have other functions: Apo A‐1 activates plasma 
LCAT; C‐11 activates lipoprotein lipase.

Changes in liver disease

In cholestasis, total and free cholesterol are increased, 
mainly through increased lipoprotein‐X (LP‐X) levels, an 
abnormal lipoprotein particle of LDL density, rich in free 
cholesterol and phospholipids, which appears on electron 
microscopy as bilamellar discs [36]. Triglycerides also 
tend to be increased. LP‐X results from either regurgita
tion of biliary lipids into plasma or the accumulation of 
phospholipid and free cholesterol in serum owing to 

Table 2.3 Properties of lipoproteins

Lipoproteins Apolipoprotein Source Carries

Chylomicrons B48, AI, C‐II, E Intestine Dietary fat
VLDL B100, C‐II, E Liver Hepatic triglyceride and cholesterol
LDL B100 From VLDL Cholesterol
HDL A‐I, A‐II Liver and intestine Cholesterol ester

HDL, high‐density lipoprotein; LDL, low‐density lipoprotein; VLDL, very low‐density lipoprotein.
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reduced LCAT activity [37,38]. It contributes to elevated 
cholesterol levels, not only by virtue of its own cholesterol 
content, but also by increasing hepatic cholesterol 
synthesis [39]. This is because cholesterol delivered to 
hepatocytes normally suppresses HMG CoA reductase, 
downregulating hepatic production of cholesterol. In 
cholestasis, LP‐X impedes hepatic uptake of cholesterol, 
allowing uninhibited activity of HMG‐CoA reductase 
[39]. LP‐X has been shown to have anti‐atherogenic 
properties, inhibiting oxidation of normal LDL particles 
and preventing oxidized LDL from disrupting survival 
mechanisms in vascular endothelial cells [36]. Increased 
cholesterol levels caused by LP‐X may reduce atheroscle
rotic risk. Marked elevation of LP‐X has been reported to 
cause hyperviscosity and tissue ischaemia [40].

Accumulation of LDL in parenchymal liver injury 
may increase triglyceride levels. Cholesterol ester may 
be reduced because of reduced LCAT. In cirrhosis, total 
serum cholesterol is usually normal; low results indicate 
malnutrition or hepatic decompensation. In fatty liver 
caused by alcohol, VLDL and triglycerides are increased. 
Incorporation of triglyceride into VLDL requires microso
mal triglyceride transfer protein (MTTP). Dysfunction of 
MTTP may be congenital or secondary to the effects of 
HCV or alcohol; export of triglyceride as VLDL is impaired, 
contributing to hepatic steatosis [41,42]. Drug toxicity may 
impair apolipoprotein synthesis, with the same effect [43].

Serum cholesterol esters, lipoproteins, LCAT, and 
lipoprotein X have no value in the diagnosis or assess
ment of liver function; however, the changes in lipids and 
membrane composition may sometimes be reflected in 
changes seen in the red blood cells (see later).

 Amino acid metabolism

Amino acids derived from the diet reach the liver via 
the portal vein, those from tissue breakdown via the 
hepatic artery. Specific Na+‐independent and Na+‐
dependent systems mediate transport of free amino 
acids across hepatocyte sinusoidal membranes [44]. 
Some are transaminated or deaminated to keto acids, 
then metabolized by numerous pathways including the 
tricarboxylic acid cycle (Krebs–citric acid cycle).

Generalized or selective amino‐aciduria is common in 
hepatocellular disease. In severe liver disease, the usual 
picture is increased plasma concentrations of one or 
both aromatic amino acids, tyrosine and phenylalanine, 
together with methionine and a reduction in the 
branched‐chain amino acids valine, leucine, and isoleu
cine (Fig. 2.6) [45], changes explained by impaired hepatic 
function, portosystemic shunting, hyperinsulinaemia, 
and hyperglucagonaemia. Patients with minimal liver dis
ease also show changes, particularly a reduction in plasma 

proline, which is likely to represent increased collagen 
production. There is no difference in the ratio between 
branched‐chain and aromatic amino acids whether or not 
the patients exhibit hepatic encephalopathy. In acute liver 
failure, generalized aminoaciduria involving particularly 
cysteine and tyrosine carries a poor prognosis.

Ammonia is an important source of nitrogen for amino 
acid metabolism, protein synthesis and pH homeostasis. 
Most ammonia is generated within the gut, mainly by 
cleavage of urea to ammonia and carbonate by urease‐
producing bacteria in the colon. After absorption, ammonia 
reaches the liver through the portal vein. In the liver, most 
ammonia is detoxified by the urea cycle, forming urea for 
renal elimination. A small amount of ammonia is removed 
by glutamine synthetase, generating glutamine from 
ammonia and glutamate. Of note, astrocytes also express 
glutamine synthetase [46], protecting them from intracel
lular accumulation of ammonia but leading to increased 
levels of glutamine when blood levels of ammonia are 
raised [47]. As glutamine is osmotically active, increased 
levels cause astrocyte swelling [48]. Increased blood 
ammonia leads to higher levels of ammonia in the brain, 
eventually causing astrocyte swelling, increased blood–
brain barrier permeability, cerebral oedema, altered 
cerebral metabolism and neurotransmission [49].

Elevated ammonia levels may result from impaired 
hepatic detoxification in acute liver failure, cirrhosis, or 
porto‐systemic shunting of any cause. Other important 
causes include:

 ● Reye syndrome, a rare, acquired mitochondrial disorder 
characterized by rapidly progressive encephalopathy and 
acute fatty liver [50], typically in children recovering from 
viral infections. Features include hyperammonaemia, 
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Fig. 2.6 The plasma amino acid pattern in cryptogenic cirrhosis 
(mean of 11 patients) compared with normal individuals. The 
aromatic amino acids and methionine are increased while the 
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hypoglycaemia, and coagulopathy. Liver biopsy shows 
cytoplasmic fatty vacuolization in hepatocytes.

 ● Inborn urea cycle disorders, rare hereditary disorders 
resulting from deficiencies of urea cycle enzymes [51]. 
Infants with severe urea cycle disorders are healthy 
at  birth but develop progressive encephalopathy. In 
milder (or partial) deficiencies, hyperammonaemia 
and encephalopathy may be triggered by illness or 
stress at any age.

 ● Urea cycle suppressors, for example valproic acid [52].
 ● Carnitine deficiency. Carnitine is an essential co‐factor 

in metabolism of long‐chain fatty acids. Carnitine defi
ciency results in cytosolic accumulation of unoxidized 
fatty acyl‐CoA molecules, inhibiting the urea cycle. 
Primary carnitine deficiency is a rare autosomal reces
sive disorder caused by mutations in OCTN2, resulting 
in reduced renal tubular reabsorption of carnitine. The 
disorder has a range of features that include hyperam
monaemia and cardiomyopathy, which may be fatal in 
infants and children [53]. Secondary carnitine defi-
ciency may occur in severe malnutrition, associated 
with a high ammonia level and responsive to carnitine 
replacement [54].

 ● Increased production of ammonia, for example intestine 
or urinary tract overgrowth of urease‐producing bacte
ria such as Proteus mirabilis [55].

 ● Total parenteral nutrition, following hyperalimentation 
with essential amino acids.

 ● Bariatric surgery, probably consequent to nutrient 
deficiency [56,57].

 Plasma proteins

Plasma proteins made by hepatocytes include albumin, 
α1‐antitrypsin, haptoglobin, caeruloplasmin, transferrin, 
fibrinogen, and coagulation factors (Table  2.4). Falls in 
the concentration of these proteins usually reflects 
decreased hepatic synthesis, although changes in plasma 
volume and losses into the gut or urine may contribute. 
Some liver‐produced proteins are acute phase reactants 
that increase in response to tissue injury and inflamma
tion (Table 2.4). These include fibrinogen, haptoglobin, 
α1‐antitrypsin, C3 component of complement, ferritin, 
and caeruloplasmin. An acute phase reaction may contrib
ute to increased serum concentrations of these proteins, 
even in patients with hepatocellular failure. The mecha
nism of the acute phase reaction is complex but cytokines 
such as IL1, IL6, and TNF‐α play a role. These cytokines 
not only stimulate production of acute phase reactants 
but also inhibit synthesis of albumin, transferrin, and 
other proteins.

Human serum albumin, a non‐glycosylated, negatively 
charged protein, is the most abundant plasma protein 

and the main determinant of plasma colloid osmotic 
(oncotic) pressure [58]. It has extraordinary ligand‐ binding 
capacity, providing a depot and carrier in plasma for many 
endogenous and exogenous compounds, including fatty 
acids, lipid‐soluble hormones, bile salts, unconjugated bili
rubin, calcium ions, transferrin, and drugs (e.g. warfarin, 
phenytoin, tacrolimus). It is a free radical scavenger and 
major source of reduced sulphydryl groups involved in NO 
metabolism. It has a role in the maintenance of membrane 
permeability.

Hepatocytes produce 12–25 g albumin per day. Total 
body albumin content is 4 to 5 g/kg, with one‐third 
intravascular and two‐thirds extravascular [59]. Plasma 
and interstitial albumin are in constant exchange (Fig 2.7). 
The half‐life of serum albumin is approximately 21 days.

Serum albumin falls in acute and chronic liver injury 
(Fig. 2.8) and is an accurate measure of severity in chronic 
liver disease and so is part of the CTP score. It is a less 
reliable marker of severity in acute liver injury, often nor
mal or near normal with acute, even significant, hepato
cellular loss, because of its long half‐life. Conversely, 
serum albumin often falls rapidly in acute liver injury 
because of diffuse endothelial leak following any severe 
acute illness. Other causes of low serum albumin include 
nephrotic syndrome, malnutrition, malabsorption, pro
tein‐losing enteropathy, cachexia (e.g. in cancer), and 
burns. The serum albumin is physiologically lower in 
pregnancy. Apart from hypoalbuminaemia in chronic 
liver disease, there may also be a change in the structure 
and function of albumin, with implications for the thera
peutic use of human serum albumin beyond sustaining 
the serum concentration [60].

α1‐Antitrypsin (A1AT), a serpin protease inhibitor, 
inhibits trypsin that protects tissues from the enzymes of 

Table 2.4 Serum (plasma) proteins synthesized by the liver

Normal concentration

Albumin 40–50 g/L
α1‐antitrypsina 2–4 g/L
α‐fetoprotein <10 IU/mL (<15 µg/L)
α2‐macroglobulin 2.2–0.8 g/L
Caeruloplasmina 0.2–0.4 g/L
Complement components (C3, C6, 
and C1)
Fibrinogena 2–6 g/L
Haptoglobin 30–200 mg/dL
Prothrombin (factor II)b

Transferrina, ferritina

a Acute phase proteins.
b Vitamin K dependent; also factors VII and X.
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inflammatory cells, especially neutrophil elastase. Levels 
are reduced in A1AT deficiency (Chapter 31), but may be 
elevated with acute phase reactions.

Haptoglobin, a glycoprotein synthesized mainly by 
hepatocytes [63], binds free haemoglobin released from 
red blood cells; the complex is then removed by  the 

reticuloendothelial system. In intravascular  haemolysis, 
haemoglobin is released into plasma with intravascular 
haemolysis so haptoglobin levels fall. In extravascular 
haemolysis, red blood cells are removed by the reticu
loendothelial system, haemoglobin is not released into 
the plasma and haptoglobin levels remain normal. 
(Haptoglobin levels may fall in severe extravascular hae
molysis, however, when free haemoglobin escapes the 
reticuloendothelial system into the plasma.) Hereditary 
deficiencies are frequent in American black people. Low 
values are found in advanced liver disease. Elevated lev
els may occur with acute phase reactions.

Caeruloplasmin, a serum glycoprotein containing six 
copper atoms per molecule, is the major plasma copper‐
binding protein exhibiting copper‐dependent oxidase 
activity. Low levels are found in about 75% of patients 
with hepatic Wilson disease (Chapter 27). Thus caerulo
plasmin is part of the liver screen in patients with chronic 
hepatitis, of any age. Low values are also found in severe, 
decompensated cirrhosis of any cause. High values may 
be attributable to pregnancy, oestrogens, medications 
(e.g. carbamazepine, phenobarbital, valproic acid), bile 
duct obstruction, or acute phase reactions [64].

Transferrin is a glycoprotein that transports circu
lating iron. Many cells synthesize transferrin  –  but 
hepatocytes are the major source. Hepatic synthesis of 
transferrin is inversely proportional to iron status such 
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that transferrin synthesis is greatest during iron defi
ciency and reduced during iron overload. Plasma 
transferrin is more than 90% saturated with iron in 
patients with untreated hereditary haemochromatosis 
(Chapter 26). Reduced values may be found in advanced 
cirrhosis.

Ferritin reflects total body iron overload (see Chapter 26), 
but is also an acute phase reactant, and may be increased 
in non‐alcoholic fatty liver disease (NAFLD).

C3 component of complement is often reduced in cirrhosis, 
normal in chronic hepatitis, and increased in compen
sated primary biliary cholangitis. Low values in acute 
liver failure and alcohol‐related cirrhosis with or without 
hepatitis reflect reduced hepatic synthesis and correlate 
with prolonged PT and hypoalbuminaemia [65]. There is 
also a contribution from increased consumption following 
activation of the complement system. Transient reduc
tions are found following ‘immune complex’ formation 
in acute hepatitis B.

Alpha‐fetoprotein (AFP) is present in fetal serum in 
concentrations up to 5 000 000 µg/L. After birth, AFP gene 
expression declines promptly and serum concentra
tions reach ‘adult values’ of 0.5–15 µg/L (0.4–12 IU/mL) 
at around 2 years [66]. Increased AFP levels are related 
to specific malignancies including hepatocellular carci
noma, embryonic tumours of the ovary and testis, and 
embryonic hepatoblastoma. Elevated AFP levels are less 
frequently caused by other types of cancer, such as stom
ach, bowel, lung, breast, or lymphoma. Elevation of the 
serum AFP is observed in patients with prominent 
inflammation or cirrhosis and do not necessarily indicate 
cancer [67]. Serum AFP may also be raised in ataxia tel
angiectasia [68].

Coagulation factors. Nearly all coagulation factors 
are synthesized in the liver (FII, FV, FVII, FVIII, FIX, 
FX, FXI, FXII, and FXIII) and a reduction in specific 
factor activities is often seen in severe acute or chronic 
liver injury, irrespective of aetiology (see later and 
Chapter 4) [69].

Thrombopoietin, a major regulator of megakaryocyte 
maturation and platelet production is synthesised by 
hepatocytes. Concentrations are low in patients with 
cirrhosis, contributing to thrombocytopenia [70]. Apart 
from coagulation factors, the liver therefore has this 
additional important role in haemostasis.

Immunoglobulins are glycoprotein molecules pro
duced by plasma cells [71]. They have a critical role in 
immune responses, recognizing and binding to specific 
antigens. There are five major immunoglobulin isotypes 
that differ in structure, target specificity, and distri
bution: IgA, IgD, IgE, IgG, and IgM. The IgG and IgA 
isotypes may be further divided into subclasses based on 
additional, small differences in the amino acid heavy 

chain sequences: IgG1 to 4, and IgA1 or 2. Predominant 
immunoglobulin isotypes and subclasses may provide 
clues to the aetiology of liver disease:

 ● IgG. Disproportionate elevation of IgG is seen in active 
AIH.

 ● IgG4. Elevated IgG4 is seen in IgG4‐related disease. 
Although it is not routinely measured as part of the 
liver screen, measuring serum IgG4 is justified in 
patients with cholangiopathy since IgG4‐related scle
rosing cholangitis is highly responsive to treatment 
with glucocorticosteroids.

 ● IgM. Disproportionate elevation of IgM is characteristic 
of acute disease or PBC.

 ● IgA. Disproportionate elevation of IgA is seen in alco
hol‐related liver disease, NAFLD, and cirrhosis.

Generalized, polyclonal hypergammaglobinaemia occurs 
in all forms of cirrhosis, probably reflecting non‐specific 
immune activation consequent to porto‐systemic shunt
ing of gut‐derived antigens [72]. In patients with crypto
genic liver disease, especially granulomatous liver disease 
or NRH, the presence of hypogammaglobinaemia should 
raise suspicion of combined variable immunodeficiency 
(CVID).

 Carbohydrate metabolism

The liver occupies a key position in carbohydrate 
metabolism (Fig.  2.1) [73]. In the fed state, glycogen 
synthesis occurs preferentially in perivenous hepato
cytes; in the fasting or post‐absorptive state, glucose 
release via glycogenolysis and gluconeogenesis occurs 
in periportal hepatocytes. Once glycogen stores are 
replenished, glucose may be metabolized to fat or lac
tate. Lactate is released into the systemic circulation 
and taken up by periportal cells as a substrate for glu
coneogenesis. The liver also metabolizes fructose and 
galactose.

In fasted patients with cirrhosis, the contribution of 
carbohydrates to energy production is reduced, while 
the contribution from fat is increased [73]. This may 
be caused by impaired release of hepatic glucose or a 
reduced reserve of glycogen in the liver. After eating a 
meal, however, cirrhotic patients, like control subjects, 
make immediate use of dietary carbohydrate. The oral 
and intravenous glucose tolerance tests may show 
impairment in cirrhosis and there is relative insulin 
resistance [74]. Galactose removal by the liver has 
been used to measure hepatic blood flow. In acute liver 
failure, the blood glucose may be low. This is uncommon 
in chronic liver disease.
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 Markers of hepatocellular injury: 
the serum transaminases

The transaminases (aminotransferases, aminotransam
inases) catalyse reversible transfer of amino groups 
from either aspartate or alanine to the keto group of 
α‐ketoglutaric acid:

 

aspartate ketoglu ric acid oxaloacetic acid
glutamate

 ta

alanine ketoglutaric acid vate glu ate pyru tam
 

These enzymes are important in gluconeogenesis 
because they catalyse synthesis of glucose from non‐ 
carbohydrate sources. Enzymatic reduction of oxaloacetic 
acid (OAA) to malate, and pyruvate to lactate, are cou
pled with oxidation of the reduced form of nicotinamide 
dinucleotide (NADH) to nicotinamide dinucleotide 
(NAD). Only NADH absorbs light at 340 nm, so this reac
tion can be measured spectrophotometrically.

Aspartate transaminase (AST) is both mitochondrial 
and cytosolic. Normal AST activity in the serum is cyto
solic in origin, whereas 80% of AST activity within the 
liver is mitochondrial. The enzyme is present in large 
quantities in liver, heart, skeletal muscle, kidneys, brain, 
pancreas, lungs, leucocytes, and erythrocytes. The half‐
life of serum AST is approximately 18 h. Elevated AST 
with otherwise normal liver biochemistry may result 
from injury to other tissues, in particular cardiac or skel
etal muscle. The tissue of origin may be obvious from the 
history and examination and clarified by other biomark
ers, such as cardiac troponins and total, cardiac, or skel
etal creatine kinase (Fig.  2.9). Macro‐AST is a rare 
condition where isolated elevation of the AST results 
from binding of AST with an immunoglobulin that is not 
cleared by the blood or kidneys, prolonging the half‐life 
[75]. It is benign. Markedly low AST levels have been 
reported in patients on chronic haemodialysis [76].

Alanine transaminase (ALT) is a cytosolic enzyme 
mainly found in liver, with smaller amounts in kidney, 

heart, skeletal muscle, and pancreas, so elevated ALT is 
generally attributable to liver disease, although it may 
result from severe myositis or rhabdomyolysis. The 
half‐life of ALT in the serum is approximately 36 h. The 
De Ritis ratio refers to the ratio of AST to ALT and may 
provide further clues to aetiology, severity, or fibrosis 
stage [77], although many biochemistry departments 
have elected to measure either AST or ALT, not both. 
In most forms of acute liver injury, the AST : ALT ratio is 
less than one. An AST : ALT ratio of 2 or greater is sugges
tive of alcohol‐related hepatitis, especially if the GGT 
is elevated. In acute viral hepatitis, an AST : ALT ratio 
exceeding 1.5 suggests worsening disease, while an AST : 
ALT ratio of ≥2 denotes acute liver failure. In chronic liver 
disease, an AST : ALT ratio >1 suggests advanced fibrosis.

Elevated transaminases

A disproportionate elevation of the transaminases sug
gests hepatocellular injury. Causes of very high transami
nases include:

 ● acute viral hepatitis;
 ● hepatocellular‐type drug‐induced liver injury includ

ing drug‐related eosinophilia and systemic symptoms 
(DRESS);

 ● ischaemic hepatitis;
 ● severe autoimmune hepatitis;
 ● acute obstruction of the common bile duct;
 ● paracetamol intake on the background of alcohol 

excess;
 ● mushroom poisoning.

Mild to moderate elevation of the transaminases is 
seen in:

 ● chronic viral hepatitis;
 ● steatohepatitis secondary to alcohol‐related liver dis

ease (ArLD) or non‐alcohol‐related fatty liver disease 
(NAFLD);

 ● hepatocellular drug‐induced liver injury (DILI);
 ● autoimmune hepatitis;
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Fig. 2.9 Algorithm for managing a patient with an isolated 
increase in serum aminotransferase on routine screening.
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 ● Wilson disease;
 ● pregnancy‐related liver disease;
 ● coeliac disease;
 ● thyroid disease;
 ● anorexia nervosa.

 Markers of cholestasis: alkaline 
phosphatase (ALP) and gamma‐
glutamyl transferase (GGT)

The alkaline phosphatases are plasma membrane‐
bound glycoproteins that hydrolyse various monophos
phate esters at alkaline pH with the release of inorganic 
phosphate. In humans, there are at least four major 
isoenzymes, named according to tissue specificity: 
 placental alkaline phosphatase (PLALP or the Regan 
isoenzyme); intestinal alkaline phosphatase (IALP); 
liver/bone/kidney or tissue non‐specific alkaline phos
phatase (L/B/K ALP or TNSALP); and germ cell ALP 
(GCALP or the NAGAO isoenzyme). The L/B/K form 
of ALP is expressed in many tissues throughout the 
body, especially liver, bone, and kidney. The L/B/K 
ALPs from different tissues have slight differences in 
electrophoretic mobility and thermo‐stability attribut
able to differences in post‐translational modification. 
On this basis, ALP from liver may be distinguished 
from that of other tissues. More than 80% of serum 
ALP is from the liver or bone. The serum half‐life of 
ALP is 3 days.

Elevated ALP occurs in cholestasis, attributable to 
hepatocyte induction. In patients with elevated ALP 
but otherwise normal liver biochemistry (or unex
pectedly high ALP in those with known liver disease), 
liver origin should be confirmed by checking that the 
GGT is proportionately elevated or measuring ALP 
isoforms. Non‐hepatic causes of elevated ALP include 
bone disorders with osteoblast hyperactivity, such as 
Paget disease, hyperparathyroidism, rickets, osteoma
lacia, fractures, and malignant tumours, including 
osteosclerotic bone metastases. An ALP up to three 
times normal may be seen in women in the third 
 trimester of pregnancy, where the ALP is placental in 
origin. An isolated rise in ALP may also be intestinal 
in origin, as observed in patients with blood groups O 
and B who secrete intestinal ALP postprandially; fast
ing levels may therefore be helpful.

Gamma‐glutamyl transferase (GGT) is a membrane‐
bound enzyme that catalyses transfer of γ glutamyl 
groups of peptides such as glutathione to other amino 
acids. The enzyme is ubiquitous but especially abundant 
in proximal renal tubule, liver, pancreas (acinar cells and 
ductules), and intestine. Within the hepatobiliary system, 
GGT is present in highest concentration in the epithe

lium lining the fine biliary ducts. Serum GGT activity 
arises primarily from liver.

Elevated GGT occurs in cholestasis following induc
tion in liver cells and release into the circulation. Several 
other factors influence GGT values. Apart from choles
tatic liver disease, common causes of elevated GGT 
include obesity, excessive alcohol consumption, medica-
tions (such as phenytoin, phenobarbital, furosemide, 
heparin, and oral contraceptives), and smoking. 
Pregnancy is associated with decreased GGT activity. 
Younger women have lower GGT levels, whereas post
menopausal women have levels closer to those of men. 
Black populations have higher values than Caucasian 
populations. Wide physiological variability makes GGT 
unsuitable as a screening test for liver disease; it is gen
erally used to confirm that elevated ALP originates 
from the liver.

Elevated ALP and/or GGT

Cholestasis (Chapter 13) may be classified as intra‐ or 
extrahepatic, based primarily on the absence or pres
ence of biliary dilatation on liver ultrasound scan 
(USS). Intrahepatic cholestasis may itself be classified 
as hepatocellular or biliary, based on the main site of 
injury. Fig. 2.10 is an algorithm for the investigation of 
elevated ALP.

Causes of hepatocellular cholestasis are described in 
Chapter  13, and include (in approximately anatomical 
order):

 ● Benign recurrent intrahepatic cholestasis;
 ● Progressive familial intrahepatic cholestasis (PFIC);
 ● Intrahepatic cholestasis of pregnancy (ICP) (see 

Chapter 30);
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Fig. 2.10 Algorithm for managing a patient with an isolated 
increase in serum alkaline phosphatase or serum γ‐glutamyl 
transpeptidase (γ‐GT). CT, computed tomography; MRCP, 
magnetic resonance cholangiopancreatography; PBC, primary 
biliary cholangitis.
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 ● Intrahepatic cholestasis is common in sepsis. In gen
eral, the liver biochemistry is only mildly abnormal. 
Antibiotic‐associated cholestasis is an important 
differential in this context;

 ● Cholestatic DILI. There are many forms of cholestatic 
DILI, ranging from bland cholestasis (e.g. oestrogens 
or anabolic steroids) through to the vanishing bile duct 
syndrome (e.g. co‐amoxiclav);

 ● Parenteral nutrition (PN)‐associated cholestasis: a 
well‐known complication particularly of prolonged 
PN and may cause progressive fibrosis;

 ● Hepatic infiltration, which may be malignant (e.g. 
leukaemia, lymphoma, metastatic carcinoma) or 
non‐malignant (e.g. amyloidosis, sarcoidosis);

 ● Paraneoplastic syndromes, classically Stauffer syndrome, 
with underlying renal cell carcinoma or Hodgkin 
lymphoma.

Causes of biliary cholestasis include the following:

 ● Primary biliary cholangitis (PBC, formerly known as 
primary biliary cirrhosis) (Chapter 17);

 ● Primary sclerosing cholangitis (PSC) (Chapter 18);
 ● Autoimmune sclerosing cholangitis (AISC) (Chapter 19);
 ● IgG4‐related sclerosing cholangitis (Chapters 14 

and 18);
 ● Ischaemic cholangiopathy, which is most often a 

complication of liver transplantation and is mainly 
associated with transplantation of livers from deceased 
cardiac donors. Less often is it is a consequence of 
trauma or surgery to the biliary tree. It reflects irrevers
ible ischaemic injury to the biliary tree. The cholangio
gram is usually diagnostic. Critical care cholangiopathy, 
a rare complication of prolonged critical illness, is 
analogous;

 ● Graft versus host disease (GvHD), occurs when donor 
immune cells transplanted recognize host tissue as for
eign and in the liver, leading to bile duct destruction.

An elevated ALP also occurs in other liver conditions 
that are not conventionally considered to be cholestatic 
disorders:

 ● Nodular regenerative hyperplasia (Chapter 35);
 ● Congestive hepatopathy. This results from hepatic 

congestion caused by right heart failure from any 
cause. A mildly elevated ALP may be accompanied by 
predominantly unconjugated hyperbilirubinaemia.

Extrahepatic causes of cholestasis may be intralumi
nal (e.g. gallstones); luminal (e.g. PSC, anastomotic 
strictures post‐LT, chronic pancreatitis, or malignant 
strictures in cholangiocarcinoma, ampullary cancer, or 
cancer of the head of pancreas); or extraluminal (e.g. 
Mirizzi syndrome). Cross‐sectional imaging is indicated 
(Chapter 34).

 Haematology in liver disease

Anaemia

Anaemia is common in patients with liver disease. In 
some cases, it is attributable to anaemia of chronic 
disease – but it may occur via a variety of mechanisms:

Haematinic deficiencies
Iron deficiency anaemia may occur in patients with 
portal hypertensive gastropathy or enteropathy. In 
patients with autoimmune liver disease, co‐morbid 
coeliac disease is an important consideration. Gastric 
telangiectasia are common in PBC patients with anti‐
centromere antibodies (even in those without a formal 
diagnosis of systemic sclerosis) and may be a source of 
chronic blood loss. In patients with PSC, co‐morbid 
PSC‐IBD is an important consideration, even without 
gastrointestinal symptoms. In those with PSC‐IBD, iron‐
deficiency anaemia should raise suspicion of colorectal 
cancer. Pernicious anaemia is associated with PBC. 
Folate and B12 deficiency may result from malnutrition, 
for example in chronic alcoholism, or malabsorption, for 
example from coeliac disease.

Haemolysis
Extravascular haemolysis may result from spur cell 
anaemia (acquired acanthocytosis), which usually 
occurs in alcohol‐related cirrhosis but may occur in 
other liver diseases (Fig. 2.11). Spur cells form owing to 
abnormalities in the lipid composition of the red blood 
cell (RBC) membrane [78]. They have diminished 
deformability, leading to entrapment and destruction in 
the spleen. Intravascular haemolysis may result from Zieve 
syndrome, consisting of Coombs’ negative haemolytic 

Fig. 2.11 Scanning electron micrograph of abnormal red cells 
from a patient with alcoholic hepatitis, showing echinocytes 
(E) at various stages of development, and an acanthocyte (A). 
Courtesy of Dr J. Owen and Ms J. Lewin.
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anaemia, hyperlipidaemia, unconjugated or mixed 
hyperbilirubinaemia, and alcoholic steatohepatitis [79]. 
Transjugular intrahepatic porto‐systemic shunts (TIPSS) 
may rarely cause micro‐angiopathic haemolytic anae-
mia. Intravascular haemolysis may occur in Wilson dis-
ease owing to RBC oxidative stress caused by high levels 
of copper. Intravascular haemolysis is a key finding in 
pregnancy‐related HELLP syndrome (i.e. the syndrome 
of haemolysis, elevated liver enzymes, and low platelets). 
In patients with hepatitis C, haemolysis may arise as a 
complication of treatment with ribavirin.

Hypoplastic and aplastic anaemia
Hypoplastic anaemia may result from chronic alcoholism 
owing to direct toxic effects of alcohol on erythrocyte 
precursors in the bone marrow. Hepatitis‐associated 
aplastic anaemia is a form of acquired aplastic anaemia 
that follows an episode of hepatitis, usually seronegative 
hepatitis, although it has been reported after infection by 
HAV, HBV, HEV, HGV, EBV, and transfusion‐transmitted 
virus (TTV) [80].

Thrombocytopenia
Thrombocytopenia is a frequent finding in patients with 
chronic liver disease. It may result from splenomegaly 
and splenic sequestration or reduced production of 
thrombopoietin. Whatever the mechanism, it is a relia
ble indicator of portal hypertension – and should prompt 
a work‐up for portal hypertension if this has not already 
been undertaken (e.g. upper GI endoscopy). The AST to 
platelet ratio index (APRI) is based on the platelet count 
and serum AST. It is a non‐invasive measure of fibrosis 
(see later) that was derived in patients with hepatitis C 
but may be applicable to other causes of chronic liver 
disease, such as NAFLD. In chronic alcoholism, the 
platelet count may be low owing to the direct toxic effects 
of alcohol on megakaryocytes in the bone marrow. In 
patients with an unexpectedly low platelet count, espe
cially in those with AILD, consideration should be given 
to immune thrombocytopenic purpura (ITP).

Coagulopathy (see also Chapter 4)
Clotting times are therefore prolonged in liver disease, 
initially prolongation of the PT – but eventually prolon
gation of the activated partial thromboplastin time 
(APTT) and thrombin time (TT), as well. For this reason, 
the PT (or INR) is included in scoring systems to evalu
ate severity of liver disease and prioritize patients for 
liver transplantation.

Most inhibitors of coagulation (antithrombin, heparin 
cofactor II, protein C, protein S, and tissue factor path
way inhibitor) and components of the fibrinolytic system 
(plasminogen, α2‐antiplasmin, and plasmin inhibitor) 
are also synthesized in the liver, with reduced levels in 

advanced liver disease [69]. Thus patients with liver 
disease and coagulopathy may have a procoagulant 
tendency; bed‐bound patients may therefore benefit 
from prophylaxis against deep vein thrombosis (DVT).

In patients with liver disease and coagulopathy, it is 
important to consider vitamin K deficiency. Vitamin K is 
essential for the synthesis of clotting factors II, VII, IX, 
and X (as well as anticoagulation factors, proteins C, S, 
and Z). Vitamin K deficiency therefore affects the extrinsic 
clotting pathway and causes prolongation of the PT. 
Deficiency of vitamin K is common in patients with 
cholestasis, irrespective of cause, because it is fat soluble 
and these patients may have fat malabsorption and stea
torrhoea. In patients with liver disease and coagulopathy, 
it is essential to determine whether clotting times are 
corrected by administration of intravenous vitamin K.

In patients who are critically unwell, it is important to 
consider disseminated intravascular coagulation (DIC), 
which may be precipitated by sepsis (e.g. spontaneous 
bacterial peritonitis) or major haemorrhage (e.g. from 
varices). In DIC, the PT, APTT, and TT are prolonged; 
the fibrinogen is low and the full blood count and blood 
film may show evidence of consumptive thrombocyto
penia and microangiopathic haemolytic anaemia (i.e. 
intravascular haemolysis). Since all these features are 
seen in severe liver disease, distinguishing DIC from the 
coagulopathy of liver disease is challenging.

 Effects of ageing on the liver

Liver weight, volume, and liver blood flow are reduced 
with age [81]. There is compensatory hypertrophy of 
hepatocytes. In healthy individuals, the rate of hepatic 
regeneration is unaffected by age; in those with liver 
disease, regeneration slows with age. Somatic mutations, 
including gene rearrangements, increase with age [82]. 
Structural changes in the hepatocyte include an increase 
in secondary lysosomes and residual bodies, with a con
comitant accumulation of lipofuscin. There are conflict
ing data on structural changes in mitochondria. However, 
impaired mitochondrial enzyme activity and defects in 
the respiratory chain are reported. No consistent mito
chondrial DNA mutations are seen. In animals, hepatic 
protein synthesis falls with age. Since the total protein 
content of cells remains relatively constant it is thought 
that protein turnover is also reduced. Hepatic nitrogen 
clearance (conversion of α‐amino nitrogen into urea 
nitrogen) is impaired with advancing age [83]. First‐pass 
metabolism of drugs is reduced and may be due to 
reduced liver mass and hepatic blood flow rather than to 
alterations in the relevant enzyme systems [84]. Hepatic 
microsomal mono‐oxygenase enzyme activity does not 
appear to decline with age [85]. However, the overall 
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increase in adverse reactions observed in older patients 
may be related to polypharmacy, which is common in 
this population. Cholesterol saturation of bile increases 

with age owing to enhanced hepatic secretion of choles
terol and decreased bile acid synthesis, and may account 
for the increased risk of cholesterol gallstones with age.
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A needle biopsy of the liver is said to have been first per-
formed by Paul Ehrlich in 1883 (Table 3.1). The first pub-
lished series was by Schüpfer [1] in France, where the 
technique was used for the diagnosis of cirrhosis and 
hepatic tumours. However, the method only achieved 
popularity in the 1930s when it was used by Huard and 
co‐workers in France, and by Baron in the USA. World 
War II saw a rapid increase in the use of liver biopsy, 
largely to investigate the many cases of non‐fatal viral 
hepatitis that were affecting the armed forces of both 
sides [2–4].

It is hard, if not impossible, to envisage management of 
patients without recourse to liver biopsy, and yet it is a 
procedure that is often feared by patients, and when 
done incorrectly can have devastating complications. 
There is, however, a significant body of evidence to guide 
the clinician with respect to technique, complications, 
and contraindications.

 Selection and preparation 
of the patient

Most biopsies are performed as day case procedures 
because of patient preference and reduction of costs. 
The majority of complications occur within 3 h of biopsy, 
but may occur up to 24 h after the procedure. In 1989, 
the American Gastroenterological Association and 
 subsequently the British Society of Gastroenterology [5] 
published consensus statements on outpatient percuta-
neous liver biopsy, recommending that patients under-
going this procedure should have no conditions that 
might increase the risk of the biopsy including: encepha-
lopathy, ascites, hepatic failure with severe jaundice or 
evidence of significant extrahepatic biliary obstruction, 
significant coagulopathies, or serious diseases involving 
other organs such as renal failure, severe congestive 
heart failure, or advanced age.

The consensus statements also recommended that 
the place where the biopsy is performed should have 
easy access to a laboratory, blood bank, and inpatient 
facilities should the need arise, and there should be staff 
to observe the patients for 6 h. The patient should be 
hospitalized if there is any significant complication, 
including pain requiring more than one dose of analge-
sic in the 4 h  following liver biopsy. The patient should 
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LEARNING POINTS

 ● Liver biopsy can be used to: confirm or refute the 
 clinical diagnosis; identify additional clinically 
 unsuspected conditions; assess severity, progression, 
and complications of disease; and evaluate response 
to and complications of treatment.

 ● Reliable liver biopsy interpretation requires  knowledge 
of the clinical context, an experienced hepatopatholo-
gist, and an adequate liver biopsy sample.

 ● The distribution of a particular disease throughout the 
liver determines the chance of a non‐directed liver biopsy 
adequately representing the disease in question.

 ● Focal diseases are particularly prone to error in ran-
dom samples.

 ● A liver biopsy sample containing at least 11 complete 
portal tracts is necessary for the proper evaluation of 
chronic viral hepatitis (i.e. approximately 20 mm of a 
biopsy taken with a 1.4 mm internal diameter [16 
gauge] needle, and progressively longer samples of 
thinner biopsies).

 ● The ‘stage score’ of liver disease is not the same as 
 collagen quantification.
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also be able to return easily to the hospital where the 
biopsy was undertaken within 30 min, and should have 
a reliable individual to stay with them on the first post‐
biopsy night. These recommendations are eminently 
sensible and should form the backbone of any local 
biopsy policy. Outpatient biopsies should ideally be 
performed in the early morning so that, should compli-
cations occur, the vast majority of patients will be still 
in hospital.

The method of biopsy is dictated by coagulation indi-
ces and indication. Percutaneous biopsies should not be 
performed if the one‐stage prothrombin time is more 
than 3 s prolonged over control values. Whilst fresh fro-
zen plasma is frequently used to correct coagulation 
indices, there is little evidence that it reduces the risk of 
haemorrhage [5]. Again, although recombinant factor 
VIIa can correct prothrombin time, a reduced risk of 
bleeding has not been shown  –  in addition, its major 
drawback is expense.

Evidence‐based guidelines on safe platelet thresholds 
do not exist [5]; in thrombocytopenic patients the risk of 
haemorrhage depends on the function of the platelets 
rather than on their numbers. A patient with ‘hyper-
splenism’ and a platelet count of less than 50 000 is much 
less likely to bleed than one with leukaemia, who may 
have a higher platelet count. This distinction particularly 
arises in patients with haematological problems or after 
organ transplants where the effects on the bone marrow 
of cytotoxic therapy, viruses and other infective agents, 
and of possible graft‐versus‐host reaction may lead to 
significant abnormalities of platelet function. Alternative 
techniques to percutaneous biopsy are often used in 
patients with a platelet count of less than 80 000, and in 
some centres 50 000 [5].

Additional risk factors have identified patients with an 
increased incidence of complications following standard 
percutaneous biopsy (the alternative techniques are in 
parentheses): the uncooperative patient (sedation, trans-
venous, or real‐time ultrasound‐guided), extrahepatic 

biliary obstruction (real‐time ultrasound‐guided), ascites 
(transvenous), cystic lesions (real‐time ultrasound‐
guided), hepatic amyloidosis (transvenous), obesity 
(transvenous or real‐time ultrasound‐guided), sickle 
hepatopathy (transvenous), chronic renal failure (trans-
venous), and valvular heart disease (consider antibiotic 
prophylaxis). There is an increased risk of bleeding in 
patients with malignancy but often these biopsies are 
real‐time ultrasound‐guided using thinner needles, with 
less risk of complications.

All patients being considered for liver biopsy should 
undergo a pre‐biopsy ultrasound in order to exclude ana-
tomical variation associated with increased risk of vis-
ceral perforation – such as the presence of small bowel 
between a shrunken liver and the abdominal wall 
(Chilaiditi syndrome), or an intrahepatic gall bladder. 
Ultrasound also permits the detection of focal lesions 
such as haemangioma, which may be asymptomatic and 
may not have been suspected.

Informed consent

Informed consent should be obtained in writing prior to 
the biopsy procedure in accordance with individual hos-
pital policies. The consent form should clearly document 
the morbidity and mortality associated with the route of 
biopsy, and preferably this should also be documented in 
the patient’s notes when the biopsy is initially being dis-
cussed, so that the patient can be given sufficient time to 
refuse the procedure.

 Techniques

The Menghini needle obtains a specimen by aspiration 
[6], whilst the sheathed ‘Trucut’ uses a cutting technique 
(Fig. 3.1 and Fig. 3.2) [7]. Fragmentation of the biopsy is 
greater with the Menghini method, but the procedure is 
quicker, easier, has fewer complications [8], and can pro-
vide longer specimens in comparison with the standard 
Trucut specimen [9]. Furthermore, the Menghini needle 
is cheaper. Pain associated with the procedure is often 
due to the operator applying insufficient local anaes-
thetic in the skin, and none in the capsule/parenchyma. 
Sufficient 1–2% lidocaine solution should be used.

Menghini ‘one‐second’ needle biopsy (Fig. 3.3). The 1.4‐
mm diameter needle is used routinely. A shorter needle is 
available for paediatric use. The tip of the needle is 
oblique and slightly convex towards the outside. The nee-
dle is fitted within its shaft with a blunt nail. This internal 
block prevents the biopsy from being fragmented or dis-
torted by violent aspiration into the syringe. The original 
publication [6] documented a width measured on the 
slide (fixed tissue) of 0.75 mm using a 15G needle.

Table 3.1 History of liver biopsies

Author Date Country Purpose

Ehrlich 1883 Germany Glycogen
Lucatello 1895 Italy Tropical
Schüpfer 1907 France Cirrhosis
Huard et al. 1935 France General
Baron 1939 USA General
Iversen & Roholm 1939 Denmark Hepatitis
Axenfeld & Brass 1942 Germany Hepatitis
Dible et al. 1943 UK Hepatitis
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Sterile saline (5 mL or more) is drawn into the syringe, 
and the needle is inserted along the anaesthetized track 
down to, but not through, the intercostal space. To clear 
the needle of any skin fragments, 1 to 2 mL of solution 

are injected. Aspiration is now commenced and main-
tained. This is the slow part of the procedure. With the 
patient holding their breath in expiration, the needle is 
rapidly introduced perpendicularly to the skin into the 
liver substance and extracted. This is the quick part of 
the procedure. The tip of the needle is now placed on 
sterile paper and some of the remaining saline flushed 
through the needle to deposit the biopsy gently onto the 
paper. The tissue is transferred into fixative.

Trucut needle. This involves a three‐stage process, 
requiring greater operator skill and patient compliance. 
The patient holds their breath in expiration whilst the 
needle is advanced along the anaesthetized tract into the 
parenchyma. The needle tip is then extended, followed by 
the cutting bevel. To avoid a scissoring action, there needs 
to be a slight forward force, so that the cutting bevel actu-
ally moves forward, slicing liver, as opposed to pulling the 
needle tip back. This needle results in less fragmentation, 
and a more reliable specimen in fibrotic livers.

Newer generations of narrower gauge (18 or 20G) 
spring‐loaded Trucut needles require less skill, but are 

Fig. 3.1 Three biopsy devices – a standard Trucut needle, an 
automated Trucut device, and a Menghini needle.

(a) (b)

(c)

Fig. 3.2 (a,b,c) The cutting bevel of the Trucut needle, which must be advanced forward, over the tissue in the recession in the needle.
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more expensive. The maximum length is determined by 
the fixed length of the trough in the needle (2 cm) [9].

The intercostal approach is the most frequently used 
method [8]. Care must be taken to assess the borders of 
the liver either by percussion or by ultrasound. The liver 
may be higher than expected (particularly in transplant 
patients) or lower, such as in patients with chronic lung 
disease. If there is any doubt with respect to percussion, 
ultrasound should be used. Some centres use ultrasound 
at the time of the biopsy in all patients. It does minimize 
the likelihood of obtaining inadequate specimens, but 
has not been shown conclusively to reduce major 
 complications [10]. New generation, portable ultrasound 
equipment is becoming less expensive and the better per-
formance of a liver biopsy can make this cost‐effective 
[11]. In many countries, liver biopsies are performed 
exclusively by radiologists, who routinely use ultrasound.

If an epigastric mass is present or imaging indicates 
left lobe disease, an anterior approach is used.

Transjugular (transvenous) liver biopsy [12]. A special 
Trucut needle (18 or 19G, Quick‐Core®) is inserted 
through a catheter placed in the hepatic vein via the jug-
ular vein under fluoroscopic guidance. The needle is 
then introduced into the liver tissue by transfixing the 
hepatic venous wall (Fig. 3.4). In patients with advanced 
liver disease, it has the advantage of facilitating measure-
ment of wedged and free hepatic venous pressure and of 
opacifying the hepatic vein (Table 3.2). A review of 7000 
biopsies [12] indicated that the transjugular technique 
provided samples of similar quality to those from the 
percutaneous approach. Biopsies are thinner than with 
the intercostal technique. Providing four passes are 
 performed, biopsies are adequate to stage chronic viral 
hepatitis [13,14].

Directed (guided) biopsy. This involves simultaneous 
imaging of the lesion in the liver that is to be biopsied 
and the advancing biopsy needle tip. Ultrasound is com-
monly employed, but computed tomography (CT) may 
be required if the lesion is not visible on ultrasound. 
Spring‐loaded Trucut needles are preferred, and, in 

patients with poor coagulation, a gel foam plug may be 
injected through the outer cannula of the Trucut needle 
after the inner cutting needle, once its contained speci-
men has been removed [15]. This can be effective in pre-
venting major bleeding.

In chronic liver disease, the blind technique yields suf-
ficient diagnostic material 81% of the time, but this can 
be raised to 95% if a laparoscopic directed liver biopsy is 
used [16].

Fine‐needle guided biopsy. Using a 22G (0.7 mm) nee-
dle adds to the safety. It is particularly useful for the diag-
nosis of focal lesions, although diagnostic accuracy may 
not be improved [17]. Because of the size, fine‐needle 
biopsy is not so useful in generalized disease such as 

Fig. 3.3 Longitudinal section of the Menghini liver biopsy needle. 
Note the nail in the shaft of the needle.

Fig. 3.4 Transvenous liver biopsy. The catheter is in the hepatic 
vein and the Quick‐Core needle is taking the liver biopsy.

Table 3.2 Indications for transjugular liver biopsy

Coagulation defects and congenital clotting disorders
Acute liver failure pre‐transplant
Massive ascites
Small liver
Measurement of hepatic venous pressure gradient
Uncooperative patient
Severe obesity
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chronic hepatitis or cirrhosis. Cytological examination 
of the aspirate is useful for tumour typing [18] and this 
technique will allow introduction of local therapies such 
as ethanol or acetic acid.

After care

Observations should be frequent (quarter hourly for 2 h, 
half hourly for 2 h, and hourly for 2 h) and analgesia 
should be prescribed [5]. During the puncture the patient 
may complain of a drawing feeling across the epigas-
trium. Afterwards some patients have a slight ache in the 
right side for about 24 h and some complain of pain 
referred from the diaphragm to the right shoulder – this 
often indicates a capsular haematoma.

Number of passes

It has been demonstrated that taking more than one core 
of liver at biopsy can increase the diagnostic yield [19], 
but more passes increase the incidence of complications 
of percutaneous biopsy [8,20,21]. If an adequate speci-
men is not obtained after two passes, an alternative 
approach should be employed after a suitable period of 
observation.

 Risks and complications

Major and minor complications occur in up to 6% of 
patients and can be fatal in 0.04 to 0.11% [8,20] (Table 3.3). 
Major complications of transjugular liver biopsy are 
reported in 0.6%, with intraperitoneal bleeding in 0.2% 
due to capsular perforation, and biliary peritonitis due to 
gallbladder perforation (see later). Mortality is 0.09% 
[12]. Paediatric cases have higher complication rates 
with transjugular biopsy [12].

Prospective evaluation does not show differences in 
bleeding between Menghini and Trucut needles [22], but 
retrospective studies suggest more complications with 
Trucut needles [8]. No studies have compared the newer 
(but more expensive) spring‐loaded Trucut needles (e.g. 
Temno, Quick‐Core) with the Menghini needle.

The usual indicators of complications following biopsy 
are severe pain (either shoulder tip or abdominal) unre-
lieved by a single injection of pethidine (meperidine), 
hypotension, and tachycardia. The presence of all or 
some of the signs should prompt the physician to recom-
mend the patient is observed overnight and if ongoing, 
investigate and treat. Bleeding may be a life‐threatening 
event, particularly if not detected immediately, so that 
prompt recognition is essential (see later).

Pleurisy and perihepatitis

A friction rub caused by fibrinous perihepatitis or pleu-
risy may be heard on the next day. It is of little conse-
quence and pain subsides with analgesics. A chest X‐ray 
may show a small pneumothorax.

Haemorrhage (Fig. 3.5)

In a series of 9212 biopsies, there were 10 (0.11%) fatal 
and 22 (0.24%) non‐fatal haemorrhages [20]. Malignancy, 
age, female sex, and number of passes were the only pre-
dictable factors for bleeding. Bleeding might be related 
to factors other than clotting diathesis, such as the failure 
of mechanical compression of the needle tract by elastic 
tissue [23].

Bleeding from the puncture wound usually consists of 
a thin trickle lasting 10–60 s and the total blood loss is 

Table 3.3 Fatalities from needle liver biopsy

Source Date Reference Biopsies Mortality (%)

USA 1953 1,2 20 016 0.17
Europe combined 1964 3 23 382 0.01
Germany 1967 4 80 000 0.015
Italy 1986 5 68 276 0.009
USA 1990 6 9212 0.11

1 Zamcheck. N Engl J Med 1953; 249: 1020.
2 Zamcheck. N Engl J Med 1953; 249: 1062.
3 Thaler. Wien Klin Wchschr 1964; 29: 533.
4 Lindner. Dtsch Med Wschr 1967; 92: 1751.
5 Piccinino. J Hepatol 1986; 2: 165 [8].
6 McGill. Gastroenterology 1990; 99: 1396 [20].

Fig. 3.5 A CT scan showing a bleed following a biopsy. A sharp, 
white area of contrast is present within the parenchyma of the 
pseudoaneurysm.
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only 5–10 mL. Serious haemorrhage is usually intraperi-
toneal but may be intrathoracic from an intercostal 
artery. The bleeding results from perforation of dis-
tended portal or hepatic veins or aberrant arteries. The 
occasional laceration of a major intrahepatic vessel can-
not be avoided. In some cases, a tear of the liver follows 
deep breathing during the intercostal procedure.

Perforation of the capsule with intraperitoneal haem-
orrhage may rarely follow transvenous biopsy, but this 
should be apparent at the time of biopsy [12].

Spontaneous cessation of bleeding can occur, but oth-
erwise angiography followed by transcatheter emboliza-
tion is usually successful. Laparotomy is indicated if 
bleeding continues despite embolization, or when a large 
haematoma requires evacuation. The threshold for lapa-
rotomy may be lower in the transplant patient, in whom 
arterial embolization carries the risk of major bile duct 
injury.

Severe haemothorax usually responds to blood trans-
fusion and chest aspiration.

Intrahepatic haematomas

At 2–4 h post‐biopsy, intrahepatic haematomas are 
detected by ultrasound in only about 2% [24]. This is 
probably an underestimate as the haematomas remain 
isoechoic for the first 24–48 h and are not detectable by 
ultrasound. The day after biopsy, haematomas, usually 
asymptomatic, are detected in 23% [25]. They can cause 
fever, rises in serum transaminases, a fall in haematocrit, 
and, if large, right upper quadrant tenderness and an 
enlarging liver. They may be seen in the arterial phase of 
a dynamic CT scan as triangular hyperdense segments. 
Occasionally, haematomas are followed by delayed 
haemorrhage.

Haemobilia

Haemobilia follows bleeding from a damaged hepatic 
vessel, artery or vein, into the bile duct (Fig. 3.6). It is 
marked by biliary colic with enlargement and tender-
ness of the liver and sometimes the gallbladder. The 
diagnosis is confirmed by ultrasound, magnetic reso-
nance (MR) cholangiography, or endoscopic retrograde 
cholangiopancreatography (ERCP). It may be treated by 
hepatic arterial embolization. However, spontaneous 
recovery is usual. Endoscopic drainage/sphincterotomy 
may be required to remove clotted blood from the 
biliary tree.

Arteriovenous fistula

An arteriovenous fistula may be shown by contrast 
enhanced CT and/or by hepatic arteriography (Fig. 3.7 
and Fig.  3.8). The fistula may close spontaneously, 

 otherwise it can be treated by direct hepatic arterial 
catheterization and embolization of the feeding artery.

Biliary peritonitis

This is the second commonest complication after haem-
orrhage. It was seen 49 times after 123 000 biopsies, with 
12 deaths. The bile usually comes from the gallbladder, 
which may be in an unusual position, or from dilated bile 
ducts. Biliary scintigraphy demonstrates the leak [26]. 
Surgical management is usually necessary, although 
ERCP and nasobiliary drainage/stenting may be used for 
biliary leak and localized peritonitis.

Fig. 3.6 Haemobilia following needle liver biopsy. ERCP shows 
linear filling defects in the common bile duct.
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Puncture of other organs

Puncture of organs such as the kidney or colon are a rec-
ognized, but fortunately rare, complication, and often 
are asymptomatic.

Infection

Transient bacteraemia is relatively common, particularly 
in patients with cholangitis. Septicaemia is rarer. Patients 
with mechanical heart valves should be given antibacte-
rial prophylaxis. Blood cultures are usually positive for 
Escherichia coli.

Carcinoid crisis

This can follow percutaneous biopsy [27].

 Sampling variability

Liver biopsy histopathology is only a part of formulating 
a diagnosis in liver disease. Together with the other 
investigations, it can be an important part of the overall 
picture. By itself, it can be irrelevant or confusing. Given 
the risks of liver biopsy to the patient, the information 
available in the biopsy should be maximized by insisting 
upon close clinicopathological correlation.

Although a biopsy sample is such a small fraction 
(approx. 1/50 000th) of the liver it is often sufficiently 
representative to be of diagnostic value [28]. Some histo-
pathological features, such as cholestasis, steatosis, 
inflammation, and fibrosis related to chronic viral hepa-
titis, are usually diffuse enough for reliable assessment 
provided that minimum standards of biopsy adequacy 
are recognized. When the biopsy is inadequate for the 
clinical question being considered, it is incumbent on the 
histopathologist to state this in the biopsy assessment. 
Therefore, it is essential that the histopathologist is 
informed properly about the clinical context of the 
biopsy. Poor clinical information and statements such as 
‘abnormal LFTs’ or ‘database negative’ or ‘the pathologist 
should be blinded’ are not appropriate to the diagnostic 
situation and can be misleading and dangerous. 
Traditionally, a biopsy containing six portal tracts has 
been considered adequate for diagnosis [28]. Recently, a 
reproducible assessment of chronic viral hepatitis (the 
relevant studies have mostly been concerned with hepa-
titis C) has been considered as needing a sample contain-
ing at least 11 complete portal tracts (i.e. ~20 mm of a 
biopsy taken with a 1.4 mm internal diameter [16G] nee-
dle, and progressively longer samples of thinner biopsies) 
[29]. Small, inadequate samples underestimate the sever-
ity of the disease. However, specific studies are needed to 
establish the adequacy of sample size for each individual 
disease, and thus to establish the degree of confidence 
that can be placed on the particular sample.

Focal diseases are particularly prone to sampling error. 
Granulomas, tumour deposits, and abscesses may be 
missed. When the diameter of the needle is less than that 
of cirrhotic nodules, nodularity will not be evident and 

Fig. 3.7 Hepatic arteriography taken post liver biopsy shows an 
arteriovenous fistula (arrow).

Fig. 3.8 Same patient as in Fig. 3.7. The arteriovenous fistula has 
been successfully embolized (arrow).
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cirrhosis will be underdiagnosed. Macronodular cirrho-
sis, and the increasing use of thinner needles are espe-
cially problematic. Misdiagnosis is often due to smallness 
of the sample, especially failure to obtain portal tracts, or 
the focal nature of the disease process, or in particular 
the inexperience of the interpreter.

Interobserver variation is lessened by improving the 
adequacy of liver biopsy specimens [30]. Using the 1.6G 
Menghini needle, a liver biopsy from a normal adult con-
tains six portal tracts per linear centimetre of tissue [31]. 
The diagnostic yield may be improved if three consecu-
tive samples could be obtained by redirecting the biopsy 
needle through a single percutaneous entry site, but this 
unacceptably increases the complication rate [21]. 
Multiple passes are more safely performed with the tran-
sjugular route and indeed four passes provide very ade-
quate specimens [13,14]. Fibrous tissue is increased 
under the capsule in operative biopsies and this may give 
a false impression of the liver as a whole. Operative biop-
sies may also show artefactual change such as patchy loss 
of glycogen, haemorrhage, polymorph infiltration, and 
even focal necrosis. These are presumably related to the 
effects of trauma, circulatory changes, and hypoxia.

 Naked‐eye appearances

A satisfactory biopsy is 2–4 cm long and weighs 
20–40 mg.

The cirrhotic liver tends to crumble into fragments of 
irregular contour. The fatty liver has a pale greasy look 
and floats in the formol–saline fixative. The liver con-
taining malignant deposits is often dull white in colour. 
The liver from a patient with Dubin–Johnson hyperbili-
rubinaemia is diffusely chocolate coloured.

In cholestatic jaundice, the green central areas contrast 
with the less green periportal areas. The vascular centres 
of lobules in hepatic congestion may be obvious, and 
pathologists sometimes compare this mottled appear-
ance with the cut surface of a nutmeg. The liver after 
paracetamol (acetaminophen) poisoning has a similar 
macroscopical appearance.

 Preparation of the specimen

The biopsy is usually fixed in 10% formol–saline. The 
time taken to fix a small piece of tissue such as a liver 
biopsy sample is less than for a larger surgical resection 
specimen. Fixation at room temperature, and routine tis-
sue processing takes about 12 h, and special histotechni-
cal methods can be used to achieve faster fixation, and 
processing. Routine stains include haematoxylin and 
eosin and stains for connective tissue (e.g. reticulin, 

Masson’s trichrome, Chromotrope‐Aniline blue, picro-
Sirius red). Liver biopsy specimens are frequently stained 
for iron (Perls) and by the diastase/PAS (periodic acid–
Schiff ) methods. Orcein staining is also useful. This 
demonstrates: dark‐brown elastic fibres; hepatitis B sur-
face antigen in the hepatocyte cytoplasm as a uniform, 
finely brown material; and copper‐associated protein in 
lysosomes as black–brown granules in the periportal 
area in chronic cholestasis and more irregularly in 
Wilson disease.

Biopsy material (at least 3 mm in length) can be 
removed from paraffin blocks and analysed retrospec-
tively for iron and copper content by atomic absorption 
spectrophotometry [32]. If iron overload is suspected, 
the unfixed specimen must not be placed in saline as this 
leads to rapid loss of iron.

Frozen sections are needed to demonstrate lipids. 
These are stained with fat stains such as Oil Red O.

Small samples for electron microscopy are rapidly 
fixed in glutaraldehyde and preserved at 4 °C until 
 processed. Electron microscopy can be valuable for 
 diagnosis of tumours of uncertain origin and storage 
 disorders, including Wilson disease, Niemann–Pick 
 disease, and Dubin–Johnson syndrome.

Cytological preparations are made by smearing the 
aspirated material on a slide.

 Interpretation: a stepwise diagnostic 
approach

The histopathologic examination of the liver biopsy begins 
with the assessment of the liver structural integrity.

The normal liver architecture is based on an ordered, 
repeating lobular structural unit that is about 1 mm in 
diameter. Portal tracts have a regular relationship to 
centrilobular outflow venules. Hepatocytes are polygo-
nal cells arranged in one cell‐thick liver cell plates. 
They are stable cells, with a remarkable ability to divide 
and regenerate in response to a stimulus, such as surgi-
cal resection. Bile drainage begins with the bile canali-
culi (formed by the contact surfaces of hepatocytes), 
which drain into thin‐walled channels (canals of 
Hering and bile ductules) and then into interlobular 
bile ducts in portal tracts. Portal tracts contain 
branches of the hepatic artery, portal vein, and bile 
duct (the portal triad), set in fibroelastic connective 
tissue. The meeting of the portal tract with the limiting 
plate of hepatocytes is called the interface, and this is 
one of the special sites of inflammatory activity in hep-
atitis. This structural organization is essential to nor-
mal liver function, as well as being a morphological 
first step to the recognition of liver disease.
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After assessment of the liver architecture, the histo-
pathologists examine the portal tracts and liver paren-
chyma in order to identify a predominant pattern of 
injury. The major patterns of liver injury include: pre-
dominantly portal inflammation, predominantly lobular 
injury, ductular reactions, steatosis, and fibrosis [33]. 
Detailed liver biopsy appearances of specific hepatic dis-
eases are described in individual chapters, and detailed 
histology can be found in Klatskin and Conn [34], 
Lefkowitch [35], and Burt et al. [36].

Once the type of injury has been established and the 
diagnosis has been made, the histopathologists assess 
the disease severity by grading the degree of inflam-
mation and hepatocellular injury and by staging the 
degree of fibrosis. There are several histologic scoring 
systems used to describe the type and degree of injury 
and to stage fibrosis [37], and they are disease‐ specific. 
The most common scoring systems used to assess 
chronic hepatitis (mainly viral and autoimmune hepa-
titis) are: Knodell score/histology activity index [38], 
the METAVIR score [39], the Ishak score/modified 
Knodell score [40], the Scheuer system [41], and the 

Batts–Ludwig system [42]. Other disease‐specific 
scoring systems include: the Brunt system [43], the 
Kleiner system [44], the NAFLD Activity Score (NAS) 
score [45], and the steatosis, activity, and fibrosis 
(SAF) score [46], used to assess fatty liver disease; the 
Scheuer and Ludwig systems [47] and the Nakanuma 
system [48] for primary biliary cholangitis (PBC). No 
PSC‐disease‐specific scoring system has been devel-
oped yet.

Histopathological scoring systems are most useful for 
research purposes and to provide standards in clinical 
trials. In clinical practice, such histopathological assess-
ment systems are often misunderstood, and it is impor-
tant to appreciate that the ‘scores’ generated are neither 
numbers nor measurements, but descriptions [49] 
(Fig. 3.9). At best the numbers in the scores are ordered 
categorical assignments rather than values, and appro-
priate statistical methodology must be used to analyse 
the scores as adding and averaging these numbers is not 
a scientifically valid process [37,49].

Providing words rather than numbers is recommended 
in histopathologic reports.

Appearance
Ishak stage:
Categorical description

Ishak stage:
Categorical
assignment

0 1.9%

Fibrosis
measurement*

3.0%

3.6%

6.5%

13.7%

24.3%

27.8%

1

2

3

4

5

6

No �brosis (normal)

Fibrous expansion
of some portal areas ±
short �brous septa

Fibrous expansion of most
portal areas ± short �brous
septa

Fibrous expansion of most
portal areas with occasional
portal to portal (P-P) bridging

Fibrous expansion of portal areas with
marked bridging (poral to portal (P-P)
as well as portal to central (P-C))

Marked bridging (P-P and/or
P-C), with occasional nodules
(incomplete cirrhosis)

Cirrhosis, probable or de�nite

Fig. 3.9 Stage components of the Ishak system. *Proportion (%) of area of illustrated section showing Sirius red staining for collagen 
(collagen proportionate area). Histopathological chronic liver disease stage ‘scores’ are descriptive categorical assignments which are 
different from liver fibrosis measurements. Source: Standish et al. 2006 [49]. Reproduced with permission of BMJ Publishing.
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 Indications (Table 3.4) [5]

Liver biopsy can be used to: confirm or refute the clinical 
diagnosis; identify additional clinically unsuspected con-
ditions; assess severity, progression, and complications 
of disease; and evaluate response to and complications of 
treatment.

The numbers of liver biopsies are said to be falling due 
to increasing use of cholangiography, imaging, virologi-
cal, and immunological diagnostic tools. As the so‐called 
‘non‐invasive’ techniques such as transient elastography 
(which measures liver stiffness) are helpful in staging 
fibrosis (see Chapter  7), other clinical questions and 
indications for biopsy remain. Liver biopsy can be con-
sidered a part of the general assessment of patients with 
liver disease. Given the risks of biopsy to the patient, the 
clinical information received with the biopsy should be 
maximized and should include the indication/purpose of 
the biopsy, details of other relevant investigations, and a 
summary of any previous liver biopsy findings [50].

Drug‐related liver disease. This can be difficult to iden-
tify histopathologically and the history is essential. 
Sometimes the histopathological distinction from acute 
viral hepatitis is impossible.

Chronic hepatitis. Viral hepatitis can be reliably diag-
nosed by serology. Although non‐invasive methods can 
now be used instead of liver biopsy to assess the stage of 
fibrosis prior to therapy, liver biopsy may be required for 
grading the activity and histological progression (stag-
ing) of the disease (in cases where there is uncertainty), 
discordance between non‐invasive methods and clinical 
features, in cases of known or suspected concomitant 
diseases (e.g. hemochromatosis, alcoholic hepatitis, non‐
alcoholic steatohepatitis/non‐alcoholic fatty liver dis-
ease, autoimmunity), or in the post‐antiviral therapy 
setting. In autoimmune hepatitis, diagnosis is based 
upon characteristic serologic findings and the exclusion 

of other causes of chronic liver disease. A liver biopsy is 
nonetheless indicated for the initial diagnosis as an inte-
gral component of the diagnostic score and is important 
for grading and staging.

Cirrhosis. A liver biopsy is necessary to confirm the 
diagnosis of cirrhosis unless the clinical history, labora-
tory tests, radiologic and elastographic studies strongly 
suggest the presence of cirrhosis. A liver biopsy can 
sometimes reveal the putative causes, especially in 
patients with steatohepatitis (alcoholic or non‐alcoholic) 
and metabolic diseases (hereditary hemochromatosis, 
Wilson disease, and α1‐antitrypsin deficiency).

Chronic cholestatic liver diseases. The differential diag-
nosis of cholestatic liver diseases is performed on the 
bases of laboratory tests, serology, and cholangiography. 
Extra‐hepatic cholestasis can usually be diagnosed by 
cholangiography with imaging and without the need for 
liver biopsy. Biopsy is needed when cholangiography is 
negative for obstruction or other abnormality of the bil-
iary tree. Patients with typical PBC and positive serum 
mitochondrial antibodies may not need a biopsy for 
diagnosis. Liver biopsy may provide useful information 
with regard to staging and prognosis and in cases where 
an overlap syndrome with autoimmune hepatitis is sus-
pected. Liver biopsy for patients with a diagnosis of PSC 
established by cholangiography may not be routinely 
necessary. Liver biopsy is reserved for patients with sus-
pected small duct PSC or when there is suspicion of 
coexisting AIH.

Fatty liver disease. Fatty liver disease includes non‐
alcoholic fatty liver disease (NAFLD) and alcoholic liver 
disease (ALD). The role of liver biopsy in the diagnosis of 
liver steatosis is controversial as the finding of a fatty 
liver by US or CT provides support for the clinical diag-
nosis; however, liver biopsy is the only procedure that 
can reliably identify steatohepatitis: alcoholic (ASH) or 
non‐alcoholic (NASH) and distinguish it from simple 
steatosis. The diagnosis of ASH/NASH requires the joint 
presence of steatosis, ballooning, and lobular inflamma-
tion [44,46]. The histopathologic assessment of the 
degree of active steatohepatitis and fibrosis and the 
amount of iron may help to guide the appropriate treat-
ment of these patients.

Infections. These include tuberculosis, brucellosis, 
syphilis, histoplasmosis, coccidioidomycosis, pyogenic 
infection, leptospirosis, amoebiasis, and opportunistic 
infections such as herpes, cytomegalovirus, and crypto-
sporidiosis. When indicated, the appropriate stains for 
the causative organism should be performed and a por-
tion of the biopsy cultured.

Fever. Liver biopsy is useful in elucidating the cause of 
fever of unknown origin [16].

Storage diseases. Liver biopsy can provide the initial 
diagnosis of storage diseases and metabolic diseases of 

Table 3.4 Indications for liver biopsy

Drug‐related hepatitis
Chronic hepatitis
Cirrhosis
Chronic cholestatic liver diseases
Fatty liver disease
Infective conditions
Storage diseases
Liver transplantation
Complications of renal transplantation
Space‐occupying lesions
Unexplained hepatomegaly or enzyme elevations
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the liver when the laboratory findings are inconclusive. It 
can also determine the severity and stage of the disease 
and it can assess the effect of therapy by serial biopsies, 
especially in haemochromatosis and Wilson disease.

Liver transplant. Liver biopsy is useful in the pre‐trans-
plant workup. Frozen section of potential donor livers 
may be requested to assess the degree of macrovesicular 
steatosis and to exclude (occult) fibrosis and inflamma-
tion, which have all been associated with poorer graft 
function after liver transplantation, especially in older 
recipients and those with chronic HCV liver disease. 
Post‐transplant problems include graft rejection (anti-
body-mediated rejection, T cell-mediated rejection and 
plasma cell-rich rejection) [51], preservation or reperfu-
sion injury, recurrence of the original disease, de novo 
hepatitis (including autoimmune hepatitis), drug‐induced 
liver injury, infections, biliary problems, vascular throm-
bosis, and neoplastic disease (e.g. PTLD, HCC).

Renal transplants. Liver biopsy is useful in evaluating 
the chronic liver disease in recipients of kidney trans-
plants [52].

Space‐occupying lesions. These are diagnosed by direct 
biopsy under imaging control. The liver biopsy is useful 
in distinguishing primary from metastatic liver tumours, 
although metastatic pancreatobiliary adenocarcinoma is 
indistinguishable from cholangiocarcinoma either by 
morphology or immunohistochemistry. The possibility 
of tumour seeding, which is about 2.3% (without ablative 
techniques) [53], has to be taken into account when 
biopsy of patients with malignant tumours, particularly 
cholangiocarcinoma, is being considered.

Other indications. These include obscure hepato-
megaly or splenomegaly, and abnormal biochemical 
tests of uncertain cause, particularly where fatty liver is 
suspected.

 Special methods [34]

The new disciplines of genomics and proteomics, and 
other molecular techniques require well‐characterized 
patient and tissue databases, and archived tissue with 
appropriate patient consent and ethical approval to 
achieve their potential. Detailed description of all the 
ways in which liver tissue can be explored in the labora-
tory is not possible in this chapter, and the established 
diagnostic special tissue investigations are described in 
other chapters. However, the most important point is to 
realize that liver tissue is an extremely valuable resource 
and its uses are limited only by current knowledge and 
our ability to formulate the right questions [54]. 
Hepatopathology is not merely the provision of repre-
sentational images of liver disease at the microscopic 
level, but the biopsy itself or a tissue archive with 

 application of appropriate molecular techniques is a very 
valuable resource.

Bile canaliculi may be shown by staining for adenosine 
triphosphatase (ATPase) and glucose‐6‐phosphatase. 
Electron microscopy may be combined with histochem-
istry. ATPase is localized to the microvilli of the canali-
culi and 5‐nucleotidase to the microvilli of the sinusoidal 
border. Acid phosphatase is found in Kupffer cells, 
degenerating foci, and regenerating nodules; alkaline 
phosphatase defines cholangioles.

Immunohistochemical stains may be used to demon-
strate antigens of viral hepatitis (HBV, HDV) and non‐
hepatotropic viruses (CMV, herpes simplex, EBV, and 
adenovirus). Immunohistochemistry is also used to diag-
nose amyloid disease, α1‐antitrypsin deficiency, and 
IgG4‐related autoimmune hepatitis/cholangitis.

Markers for bile duct epithelial cells such as 
cytokeratins 7 and 19 are useful in cholestatic disorders 
and  especially for ductular reactions and ductopenia. 
Immunostaining for specific tumour markers may be 
useful in detecting the origin of tumour metastases and 
distinguishing hepatocellular carcinoma from cholangi-
ocarcinoma. Hep‐Par1, pCEA, and CD10 can be used to 
confirm hepatocellular differentiation. Immunostaining 
for CD34 (which reveals the capillarized sinusoids of 
hepatocellular carcinomas [55]), glypican‐3, glutamine 
synthetase, and heat shock protein 70 can be used to 
 distinguish early HCC from dysplastic nodules. 
Immunostaining for β‐catenin, L‐FABP, GS, SAA, and 
CRP help to characterize the newly described variants of 
liver cell adenoma [56]. Cytokeratin 19, Ep‐CAM, and 
CD56 can be used to identify biliary differentiation in 
combined or mixed HCC/cholangiocarcinoma.

In situ hybridization techniques, using complementary 
DNA or RNA sequences, are being increasingly used to 
assess viral infection, for instance cytomegalovirus, 
Epstein–Barr virus (EBV), herpes virus, and hepatitis B 
or C viruses (HBV or HCV).

Polymerase chain reaction (PCR) can be applied to 
fresh tissue, frozen tissue, and formalin‐fixed paraffin‐
embedded tissue. It is useful in human immunodeficiency 
virus (HIV), HBV, and HCV infections. Tissue retrieved 
from the paraffin block can be used for mycobacterial 
PCR after histopathological sections have been cut.

Mononuclear cells in liver biopsies may be studied by 
histochemistry using monoclonal antibodies specific for 
various antigens [57]. Flow cytometry is used to immu-
notype lymphocytes from fresh liver tissue.

Polarized light is useful for showing: malarial and 
schistosomal pigment; amyloid after Congo red staining; 
and protoporphyrin crystals in protoporphyria.

Ultraviolet light may help to identify porphyrins in 
fresh frozen sections from patients with porphyria cuta-
nea tarda.
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Quantitative analysis of liver biopsy specimens has been 
plagued by sampling and methodological difficulties. The 
possibility of a simple, practical quantitative assessment 
(collagen proportionate area) of liver biopsy fibrosis using 
image analysis of picroSirius red stained histological sec-
tions, and which does not compromise routine diagnostic 
histopathology, has been described. This type of measure-
ment is essential, as conventional histopathological stage 
scoring systems do not quantify fibrosis; thus the ‘stage 

score’ of liver disease is not the same as collagen quantifi-
cation. Morphometry is used for this purpose and could 
represent a reliable and objective method for evaluating 
the effects of the emerging antifibrosis therapies [58].

Guideline images of specific fat proportionate area 
(FPA) percentages using image analysis have recently 
been published to aid the semiquantitative histological 
assessment of liver steatosis, as subjective estimates of 
FPA are usually overestimated [59].
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 Introduction

Historically, patients with cirrhosis were considered 
more prone to bleeding due to a ‘cirrhotic coagulopathy’. 
This paradigm was commonly extended to the false con-
cept of ‘auto‐anticoagulation’ in cirrhosis. However, a 

critical and refined examination of the haemostatic 
 system in cirrhosis over recent years has produced a dra-
matic shift in our understanding of the underpinnings 
of the ‘cirrhotic coagulopathy’ (Table 4.1) [1–3]. It is now 
evident that coagulopathy in these patients is a re‐
balanced, but fragile haemostatic system that may 
commonly tilt towards bleeding or alternatively 
towards thrombosis via severely diminished antico-
agulant pathways [4].

Major mechanisms of bleeding in cirrhosis include 
portal hypertension‐related bleeding (primarily pressure 
driven) and mucosal/wound bleeding (primarily driven 
by disordered procoagulant pathways). Additionally, 
anticoagulant factors are also affected by liver dysfunc-
tion [5–7]. These changes can result in hypercoagulabil-
ity and increased risk of venous thromboembolism 
(VTE) [8,9]. Therefore, both bleeding mechanisms, 
along with inappropriate clotting, can be seen simulta-
neously in a patient with decompensated cirrhosis.

A conventional measure, like the INR (international 
normalized ratio), which measures only procoagulant 
factors, does not provide an estimate of either bleeding 
or clotting risk in these patients [10–12], as both pro‐ 
and anticoagulant factors are affected by liver dysfunc-
tion [5–7]. In the absence of bleeding, VTE prophylaxis 
is safe in selected cirrhosis patients and generally recom-
mended [13–15]. On the other hand, therapy to prevent 
or treat bleeding in cirrhosis has also evolved, contra-
dicting long‐held, but unfounded tenets [16]. Indeed, it is 
now recognized that attempting to ‘correct’ the INR with 
fresh frozen plasma (FFP) can actually aggravate bleed-
ing by raising portal pressures [17]. The paradox of two 
enhanced, but opposing phenomena – bleeding and clot-
ting – highlights the challenge that clinicians face when 
caring for these patients.
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LEARNING POINTS

 ● The coagulation system in advanced liver disease is 
altered, but rebalanced. This balance is more precarious 
and bleeding or thrombosis may occur with minimal 
disturbance.

 ● Conventional measures of the coagulation system, 
such as prothrombin time (PT), international normal-
ized ratio (INR), and activated partial thromboplastin 
time (aPTT) do not accurately measure bleeding or 
thrombotic risk in patients with cirrhosis.

 ● Predicting bleeding or thrombotic events in patients 
with cirrhosis is challenging. Further investigation into 
global‐based assays, such as viscoelastic tests or 
thrombin generation assays, are needed to guide both 
prophylactic and therapeutic interventions.

 ● Patients with cirrhosis can be ‘hypercoagulable’ and at 
higher risk to develop venous thromboembolism 
(VTE) or portal vein thrombosis (PVT).

 ● Knowledge regarding the optimal strategy to prevent 
VTE or PVT in patients with cirrhosis is emerging, but 
needs further study.

 ● The safety and efficacy of anticoagulation for patients 
with VTE or PVT is now better understood. The use of 
anticoagulation to treat these patients is now recom-
mended in specific settings.
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 Normal coagulation pathways: 
a hepatologist’s perspective

The development of recombinant factor VII led to 
fundamental changes in the understanding of key hae-
mostatic mechanisms moving away from the laboratory‐
based ‘intrinsic’ and ‘extrinsic’ pathways, to a more 
physiological ‘cell‐based’ model of the clotting cascade, 
which incorporates factors of the classical pathways 

along with the phospholipid scaffolds provided by cellu-
lar membranes (Fig. 4.1 and Table 4.2) [18]. At sites of 
vessel injury, the coagulation system prevents haemor-
rhage and maintains vascular integrity with rapid con-
version of blood to a fibrin‐rich gelatinous clot. Clot 
formation is counterbalanced by an opposing system of 
factors that slow and inhibit further clot formation, and 
which eventually remodels the thrombus to restore nor-
mal, laminar blood flow (Fig. 4.2).

Table 4.1 Important terms and concepts in coagulation of cirrhosis

Rebalanced coagulation system in 
cirrhosis

The current hypothesis of coagulation system in cirrhosis. Evidence indicates that 
reduction of both pro‐ and anticoagulant factors occurs with liver dysfunction, 
effectively rebalancing coagulation to a more precarious homeostasis. This 
rebalancing can be disrupted by a variety of exogenous factors.

Auto‐anticoagulation A previously held myth suggesting cirrhosis patients had a decreased risk of 
thrombosis due to an elevation in the INR and thrombocytopenia.

Fibrinolytic system This system acts to breakdown fibrin clot via plasmin. It is altered in cirrhosis and 
when unbalanced, may lead to hyperfibrinolysis.

Accelerated intravascular coagulation 
and hyperfibrinolysis

A clinical condition marked by mucosal oozing and delayed wound bleeding thought 
by some to be induced by inappropriate activation of the fibrinolytic system. Tests to 
detect this are lacking and reliance on clinical diagnosis and empiric treatment is 
sometimes necessary.

Global assays of coagulation Tests that measure both pro‐ and anticoagulant processes of the coagulation cascade.
Viscoelastic assays of coagulation Tests that aim to evaluate the entire global coagulation system in whole blood. As 

opposed to isolated plasma based in vitro tests, these are performed on whole blood 
measuring interactions of most constituents of the coagulation system. These include 
thromboelastography (TEG) and rotational thromboelastometry (ROTEM).
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When there is a breach of a blood vessel, a glycosylated 
transmembrane protein known as tissue factor (TF) is 
exposed and complexes with circulating factor VII to 
trigger the haemostatic cascade resulting first in a ‘prim-
ing’ amount of thrombin (factor II) which converts 
fibrinogen to fibrin (factor I) [19]. TF is highly expressed 
on perivascular adventitial cells and activates circulating 
factor VII to factor VIIa, which is a serine protease that is 
classically associated with the ‘extrinsic’ pathway. The 

TF–VIIa complex (also known as ‘tenase’ for its ability to 
activate factor X) anchored on a phospholipid cell mem-
brane is a potent activator of the clotting cascade. 
Circulating platelets are simultaneously activated upon 
binding to exposed collagen via glycoprotein Ia/IIb and 
von Willebrand factor receptors (vWF). Collectively, this 
initial humoral and cellular process is termed ‘primary 
haemostasis’. As platelets accrue at the site, a platelet 
‘plug’ forms.

Table 4.2 Components of coagulation

Coagulation component Action Origin

Tissue factor Serine protease important in triggering clotting cascade Endothelium, leukocytes
Factors I, II, V, VII, IX, X, XI, XII, XIII Coagulation cascade and clot formation Hepatocytes
Factor VIII Component of clotting cascade and clot formation Endothelium
vWF factor Binds to VIII to assist in platelet adherence Endothelium, 

megakaryocytes
Platelets Multiple actions and provision of phospholipid scaffold 

for clot formation
Bone marrow

Microvesicles Provides another anionic phospholipid surface for clot 
formation, tissue factor source

Multiple (parent cells)

Antithrombin Serine protease that inhibits coagulation cascade Hepatocytes
Protein C Serine protease that inhibits FVa and FVIIIa Hepatocytes
Thrombomodulin Co‐factor for Protein C (anticoagulant)

Inhibits TAFI (procoagulant)
Endothelium

Plasmin Key component of fibrinolytic system that actively 
degrades blood clots

Hepatocytes

Tissue plasminogen activator Catalyses conversion of plasminogen to plasmin Endothelium
Plasminogen activator inhibitor (PAI) Inhibits fibrinolysis Endothelium
Thrombin activatable fibrinolysis 
inhibitor (TAFI)

Inhibits fibrinolysis Hepatocytes

Tissue factor pathway inhibitor (TFPI) Inhibits factor VIIa–tissue factor (tenase) complex Endothelium

TAFI

Endothelial cell

Plasminogen

tPA UK

PAI-1

Plasmin

Thrombin

Fibrinogen

α-2
antiplasmin

Thrombus
with x-linked fibrin

XIIIa

TM

Fibrin degradation
products (FDP)

Fig. 4.2 The Fibrinolytic System. Green arrows 
indicate activation pathways. Red arrows indicate 
inhibitory pathways. tPA, tissue plasminogen 
activator; UK, urokinase; PAI, plasminogen 
activator inhibitor; TAFI, thrombin activator factor 
inhibitor; TM, thrombomodulin.
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‘Secondary haemostasis’ occurs almost concomi-
tantly as the phospholipid membrane of the TF‐bear-
ing adventitial cells and adherent platelets provide the 
anionic phospholipid scaffold for assembly of activated 
factors resulting in amplification of the cascade and a 
subsequent thrombin burst (see Fig.  4.1). If uninhib-
ited, the TF–VIIa (or ‘tenase’) complex activates factor 
X to factor Xa in the amplification phase. Factor Xa 
binds to factor V and forms the Xa–Va ‘prothombi-
nase’ complex, which produces a burst of activated 
thrombin further converting soluble fibrinogen to 
insoluble fibrin and forming the familiar gelatinous 
mass recognized macroscopically as a ‘clot’. Under nor-
mal conditions, this fibrin mesh is then cross‐linked 
(via liver‐derived XIIIa) to strengthen the patch at the 
site of the platelet plug.

Simultaneously with this clotting cascade, a separate 
system is triggered to inhibit clot formation and to ini-
tiate remodelling and restoration of normal blood 
flow. Thrombomodulin (TM) is a key transmembrane 
endothelial cell receptor. TM mainly functions as an 
anchored endothelial cell receptor that acts as an 
essential co‐factor with protein C and S to blunt the 
protease activity of thrombin. As an indicator of how 
finely honed this balanced system is, TM also activates 
another pathway mediated by a carboxypeptidase 
called ‘thrombin‐activatable fibrinolysis inhibitor’ or 
TAFI. Changes in TAFI activity may contribute to the 
premature clot dissolution seen in some forms of dif-
fuse mucosal bleeding in cirrhosis known as ‘AICF’ or 
‘accelerated intravascular coagulation and fibrinolysis’ 
(see later).

When activated factor II (thrombin) binds thrombo-
modulin (TM), protein C (with its co‐factor protein S) 
is also activated. The TM‐protein C‐protein S complex 
degrades factor Va (in the prothrombinase complex) 
and VIIIa (an amplification factor) to blunt thrombin 
and, hence gelatinous fibrin, production. Other impor-
tant inhibitors of thrombosis in this remarkable ‘bal-
ancing act’ include soluble antithrombin (AT), which 
inhibits activated thrombin and tissue factor pathway 
inhibitor (TFPI), which is a highly conserved and 
ancient modulator of clot formation.

Remodelling of the clot commences by action of the 
fibrinolytic system, which breaks down the fibrin fila-
ments in the clot to form ‘fibrin degradation products’ 
via the activity of plasmin (see Fig. 4.2). Fibrin serves as 
a co‐factor for the endothelial‐derived tissue plasmino-
gen activator (tPA), which converts liver‐derived plas-
minogen to plasmin. Key inhibitors of fibrinolysis 
include endothelial‐ or platelet‐derived plasminogen 
activator inhibitor 1 (PAI‐1), liver‐derived alpha‐2 
 antiplasmin, and liver‐derived thrombin‐activatable 
fibrinolysis inhibitor (TAFI).

 The coagulation system in cirrhosis

Normal haemostasis relies on a highly regulated balance 
that hinges on many liver‐dependent pro‐ and anticoag-
ulant factors which are altered in cirrhosis through 
diminished synthesis, impaired clearance, and through 
systemic vascular changes (Table  4.2 and Table  4.3). 
Under relatively stable conditions, reduced procoagulant 
activity in cirrhosis is offset by concomitantly reduced 
anticoagulant factors, such as protein C and AT [6,8]. 
However, the isolated laboratory abnormalities observed 
in vitro belie the true complexity of the coagulation sys-
tems in vivo, offering only a limited picture. Thus correc-
tion of one isolated value (e.g. platelets or INR) ignores 
the complex milieu and interplay of the entire system 
in the patient. Global coagulation measures such as the 
thrombin generation assay (TGA), thromboelastography 
(TEG), and rotational thromboelastometry (ROTEM) 
seek to more closely recapitulate in vivo conditions by 
trying to measure the pro‐ and anticoagulant systems at 
work [3].

Thrombocytopenia is common in cirrhosis secondary 
to multiple factors, especially hypersplenism from portal 
hypertension and also bone marrow dysfunction. When 
severe, thrombocytopenia can increase the risk of bleed-
ing in cirrhosis [20]. However, studies show that platelets 
maintain normal function in cirrhosis and play an impor-
tant role in thrombus production [21,22]. A compensa-
tory elevation in factor VIII and vWF by endothelial cells 
may mitigate the effects of thrombocytopenia, thereby 
restoring the ability to generate adequate thrombus 
when triggered [7].

Over‐activation of the fibrinolytic system can lead to 
significant bleeding characterized by diffuse mucosal 
oozing/bleeding and delayed bleeding from puncture 
sites, termed hyperfibrinolysis and likely representing 
the same entity termed AICF (see Fig. 4.2) [2]. Studies 
examining in vitro measures of the fibrinolytic system 
reveal substantial alterations in this system [2,23–25]. 

Table 4.3 Alterations of coagulation system in cirrhosis

Favour clotting Favour bleeding

Reduced protein C, 
protein S
Reduced antithrombin
Elevated factor VIII

Globally reduced hepatic‐derived 
clotting factors
Dysfibrinogenemia

Elevated vWF Thrombocytopenia/cytopathia
Reduced plasminogen Elevated tPA

Elevated endogenous heparinoids
Reduced inhibitors of fibrinolytic 
system

vWF, von Willebrand factor; tPA, tissue plasminogen activator.
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Cirrhosis‐related hyperfibrinolysis/AICF shares simi-
lar features with disseminated intravascular coagula-
tion (DIC) and it is commonly challenging to 
distinguish between these entities. However, hyperfi-
brinolysis/AICF is distinguished from classical DIC by 
elevation of endothelial‐derived factor VIII in liver 
failure. Adding to the clinical conundrum, suspected 
hyperfibrinolysis/AICF is difficult to confirm with 
standard coagulation indices, including current con-
ventions with whole blood viscoelastic tests. Until test-
ing is further refined, the diagnosis often remains 
predominantly clinical.

 Bleeding and thrombosis in cirrhosis

When hepatic decompensation occurs the rebalanced 
coagulation system can shift dramatically toward bleed-
ing or thrombosis. Factors that may further disturb this 
equilibrium include renal failure, infection, portal hyper-
tension, dehydration, and medication effect [26]. This 
precarious balance is challenging terrain for clinicians to 
negotiate and tests to accurately predict bleeding and 
thrombosis in cirrhosis are still in study. Sometimes 
well‐intended efforts to diminish bleeding risk can para-
doxically promote bleeding through exacerbation of por-
tal hypertension, as seen with aggressive volume 
expansion [27,28]. Similarly, intentions to mitigate bleed-
ing risk may result in hypercoagulability and inappropri-
ate thrombosis [29].

Bleeding

Bleeding in liver disease can be categorized into two 
somewhat distinct, but interrelated forms: portal hyper-
tension‐related bleeding and coagulopathy‐related 
bleeding. Variceal bleeding (see Chapter 11) is related to 
the physical mechanics of pressure in the collateral 
venous system and aside from the temporizing platelet 
plug (nipple sign) does not have direct haemostatic path-
way connections per se. Moreover, procoagulant therapy 
with recombinant factor VIIa, a potent thrombotic stim-
ulant, did not improve the outcome of variceal bleeding 
in one large randomized and controlled clinical trial [30]. 
However, it remains uncertain if procoagulant therapy 
may have an adjunctive role in therapy with more refined 
coagulation testing and selective utilization [31,32]. On 
the other hand, diffuse mucosal bleeding and puncture 
wound bleeding is more related to abnormal haemostatic 
alterations resulting from changes in the clotting cascade 
and counter‐regulatory pathways as well as endothelial 
changes. These pathways are distinct yet interrelated to 
portal pressure changes.

Prophylaxis and therapy for bleeding 
in cirrhosis

Studies examining therapy for bleeding in cirrhosis 
patients vary widely in design and clinical endpoints 
[16]. Foremost to any procoagulant prophylaxis or res-
cue intervention for active bleeding is careful attention 
to the aetiology with consideration of the underlying 
drivers of bleeding. Medical therapies include transfu-
sion with blood products (platelets, FFP, or cryopre-
cipitate), recombinant factor VIIa, prothrombin 
complex concentrates (PCC), antifibrinolytic agents, 
and desmopressin. Notably, FFP is generally avoided 
due to its very limited efficacy and potential for exac-
erbating portal pressure.

Procedure‐related bleeding is common in patients 
with cirrhosis [20]. This fact coupled with historical bias 
has perpetuated the notion that pre‐procedural prophy-
laxis is obligatory in these patients. However, this prac-
tice can lead to poorer outcomes, especially if directed 
toward isolated measures, such as the INR. Liver trans-
plant, arguably the most invasive procedure a patient 
with cirrhosis will undergo, is now commonly performed 
without prophylactic transfusion. One group has 
reported reduced bleeding and need for transfusions 
during liver transplantation by lowering the central 
venous and portal pressures by pre‐surgical phlebotomy 
[33]. Unfortunately, coagulation studies (including whole 
blood viscoelastic tests) generally lack predictive capac-
ity for peri‐procedure bleeding in cirrhosis [31,32].

In recognition of these limitations, the routine use of 
prophylactic blood products in patients with cirrhosis 
prior to many procedures is questionable and conse-
quently a more individualized approach should be uti-
lized with consideration of rescue measures should 
bleeding occur. Optimization of underlying risk factors 
such as renal function and infection, avoidance of volume 
expansion, and transfusion of platelets to greater than 50 
000/uL (if low), and use of cryoprecipitate to increase 
fibrinogen levels above 120 mg/dL for high‐risk proce-
dures is our recommended approach although prospec-
tive controlled trials are lacking [16,34]. Attaching greater 
importance to the platelet count and fibrinogen level is 
supported by current understanding of underlying patho-
physiology and by a recent study of bleeding in critically 
ill patients with cirrhosis [35]. Renal failure and uraemia 
are common in decompensated cirrhosis and may 
adversely affect platelet function leading to higher risk of 
bleeding [35a]. Systemic infection is associated with an 
anticoagulant effect as a result of endothelial release of 
heparin‐like substances (endogenous heparinoids) [36].

Hyperfibrinolysis (which we believe to be essentially 
the same as AICF – see earlier) is manifested clinically 
with oozing from mucosal membranes and bleeding 
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from puncture sites or surgical wounds. Treating underlying 
conditions, such as infection, can lead to improvement. 
Aminocaproic acid, an antifibrinolytic, can safely treat 
hyperfibrinolysis in cirrhosis patients [37]. Desmopressin, a 
synthetic analogue of antidiuretic hormone, may improve 
haemostasis in uraemia through increasing production of 
vWF and VIII to promote platelet binding and activation 
[16]. Its role in cirrhosis remains uncertain and controversial 
[38], but it has been used successfully to avoid human blood 
products in dental extractions [39]. Recombinant activated 
factor VII (rFVIIa) has fallen out of favour due to thrombotic 
risks, but may yet have a role as a rescue agent under certain 
circumstances. Experience is growing with other agents, 
such as prothrombin complex concentrates, but optimal 
dosing and relative risk remain to be fully explored.

Thrombosis

The presence of hypercoagulability in cirrhosis is well 
supported in both in vitro and clinical studies [8,40]. In 
vitro evidence demonstrates that protein C, a potent 
anticoagulant, is reduced in cirrhosis and may explain 
thrombotic tendencies [6]. The extent of vWF elevation 
and the ratio of elevated FVIII to diminished protein C 
ratio predicted PVT and poorer outcomes [41]. 
Furthermore, beyond clinical events like VTE or PVT, 
activation of the clotting cascade at the sinusoidal level 
may contribute to development of fibrosis, increase in 
portal pressure, and hepatic decompensation [42]. In 
support of this, a recent study demonstrated that pro-
phylactic low molecular weight heparin (LMWH) pre-
vents development of PVT and reduces likelihood of 
hepatic decompensation [14].

Medical prophylaxis and therapy 
for thrombosis in cirrhosis

The risk of VTE in cirrhosis is related to changes in the 
haemostatic balance noted earlier and to factors similar to 
other hospitalized medical patients, including immobility 
and acute infection [43]. If no contraindication exists, use 
of LMWH or unfractionated heparin (UFH) is safe and 
generally recommended in this population [13,15]. The 
overall risk–benefit remains unclear, but there is evidence 
to suggest that patients receiving UFH may have a higher 
risk of adverse events like bleeding [15]. Another study 
examined ambulatory compensated cirrhosis patients 
receiving prophylactic dose LMWH (enoxaparin) to pre-
vent PVT [14]. Adverse events were similar to controls 
and the medication was well tolerated. Further studies are 
now needed in cirrhosis patients to understand the bene-
fits of thromboprophylaxis for prevention of PVT.

The decision to treat VTE in patients with cirrhosis 
can be difficult with sparse data to rely upon. Large, piv-
otal trials of anticoagulant medications have universally 

excluded patients with known liver disease. The majority 
of experience with therapeutic anticoagulation in cir-
rhosis includes only small cohorts of carefully selected 
patients treated with LMWH and warfarin for PVT [44]. 
Therefore clinicians must extrapolate experience from 
these small studies and from the pivotal trials involving 
non‐cirrhotic patients. Direct acting oral anticoagulants 
(DOAC) are quickly displacing traditional anticoagu-
lants, such as LMWH and warfarin. DOAC offer several 
advantages including oral administration, quick onset of 
action, and reversibility. Studies in patients with cirrho-
sis are now emerging and suggest these will be important 
therapeutic options [45,46].

 Clinical laboratory tests 
of the coagulation system 
in cirrhosis

A drawback inherent to all ex vivo hemostatic measures 
is the loss of contextual interplay between the vascular 
endothelium and other effectors of coagulation. 
Consequently, ex vivo coagulation testing can be mis-
leading. This is further complicated in the often dynamic 
and changing clinical situation in a decompensated cir-
rhosis patient [3].

Conventional testing. Conventional tests include the 
prothrombin time (PT), the PT‐related INR, and the acti-
vated partial thromboplastin time (aPTT), which meas-
ure the classical extrinsic and intrinsic coagulation 
cascades. The PT‐INR and aPTT are sensitive to factor 
deficiencies (measuring only procoagulant factors) and 
are also used clinically to guide warfarin and heparin dos-
ing. Notably, anticoagulant factors, such as protein C, 
which require the presence of endothelial TM for activa-
tion, are not measured in these tests. The INR was 
 developed as a way to standardize the inter‐laboratory 
variability in vitamin K antagonists (VKA) effect on PT. 
The INR normalizes measurement of VKA by accounting 
for variability in the activity of a key reagent – 
 commercially available ‘thromboplastin’ (tissue factor 
and phospholipids). The sensitivity index of a given 
thromboplastin is based on a panel of warfarin treated 
controls. In cirrhosis, inter‐laboratory variation in the 
INR is well known [47] and can be ameliorated by meas-
uring the thromboplastin against a panel of cirrhotic con-
trols [48]. Despite this limitation, the INR remains a part 
of the ‘Model for End‐Stage Liver Disease’ (MELD) scor-
ing system, which is a reliable means of gauging liver dis-
ease severity. However, this inter‐laboratory variability 
makes use of the INR as a measure of bleeding risk even 
more problematic. Thus, use of PT and INR to predict 
bleeding risk in cirrhosis is not recommended [10,34].
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Single factor measures. Measurements of isolated fac-
tor levels and other constituents of the coagulation sys-
tem, such as platelets, are routinely performed in clinical 
practice. In vitro analysis with the thrombin generation 
assay showed that a platelet level of 56 000/uL is suffi-
cient to generate thrombin at a level similar to healthy 
controls [22]. While lacking prospective clinical trials, 
this relationship provides a physiological basis for rec-
ommending raising platelet levels to the 50 000/uL range 
in the setting of active bleeding or as prophylaxis to a 
high‐risk procedure.

Although quantification of individual clotting factors 
represents only a partial picture of a complex process, 
they can be clinically useful in certain circumstances to 
help guide management. Essentially all coagulation fac-
tors are reduced in cirrhosis, except for endothelial‐
derived factor VIII and wVF, which are elevated. 
Measurement of factor VIII can help distinguish AICF 
from DIC and with protein C can provide an indirect 
measure of haemostatic balance (see earlier). Also, the 
relative deficiency of factor V to factor VII in cirrhosis 
can provide a clue to co‐existing vitamin K deficiency, as 
factor V is not vitamin K‐dependent. Although optimal 
levels are debated and molecular changes (dysfibrino-
genemia) need further study, fibrinogen measurement 
and replacement if needed appear to be especially impor-
tant in cirrhosis with bleeding or with prophylaxis [3,35].

Global measures. Whole blood ‘global’ measures of 
coagulation include the thrombin generation assay 

(TGA) and viscoelastic tests (TEG, ROTEM, and emerg-
ing sonorheometry). TGA has been studied extensively 
in patients with cirrhosis and has valuable characteristics 
offering a more accurate portrayal of the entire coagula-
tion system. The test can be performed on platelet poor 
or platelet rich plasma and uses a fluorogenic substrate 
specific to thrombin to measure both generation (proco-
agulation) and decay (anticoagulation) of thrombin over 
time. Tissue factor and phospholipids are added to trig-
ger clot formation (Fig. 4.3). The TGA has been modified 
in cirrhosis with addition of TM to account for low levels 
of protein C. With this modification, thrombin genera-
tion is similar between healthy controls and compen-
sated patients with cirrhosis [11]. TGA is not yet 
standardized or available clinically and remains confined 
to research.

Whole blood viscoelastic tests, such as TEG, ROTEM, 
and sonorheometry offer a more complete portrayal of 
the coagulation system. These tests use whole blood 
measured directly after phlebotomy. The test imitates 
‘flow’ with movement of the blood around a sensor that 
transduces the changes in viscosity with clot formation 
and breakdown. These tests are currently used to guide 
therapy in liver transplant surgery and application out-
side of surgery is increasing in cirrhosis patients [31]. 
Limitations include a lack of validation and standardiza-
tion in the cirrhosis population, insensitivity to certain 
coagulopathies, and requirement of centre expertise for 
operation and interpretation.
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Fig. 4.3 Example of a thrombogram in a normal healthy patient. The lag time measures the moment at which thrombin generation 
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 Conclusion

Cirrhosis represents a unique and complex acquired 
coagulopathy that possesses both hypercoagulable ten-
dency and bleeding risk and exposes the limitations of 
currently available laboratory measures in coagulation. 
Dysfunction of the haemostatic system is a key aspect of 
decompensated acute and chronic liver disease. The 
ideal coagulation test measures the formation and break-
down of clot, simultaneously capturing all systemic 

interactions with vascular endothelium. Unfortunately a 
complete global measure of coagulation does not cur-
rently exist. The INR is inextricably linked to chronic 
liver disease by virtue of its use in the MELD scoring sys-
tem, yet is a poor measure of coagulation. Global assays, 
like TGA and viscoelastic testing, hold promise, but need 
further validation and testing in patients with cirrhosis 
before clinical use becomes reality. As our understand-
ing of the coagulation system in cirrhosis continues to 
evolve, studies to understand the effects of therapy and 
prophylaxis are needed.
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Acute liver failure describes the clinical syndrome of 
severe hepatocyte injury that leads to encephalopathy 
and coagulopathy within 6 months of the onset of 
symptoms [1]. Although usually due to an acute insult 
(most frequently virus or drug) in a previously healthy 
person, acute liver failure may occasionally result from 
unrecognized chronic liver disease, in particular 
Wilson disease or autoimmune hepatitis. Less com
mon aetiologies include ischaemia, Budd–Chiari syn
drome, acute fatty liver of pregnancy, and malignancy. 
A cause for acute liver failure cannot be identified in as 
many as 12% of cases [2]. The best predictor of sponta
neous survival and need for liver transplantation is 
the  underlying aetiology and encephalopathy grade. 
Determining the aetiology is essential to management 
of acute liver failure [3].

Acute liver failure developing in less than a week after 
onset of illness is associated with the highest incidence of 
cerebral oedema, a frequent cause of death in this set
ting. Other complications that may lead to death include 
sepsis with increased susceptibility to bacterial and fun
gal infections, multiple organ dysfunction with circula
tory instability, renal and pulmonary failure, acid–base 
and electrolyte disturbances [3]. These make intensive 
care, referral to a specialist unit, and the availability of 
liver transplantation vitally important.

The survival of patients has improved with intensive 
care and the advent of transplantation, rising from less 
than 20% in the early 1970s to current overall survival of 
near 70%. Changing patterns in aetiology have impacted 
outcomes as well, with paracetamol (acetaminophen) 
accounting for nearly half of acute liver failure cases in 
the USA and UK. Paracetamol, shock, and hepatitis A 
have favourable outcomes with spontaneous recovery of 
54–75% compared to hepatitis B, drug‐induced, autoim
mune, and indeterminate causes, where transplant‐free 
survival is between 24 and 33% [2]. Patients currently 
transplanted for acute liver failure have 2‐year survival 
rates greater than 92% [4].

The key to optimal treatment is early recognition of 
acute liver failure, determining the aetiology, estimating 
the severity and, if appropriate, transfer to a facility capa
ble of liver transplantation.

 Definition

The original definition of fulminant hepatic failure by 
Trey and Davidson in 1959 stipulated an onset of hepatic 
encephalopathy within 8 weeks of the first symptoms of 
illness, in patients without pre‐existing liver disease [1]. 
A broader definition includes patients with onset of 
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LEARNING POINTS

 ● Acute liver failure is the clinical syndrome of liver dys-
function, coagulopathy, and encephalopathy develop-
ing within 26 weeks of onset of symptoms in patients 
without pre‐existing liver disease.

 ● Viral hepatitis is the most common cause worldwide 
while paracetamol (acetaminophen) overdose prevails 
in Western countries.

 ● Survival depends on the underlying aetiology, level of 
encephalopathy, early treatment, and the diligent care 
of complications.

 ● Cerebral oedema and intracranial hypertension are 
unique complications of acute liver failure.

 ● Transplantation can provide rescue for patients with 
advanced coma grades. Those with milder degrees of 
encephalopathy may recover fully without need for 
transplant.
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disease to encephalopathy of as long as 26 weeks, 
although the majority of cases are of much shorter dura
tion. In general, patients can be divided into hyperacute 
(<7 days) and acute or subacute (8 days to 26 weeks).

 Epidemiology and aetiologies 
(Fig. 5.1, Table 5.1)

The most common cause of acute liver failure world
wide is viral hepatitis. Asia and the developing world 
contribute the most cases, probably because of higher 
prevalence of viral hepatitis and less exposure to drugs. 
Most Western countries have shown a decline in viral 
aetiologies during the last decade and an increase in 
paracetamol and idiosyncratic drug‐induced cases of 
acute liver failure [2].

Viral hepatitis

The hepatitis virus responsible varies from one geo
graphical location to another. In the USA, only 10% of 
acute liver failure is viral, with 1.8% being from hepatitis 
A, 7.2% from hepatitis B, and the remainder from other 
viruses [2]. In India, over 95% of acute liver failure is due 
to viruses, with 40% secondary to hepatitis E and 25–30% 

to hepatitis B [5]. Although hepatitis A has a broad dis
tribution, it remains a rare cause of acute liver failure and 
has been declining rapidly in the USA until late 2016 
when outbreaks of hepatitis A occurred in multiple states 
(see Chapter 20). Indicators of poor prognosis in 
 hepatitis A include creatinine above 2.0 mg/dL, alanine 
 aminotransferase less than 2600 IU/mL, and need for 
ventilatory or pressor support [6].

Liver failure occurs in approximately 1% of patients 
with acute hepatitis B [7]. IgM hepatitis B core antibody 
(anti‐HBc) will be positive in such cases. However, diag
nosis may be obscured since one‐third to one‐half of 
patients become seronegative for hepatitis B surface 
antigen (HBsAg) after a few days and before clinical 
presentation [7]. Reactivation of viral replication in inac
tive carriers of hepatitis B can trigger acute liver failure, 
either spontaneously or due to chemotherapy or immu
nosuppressive therapy [7,8]. Hepatitis C as a cause of 
acute liver failure appears to be extremely rare in the 
USA and Europe but may be more common in the East.

Hepatitis E, like hepatitis A, is spread primarily 
through contaminated water supplies. While rare in the 
West, it is a leading cause of acute liver failure in endemic 
areas such as India, Central and Southeast Asia, Mexico, 
and North Africa. Those with chronic liver disease and 
pregnant women appear particularly susceptible [9,10].
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Fig. 5.1 Differences of aetiologies of acute liver failure worldwide (unpublished data, WM Lee). APAP, acetaminophen; HBV, hepatitis B 
virus; HEV, hepatitis E virus; DILI, drug‐induced liver injury; IND, indeterminate.
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Other viruses can cause a fatal hepatic necrosis, most 
often but not always, in immune‐compromised individu
als. These include herpes simplex, varicella zoster, and 
Epstein–Barr [11–13].

Paracetamol (acetaminophen)

Paracetamol is a dose‐related toxin, the most common 
suicidal agent in the UK (Chapter 24). In 1998, legislation 
enacted in the UK mandated that paracetamol be sold in 
blister packs with a limit on the number of tablets obtain
able without prescription. Since then, there has been a 
reduction in the frequency of severe paracetamol‐related 
hepatotoxicity, the number listed for transplant and deaths 
[14]. However, in the USA paracetamol remains the lead
ing cause of acute liver failure, comprising 46% of cases in 
the US Acute Liver Failure Study Group (ALFSG) data
base. In contrast to the UK where suicides predominate, 
more than half of paracetamol acute liver failure cases in 
North America are considered to be unintentional and 
strongly related to over use and abuse of narcotic‐contain
ing compounds that include paracetamol [15,16].

The characteristic picture of paracetamol toxicity 
includes very high serum aspartate or alanine ami
notransferase levels (reported as high as 48 000 U/L but 
typically 4–5000 U/L) accompanied by relatively low 
bilirubin levels (4–6 mg/dL), exemplifying the acuity of 
the injury as hyperacute, with an equally rapid decline 
in enzymes following the peak [17]. The predictable 
nature of the injury has led to development of a math
ematical model to predict outcome of paracetamol‐
related acute liver failure [17]. Patients with 
paracetamil‐related acute liver failure have either 
 experienced a one‐time suicidal overdose or suffered 
from an unintentional overdose due to excessive dosing 
over several days or more, intending to treat various 
kinds of pain or a viral illness. The unintentional patient 
typically denies suicidal intent and has failed to recog
nize the risk of toxicity but presents after the liver injury 
has developed, having less likelihood of benefit from 
N‐acetylcysteine (NAC) and poorer outcomes than 
those who present earlier [15]. Alcohol and substance 
abuse are important cofactors in the non‐suicidal as 
well as the suicidal patient.

Other aetiologies

Idiosyncratic drug reactions may cause acute liver fail
ure in up to 12% of cases in Western countries, much 
fewer in developing nations, since fewer drugs are gen
erally consumed (Table 5.2, Fig. 5.2). Cases are typically 
subacute, the illness lasting days to weeks before onset 
of hepatic encephalopathy, and is associated with mod
erately elevated aminotransferases, high total bilirubin 
levels and poor survival without transplantation 
(approx. 25% in most series) [18]. The most frequent 
culprits are anti‐tuberculosis medications, non‐steroi
dal anti‐inflammatory drugs, anaesthetic agents, and 
antiseizure medications [19]. Herbal and dietary sup
plements, especially those advertised for weight loss 
have been implicated in acute liver failure. Cases of 
herbal and supplement‐induced acute liver failure in 
the USA have increased over time from 12.4% from 
1998–2007 to 21.1% from 2007–2015. Herbal and sup
plement acute liver failure resulted in transplant or 
death more often than cases due to prescription medi
cation (83% vs 66%) [20].

Mushroom poisoning, usually Amanita phalloides, 
can cause acute liver failure; it is preceded by mus
carinic effects, such as profuse sweating, vomiting, and 
diarrhoea, which may lead to hypotension, within hours 
to a day following ingestion. Mortality approaches 30%. 
Early recognition is important to optimize supportive 
measures and to be alerted to the possibility of liver 
failure [21].

Table 5.1 Causes of acute liver failure

Infections
Hepatitis A, B, C, D, E
Herpes simplex
Epstein–Barr virus
Cytomegalovirus
Drugs and toxins
Paracetamol (acetaminophen)
Idiosyncratic drug reactions, including herbal and dietary 
supplements*

Mushroom poisoning
Ischaemic
Cardiogenic shock
Hypotension
Heat stroke
Cocaine, methamphetamines, ephedrine
Vascular
Acute Budd–Chiari syndrome
Sinusoidal obstruction syndrome
Miscellaneous
Wilson’s disease
Acute fatty liver of pregnancy
Eclampsia/HELLP syndrome
Malignancy: lymphoma, breast cancer, others
Autoimmune hepatitis

*See Table 5.2.
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Pregnant women may develop hepatic necrosis during 
the third trimester, due to eclampsia and/or fatty liver 
(Chapter 30).

Vascular causes of ischaemic hepatitis include low car
diac output in a patient with underlying cardiac disease, 
systemic hypotension as seen with sepsis or cardiac 

events, acute Budd–Chiari syndrome, and sinusoidal‐
obstruction syndrome occurring after bone marrow 
transplantation. ‘Shock liver’ is rarely fatal and prognosis 
depends on the patient’s underlying medical condition, 
whereas Budd–Chiari and sinusoidal‐obstruction syn
drome have poorer outcomes [22,23].

Table 5.2 Some drugs that may cause idiosyncratic acute liver failure

Antimicrobial agents Biological agents
Anti‐tuberculosis drugs Gemtuzumab
Isoniazid Ipilimumab
Rifampin Statins
Dapsone Atorvastatin
Pyrazinamide Cervistatin
Antibiotics Simvastatin
Sulfonamides Miscellaneous drugs
Tetracycline Propylthiouracil

Nitrofurantoin Disulfiram
Amoxicillin Troglitazone
Levofloxacin Methyldopa
Ciprofloxacin Allopurinol
Ofloxacin Amiodarone
Clarithromycin Labetalol
Telithromycin Lisinopril
Antifungals Flutamide
Terbinafine Azathiopurine/mercaptopurine
Itraconazole Nicotinic acid
Ketaconazole Etoposide
Anti‐retrovirals Tolcapone
Didanosine Cocaine
Stavudine Methylenedioxymetamphetamine 

(MDMA: ‘Ecstasy’)
Efavirenz Herbal and dietary supplements*
Anaesthetics Anti‐epileptics
Halothane Phenytoin
Isoflurane Valproic acid
Non‐steroidal anti‐inflammatory drugs (NSAIDs) Carbamazepine
Diclofenac Tyrosine kinase receptor inhibitors
Etodolac Imatinib
Psychotropic agents Nilotinib
Quetiapine Ponatinib
Nefazodone
Fluoxetine
Imipramine

*Some herbal products/dietary supplements that have been associated with hepatotoxicity include: 
products containing green tea extract, usnic acid, ephedra, and multi‐ingredient products marketed 
for weight loss and others.
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Massive infiltration of the liver with tumour such as in 
lymphoma or breast cancer can lead to acute liver failure. 
Such a cause should be considered in the differential 
diagnosis since liver transplantation may be contraindi
cated, and specific therapy can be life‐saving [24].

Wilson disease may present with liver failure associ
ated with profound haemolytic anaemia and renal  failure. 
Patients are usually diagnosed between the ages of 5 and 
40 years. Fulminant hepatic failure due to Wilson disease 
is universally fatal without liver transplantation [25].

Autoimmune hepatitis may rarely present as acute 
liver failure and may be the underlying cause in patients 
with indeterminate disease [26].

 Clinical features

The patient with acute liver failure typically develops non‐
specific symptoms such as nausea, vomiting, malaise, 
jaundice, and signs of hepatic encephalopathy, evolving 
relatively quickly. The liver is often shrunken due to loss of 
hepatic mass and may be as small as 600 g in size (normal 
approx. 1600 g). Declining hepatocellular function impairs 
synthesis of clotting factors and glucose leading to coagu
lopathy and hypoglycaemia. Metabolic acidosis results 
from reduced clearance and increased production of lac
tate. Tachycardia, hypotension, hyperventilation, and 
fever may occur and signs of the systemic inflammatory 
response may be present. Transfer of the patient to a spe
cialist liver centre with a transplantation service should be 
done earlier rather than later. The presence of any degree 
of encephalopathy necessitates an immediate transfer to a 
transplant facility unless contraindications are present.

Patients with a more gradual onset of hepatic insuffi
ciency (over weeks rather than days, and variously called 
subfulminant, subacute, or late onset) infrequently 
develop cerebral oedema. Ascites, oedema, and renal 
failure are more likely in this slowly evolving setting 
and may be confused for decompensated cirrhosis; out
come depends on the underlying aetiology (Fig. 5.3) [3]. 
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Fig. 5.2 Causes of non‐paracetamol drug‐induced acute liver 
failure [2].
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Those patients who survive without transplant usually 
have a complete recovery but, for many, quality of life is 
impaired [27,28].

Distinction from chronic liver disease

A note should be made of any history of liver disease, the 
duration of symptoms, and the presence of a hard liver, 
marked splenomegaly, and vascular spiders on the skin. 
In patients with evidence of chronic liver disease, per
form a full evaluation for potential causes of decompen
sation. Recently, the term ‘acute on chronic liver failure’ 
has been used to designate patients with cirrhosis who 
develop deterioration due to infection, bleeding, and 
other factors unrelated to their primary disease – this is 
not covered in this chapter but in Chapter 8.

 Initial investigations

Laboratory (Table 5.3)

A broad array of blood tests must be ordered initially to 
establish the aetiology and severity of the injury. 
Assessing prognosis is central to management. Despite 
some drawbacks, the prothrombin time/international 
normalized ratio (PT/INR) reflects the liver’s synthetic 
function and is central to the assessment of the severity, 
absent plasma replacement. Elevated white blood cell 
count may signify an underlying infection. Low haemo
globin level may be a sign of haemolysis, often seen in 
Wilson disease [49] or indicate gastrointestinal blood 
loss. The platelet count is low in nearly 80% for unclear 
reasons [29].

Serum chemistries including glucose, electrolytes, 
urea, and creatinine are measured. Hypoglycaemia can 
be severe, contributing to altered mental status. 
Phosphate levels are commonly low as is carbon dioxide 
in the setting of hyperventilation, although high phos
phate levels are observed with kidney injury. The ami
notransferase levels have little prognostic value but may 
provide clues to the aetiology. Hyperacute injury, such as 
ischaemia or paracetamol, has the highest aminotrans
ferase levels but relatively good survival without trans
plant (>65%). Elevated lactate level is common in 
paracetamol‐related liver failure and is a sign of poor 
prognosis.

Viral serologies may identify potential aetiologies; the 
appropriate IgM antibodies are useful in identifying hep
atitis A and B. In those positive for HBsAg, viral DNA 
level should be performed and in the right setting should 
also be obtained when HBsAg is negative since early 
clearance is a hallmark of hepatitis B‐related acute 
liver  failure. Screening for hepatitis C virus antibody 

Table 5.3 Investigations of acute liver failure

Haematology
Complete blood count: white blood cells, haemoglobin, 
haematocrit, platelets
Coagulation panel: prothrombin time/INR, factor V
Blood group
Biochemical
Serum chemistries: sodium, potassium, bicarbonate, chloride, urea, 

creatinine, calcium, magnesium, phosphate, glucose, ammonia
Hepatic panel: aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase, albumin, 
total protein, total bilirubin

Arterial blood gas
pH, PaCO2, PaO2, lactate
Virology
Hepatitis B surface antigen and IgM anticore antibody
Hepatitis A (IgM) antibody
Hepatitis C antibody (for underlying chronic infection, very 
rarely causes ALF)
HCV RNA
IgM hepatitis E antibody (in endemic areas, not in developed 
world)
Hepatitis D antibody, RNA (only if hepatitis B surface antigen 
positive)
HSV, CMV, EBV, PCR, and IgM antibodies
Human immunodeficiency virus (if considering 
transplantation)
Autoimmune markers
Antinuclear antibody (ANA)
Antismooth‐muscle antibody (SMA)
Antiliver/kidney microsome 1 (LKM‐1)
Immunoglobulins
Toxicology
Paracetamol level
Blood alcohol
Urine drug screen
Miscellaneous
Urine copper
Pregnancy test
Microbiology
Blood culture, aerobic and anaerobic
Urine culture and microscopy
Sputum culture and microscopy
Other studies
Chest X‐ray, electrocardiogram
Liver ultrasound with Doppler
Non‐contrast head CT (to evaluate for cerebral oedema, 
optional)
Liver biopsy (limited for prognosis, mainly for diagnosis and 
exclusion of malignancy)
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(anti‐HCV) and PCR for HCV RNA are usually per
formed but HCV‐related acute hepatic failure is 
extremely rare (Chapter 23). Likewise, hepatitis E IgM 
antibody and RNA may be considered but few if any 
cases of hepatitis E‐related ALF have been identified in 
Western countries. This differs from the experience 
with endemic hepatitis E which frequently leads to ALF 
in developing countries [10].

Herpes simplex virus and varicella zoster virus serolo
gies and PCR should be checked, especially in immuno
suppressed or pregnant patients, as these require specific 
antiviral treatment [30]. Liver biopsy, if performed, will 
show specific viral inclusions, but the presence of skin 
lesions merit initiation of acyclovir therapy.

Paracetamol level and toxicology screen should be 
obtained. However, paracetamol levels are often unde
tectable in the setting of unintentional cases if symptoms 
have already developed. Markedly elevated aminotrans
ferases, often more than 3500 IU/L, are strongly sugges
tive of paracetamol toxicity [31]. Paracetamol protein 
adducts correlate with hepatotoxicity and remain detect
able for up to 12 days after ingestion. The detection of 
adducts, currently a research‐only assay, may provide an 
important clinical tool when it becomes more widely 
available [32].

Antinuclear antibodies, smooth muscle antibodies, 
antibodies to liver/kidney microsomes type 1, and 
immunoglobulin levels should be checked for possible 
autoimmune hepatitis; liver biopsy may help to establish 
the diagnosis and is encouraged in indeterminate case 
settings [26].

Serum ceruloplasmin is unhelpful in fulminant Wilson 
disease since levels are low in nearly 50% of all forms of 
acute liver failure [25]. Determination that the ratio of 
alkaline phosphatase to bilirubin of less than 4 and aspar
tate aminotransferase to alanine aminotransferase is 
greater than 2.2 are highly accurate in diagnosing Wilson 
disease and can be obtained more rapidly than tests such 
as urine copper. Use of a checklist may be helpful to be 
certain that all diagnostic possibilities are entertained 
and treatment options considered [33].

Abdominal imaging and liver biopsy

Abdominal ultrasound is used to assess for vasculature 
patency and mass lesions. Hepatic nodularity may be 
observed on imaging, reflecting regenerative nodules 
and confluent necrosis rather than cirrhosis [34]. CT 
scanning will show a reduction in liver size more pro
nounced with subacute than with acute injury, but cor
relation of liver size with survival is imprecise [35].

Liver histology can show considerable variability of 
necrosis that may be prognostically misleading though 
necrosis >75% of hepatocytes has been shown to have 

worse outcomes without liver transplant [36]. 
Transjugular liver biopsy should be performed if there is 
any suspicion of malignancy or autoimmune hepatitis, 
since each of these diagnoses would suggest a different 
therapeutic approach. Risk of bleeding after transjugular 
biopsy in patients with ALF has not been assessed.

 Complications and management 
of acute liver failure

Acute liver failure represents a syndrome precipitated by 
various causes rather than a single disease. In addition to 
the defining hepatic encephalopathy and coagulopathy, 
significant hepatocyte death incites a cytokine storm that 
may result in systemic inflammatory response syndrome 
(SIRS), multiple system organ failure, and ultimately 
death [37,38]. Treatment has focused on the management 
of complications except for a few aetiology‐specific thera
pies (Table 5.4). However, a recent double‐blind placebo 
controlled trial of intravenous N‐acetylcysteine (NAC) 
demonstrated improved transplant‐free survival in non‐
paracetamol acute liver failure patients with early stage 
encephalopathy, perhaps offering a common therapy for 
fulminant hepatic failure [39]. The reason for this 
improvement is unclear, but has led to increased use, 
given NAC’s relatively good safety profile [2,40].

Hepatic encephalopathy

Hepatic encephalopathy and cerebral oedema with 
raised intracranial pressure (ICP) are hallmarks of acute 
liver failure (Fig.  5.4). Once stupor develops with or 
without decerebrate posturing (stage 3–4 encephalopa
thy), cerebral oedema is likely.

The pathogenesis of hepatic encephalopathy is multi
factorial (Chapter 8) and centres on failure of the liver to 
remove toxic, mainly gut‐derived, substances including 
ammonia from the circulation. Arterial ammonia levels 
rise and appear to contribute to astrocyte swelling. 
Levels greater than 150–200 mmol/L have been shown 
to correlate closely with presence of cerebral oedema and 
herniation [41,42].

The onset of encephalopathy is often sudden, may pre
cede jaundice, and, unlike chronic liver disease, may be 
associated with agitation, changes in personality, delu
sions, and restlessness. Asterixis may be transient.

Management of the portosystemic encephalopathy of 
cirrhosis has centred on lactulose and non‐absorbable 
antibiotics. However, lactulose has shown no benefit in 
acute liver failure and may increase aspiration risk and 
bowel distension, which complicates transplantation. 
There is not enough evidence to recommend non‐
absorbable antibiotics in acute liver failure.



Acute Liver Failure 69

The prognosis for patients with stage 1 or 2 encepha
lopathy (confused or drowsy) is relatively good. For stage 
3 or 4 it is much poorer. Obtunded patients should be 
electively intubated for airway protection. Sedation with 
propofol is preferred as it may lower intracranial pres
sure [43]. Progression of encephalopathy may be trig
gered by infection; however, the use of prophylactic 
antibiotics remains controversial, with no firm evidence 
of benefit [44].

Cerebral oedema and intracranial 
hypertension

Cerebral oedema develops in the most severely affected, 
resulting in increased intracerebral pressure that can 
lead to brainstem herniation and death [45] (Fig.  5.5). 
The cause is not fully understood and is probably multi
factorial, influenced by altered brain osmolality, cellular 
metabolism, and cerebral blood flow. The net blood sup
ply to the brain depends on the balance between carotid 
arterial pressure and intracerebral pressure (cerebral 
perfusion pressure = mean arterial pressure − intracra
nial pressure). Cerebral blood flow autoregulation (main
tained blood flow despite falling or rising blood pressure) 
is lost in patients with fulminant hepatic failure [46]. 
This can lead to relative intracranial hypertension due to 
increasing cerebral blood flow and interstitial water, as 
well as cerebral hypoperfusion and hypoxia due to sys
temic hypotension.

Clinically, raised intracerebral pressure is suggested 
by systolic hypertension (sustained or intermittent), 
increased muscle tone and myoclonus, which progress 
to extension and hyperpronation of the arms 
and  extension of the legs (decerebrate posturing). 
Dysconjugate eye movements and skewed positions of 
the eyes may be seen. If not controlled by treatment, 
this clinical picture progresses to loss of pupillary 
reflexes and respiratory arrest from brainstem 
herniation.

Table 5.4 Intensive care of acute liver failure

Cerebral oedema/intracranial hypertension
Grade 1/2 encephalopathy
Consider transfer to liver transplant facility and listing for 
transplantation
Head CT: rule out other causes of decreased mental status; little 
utility to identify cerebral oedema
Avoid stimulation, avoid sedatives if possible
Antibiotics: surveillance and treatment of infection required; 
prophylaxis possibly helpful for unexplained deterioration
Grade 3/4 encephalopathy
Continue management strategies listed above
Intubate trachea (propofol sedation)
Elevate head of bed
Consider placement of ICP monitoring device
Immediate treatment of seizures required; low threshold for 
continuous EEG monitoring
Mannitol (0.25–1 g/kg iv bolus): use for severe elevation of ICP 
or first clinical signs of herniation, monitor urine output and 
serum osmolarity
Hypertonic saline: goal serum sodium 145–155 mmol/L, avoid 
rapid correction
Continuous renal replacement therapy is used to manage fluid 
balance
Infection
Aseptic techniques
Surveillance for and prompt antimicrobial treatment of 
infection required
Antifungal coverage for patients not responding to broad 
spectrum antibiotics
Antibiotic prophylaxis possibly helpful but not proven
Coagulopathy
Vitamin K (10 mg iv or subcutaneous)
FFP: give only for invasive procedures or active bleeding
Platelets: give for platelet counts <10 000/mm3 or invasive 
procedures
Prophylaxis for stress ulceration: give H2 blocker or PPI
Haemodynamics/renal failure
Arterial line
Judicious volume replacement
Check cortisol and cosyntropin stimulation test; hydrocortisone 
200–300 mg/day for adrenal insufficiency
Pressor support (noradrenaline preferred over dopamine or 
adrenaline) as needed to maintain adequate mean arterial 
pressure
Avoid nephrotoxic agents
Continuous modes of haemodialysis if needed, such as 
venovenous haemodialysis

Pulmonary
Sedation for endotracheal intubation and suctioning to prevent 
increased ICP
Ventilator management: tidal volumes 6 mL/kg, low PEEP, aim 
for PaCO2 30–40 mmHg
Metabolic concerns
Follow closely: glucose, potassium, magnesium, phosphate
Consider nutrition: enteral feedings preferred over total 
parenteral nutrition

ICP, intracranial pressure; FFP, fresh frozen plasma; PEEP, positive 
end‐expiratory pressure.
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Fig. 5.4 Histological features of acute liver failure. (a) Autopsy specimen from a patient who died of cerebral oedema following 
paracetamol ingestion. Haematoxylin and eosin slide demonstrates centrilobular necrosis with surviving periportal hepatocytes. (b) 
Explanted liver in a case of paracetamol toxicity. Necrotic hepatocytes with eosinophilic cytoplasm around the central vein (CV) with 
viable hepatocytes surrounding the portal tracts (PT). (c) Explanted liver of a patient with fulminant acute hepatitis B. Multilobular hepatic 
necrosis centred around the central vein (CV) with inflammatory infiltration of the portal tracts (PT). (d) Explanted liver of a patient with 
acute liver failure following black cohosh ingestion. Massive hepatic necrosis with minimal centrilobular (C) parenchyma remaining. Portal 
tracts (PT) expanded by inflammatory cells and bile duct reaction (DR). (e) Higher magnification demonstrating features of autoimmune 
hepatitis with interface hepatitis and multiple plasma cells (PL). (f ) Explanted liver of a 20‐year‐old patient with Wilson disease. Trichrome 
stain shows cirrhosis with bands of fibrosis surrounding regenerative nodules. Haematoxylin and eosin slide (right) shows severe 
hepatocyte injury with ballooning degeneration, microsteatosis, and cholestasis. Victoria blue stain highlights copper pigment within the 
hepatocytes (H) and Kupffer cells (K). Histology courtesy of Jay Lefkowitch, MD, Columbia University College of Physicians and Surgeons, 
New York, NY.
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The most accurate method of diagnosing intracranial 
hypertension is insertion of an ICP monitor, to further 
assess whether or not advanced cerebral oedema pre
cluding transplant has occurred and to more actively 
manage spikes in ICP. Many centres rely on ICP moni
tors once patients reach stage 3 to 4 encephalopathy to 
guide management despite evidence showing no benefit 
in survival and 4–20% risk of complications [47]. If an 
ICP monitor is inserted, the goal is to maintain cerebral 
perfusion pressure above 50 mmHg and intracranial 
pressure below 25 mmHg.

Cerebral oedema may be decreasing in prevalence, per
haps due to earlier referral to tertiary centres and emer
gent transplantation [48]. General management of 

cerebral oedema includes limiting stimulation, elevating 
the head to at least 30 degrees, and correction of acidosis 
and electrolytes. Additional therapies focus on decreas
ing cerebral oedema by increasing intravascular osmotic 
gradient (hypertonic saline, mannitol) [49]. Use of hyper
ventilation, barbiturates, indomethacin have fallen out of 
favour and no survival benefit has been shown with hypo
thermia [50,51]. It should be noted that randomized con
trolled trials are virtually impossible in patients with 
acute liver failure because of their rarity and variable out
comes as well as the role of transplant in providing ‘res
cue’ so that the final outcome cannot be determined [49].

Prophylactic infusion of hypertonic saline to keep 
serum sodium 145–155 mmol/L in patients with severe 

(a) (b)

Fig. 5.5 Cerebral oedema on CT scanning in a patient with acute liver failure. (a) Head CT at presentation showing clear demarcation 
between white and grey matter. (b) Head CT 48 h later demonstrating loss of demarcation between white and grey matter and effacement 
of sulci.

(f) (f)

Fig. 5.4 (Continued)
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encephalopathy is associated with fewer episodes of intrac
ranial hypertension [52]. Trials are needed to test further its 
efficacy in established intracranial hypertension.

Once obvious neurological signs develop or ICP is 
above 25 mmHg for over 10 min, a bolus of intravenous 
mannitol (0.25–1 g/kg, 20% solution) is recommended. 
This can be repeated if serum osmolality is less than 
320 mOsm/L. Volume overload can develop and ultra
filtration may be necessary in the setting of renal 
 impairment. Nearly 60% of intracranial hypertension 
cases respond and mannitol has been shown to improve 
survival [49].

Coagulopathy

The liver synthesizes nearly all the coagulation factors, 
inhibitors of coagulation and proteins involved in the 
fibrinolytic system (Chapter 4). It is also involved in the 
clearance of activated clotting factors. The coagulopathy 
of fulminant hepatic failure is thus complex and due not 
only to factor deficiency, but also to enhanced fibrinolytic 
activity and decreased platelet number and function. 
Overall, there appears to be less clinically significant 
bleeding in acute liver failure than might have been 
assumed from the obvious derangements in prothrombin 
time and platelet levels. Current practice is to utilize pro
thrombin time/INR (or factor V levels if available), for 
prognostic purposes and to not utilize fresh frozen plasma 
or factor replacement therapy in the absence of overt 
haemorrhage. Thromboelastography may be of value in 
determining need for specific therapy to improve coagula
tion abnormalities. Despite prolonged prothrombin time, 
most patients with acute liver failure have been found to 
have normal haemostasis as measured by thromboelas
tography [53]. Coagulopathy is managed by routine intra
venous or subcutaneous vitamin K initially, and rarely 
requires additional measures. A recent analysis of changes 
over the past 16 years in management of acute liver failure, 
suggested that severity of illness had not changed but that 
outcomes had improved. Fewer transplants and more 
patients survived without transplant between 2007 and 
2013 than in the previous 8 years, despite a diminished use 
of plasma and red blood cell replacement therapy. Indeed, 
less may be more, since there should be fewer instances of 
transfusion‐associated lung injury if use of fresh frozen 
plasma is kept to a minimum [54]. Platelet transfusions 
have specifically been linked to acute lung injury and 
should also be minimized [55].

Metabolic derangements

Hypoglycaemia is found in up to 40% of patients with 
acute liver failure. It may be persistent and intractable. 
Plasma insulin levels are high due to reduced hepatic 

uptake; gluconeogenesis is reduced in the failing liver. 
Hypoglycaemia can cause rapid neurological deteriora
tion and death. Blood glucose levels less than 60 mg/dL 
should be treated with a continuous infusion of 10% dex
trose. Enteral feedings should be initiated early unless 
contraindicated. Liver failure is a catabolic state; there is 
no need to restrict protein.

Hypokalaemia is common and due in part to urinary 
losses with inadequate replacement, and administration 
of glucose. Hyponatraemia frequently worsens cerebral 
oedema. Other electrolyte changes include hypophos
phataemia, hypocalcaemia, and hypomagnesaemia. If 
elevated, phosphate levels are related to acute kidney 
injury. Electrolytes and glucose should be monitored 
twice daily and promptly corrected.

Acid–base changes are common. Respiratory alka
losis results from central hyperventilation, due to 
direct stimulation of the respiratory centre by 
unknown toxic substances. Respiratory acidosis can 
be caused by elevated ICP and respiratory depression, 
or pulmonary complications. Lactic acidosis develops 
in about half of the patients reaching stage 3 coma. It 
is related to inadequate tissue perfusion due to hypo
tension and hypoxaemia. Metabolic acidosis is more 
frequent in paracetamol‐induced acute liver failure. 
Fall in pH is one of the criteria used in transplant 
decisions.

Infection

Infection affects up to 90% of patients with acute liver 
failure and stage 2 or more encephalopathy and is one of 
the main causes of death. The majority of infections are 
pulmonary followed by urinary tract and blood. More 
than two‐thirds of infections are due to Gram‐positive 
organisms, usually staphylococci, but streptococci and 
Gram‐negative bacilli are also found [56]. Fungal infec
tions occur in about one‐third of patients, often unrec
ognized and ominous [57]. There are no data currently 
that support the use of prophylactic antibiotics in this 
setting [44]. However, worsening haemodynamics, renal 
function, acidosis, or progressive encephalopathy may be 
signs of infection and antibiotics should be considered 
early in this setting.

The most appropriate antimicrobial regimen will 
depend on the incidence, type, and sensitivity of bacteria 
in each hospital but usually includes a broad‐spectrum 
antibiotic with vancomycin added if there is concern 
for line sepsis. Fungal coverage should be added for those 
who fail to improve with antibacterial medications. 
Blanket use of broad‐spectrum antibiotics should be nar
rowed down to a specific choice once positive cultures 
are available. Antibiotics should be given to patients who 
have positive cultures, or signs of infection;  consideration 
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of prophylaxis is usually made in patients listed for trans
plantation although its value cannot be demonstrated [44].

Renal

Renal failure develops in 70% of patients with acute liver 
failure with nearly a third requiring renal replacement 
therapy and negatively impacts survival. Patients with 
liver failure due to shock or paracetamol have the highest 
incidence and severity of renal injury [58]. It may be 
related to liver cell failure itself (hepatorenal syndrome), 
to acute tubular necrosis secondary to complications of 
acute liver failure (sepsis, bleeding, hypotension), or 
direct nephrotoxicity of the drug or other insult respon
sible for the hepatic damage (e.g. paracetamol overdose). 
The hepatorenal syndrome (Chapter 10) results from a 
combination of factors including a hyperdynamic circu
lation with lowered renal perfusion pressure, activation 
of the sympathetic nervous system, and increased syn
thesis of vasoactive mediators, which decrease glomeru
lar capillary ultrafiltration.

Continuous renal replacement therapy (CRRT) with 
bicarbonate buffer is indicated over intermittent haemo
dialysis even in haemodynamically stable acute liver fail
ure patients to prevent fluctuations in intracranial 
pressure. In addition to correcting uraemia, fluid over
load, acidosis, and hyperkalaemia, CRRT may decrease 
cerebral oedema by removing ammonia and cooling the 
patient [59].

Haemodynamic changes

Hypotension with a low peripheral vascular resistance 
and increased cardiac output are features of liver failure. 
Possible mediators include prostaglandins and nitric 
oxide. Tissue hypoxia at the microcirculatory level is fre
quent with consequent lactic acidosis. When crystalloid 
or albumin infusions do not correct the fall in blood 
pressure, vasopressors are frequently needed to maintain 
mean arterial pressure above 60 mmHg or cerebral per
fusion pressure below 50 mmHg. Noradrenaline (norepi
nephrine) is preferred. Vasopressin should be used 
cautiously as it causes cerebral vasodilation and might 
increase intracranial pressure [60].

Persistent hypotension should prompt evaluation for 
adrenal insufficiency. Hydrocortisone (200–300 mg/day) 
has been shown to be beneficial in septic patients with 
inadequate adrenal response. A retrospective review of 
acute liver failure patients showed that those receiving 
hydrocortisone required less vasopressor support but 
there was no benefit in survival [61].

Cardiac dysrhythmias of most types are noted in the 
later stages and relate to electrolyte abnormalities, acidosis, 

hypoxia, and the insertion of catheters into the pulmo
nary artery. Troponin‐I levels are elevated in a large pro
portion of patients and signify a poor prognosis; however, 
it is not clear whether this indicates myocardial injury or 
simply severity of overall multi‐organ failure [62]. 
Depression of brainstem function due to cerebral 
oedema and herniation eventually leads to circulatory 
failure.

Gastrointestinal bleeding

Critically ill patients, including those with acute liver 
failure, are at risk for gastrointestinal haemorrhage. 
Intravenous infusion of histamine‐2 receptor blockers 
has been shown to decrease bleeding gastroduodenal 
erosions in this population [63]. Proton pump inhibitors 
and/or sucralfate are more often used currently for 
prophylaxis.

Pulmonary complications

Patients often need endotracheal intubation and 
mechanical ventilation to prevent aspiration in the later 
stages of encephalopathy. Coma and respiratory depres
sion can manifest as hypoxemia. Intrapulmonary arteri
ovenous shunting adds to the hypoxia.

Respiratory status is monitored using continuous pulse 
oximetry. Daily chest X‐rays are obtained to monitor for 
infection and are abnormal in over half of patients. Once 
mechanical ventilation is needed, low tidal volume 
(6 mL/kg ideal body weight) and positive end‐expiratory 
pressure levels are used to minimize barotrauma and 
worsening of intracranial pressure.

Acute pancreatitis

Acute haemorrhagic and necrotizing pancreatitis has 
been reported in 44% of patients dying with acute liver 
failure, especially in paracetamol. More recently, a study 
reported hyperamylasaemia in 12% of acute liver failure 
patients, only 9% of whom had clinical pancreatitis. An 
elevated serum amylase level is not an independent pre
dictor of survival and appears to be influenced by renal 
and multi‐organ failure [64].

 Specific therapies

Over the years, survival of patients with acute liver fail
ure has improved due to meticulous attention to the 
detail of good supportive care combined with better 
knowledge of the most important functions lost when 
the liver cell fails [2,49]. However, outcome is still largely 
dependent on the underlying cause. In order to optimize 
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survival, one must establish the diagnosis of acute liver 
failure quickly, evaluate the potential aetiologies and 
therapies, and estimate the severity to appropriately 
identify those that will need transplantation (Fig. 5.6).

Paracetamol (acetaminophen) hepatotoxicity

NAC is the antidote for paracetamol poisoning, repleting 
glutathione that detoxifies the harmful metabolite, N‐
aminoparaquinoneimine (NAPQI). While it is most 
effective when given within 10 h of paracetamol over
dose, NAC may be of benefit 48 h or more after ingestion 
and should be administered even if acute liver failure has 
developed [65]. NAC may be given orally (140 mg/kg fol
lowed by 70 mg/kg every 4 h for 17 doses) but intrave
nous administration (150 mg/kg in 5% dextrose over 

15 min then 50 mg/kg over 4 h followed by 100 mg/kg 
over 16 h) is recommended if encephalopathy is present. 
Anaphylactoid reactions occur rarely and can be man
aged by discontinuation, antihistamines, and adrenaline. 
Use of NAC for acute liver failure that is not paraceta
mol‐related has not been recognized as an approved 
indication by the US Food and Drug Administration for 
its use, but may be considered particularly in those with 
early stage encephalopathy [39].

Mushroom poisoning

Amanita phalloides is responsible for most of the deaths 
due to mushroom poisoning. It is toxic in small amounts 
(0.1–0.3 mg/kg), even after cooking. History of recent 
mushroom ingestion followed by nausea, vomiting, and 

Establish diagnosis of acute liver failure
(increased INR, altered mental status, acute hepatic injury)

Continue intensive care:
H2 blockers/proton pump inhibitors

Quiet environment
Intubation for advanced coma

Mannitol available
Avoid sedation unless agitated
Observe for infection, bleeding, 

and renal failure
Avoid FFP unless bleeding
Pressor support as needed

Admit to intensive care unit

Evaluate aetiology: history and blood tests

Acetaminophen?
(history, high ALT/low bilirubin, serum level)

Low likelihood of spontaneous recovery?
(Bad aetiology, advanced coma grade)

List for transplant if
no contraindications

Consider ICP monitor 
for stage 3–4 coma

Estimate severity: coma grade/INR

N-acetylcysteineYes

Yes

No

NoMushroom poisoning?
(history, muscarinic symptoms)

Silibinin, 
penicillin antidoteYes

No

Herpes simplex, varicella zoster?
(serologies, lesions)

AcyclovirYes

No

Hepatitis B virus?
(history, serologies)

Lamivudine, entecavir 
or tenofovir

N-acetylcysteine

Yes

No

Autoimmune hepatitis?
(serologies, biopsy)

Corticosteroids,
? N-acetylcysteineYes

No

Wilson disease?
(high bilirubin, low alkaline phosphatase, 

high urine copper)

Dialyse for copper, 
list for transplant

Yes

No

Drug-induced, viral, unknown?
(history, serologies)

Continue supportive care
N-acetylcysteine

List for transplant if 
advanced coma grade

Yes

Fig. 5.6 Suggested algorithm for triage, diagnosis, and treatment of the patient with acute liver failure. ALT, alanine aminotransferase; INR, 
international normalized ratio; ICP, intracranial pressure; FFP, fresh frozen plasma.
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severe diarrhoea should prompt treatment with gastric 
lavage and activated charcoal. Intravenous penicillin G 
(300 000 to 1 million units/kg per day) is the most com
mon antidote used in the USA but silibinin (30–40 mg/
kg/day oral or iv) with or without NAC may also be effec
tive [66,67].

Hepatitis B

Acute liver failure may occur in acute hepatitis B infec
tion or with reactivation of chronic infection either 
spontaneously or with immunosuppression [7]. The 
wider use of biologic agents and conventional chemo
therapy has resulted in increased numbers of instances 
of hepatitis B reactivation [68]. Use of nucleos[t]ide anti
viral therapy is recommended in this setting, although 
immediate impact in an acutely ill patient is rarely seen. 
Prophylactic antiviral therapy should be initiated in 
patients who are HBsAg positive and should also be con
sidered in HBsAg‐negative anti‐HBc positive patients 
prior to chemotherapy or organ transplantation to pre
vent reactivation (Chapter 21).

Herpes simplex virus

Herpes hepatitis is a rare cause of acute liver failure, 
usually in immunosuppressed or pregnant patients. 
Skin lesions are absent in over half. Infection is 
 confirmed by detectable HSV DNA or liver biopsy. 
Presence of a vesicular rash and/or immunosuppres
sion and very high aminotransferases that do not 
resolve promptly should trigger HSV testing, consider
ation of liver biopsy, and rapid initiation of treatment. 
Despite treatment with intravenous acyclovir (30 mg/
kg daily), prognosis is poor [69].

Autoimmune hepatitis

Fulminant liver failure is an uncommon presentation of 
autoimmune hepatitis. Auto‐antibodies may be absent. 
Liver biopsy demonstrating plasma cell‐rich interface 
hepatitis (frequently extending throughout the lobule) 
may be required for definitive diagnosis. Patients are 
treated with prednisone or prednisolone 60 mg/day. 
Biopsies that show multilobar collapse, persistently ele
vated bilirubin, and failure to respond to steroids within 
2 weeks impart a dismal prognosis and these patients 
should be listed for transplantation [26].

Pregnancy

Acute liver failure may occur in the setting of acute fatty 
liver of pregnancy or severe pre‐eclampsia (Chapter 30). 
Acute fatty liver of pregnancy usually presents in first‐time 

mothers during their third trimester with symptoms of 
malaise, right upper quadrant pain, hypoglycaemia, and 
jaundice. Hypertension and proteinuria are common. 
HELLP (haemolysis, elevated liver enzymes, low platelets) 
syndrome is also a complication of pre‐eclampsia that can 
result in acute liver failure. Prompt delivery of the fetus 
usually results in recovery, though postpartum liver trans
plantation is occasionally needed [70].

Wilson disease

Fulminant Wilson disease is 100% fatal without liver 
transplantation. As mentioned previously, high bilirubin 
and low alkaline phosphatase levels suggest Wilson dis
ease and high urine copper levels confirm the diagnosis. 
The usual therapies of penicillamine or trientine are 
ineffective in acute liver failure and are not recom
mended. Albumin dialysis, CRRT, plasmapheresis or 
plasma exchange can be initiated to remove copper and 
alleviate renal tubular damage until a graft becomes 
available [25].

 Prognosis

A number of factors influence survival and have prog
nostic value. One of the most important predictors of 
outcome is the underlying aetiology. Transplant‐free 
survival is over 50% for acute liver failure due to paracet
amol, hepatitis A, ischaemia, and pregnancy, compared 
with less than 25% for other causes [71]. The severity of 
encephalopathy also impacts survival. The overall sur
vival for those reaching grade 3 or 4 encephalopathy is 
~20% without transplantation (Fig.  5.7 combines the 
impact of aetiology with that of coma grade upon admis
sion). If only grade 1 or 2 coma is reached, survival is 
around 65%. Those who survive rarely if ever develop 
cirrhosis.

The advent of successful liver transplantation for acute 
liver failure has made prediction of survival particularly 
important. Indications, whether clinical or laboratory, 
that spontaneous recovery is unlikely are therefore of 
vital importance. Several prognostic systems have been 
developed including the King’s College Hospital criteria, 
the Clichy criteria based on age, factor V levels and 
encephalopathy stage as well as Model for End‐stage 
Liver Disease (MELD) score, in order to determine which 
patients will survive without transplantation but all lack 
sufficient sensitivity.

The most widely used prognostic tool is the King’s 
College criteria for paracetamol and non‐paracetamol 
acute liver failure [72] (Table 5.5). Predictive accuracies 
were initially reported to be 85% for paracetamol and 
95% for non‐paracetamol. Studies since have confirmed 
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that King’s College criteria have a reasonable positive 
predictive value (80% for paracetamol, 70–90% in non‐
paracetamol) but negative predictive values range from 
25 to 90%. Therefore a substantial number of patients 
who do not fulfil the King’s College criteria will eventu
ally die without transplantation. Arterial lactate above 
3.5 mmol/L portends a poor prognosis and may increase 
the predictive accuracy of the King’s College criteria. 

A new simplified schema takes into account coma grade, 
aetiology, and use of vasopressor medications, as well as 
PT/INR and bilirubin levels and performs somewhat 
better than King’s criteria [73]. This is also found as a 
smartphone application that can be downloaded from 
the Apple iPhone store under ‘acute liver failure 
prognosis’.

 Liver transplantation (Chapter 37)

Hepatic transplantation has to be considered for patients 
reaching grade 3 or 4 coma due to acute liver failure. 
Survival without transplantation can be less than 20% 
rising to over 90% with transplantation [71]. However, it 
is frequently difficult to judge both the right time and the 
necessity for transplant. If too early, the operation may 
be unnecessary and the patient will be committed to life
time immunosuppression; if too late, the chances of suc
cessful transplantation are reduced. Of interest, overall 
outcomes have improved in recent years, apparently due 
to improved intensive care, but surprisingly less invasive 
measures [2]. Frequency of transplantation has declined 
despite similar overall aetiologies and disease severity.

Indications

Knowing the aetiology can help determine when trans
plant evaluation should be performed; paracetamol 
patients do relatively well, while Wilson disease and 
drug‐induced liver injury patients are unlikely to survive 
without transplant.
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Fig. 5.7 Prognosis in acute liver failure is 
largely determined by aetiology and 
encephalopathy grade on admission. 
(Data from ALFSG, for 2436 subjects 
enrolled 1 January 1998 through 31 
December 2016.)

Table 5.5 King’s College Hospital criteria for liver transplantation 
in acute liver failure [72]

Paracetamol (acetaminophen)
pH < 7.30 (irrespective of grade of encephalopathy)
or
Prothrombin time >100 s (INR > 7) and serum creatinine 
>300 mmol/L (>3.4 mg/dL) in patients with grade 3 or 4 
encephalopathy
Non‐paracetamol patients
Prothrombin time >100 s (INR > 7) (irrespective of grade of 
encephalopathy)
or
Any three of the following variables (irrespective of grade of 
encephalopathy):
age <10 or >40 years
aetiology: non‐A–E hepatitis, ‘viral’ hepatitis no agent identified, 
halothane hepatitis, idiosyncratic drug reaction
duration of jaundice before onset of encephalopathy >7 days
prothrombin time >50 s (INR > 3.5)
serum bilirubin >300 mmol/L (17.4 mg/dL)
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Acute liver failure is universally regarded as an urgent 
indication for liver transplantation. However, there is a 
delay on average of about 2 days in obtaining an accept
able donor liver after putting out the request. The time 
from listing to organ offer impacts the number trans
planted as well as whether recovery might occur if longer 
time were to elapse. Patients can be divided into hypera
cute (paracetamol, primarily) and subacute (drug‐
induced, autoimmune, hepatitis B). Those with 
paracetamol injury must be evaluated rapidly if they are 
to be listed for transplantation because, in general, they 
will either receive a graft, die, or recover within 4 days 
[71]. Overall, paracetamol ALF patients have better out
comes. However, if encephalopathy progresses and they 
are listed for transplantation this group fares poorly 
since fewer receive a transplant and more die than those 
with other aetiologies, by surviving longer, those with 
subacute aetiologies have more opportunity to receive an 
organ and recover fully.

Contraindications

Absolute contraindications are untreated sepsis, uncon
trolled extrahepatic malignancy, brain death, severe 
cardiac or pulmonary disease. Fixed dilated pupils for 
prolonged periods of time (1 h or more) and cerebral 
perfusion pressure less than 40 mmHg or ICP more 
than 35 mmHg for longer than 1–2 h suggest serious 
neurological compromise. Relative contraindications 
are psychosocial factors that may influence compliance 
post‐transplant, advanced age, and co‐morbid medical 
conditions.

Intraoperative and postoperative care

During dissection of the native liver and reperfusion of 
the graft, intracranial pressure can increase. Although 
ICP monitoring has been suggested, particularly for 

those undergoing transplantation, no evidence of benefit 
has been shown and its use has been declining recently 
in part related to concerns regarding intracranial haem
orrhage resulting from its placement [74,75].

Outcomes

Technically, the transplant operation is less difficult than 
that for chronic liver disease as cachexia, portal venous 
collaterals, and adhesions generally are not present. 
Coagulation defects can be guided by thromboelastogra
phy during the peri‐operative period [76]. Most deaths 
occur within the first 3 months after surgery due to sep
sis or neurological complications. Initial survival is less 
than that seen overall when transplantation is done for 
cirrhosis but 5‐year survival rates are actually better for 
acute liver failure (Fig. 5.8) [2].

Other modes of liver support

High‐volume plasma exchange has been subjected to a 
controlled trial with limited positive results [77]. An 
albumin‐based dialysis system did not show utility in the 
setting of acute liver failure [78]. Most bio‐artificial liver 
support devices that contain hepatocytes in a cartridge 
through which blood or plasma circulates, have proven 
ineffective in the setting of controlled randomized trials, 
although these trials are nearly impossible to perform 
[79]. A newer modified cell‐containing device shows 
promise in an animal model of acute liver failure [80].

Auxiliary liver transplantation

In auxiliary transplants, the native liver or a portion 
thereof is left in place and the donor liver graft either 
placed in the right upper quadrant alongside the native 
liver (heterotopic), or part of the native liver is resected 
and replaced with a reduced size graft (orthotropic). 
While this was considered technically challenging, more 
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recently this has been advocated, particularly in paediat
ric acute liver failure and metabolic diseases. Studies 
suggest a similar 1‐year survival without the need for 
lifelong immunosuppression in most patients [81].

 Conclusion

Acute liver failure is a rare but devastating condition 
caused by a wide range of insults. Advances have been 
made in recent years in understanding the pathophysiol
ogy; outcomes have improved and prognostic models are 
better able to predict outcomes as we have come to 
understand the diverse aetiologies that cause this chal
lenging and sometimes devastating condition [2,3,82]. 
Early referral of patients to a specialist centre must be 

emphasized since rapid deterioration frequently occurs. 
Delayed action closes the window of opportunity for safe 
transfer and successful transplantation. Donor grafts are 
a limited resource and liver transplantation cannot be 
accepted as the perfect treatment, especially when the 
liver may fully recover if the patient can be supported. 
Embarking on liver transplantation may be lifesaving but 
closes the door on transplant‐free recovery, substituting 
lifelong immunosuppression and a variety of complica
tions. Liver assist devices continue to offer some promise 
but are not yet ready for human application. Currently, 
optimal liver support in the intensive care unit provides 
the surest chance of survival without a liver graft. In the 
future, the aim would be for more liver support and 
spontaneous recovery and less transplantation, given the 
lifelong complications that follow liver transplantation.
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 Introduction

Fibrogenesis is the natural wound healing response to 
tissue injury. Scar tissue is produced in an effort to limit 
and encapsulate the area of damage. While all acute 
hepatocellular injuries activate fibrogenic pathways, per-
sistent injury is required to generate significant fibrosis 
that can lead to the development of cirrhosis. The trans-
formation of normal to fibrotic liver and then cirrhosis is 
a complex process involving key components, including 
both hepatic parenchymal and non‐parenchymal cells, 
the immune system, cytokines, proteases and their 

inhibitors. This chapter provides an overview of our 
 current understanding of hepatic fibrogenesis and offers 
a framework to understand non‐invasive markers of 
fibrogenesis and emerging antifibrotic strategies.

 Natural history of hepatic fibrosis

While fibrosis accumulates with time, the process is not 
linear and can differ significantly between individuals. 
The variable progression of fibrosis was first highlighted 
in patients with hepatitis C (Fig. 6.1). This study empha-
sized the influence of both modifiable and non‐modifia-
ble factors. Rapid progression of fibrosis correlated with 
greater age at the time of infection, male gender, and 
alcohol consumption. One‐third of patients had an 
expected median time to cirrhosis of 13 years while 
another third would never develop cirrhosis or would 
have a median time to cirrhosis of 50 years. This study 
led to the concept of ‘rapid fibrosers’ and ‘slow fibrosers’.

Genetic determinants are thought to play a role. In 
patients at risk for fatty liver disease, the prevalence of 
cryptogenic cirrhosis (generally thought to reflect end‐
stage NASH) is 3.1‐fold higher among Hispanic 
American patients (and 3.9‐fold lower in African 
Americans) compared with the prevalence in Europeans 
and other Americans, despite a similar prevalence of dia-
betes mellitus, which is a known risk factor for NASH 
[1]. Specific single nucleotide polymorphisms (SNPs) in 
the PNPLA3 and TM2SF6 genes have been associated 
with higher risk of NASH but do not yet impact clinical 
management [2,3].

While fibrosis progression rates are useful to predict 
outcomes in patients with chronic liver disease, they 
accelerate in HCV as the disease advances. A recent meta‐
analysis examining stage‐specific transition  probabilities 
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LEARNING POINTS

 ● Fibrogenesis is the liver’s wound healing response to 
chronic liver injury.

 ● The activated hepatic stellate cell is the principal cell 
involved in fibrogenesis through its role in matrix 
 production, secretion of proinflammatory and 
 profibrogenic cytokines, and interactions with cells of 
the immune system.

 ● Matrix accumulation results from an imbalance in 
which matrix synthesis exceeds degradation.

 ● Progression of fibrosis is influenced by modifiable 
 factors such as body mass index (BMI) and alcohol 
intake, and non‐modifiable factors, specifically genetic 
determinants.

 ● Antifibrotic therapies that target reversible disease are 
emerging, primarily for non‐alcoholic steatohepatitis 
(NASH). Currently, the lack of robust non‐invasive 
markers of fibrosis is the most significant impediment 
to drug development. Such markers are urgently 
needed to assess the response to therapy in clinical 
 trials and ultimately in clinical practice.
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suggested that the probability of transition to a higher 
stage of fibrosis is greatest between F2 and F3 (four‐stage 
system; METAVIR) [4]. For this reason, many current 
antifibrotic trials specifically target patients within these 
fibrosis stages. Therefore, clinicians must make treatment 
decisions based on host, genetic, and environmental 
 factors that may impact on an individual’s risk of disease.

 Cellular and molecular features 
of hepatic fibrosis (Fig. 6.2)

Cellular anatomy of sinusoids

Between the sinusoid and hepatocytes, fenestrated 
endothelial cells line a basement membrane which sepa-
rates the sinusoidal lumen from the space of Disse. 

Hepatic stellate cells (HSCs) lie in the space of Disse 
attached to the basement membrane. Kupffer cells 
adhere to the sinusoidal surface of the fenestrated 
endothelium. Nutrients and other molecules reach the 
basal surface of the hepatocyte by passing through the 
fenestrae of the sinusoidal wall and across the space of 
Disse. This process is impaired by the cellular and matrix 
changes seen in liver injury.

Extracellular matrix composition in normal 
liver and hepatic scar tissue: functional 
and biologic roles

Normal liver has a connective tissue matrix that includes 
type IV (non‐fibrillary) collagen, glycoproteins (includ-
ing fibronectin and laminin), and proteoglycans (includ-
ing heparan sulphate). These constituents comprise the 
low‐density basement membrane in the space of Disse, 
which separates the hepatocytes from the sinusoidal 
endothelium. This lattice‐like matrix provides not only 
cellular support but also molecular signals that maintain 
the differentiated functions of cells. The basement mem-
brane allows unimpeded transport of solutes and growth 
factors between sinusoid and hepatocytes.

After hepatic injury there is a three‐ to eightfold 
increase in extracellular matrix, composed predomi-
nantly of high‐density interstitial fibril‐forming colla-
gens (types I and III, rather than type IV) as well as 
cellular fibronectin, hyaluronic acid, and other matrix 
proteoglycans and glycoconjugates. In addition, there 
is loss of endothelial cell fenestrations and hepatocyte 
microvilli associated with this ‘capillarization’ of sinu-
soids, which impedes the metabolic exchange between 
blood and liver cells. The gradual accumulation of 
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hepatitis C. Longitudinal studies allowed separation into rapid, 
intermediate, and slow fibrosers based on METAVIR scoring of 
fibrosis in liver biopsies. HCV, hepatitis C virus. Source: Poynard 
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type I collagen results from both increased synthesis 
and reduced degradation, and is the hallmark of 
fibrogenesis.

Cellular sources of extracellular matrix 
in normal and fibrotic liver

Myofibroblasts primarily derived from activated HSCs 
are responsible for producing collagen as well as other 
extracellular matrix (ECM) components characteristic of 
the fibrotic liver. Similar to other organs, a number of 
cells may give rise to myofibroblasts depending on the 
severity and type of liver injury. It is not clear whether this 
provides differentiated responses, allowing for a tailored 
and specific approach to injury, or compensatory mecha-
nisms for instances when one population is exhausted [7]. 
Regardless, lineage tracing studies support a dominant 
role of HSCs in contributing to liver fibrosis independent 
of aetiology [8], and they are therefore a primary target 
for antifibrotic approaches as outlined later. While portal 
fibroblasts likely play a role in cholestatic liver diseases, 
the relative contribution to liver fibrosis of other non‐
HSC‐derived myofibroblast populations, such as fibro-
cytes (bone‐marrow‐derived cells), mesothelial cells, and 
epithelial (hepatocyte or cholangiocyte)‐derived myofi-
broblasts, is not clear and is reviewed elsewhere [7].

Liver sinusoidal endothelial cells (LSECs) also make 
collagen I. However, these cells are particularly impor-
tant in initiating the fibrogenic process through produc-
tion of a splice variant of cellular fibronectin, called 
fibronectin extracellular domain A. Fibronectin extracel-
lular domain A is produced early in animal models, and 
along with TGF‐β1 contributes to myofibroblast differ-
entiation [9]. Moreover, while in acute liver injury LSECs 
may provide angiocrine signals favouring regeneration, 
in the context of chronic liver injury, the LSEC pheno-
type instead can drive fibrosis rather than regeneration. 

In the normal liver, LSECs are fenestrated with high 
endocytic ability. With injury, they undergo phenotypic 
changes characterized by a loss of fenestration referred 
to as capillarization, which precedes the development of 
fibrosis. Differentiated LSECs (fenestrated) are able to 
maintain HSC quiescence, while capillarized LSECs can-
not. Although the specific paracrine signals responsible 
for effects on HSCs have not been identified, LSECs–
HSC cross‐talk remains important in understanding 
hepatic fibrosis. [10]. In addition, a relative increase in 
CXCR4 rather than CXCR7 expression by LSECs in 
chronic liver injury renders them more profibrotic by 
stimulating the proliferation of HSCs [10–12]. Therefore, 
while LSECs can produce collagen I and other ECM 
components, their major contribution to fibrosis in 
chronic liver injury is probably through their paracrine 
effects on HSC quiescence and activation.

Stellate cell activation: a central feature 
of hepatic fibrosis

The hepatic stellate cell (HSC) lies within the space of 
Disse in direct contact with hepatocytes, endothelial 
cells, inflammatory cells, and nerve fibres (Fig.  6.2). In 
the normal liver, these cells have cytoplasmic droplets 
containing vitamin A, which represent 40–70% of the 
body’s total retinoid content.

In its quiescent state the HSC produces predomi-
nantly type IV collagen, the collagen characteristic of a 
normal basement membrane. With injury, it undergoes 
phenotypic changes referred to as ‘activation’, character-
ized by loss of retinoid droplets, cellular proliferation, 
increased endoplasmic reticulum, increased contractil-
ity with expression of smooth muscle specific α‐actin, 
and secretion of cytokines/chemokines (Fig. 6.3). This 
phenotypic switch is also characterized by production 
of type I collagen, the high‐density interstitial collagen 

Day 3
(Quiescent)

Day 21
(Moderately Activated)

Passage 3
(Fully Activated)

Fig. 6.3 Morphological changes in human hepatic stellate cells (HSCs) during culture‐induced activation [6]. HSCs are isolated by density 
centrifugation from normal liver. Plated on plastic they are initially vitamin A‐rich cells, exhibiting autofluorescence. Subsequently, they 
lose their vitamin A droplets, becoming more proliferative and spindle shaped. Culture‐induced activation is a model system used to 
study in vivo activation. (Phase‐contrast microscopy, ×200.)
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characteristic of the cirrhotic liver, as well as matrix‐
degrading enzymes.

HSC activation is a central event in hepatic fibrosis 
and can be conceptualized as occurring in at least two 
stages: (1) initiation and (2) perpetuation (Fig. 6.4).

Initiation refers to early events, including rapid 
changes in gene expression and a cellular phenotype that 
renders HSCs responsive to cytokines and other stimuli. 
Initiation is provoked by different factors depending on 
disease aetiology. Stimuli include oxidant stress signals 
(reactive oxygen intermediates), apoptotic bodies, and 
lipopolysaccharide. Moreover, the rapid, disruptive 
effects of liver injury result in early changes in the ECM 
composition and alter the homeostasis of neighbouring 
cells such as hepatic macrophages (Kupffer cells), sinu-
soidal endothelium, and hepatocytes, resulting in parac-
rine stimuli that ‘prime’ the HSC to respond to a host of 
growth factors and cytokines.

Perpetuation involves cellular events that amplify the 
activated phenotype through enhanced cytokine expres-
sion and responsiveness, and the acquisition of features 
critical to the development of fibrosis.

These signals provide the impetus for scar formation 
through:

 ● enhanced HSC proliferation, contractility, and 
fibrogenesis;

 ● altered matrix degradation;
 ● HSC chemotaxis;
 ● direct interactions between HSCs and the immune 

system;
 ● secretion of proinflammatory mediators.

Once the initiating injury signal is eliminated (i.e. 
treatment of underlying disease, discontinuation of 
hepatotoxins such as ethanol), HSCs either revert to the 
quiescent phenotype or are removed from the liver 
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Fig. 6.4 Pathways of hepatic stellate cell (HSC) activation. HSC activation can be divided into two phases: initiation and activation. 
Initiation is provoked by soluble stimuli that include oxidant stress signals (reactive oxygen intermediates), apoptotic bodies, 
lipopolysaccharide (LPS), and paracrine stimuli from neighbouring cell types including hepatic macrophages (Kupffer cells), sinusoidal 
endothelium, and hepatocytes. Perpetuation follows, characterized by a number of specific phenotypic changes including proliferation, 
contractility, fibrogenesis, altered matrix degradation, chemotaxis, and inflammatory signalling. PDGF, platelet‐derived growth factor; 
VEGF, vascular endothelial growth factor; FGF, fibroblast growth factor; ET‐1, endothelin‐1; NO, nitric oxide; TGFβ1, transforming growth 
factor‐β1; CTGF, connective tissue growth factor; MMP, matrix metalloproteinase; MT‐MMP, membrane‐type matrix metalloproteinase; 
TRAIL, TNF‐related apoptosis‐inducing ligand; TIMP, tissue inhibitor of metalloproteinase; TLR, toll‐like receptor. Source: Modified from 
Friedman 2000 [26]. Reproduced with permission.
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through programmed cell death, or apoptosis. This para-
digm has provided the framework for the development 
of numerous antifibrotic approaches (see later).

Stellate cell activation

Because activation of quiescent HSCs into activated 
myofibroblasts is the primary event driving the fibrotic 
response, preventing HSC activation is an attractive tar-
get for antifibrotic approaches. Since oxidant stress is an 
initiating signal, antioxidants, such as a‐tocopherol 
(Vitamin E) may benefit a subset of patients with NASH 
[13]. Nuclear hormone receptor signalling pathways play 
an important role in HSC activation and have emerged 
as a target for a number of chronic liver diseases, par-
ticularly NASH. Both PPAR α,δ receptor and farnesoid X 
receptor (FXR) agonists, in particular, have yielded 
promising results in animal models and now in human 
clinical trials for NASH [14–16].

A characteristic feature of HSC activation is loss of 
the characteristic cytoplasmic retinoid (vitamin A) 
droplets. Normally the retinoid is stored as retinyl 
esters, whereas the form of retinoid released outside 
the cell during activation is retinol, suggesting that 
there is intracellular hydrolysis of esters prior to 
export [17]. Indeed, autophagy, an intracellular path-
way that degrades intracellular substrates to preserve 
energy homeostasis, can generate free fatty acids 
through cleavage of retinyl esters [18]. This response 
is linked to endoplasmic reticulum stress that acti-
vates the unfolded protein response in HSCs [19,20], 
and thus may serve as a target for antifibrotic 
approaches. Recent studies have implicated at least 
two of the three different arms of the unfolded protein 
response, both phosphorylation of ER stress‐activated 
PKR‐like endoplasmic reticulum kinase (PERK) [20], 
as well as the splicing of the X‐box binding protein 
(XBP1) microRNA [21]. Together, these pathways may 
be engaged in part to cope with the increasing load of 
protein produced as HSCs activate.

Proliferation
With activation, HSCs proliferate rapidly. Platelet‐
derived growth factor (PDGF‐β) is the most potent 
mitogenic factor for HSCs by acting through its recep-
tor, β‐PDGFR [22]. Both the PDGF ligand and receptor 
are rapidly induced in vivo and in culture as HSCs acti-
vate [23,24]. Other HSC mitogens include vascular 
endothelial growth factor (VEGF), thrombin, endothe-
lial growth factor (EGF), transforming growth factor‐α 
(TGF‐α), keratinocyte growth factor, fibroblast growth 
factor (FGF), insulin‐like growth factor IGF‐1, and 
CXCL12 [25].

Contractility
During liver injury, the normally quiescent HSC also 
acquires ‘myogenic’ features including expression of 
alpha smooth muscle actin [27] and myosin [28], which 
confer contractile properties. HSC contractility contrib-
utes to increased portal resistance even with early fibro-
sis. This may be more reversible than when portal 
pressure is increased as a result of thickened septae and 
lobular distortion characteristic of advanced fibrosis. 
Endothelin‐1 and nitric oxide are key regulators that 
control HSC contractility through their mutually antago-
nistic activities. Contractility is also affected by several 
other mediators including angiotensin II, eicosanoids, 
atrial natriuretic peptide, somatostatin, and carbon 
monoxide, among others [29].

Fibrogenesis
The production of type I collagen is the cardinal feature 
of the activated HSC. While other cytokines are impor-
tant for the induction of HSC‐derived collagen I, TGF‐β1 
remains the most potent fibrogenic cytokine. Cellular 
sources of TGF‐β1 in chronic liver injury include sinu-
soidal endothelial cells, Kupffer cells, and HSCs. 
Therefore, both autocrine and paracrine loops contrib-
ute to the development of liver fibrosis [30]. Other profi-
brogenic cytokines include CTGF, FGF, and VEGF. HSP 
47, a chaperone protein essential for collagen biosynthe-
sis, is increased in activated HSCs making it an attractive 
antifibrotic target [31].

Chemotaxis
Since fibrosis is a normal wound‐healing response to 
encapsulate injury, it is not surprising that the HSCs 
migrate towards sites of injury driven by chemoattract-
ants, which include PDGF [32], monocyte chemotactic 
protein‐1 (MCP‐1) [33], and CXCR3 ligands [34]. 
Migration of HSCs to sites of injury may also be impor-
tant to promote interactions with the immune cells at 
sites of injury.

Inflammatory signalling
HSCs are also effectors in the liver’s immune response to 
injury. HSCs secrete proinflammatory cytokines/
chemokines such as CCL2 and CCL5, underscoring their 
ability to promote inflammation rather than simply 
 serving as a passive target of inflammatory cytokines. 
Interestingly, sources of CCR2 evolve with progressive 
liver injury, and are initially derived from bone marrow 
cells but later are derived from resident liver cells [35]. 
Based on their contribution to hepatic fibrosis, antago-
nists to CCR2 and CCR5 are now in clinical trials.

HSCs, like dendritic cells, can also function as profes-
sional antigen presenting cells by efficiently presenting 
antigen to MHC‐I and MHC‐II‐restricted T cells in vitro 
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and stimulating lymphocyte proliferation [36–38]. In 
addition, signalling by TLR4 (toll‐like receptor 4) in 
HSCs in response to bacterial lipopolysaccharide further 
implicates this cell type in the liver’s innate immune 
response to injury. Interestingly, specific TLR4 SNPs 
contribute to fibrosis progression in HCV infection, pro-
viding a direct link between genetic risk and disease 
pathogenesis [39]. While attention has historically been 
placed on exogenous pathogen‐associated molecular 
patterns (PAMPs) in driving inflammation and fibrosis, 
recent data highlights the role of sterile inflammation, or 
damage‐associated molecular patterns (DAMPs) in pro-
moting fibrogenesis. Activation of pattern recognition 
receptors by DAMPS promotes the assembly of a cyto-
solic protein complex termed the inflammasome, result-
ing in activation and secretion of interleukin‐1 beta and 
other cytokines. Identification of DAMPS, their recep-
tors, signalling pathways, and cytokines now provides a 
wide range of therapeutic targets for which many antag-
onists are already available [40].

Adipokine and neuroendocrine signalling
The cross‐talk between other organs and the liver is 
emerging as an important mechanism underlying the 
development of hepatic inflammation and fibrosis. 
Pathways stimulated by adipokines, or polypeptides 
derived from adipose tissue, are increasingly implicated 
in hepatic disease [41]. While some adipokines are 
strictly derived from fat, others are also produced by 
resident liver cells. For example, leptin and adiponectin 
are both derived from HSCs, and their reciprocal dys-
regulation may drive fibrogenesis primarily through 
local paracrine signalling [41,42].

Neuroendocrine activity also contributes to hepatic 
fibrogenesis especially cannabinoid signalling [43]. The 
cannabinoid CB1 receptor signalling is profibrogenic, 
and thus efforts to antagonize this molecule have met 
with significant success in animal models [44,45] and are 
being evaluated in human trials. Conversely, CB2 recep-
tor signalling is antifibrogenic, and thus a strategy to 
agonize this receptor is also rational [46] but is limited 
due to its potential pro‐inflammatory effects [47]. Similar 
to cannabinoids, neurotrophins, serotonin, and opioids 
play a role in local fibrogenic signalling, and divergent 
effects in HSCs may be elicited by different subtypes of 
their receptors [43].

Stellate cell apoptosis, reversion, or senescence
Reversal of the activated HSC phenotype, HSC senes-
cence and apoptosis both occur in vivo during regression 
of experimental fibrosis [48–50]. In particular, as liver 
fibrosis is decreased, there is selective cell death of acti-
vated HSCs. While TIMP‐1 inhibits HSC apoptosis [51], 
PPARγ signalling drives reversion of activated HSCs to a 

more quiescent, or inactivated state and thus approaches 
to drive apoptosis or reversion are under investigation. 
Another approach is to stimulate HSC clearance medi-
ated by natural killer T cells in experimental models 
[52,53], which is now being translated into potential 
treatments. Similarly, activation of the inflammasome in 
HSCs [54], represents a potential target for other immu-
nologic antifibrotic strategies.

Gene regulation in hepatic stellate cells 
and myofibroblasts
Advances in understanding gene regulation have impli-
cations for all aspects of HSC biology, including tran-
scription factor activity, localization, and modification, 
as well as epigenetic regulation of gene expression by 
methylation, which can even be transmitted vertically 
[55,56]. A growing repertoire of transcription factors 
cooperatively regulate gene expression through post‐
translational modification of regulatory proteins [57–
60]. Moreover, microRNAs have emerged as important 
regulators of HSC activation. For example, myofibroblast 
activity can also be controlled by a microRNA, miR132, 
which releases a translational block on the methyl‐CpG‐
binding protein, which in turn leads to repression of the 
peroxisome proliferator‐activated receptor γ (PPARγ) 
transcription factor [56].

Local interactions influencing fibrogenesis

Cell–matrix, cell–cell, cytokine, and immune 
interactions
Fibrosis is the net result of a complex interplay between 
resident hepatic cells, infiltrating inflammatory cells, 
several locally acting signals, and interactions between 
the ECM and cells.

Cell–matrix and cell–cell interactions
The ECM is not simply an inert scaffold for hepatocytes. 
Rather, individual ECM proteins contain domains that 
interact with HSCs and other cells through membrane 
receptors including integrins, thereby transducing their 
effects through cytoplasmic signalling pathways that reg-
ulate collagen synthesis and metalloproteinase activity 
[61]. Similarly, hepatocyte and HSC function is regulated 
by the content/structure of the ECM [62]. The ECM 
serves as a depot of soluble factors and HSCs produce a 
number of matrix metalloproteinases (MMPs) which can 
locally degrade the ECM thereby promoting the release of 
growth factors, such as HGF, the most potent mitogenic 
factor for hepatocytes. In addition, hepatocyte prolifera-
tion is regulated by the content/structure and stiffness of 
the extracellular matrix. Specifically, stiff heavily cross‐
linked type I interstitial collagen, characteristic of the cir-
rhotic liver, may be less conducive to hepatocyte 
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proliferation than the soft type IV collagen characteristic 
of a normal basement membrane [63]. Conversely, the 
proliferative capacity of hepatocytes may also directly 
affect fibrogenesis. Telomere shortening impairs liver 
regeneration in mice and is associated with cirrhosis for-
mation in humans with chronic liver disease [64]. 
Maintenance of telomere length is vital for hepatocytes to 
proliferate normally. Therefore there is an inverse rela-
tionship between liver regeneration and liver fibrosis. 
This relationship is also suggested by the significant pres-
ence of a ductular reaction in many causes of significant 
acute and chronic liver injury. Both the ductular reaction 
in humans and hepatic progenitor cells in rodent models 
are closely associated with collagen and laminin accumu-
lation, although it is not clear what is cause and what is 
effect. Understanding the interactions between progeni-
tor cells and matrix is critical for the development of 
novel regenerative and antifibrotic therapies and a fertile 
area for future research [65].

Cytokine signalling
Cytokines are a family of proteins that function as medi-
ators of cell communication. They include chemokines, 
interleukins, interferons, growth factors, angiogenic fac-
tors, soluble receptors, and soluble proteases. The cellu-
lar sources of cytokines depend on the underlying 
aetiology of liver disease. Regardless of the cellular 
source, however, amplified cytokine synthesis and 
release are important for injury, inflammation, and ulti-
mately fibrosis. While an exhaustive characterization of 
these mediators is beyond the scope of this chapter (see 
review [66]), cytokines regulate fibrosis through either 
direct effects on HSCs (reviewed earlier) or by promot-
ing inflammation.

Chronic inflammation and fibrosis are intricately 
linked. Interactions between HSCs and infiltrating leu-
cocytes are critical in determining the outcome of liver 
injury. Not only do leucocyte‐derived cytokines influ-
ence HSC activation and fibrogenesis, but HSC‐derived 
cytokines/chemokines are important for the recruitment 
and retention of inflammatory cells [67]. Their location 
within the space of Disse behind fenestrated endothelial 
cells position them to efficiently promote leucocyte infil-
tration into the liver.

Immune interactions
The immune interactions in the development of liver 
fibrosis are complex and differ based on disease aetiology 
and context. Macrophages play divergent roles in liver 
fibrosis progression and regression. For example, deple-
tion of macrophages during the induction of fibrosis 
results in decreased fibrosis progression, yet when mac-
rophages are depleted during recovery, fibrosis regres-
sion is prolonged due to loss of macrophage‐derived 

matrix proteases [68]. A particular subset of ‘Ly6clo’ mac-
rophages and their human CD14/CD16 counterparts 
promote matrix degradation [69]. Natural killer (NK) 
cells, which contribute to immediate innate responses, 
may suppress fibrosis by killing activated myofibroblasts, 
while NKT cells can express profibrotic activity [70].

Matrix production (fibrogenesis) 
and degradation (fibrinolysis) (Fig. 6.5)

The extracellular matrix during fibrogenesis consists of 
fibrillar collagen and matrix glycoproteins such as 
fibronectin, laminin, and hyaluronic acid. TGF‐β1 is the 
most profibrogenic cytokine in chronic liver injury. 
During fibrinolysis, a net increase in interstitial colla-
genase activity occurs as a result of both increased MMPs 
and decreased tissue inhibitors of MMPs (TIMPS) 
(Fig.  6.5) and changes in converting enzymes (MT1‐
MMP and stromelysin). TIMP‐1 plays a central role in 
fibrosis progression and regression. During fibrogenesis, 
TIMP‐1 levels are increased resulting in both decreased 
degradation of type I collagen as well as persistence of 

Fibrogenesis

Fibrinolysis

Activated stellate cell

Fibrillar collagen

Fibronectin

Laminin

Hyaluronic acid

Glycoprotein
fragments

Collagen
fragments

Release into blood

TGF-β1/
CTGF

↑MMPs

↓TIMPs

Fig. 6.5 Pathway of extracellular matrix production and 
degradation. Individual extracellular matrix components are 
cleaved and released into the blood (e.g. tissue inhibitor of 
metalloproteinase [TIMPs], matrix metalloproteinases [MMPs], 
transforming growth factor‐β1 [TGF‐β1], connective tissue growth 
factor [CTGF]). These have been included in various serum 
biomarker panels.
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activated HSCs. Once injury ceases, TIMP‐1 levels 
decline allowing for the degradation of scar matrix and 
apoptosis of activated HSCs.

The imbalance between matrix synthesis and degra-
dation plays a major role in ECM accumulation during 
hepatic fibrogenesis [71]. While key sources of matrix‐
degrading activity are uncertain, both scar‐associated 
macrophages and HSCs are potential sources of inter-
stitial collagenases. Activated HSCs are the main source 
of MMP‐2, MMP‐3 (stromelysin), and MMP‐13, the 
rodent equivalent of the human interstitial collagenase 
MMP‐1. In addition, HSCs express RNA for TIMP‐1 
and TIMP‐2, and produce TIMP‐1 and MT1‐MMP 
(reviewed in [71]).

Because fibrolysis plays a critical role in fibrosis regres-
sion, breakdown components of the ECM, MMPs, and 
TIMPs are often components of non‐invasive fibrosis 
panels (see later and Fig. 6.5).

 Clinical aspects of hepatic fibrosis

There have been significant advances in our ability to 
predict risk of fibrosis progression in individuals. Some 
key concepts are relevant to most patients: (1) The sever-
ity of inflammation, necrosis, and injury usually corre-
lates with the rate of progression; (2) concurrent hepatic 
insult by more than one agent is synergistic for progres-
sion of fibrosis and thus treatment of one without the 
other would limit fibrosis regression; (3) the extent of 
fibrosis is the key driver of clinical outcomes; (4) modifi-
able and non‐modifiable environmental and behavioural 
factors contribute to fibrosis risk; (5) the exact moment 
when fibrosis becomes irreversible is not known; (6) cir-
rhosis is more than a single stage, with variable risk of 
decompensation [72].

There is an increasing need to monitor fibrosis stage in 
patients with advanced liver disease in order to identify 
those who might be candidates for antifibrotic therapy 
trials and to consider whether regular surveillance for 
liver cancer is indicated.

 Emerging antifibrotic targets 
and strategies

The improved understanding of the mechanisms under-
lying hepatic fibrogenesis make the development of 
antifibrotic therapies an emerging reality. While numer-
ous targets demonstrate promise in animal models, cur-
rently no drugs have been approved as antifibrotic 
agents for clinical use. With effective all oral therapy for 
hepatitis C, NASH has become the main disease where 

most antifibrotics are being tested and those closest to 
approval. The first pivotal trial compared vitamin E and 
pioglitazone, a synthetic PPARγ ligand, to placebo. 
While Vitamin E led to a reduction in fibrosis, pioglita-
zone also showed reduced inflammation and transami-
nases but had the untoward side effect of weight gain 
limiting enthusiasm [73]. However, studies using a PPAR 
α,δ agonist seem promising without the side effects of 
the PPARγ agonist [15]. Recent encouraging results 
include the farnesoid X receptor agonist, specifically 
obeticholic acid, in which a phase 2 study reported 
improvement in fibrosis and histologic features of 
NASH; this has led to a phase 3 study, which is currently 
ongoing to definitively establish whether the drug is effi-
cacious in NASH [16]. A CCR2/CCR5 antagonist 
recently demonstrated fibrosis improvement in NASH 
but without an improvement in NAS score, highlighting 
the first potential dissociation between injury/inflam-
mation and fibrosis in a clinical trial [74]. This com-
pound is now being evaluated in primary sclerosing 
cholangitis where fibrosis predominates in a peribiliary 
pattern.

As a growing number of drugs are being tested for 
NASH to reduce fibrosis, some fundamental concepts 
remain constant. Therapies will need to be well tolerated 
over decades and must be effective in reversing already 
established liver disease. The paradigm of HSC activa-
tion (Fig.  6.4) provides a framework to classify antifi-
brotic approaches. In diseases that cannot be cured, 
potential approaches will be to:

 ● reduce inflammation and/or modify the host response 
in order to avoid stimulating HSC activation;

 ● directly downregulate HSC activation;
 ● neutralize proliferative, fibrogenic, contractile, or pro-

inflammatory responses of HSCs;
 ● stimulate apoptosis, deactivation, or senescence of 

HSCs;
 ● increase the degradation of scar matrix, by stimulating 

cells to produce matrix proteases, downregulating 
their inhibitors, or directly administering matrix 
proteases.

Although there is clear progress towards antifibrotic 
therapies in humans, key questions remain:

 ● Will patients need lifelong treatment?
 ● Will reversal of fibrosis reverse portal hypertension 

due to the architectural changes?
 ● Will reversing fibrosis reduce the risk of hepatocellular 

carcinoma?

Despite these uncertainties, tremendous advances in 
our understanding of the molecular mechanisms of 
fibrogenesis are imminently leading to therapies that will 
alter the natural history of chronic liver disease.
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 Introduction

The emergence of non‐invasive approaches to assess 
liver fibrosis has led to a major change in the clinical 
practice of hepatology. Few advances in hepatology have 
moved so rapidly from inception to use at the bedside. 
The increasing number of such techniques in the past 
10  years has not only resulted in earlier detection of 
patients with hepatic fibrosis, but also new models for 

the  stratification, prognostication, and treatment of 
patients with chronic liver diseases [1,2].

The tools available for non‐invasive assessment of 
fibrosis range from simple scores calculated from routine 
laboratory parameters or more complex serum biomark-
ers, to elastography techniques to measure liver stiffness. 
These methods aim to overcome the disadvantages inher-
ent in liver biopsy/histology and hepatic venous pressure 
gradient (HVPG) measurement. Importantly, the use of 
non‐invasive tests has in many situations gone beyond 
the initial purpose of assessing the extent of fibrosis, to 
predicting the consequences of chronic liver disease 
including portal hypertensive complications and the 
development of hepatocellular carcinoma (HCC) [3].

However, non‐invasive tests are not without limitations 
and these need to be considered in their clinical use. The 
common shortfall is their reliance on liver biopsy as the 
reference standard and the relative use of semi‐quantita-
tive scoring systems for scoring liver tissue fibrosis [4]. 
Furthermore, the majority of studies validating non‐ 
invasive tests involve chronic viral hepatitis, with a ‘post‐
necrotic’ pattern of fibrosis. These issues must be taken 
into account when applying non‐invasive tests to chronic 
liver diseases from other causes. Finally, there is still much 
to be explored with these non‐invasive techniques, 
 particularly in the assessment of fibrosis regression.

This chapter provides an overview of the available 
non‐invasive tests, their use, and limitations.

 The use of invasive and non‐invasive tests

Non‐invasive tests were developed initially to detect two 
histopathological endpoints: significant fibrosis and cir-
rhosis. The definition of these endpoints is dependent on 
the histological scoring system used. Generally the 
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LEARNING POINTS

 ● Hepatic fibrosis, previously dependent on liver biopsy 
for detection, can now be assessed using ‘non‐invasive’ 
techniques.

 ● Non‐invasive tests comprise ‘serum markers’ (directly 
or indirectly related to fibrogenesis or fibrosis) and 
measurement of hepatic stiffness by elastography.

 ● Most of the evidence base for the accuracy of these 
tests comes from studies of hepatitis C and non‐alco-
holic fatty liver disease.

 ● All non‐invasive tests perform well in identifying the 
presence of cirrhosis (stage 4 fibrosis) but are less accu-
rate and consistent in defining earlier stages of fibrosis.

 ● It appears that transient elastography (TE), which 
measures liver stiffness, remains to date the most 
robust and widely used non‐invasive test.

 ● Non‐invasive tests are proving of value beyond assess-
ing the stage of hepatic fibrosis, including indicating 
clinically significant portal hypertension, and a thresh-
old has been proposed for deciding when and if 
endoscopy is done looking for varices.

 ● Splenic elastography and other more complex hepatic 
elastography techniques are under development and 
may become more widely applied clinically in the future.
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METAVIR or Ishak systems have been used in chronic 
viral hepatitis and have formed the basis for validation of 
non‐invasive tests. Significant fibrosis refers to a 
METAVIR score of F2 or greater (Ishak ≥3), whereas 
METAVIR F4 (Ishak ≥5) denotes cirrhosis.

The importance of detecting significant fibrosis is to 
identify those patients who are at risk of progression to cir-
rhosis and therefore require treatment of the underlying 
cause. The diagnosis of cirrhosis defines a poorer prognos-
tic group at risk of developing complications of chronic 
liver disease. These patients not only need treatment of the 
underlying cause but also surveillance for oesophageal 
varices and HCC. The development of either of these his-
topathological endpoints often  precedes any overt clinical 
features, thus highlighting the important clinical role of 
invasive or non‐invasive tests for liver fibrosis.

Liver biopsy

Liver biopsy has been the reference standard for both 
 significant fibrosis and cirrhosis, but has several limita-
tions. The information from histology may be incomplete 
because the size of the biopsy is inadequate (<15 mm in 
length) or the biopsy may be fragmented. In addition, an 
average liver biopsy is representative of only 1/50 000th of 
the total liver mass and hence is prone to sampling error 
[5]. Other factors contributing to misinformation include 
the heterogeneous distribution of  disease activity and pat-
tern of fibrosis, which can vary with disease aetiology, as 
can the presence of established macronodular cirrhosis.

Histopathological interpretation can also be effected 
by both inter‐ and intraobserver variation [6,7]. This 
occurs more in METAVIR F1 to F3 stages, with discord-
ance in histological staging reported to be as high as 
57% in one study of 247 biopsies reported by dedicated 
histopathologists [8]. Liver biopsy also has a limited 
ability to stratify the prognosis of patients with cirrho-
sis or predict the development of portal hypertension 
or HCC. Morphometric quantification of collagen (e.g. 
collagen proportionate area or CPA) may partially 
address this issue, but is not yet in widespread use [9].

Finally, biopsy is not a readily repeatable test because 
of the risk of complications and the cost. As a result, 
liver biopsy can only provide a static rather than dynamic 
picture of the chronic disease process. Regardless of 
this, liver biopsy does have the distinct ability to provide 
information on disease activity, cause, and pathophysi-
ology, which non‐invasive tests do not give.

Hepatic venous pressure gradient measurement

The prognosis of patients with chronic liver disease has 
been linked to the progression of portal hypertension [10]. 
In cirrhosis, the measurement of HVPG has an excellent 

correlation with portal venous pressure. The threshold 
for developing portal hypertensive complications, 
termed clinically significant portal hypertension (CSPH), 
is a HVPG of 10 mmHg or greater. Haemorrhage from 
gastro‐oesophageal varices occurs with a higher inci-
dence when the HVPG exceeds 12 mmHg [11,12]. 
However, despite being a reliable diagnostic and prog-
nostic tool, HVPG measurement has not been univer-
sally adopted outside specialist centres. This is primarily 
due to the expertise required and the associated costs. 
The invasive nature of this procedure also prevents 
HVPG from being used routinely to monitor portal pres-
sure or the response to treatment, such as beta‐blockade, 
outside the research setting. Moreover, HVPG is only of 
use in established cirrhosis and has no value in patients 
with pre‐cirrhotic fibrosis.

Non‐invasive testing

Non‐invasive tests allow a series of measurements to be 
made. They can therefore provide a dynamic picture of 
stability, progression and, in theory, regression of the 
chronic disease process. This is in contrast to both liver 
biopsy and HVPG measurement. The former provide 
information up until the point of cirrhosis; the latter 
require cirrhosis to be present to yield useful results.

Thus non‐invasive testing can produce serial data from 
early fibrotic stages through to established cirrhosis and 
the subsequent development of complications. Both 
meta‐analysis and modelling data suggest that the use of 
non‐invasive testing in chronic hepatitis C virus (HCV) 
infection is cost‐effective; further evidence is still 
required for other causes of liver disease [13,14].

Over the past decade, the widespread use of non‐inva-
sive tests has led to the earlier recognition of patients 
with chronic liver disease. One result of this is that it is 
now understood that advanced fibrosis and very early 
cirrhosis, without clinical manifestations, can be viewed 
as points on a spectrum, rather than rigid disease stages. 
This concept is supported by the observation that 
patients with pre‐cirrhotic non‐alcoholic fatty liver dis-
ease (NAFLD) may develop HCC [15], that patients with 
advanced fibrosis may have portal hypertension [16], 
and that regression of early stage cirrhosis can be docu-
mented after successful antiviral therapy [17,18].

It must be emphasized that cirrhosis is a histopatho-
logical diagnosis and that no accepted clinical definition 
exists, particularly as, initially, many cirrhotic patients 
do not have any overt clinical manifestations. Recently, 
the term ‘advanced chronic liver disease’ has been pro-
posed in the Baveno VI Consensus Guidelines to classify 
patients who are at risk of developing CSPH and HCC 
based primarily on non‐invasive assessment. These 
guidelines are also the first to propose that transient 
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 elastography (TE), a non‐invasive test, can be used 
together with platelet count to identify patients who 
could safely avoid unnecessary endoscopic variceal 
screening [2].

Non‐invasive tests have also been incorporated into 
viral hepatitis guidelines for fibrosis assessment so as to 
give a threshold for starting treatment [19–22]. It should 
be stressed that non‐invasive tests generally do not pro-
vide information on the cause of the liver disease. They 
are of use only once the cause of chronic liver disease has 
been confirmed. With the availability of highly accurate 
viral assays, conventional imaging, and serological mark-
ers such as anti‐mitochondrial antibodies in primary bil-
iary cholangitis, liver biopsy is less often required for 
diagnosis. On the other hand, abnormal non‐invasive 
tests can be used to determine who to biopsy, particu-
larly if two of such tests are independently discordant in 
the assessment of fibrosis [1].

Assessment of fibrosis regression is an emerging 
application of non‐invasive testing. Research in this 
field has benefited from the momentum of the inter-
feron‐free treatment era in patients with HCV. Non‐
invasive tests are already challenging currently held 
views regarding the outcome of patients after a sus-
tained virological response (SVR, undetectable HCV 
RNA at either 12 or 24 weeks post‐treatment). In patients 

with an SVR, significant reductions in TE measurements 
appear after 1.5 to 3 years [23]. Any changes within the 
first 6 months post‐SVR largely reflect a reduction in 
necro‐inflammatory activity rather than regression of 
established fibrosis [24]. The potential use of non‐inva-
sive testing in this setting is to identify those patients 
with advanced chronic liver disease who are still at risk 
of complications after successful treatment (e.g. SVR in 
chronic HCV) and hence require monitoring. Alternatively, 
in those in whom advanced fibrosis regresses, such follow‐
up could be safely avoided. However, further research is 
required to firmly establish the role of non‐invasive tests in 
this context [25].

Fig. 7.1 shows the place of non‐invasive and invasive 
tests according to the phase of chronic liver disease. The 
strengths and limitations of specific methods are dis-
cussed later.

 Non‐invasive tests: specifics

Current non‐invasive tests can be divided into two broad 
categories:

 ● serum markers of fibrosis;
 ● measurement of liver stiffness.

Molecular imaging

Biomarkers for liver-related outcomes
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Fig. 7.1 Schema representing the use of non‐invasive and invasive tests at corresponding clinical stages. The clinical progression of 
patients with liver disease is represented by the horizontal green arrow. The term ‘advanced chronic liver disease’ applies to patients with 
advanced fibrosis and cirrhosis who are at risk of clinical decompensation, hepatocellular carcinoma, and death. This risk increases with 
disease progression (red graph) and HVPG. Validated tests are located at the bottom of the figure with those requiring further study listed 
higher. HVPG, hepatic venous pressure gradient; CPA, collagen proportionate area.
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Serum markers use peripheral blood biomarkers 
that  have been correlated with the presence of hepatic 
fibrosis (Table 7.1a). Liver stiffness measurement (LSM) 
refers to the quantification of the physical rigidity of the 
liver parenchyma. This is most commonly performed 
using ultrasound elastography techniques. Transient 
elastography (TE) using FibroScan® (Echosens, Paris, 
France) is the most widely studied and validated non‐
invasive method. Measurement of spleen stiffness, using 
liver elastography techniques, is being studied as a way of 
detecting CSPH. Molecular imaging, detecting a molec-
ular probe by MRI or PET scanning, is a novel approach 
that shows promise for fibrosis assessment but is still 
experimental.

The performance of different tests, both serum and 
measurement of liver stiffness, is compared in the litera-
ture using their ‘area under the receiver operating 
 characteristic curve’ abbreviated to AUROC (Fig.  7.2). 
This plots the true positive rate on the ‘y’ axis, against the 
false positive rate on the ‘x’ axis. Three curves are shown 
in Fig. 7.2 to demonstrate tests with excellent, good, and 
worthless results. The numerical comparison is done 
using the area under this curve, with 1 being the highest 
score possible (perfection) and 0.5 being of no value. 
However, AUROCs have several limitations that reduce 
interpretability in the clinical setting.

AUROCs do not give information on the proportion 
of correctly classified patients in the cohorts being stud-
ied and this may be misleading. Points x and y in Fig. 7.2 
illustrate that on the same curve, different cut‐off values 
are chosen to maximize the sensitivity and/or specificity 
of a given test; however, the AUROC remains the same. 
Table 7.1b demonstrates this point with real‐world non‐
invasive test data, highlighting that although the 
AUROCs may be similar between tests, the respective 

Table 7.1(a) Serum markers of fibrosis: derivation of score where 
appropriate (see pp. 98 and 99 for abbreviations)

Serum marker Formula or components

APRI [39] AST (/ULN)/platelet (109/L) × 100
BARD Score [89] BMI ≥ 28 = 1; AST/ALT ratio ≥ 0.8 = 2; 

diabetes = 1; score ≥ 2, odds ratio for 
advanced fibrosis = 17

ELF® [34] hyaluronate, PIIINP, TIMP‐1
FIB‐4 [40] age (yr) × AST [U/L]/(platelets 

[109/L] × (ALT [U/L])1/2

Fibrometer® [35] α‐2‐macroglobulin, hyaluronate, platelet 
count, prothrombin index, urea, age

FibroSpectII® [32] α‐2‐macroglobulin, hyaluronate, TIMP‐1
Fibrotest® [42] α2‐macroglobulin, GGT, apolipoprotein 

A1, haptoglobin, bilirubin, age, gender
Forns Index [90] 7.811 – 3.131 × ln(platelet 

count) + 0.781 × ln(GGT) + 3.467 × ln(age) 
– 0.014 × (cholesterol)

HALT‐C model [91] −3.66 – 0.00995 × platelets (103/mL) + 
0.008 × serum TIMP‐1 + 1.42 × log 
(hyaluronate)

Hepascore® [33] α‐2‐ macroglobulin, bilirubin, GGT, 
hyaluronate, age, gender

Lok Index [92] −5.56 – 0.0089 × platelet (103/mm3) + 
1.26 × AST/ALT ratio = 5.27 × INR

NAFLD Fibrosis 
Score [93]

(−1.675 + 0.037 × age (yr) + 0.094 × BMI 
(kg/m2) + 1.13 × impaired fasting glucose/
diabetes (yes = 1, no = 0) + 0.99 × AST/
ALT ratio – 0.013 × platelet count 
(×109/L) – 0.66 × albumin [g/dL])

SHASTA [36] 3.84 + 1.70 (1 if HA 41–85 ng/mL, 0 
otherwise) + 3.28 (1 if HA >85 ng/mL, 0 
otherwise) + 1.58 (albumin <3.5 g/dL, 0 
otherwise) + 1.78 (1 if AST >60 IU/L, 0 
otherwise)

APRI, AST to platelet ratio index; ELF®, enhanced liver fibrosis.
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  Table 7.1(b)    Performance of common serum markers of fibrosis 

Marker Disease
 Endpoint 
 ≥F2/F3 

 Cut‐off 
 value 

 Sensitivity 
 (%) 

 Specificity 
 (%) 

 Endpoint 
 F4 

 Cut‐off 
 value 

 Sensitivity 
 (%) 

 Specificity 
 (%) AUROC    

APRI   [39]    *  HCV ≥F2  ≤0.50 
 ≥1.50 

 91 
 41 

 47 
 95 

0.80  

F4  <1.00 
 >2.00 

 89 
 57 

 75 
 93 

0.89  

BARD Score   [89]  NAFLD ≥F3 ≥2 – – 0.81  
ELF®   [34]  Various >F2 0.102 91 41 0.78  

F4 0.025 91 70 0.89  
FIB‐4   [40]    *  HCV‐HIV ≥F3  <1.45 

 >3.25 
 70 
 22 

 74 
 97 

0.77  

Fibrometer®   [35]  Various ≥F2 – 80 84 0.89  
FibroSpectII®   [32]  HCV ≥F2 >0.36 77 73 0.83  
Fibrotest®   [42]  HCV ≥F2 ≥0.5 75 85 0.87  
Forns Index   [90]    *  HCV ≥F2  <4.2 

 >6.9 
 94 
 30 

 51 
 96 

0.81  

HALT‐C model   [91]    *  HCV F4  ≥0.5 
 <0.2 

 47 
 88 

 92 
 45 

0.81  

Hepascore®   [33]  HCV ≥F2 ≥0.5 63 89 0.82  
F4 >0.84 71 89 0.89  

Lok Index   [92]    *  HCV F4  <0.2 
 >0.5 

 98 
 40 

 53 
 99 

0.81  

NAFLD Fibrosis Score   [93]    *  NAFLD F4  <−1.455 
 >0.676 

 77 
 43 

 71 
 96 

0.82  

SHASTA   [36]    *  HCV‐HIV ≥F2  <0.30 
 >0.80 

 88 
 15 

 72 
 100 

0.88

   * Dual cut‐off values for fibrosis stage endpoints. A high sensitivity (low specificity) cut‐off and high specificity (low sensitivity) cut‐off value is used to rule‐out and rule‐in the diagnosis, 
respectively. 
 APRI, AST to platelet ratio index; ELF®, enhanced liver fibrosis; NAFLD, non‐alcoholic fatty liver disease; HCV, hepatitis C virus; HIV, human immunodeficiency virus.  
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sensitivity and specificity may not be. This is because 
they are dependent on the cut‐off values chosen. In 
practical terms, more appropriate statistical measures 
should be applied when discussing the clinical use of 
diagnostic tests [26,27]. In the case of single cut‐off 
 values, these would include the positive and negative 
predictive values or the absolute true positives and true 
negatives.

When a range of results are generated, as is the case 
with several non‐invasive tests including TE, multilevel 
likelihood ratios provide better representation of these 
data. These are also perhaps more suited to repeated lon-
gitudinal measurements [28]. The influence of an unequal 
representation of different fibrosis stages in study cohorts, 
termed ‘spectrum bias’, must also be taken in account 
when interpreting non‐invasive test results. The use of 
multilevel likelihood ratios, net benefit ratios and weighted 
modification of AUROCs aims to mitigate such biases and 
may aid the clinical interpretation of test results [1,27].

Serum markers of fibrosis

Serum markers of fibrosis use several individual compo-
nents and overall can be subclassified as direct and 
 indirect markers.

Direct markers, such as serum hyaluronic acid, are 
 specifically involved in the processes of extracellular 
matrix deposition, degradation, or cytokine signalling 
during fibrogenesis.

Indirect markers have no role in the fibrogenic process 
but have been correlated with the presence of histologic 
fibrosis. Typical examples of indirect components are 
serum aminotransferases and platelet count.

Direct and indirect markers have been combined 
together and also with other parameters to develop 
 proprietary and non‐proprietary tests.

The advantages of serum markers are that they:

 ● can be performed in almost all patients (low failure rate);
 ● are easily reproducible;
 ● are relatively low cost in the case of non‐proprietary 

tests;
 ● are well‐validated in identifying significant fibrosis.

The major limitations are that serum markers:

 ● may be elevated in extrahepatic fibrogenesis or 
inflammation;

 ● can be affected by sinusoidal endothelial dysfunction 
and impaired biliary excretion;

 ● are poor discriminators of intermediate stages of fibrosis;
 ● are outperformed by elastography techniques in diag-

nosing cirrhosis;
 ● are, in the case of proprietary tests, potentially expen-

sive with limited availability.

In addition to fibrosis detection, serum markers have 
been shown to have prognostic significance in chronic 
liver diseases [1].

Commonly available serum markers and their compo-
nents are summarized in Table 7.1a.

Direct serum markers
Individual biomarkers of extracellular matrix turnover 
that have been implicated in hepatic fibrosis include pro-
collagen type I carboxy‐terminal peptide (PICP), procol-
lagen type III amino‐terminal peptide (PIIINP), type I 
collagen, type IV collagen, hyaluronic acid (HA), YKL‐40 
(also known as Chitinase‐3‐like protein 1, CHI3L1), 
laminin, matrix metalloproteinase‐2 (MMP‐2), tissue 
inhibitor of metalloproteinase‐1 (TIMP‐1) and TIMP‐2. 
Although studied extensively, these biomarkers have not 
been effective as stand‐alone tests and therefore have 
been used combined in panels to improve their diagnos-
tic performance [29–31].

Four proprietary tests are currently available using a 
combination of direct and indirect markers: Hepascore® 
(PathWest, University of Western Australia, Australia), 
Fibrometer® (Echosens, Paris, France), FibroSpectII® 
(Prometheus Laboratory Inc., San Diego, ISA) and 
Enhanced Liver Fibrosis® (ELF, Siemens Healthcare, 
Erlangen, Germany).

FibroSpectII and Hepascore were both initially vali-
dated in the setting of HCV and reported good perfor-
mance in predicting significant fibrosis, with AUROCs 
of 0.83 and 0.82, respectively [32,33] (see Table 7.1b).

ELF and Fibrometer were both initially validated in 
mixed liver disease populations with AUROCs of 0.78 
and 0.89, respectively for significant fibrosis [34,35].

The SHASTA score is a non‐proprietary combination 
panel that was developed in an HIV‐HCV coinfected 
population and predicted significant fibrosis with an 
AUROC of 0.87 [36].

The evidence base for direct serum tests of fibrosis has 
expanded since the initial validation studies, particularly 
for specific causes of chronic liver disease and for detect-
ing cirrhosis. There is also emerging evidence that direct 
markers can be used in combination to predict portal 
hypertension. A recent study of the combination of ELF 
and the macrophage‐activation marker sCD163 gave an 
AUROC of 0.90 for CSPH [37]. However, a consensus on 
the overall use of direct markers is still awaited. It remains 
to be determined if the increased cost of proprietary 
tests is offset by superior diagnostic performance com-
pared to other modalities [38].

Indirect serum markers
Indirect serum markers of fibrosis involve combinations 
of standard laboratory tests including serum aminotrans-
ferases, gamma‐glutamyl transferase (GGT), bilirubin, 
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coagulation parameters, alpha‐2‐globulin, and alpha‐2‐
macroglobulin. Since platelet count is often included in 
the calculation of the mathematical algorithm, they 
should be more properly and simply defined ‘indirect 
markers’.

APRI (AST to platelet ratio index) is a simple indirect 
marker that can be calculated from routine laboratory 
data. It has proven effective in predicting the presence of 
significant fibrosis and cirrhosis in HCV patients. Its 
major limitation is the impact on the AST component of 
the score from hepatic necro‐inflammatory activity (or 
extrahepatic AST) in the absence of fibrosis. However, 
APRI achieved an AUROC of 0.80 for significant fibrosis 
and 0.89 for cirrhosis in its initial validation study [39].

FIB‐4 is another simple indirect marker that was 
 initially described in an HCV‐HIV coinfected popula-
tion [40] and subsequently found to be a predictor of 
 cirrhosis in patients with HCV alone, with an AUROC of 
0.91 in one study [41].

Other indirect markers that that have been used with 
similar diagnostic accuracy in HCV are the Forns and 
Lok indices, and in NAFLD, the BARD score and NFS 
(NAFLD Fibrosis Score).

FibroTest® (Biopredictive, Paris, France), known as 
Fibrosure® in the USA, was the first and is currently the 
only proprietary indirect serum marker. The initial 
 validation trial found an AUROC of 0.87 for predicting 
significant fibrosis in HCV patients [42]. A subsequent 
meta‐analysis comparing FibroTest to APRI in HCV 
found AUROCs of 0.79 and 0.77, respectively for signifi-
cant fibrosis, with 0.86 and 0.84 for cirrhosis [43].

Overall, the diagnostic performance of direct and indi-
rect tests is similar. As with direct tests, indirect tests 
used in isolation, do not appear be robust enough to 
 predict CSPH [44,45].

Liver stiffness measurement

In cirrhosis, liver stiffness measurement appears to have 
a better diagnostic accuracy compared with serum markers. 
This is not the case for significant fibrosis or differentiat-
ing pre‐cirrhotic stages of fibrosis, where the accuracy of 
these two approaches is comparable.

Liver stiffness measurement has the advantage of 
being liver‐specific and hence unaffected by extrahepatic 
inflammation and scarring. However, stiffness measure-
ment does have some disadvantages including:

 ● it can be affected by several non‐fibrotic hepatic pro-
cesses, depending on the modality used.

 ● it may be subject to inter‐ and intraobserver variability, 
unlike serum markers.

 ● it may not be measureable in certain patients, such as 
those with obesity or ascites.

Transient elastography is currently the most widely 
used and studied liver stiffness measurement technique.

Transient elastography (TE)
TE using FibroScan measures the velocity of a 50 Hz 
elastic shear wave as it propagates through the liver 
parenchyma, using one‐dimensional ultrasound 
(Fig.  7.3a). Tissue stiffness (E) can then be derived in 
 kilopascals (kPa) from the measured velocity (E = 3ρv2, 
where v is the shear wave velocity and ρ the tissue den-
sity, which is assumed to be constant). TE is performed 
in an intercostal space between the 9th and 11th ribs, 
similar to the site of percutaneous liver biopsy. The 
standard M probe is estimated to examine a liver volume 
100 times larger than a standard biopsy. For a reliable 
median liver stiffness measurement, certain minimum 
quality criteria must be met: (1) a minimum of 10 valid 
individual measurements; (2) a success rate of greater 
than 60%; and (3) an interquartile range to median ratio 
of less than or equal to 30% [46]. The result is presented 
as a median stiffness and can range from 1 to 75 kPa. 
Normal values are generally less than 5 kPa.

TE is simple and inexpensive, takes only 5–10 minutes 
to do, and is usually reproducible in the hands of appro-
priately trained operators. However, the failure rate of 
TE is not insignificant, particularly in obese patients. In 
one large series of over 13 000 examinations, 15.8% did 
not meet the specified reliability criteria and no meas-
urement could be obtained in 3.1% [47]. This issue has 
been addressed to some degree by the development of 
the XL probe, which allows a greater depth of measure-
ment in obese patients. Use of the XL probe has been 
suggested in patients with a skin to liver capsule depth of 
greater than 2.5 cm or a body mass index (BMI) of over 
30 kg/m2 [1].

Other factors that may affect liver stiffness include 
increased necro‐inflammatory activity, cholestasis, 
 congestive cardiac failure, recent alcohol intake, space 
occupying lesions, and food consumption. A mini-
mum of 2 hours fasting is recommended before TE 
measurement [48].

TE was initially described in two studies involving 
HCV patients. The AUROCs were 0.87 and 0.95 for cir-
rhosis and 0.79 and 0.83 for significant fibrosis [49,50]. 
TE has since been validated across a wider range of liver 
diseases with several meta‐analyses showing mean 
AUROCs of 0.84 for significant fibrosis and 0.94 for 
 cirrhosis [51–55]. The thresholds used to determine 
these endpoints vary with different diseases (Fig. 7.4). It 
should be stressed that the early stages of fibrosis were 
not  differentiated well by TE.

TE has been studied against other endpoints, includ-
ing HVPG. There was a good correlation at lower pres-
sures, but this was not seen once the HVPG exceeded 
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(a)

(b)

(c)

Fig. 7.3 Ultrasound‐based elastography techniques. (a) Mechanical pulses are generated by the probe (yellow arrow), which result in elastic 
shear wave propagation (green wave). The speed at which the shear wave propagates through the liver parenchyma is measured by one‐
dimensional ultrasound (blue lines) in a fixed region of interest (red box). The data obtained are displayed graphically as an elastogram, rather 
than an anatomical representation. (b) Acoustic radiation force impulse imaging/point shear wave elastography. Acoustic radiation pulses 
(purple arrows) are generated by an ultrasound probe. Elastic shear waves (green waves) are propagated perpendicularly to the acoustic pulse. 
These are measured in a moveable region of interest (red box) under B‐mode ultrasound. (c) 2D‐Shear wave elastography. Focused acoustic 
excitation (purple arrow and purple shaded areas) from an ultrasound probe result in shear wave propagation (green arrows). The velocities are 
captured by high‐frame rate ultrasonography (blue lines) in a moveable region of interest under B‐mode ultrasound (red circle). A colour map 
(boxed area within ultrasound image) provides real‐time shear wave data to assist in selecting a homogenous region of interest. Source: 
Ultrasound elastography images courtesy of Dr Matteo Rosselli, Dr Davide Roccarina, Associate Prof. William Kemp, and Prof. Stuart Roberts.
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10–12 mmHg [56]. Consequently, TE has not been 
 recommended as a stand‐alone screening tool for 
varices or for the presence of CSPH. The diagnostic 
performance of TE for CSPH has been improved sub-
stantially when combined with other measures such as 
platelet count and splenic diameter. The LSPS (Liver 
Stiffness Platelet Spleen) index, where the liver stiff-
ness is multiplied by the spleen diameter divided by the 
platelet count, was developed on this basis and has had 
positive early results for the detection of high‐risk 
varices [57].

The PH (portal hypertension) and VRS (variceal risk 
score) indices added further data to LSPS to improve 
the prediction of specific endpoints. The PH index 
gave an AUROC of 0.935 for CSPH, whilst the 
VRS  found an AUROC of 0.909 for the detection of 
oesophageal varices [58].

The combination of a TE measurement <20 kPa and a 
platelet count of greater than 150 000/mm3 has recently 
been proposed to indicate that screening endoscopy for 
varices is not necessary, and such an approach has shown 
promising results [2,59]. This concept has been further 
elaborated with an analysis of the success of LSPS, and 
TE combined with platelet count, in identifying patients 
with a high risk of CSPH, and alternatively a low risk of 
varices needing treatment [60].

TE has also been shown to be a robust predictor of 
HCC development, clinical decompensation, and death 
[61,62]. In chronic hepatitis B infection, this technique 
has been incorporated into predictive models for HCC 
development with one study reporting an AUROC of 
0.89 at 5 years [63,64].

Acoustic radiation force impulse imaging
Acoustic radiation force impulse (ARFI) imaging, also 
called point shear wave elastography (pSWE), is an 

ultrasound‐based elastography technique that has 
been incorporated into commercial ultrasound 
machines (Virtual touch tissue quantificationTM, 
Siemens; elastography point quantification, ElastPQTM, 
Philips; shear wave measurement, SWM, Hitachi 
Aloka). Short acoustic pulses (~262 µsec) generate 
shear waves causing micro‐displacement of the hepatic 
parenchyma (Fig.  7.3b). The shear wave velocity is 
measured in m/sec in a predefined region of interest 
(ROI) that can be placed under B‐mode ultrasound 
localization [65]. The ROI is smaller than that of TE. 
However, the ability to select its position results in a 
lower failure rate, particularly in patients who are 
obese or who have ascites. Quality measures of ARFI/
pSWE have yet to be defined and cut‐off values for 
the  stages of fibrosis are made more difficult by the 
narrower range of shear wave velocities obtained 
(0.5–4.4 m/sec) [1,66]. Moreover, ARFI/pSWE is sub-
ject to the same issues that influence liver stiffness as 
measured by TE. Meta‐analysis suggests the ARFI has 
a similar diagnostic accuracy to TE, but the studies 
included were heterogeneous and not extensively 
 validated against liver biopsy. Mean AUROCs for sig-
nificant fibrosis and cirrhosis were 0.87 and 0.93, 
respectively [67]. ARFI does not appear to have an 
advantage over TE in predicting CSPH [68].

2D‐Shear wave elastography
Liver stiffness measured by 2D‐shear wave elastography 
(2D‐SWE) is another modality incorporated into a com-
mercially available ultrasound machine (Aixplorer®, 
Supersonic Imagine; LOGIQ E9®, GE Healthcare; Virtual 
Touch IQ®, Siemens; Aplio 500®, Toshiba). The technique 
involves the real‐time capture of transient shear waves 
induced in the hepatic parenchyma by focused ultra-
sonic beams (Fig. 7.3c). This requires a very high‐frame 
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rate ultrasound imaging sequence, typically over 1000 Hz 
[69]. 2D‐SWE has a lower failure rate than TE, but like 
ARFI/pSWE has no established quality criteria. There 
has been a suggestion that 2D‐SWE has better perfor-
mance than both TE and ARFI/pSWE, but this requires 
further validation generally [70–72] and also for predict-
ing CSPH [73,74].

Magnetic resonance elastography
Magnetic resonance elastography (MRE) has not yet 
been adopted in routine clinical use due its expense and 
time commitment. However, MRE provides excellent 
quantification of shear wave propagation using modified 
phase‐contrast imaging. The shear waves are generated 
by a low‐frequency probe that is placed against the 
patient. Unlike ultrasound‐based elastography, MRE has 
the advantage of imaging the entire liver parenchyma 
and hence has a low failure rate. It may be of particular 
use in diseases with a patchy distribution of fibrosis such 
as primary sclerosing cholangitis. MRE cannot reliably 
be used in patients with hepatic iron overload due to 
 signal noise.

Although, MRE appears to be more widely applicable 
and more accurate than ultrasound‐based elastography 
for both fibrosis assessment and the detection of CSPH 
[75–77], due to the limitations discussed earlier, its use is 
unlikely to reach that of ultrasound‐based elastography 
in the immediate future.

Spleen stiffness measurement

Quantification of spleen stiffness has emerged as a 
potential predictor of portal hypertension. In the initial 
description, the correlation between HVPG and spleen 
stiffness measured by TE was superior to liver stiffness. 
Furthermore, there was a clear linear relationship 
(R2 = 0.78) that continued when the HVPG exceeded 
12 mmHg [78].

Spleen stiffness may be measured applying any of the 
ultrasound‐based techniques used for liver stiffness. 
However, TE of the spleen is more technically difficult due 
to the absence of a visualized region of interest. Ultrasound‐
based elastography techniques also require specific calibra-
tion for the spleen due to higher baseline values [79]. For 
interest, MRE has also been investigated to measure splenic 
stiffness, but requires further study [77].

Splenic stiffness is not used as a stand‐alone test, but 
combined with other parameters. A pooled AUROC of 
0.86 for the detection of oesophageal varices was found 
in a meta‐analysis of 12 heterogeneous studies that were 
subject to spectrum bias [80]. There have been promis-
ing results when splenic stiffness was combined with 
liver stiffness, liver stiffness plus Lok Index and Model 

for End‐Stage Liver Disease (MELD) [81–83]. All these 
methodologies require further validation before being 
considered for routine clinical practice.

Molecular imaging

Molecular imaging is an exciting field where a molecular 
probe, targeting a specific marker in a biological process 
(such as fibrogenesis), is administered and then detected 
in vivo using radiographic or nuclear medicine imaging 
techniques. This allows dynamic and quantitative assess-
ment of fibrosis deposition or regression at a whole‐liver 
level. MRI probes for elastin (ESMA) [84], type I collagen 
(EP‐3533) [85], fibrin‐fibronectin (CLT‐1) [86], and acti-
vated hepatic stellate cells (targeting αvβ3 integrins) [87] 
have been successfully investigated in animal models. 
Similarly, a positron‐emission tomography (PET) probe 
targeting a translocator protein (TSPO) overexpressed 
on inflammatory cells has been correlated with liver 
fibrosis in a rat model [88]. The potential for molecular 
imaging is wide and may lead to a new understanding of 
the differing processes involved in chronic liver disease 
as well as their response to treatment. A major obstacle 
to the clinical application of such technology is the 
expense of both the probes and the equipment necessary 
for their detection. However, this is an exciting field for 
the future.

 Conclusions

The advent of non‐invasive testing in chronic liver dis-
eases has altered the landscape of practice in hepatology. 
The rapid progress from their development to their 
inclusion in consensus guidelines has been remarkable. 
The availability of both serum markers of fibrosis and TE 
have allowed the early recognition and staging of patients 
with chronic liver disease well before clinical signs have 
appeared. Non‐invasive tests have evolved beyond their 
initial purpose to become prognostic indicators, risk 
stratification tools, and signposts for the initiation of 
treatment. Perhaps the most profound outcome of hav-
ing these tests and techniques has been to change the 
understanding of the clinical course of patients with 
chronic liver diseases. The dynamic nature of hepatic 
fibrogenesis with its associated clinical manifestations 
has only really been appreciated in the non‐invasive era. 
It appears that TE currently is the most robust and widely 
applicable non‐invasive test. As with all investigations, 
the results of non‐invasive tests should be carefully con-
sidered in the context of the individual patient, within 
the known limitations of the test and supported by 
 published data.
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 Definition

Cirrhosis is defined anatomically as a diffuse process 
with fibrosis and nodule formation. It is the end result 
of the fibrogenesis that occurs with chronic liver 
injury. This process is described in Chapter  6. 
Although the causes are many, the end result of fibro-
genesis is the same.

Fibrosis is not synonymous with cirrhosis. Fibrosis 
may be in acinar zone 3 in heart failure, or in zone 1 in 
bile duct obstruction and congenital hepatic fibrosis 
(Fig. 8.1), or interlobular in granulomatous liver disease, 
but without a true cirrhosis. In schistosomiasis, the ova 
excite a fibrous tissue reaction in the portal zones but 
this does not usually evolve into cirrhosis.

Nodule formation without fibrosis, as in partial nodu-
lar transformation (Fig.  8.1) or nodular regenerative 
hyperplasia, is not cirrhosis.

 Causes of cirrhosis

In Western countries the prevalence of alcoholic, NASH, 
and viral cirrhosis, in particular hepatitis C, are all 
increasing. In developing countries, the predominant 
causes are hepatitis virus B and C.

Cirrhosis where the aetiology cannot be determined is 
termed cryptogenic. This is a diagnosis of exclusion. 
With improving diagnostic techniques the proportion of 
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LEARNING POINTS

 ● Cirrhosis is defined as a diffuse disruption of the 
 normal architecture of the liver with fibrosis and 
 nodule formation.

 ● The most common causes include alcohol excess, viral 
hepatitis, non‐alcoholic steatohepatitis (NASH), and 
autoimmune diseases.

 ● Clinically, patients may be asymptomatic (compen-
sated) or clinically ill with jaundice, ascites, hepatic 
encephalopathy, or bleeding varices (decompensated).

 ● Life expectancy is reduced in cirrhotic patients and 
markedly reduced in the presence of decompensation.

 ● Many of the complications of cirrhosis are due to the 
development of portal hypertension, collateral and 
variceal formation, and the hyperdynamic circulation.

 ● There are significant secondary effects on the cardiac, 
pulmonary, and renal systems.

 ● The treatment of cirrhosis is directed at alleviating the 
underlying cause, for example abstinence from 
 alcohol, antiviral therapy, weight loss, etc. and 
 preventing complications, for example screening for 
varices and hepatocellular carcinoma.

 ● Acute on chronic liver failure is a newly defined, clinically 
and pathophysiological distinct syndrome that com-
monly occurs in patients with cirrhosis and is character-
ized by acute deterioration in their clinical condition, 
occurrence of organ failures, systemic inflammation, and 
high short‐term mortality.
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Fig. 8.2 Many liver diseases have a major initiating factor and a 
number of cofactors contributing to the development of cirrhosis.

patients labelled cryptogenic is falling. In some cases it 
may be difficult to determine the aetiology as specific 
histological features may disappear with burnt‐out 
cirrhosis.

Cirrhosis and cofactors (Fig. 8.2)

In some forms of liver disease there is a single cause, for 
example in hepatitis B and C, primary biliary cirrhosis, 
and primary sclerosing cholangitis. However, in many 
cases cofactors may be important. Only a small propor-
tion of patients with HFE mutations manifest signs of 
cirrhosis due to haemochromatosis. Suggested cofactors 
include age, sex, obesity, alcohol, iron intake, and other 
genetic factors as yet unknown. Similarly, many subjects 
drink excessive quantities of alcohol but only a small pro-
portion ever develop cirrhosis. NASH cirrhosis only 
develops in a small proportion of obese diabetics.

Causes of liver disease also interact. Progressive 
 disease is more likely in patients with hepatitis B or C 
who drink excess alcohol. Patients heterozygous for α1‐
antitrypsin deficiency who are obese are more likely to 
manifest cirrhosis.

The risk of developing cirrhosis may also depend on 
the age and sex of the patient, duration of the disease, 

and immunological status. Fibrosis progression in hepa-
titis C is more rapid in older patients [1].

Thus in many cases there can be a principal factor and 
interacting cofactors which cause a patient to develop 
cirrhosis (Fig. 8.2, Table 8.1). The relative importance of 
these cofactors may vary from patient to patient.

 Anatomical diagnosis

The diagnosis of cirrhosis depends on demonstrating 
widespread nodules in the liver combined with fibrosis. 
Cirrhosis may be classified as micronodular (Fig.  8.3), 
macronodular (Fig. 8.4), or mixed.

Liver biopsy is the gold standard for diagnosis [2]. 
Interpretation may be limited by small size and sampling 
error. Specialist liver histopathology is essential. Even with 
small biopsies the expert histopathologist may be able to 
make a diagnosis of cirrhosis in conjunction with the clini-
cal situation or imaging findings, by recognizing a rim of 
fibrosis at the periphery of the fragments (Fig. 8.5), and the 
lack of normally related portal tracts and hepatic venules 
in the parenchyma, often with a  widened reticulin pattern 
or architectural disruption. Conversely, a non‐fragmented 
core of liver without  definite nodules may be obtained 
from a macronodular cirrhotic liver. Helpful diagnostic 
points in these  circumstances include absence of portal 
tracts, abnormal vascular arrangements, hepatic arteri-
oles not accompanied by portal veins, the presence of 
nodules with fibrous septa, and variability in cell size and 
appearance in different areas of the biopsy.

Liver biopsy contributes to the diagnosis of the  aetiology 
of cirrhosis by identifying features such as α1‐antitrypsin 
globules, steatosis indicating NASH, or inflammation 
suggesting autoimmune hepatitis (Table 8.2).

Congenital hepatic
fibrosis

Partial nodular
transformation

NoduleCirrhosis

Fig. 8.1 Cirrhosis is defined as widespread fibrosis and nodule 
formation. Congenital hepatic fibrosis consists of fibrosis without 
nodules. Partial nodular transformation (or nodular regenerative 
hyperplasia) consists of nodules without fibrosis.
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Liver biopsy is not without risk (see Chapter 3). If there 
are contraindications, such as ascites or a coagulation 
defect, the transjugular approach should be used. In 
many cases a diagnosis of cirrhosis can be made on the 

basis of a combination of clinical features and liver imag-
ing, although imaging may miss early cirrhosis.

Transient elastography (fibroscan) is a non‐invasive 
method of evaluating liver fibrosis/cirrhosis. It appears 
to be particularly useful in patients with chronic  hepatitis 
C [3]. Many ultrasound machines now have an integrated 
elastography function.

Ultrasound is not reliable for the diagnosis of cirrhosis 
but is useful for screening for hepatocellular carcinoma 
in patients with known cirrhosis, and for evaluating 
patency of the portal vein and the presence of ascites.

CT scan can assess liver size and shape and identify 
liver nodules (Fig. 8.6). It provides an objective, perma-
nent record for evaluating changes over time. Fatty 
change, focal liver lesions, ascites, collateral vessels, and 
splenomegaly may be identified. The radiation dose with 

Table 8.1 Aetiology and definitive treatment of cirrhosis

Aetiology Treatment

Viral hepatitis (B, C, and D) Antivirals
Alcohol Abstention
NASH Weight loss
Metabolic

iron overload (HFE 
haemochromatosis)

Venesection

copper overload (Wilson’s disease) Copper chelator
α1‐antitrypsin deficiency ? Transplant
type IV glycogenesis ? Transplant
galactosaemia Withdraw milk and 

milk products
tyrosinaemia Withdraw dietary 

tyrosine. ? Transplant
Primary biliary cirrhosis UDCA ? Transplant
Primary sclerosing cholangitis ? Transplant
Hepatic venous outflow block

Budd–Chiari syndrome TIPS ? Transplant
heart failure Treat cardiac cause

Autoimmune hepatitis Immunosuppression
Toxins and drugs, e.g. methotrexate, 
amiodarone

Identify and stop

NASH, non‐alcoholic steatohepatitis; UDCA, urso deoxycholic acid; 
TIPS, transjugular intrahepatic portosystemic shunt.

Fig. 8.3 The small finely nodular liver of micronodular cirrhosis.

Fig. 8.4 The grossly distorted coarsely nodular liver of 
macronodular cirrhosis.

Fig. 8.5 Liver biopsy in cirrhosis: the specimen is small but 
nodules are shown outlined by reticulin. (Reticulin stain, ×40)
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repeated multislice CT scans is substantial and may be 
an issue, particularly in younger patients.

MRI is useful for evaluating the biliary tree (MR chol-
angiography) and for evaluating possible malignancy in 
liver nodules (contrast‐enhanced MRI) (see Chapter 33).

 Reversible cirrhosis

Cirrhosis is usually believed to be irreversible. However, 
fibrosis may regress if the initiating insult is removed, for 
example hepatitis C, biliary obstruction, obesity, or iron 
overload. Reversal of cirrhosis has been demonstrated in 
some patients [4–6]. In most cases repeat liver biopsies 
have shown a lesser degree of fibrosis rather than a rever-
sion to normal liver.

 Clinical cirrhosis: compensated 
versus decompensated

In clinical terms, cirrhosis is described as either ‘compen-
sated’ or ‘decompensated’. Decompensation means cir-
rhosis with one or more of the following: ascites, bleeding 

Table 8.2 General investigations in the patient with cirrhosis (see 
also Table 9.1)

Occupation, age, sex, domicile
Clinical history

Fatigue and weight loss
Anorexia
Abdominal pain
Jaundice. Itching. Colour of urine and faeces
Swelling of legs or abdomen
Haemorrhage: nose, gums, skin, alimentary tract
Loss of libido; menstrual history
Past health: jaundice, hepatitis, drugs ingested, blood 
transfusion
Social: alcohol consumption
Family history: liver disease, autoimmune disease

Examination
Nutrition, fever, fetor hepaticus, jaundice, pigmentation, 

purpura, finger clubbing, white nails, vascular spiders, palmar 
erythema, gynaecomastia, testicular atrophy, distribution of body 
hair, parotid enlargement, Dupuytren contracture, blood pressure
Abdomen: ascites, abdominal wall veins, liver, spleen
Peripheral oedema
Neurological changes: mental functions, stupor, tremor, flap 
(asterixis)

Investigations
Haematology

haemoglobin, leucocyte and platelet count, 
prothrombin time (INR)

Serum biochemistry
bilirubin
transaminase
alkaline phosphatase
γ‐glutamyl‐transpeptidase
albumin and globulin
immunoglobulins
transferrin saturation and serum ferritin
serum caeruloplasmin and copper
α1‐antitrypsin phenotype

If ascites present (see Chapter 9)
diagnostic paracentesis
serum sodium, potassium, bicarbonate, chloride, urea and 
creatinine levels
weigh daily
24‐h urine volume and sodium excretion

Serum immunological
smooth muscle, mitochondrial, nuclear, LKM1 antibodies, 
and ANCA

hepatitis B antigen (HBsAg), anti‐HCV (other markers of 
hepatitis, see Chapters 19 and 20)
α‐fetoprotein

Endoscopy
Hepatic ultrasound, CT or MRI scan
Needle liver biopsy if blood coagulation permits
EEG if neuropsychiatric changes

L

a

p

S

Fig. 8.6 CT scan, after intravenous contrast, in cirrhosis shows 
ascites (a), liver with irregular surface (L), patent portal vein (p), 
and splenomegaly (S).
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varices, hepatic encephalopathy, or jaundice. Hepatorenal 
syndrome, hyponatraemia, and spontaneous bacterial 
peritonitis are also features of decompensation but in 
these patients ascites invariably occurs first. Compensated 
cirrhotic patients have none of these features. This is an 
important clinical distinction. Compensated patients 
have median survivals of 12 years compared to 2 years for 
decompensated patients [7].

Compensated cirrhosis

Patients with compensated cirrhosis are typically asymp-
tomatic and may be picked up as a result of abnormali-
ties found on routine blood tests or signs found on 
clinical examination, for example hepatomegaly, spleno-
megaly, vascular spiders, palmar erythema, and so on. 
The presence of a palpable liver in the epigastrium in an 
adult is a useful clinical sign [8]. Confirmation should be 
sought by liver imaging, fibroscan, and so on. Not all 
compensated cirrhotics are the same. The presence of 
oesophageal or gastric varices, indicative of the presence 
of clinically significant portal hypertension is associated 
with a worse prognosis (Fig  8.7) [9]. Decompensation 
may occur at a rate of 5–7% per year and may be precipi-
tated by bacterial infection, surgery, trauma, or medica-
tion. Hepatocellular carcinoma occurs at a rate of 1–3% 
per year and appropriate screening is recommended (see 
Chapter 35).

Decompensated cirrhosis

The patient usually seeks medical advice because of 
ascites, jaundice, or gastrointestinal bleeding. Muscle 
wasting and weight loss are common. A liver flap may be 
present. Cirrhosis is the commonest cause of hepatic 
encephalopathy. Jaundice implies that liver cell destruc-
tion exceeds the capacity for regeneration and is always 
serious. Purpura over the arms, shoulders, and shins may 
be associated with a low platelet count. The circulation is 
typically over‐active with warm peripheries, tachycardia, 
relatively low blood pressure, and easily palpable pulses. 
Sparse body hair, vascular spiders, palmar erythema, 
white nails, and gonadal atrophy are common. Ascites 
and oedema of the legs are common. The liver may be 
enlarged, with a firm regular edge, or contracted and 
impalpable. The spleen may be palpable.

 Prognosis (Child–Pugh score, 
MELD, UKELD)

Poor prognosis is associated with a prolonged prothrom-
bin time, marked ascites, gastrointestinal bleeding, 
advanced age, high daily alcohol consumption, high serum 
bilirubin and alkaline phosphatase, low albumin values, 
and poor nutrition. The availability of liver transplantation 
has emphasized the need for an accurate prognosis so that 
patients are referred for surgery at the appropriate time.
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Fig 8.7 Prognostic indicators of survival in patients with compensated and decompensated cirrhosis. Source: Adapted from Zipprich et al. 
2012 [9]. Reproduced with permission of John Wiley & Sons.
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Child’s classification (grades A–C)  –  which depends 
on jaundice, ascites, encephalopathy, serum albumin 
concentration, and nutrition gives a good short‐term 
prognostic guide. Prothrombin time can be used rather 
than nutritional status (Child–Pugh modification) and 
individual features scored by severity. The total score 
classifies patients into grade A, B, or C [10] (Table 8.3).

The MELD score was developed to determine progno-
sis in patients undergoing TIPS. MELD stands for Model 
for End‐stage Liver Disease. It is calculated from serum 
creatinine, prothrombin time (INR), and serum biliru-
bin. MELD was applied to liver transplantation and 
found to accurately predict waiting list mortality in cir-
rhotic patients. It is now widely used as a criterion for 
liver transplant listing and to determine priority for 
organ allocation. The addition of serum sodium to the 
calculation may further improve its predictive abil-
ity – MELD‐Na [11]. A similar scoring system has been 
developed in the UK (UKELD). These scores can be cal-
culated online using a number of websites. Disease‐spe-
cific scoring systems such as the Maddrey discriminant 
function in alcoholic hepatitis, may also be useful.

A few clinical rules of thumb may be useful:

1) If decompensation has followed haemorrhage, infection, 
or alcoholism, the prognosis is better than if it is sponta-
neous, because the precipitating factor is correctable.

2) The response to therapy: if the patient has failed to 
improve within 1 month of starting hospital treat-
ment, the outlook is poor.

3) Aetiology: if the initiating factor can be removed the 
prognosis is better. Thus abstinence in alcoholic cir-
rhosis and antiviral treatment in viral cirrhosis may 
improve prognosis.

4) Jaundice, especially if persistent, is a serious sign.
5) Ascites worsens the prognosis, particularly if resistant 

to diuretic therapy.
6) Liver size: a large liver carries a better prognosis than 

a small one because it is likely to contain more func-
tioning cells.

7) Haemorrhage from oesophageal varices: portal hyper-
tension must be considered together with the state of 
the liver cells. If function is good, haemorrhage may 
be tolerated; if poor, hepatic coma and death are 
probable.

8) Biochemical tests: if the serum albumin is less than 
25 g/L the outlook is poor. Hyponatraemia (serum 
sodium <130 mmol/L), if unrelated to diuretic ther-
apy, is grave. Serum transaminase and globulin levels 
give no guide to prognosis.

9) Persistent hypotension (systolic BP <100 mmHg) is a 
major concern, and remediable causes, for example 
sepsis, should be sought and treated.

 Clinical and pathological 
associations

Vasodilation and hyperdynamic circulation

Many of the complications seen in decompensated cir-
rhotic patients are believed to be due to vasodilation and 
the hyperdynamic circulation (Fig. 8.8). Peripheral arte-
rial blood flow and portal venous blood flow are 
increased. Cardiac output is raised [12] (Fig. 8.9) and evi-
denced by tachycardia, an active precordial impulse and 
frequently an ejection systolic murmur. Renal blood 
flow, and particularly cortical perfusion, is reduced.

Vasomotor tone is decreased as shown by reduced 
vasoconstriction in response to mental exercise, the 
Valsalva manoeuvre, and tilting from horizontal to verti-
cal [13]. The cirrhotic patient shows arterial hyporeac-
tivity to endogenous vasoconstrictors. Autonomic 
neuropathy is an indicator of poor prognosis [14]. The 
effective arterial blood volume falls as a consequence of 
an increase in the arterial vascular compartment induced 
by arterial vasodilation. This activates the sympathetic 
and renin–angiotensin systems and is important in 
sodium and water retention and ascites formation.

A variety of vasodilatory molecules may be involved in 
the pathogenesis of the hyperdynamic circulation but 
nitric oxide (NO) is probably the most important. In 
portal hypertension the vascular endothelium is stimu-
lated to increase production of NO by vascular endothe-
lial growth factor (VEGF), angiotensin, shear stress, and 
inflammatory cytokines. While increased splanchnic 
and systemic NO production causes vasodilation, there 

Table 8.3 Child–Pugh staging system. Child A class is 5 and 6 
points; B is 7–9 points; and C is 10–15 points

Parameter 1 point 2 points 3 points

Total bilirubin 
(µmol/L)
mg/dL

<34
<2

34–50
2–3

>50
>3

Serum albumin 
(g/L)

>35 28–35 <28

INR <1.7 1.71–2.30 >2.30
Ascites None Mild (or 

controlled by 
diuretics)

Moderate to 
severe (or 
refractory 
to diuretics)

Hepatic 
encephalopathy

None Grade I–II 
(or absent 
with 
medication)

Grade 
III–IV (or 
recurrent)
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is a relative deficiency of NO in the intrahepatic 
 circulation, contributing to increased intrahepatic vas-
cular resistance and raised portal venous pressure [15]. 
After hepatic transplantation, portal pressure becomes 
normal. The cardiac index and splanchnic flow remain 
high due to the persistence of portal–systemic collateral 
flow, but gradually return to normal over time [16].

Cardiopulmonary conditions

Hepatopulmonary syndrome (HPS)
About one‐third of patients with decompensated cirrho-
sis have reduced arterial oxygen saturation and may 
exhibit cyanosis (Table  8.4). Causes include HPS 
(Table 8.5), entity defined as pulmonary vascular dilation 
and a defect in oxygenation, in the absence of detectable 
primary cardiopulmonary conditions, in patients with 
advanced liver disease. Po2 is less than 80 mmHg (10.6 
kPa) and the alveolar–arterial oxygen gradient exceeds 
15 mmHg (2 kPa) breathing room air. Platypnoea (short-
ness of breath relieved by lying down) and orthodeoxia 
(fall in the arterial Po2 in the upright position) are usual. 
Intrapulmonary shunting is due to marked dilation of 
precapillary and capillary vessels. This results in diffu-
sion limitation of capillary oxygenation and ventilation–
perfusion mismatch (Fig. 8.10).

Bleeding varices

Hepatic 
encephalopathy

Ascites

Hepatorenal
syndrome

Hyponatraemia

Hepatopulmonary
syndrome

High output
cardiac failure

Peripheral arterial
vasodilatation
Central underfilling

Collateral
formation

Cirrhosis

Portal
hypertension

Increased
splanchnic
blood flow

Fig. 8.8 Many of the complications of cirrhosis are due to arterial dilation and the hyperdynamic circulation. Source: McCormick PA, 
Donnelly C. Pharmacol Ther 2008; 119: 106. Reproduced with permission of Elsevier.
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Fig. 8.9 The cardiac output is raised in many patients with hepatic 
cirrhosis but within normal limits in biliary cirrhosis. Mean normal 
cardiac index is 3.68 ± 0.60 L/min per m2. Mean in hepatic cirrhosis 
is 5.36 ± 1.98 L/min per m2. Source: Lunzer et al. 1975 [13]. 
Reproduced with permission of Elsevier.
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Table 8.4 Pulmonary changes complicating chronic 
hepatocellular disease

Hypoxia
Intrapulmonary shunting
Ventilation–perfusion mismatch
Reduced transfer factor
Pleural effusion
Raised diaphragms
Basal atelectasis
Primary pulmonary hypertension
Portopulmonary shunting
Chest X‐ray mottling

Table 8.5 Hepatopulmonary syndrome

Advanced chronic liver disease
Arterial hypoxaemia
Intrapulmonary vascular dilation
No primary cardiopulmonary disease

HPS is not related to type or severity of liver disease or 
portal hypertension. Patients with HPS have poorer 
quality of life and twice the mortality rate of cirrhotic 
patients without HPS [17].

The vasoactive substances that could induce pulmo-
nary vasodilation in cirrhosis are unknown. Candidates 
include NO, endothelin‐1, and tumour necrosis factor‐α.

Contrast‐enhanced echocardiography can demon-
strate abnormal passage of microbubbles through the 
pulmonary circulation into the left side of the lung. 
Technetium 99 m (99mTc) macroaggregated albumin lung 
scanning is less sensitive. Pulmonary angiography may 
show large pulmonary arteriovenous shunts and tran-
soesophageal contrast echocardiography may be useful 
to exclude intracardiac shunts. No pharmacological 
therapy is effective.

Progressive and severe hypoxaemia are an indication 
for liver transplant and this is currently the only effective 
treatment. Hypoxemia may take weeks or months to 
resolve following transplantation. Reversal is not always 
the case when pulmonary arteriovenous shunts are large 
and these may require coil embolotherapy, which should 
precede transplant.

Portopulmonary hypertension
Portopulmonary hypertension is defined as portal hyper-
tension and a mean pulmonary artery pressure above 
25 mmHg and pulmonary vascular resistance above 240 
dynes/s/cm5, in the absence of other diseases associated 
with pulmonary hypertension [18]. It can occur with 

hepatic or prehepatic portal hypertension. Approximately 
5% of transplant candidates have portopulmonary hyper-
tension. Patients may be asymptomatic or complain of 
non‐specific chest discomfort or dyspnoea on exertion. 
Physical examination may reveal a right ventricular heave 
or a loud second heart sound. Histometric study of the 
muscular pulmonary arteries shows dilation and thicken-
ing of the wall and, rarely, thrombi. Plexogenic pulmo-
nary arteriopathy, involving arteries 10–200 mm in 
diameter and once thought to be diagnostic of primary 
pulmonary hypertension, has been found at autopsy.

Significant pulmonary hypertension (mean pulmonary 
artery pressure >35 mmHg) is a relative contraindication 
to liver transplant, which can result in perioperative 
deaths from acute right ventricular failure. All liver 
transplant candidates should be screened using echocar-
diography. If right ventricular systolic pressure is above 
50 mmHg, right heart catheterization should be per-
formed to confirm the diagnosis [18].

Portopulmonary hypertension can now be treated 
with prostacyclin analogues, phosphodiesterase inhibi-
tors, and endothelin receptor antagonists. Patients who 
respond with a reduction in mean pulmonary artery 
pressure to <35 mmHg may be considered for liver trans-
plantation [19].

Cirrhotic cardiomyopathy
Cirrhotic patients, with the exception of NASH cirrho-
sis, are less liable to coronary and aortic atheroma than 
the rest of the population. At autopsy, the incidence of 
coronary artery disease is about a quarter of that among 
total cases examined without cirrhosis. Cardiac abnor-
malities in cirrhosis are frequently attributed to the toxic 
effect of alcohol on the heart. However, it is increasingly 
recognized that cirrhosis per se can cause cardiac 
dysfunction.

A suggested definition of cirrhotic cardiomyopathy is 
the presence of one or more of the following:

1) baseline increased cardiac output but blunted ven-
tricular response to stimuli;

2) systolic and/or diastolic dysfunction;
3) absence of overt left ventricular failure at rest;
4) electrophysiological abnormalities including pro-

longed Q–T interval on electrocardiography and 
chronotropic incompetence [20].

Diastolic function is a predictor of mortality in cir-
rhotic patients [21]. Major stresses such as TIPS, liver 
transplantation, or sepsis may precipitate overt cardiac 
failure. The inability to increase cardiac output under 
stress may contribute to the development of hepatorenal 
syndrome [22]. Suggested pathogenic mechanisms 
include defects in the cardiomyocyte β‐adrenergic 
 signalling pathway, changes in the lipid composition 
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causing decreased fluidity of the cardiomyocyte plasma 
membrane, and the negative effects of substances such 
as nitric oxide, carbon monoxide, and endocannabinoids 
on heart muscle.

There is no specific pharmacological therapy for cir-
rhotic cardiomyopathy. Salt restriction and diuretics are 
useful for managing heart failure. Cardiac function fre-
quently improves following successful liver transplanta-
tion. Treatment with long‐term aldosterone antagonists 
has been shown to reduce left ventricular wall thick-
ness in patients with Child–Pugh grade A liver disease. 

Vasodilators and digitalis should probably be avoided 
and beta‐blockade appears to be safe at lower doses not 
associated with a decrease in blood pressure.

Gastrointestinal

Splenomegaly and abdominal wall venous collaterals 
usually indicate portal hypertension. Varices are visual-
ized by endoscopy.

Peptic ulceration has been found in 11% of 324 patients 
with cirrhosis [23]. Seventy per cent were asymptomatic. 

Mixed
venous
blood

Mixed
venous
blood

Right-to-left
shunt

(b) Hepatopulmonary syndrome

(a) Homogeneous lung

Diffusion limitation

Ventilation-perfusion mismatch

Uniform
ventilation

Nonuniform
perfusion

Alveolus Alveolus

Uniform perfusion

Oxygenated
arterial
blood

Alveolus Alveolus

Uniform
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Fig. 8.10 Mechanisms of arterial hypoxemia in the hepatopulmonary syndrome in a two‐compartment model of gas exchange in the 
lung. In a homogeneous lung with uniform alveolar ventilation and pulmonary blood flow in a healthy person (a), the diameter of the 
capillary ranges between 8 and 15 µm, oxygen diffuses properly into the vessel, and ventilation–perfusion is well balanced. In patients 
with the hepatopulmonary syndrome (b), many capillaries are dilated, and blood flow is not uniform. Ventilation–perfusion mismatch 
emerges as the predominant mechanism, irrespective of the degree of clinical severity, either with or without intrapulmonary shunt, and 
coexists with restricted oxygen diffusion into the centre of the dilated capillaries in the most advanced stages (bold arrows). Source: 
Drawing based on data from Rodriguez‐Roisin et al. New Engl J Med 2008; 358: 2378–2387.
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Fig. 8.11 IgA nephropathy: renal biopsy showing IgA deposition 
in glomerulus of cirrhotic patient (alcohol‐related) with creatinine 
clearance of 20 mL/min and proteinuria (immunostaining with 
FITC rabbit antihuman IgA).

Fig. 8.12 A vascular spider. Note the elevated centre and radiating 
branches.

Duodenal ulcers were more frequent than gastric ulcers. 
The prevalence of Helicobacter pylori based on serology 
is significantly greater in patients with cirrhosis than 
those without liver disease (76 vs 42%) [24]. Bleeding 
from peptic ulcer disease is commoner in patients with 
cirrhosis and associated with increased mortality rates 
compared to patients without known liver disease [25].

Small bowel bacterial overgrowth occurs in 30–60% of 
cirrhotic patients. It is associated with prolonged intesti-
nal transit time and is commoner in patients with 
advanced liver disease and hepatic encephalopathy [26].

Abdominal herniae are common with ascites. They 
should not be repaired unless endangering life or unless 
the cirrhosis is very well compensated.

Gallstones are found in 20–30% of cirrhotics on ultra-
sound and are equally common in males and females. 
Most are pigment stones. The prevalence increases with 
age and severity of liver disease. Surgery should be 
avoided unless the clinical indication is clearly strong.

Chronic relapsing pancreatitis and pancreatic calcifi-
cation are often associated with alcoholic liver disease.

Parotid gland enlargement may be seen in alcoholic 
cirrhotic patients or occasionally in sarcoidosis.

Renal

Changes in intrarenal circulation, and particularly a 
redistribution of blood flow away from the cortex, are 
found in all forms of cirrhosis. This predisposes to the 
hepatorenal syndrome (see Chapter 9).

IgA nephropathy is common in patients with alcoholic 
cirrhosis. It is believed to be caused by decreased hepatic 
metabolism and mesangial deposition of abnormally gly-
cosylated circulating IgA (Fig.  8.11) [27]. The changes 
are usually latent, but occasionally are associated with 

the clinical manifestations of glomerular involvement. 
Chronic hepatitis C infection is associated with cryoglo-
bulinaemia and membranoproliferative glomerulone-
phritis and may resolve following successful antiviral 
treatment [28].

Foetor hepaticus

This is a sweetish, slightly faecal smell of the breath and 
has been likened to that of a freshly opened corpse or 
mice. It complicates severe hepatocellular disease, espe-
cially with an extensive collateral circulation. It is pre-
sumed to be of intestinal origin. Gas chromatography 
suggests that it is due to dimethyl sulphide and ketones 
in alveolar air [29]. Foetor may be a useful diagnostic sign 
in patients seen for the first time in coma.

Skin changes

An older Miss Muffett
Decided to rough it
And lived upon whisky and gin.
Red hands and a spider
Developed outside her—
Such are the wages of sin [74].

Vascular spiders
Synonyms: arterial spider, spider naevi, spider telangiec-
tasis, spider angioma

Arterial spiders are found in the vascular territory of 
the superior vena cava and very rarely below a line joining 
the nipples. Common sites are the necklace area, the face, 
forearms, and dorsum of the hand (Fig. 8.12). The selec-
tive distribution of vascular spiders is not understood.

An arterial spider consists of a central arteriole, radiat-
ing from which are numerous small vessels resembling a 
spider’s legs. It ranges in size from a pinhead to 0.5 cm in 
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diameter. When sufficiently large it can be seen or felt to 
pulsate, and this effect is enhanced by pressing on it with 
a glass slide. Pressure on the central prominence with a 
pinhead causes blanching of the whole lesion, as would 
be expected from an arterial lesion.

Multiple spiders and finger clubbing may suggest 
hepatopulmonary syndrome (HPS) [30]. Spiders can 
bleed profusely.

Vascular spiders are most frequently associated with 
cirrhosis, especially of the alcoholic. Rarely, they are 
found in normal adults. Up to 38% of children without 
liver disease may have at least one spider naevus [31]. 
During pregnancy, they appear between the second and 
fifth months, disappearing within 2 months of delivery. 
A few spiders are not sufficient to diagnose liver disease, 
but many new ones, with increasing size of old ones, 
should arouse suspicion.

Differential diagnosis
Hereditary haemorrhagic telangiectasis (HHT) lesions 
are usually on the upper body. Mucosal ones are com-
mon inside the nose, on the tongue, lips, and palate, and 
in the pharynx, oesophagus, and stomach. The nail beds, 
palmar surfaces, and fingers are frequently involved. 
HHT with large hepatic angiomas can cause high output 
cardiac failure requiring liver transplantation.

Calcinosis, Raynaud phenomenon, sclerodactyly, and 
telangiectasia (CREST syndrome) may be found in 
patients with primary biliary cirrhosis.

Palmar erythema (liver palms) (Fig. 8.13)
The hands are warm and the palms bright red in colour, 
especially the hypothenar and thenar eminences and 
pulps of the fingers. The soles of the feet may be similarly 

affected. The mottling blanches on pressure and the col-
our rapidly returns. When a glass slide is pressed on the 
palm it flushes synchronously with the pulse rate. The 
patient may complain of throbbing, tingling palms.

Many normal people have familial palmar flushing, 
unassociated with liver disease. A similar appearance 
may be seen in prolonged rheumatoid arthritis, in preg-
nancy, with chronic febrile diseases, leukaemia, and 
thyrotoxicosis.

Leuconychia
White finger nails are related to hypoalbuminaemia. 
They may be seen in patients with severe liver disease 
and/or associated malnutrition.

Madelung disease
Large symmetrical subcutaneous lipomas affecting the 
neck, suboccipital area, and shoulders may occur in mid-
dle‐aged males with alcoholic liver disease [32].

Clubbing
Digital clubbing and hypertrophic osteoarthropathy may 
complicate cirrhosis especially in patients with cystic 
fibrosis or hepatopulmonary syndrome. These changes 
may be due to aggregated platelets, passing peripherally 
through pulmonary arteriovenous shunts, plugging cap-
illaries and releasing PDGF [33].

Dupuytren contracture
Dupuytren contracture is a thickening of the palmar fas-
cia in the hands. It may be seen in alcoholic cirrhosis but 
may also be idiopathic.

Sarcopenia
Malnutrition and sarcopenia, loss of muscle mass and 
function, occurs in 40–70% of cirrhotics [34]. The cause 
appears to be multifactorial. Inadequate intake, malab-
sorption, increased resting energy expenditure (REE), 
and metabolic derangements with inappropriate use of 
fats and protein for gluconeogenesis all probably con-
tribute. Muscle wasting contributes to frailty, which is 
associated with a poor prognosis [35]. Dental and perio-
dontal disease are common and reflect poor oral hygiene 
and dental care rather than cirrhosis.

Steatorrhoea is frequent even in the absence of pan-
creatitis or alcoholism. It can be related to reduced 
hepatic bile salt secretion. Nutritional status can be esti-
mated at the bedside using anthropometric measure-
ment of body mass index, mid arm muscle circumference, 
triceps skinfold thickness, subjective global assessment, 
or a combination of these measures [36].

Fig. 8.13 Palmar erythema (‘liver palms’) in a patient with hepatic 
cirrhosis.
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Endocrine changes

Hyperglycaemia
While up to 80% of cirrhotic patients are glucose intoler-
ant, only 20–30% are truly diabetic [37]. The prevalence 
of diabetes is increased among those with NASH, hepa-
titis C, alcoholic cirrhosis, and haemochromatosis.

Hypogonadism
Diminished libido and potency are frequent in men, par-
ticularly in alcoholic cirrhosis. The testes are soft and 
small. Secondary sexual hair is lost and men shave less 
often. Low testosterone levels are common in cirrhotic 
males. Testosterone replacement may improve libido 
and muscle mass but the long‐term safety of this treat-
ment has not been established [38].

Females with compensated cirrhosis may be fertile. 
There is an increased risk of complication in pregnancy, 
particularly related to portal hypertension. Autoimmune 
hepatitis may flare during or after pregnancy [39]. 
Patients with decompensated cirrhosis are usually 
infertile.

Gynaecomastia is often seen in patients receiving 
spironolactone. This decreases serum testosterone levels 
and reduces hepatic androgen‐receptor activity [40] 
(Fig.  8.14). The breasts may be tender. Enlargement is 
caused by hyperplasia of the glandular elements.

Muscle cramps

Muscle cramps occur in up to two‐thirds of cirrhotic 
patients and are associated with significant impairment 
in quality of life [41]. Many treatments have been sug-
gested [42]. Quinine has traditionally been used but is no 
longer recommended because of concerns regarding car-
diotoxicity and potential drug interactions. L‐carnitine 
may be helpful [43].

Drug metabolism

In cirrhotic patients the effect of drugs is generally 
increased due to reduced elimination [44]. There are two 
particular causes: reduced hepatocyte mass and the 
shunting of blood past the liver. For drugs with a high 
hepatic extraction ratio (high first‐pass effect) predicting 
the therapeutic effect after oral administration is diffi-
cult, due to the variation in the degree of shunting (both 
portosystemic and intrahepatic) between patients. The 
clinical effect of low extraction drugs in cirrhotic patients 
is more dependent on hepatocellular function and there-
fore more predictable. Overall drug dosage should be 
reduced according to the severity of liver disease.

Other components of the metabolic pathway may alter 
drug handling in cirrhosis including absorption, tissue 
distribution, protein binding, biliary secretion, entero‐
hepatic circulation, and target‐organ responsiveness. 
Cirrhotic patients typically have increased cerebral sen-
sitivity to the effects of opiates and benzodiazepines and 
increased renal sensitivity to the adverse effects of 
NSAIDs and aminoglycosides.

Laboratory findings

Haematology. There is usually a mild normocytic, 
 normochromic anaemia; it is often macrocytic in the 
alcoholic. Gastrointestinal bleeding leads to hypochro-
mic anaemia. In the presence of splenomegaly, leucocyte 
and platelet counts are reduced (‘hypersplenism’). The 
prothrombin time is prolonged and does not return to 
normal with vitamin K therapy. The bone marrow is 
macronormoblastic. Plasma cells are increased in 
 proportion to the hyperglobulinaemia.

Serum biochemical changes. In addition to the raised 
serum bilirubin level, albumin is depressed and γ‐globu-
lin raised. Liver enzymes including gamma GT, alkaline 
phosphatase, and transaminases are variably increased. 
Raised bilirubin and decreased albumin are late findings.

Urine. Urobilinogen is present in excess; bilirubin is 
also present if the patient is jaundiced. The urinary 
sodium excretion is diminished in the presence of ascites, 
and in severe cases less than 5 mmol is passed daily.

Elevation of the total serum globulin, and particularly 
gamma level is common. Electrophoresis usually shows a 
polyclonal gamma response. The increased γ‐globulin 
values may be related in part to increased tissue autoan-
tibodies, such as smooth muscle antibody. However, the 
major factor seems to be failure of the damaged liver to 
clear intestinal antigens. Patients with cirrhosis show 
increased serum antibodies to gastrointestinal tract anti-
gens, particularly Escherichia coli. Such antigens bypass 
the liver through portal–systemic channels and provoke 
an increased antibody response from such organs as the 
spleen. Systemic endotoxaemia may arise similarly.Fig. 8.14 Gynaecomastia in a patient with cirrhosis.
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Infections

Spontaneous bacterial peritonitis (SBP), bacteraemia, 
urinary tract infections, and pneumonia are common in 
patients with cirrhosis [45]. The human liver is bacterio-
logically sterile and the portal venous blood only rarely 
contains organisms. Bacterial translocation is defined as 
the passage of gut bacteria to mesenteric lymph nodes 
and other extra‐intestinal sites. Cirrhotic patients are less 
well able to deal with these bacteria leading to an increased 
incidence of bacteremia and sepsis. The underlying 
mechanisms are complex [46]. SBP (infection of ascites) 
is present in 10–20% of patients with ascites admitted to 
hospital. Spontaneous bacterial empyema (infection of a 
pre‐existing hydrothorax) may occur in the absence of 
SBP. In the cirrhotic with febrile coma, bacterial meningi-
tis should be considered. Nasal carriage of Staphylococcus 
aureus is increased in cirrhotic patients.

Sepsis should always be suspected in cirrhotic patients 
with unexplained pyrexia or deterioration. Empirical treat-
ment with a broad‐spectrum antibiotic is often necessary 
after appropriate specimens have been taken for microbio-
logical culture. After gastrointestinal haemorrhage, sepsis 
is frequent and use of prophylactic antibiotics significantly 
increases short‐term survival rates. Antibiotic prophylaxis 
is now the standard of care in this situation.

Sepsis is frequent in terminal hepatocellular failure. 
Multiple factors contribute. Cirrhotic patients have 
increased intestinal permeability and defects in both 
innate and adaptive arms of the immune system: termed 
cirrhosis‐associated immune dysfunction (CAID).

Pneumonia especially affects alcoholics. Urinary tract 
infections are particularly common in cirrhotic patients 
and are usually Gram‐negative. Indwelling urinary cath-
eters play a part. Other infections include cellulitis, lym-
phangitis, and endocarditis. Clinical features may be 
atypical with inconspicuous fever, no rigors, and only 
slight leucocytosis.

Over half the infections in hospitalized cirrhotic 
patients are due to Gram‐positive organisms [47]. With 
invasive investigations and treatment nosocomial infec-
tions are common and resistant organisms such as 
methicillin‐resistant Staphylococcus aureus (MRSA) and 
vancomycin‐resistant enterococci (VRE) are increas-
ingly a problem. Community‐acquired infections are 
associated with lower mortality than nosocomial (15% vs 
31%) [47]. Prophylaxis for SBP is associated with 
increased antibiotic resistance.

Bad prognostic features are an absence of fever, ele-
vated serum creatinine, and marked leucocytosis. 
Parenteral broad‐spectrum antibiotics should be started 
when infection is suspected. Relative adrenal insuffi-
ciency may occur in cirrhotic patients with septic shock 
and these patients may benefit from intravenous hydro-
cortisone (50 mg 6‐hourly) [48].

There has been a resurgence of tuberculosis, and 
tuberculous peritonitis is therefore still encountered but 
often not suspected.

 Management

General

Once the liver is disorganized, as in cirrhosis, it will 
never regain normal structure. Much can be achieved by 
symptomatic measures. The liver cells retain such an 
enormous regenerative capacity that, even though liver 
structure may not return to normal, functional compen-
sation may be achieved.

The management of the compensated cirrhotic is 
directed towards maintenance of an adequate balanced 
diet, avoidance of alcohol and obesity, early detection of 
hepatocellular carcinoma, fluid retention and encepha-
lopathy, maintenance of renal function, and prevention 
of variceal haemorrhage. Treatment in the decompen-
sated cirrhotic is directed towards the specific form of 
decompensation, for example hepatic encephalopathy, 
ascites, variceal bleeding. In many cases, the episode of 
decompensation is precipitated by an event such as sep-
sis, hypotension, or injudicious medication. Identification 
and treatment of these precipitating causes may help to 
return the patient to a compensated state.

Specific

If the cause of cirrhosis is known then specific treatment 
should be given. Antiviral treatment can eliminate the 
virus in hepatitis C and suppress it in hepatitis B. Liver 
function typically improves with antiviral treatment. 
Steroids and immunosuppressive drugs may be used in 
autoimmune hepatitis. Ursodeoxycholic acid should be 
given early in the course of primary biliary cirrhosis and 
continued long term. Wilson’s disease is treated with 
chelation therapy and haemochromatosis with venesec-
tion. In alcoholic cirrhosis, abstinence is essential. 
Weight loss may be beneficial in NASH cirrhosis.

Precipitating factors

In many patients with decompensated cirrhosis specific 
therapies may not be available or may take some time to 
show clinical effect. In this situation treatment is directed 
at the presenting complaints, usually bleeding varices, 
ascites, encephalopathy, or sepsis. Precipitating factors 
may be important and amenable to treatment. A 
 precipitating factor is something that depresses hepato-
cellular function and throws the patient with hitherto 
compensated liver disease into failure. Gastrointestinal 
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Fig. 8.15 The conceptual difference between decompensated cirrhosis and acute‐on‐chronic liver failure. Source: Adapted from Bernal 
et al. 2015 [54].

 haemorrhage or the fall in blood pressure following 
 surgical operation may necessitate blood transfusion. An 
acute infection must be treated. If failure has followed an 
alcoholic episode, the patient is denied alcohol. 
Electrolyte disturbances, whether diuretic‐induced or 
due to some other factor such as vomiting or diarrhoea, 
must be corrected.

Nutrition

Abnormal fuel metabolism and malnutrition is common 
in cirrhotic patients (see Chapter 29). They become cata-
bolic after short periods of fasting. A diet containing 
35–40 kcal and 1.2–1.5 g of protein/kg body weight per 
day is recommended [49]. Oral or enteral feeding is pref-
erable to parenteral nutrition. Avoidance of fatty foods is 
not of any therapeutic value. Protein restriction is not 
recommended for hepatic encephalopathy and if used 
should be very short term. Late evening or nocturnal 
feeding appears beneficial. In a randomized controlled 
trial an oral nutritional supplement given at night 
(710 kcal between 21.00 and 07.00) was superior to the 
same supplement given during the day. Over a year the 
nocturnal feeding group gained the equivalent of 2 kg 
lean body mass [50]. Ascitic patients may require salt 
restriction but caloric and protein intake should be 
maintained.

Surgical procedures [51]

All operations in cirrhotic patients carry a high risk and a 
high mortality. Abdominal surgery in non‐bleeding cir-
rhotic patients has an operative mortality of 30% and an 

additional morbidity rate of 30%. These are related to 
Child grade  –  mortality being 10% in grade A, 31% in 
grade B, and 76% in grade C patients. Operations on the 
biliary tract, for peptic ulcer disease or for colon resection, 
have a particularly bad prognosis. Predictive features of a 
poor outcome include a low serum albumin, the presence 
of infection, and a prolonged prothrombin time. The sur-
gical risk in patients with chronic liver disease emphasizes 
the need for a careful preoperative evaluation.

Upper abdominal surgery increases the difficulty, and 
should be avoided in potential candidates for liver 
transplantation.

 Acute‐on‐chronic liver failure

Acute‐on‐chronic liver failure (ACLF) is a newly defined, 
clinically and pathophysiological distinct syndrome that 
commonly occurs in patients with cirrhosis and is charac-
terized by acute deterioration in their clinical condition, 
occurrence of organ failures, systemic inflammation, and 
high short‐term mortality [52]. The syndrome is common, 
affecting about 30% of hospitalized cirrhotic patients and 
often requires admission to the intensive care unit for 
organ support [53]. The concept of ACLF and the emerg-
ing data argue against the traditional view of a stepwise 
deterioration of cirrhotic patients defined by stages. ACLF 
can occur in patients at any stage of cirrhosis, whether 
they are previously well compensated or decompensated 
(Fig. 8.15). Depending upon whether the patient had no 
cirrhosis, compensated cirrhosis, or decompensated cir-
rhosis prior to occurrence of ACLF, they would be referred 
to as Type A, B, or C, respectively.
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Diagnostic criteria for ACLF

Although different definitions for ACLF have been pro-
posed, the best prospective data allowing the definition 
of ACLF is from the CANONIC study that was per-
formed by a large consortium in Europe [53]. The diag-
nosis of the syndrome is based on the occurrence of 
hepatic and/or extrahepatic organ failures. The criteria 
defining whether a patient has ACLF or not is calculated 
by using the CLIF Organ Failure score (Table 8.6), which 
has been independently validated. ACLF grades essen-
tially imply increasing number of organ failures. 
Consequently, the short‐term mortality rate increases 
with increasing severity of ACLF (Fig. 8.16).

Prognosis and course of ACLF

ACLF is an extremely dynamic syndrome [55]. The 
course of patients with ACLF is therefore, extremely het-
erogenous. As exemplified in Table  8.7, patients with 
ACLF can either resolve to have no ACLF or progress to 
higher grades. The resolution of ACLF is associated with 
a significant reduction in the risk of death irrespective of 
the grade of ACLF at the beginning. Conversely, progres-
sion to more advanced grades is associated with increas-
ing risk of death. The observation that even the sickest 
patients can recover provides a compelling argument 

that most patients with ACLF must have access to spe-
cialist intensive care because they have an element of 
reversibility [55].

Although the ACLF grade provides a quick estimate of 
the severity of ACLF, it is not accurate to determine the 
prognosis for an individual patient. The recently devel-
oped CLIF‐ACLF score (available at efclif.com or a 
downloadable app) incorporates age, the CLIF‐OF score 
and white cell count, parameters that were found to be 
independent predictors of mortality in patients with 
ACLF, compares favourably to other available scoring 
systems in predicting the mortality of ACLF patients and 
has been validated externally (Table 8.6) and is useful for 
sequential use [56].

Pathophysiological basis of ACLF

Systemic inflammation and oxidative stress
From the pathophysiologic perspective, ACLF is distinct 
from acute decompensation and the main difference is a 
marked systemic inflammatory response. Even a crude 
measure of inflammation such as white cell count is 
 significantly higher in patients with ACLF and is an inde-
pendent predictor of mortality [53]. The probability of 
death of ACLF patients rises with increasing white cell 
count. Both pro‐inflammatory and anti‐inflammatory 

Table 8.6 Diagnostic criteria for acute‐on‐chronic liver failure using the CLIF Organ Failure score

Organ system Score = 1 Score = 2 Score = 3

Liver (mg/dL) Bilirubin < 6 6 ≤ Bilirubin ≤ 12 Bilirubin > 12
Kidney (mg/dL) Creatinine < 2 Creatinine ≥ 2 < 3.5 Creatinine ≥ 3.5 or renal replacement
Brain (West‐Haven) Grade 0 Grade 1–2 Grade 3–4
Coagulation INR < 2.0 2.0 ≤ INR < 2.5 INR ≥ 2.5
Circulation MAP ≥ 70 mmHg MAP < 70 mmHg Vasopressors
Respiratory: PaO2/FiO2 or SpO2/FiO2 >300

>357
≤ 300–>200
>214– ≤ 357

≤ 200
≤ 214

Source: Modified from Jalan et al. 2014 [56].

Values at Study Enrolment. Highlighted area reflects the definition of each organ failure.

 ● No ACLF
 – Patients with no organ failure
 – Patients with single hepatic, coagulation, circulation or respiratory failure, serum creatinine <1.5 mg/dL and no HE
 – Patient with cerebral failure and serum creatinine <1.5 mg/dL

 ● ACLF 1
 – Patients with renal failure
 – Patients with other single organ failure with

 ○ serum creatinine ≥1.5 and <2 mg/dL and/or
 ○ HE grade 1–2.

 ● ACLF 2
 – Patients with 2 organ failures

 ● ACLF 3
 – Patients with 3 or more organ failures.
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cytokines are elevated in ACLF patients with most nota-
ble increases in IL‐6, 1 L‐8, IL‐10, and IL1RA [57]. Many 
lines of investigation indicate innate immune dysfunc-
tion affecting neutrophils and the circulating monocytes 
[58]. It is hypothesized that, the severity of the inflam-
matory response predisposes to immune failure and an 
increased risk of infection [58]. Sepsis accounts for the 
death of about 40% of ACLF patients [53].

The organs in ACLF

The available data have started to suggest that the liver 
and extrahepatic organs in ACLF patients depict distinct 
pathology, which may contribute to the need for new 
therapeutic strategies.

Liver. Patients with ACLF show evidence of hepatic 
cell death [59,60]. The mechanism of cell death is not yet 
completely clear but in patients with hepatitis B, necrosis 
was the main mechanism of cell death [60]. In patients 
with ACLF on the background of alcoholic cirrhosis, the 
mechanism of cell death may be different. Preliminary 
studies suggest that apoptosis predominates in patients 
with acute decompensation and progresses to a necrotic 
type of cell death with progression to ACLF [59]. Cell 
death and hepatic inflammation are associated with 
worsening portal hypertension and reduced hepatic per-
fusion, which perpetuates liver injury further [61].

Brain. The occurrence of brain dysfunction in patients 
with ACLF is associated with increased risk of mortality 
[62]. From the mechanistic perspective, brain oedema 
and death from intracranial hypertension is very rare but 
patients show imaging evidence of brain swelling [63]. 
Ammonia levels are increased in ACLF patients but not 
significantly higher in those that have HE indicating that 
other factors such as inflammation may contribute to the 
deleterious effect of hyperammonemia [63]. In contrast 
to patients with acute liver failure, the brain in ACLF 
patients is hypoperfused and its severity is associated 
with increased risk of death [62]. Studies in animal mod-
els confirm evidence of astrocytic swelling and activation 
of microglia, which perpetuates further neuroinflamma-
tion [64].

Kidneys. Patients with ACLF are more likely to depict 
evidence of tubular injury and necrosis than patients with 
acute decompensation, and are therefore less likely to 
respond to terlipressin and albumin [65]. Hepatorenal 
syndrome accounts for less than 20% of cases of renal dys-
function [66]. Histological analysis of the kidneys reveals 
evidence of tubular injury with increased  expression of 

Table 8.7 Table illustrating the dynamic nature of ACLF

Initial grade

Final grade

No ACLF (n = 165)
ACLF‐1
(n = 70) ACLF‐2 (n = 59)

ACLF‐3
(n = 94)

ACLF‐1
Prevalence (n = 202) 110 (54.5%) 49 (24.3%) 18 (8.9%) 25 (12.4%)
28‐day tx‐free mortality (n = 190) 7/104 (6.7%) 10/47 (21.3%) 8/15 (53.3%) 21/24 (87.5%)
ACLF‐2
Prevalence (n = 136) 47 (34.6%) 19 (14.0%) 35 (25.7%) 35 (25.7%)
28‐day tx‐free mortality (n = 118) 1/42 (2.4%) 2/17(11.8%) 8/27 (29.6%) 29/32 (90.63%)
ACLF‐3
Prevalence (n = 50) 8 (16.0%) 2 (4.0%) 6 (12%) 34 (68%)
28‐day tx‐free mortality (n = 45) 1/8 (12.5%) 0/2 (0.0%) 4/6 (66.7%) 28/29 (96.6%)

Source: Adapted from Gustot et al. 2015 [55]. Reproduced with permission of John Wiley & Sons.
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Fig. 8.16 Mortality of patients with increasing severity of acute‐on‐
chronic liver failure. Source: Adapted from Moreau et al. 2013 [53].
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toll‐like receptor 4 in the tubular cells, a soluble form of 
which can be detected in the urine confirming that the 
mechanism of renal dysfunction in ACLF is distinct from 
that observed in decompensated cirrhosis [65].

Cardiovascular. From the clinical perspective, patients 
with ACLF show evidence of hypotension and often 
require inotropic support [52,53]. Cardiac output is 
widely variable and a low cardiac output is associated 
with increased risk of death [61]. Plasma renin concen-
tration (PRC) has traditionally been thought to be an 
excellent marker of circulatory dysfunction in cirrhotic 
patients. In ACLF patients, PRC levels, although  elevated, 
contribute less significantly to circulatory disturbance. 
Inflammation and endothelial dysfunction are likely to 
be more important [57].

The PIRO concept and approach to treatment

A full description of treatment of ACLF is beyond the 
scope of this chapter. Most patients with ACLF should be 
managed in the intensive care unit and the approach is 
one of multiorgan support [67]. As the syndrome is com-
plex and multidimensional, it is useful to consider the 
management of patients using the PIRO concept [68].

a) Predisposition: As ACLF occurs in patients with 
 various aetiologies, it is useful to consider treatment 
of the underlying cause. Indeed, treatment of ACLF 
patients with hepatitis B using tenofovir was 

 associated with improved survival [69]. Patients with 
portal hypertension treated with non‐selective beta‐
blockers had better survival [70].

b) Injury: This refers to the treatment of the precipitat-
ing event noting that in about 40% patients, no spe-
cific precipitating cause can be found [53].

c) Response: Systemic inflammatory response may 
result in immune failure and increased risk of infec-
tion, which needs to be managed [52,53]. Studies 
have suggested a potential role of granulocyte colony 
stimulating factor that has been shown to reduce 
mortality of ACLF patients [71].

d) Organ: In patients with extrahepatic organ failure, indi-
vidual organ support in the intensive care unit forms 
the basis of management [67]. Extracorporeal liver 
assist devices have not been shown to improve survival 
[72]. It is clear that liver transplantation improves sur-
vival of ACLF patients, but at present, these patients do 
not have priority for organ  allocation [73].
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Ascites is free fluid within the peritoneal cavity. It forms 
because of conditions directly involving the peritoneum 
(infection, malignancy), or diseases remote from the per-
itoneum (liver disease, heart failure, hypoproteinaemia). 
Cirrhosis is the commonest cause of ascites in the Western 
world (∼75%), followed by peritoneal malignancy (12%), 
cardiac failure (5%), and peritoneal tuberculosis (2%) [1] 
(Fig.  9.1). In patients with cirrhosis, the development 

of  ascites marks the transition from compensated to 
decompensated cirrhosis [2,3]; and is, by far, the most 
frequent first decompensating event [4,5].

The mechanisms of ascites formation in cirrhosis are 
complex but portal (sinusoidal) hypertension and renal 
retention of sodium are universal. The natural history 
of cirrhotic ascites progresses from diuretic‐responsive 
(uncomplicated) ascites to the development of dilutional 
hyponatraemia, refractory ascites, and finally, hepato-
renal syndrome (HRS) (Fig. 9.2).

Treatment of ascites has not resulted in a significant 
improvement in survival. However, treating ascites is 
important, not only because it improves quality of life 
but because spontaneous bacterial peritonitis (SBP), a 
lethal complication of cirrhosis, does not occur in the 
absence of ascites. New treatments are being evaluated 
that modify its pathophysiology, such as the transjugular 
intrahepatic portosystemic shunt (TIPS) for refractory 
ascites and vasoconstrictors for HRS. Liver transplanta-
tion is the ultimate therapy and should be considered 
when the patient first presents with ascites.

 Mechanisms of ascites formation

In cirrhosis, the source of ascites is mainly the hepatic 
sinusoids. Therefore, sinusoidal hypertension is the 
 initial mechanism that determines leakage of ascites 
into the peritoneal space [6,7]. Sinusoidal hypertension 
results mainly from hepatic venous outflow block 
 secondary to regenerative nodules and fibrosis. The 
other essential factor in the pathogenesis of cirrhotic 
ascites is  sodium and water retention, resulting mainly 
from splanchnic and systemic vasodilation, which 
allows for the replenishment of the intravascular volume 
and maintenance of ascites formation [8].
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LEARNING POINTS

 ● Ascites is the most common decompensating event in 
patients with cirrhosis and one that is associated with 
the highest mortality.

 ● Its pathophysiology is mostly explained by portal 
(sinusoidal) hypertension and sodium retention due 
to vasodilation and consequent activation of sodium‐
retaining systems.

 ● The natural history of ascites results from a progressively 
more deranged circulatory status; with ascites that ini-
tially responds to diuretics, then becoming refractory to 
diuretics, at which time the patient may develop 
hyponatraemia and, finally, hepatorenal syndrome.

 ● Initially, most patients respond to diuretics. Patients 
who no longer respond should be treated with 
repeated large‐volume paracenteses. Transjugular 
intrahepatic portosystemic shunt (TIPS) should be 
considered in those requiring frequent paracenteses. 
Fluid restriction is recommended in patients with 
hyponatraemia. Vasoconstrictors plus albumin may 
reverse hepatorenal syndrome and are useful as a 
bridge to liver transplantation.

 ● Ascites per se is not lethal unless it becomes infected 
(spontaneous bacterial peritonitis). Infection often pre-
cipitates the hepatorenal syndrome leading to death.
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Sinusoidal hypertension

Similar to gastro‐oesophageal varices, in which a  minimal 
hepatic sinusoidal pressure (as determined by the hepatic 
venous pressure gradient) of 12 mmHg is needed for their 
presence [9]; the development of ascites also requires a 
minimal hepatic sinusoidal pressure of 12 mmHg [6,7]. A 
threshold hepatic venous pressure gradient (HVPG) of 
10 mmHg or more has been defined as ‘clinically significant 
portal hypertension’ because it best predicts the develop-
ment of complications of cirrhosis, such as ascites [10].

Sodium retention

In patients with cirrhosis and ascites, the normal regula-
tion of sodium balance is lost. Sodium is retained avidly; 
urinary sodium excretion is often below 5 mmol/day. 

Inappropriate sodium retention occurs even in the 
absence of ascites [11].

Vasodilation theory (Fig. 9.3)

Arterial vasodilation, a haemodynamic abnormality 
typical of the patient with cirrhosis, is the most likely 
mechanism that explains sodium retention [8]. An 
increased production of the vasodilator nitric oxide 
(NO) is considered the main cause of vasodilation [12]. 
NO synthesis is activated in portal hypertension by 
numerous endothelial cell stimuli, including vascular 
endothelial growth factor, angiotensin [1–7], shear 
stress, and inflammatory cytokines [13]. In experimental 
models of cirrhosis, inhibition of NO synthase increases 
systemic blood pressure and renal sodium excretion, 
resulting in a reduced volume of ascites [14,15]. Other 
vasodilators implicated in the vasodilation of cirrhosis 
include carbon monoxide, endocannabinoids, prostacyclin, 
neuropeptides, and glucagon [12,13].

Arterial vasodilation results in a reduction in 
 ‘effective’ arterial blood volume and a decrease in sys-
temic arterial pressure, leading to the activation of 
the  renin–angiotensin–aldosterone system (RAAS) 
and  the sympathetic nervous system (through carotid 
sinus baroreceptors). Renin is produced by the kidney 
(juxtaglomerular apparatus) in response to low blood 
volume and β‐adrenergic stimulation. Under the influ-
ence of renin, angiotensinogen (produced by the liver) is 
converted to angiotensin I (a decapeptide), which in 
turn is converted to angiotensin II (an octapeptide) by 
angiotensin‐converting enzyme (ACE). Angiotensin II 
is the main stimulant to the synthesis and secretion of 
aldosterone, a mineralocorticoid, from the glomerular 
cells of  the adrenal cortex. Aldosterone acts on cells 
in  the collecting duct(ule) and, through a cytoplasmic 

Peritoneal
malignancy

Heart failure

Peritoneal
tuberculosis

Other

Cirrhosis

Fig. 9.1 Causes of ascites.

No ascites

Uncomplicated ascites

Ascites + hyponatraemia

Refractory ascites

Hepatorenal syndrome

Fig. 9.2 Natural history of cirrhotic ascites.

Peripheral vasodilatation

Diminished effective
arterial blood volume

Rise in renin, aldosterone, vasopressin
Sympathetic system stimulated

Sodium and water retention
Renal vasoconstriction

Plasma volume expansion
plus portal hypertension

Ascites

Fig. 9.3 The peripheral arterial vasodilatation hypothesis for 
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interaction, increases both luminal uptake and baso-
lateral passage of  sodium (Fig.  9.3). Natriuresis after 
spironolactone, an aldosterone antagonist, supports 
hyperaldosteronism as a major contributor to sodium 
retention in cirrhosis [16].

In addition to sodium (and water) retention, angioten-
sin II is a potent vasoconstrictor (both venules and 
arterioles), a potent stimulant for the non‐osmotic 
release of antidiuretic hormone (ADH) from the poste-
rior pituitary, and a potent activator of the adrenergic 
system (Fig. 9.4).

Bacterial translocation to mesenteric lymph nodes 
with increased endotoxin production and consequent 
stimulation of cytokine synthesis plays a major role in 
enhancing vasodilation in animals with cirrhosis and 
ascites [17,18]. Further vasodilation, with further activa-
tion of the RAAS, leads to hyponatraemia (through 
secretion of ADH) [19], and to HRS (through maximal 
renal vasoconstriction) [8]. The time course of circula-
tory, neurohumoral, and renal function abnormalities is 
depicted in Fig. 9.5 [20].

Therapies that counteract the mechanisms that lead to 
vasodilation (e.g. NO inhibition) or vasodilation itself 
(e.g. vasoconstrictors), improve renal haemodynamics 
and thereby increase sodium excretion and improve 
renal function [14,21].

Circulation of ascites

Once formed, ascitic fluid can exchange with blood 
through a large capillary bed under the visceral perito-
neum. This plays a vital, dynamic role, sometimes 
actively facilitating transfer of fluid into ascites and 
sometimes retarding it. The constituents of the fluid 
are in dynamic equilibrium with those of the plasma. 
Rate of ascitic fluid reabsorption is, however, limited to 
700–900 mL daily.

Summary

Ascites in cirrhosis results from sinusoidal hypertension 
and sodium retention. The most accepted theory for 
sodium retention is the peripheral arterial vasodilation 
hypothesis, which proposes that renal sodium (and water 
retention) is due to reduced effective blood volume sec-
ondary to peripheral arterial vasodilation (Figs 9.3, 9.4, 9.5). 
The renal changes are mediated by stimulation of the 
RAAS, an increase in sympathetic function, and other 
systemic and local peptide and hormone disturbances. 
Depending on the degree of circulatory changes (Table 9.1), 
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Table 9.1 Circulatory changes in patients with cirrhosis

Increased Plasma/total blood volume
Non‐central blood volume
Cardiac output
Portal pressure and flow

Reduced Central blood volume
Arterial blood pressure
Splanchnic vascular resistance
Systemic vascular resistance
Renal blood flow
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these same mechanisms will lead to hyponatraemia and, 
at the extreme end of severity of renal and vascular changes, 
HRS develops (Fig. 9.5).

 Clinical features

By consensus of an international panel of physicians with 
research interest in ascites, ascites has been graded as: 
grade 1, mild ascites detectable only by ultrasound 
examination; grade 2, moderate ascites manifested by 
moderate symmetrical distension of the abdomen; and 
grade 3, large or gross ascites with marked abdominal 
distension [22]. Grades 2 and 3 are clinically evident and 
symptomatic and require therapy.

Symptoms

The most frequent symptoms associated with clinically 
evident ascites are increased abdominal girth (the patient 
notices tightness of the belt or garments around the 
waist) and recent weight gain [23]. As fluid continues to 
accumulate, it leads to elevation of the diaphragm that 
may cause shortness of breath. Fluid accumulation may 
also be associated with a feeling of satiety and general-
ized abdominal pain. The rapid onset of symptoms in a 
matter of weeks in ascites helps to distinguish it from 
obesity, which develops over a period of months to years.

Examination

The presence of clinically evident ascites (grades 2 and 3) 
in patients with cirrhosis denotes a decompensated, 
more advanced stage of cirrhosis, therefore stigmata of 
cirrhosis are usually present (spider angiomata, palmar 
erythema, muscle wasting). There may also be jaundice 
and signs of portal hypertension, such as splenomegaly 
and abdominal wall collaterals. Inferior vena caval col-
laterals result from a secondary, functional block of the 
inferior vena cava due to pressure of the peritoneal fluid. 
They commonly run from the groin to the costal margin 
or flanks and disappear when the ascites is controlled 
and intra‐abdominal pressure is reduced.

Physical examination is relatively insensitive for 
detecting ascitic fluid, particularly when the amount is 
small and/or the patient is obese. Patients must have at 
least 1500 mL of fluid to be detected reliably on physical 
examination. The clinical diagnosis of ascites will be 
questionable or incorrect in roughly a third of the cases 
[24]. When present in small amounts, ascites can be 
identified by bulging flanks. Flank dullness is very sensi-
tive in detecting ascites [25]. When flank dullness is 
detected, it is useful to see whether it shifts with rotation 
of the patient (shifting dullness). This sign is the most 

sensitive finding (compared to abdominal distension, 
bulging flanks, and fluid wave) [26]. The fluid wave sign 
has the poorest sensitivity in the diagnosis of peritoneal 
fluid, even though its specificity is high [23,25,26]. With 
tense ascites it is difficult to palpate abdominal viscera, 
but with moderate amounts of fluid the liver or spleen 
may be ballotted (“bounced” back and forth by a flicking 
motion of the fingers). The presence of a ballotable liver 
is a good indicator of the presence of ascites [23].

Associated conditions

Umbilical hernias. Increased intra‐abdominal pressure 
favours the development of diastasis recti or hernias in 
the umbilical, femoral, or inguinal regions or through old 
abdominal incisions. Hernias develop in about 20% of 
patients with cirrhosis and ascites (whereas only 3% have 
hernias without ascites), and may increase to 70% in 
patients with long‐standing, recurrent, tense ascites [27]. 
The main risks of these hernias are rupture [28] and 
incarceration, the latter complication observed mostly in 
patients in whom ascites has been rapidly reduced after 
paracentesis, peritoneovenous shunt, or after transjugu-
lar intrahepatic portosystemic shunt [29].

Hepatic hydrothorax. Pleural effusion develops in about 
5–10% of patients with cirrhosis [30] and although it usu-
ally develops in patients with ascites, hepatic hydrothorax 
may develop in patients without detectable ascites [31]. 
Pleural effusion is right‐sided in 85%, left‐sided in 13%, 
and bilateral in 2% of the cases [32]. It is due to defects in 
the diaphragm allowing ascites to pass into the pleural 
cavity (Fig. 9.6). Examination of pleural and ascitic fluid 
may not be reliable to differentiate an effusion due to 
local pleural disease from that due to hepatic hydrotho-
rax [33]. The diagnosis of hepatic hydrothorax can be 
established by radionuclide scanning of the chest after the 
intraperitoneal injection of 99mTc‐labelled sulphur colloid 

Pleural
effusion

ASCITES

Fig. 9.6 A right‐sided pleural effusion may accompany ascites and 
is related to defects in the diaphragm.
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or macroaggregated serum albumin [33]. Presence of 
radiotracer in the pleural space is demonstrated generally 
within 2 hours following its intraperitoneal injection [34]. 
Although large amounts of ascites can accumulate in the 
peritoneal cavity before resulting in significant patient 
discomfort, the accumulation of smaller amounts of fluid 
(1–2 L) in the pleural space results in severe shortness of 
breath and hypoxaemia.

Peripheral oedema. This usually follows ascites and is 
related to hypoproteinaemia. A functional inferior vena 
caval block due to pressure of the abdominal fluid is 
an  additional factor. The presence of oedema without 
ascites should therefore lead to investigations of causes 
of fluid retention other than ascites.

Ascitic fluid

Diagnostic paracentesis (of about 30 mL) should always 
be performed in all patients with new‐onset grade 2 or 3 
ascites, however obvious its cause, and in all patients 
hospitalized for worsening ascites or any complication 
of  cirrhosis [35,36]. In patients with known cirrhotic 
ascites, diagnostic paracentesis should be performed at 
every hospital admission and whenever SBP is suspected. 
Diagnostic paracentesis is a safe procedure with a very low 
incidence of serious complications, mostly transfusion‐
requiring haematomas that occur at a rate of 0.2 to 
0.9% [37].

Fluid appearance is clear, green, straw‐coloured, or 
bile‐stained. The volume is variable and up to 31 L have 
been removed by total paracentesis [38]. A blood‐stained 
fluid indicates malignant disease or a recent paracentesis 
or an invasive investigation, such as liver biopsy or 
 transhepatic cholangiography.

Ascites total protein and serum‐ascites albumin gradi-
ent (SAAG) are two inexpensive tests that, taken together, 
are most useful in determining the source of ascites 
(Table 9.2). A high (>2.5 g/dL) ascites total protein occurs 
with peritoneal involvement (malignancy, tuberculosis) 
due to leakage of high protein mesenteric lymph from 

obliterated lymphatics and/or from an inflamed perito-
neal surface. A high ascites total protein also occurs in 
cases of post‐sinusoidal or post‐hepatic sinusoidal 
hypertension when sinusoids are normal and protein‐
rich lymph leaks into the peritoneal cavity [39]. In cir-
rhosis, an abnormally low protein content of liver lymph 
has been demonstrated as a result of deposition of 
fibrous tissue in the sinusoids (‘capillarization of the 
sinusoid’), which renders the sinusoid less leaky to mac-
romolecules [40]. On the other hand, the SAAG, which 
involves subtracting ascites fluid albumin concentration 
from serum albumin, has been shown to correlate with 
hepatic sinusoidal pressure [41]. A SAAG more than 
1.1 g/dL indicates that there is sinusoidal hypertension 
and that the source of ascites is the hepatic sinusoid as in 
the case of cirrhosis, heart failure, or Budd–Chiari syn-
drome [42] (Table 9.2).

Ascites polymorphonuclear cells increase with perito-
neal infection or with other intra‐abdominal inflamma-
tory conditions such as diverticulitis, cholecystitis. The 
diagnosis of SBP is established with a polymorphonu-
clear cell count of more than 250/mm3 [36,43]. In sterile 
ascites, ascitic fluid white blood cell count is usually less 
than 100/mm3 with a predominance of mononuclear 
cells and a low number of polymorphonuclear cells.

Ascites bacteriological culture is negative in approxi-
mately 50% of patients with clinical manifestations sug-
gestive of SBP and increased ascites polymorphonuclear 
cells [43,44]. Nevertheless, aerobic and anaerobic cul-
tures should be performed. The percentage of positive 
cultures is higher when ascitic fluid is inoculated directly 
into blood culture bottles at the bedside, which is the 
recommended method of culture [36,43].

Ascitic fluid protein and white cell count, but not poly-
morph concentration, increase during diuresis.

Radiological features

Plain X‐ray of the abdomen of a patient with ascites 
shows a diffuse ground‐glass appearance. Distended 

Table 9.2 Differential diagnosis among the three most common causes of ascites

Hepatic vein pressures*

Serum‐ascites albumin 
gradient (cut‐off 1.1 g/dL)

Ascites protein  
(cut‐off 2.5 g/dL) WHVP FHVP HVPG

Cirrhosis High Low High Normal High
Cardiac ascites High High High High Normal
Peritoneal malignancy/
peritoneal TB

Low High Normal Normal Normal

* Only to be performed in equivocal cases. WHVP, wedged hepatic venous pressure; FHVP, free hepatic venous pressure; HVPG, hepatic venous 
pressure gradient.
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loops of bowel simulate intestinal obstruction. Ultrasound 
and CT scan show a space around the liver and these can 
be used to demonstrate quite small subclinical amounts 
of fluid (Fig. 9.7).

 Differential diagnosis

Cardiac ascites, that is, ascites secondary to heart 
 failure/constrictive pericarditis. Diagnostic points include 
jugular vein distension, an elevated serum type B‐
natriuretic peptide [45] and/or echocardiographic 
 findings and, in constrictive pericarditis, the paradoxical 
pulse and the radiological demonstration of a calcified 
pericardium [46]. In both cases SAAG will be more than 
1.1 mg/dL and ascites protein will be more than 2.5 g/dL 
[47]. Right and left heart catheterization and transjugu-
lar liver biopsy with measurements of hepatic venous 
pressure gradient may be necessary to make the differen-
tial between cardiac and cirrhotic ascites [24] (Table 9.2).

Malignant ascites. There may be symptoms and local-
izing signs due to the primary tumour. After paracente-
sis, the liver may be found to be enlarged and nodular on 
examination. Fluid cytological exam should be per-
formed, although normal endothelial cells in the perito-
neum can resemble malignant cells. Massive hepatic 
metastasis can lead to the development of ascites but 
since the mechanism of ascites formation is sinusoidal 
hypertension, these cases of ‘malignant ascites’ will 
have the characteristics of cirrhotic ascites [48,49]. 
Importantly, serum CA‐125 levels are elevated in patients 
with cirrhotic ascites and therefore finding high levels 
are not indicative of malignancy.

Tuberculous ascites. This should be suspected particu-
larly in patients born in areas where TB is endemic, with 
abdominal pain, weight loss, and pyrexia being predomi-
nant symptoms [50]. Rarely, lumps of matted omentum 
can be palpated after paracentesis. Ascitic fluid has many 
lymphocytes. When suspected, ascites should be stained 
for acid fast‐bacilli and sent for M. tuberculosis PCR 
analysis and cultures.

Mixed aetiology ascites. In patients with mixed ascites 
(e.g. cirrhosis with superimposed peritoneal malignancy 
or tuberculosis), the SAAG is high and the ascites pro-
tein is low, that is the findings of ascites due to cirrhosis 
predominate [47,49].

Chylous ascites. This results from accumulation of 
fat, predominantly chylomicrons, in the ascitic fluid. 
Its appearance is milky and diagnosis is confirmed on a 
triglyceride ascites content more than 200 mg/dL. The 
most common cause of chylous ascites is post‐surgical 
disruption of lymphatics. The most common cause of 
non‐surgical chylous ascites is cirrhosis [51,52].

Hepatic venous obstruction (Budd–Chiari syndrome). 
This must be considered, especially if the protein con-
tent of the ascitic fluid is high and the SAAG is high.

Pancreatic ascites. Ascites is rarely gross. It develops as 
a complication of acute pancreatitis with pseudocyst 
rupture, or from pancreatic duct disruption. The amyl-
ase content of the ascitic fluid is very high.

 Spontaneous bacterial peritonitis 
(Table 9.3)

One of the most common bacterial infections in 
 cirrhosis is spontaneous bacterial peritonitis (SBP), an 
infection of ascites unique to patients with cirrhosis, 
 particularly those with severely decompensated cirrhosis. 
It is called spontaneous because it occurs in the absence 
of a contiguous source of infection (e.g. intestinal perfo-
ration, intra‐abdominal abscess) and in the absence of an 
intra‐abdominal inflammatory focus (e.g. abscess, acute 

Fig. 9.7 CT scan showing an irregular cirrhotic small liver, 
splenomegaly and ascites (arrow).

Table 9.3 Spontaneous bacterial peritonitis

Diagnosis requires a high degree of suspicion
Clinical features may be absent and peripheral WBC normal
Ascitic protein usually <1 g/dL
Usually monomicrobial and Gram‐negative
Start antibiotics if ascites >250 mm polymorphs
Concomitant albumin use, particularly if renal dysfunction or 
jaundice
20% die
69% recur in 1 year
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pancreatitis, cholecystitis). Other spontaneous infections 
in cirrhosis are spontaneous bacteraemia and sponta-
neous bacterial empyema, an entity akin to SBP in which 
hepatic hydrothorax becomes infected. Spontaneous 
infections in cirrhosis account for 33% of all bacterial 
infections in cirrhosis.

Bacteria of gut origin are the most commonly isolated 
causative organisms. Therefore, migration of enteric 
bacteria across the intestinal mucosa to extraintestinal 
sites and the systemic circulation (bacterial transloca-
tion) has been implicated in its pathogenesis [53]. In cir-
rhosis, an overactive sympathetic nervous system slows 
gut motility and facilitates bacterial stasis and over-
growth, thereby facilitating bacterial translocation.

Persistence of bacteria in extraintestinal sites is 
favoured by impaired host defences. In cirrhosis, host 
defences are abnormal because of portosystemic 
 shunting and impaired reticuloendothelial function. 
Neutrophils are abnormal in the alcoholic. Decreased 
synthesis of proteins, such as complement and fibronec-
tin, result in diminished adhesiveness and decreased 
bacterial phagocytosis [54]. Ascitic fluid favours  bacterial 
growth and deficient ascitic opsonins lead to defective 
coating of bacteria which are indigestible by polymorphs. 
The opsonic activity of the ascitic fluid is proportional 
to protein concentration and SBP is more likely if ascitic 
fluid protein is less than 1 g/dL [55] (Fig. 9.8).

SBP should be suspected when a patient with cirrhosis 
deteriorates, particularly with encephalopathy, acute 
kidney injury and/or jaundice. Patients with variceal 
bleeding or with previous SBP are at particular risk. 
Pyrexia, local abdominal pain and tenderness, and sys-
temic leukocytosis may be noted. These features, how-
ever, may be absent and the diagnosis is made following 
a high index of suspicion with examination of the ascitic 
fluid (cell count and cultures).

As mentioned earlier, the diagnosis of SBP is estab-
lished with a polymorphonuclear cell count of more than 
250/mm3 [36,43]. Because ascites cultures are frequently 
negative (despite inoculation into blood culture bottles) 
and because isolating an organism is extremely useful for 
therapy, blood cultures should be obtained simultaneous 
to ascites cultures.

SBP is typically a monobacterial infection. The most 
common infecting organisms are Escherichia coli, group 
D streptococci, or Klebsiella [56,57]. Recently there has 
been a shift toward a higher percentage of Gram‐positive 
and multidrug resistant organisms, particularly in 
nosocomial and healthcare‐associated SBP [44,57,58]. 
Infection with more than one organism or with fungi 
is  likely to be associated with colonic perforation or 
 dilation, or any intra‐abdominal source of infection 
(i.e. secondary peritonitis).

The same applies for spontaneous bacteraemia and 
infection of hepatic hydrothorax (spontaneous bacterial 
empyema), the diagnosis and management of which are 
the same as for SBP [59].

Bacterascites (positive culture, polymorphonuclear 
cells <250/mm3) may resolve without treatment but can 
progress to SBP [60] and therefore requires follow‐up 
diagnostic paracentesis.

Prognosis

With SBP, 10–33% of patients will die during that hospi-
tal admission. The 1‐year probability of SBP recurrence 
is 69% and median survival of a patient who develops 
SBP is 9 months [61]. Main predictors of mortality are 
the development of renal dysfunction [62,63] and lack of 
response to initial empirical antibiotic therapy [63], with 
lack of response being directly associated with the site of 
acquisition of the infection, and with nosocomial infec-
tion being an important predictor of lack of response and 
death [44,64].

Treatment

Antibiotics should be started empirically in all patients 
with ascites showing more than 250 polymorphonuclear 
cells/mm3, except in those in whom a local inflammatory 
reaction is identified (e.g. diverticulitis, cholecystitis, etc.).

Because the most common organisms are still Gram‐
negative aerobic bacteria, first‐line antibiotics are third‐
generation cephalosporins usually cefotaxime administered 
intravenously at a dose of 2 g every 12 h for 5–7 days. 
Amoxycillin‐clavulanic acid is as effective as cefotaxime 
[65]. A repeat paracentesis after 48 h of start of treatment 
is very important as it will determine whether there is a 
response to empirical antibiotics. Lack of response (decrease 
in PMN <25% from baseline) can be due to resistant 
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Fig. 9.8 The pathogenesis of spontaneous bacterial peritonitis 
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bacteria (increasingly frequent) or secondary bacterial 
peritonitis. Because multidrug‐resistant bacteria are 
increasingly recognized in health‐care associated or noso-
comial SBP [44], extended spectrum antibiotics (e.g. car-
bapenems, imipenem/cilastatin, piperacillin/tazobactam 
with or without glycopeptides) should be used as initial 
empirical therapy in these settings, particularly in patients 
who had been on beta‐lactams during admission, or on 
quinolone prophylaxis [58]. This strategy has been 
recently shown to be associated with a higher response 
rate and a lower mortality [66,67]. Because of renal 
 toxicity, aminoglycosides should be avoided.

In a randomized study the administration of intravenous 
albumin to patients with SBP treated with cefotaxime 
significantly reduced the incidence of renal impairment 
(10 vs 33%) and hospital mortality (10 vs 29%) [62]. Patients 
who benefit most from the use of albumin are those with 
renal dysfunction at baseline (creatinine >1.0 mg/dL and/
or blood urea nitrogen >30 mg/dL) and serum bilirubin 
more than 4 mg/dL [62,68,69].

Prophylaxis

Long‐term prophylaxis will lead to the emergence of 
resistant bacteria [58]. Therefore, only patients at the 
highest risk of developing SBP or other bacterial infec-
tions should receive antibiotic prophylaxis.

In patients with a previous episode of SBP, the risk of 
recurrence is extremely high in patients not receiving 
prophylaxis (43% at 6 months, 69% at 1 year, and 73% 
at  2 years), and antibiotic prophylaxis decreases this 
rate significantly [70]. Oral administration of norfloxacin 
(400 mg/day) is recommended in such patients, who 
should then be evaluated for liver transplantation [58]. 
Ciprofloxacin (500 mg/day) and trimethoprim/sulfameth-
oxazole (160/800 mg/day) are reasonable second‐line 
options but evidence is not strong.

The risk of SBP and other bacterial infections is high 
in  patients with cirrhosis with upper gastrointestinal 
haemorrhage. Antibiotic prophylaxis reduces infection 
rate in this setting from 45% to 14% and is associated 
with reduced rebleeding and mortality rates [58]. Oral 
administration of norfloxacin (400 mg/12 h for a minimum 
of 7 days) or intravenous administration of third‐generation 
cephalosporins are recommended, the latter for patients 
with decompensated cirrhosis, a recent infection due 
to a quinolone‐resistant organism or in those receiving 
 quinolone prophylaxis [58,71]. SBP and other infections 
should be ruled out by bacterial cultures before starting 
prophylaxis.

There is currently insufficient evidence to recommend 
prophylaxis for patients with a low ascitic fluid protein 
(<1 g/dL). However, norfloxacin prophylaxis appears jus-
tified in patients with advanced liver failure (Child–Pugh 

score >9 points with serum bilirubin level >3 mg/dL) 
or  impaired renal function (serum creatinine level 
>1.2 mg/dL, blood urea nitrogen level >25 mg/dL, or 
serum sodium level <130 mEq/L) as the 1‐year proba-
bility of  first SBP is 60% and is significantly reduced 
with norfloxacin [72].

In patients with a high ascitic fluid protein (>1 g/dL) 
without a past history of SBP, prophylaxis is not neces-
sary as the 1‐year probability of SBP is nil [73].

Non‐antibiotic strategies to prevent bacterial translo-
cation and SBP are actively being sought.

 Treatment of cirrhotic ascites

Therapy of ascites, whether by diuretics or paracentesis, 
reduces clinical symptoms and improves quality of life, 
but may be associated with side‐effects and, because 
they act downstream of the pathophysiological cascade, 
they are mainly symptomatic and are not associated with 
an improvement in survival. Treatment must therefore 
be appropriate to the clinical state and must be properly 
monitored and tailored to the patient. The spectrum of 
therapeutic intervention ranges from sodium restriction 
alone (rarely used), to diuretic use, therapeutic paracen-
tesis (Table 9.4), and, for the most severe groups, TIPS 
and eventually liver transplantation.

Indications for treatment include the following:

 ● Symptomatic ascites with abdominal distension suffi-
cient to be obvious and produce physical or emotional 
distress requires treatment with sodium restriction 
and diuretics. The presence of subclinical ascites (that 

Table 9.4 General management of ascites

Diagnostic paracentesis with first presentation or with any 
symptom/sign suggestive of SBP
70–90 mmol sodium diet; weigh daily; check serum creatinine 
and electrolytes
Spironolactone 50–100 mg daily
If tense ascites consider paracentesis (see Table 9.6)
After 4 days consider adding frusemide (furosemide) 40 mg 
daily; check serum creatinine and electrolytes
Combination therapy spironolactone/frusemide can be initiated 
in cases where ascites is tense and close monitoring is possible
Maximum daily weight loss 0.5 kg/day (1.0 kg/day in those with 
peripheral oedema)
Stop diuretics if precoma (‘flap’), hypokalaemia, azotaemia, or 
alkalosis
Continue to monitor weight; increase diuretics as necessary
Avoid non‐steroidal anti‐inflammatory drugs

SBP, spontaneous bacterial peritonitis.
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seen only on ultrasound without clinical symptoms) 
does not require active treatment, although to prevent 
deterioration advice on a reduction in sodium intake is 
wise. Inappropriate introduction of excessive treat-
ment for ascites may lead to symptomatic hypotension, 
muscle cramps, dehydration, and renal dysfunction.

 ● Large ascites, causing abdominal discomfort or pain 
and/or dyspnoea most often demands paracentesis.

 ● Tense ascites with pain may lead to eversion and ulcer-
ation of an umbilical hernia, which is near to rupture. 
This complication has a very high mortality, due to 
shock, renal failure and sepsis, and urgent paracentesis 
is indicated.

Monitoring during treatment is mandatory. The 
patient should be weighed daily as it provides a satisfac-
tory guide to progress. Urinary electrolyte (sodium, 
potassium) determinations are helpful in determining 
dosage, monitoring the response, and assessing compli-
ance. Serum electrolytes and creatinine should be meas-
ured two to three times per week while the patient is in 
hospital. Where liver disease is due to alcohol, the patient 
should be encouraged to abstain. The mild case is man-
aged as an outpatient by diet and diuretics, but if admit-
ted to hospital, paracentesis is usually a first procedure. 
In a survey of European hepatologists, 50% used para-
centesis initially, followed by diuretics [74]. Fifty per 
cent regarded complete control of ascites as desirable, 
whereas the other half was satisfied with symptomatic 
relief without removing all the ascites. Thus consensus 
on standardized treatment regimens is difficult to reach 
because of the clinical spectrum of ascites, the clinical 
success of the different regimens, and the lack of evi-
dence‐based studies comparing individual approaches.

Sodium restriction/diet

The patient with cirrhosis who is accumulating ascites 
on an unrestricted sodium intake excretes less than 
10 mmol (approx. 0.2 g) sodium daily in the urine. 
Extrarenal loss is about 0.5 g. Sodium taken in excess 
of 0.75 g will result in ascites, with every gram retaining 
200 mL of fluid. Historically, such patients were recom-
mended a diet containing 22–40 mmol/day of sodium 
(approx. 0.5–1.0 g/day). However, such diet is unpalata-
ble and also compromises protein and calorie intake, 
which in patients with cirrhosis is critical for proper 
nutrition. Current recommendations are to use a ‘no 
added salt’ diet (approx. 70–90 mmol or approx. 1.5–
2.0 g/day) combined with diuretics to increase urinary 
sodium excretion (Table  9.5). In this diet, salt should 
not be used at the table or when cooking. Also, various 
foods containing sodium should be restricted or avoided 
(Table 9.5). Many low‐sodium foods are now available.

A few patients with ascites may respond to this 
 regimen alone, but usually the first line of treatment for 
ascites includes diuretics. Patients prefer the combina-
tion of diuretics and a modest restriction of sodium to 
severe sodium restriction alone. Very occasionally if 
there is a good response, diuretics may be withdrawn 

Table 9.5 Advice for ‘no added salt diet’ (70–90 mmol/day or 
1.5–2.0 g/day)

Omit
Anything containing baking powder or baking soda (contains 
sodium bicarbonate): pastry, biscuits, crackers, cakes, self‐
raising flour, and ordinary bread (see restriction below)
All commercially prepared foods (unless designated low 
salt – check packet)
Dry breakfast cereals except Shredded Wheat, Puffed Wheat, 
or Sugar Puffs
Tinned/bottled savouries: pickles, olives, chutney, salad cream, 
bottled sauces
Tinned meats/fish: ham, bacon, corned beef, tongue, oyster, 
shellfish
Meat and fish pastes; meat and yeast extracts
Tinned/bottled vegetables, soups, tomato juice
Sausages, kippers
Cheese, ice‐cream
Sweets, pastilles, milk chocolate
Salted nuts, potato crisps, savoury snacks
Drinks: especially Lucozade, soda water, mineral waters 
according to sodium content (essential to check sodium 
content of mineral waters, varies from 5 to 1000 mg/L)

Restrict
Milk (300 mL = half pint/day)
Bread (two slices/day)

Free use
Fresh and home‐cooked fruit and vegetables of all kinds
Meat/poultry/fish (100 g/day) and one egg; egg may be used to 
substitute 50 g meat (2 oz)
Unsalted butter or margarine, cooking oils, double cream
Boiled rice, pasta (without salt), semolina
Seasonings help make restricted salt meal more palatable: 
include lemon juice, onion, garlic, pepper, sage, parsley, thyme, 
marjoram, bay leaves
Fresh fruit juice, coffee, tea
Mineral water (check sodium content)
Marmalade, jam
Dark chocolate, boiled sweets, peppermints, chewing gum
Salt substitutes (not potassium chloride)
Salt‐free bread, crispbread, crackers, or matzos
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and the patient maintained on dietary sodium restriction 
alone.

Good responders are liable to be those:

 ● with ascites and oedema presenting for the first time in 
an otherwise stable patient;

 ● with a normal creatinine clearance (glomerular filtra-
tion rate);

 ● with an underlying reversible component of liver dis-
ease such as alcoholic hepatitis;

 ● in whom the ascites has developed acutely in response 
to a treatable complication such as infection or bleed-
ing, or after a non‐hepatic operation;

 ● with ascites following excessive sodium intake, such as 
in sodium‐containing antacids or purgatives, or min-
eral waters with a high sodium content.

Diuretics

The major reason for sodium retention in cirrhosis is 
hyperaldosteronism due to increased activity of the 
renin–angiotensin system. There is avid reabsorption 
of  sodium from the distal tubule and collecting duct 
(Fig. 9.4).

Diuretics can be divided into two main groups (Fig. 9.9) 
according to their site of action. The first group inhibits 
Na+–K+–Cl− (NKCC2) cotransporter in the ascending 
limb of the loop of Henle and includes frusemide (furo-
semide) and bumetanide. It is not appropriate to use 
these alone since the sodium remaining in the tubule as a 
result of diuretic action is reabsorbed in the distal tubule 
and collecting duct because of hyperaldosteronism. A 
randomized controlled trial has shown frusemide alone 
to be less effective than spironolactone [16]. Thiazides 
inhibit reabsorption in the distal convoluted tubule, have 
a longer half‐life, may cause hypotension, and should not 
be used in the treatment of ascites.

The second group, spironolactone, amiloride, and tri-
amterene, block sodium reabsorption in the distal tubule 
and collecting duct. Because spironolactone is an aldos-
terone antagonist and aldosterone is the main driver of 
sodium retention in cirrhosis, it is the drug of first choice 
in the treatment of ascites due to cirrhosis. They are 
weakly natriuretic but conserve potassium. Potassium 
supplements are not usually necessary – indeed this type 
of diuretic sometimes needs to be temporarily stopped 
because of hyperkalaemia [75].

There are two therapeutic approaches that can be 
used initially: spironolactone alone, or a combination 
of spironolactone with frusemide. Both have their advo-
cates and may be chosen depending on the degree of 
ascites and the clinical setting [75,76], with combined 
therapy being more appropriate for tense ascites where 
close follow‐up is feasible.

Spironolactone alone. The starting dose is 50–100 mg/
day according to the degree of ascites and the clinical set-
ting. If there has been insufficient clinical response after 
3–4 days (weight loss less than 300 g/day), then the dose 
is increased to 100 mg/day (if initiated at 50 mg/day) or 
by 100 mg/day every 4 days to a maximum of 400 mg/day, 
unless hyperkalaemia develops.

The disadvantage of starting with spironolactone alone 
is the delay before its clinical effect and associated hyper-
kalaemia [75].

If there is insufficient clinical response or no response 
on spironolactone alone (when taking 200 mg/day) or 
associated hyperkalaemia, a loop diuretic such as fru-
semide is added at a dose of 20–40 mg/day.

Combination therapy. Treatment is started with the 
combination of spironolactone (100 mg) and frusemide 
(40 mg) daily. The disadvantage of starting with combi-
nation therapy may be the need for closer laboratory 
monitoring [76].

Monitoring of daily weight is necessary. As mentioned 
earlier, the rate of ascitic fluid reabsorption is limited to 
700–900 mL/day. If a diuresis of 2–3 L is induced, much 
of the fluid must come from non‐ascitic, extracellular 
fluids including oedema fluid and the intravenous com-
partment. This is safe so long as oedema persists. Indeed, 
diuresis may be rapid (greater than 2 kg daily) until 
oedema disappears [77]. To avoid the risk of renal dys-
function there should be a maximum daily weight loss 
of  0.5 kg/day, with a maximum of 1.0 kg/day in those 
with oedema.

Intravascular volume expansion with intravenous 
albumin increases natriuresis in response to diuretics, 
but is expensive and not cost‐effective [78].

Long‐term spironolactone causes painful gynaecomas-
tia in males and could then be replaced by amiloride, but 
amiloride has less of a natriuretic effect than spironolac-
tone [79]. Eplerenone, another aldosterone antagonist, 

Na+1
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Fig. 9.9 Site of action of diuretics. 1 = loop diuretics: frusemide 
(furosemide), bumetanide. 2 = distal tubule/collecting duct: 
spironolactone, amiloride, triamterene.
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seems to ameliorate painful gynaecomastia while main-
taining efficacy but it is more expensive [80].

Before diuretic therapy is deemed to have failed (diu-
retic‐refractory ascites) non‐compliance with sodium 
restriction should be ruled out and suspected if a 24‐
hour urine excretion is >78 mmol/L or if a spot urine 
sodium concentration is greater than its potassium con-
centration (this correlates with a 24‐hour sodium excre-
tion >78 mmol/L). Another cause of a lack of response 
to  diuretics are concomitant use of non‐steroidal anti‐
inflammatory agents (NSAIDs) and vasodilators such 
as  angiotensin‐converting enzyme inhibitors (ACEI) 
or  angiotensin receptor blockers (ARBs). NSAIDs, by 
blocking renal vasodilating prostaglandins, are associ-
ated with enhanced sodium and water reabsorption and 
significant reduction in renal blood flow and glomerular 
filtration rate [81]. ACEIs and ARBs, by blocking the 
renin‐angiotensin system that maintains arterial pres-
sure, lead to significant decreases in blood pressure, 
renal perfusion, and sodium excretion [82].

Failure to respond to diuretics often occurs in those 
with very poor hepatocellular function who have a 
poor  prognosis without liver transplantation. In such 
refractory patients, diuretics have eventually to be 
 withdrawn because of intractable uraemia, hypotension, 
or encephalopathy.

Complications

Acute kidney injury reflects contraction of the extra-
cellular fluid volume and reduced renal circulation 
 (prerenal azotaemia). Hepatorenal syndrome may be 
precipitated. It is necessary to interrupt or reduce diu-
retic therapy and use plasma expansion with saline solu-
tion or albumin in more severe cases.

Encephalopathy may follow any profound diuresis and 
is usually associated with prerenal azotaemia, hypoka-
laemia, and hypochloraemic acidosis.

Hyperkalaemia reflects the effect of spironolactone, 
which should be reduced or interrupted according to 
the  level of serum potassium. If the level of potassium 
is not dangerous, frusemide can be added to therapy at 
this point.

Hypovolemic hyponatraemia may also result from 
excessive fluid losses. Contrary to hypervolemic 
hyponatraemis (see later), patients have signs of dehy-
dration and signs of prerenal azotaemia due to contrac-
tion of total plasma volume

Painful gynaecomastia may be caused by spironolac-
tone, which should be reduced or discontinued and 
 substituted by amiloride or eplerenone.

Muscle cramps may be a problem. They indicate 
the  need to review the dose of diuretic, but can occur 
without their use. Quinine sulphate 300 mg given at 

night is often helpful to prevent cramps, otherwise qui-
nine water can be recommended; weekly intravenous 
albumin is also effective [83].

Follow‐up advice

The outpatient should adhere to the low‐sodium diet, 
and abstain from alcohol where this is the cause of liver 
disease. Bathroom scales should be used to allow a 
record of daily weight at the same time of day, nude or 
with similar clothing. This daily record should be kept 
and brought to the physician at each visit.

The dose of diuretics depends upon the degree of 
ascites and the severity of the liver disease. A usual regi-
men is 50 mg spironolactone with or without frusemide 
20 mg daily for the patient with mild to moderate ascites, 
and 100–200 mg spironolactone daily with frusemide 
40–80 mg daily for the patient with more marked ascites 
initially, or with a poor response to spironolactone alone. 
Serum electrolytes, creatinine, urea, and liver tests are 
monitored every 4 weeks for the stable outpatient. In the 
patient who has been treated initially as an inpatient, an 
earlier check at 1 week after discharge allows an adjust-
ment to the management plan before electrolyte or clini-
cal imbalance has occurred. As liver function improves 
and the oedema and ascites resolve, it may be possible to 
stop the frusemide first and then the spironolactone. 
Symptoms such as postural dizziness and thirst indicate 
over‐enthusiastic treatment. The ‘no added salt’ (70–
90 mmol/day or 1.5–2.0 g/day) is maintained in the 
majority of patients.

Therapeutic (large‐volume) abdominal 
paracentesis

It is a local therapy by which ascites is removed through 
a needle.

In a controlled trial, daily large‐volume (4–5 L) 
 paracenteses (LVP) associated with 40 g of intravenous 
albumin reduced hospital stay compared with standard 
diuretic treatment [84]. However, readmissions to hos-
pital, survival, and causes of death did not differ signifi-
cantly between the LVP and diuretic groups. Later on, 
the safety of a single total paracentesis combined with 
intravenous albumin was shown to be equally effective 
and safe (Table 9.6) [85,86]. LVP is not entirely benign 
as a percentage of patients, particularly those in whom 
>5 L of ascites is removed, will develop ‘paracentesis 
circulatory dysfunction’ (PCD), an entity that results in 
worsening vasodilation [87], with consequent increased 
incidence of hyponatremia, renal failure, and death 
[88]. The concomitant use of intravenous albumin 
(6–8 g/L of ascites removed) has been able to minimize 
the rate of PCD.
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Albumin replacement is more effective in preventing 
PCD than less costly plasma expanders such as dextran 
70, dextran 40, and polygeline [89], perhaps because 
albumin, by binding vasodilators such as nitric oxide, 
may also have a beneficial vasoconstrictive effect.

Major complications, mostly bleeding, have been asso-
ciated with therapeutic but not diagnostic procedures 
and tend to be more prevalent in patients with low plate-
let count (<50 000) and Child–Pugh class C [90]. Major 
bleeding occurs rarely but may be lethal and is mostly 
related to puncture of collaterals rather than as a result of 
coagulopathy [91]. In a series of over 1000 LVPs there 
was no significant bleeding, even in patients with marked 
thrombocytopenia or prothrombin time prolongation 
[38]. Therefore, clotting abnormalities should not be 
considered a contraindication to LVP. Leakage of ascitic 
fluid is rare and occurs when extraction of ascites is 
incomplete. Therefore, this complication can be solved 
by completing the LVP, preferably in a site remote from 
the leaking puncture site. Similarly, another rare compli-
cation of paracentesis is the development of sudden 
scrotal oedema that results from subcutaneous tracking 
of peritoneal fluid into the scrotum and which should be 
treated by elevation of the scrotum [92].

Summary (Table 9.6)

Paracentesis is an effective, relatively safe, cost‐effective 
treatment for cirrhotic ascites. However, because 
approximately 90% of patients with ascites respond to 
sodium restriction and diuretics, LVP is generally a sec-
ond‐line treatment reserved for patients with tense and 
refractory ascites (see later). Despite this, many clini-
cians opt for early paracentesis rather than waiting for 
diuretics to be effective, particularly in patients present-
ing with tense ascites. Intravenous salt‐poor albumin 
should be used concomitant to LVP, particularly when 

more than 5 L are removed. The paracentesis must be 
followed by an optimal salt‐restricted diet and diuretic 
regimen.

 Hyponatraemia

Hyponatraemia develops in approximately 20–30% of 
cirrhotic patients with ascites and is defined as a serum 
sodium concentration less than 130 mEq/L [93,94]. 
Hyponatraemia in cirrhosis is dilutional (hypervolaemic). 
Although hyponatraemia is usually asymptomatic, some 
patients may complain of anorexia, nausea and vomiting, 
lethargy, and occasionally seizures. Hyponatraemia has 
been associated with the development of hepatic 
encephalopathy due to a further reduction in brain 
organic osmolytes, particularly myoinositol [95], and to 
a poor quality of life [96,97].

Mechanism

Eighty per cent of the water in the glomerular filtrate is 
reabsorbed in the proximal tubule and descending limb of 
Henle. The ascending limb of Henle and distal tubule are 
impermeable to water. Control of the volume of water 
passed in urine is dependent on the amount of water reab-
sorbed in the collecting tubule and collecting duct. This is 
under the control of vasopressin, which interacts with V2 
receptors on the cells of the renal collecting ducts (Fig. 9.4). 
Vasopressin receptor activation stimulates the transloca-
tion of the water channel aquaporin 2 from a cytoplasmic 
vesicular compartment to the apical membrane. This 
mechanism may be affected by prostaglandins which 
inhibit vasopressin‐stimulated water reabsorption.

Vasopressin is produced in the hypothalamus. 
Production is controlled in two ways: by osmoreceptors 
in the anterior hypothalamus under the influence of 
plasma osmolarity, and by parasympathetic stimulation 
as a result of activation of baroreceptors in the atria, ven-
tricles, aortic arch, and carotid sinus. Water retention 
in  patients with cirrhosis and ascites is due to excess 
vasopressin as a result of baroreceptor stimulation. This 
is thought to be related to the reduced effective circulat-
ing volume as a result of splanchnic and systemic vasodi-
lation  –  the same circulatory abnormality which leads 
to activation of the renin–angiotensin–aldosterone axis 
and the sympathetic nervous system and sodium reten-
tion. However, alterations in sodium and water handling 
are not synchronous, sodium abnormalities occurring 
first (Fig. 9.5).

Vasopressin concentrations are not grossly elevated in 
cirrhosis. However, the normal inhibition of vasopressin 
by a water load is blunted or absent. Although there is 
reduced hepatic metabolism of vasopressin in patients 

Table 9.6 Therapeutic paracentesis as initial treatment of ascites

Selection
Large or tense ascites
Routine
No volume limit
iv salt‐poor albumin: 6–8 g/L removed
No need to perform cell count unless symptoms/signs 
suggestive of SBP
Advantages
Comfort
Shortens hospital stay

SBP, spontaneous bacterial peritonitis.
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with cirrhosis, related to the severity of disease, this is 
not thought to be the primary reason for water retention.

Treatment

Hyponatraemia reflects reduced free water clearance. 
In the patient with severe hepatocellular dysfunction it 
may also indicate the passage of sodium into the cells. 
If the serum sodium falls below 130 mmol/L, fluid intake 
should be restricted to 1–1.5 L per day [19]; however, 
patient tolerance is very poor and contributes to decreased 
quality of life [97].

V2‐receptor antagonists (‘vaptans’) increase renal 
excretion of free water by blocking the renal V2 recep-
tors and are the most investigated aquaretic agents. The 
short‐term (7–14 days) use of lixivaptan [98,99] or sata-
vaptan [100] was effective in increasing serum sodium. 
However, their use was associated with severe side‐
effects, dehydration and Q–T prolongation, respectively, 
and has led to their withdrawal from the market. In a 
large multicenter randomized trial, tolvaptan used for 
30  days in patients with euvolaemic or hypervolaemic 
hyponatraemia (of whom 63 had cirrhosis), was associ-
ated with a rapid improvement in serum sodium and 
significant weight loss compared to placebo, without 
significant side‐effects [101]. However, a subanalysis of 
patients with cirrhosis and severe hyponatraemia showed 
that the effect on serum sodium appeared to be transient 
and had reverted back to abnormal levels by day 10 of 
therapy [102]. Longer‐term trials targeting patients with 
cirrhosis are awaited.

Because targeting renal receptors is downstream of the 
pathogenic cascade, therapies to correct the decreased 
effective arterial blood volume should be explored but 
have been confined to the use of intravenous albumin in 
a small number of patients in whom it was found to be 
beneficial but its effect is transient [103].

Summary (Table 9.7)

Although advances are being made in pharmacological 
approaches to correct water retention and the associated 
hyponatraemia, these are not yet clinically applicable. 
The mainstay of treatment is fluid restriction. Intravenous 

albumin infusion may be effective in the short term. 
Whichever approach is used, it should be recognized 
that hyponatraemia is a predictor of reduced survival in 
cirrhotic patients with ascites [104,105] and is a risk fac-
tor for encephalopathy and the HRS syndrome [94,106]. 
Liver transplantation should be considered providing 
serum sodium can be increased to 125 mmol/L or more.

 Refractory ascites

This is defined as ascites that cannot be mobilized 
or  prevented from recurring by medical therapy. It is 
divided into diuretic‐resistant (ascites is not mobilized 
despite maximal diuretic dosage) and diuretic‐intractable 
ascites (development of diuretic‐induced complications 
that preclude the use of an effective diuretic dosage) [107]. 
Dietary history, use of non-steroidal anti-inflammatory 
drugs, angiotensin-converting enzyme inhibitors, angio-
tensin receptor blockers [81,82] and patient compliance 
with the treatment regimen must be reviewed before 
confirming the diagnosis.

Treatment (Table 9.8)

The therapeutic options for patients with refractory 
ascites include repeated LVPs, TIPS, peritoneovenous 
(LeVeen) shunting, and liver transplantation.

Therapeutic paracentesis

This has been discussed earlier as initial treatment for 
the patient with tense ascites prior to initiating diuretic 
therapy. For refractory ascites repeated LVP plus albu-
min is considered first‐line therapy [35,36]. It is easy to 
perform and relatively inexpensive compared to other 
therapies such as the peritoneovenous shunt. Since it 
does not act on the pathophysiological mechanisms of 
ascites formation, recurrence of ascites is the rule and 
LVP needs to be repeated periodically. Patients gener-
ally require paracentesis every 2–4 weeks. As much 

Table 9.7 Hyponatraemia

Serum sodium <130 mEq/L
Present in 22% of patients with ascites
May contribute to encephalopathy and poor quality of life
Water restriction (1–1.5 L/day)
No effective therapies, vaptans have a transient effect
Poor prognostic marker

Table 9.8 Treatment of refractory ascites

First line: Serial therapeutic paracenteses
Relapse is the rule

Second line: TIPS
When paracenteses >1–2/month
MELD <15
? Survival benefit

Third line: Peritoneovenous shunt
Non‐LVP, non‐TIPS candidates

TIPS, transjugular intrahepatic portosystemic shunt; MELD, Model 
for End‐Stage Liver Disease; LVP, large‐volume paracenteses.
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ascites as possible can be removed with each paracente-
sis unless there is renal dysfunction in which case 
removal of >2 L at a time should be avoided. 
Reintroduction of diuretic treatment after paracentesis 
lengthens time to recurrence [108] in patients with a 
urinary sodium greater than 30 mEq/L. In others, diu-
retics should be discontinued, particularly if associated 
with complications [22].

Transjugular intrahepatic portosystemic 
shunt (TIPS)

Side‐to‐side portacaval shunts, unlike end‐to‐side 
shunts, decompress the hepatic sinusoids (Fig. 9.10) and 
had been shown to be effective in the treatment of 
ascites. However, they have been abandoned because 
of  the associated morbidity and mortality of major 
 surgery and the advent of TIPS, which is a less invasive 
procedure that achieves the same decompression of the 
sinusoid [109].

Early experience with TIPS showed a reduction in diu-
retic requirements, and a fall in plasma renin and aldos-
terone activities. However, TIPS may precipitate hepatic 
encephalopathy and/or liver failure.

Not surprisingly, since TIPS acts on the pathophysi-
ological mechanisms responsible for ascites formation, 
it is more effective than LVP in preventing recurrence 
of ascites in randomized comparative trials [110,111], 
but has a higher risk for severe encephalopathy, 
 without  differences in mortality. A meta‐analysis of 
 individual patient data in randomized studies showed 
that mortality was significantly lower in patients treated 
with TIPS and identified a Model for End‐Stage Liver 
Disease (MELD) score above 15 as having a high risk 

of death [112]. In trials performed to date, uncovered 
TIPS stents were used. Uncovered stents frequently 
obstruct (18–78%) [113] and have been largely substi-
tuted by  polytetrafluoroethylene‐covered stents which 
are associated with a significantly lower obstruction 
rate [114]. In a recent randomized study of 62 patients 
with cirrhosis and at least two LVP in the previous 
3  weeks, those randomized to covered TIPS stents 
(average MELD 12, CTP score 9) had a significantly 
better 1‐year survival without transplant than those 
randomized to LVP (93% vs 52%, respectively) with 
no  differences in encephalopathy, suggesting that 
TIPS  could be first‐line therapy for patients with 
hard  to  treat  ascites and relatively preserved liver 
 function [115]. Notably, improvement in ascites is 
not immediate and many patients still require diuretics 
at lower doses.

Peritoneovenous (LeVeen) shunt

This consists of a plastic tube with multiple holes that 
is placed in the peritoneal cavity and is connected to a 
unidirectional pressure‐sensitive valve lying extraperi-
toneally, from which a silicone rubber tube passes sub-
cutaneously to the neck and thence to the internal 
jugular vein and superior vena cava (SVC). When the 
diaphragm descends during inspiration, the intraperito-
neal fluid pressure rises while that in the intrathoracic 
SVC falls. This allows ascitic fluid to pass from the peri-
toneal cavity into the general circulation. It is generally 
inserted under general anaesthesia. Flow of ascites along 
the shunt depends upon this pressure gradient between 
peritoneal cavity and SVC.

The peritoneovenous shunt may control ascites over 
many months. It produces sustained expansion of the 
circulating blood volume and a fall in plasma levels 
of  renin–angiotensin, noradrenaline, and antidiuretic 
 hormone. Renal function and nutrition improve.

In uncontrolled studies, peritoneovenous shunts 
resulted in frequent blockage, severe complications 
(disseminated intravascular coagulation, pulmonary 
oedema, variceal haemorrhage) and high periopera-
tive mortality. However, randomized trials comparing 
 peritoneovenous shunt with LVP and albumin replace-
ment resulted in similar efficacy, with similar 
 complication rates and survival [86,116,117]. Since 
paracentesis with albumin replacement is simpler and 
can be done on an outpatient basis, it is the preferred 
procedure. Additionally, peritoneovenous shunt may 
hinder future placement of TIPS and may complicate 
liver transplant surgery due to peritoneal adhesions. 
Therefore, it is mostly indicated in patients who 
require  LVP frequently and who are not candidates 
for TIPS [118].

Fig. 9.10 The transjugular intrahepatic portosystemic shunt (TIPS) 
decompresses hepatic sinusoids.
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 Hepatorenal syndrome

Hepatorenal syndrome (HRS) is a severe complication 
of  cirrhosis that occurs characteristically in patients 
with  ascites (commonly refractory to diuretics) and 
hyponatraemia and consists of the development of renal 
failure in the absence of any identifiable renal pathology. 
It is a functional rather than structural disturbance in 
renal function. The histology of the kidney is mostly 
normal. Such kidneys have been successfully trans-
planted, following which they functioned normally. 
After liver transplantation, kidney function also usually 
returns to normal.

HRS is diagnosed by excluding other forms of renal 
failure such as prerenal azotaemia, acute tubular  necrosis 
(ATN), or other structural kidney injury. The syndrome 
involves intense splanchnic and peripheral vasodilation 
with consequent renal vasoconstriction.

HRS has been classified into two different clinical 
types: Type I HRS, which is characterized by a rapidly 
progressive reduction of renal function, that is, an acute 
kidney injury [119,120]. Type II HRS has been defined as 
a progressive but slower deterioration in renal function, 
with an increase in serum creatinine above the upper nor-
mal limit 1.5 mg/dL but below 2.5 mg/dL that is mostly 
associated with refractory ascites [121]. Because HRS‐II 
is not well characterized and its management is as yet 
uncertain, the term HRS in the rest of the chapter refers 
to the acute form of HRS, that is, HRS‐I.

Cumulative incidence of HRS in patients presenting 
with ascites for the first time is 1.6% and 5.4% at 1 and 5 
years, respectively [94], while it is higher in patients with 
well‐established ascites in whom the cumulative proba-
bility of HRS is 18% in the first year and 39 % at 5 years 
[122]. The main predictors of development of HRS are 
refractory ascites, hyponatremia, an increased plasma 
renin activity, and a relative decrease in cardiac index 
[94,122,123]. Without liver transplantation and prior to 
the recent studies of treatment using vasoconstrictors, 
recovery of renal function was unusual (<5% of patients) 
and prognosis was poor with a median survival of 7–14 
days [94,122].

Diagnostic criteria (Table 9.9)

These are based largely on establishing a diagnosis of 
AKI, the absence of other causes of AKI (mainly prerenal 
azotaemia and acute tubular necrosis) and the absence of 
sustained improvement in renal function after diuretic 
withdrawal and plasma volume expansion [120].

The diagnosis of AKI was recently changed by consen-
sus from fixed serum creatinine thresholds (e.g. >1.5 g/
dL) to changes in serum creatinine from baseline, spe-
cifically an increase >0.3 mg/dL or by 50% from baseline. 

The occurrence of shock before deterioration of renal 
function precludes a diagnosis of HRS and is more indic-
ative of acute tubular necrosis (ATN) [119]. Patients who 
fulfil these criteria may still have structural (tubular) 
damage.

Urinary biomarkers of tubular damage (e.g. neutrophil 
gelatinase‐associated lipocalin) will become important 
in making a more accurate differential between HRS an 
ATN [124].

Mechanism

The mechanism leading to HRS is progression of the 
vasodilatory state responsible for the formation of ascites 
and hyponatremia. This extreme vasodilation leads to 
further activation of vasoconstrictive systems (mainly 
renin and angiotensin), resulting in renal vasoconstric-
tion and decreased renal blood flow [8]. In addition, a 
relative decrease in cardiac output in this high‐output 
cardiac failure state (or so‐called cirrhotic cardiomyopa-
thy) may further contribute to decreased renal blood 
flow [123]. This decrease in renal blood flow leads to a 
decreased glomerular filtration rate and a prerenal type 
of renal failure or HRS. More recently, the role of a sys-
temic inflammatory state as the underlying cause for the 
hemodynamic alterations has been implicated [125] 
(Fig 9.11). In fact, the most common precipitant of HRS 
is a bacterial infection.

Clinical features

Patients with HRS characteristically have advanced liver 
disease (Child–Pugh class C), ascites (mostly refractory), 
a low serum sodium, and a low mean arterial pressure. 
AKI that presents in patients with cirrhosis without 

Table 9.9 Criteria for diagnosis of hepatorenal syndrome

1 Cirrhosis with ascites
2  Diagnosis of acute kidney injury according to International 

Ascites Club criteria [120]
3  No improvement in serum creatinine after at least 2 

consecutive days of diuretic withdrawal and expansion of 
plasma volume with albumin (1 g/kg of body weight/day up 
to a maximum of 100 g/day)

4 Absence of shock
5  No current or recent use of nephrotoxic drugs (e.g. 

non‐steroidal anti‐inflammatory drugs, aminoglycosides, 
contrast dye) or drugs that have reduced mean arterial 
pressure (e.g. vasodilators)

6  Absence of evidence of structural kidney injury as indicated 
by proteinuria >500 mg/day, microhaematuria (>50 red 
blood cells per high power field), and/or abnormal renal 
ultrasonography
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ascites is not HRS and other causes (see later) should be 
investigated. Sodium retention is even more marked in 
patients with HRS (than in patients with uncomplicated 
ascites) with very low fractional excretion of sodium 
(FeNa) that is lower than that observed when prerenal 
azotaemia is the cause of AKI in these patients (a FeNa 
<0.1% is highly suggestive of HRS) [124].

Differential diagnosis (Table 9.10)

Prerenal azotaemia (or volume‐responsive AKI). Causes 
include over‐diuresis and severe diarrhoea, for example 
due to lactulose. Bacterial infection, particularly SBP, may 
present with reversible impairment of renal function, 
although often infections are a precipitant of HRS. 
Non‐steroidal anti‐inflammatory drugs reduce renal 

prostaglandin production, thereby reducing the glomeru-
lar filtration rate and free water clearance. Vasodilators or 
any drug that leads to a reduction in  arterial pressure in 
patients with ascites (such as non‐selective beta‐block-
ers) can lead to decreased renal  perfusion and AKI.

Intrinsic renal failure. Nephrotoxic drugs should be 
identified, including aminoglycosides and X‐ray contrast 
media. Glomerular mesangial IgA deposits, accompa-
nied by complement deposition, complicate cirrhosis, 
usually in the alcoholic. Hepatitis B and C are associated 
with immune‐related glomerulonephritis. These lesions 
are diagnosed by finding proteinuria with microscopic 
haematuria and casts. The main differential diagnosis 
and the most difficult to make is ATN. A history of 
shock, increased urine sodium, increased urine protein, 
and granular casts indicate ATN; however, all these 
findings can also be present in HRS.

Prevention

The risk of HRS is reduced by careful use and moni-
toring of diuretic therapy, and the early  recognition 
of  any complication such as electrolyte imbalance, 
haemorrhage, or infection. Nephrotoxic drugs and 
 vasodilators should be avoided. The dose of non‐ 
selective beta‐blockers to prevent variceal haemor-
rhage in patients with ascites should be capped at 
80 mg (twice a day for propranolol, once a day for 
 nadolol) and reduced or discontinued if associated 
with a decrease in arterial pressure [126]. The risk of 
post‐paracentesis circulatory dysfunction that can lead 
to renal deterioration after large‐volume paracentesis 
is reduced by the administration of salt‐poor albumin. 

Peripheral vasodilation

Diminished effective
arterial blood volume

Decreased
cardiac output

Rise in renin, aldosterone, vasopressin
Sympathetic stimulated

Sodium and water retention
Renal vasoconstriction

Plasma volume expansion
plus portal hypertension

Ascites

Further vasodilation

Further decrease in effective
arterial blood volume

Further rise in
vasoactive systems

Intense renal
vasoconstriction

Decreased renal perfusion

Hepatorenal syndrome

Systemic inflammation*

Fig. 9.11 Mechanism for hepatorenal syndrome. *A systemic inflammatory state is mostly due to severe bacterial translocation (covert 
infection), overt bacterial infections (commonly SBP), and severe liver injury as seen in alcoholic hepatitis.

Table 9.10 Iatrogenic causes of acute kidney injury in cirrhosis

Drugs Treatment

Diuretics Discontinue diuretics, volume 
expansion

Lactulose Discontinue lactulose, volume 
expansion

NSAID (prostaglandin 
inhibition)

Stop drug

Aminoglycosides Discontinue drug
Drugs that will decrease mean 
arterial pressure

Discontinue drug

IV contrast

NSAID, non‐steroidal anti‐inflammatory drug.
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The risk of further worsening renal failure in patients 
with SBP is prevented by intravenous albumin and con-
comitant antibiotics [62]. The risk of SBP and HRS in 
high‐risk patients without a prior episode of SBP is 
reduced by prophylactic antibiotics [72].

Treatment

General measures
Since renal dysfunction may be related to hypovolaemia 
and since assessment of volume status may be uncertain, 
diuretics should be stopped and intravascular volume 
expanded with intravenous albumin at a dose of 1 g/kg 
body weight up to a maximum of 100 g [127]. This dose 
can be repeated in 12 h if the serum creatinine has not 
improved and provided the patient is not anuric. A 
reduction in serum creatinine indicates that acute 
 kidney injury is due to prerenal azotaemia. Intravenous 
albumin is preferred over saline solution as a volume 
expander.

Potentially nephrotoxic drugs, vasodilators, and non‐
selective beta‐blockers are stopped. A search for sepsis is 
made. Ascites is tapped for white cell count, Gram stain 
and culture. Blood, urine, and cannula tips are cultured. 
A broad‐spectrum antibiotic is started if infection is 
strongly suspected.

Renal replacement therapy (mainly continuous arteri-
ovenous and venovenous haemofiltration) should be 
started if there is severe volume overload, acidosis, or 
hyperkalaemia. However, it does not lead to renal recov-
ery, unless liver transplantation occurs. Complications 
occur, including arterial hypotension, coagulopathy, sep-
sis, and gastrointestinal haemorrhage, and many patients 
die during this treatment.

Suitability for liver transplantation needs to be rapidly 
evaluated as this is the only curative therapy for HRS. 
Vasoconstrictors may act as a bridge to liver transplanta-
tion by lengthening survival time.

Liver transplantation
Liver transplantation is the only definitive therapy for HRS, 
and the only therapy that results in improved survival. 
However, it is important to try to reverse HRS prior to 
transplantation because lower pre‐transplantation serum 
creatinine is associated with improved post‐transplanta-
tion outcomes [128,129]. Patients with HRS have longer 
stays in intensive care units (21 vs 4.5 days) and haemodi-
alysis is required more often post‐transplant (35 vs 5%). 
Since calcineurin inhibitors may contribute to renal 
deterioration, it has been suggested that azathioprine 
or mycophenolate and steroids or interleukin‐2 receptor 
blockers, be given until a diuresis has started – usually 
by 48–72 h [128].

Pharmacological treatment
Vasoconstrictors plus intravenous albumin constitute 
the current mainstay  pharmacological therapy in the 
treatment of HRS (Table 9.11). The rationale for use of 
these agents is to  reverse the intense splanchnic and 
 systemic vasodilation, the main hemodynamic alteration 
in HRS. Administration of vasoconstrictors (ornipressin, 
terlipressin, octreotide with midodrine, noradrenaline) 
for periods greater than 3 days is associated with signifi-
cant increases in mean arterial pressure, decreased 
serum creatinine and plasma renin activity and an 
increase in serum sodium [119]. Additional evidence is 
the significant correlation between increases in mean 
arterial  pressure and decreases in serum creatinine 
induced by vasoconstrictors in HRS [130].

The best evidence supports the use of terlipressin, a 
synthetic analogue of vasopressin. It has intrinsic vaso-
constrictor effects and in vivo slow conversion to vaso-
pressin, with a longer biological half‐life. In meta‐analyses 
of randomized controlled trials, terlipressin is associ-
ated with a significantly greater rate of HRS reversal 
and a lower mortality compared to control therapy 
[131,132]. While the HRS reversal rate is 46–51% in 
patients randomized to terlipressin, it is 11–22% in the 
control group. Studies included in these meta‐analyses 
all defined HRS with a creatinine >2.5 mg/dL. With 
changes in the definition of AKI, a diagnosis of HRS 
would be reached with lower creatinine levels and 
thereby a greater rate of response would be expected 
[133]. This is important because in all studies survival 
is  significantly better in terlipressin ‘responders’. 
Terlipressin is recommended in intravenous boluses, 
initially at a dose 0.5–1 mg every 4–6 h, dose that can be 
doubled every 2 days up to a maximum of 12 mg/day 
(i.e. 2 mg iv every 4 h) in case of lack of response (<25% 
decrease in serum creatinine). The dose of vasocon-
strictors can be adjusted by monitoring mean arterial 
blood pressure (an indirect indicator of vasodilation). 
Treatment with terlipressin is associated with daily 
intravenous albumin.

A major concern with the use of terlipressin is the 
development of ischaemic adverse events (Table 9.11). 
The delivery of lower doses of terlipressin in a con-
tinuous intravenous infusion has been associated with 
a lower rate of adverse events while maintaining effi-
cacy [134].

Alternative vasoconstrictive therapy has included the 
use of intravenous noradrenaline infusion, which has 
been shown to be as effective as terlipressin [132], and 
the use of the combination octreotide/midodrine which, 
despite having shown efficacy in uncontrolled trials, was 
recently shown to be significantly inferior to terlipressin 
in a randomized controlled trial [135] and inferior to 
norepinephrine [132].
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Transjugular intrahepatic portosystemic 
shunt (TIPS)
Uncontrolled studies have shown that TIPS may improve 
renal perfusion and reduce the activity of RAAS. In a 
prospective study of 31 non‐transplantable patients, 
approximately 75% had improvement in renal function 
after TIPS [136]. The 1‐year survival was significantly 
better in type 2 than type 1 patients (70 vs 20%). This 
study excluded patients with a Child–Pugh score above 
12, serum bilirubin above 15 mg/dL (250 µmol/L), and 
severe spontaneous encephalopathy. Sequential treatment 
with vasoconstrictors and albumin followed by TIPS also 
resulted in long‐term success in some patients [137]. 
Strategies using TIPS in patients who have responded to 
vasoconstrictor therapy require further examination.

Extracorporeal albumin dialysis
A small randomized trial of the molecular absorbent 
recirculating system, had shown benefit for patients with 
HRS and was associated with an increase in blood pres-
sure [138]. In a more recent multicentre randomized 
controlled trial including a large number of patients with 
acute‐on‐chronic liver failure (a multiorgan failure state 
in which renal dysfunction is one of the main compo-
nents), mortality was not different between study groups 
despite a greater decrease in serum creatinine at day 4 
of  treatment [139]. This treatment cannot be currently 
recommended for HRS.

Summary

New approaches offer hope that HRS syndrome, which 
previously had a dismal outlook, may be improved or 

reversed. Once the diagnosis of HRS is suspected, 
 specific treatment with vasoconstrictors and intrave-
nous albumin should be initiated. The best evidence 
supports the use of terlipressin, which should be started 
at a dose of 0.5 mg iv every 6 h.

 Prognosis

The prognosis is poor when ascites develops in a patient 
with cirrhosis. While other decompensating events in 
cirrhosis such as variceal haemorrhage and encephalop-
athy are episodic, ascites is a continuous complication 
that can be controlled but cannot be reversed unless the 
aetiologic agent of cirrhosis can be eliminated. Therefore, 
among the decompensating events, ascites is the one 
associated with the highest mortality [140]. When it 
occurs as the only decompensating event, the 5‐year 
mortality is around 30% while, when associated with 
variceal hemorrhage, mortality rises to around 88% [5]. 
Progressive worsening of the pathophysiological mecha-
nisms that lead to ascites result in complications that, in 
themselves, are associated with a higher mortality in 
patients with cirrhosis, specifically refractory ascites, 
hyponatraemia, and the hepatorenal syndrome [105,141]. 
The 1‐year probability of survival after developing dilu-
tional hyponatraemia, refractory ascites, and renal dys-
function was 25.6%, 31.6%, and 38.5%, respectively in a 
prospective study [94]. Spontaneous bacterial peritoni-
tis, an infection of ascitic fluid, is one of the most fre-
quent complications that lead to this worsening in 
pathophysiology and to a high mortality [63].

Table 9.11 Vasoconstrictors in HRS: doses used and adverse events

Drug Dose range Observed adverse events

Terlipressin 0.5–2.0 mg iv every 4–6 h Cardiac: arrhythmia, angina, myocardial infarction
GI: abdominal cramps, diarrhoea, nausea, vomiting, 
intestinal ischaemia
Peripheral: livedo reticularis, finger ischaemia, 
cutaneous necrosis at the infusion site, scrotal necrosis
Others: arterial hypertension, dyspnoea, bronchospasm, 
respiratory acidosis

Noradrenaline 0.5–3.0 mg/h (continuous iv 
infusion)

Chest pain with or without ventricular hypokinesia

Octreotide + midodrine 100–200 µg sc three times a day
7.5–12.5 mg orally three times 
a day

Diarrhoea
Tingling

25 µg → 25 µg/h (continuous iv 
infusion)
2.5 mg/day orally

iv, intravenous; GI, gastrointestinal.
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Because of the poor prognosis, liver transplantation 
should be considered in all patients with ascites. Early 
assessment is needed and a decision taken before the 

clinical decline associated with refractory ascites or 
hepatorenal syndrome.
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Hepatic encephalopathy is the term used to describe the 
complex and variable changes in neuropsychiatric status 
which complicate liver disease. This syndrome is the 
defining feature of fulminant hepatic failure and, in this 
setting, is only one of a multitude of metabolic abnor-
malities caused by loss of functioning hepatocyte mass 
(see Chapter 5).

In patients with cirrhosis, a spectrum of neuropsychi-
atric abnormalities exists, ranging from clinically indis-
cernible changes in cognition to clinically obvious 
changes in intellect, behaviour, motor function, and con-
sciousness. This complication is common and debilitat-
ing; it has detrimental effects on health‐related quality of 
life, safety, and outcome.

The pathogenesis of this syndrome remains unclear. 
Both hepatocellular failure and portal–systemic shunting 
are key to its development. Gut‐derived toxins, primarily 
ammonia, escape hepatic detoxification and impinge on 
the brain. Ammonia detoxification in astrocytes leads to 
the development of low‐grade cerebral oedema, which 
ultimately impacts on neuronal function.

The diagnosis remains difficult because clinical signs, 
which are often subtle, are easily missed. There are a 
number of surrogate diagnostic techniques, but these are 
used infrequently, except in specialist centres. Thus, in 
general, the condition is underdiagnosed. There is no 
specific treatment. A variety of approaches, based largely 
on reducing the production and increasing the elimina-
tion of ammonia have been adopted, and are effective; 
new treatment targets have been defined.

 Clinical Features [1–3]

Clinically apparent or overt hepatic encephalopathy, 
manifests as a neuropsychiatric syndrome encompass-
ing a wide spectrum of mental and motor disorders. 
The changes in mental function may present initially 
with non‐specific disturbances, which tend to be more 
apparent to relatives and friends than to patients 
themselves. They include subtle alterations in person-
ality, intellectual capacity, cognitive function, and 
consciousness. Personality changes may include child-
ishness, disinhibition, irritability, and loss of concern 
for family and friends. Intellectual deterioration may 
be apparent but subtle. Construc tional apraxia, mani-
fest as the inability to draw or  construct simple 
 configurations, is very frequently encountered and 
writing difficulties are common (Fig.  10.1). Insight 
into these initial behavioural anomalies is frequently 
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LEARNING POINTS

 ● Hepatic encephalopathy is a common complication of 
cirrhosis; it has detrimental effects on health‐related 
quality of life, safety, and survival.

 ● Ammonia plays a key role in the pathogenesis of the 
syndrome via the induction of astrocyte swelling and 
the development of low‐grade cerebral oedema, oxi-
dative stress, disrupted glial‐neuronal communica-
tion, and neuronal dysfunction follow.

 ● There is no diagnostic gold standard; a combination of 
clinical examination, psychometric testing, and elec-
troencephalography is recommended. Nevertheless, 
the condition is often undiagnosed and thus untreated.

 ● Treatment is directed at reducing circulating ammonia 
by use of non‐absorbable disaccharides and/or non‐
absorbable antibiotics. It is generally effective.

 ● Newer diagnostic methods have been proposed but 
need validation; newer treatment approaches, based 
on recent insights into the pathogenesis of the syn-
drome, need careful appraisal.
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 preserved. Early signs of disturbed consciousness include 
a reduction of spontaneous movement, a fixed stare, 
apathy, and slowness and brevity of responses. Daytime 
sleepiness may be a feature. Progression is marked by 
increasing disorientation, inappropriate behaviour, con-
fusion, agitation, stupor, and finally coma.

The changes in motor function include: rigidity, disor-
ders of speech production, resting‐ and movement‐
induced tremor, asterixis, delayed diadochokinetic 
movements, hyper‐ or hyporeflexia, choreoathetoid 
movements, Babinsky’s sign, and transient focal 
 symptoms. Extrapyramidal features such as hypomimia, 
bradykinesia, rigidity, slurred and monotonous speech, 
and a Parkinsonian‐like tremor, are relatively common. In 
deep stupor, dysphasia becomes marked and is always 
combined with perseveration. Deep tendon reflexes are 
usually exaggerated but are lost during coma. Asterixis 
(flapping tremor) is the best‐known motor abnormality. It 
is caused by impaired inflow of joint and other afferent 
information to the brainstem reticular formation resulting 
in arrhythmic lapses in posture. The tremor is absent at 
rest, less marked on movement, and maximum with sus-
tained posture. It is best demonstrated by asking the 
patient to outstretch their arms and hyperextend their 
wrists with separated digits with their forearm fixed 
(Fig.  10.2). The tremor is usually bilateral, although not 
necessarily bilaterally synchronous. It may also be appre-
ciated by asking the patient to tightly grip the examiner’s 
hand. A ‘flapping’ tremor is not specific for hepatic 
encephalopathy; it can also be observed in renal failure, 
respiratory failure, severe heart failure, hypomagnesae-
mia, and diphenylhydantoin intoxication.

Other features may include excessive appetite, muscle 
twitching, grasping and sucking reflexes, reversible cor-
tical blindness, and alternating gaze deviation. Foetor 

hepaticus, a sour, musty, faeculant smell, can be detected 
on the breath of some patients.

Patients with hepatic encephalopathy also show a wide 
spectrum of other abnormalities including: impaired psy-
chomotor performance, disturbed neurophysiological 
function, altered cerebral neurochemical/neurotransmit-
ter homeostasis, reductions in global and regional cerebral 
blood flow and metabolism, and changes in cerebral fluid 
homeostasis. These abnormalities do not necessarily cor-
relate with one another or with the degree of impairment 
observed clinically, although, in general, their severity 
increases as the clinical condition worsens.

It is also apparent that many patients with cirrhosis who 
appear neuropsychiatrically unimpaired may exhibit dis-
turbances of neurophysiological function and impairment 
of psychometric performance. These individuals may sub-
sequently develop clinical features of hepatic encephalop-
athy attesting to the spectral nature of the syndrome.

Fig. 10.1 Deficits commonly encountered in 
patient with cirrhosis with minimal evidence of 
cognitive dysfunction and in the absence of 
gross tremor or visual disturbance. These may 
be useful for detecting and monitoring 
impairment. Above: Constructional apraxia: the 
inability to draw or construct simple 
configurations; the patient is attempting to 
copy the five‐pointed star drawn by the 
examiner on the left side of the page. Below: 
Writing difficulties: the patient is attempting to 
write: ‘Hello dear. How are you? Better I hope. 
That goes for me too’.

Fig. 10.2 ‘Flapping’ tremor elicited by attempted dorsiflexion of 
the wrist with the forearm fixed.
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 Classification [2,4]

The classification of hepatic encephalopathy, in patients 
with cirrhosis, has been the subject of considerable and 
ongoing debate. There is general agreement that patients 
with overt hepatic encephalopathy should be classified in 
relation to the severity of their clinical symptoms; the 
West Haven criteria, first formulated in 1977, are still 
considered adequate for this purpose [5] (Table  10.1). 
There is also agreement that overt hepatic  encephalopathy 
should be classified in relation to the time course of the 
clinical syndrome; the terms employed are episodic, 
recurrent, and persistent.

Episodic/recurrent hepatic encephalopathy

Episodic hepatic encephalopathy develops over a period 
of hours or days in patients who have previously been 
clinically stable. In a high proportion of these individuals 
an obvious precipitating factor(s) can be identified [7] 
(Table  10.2). These produce their effect by: (1) further 
depressing hepatic or cerebral function; (2) increasing 
the nitrogenous load; or (3) stimulating an inflammatory 
response.

Patients may return to normal following an episode of 
overt hepatic encephalopathy; the improvement in their 
clinical status is usually apparent before improvements 

in psychometric tests or the electroencephalogram 
(EEG). However, many will retain some degree of clini-
cal, neuropsychometric or neurophysiological impair-
ment in the longer term [8], particularly those with 
severely decompensated liver disease and those with 
large spontaneous or surgically created portal–systemic 
shunts. Patients are classified as having recurrent hepatic 
encephalopathy if they experience two or more episodes 
of overt hepatic encephalopathy within a time frame of 
6 months or less [4].

Persistent hepatic encephalopathy

A small number of patients show persistent but stable 
evidence of hepatic encephalopathy. Many of these have 
extensive portal–systemic shunting, either multiple 
anastomotic channels or, more often, one major collat-
eral vessel. In some the shunt may have been created sur-
gically or by insertion of a transjugular intrahepatic 
portal-systemic shunt (TIPS). Parkinsonian features may 
be prominent with a fine tremor unaffected by intention, 
pronounced rigidity, staccato speech, and a shuffling 
gait. Cerebellar features are often encountered mani-
festing as gait disturbance, truncal ataxia, an intention 
tremor, and dysarthria. Involuntary choreoathetoid 
movements may be present. Some fluctuation in the 
clinical picture may be observed in relation to various 
precipitants and usually manifests as a worsening of the 
predominant clinical features rather than by a change in 
conscious level.

Table 10.1 West Haven criteria for grading mental status 
in patients with cirrhosis*

Grade Features

0 No abnormality detected
I Trivial lack of awareness

Euphoria or anxiety
Shortened attention span
Impairment of addition or subtraction

II Lethargy or apathy
Disorientation for time
Obvious personality change
Inappropriate behaviour

III Somnolence to semi‐stupor
Responsive to stimuli
Confused
Gross disorientation
Bizarre behaviour

IV Coma, unable to test mental state

* Based on the description of the mental state alterations in hepatic 
encephalopathy originally proposed by Conn et al. [5] as a modification 
of the Parsons‐Smith criteria [6].

Table 10.2 Factors which may precipitate hepatic 
encephalopathy in patients with cirrhosis

 ● Infection
 ● Gastrointestinal bleeding
 ● Electrolyte imbalance

 – Hyponatraemia
 – Hypokalaemia

 ● Dehydration
 – Fluid restriction
 – Excessive diuresis
 – Paracentesis
 – Diarrhoea/vomiting

 ● Constipation
 ● Excess protein load
 ● Alcohol misuse
 ● Renal dysfunction
 ● Centrally active drugs
 ● TIPS insertion
 ● Surgery
 ● Unidentified

TIPS, transjugular intrahepatic portal–systemic shunt.
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Hepatic myelopathy develops predominantly in men 
who have undergone a surgical portal–systemic shunt 
procedure and is far less common, and less well defined, 
than hepatic encephalopathy. It presents as a progres-
sive spastic paraparesis without sensory impairment or 
sphincter dysfunction [9,10]; the clinical syndrome is 
accompanied by degenerative change in the spinal cord. 
Clinical and biochemical evidence of liver disease may be 
equivocal or absent, and the neuropsychiatric disorder 
may dominate the picture. In consequence, the diagnosis 
is often missed.

Minimal hepatic encephalopathy

Patients with cirrhosis who have no clinical features of 
hepatic encephalopathy but evident impairment of cere-
bral functioning on testing are classified as having mini-
mal hepatic encephalopathy. Use of the term minimal 
emphasizes the fact that hepatic encephalopathy exists 
as a spectrum of change with quantitatively distinct fea-
tures relating to severity but it does not adequately con-
vey the fact that this condition can have a detrimental 
effect on outcome.

Dissatisfaction with the term minimal has resulted in 
the introduction of the term covert hepatic encephalopa-
thy. This, however, is not just an alternative name as the 
term encompasses not only patients with ‘traditional’ 
minimal hepatic encephalopathy but also those classi-
fied, using the West Haven criteria, as exhibiting Grade I 
hepatic encephalopathy (Table 10.1). This, by definition, 
means that only patients with at least Grade II change 
would be classified as having overt hepatic encephalopa-
thy (Table 10.1). While this approach may be pragmatic 
it is not clear how informative or valuable it is in clinical 
and particularly research settings. Indeed it has already 
been shown that patients classified as having covert 
hepatic encephalopathy behave, when tested, as two 
 relatively independent groups [11,12]. Thus, the term 
minimal hepatic encephalopathy, as currently defined, 
will be retained in the remaining text.

 Prevalence and consequences

Overt hepatic encephalopathy is one of the compli-
cations of cirrhosis which, together with ascites and 
variceal haemorrhage, defines hepatic decompensa-
tion. The prevalence of overt hepatic encephalopa-
thy, when the diagnosis of cirrhosis is first made, is 
around 10–20% [13,14]. It is estimated that 30–40% 
of patients with cirrhosis will develop overt hepatic 
encephalopathy, at some time during their clinical 
course [14]. The prevalence of minimal hepatic 
encephalopathy varies from 20% to 80% depending 

on the population under study and the diagnostic 
procedures used [4].

In people with cirrhosis who have no evidence of 
neuropsychiatric impairment the risk of developing an 
episode of overt hepatic encephalopathy, within 5 years 
of presentation, varies from 5% to 25% depending on 
the presence or absence of other risk factors [4]. In 
 people with cirrhosis who have had an episode of overt 
hepatic encephalopathy the cumulative risk of develop-
ing a  further episode is 40% at 1 year [15]. The median 
cumulative 1‐year incidence of overt hepatic encepha-
lopathy, after TIPS insertion, is significantly influenced 
by the selection criteria adopted and so can range from 
10% to 50% [16].

The development of hepatic encephalopathy, whether 
minimal or overt, is associated with detrimental effects 
on patients’ ability to perform complex tasks, such as 
driving [17,18], on their health‐related quality of life 
[19,20], safety [21], and their neurocognitive function 
post liver transplantation [22]. The presence of minimal 
hepatic encephalopathy significantly increases the risk of 
developing overt hepatic encephalopathy [23].

The presence of hepatic encephalopathy, whether 
minimal or overt, also has a significant negative effect 
on survival [24–26]; the 1‐ and 5‐year survival rates in 
patients with hepatic encephalopathy at presentation 
are 36% and 15%, respectively [14], while the survival 
probability after a first episode of hepatic encephalop-
athy is 42% at 1 year and 23% at 3 years [27]. Patients 
on liver transplant waiting lists with overt hepatic 
encephalopathy have a 90‐day mortality rate 66% 
higher than their unaffected counterparts with com-
parable Model of End‐Stage Liver Disease (MELD) 
scores [28].

Hepatic encephalopathy impinges considerably on the 
lives and welfare of patients’ caregivers and imposes a sub-
stantial financial burden on health‐care systems [29].

 Diagnosis [30]

The first step in the diagnosis of hepatic encephalop-
athy is to determine whether or not the patient has 
evidence of neuropsychiatric dysfunction. This 
should then be  followed by confirmation that the fea-
tures displayed are characteristic of hepatic encepha-
lopathy and careful exclusion of a range of other 
conditions which may  present with similar features. 
In the absence of clinical features a similar approach 
to the identification of  relevant abnormalities will be 
required to establish the diagnosis of minimal hepatic 
encephalopathy.

There is no gold standard test for the diagnosis of this 
syndrome. Rather, there are a number of individual 
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 techniques accessing different aspects of cerebral func-
tion that can be used singly, or in combination, to pro-
vide diagnostic information. In practice, any measure 
with a proven relationship with the behavioural, prog-
nostic and, possibly, pathophysiological features of this 
syndrome can be used as a surrogate marker.

Neurological examination including mental 
state assessment [31]

This should include:

1) A careful and detailed neuropsychiatric history and 
examination, paying particular attention to changes 
in memory, concentration, cognition, and conscious-
ness; to changes in energy and activity levels; and to 
overall health‐related quality of life;

2) Use of two‐grading systems to assess mental status: 
the West Haven criteria [5] (Table 10.1), based on 
changes in consciousness, intellectual function, 
and behaviour, and the Glasgow Coma Scale [32] 
(Table  10.3). Additional instruments such as the 
Mini Mental Score Test [33], which have been 
widely applied in this patient population, can also 
be used;

3) A comprehensive neurological examination looking 
particularly for evidence of subtle motor abnormali-
ties, including: hypomimia, dysarthria, increased tone, 
reduced speed or difficulty executing rapid, alternat-
ing movements, ataxia, increased deep tendon 
reflexes, impaired postural reflexes, and abnormal 
movements such as tremors, particularly asterixis. 
The presence of sensory change and/or focal features 
would suggest an alternative or additional diagnosis;

4) The exclusion of other potential causes of neuropsy-
chiatric abnormalities, including: concomitant neu-
rological disorders such as subdural haematoma and 
Wernicke encephalopathy; other metabolic abnor-
malities, such as those associated with diabetes and 
renal failure; and, intoxication with alcohol or drugs.

Corroborative reports from relatives or friends, par-
ticularly in relation to observed rather than subjective 
changes in behaviour and mental state, should be 
obtained.

Psychometric performance [30,34]

Patients with minimal hepatic encephalopathy generally 
show deficits in attention, visuospatial abilities, fine motor 
skills, and working memory while other cognitive abilities 
are relatively preserved. Patients with overt hepatic 
encephalopathy show additional disturbances in psycho-
motor speed, executive function, and concentration.

A large number of psychometric tests have been evalu-
ated in this patient population but none is specific for the 
diagnosis of this condition. For this reason test batteries 
are generally more reliable than single tests, and tend to 
be more strongly correlated with functional status. Of 
these the best known and most extensively validated is 
the Psychometric Hepatic Encephalopathy Score (PHES) 
[35,36], which comprises five paper and pencil tests 
(Figure  10.3). It has a reported sensitivity of 96% and 
specificity of 100% for the diagnosis of Grade I hepatic 
encephalopathy [36]. The PHES test battery is currently 
recommended as the ‘gold standard’ for the diagnosis of 
minimal hepatic encephalopathy [4], although the term 
‘best clinical standard’ is probably more appropriate. 
Test scores have to be normalized for a number of con-
founding variables; normative data are now available in 
several countries.

Computer‐based psychometric tests may allow a more 
precise quantification of reaction times and more refined 
testing [30].

Electroencephalography [30,37]

The EEG reflects cortical neuronal activity. The record-
ing procedure does not require patient cooperation and is 
not subject to learning effects  –  problems which beset 

Table 10.3 The Glasgow Coma Score [32]

Variable Score

Eye open
Spontaneously 4
To command 3
To pain 2
No response 1

Best motor response
Obeys verbal commands 6
Painful stimulus, localizes pain 5
Painful stimulus, flexion/withdrawal response 4
Painful stimulus, abnormal flexion 3
Painful stimulus, extension 2
No response 1

Best verbal response
Orientated and conversant 5
Disorientated and conversant 4
Inappropriate words 3
Incomprehensible sounds 2
No response 1

Total score 3 (Worst) to 15 (Best)
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other assessment tools [37]. The EEG provides informa-
tion useful for the detection, assessment, and monitoring 
of hepatic encephalopathy [30]. The main EEG character-
istic of this condition is progressive slowing of the mean 
frequency from the alpha range (8.5 to 13 Hz) towards the 
theta (4 to 8 Hz) and delta (1 to 3.5 Hz) ranges. Triphasic 
waves or arrhythmic delta activity occur with more severe 
grades of encephalopathy; coma is characterized by slow, 
low‐voltage delta activity with sequences of electric 
silence. These features are not specific as they can also be 
observed in other metabolic and drug‐induced encepha-
lopathies [38]; however, these conditions are usually 
 easily distinguished on clinical grounds.

The efficacy of the EEG for the diagnosis of hepatic 
encephalopathy is critically dependent on the type of 
analysis performed. The best results are probably 
obtained using spectral analysis‐based techniques. New 
spectral EEG thresholds have recently been defined 
which identify ‘any degree’ of hepatic encephalopathy 
with a sensitivity of 75.0% and a specificity 77.4% [39]. 
The EEG also has predictive validity for the development 
of overt hepatic encephalopathy and survival [40].

Further advances in EEG technology are likely to pro-
vide even better quantifiable and more informative data. 
The advent of low‐cost, wireless headsets might encour-
age more widespread use of this technique [41].
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Fig. 10.3 The Psychometric Hepatic Encephalopathy Score (PHES) comprises five paper and pencil tests that between them assesses attention, 
visual perception, and visuoconstructive abilities [36]. Number connection tests A and B: the time taken to join the numbers, or numbers and 
letters, in sequence, is recorded. Digit symbol test: the number of correct symbols inserted into the blank squares below the numbers in 90 
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to trace a line between the two guidelines, without moving the paper, and the number of errors made are recorded.
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Critical Flicker Fusion Frequency

Critical Flicker Fusion Frequency (CFF) is a test that 
centres on the perception of light as flickering or fused 
as its frequency changes. It assesses visual discrimina-
tion ability and general arousal. It discriminates patients 
with minimal hepatic encephalopathy with a sensitivity 
of 61% and a specificity of 79% [42]. A low flicker fre-
quency predicts: (1) the development of overt hepatic 
encephalopathy [43]; (2) the development of overt 
hepatic encephalopathy following TIPS insertion [44]; 
and, (3) survival [26]. There are some differential effects 
in relation to age and the aetiology of the underlying 
liver disease [45]. Testing requires intact binocular 
vision and, for some commercial equipment, normal 
colour vision.

Inhibitory Control Test

The Inhibitory Control Test (ICT) is a computerized, 
chronometric test of attention and response inhibi-
tion. It can be freely downloaded from www.hecme.tv 
[46]. Patients are shown a series of random letters and 
are asked to respond to predefined sequences desig-
nated as targets or lures. Low target and high lure 
responses indicate poor performance. The test has 
greater diagnostic utility if the number of lures (inhib-
itory ability) is adjusted by the target accuracy (atten-
tion ability) [47]. Results have diagnostic and 
predictive validity [47]. The test data need to be 
adjusted for age and education and there is a learning 
effect. The test is considered difficult to perform by 
both healthy control subjects and patients with 
cirrhosis.

Scan test

The Scan package, or Sternberg test, is a computerized 
test system based on a digit recognition memory task. It 
assesses cognitive attention, psychomotor speed, and 
working memory at three levels of increasing difficulty. 
Scan software provides a Z score based on reaction times 
and errors, corrected for age and education; there is 
likely to be a leaning effect. There is relatively little infor-
mation on the diagnostic and predictive validity of the 
Scan package but some promising early results [48].

Stroop test

The Stroop test is based on differences in recognition 
reaction times to colour stimuli depending on how they 
are presented. The test evaluates psychomotor speed 
and cognitive flexibility. Performance on the Stroop test 
is affected by a number of confounders including: age, 

sex, and education; population normative data are 
 available for use in the United States [49].

A smartphone application is available (EncephalApp_
Stroop; www.encephalapp.com); test performance is 
impaired in patients with minimal hepatic encepha-
lopathy, defined using the PHES; the diagnostic 
 sensitivity is 72% and the specificity 54%. Poor test per-
formance predicts the development of overt hepatic 
encephalopathy when based on some but not all 
 comparators [49].

Cerebral magnetic resonance [50,51]

Structural and functional cerebral imaging does not pro-
vide information useful for the diagnosis of hepatic 
encephalopathy, except to exclude other causes of cere-
bral dysfunction. However, these imaging modalities 
have provided information of importance in determining 
the pathophysiology of this condition (see later).

Magnetic resonance imaging (MRI)
In patients with cirrhosis the most consistent finding in 
cerebral T1‐weighted MRI images is the presence of 
bilateral, symmetrical hyperintensity in the basal ganglia 
and less frequently in other brain regions. These changes 
do not correlate with either the presence or severity of 
hepatic encephalopathy; they most likely reflect pallidal 
deposition of manganese retained as a result of impaired 
hepatobiliary clearance (Fig. 10.4).

Various advanced MRI techniques, such as FLAIR 
T2‐weighted sequences, diffusion‐weighted/tensor imaging 
(DWI/DTI), and magnetization transfer imaging (MTI) 
have identified both local and diffuse white matter 
abnormalities in patients with cirrhosis. These changes 
reflect disturbances in cell volume homeostasis and 
hence tissue water content but show no clear correlation 
with the presence or degree of neuropsychiatric 
disturbance.

Cerebral magnetic resonance spectroscopy (MRS)
Characteristic alterations have been observed in 
 cerebral 1H‐MRS in patients with cirrhosis typified by 
relative reductions in the myo‐inositol (Ins) and cho-
line (Cho) resonances and a relative increase in the 
composite glutamine/glutamate (Glx) resonance. 
These changes are thought to reflect changes in astro-
cyte volume homeostasis (Fig.  10.5), and are more 
prominent in patients with severe overt hepatic 
encephalopathy; they are intensified after TIPS inser-
tion and largely resolve following successful treatment 
of hepatic encephalopathy and post liver transplanta-
tion [52] (Fig. 10.6).
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Fig. 10.5 1H‐MR spectroscopy water‐suppressed spectra, recorded with a stimulated echo acquisition mode pulse sequence, in (a) a 
healthy individual and (b) in a patient with cirrhosis and hepatic encephalopathy. The main resonances correspond to N‐acetylaspartate 
(NAA), glutamine/glutamate (Glx), creatine/phosphocreatine (Cr), choline‐containing compounds (Cho), and myo‐inositol (Ins). The 
presence of hepatic encephalopathy is characterized by a relative increase in the Glx resonance and relative reductions in the Ins and 
Cho resonances.

(a) (b)

Fig. 10.4 T1‐ and T2‐weighted MR images of the brain of a 53‐year‐old man with cirrhosis and overt hepatic encephalopathy. (a) The 
T1‐weighted MR image shows bilateral, symmetrical hyperintensity of the globus pallidus (arrowed). (b) No corresponding changes are 
observed in the T2‐weighted MR image.
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Blood ammonia

Measurements of blood ammonia concentrations pro-
vide only limited diagnostic information; they are of little 
value for monitoring progress or predicting outcome in 
patients in whom the diagnosis of hepatic encephalopa-
thy has been established [53]. Measurement of blood 
ammonia may be of value in the differential diagnosis of 
hepatic encephalopathy, particularly if the signs of 
chronic liver disease are minimal and liver function only 
marginally disturbed. The pH‐dependent partial pressure 
of gaseous ammonia in arterial blood may correlate more 
closely with clinical and neurophysiological changes than 
plasma ammonia concentrations [54].

Cerebrospinal fluid

The cerebrospinal fluid (CSF) is usually clear and under 
normal pressure. Its protein concentration may be  elevated 
in patients with severe hepatic encephalopathy but the cell 
counts are normal. CSF glutamine  concentrations may be 
increased and significantly correlate with both the pres-
ence and the degree of hepatic encephalopathy [55].

Neuropathology [1,56]

Examination of brain tissue is rarely undertaken during 
life but has been studied post‐mortem. The most striking 
feature is Alzheimer type II astrocytosis, which is 
 characterized by astrocytic proliferation with develop-

ment of enlarged nuclei, prominent nucleoli, margina-
tion of the chromatin, and accumulation of glycogen; 
the changes are widespread but most prominent in the 
cerebral cortex, basal ganglia, and cerebellum. Microglial 
changes may also be observed; neurons show only minor, 
if any, alterations.

Patchy cortical laminar or pseudolaminar necrosis with 
polymicrocavitation may be present at the corticomedul-
lary junctions and in the striatum in patients with persis-
tent hepatic encephalopathy; uneven degeneration of 
neurons and medullated fibres in the cerebral cortex, cer-
ebellum, and lenticular nuclei may also be observed.

Demyelination in the pyramidal tracts is observed in 
patients with hepatic myelopathy.

Choice of diagnostic variables [2,4,30]

Testing for hepatic encephalopathy is not undertaken 
routinely in the majority of centres despite its perceived 
importance as a complication of cirrhosis [57]. This 
means that the condition is often underdiagnosed and 
that many patients are denied the option of treatment. 
This in part reflects the fact that there is no diagnostic 
gold standard. As the condition affects several compo-
nents of cognitive functioning, not necessarily all to the 
same degree, use of more than one technique is advised.

The key requisites for any test or test system are that: (1) 
they have been validated for use in this patient  population; 
(2) appropriate normative data are available; and, (3) con-
trols can be exercised for any associated co‐morbidities. 
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Fig. 10.6 1H‐MR spectroscopy water‐suppressed spectra, recorded with a stimulated echo acquisition mode pulse sequence, acquired 
from the parietal region in a patient with cirrhosis (a) before and (b) after liver transplantation. The main resonances correspond to  
N‐acetylaspartate (NAA), glutamine/glutamate (Glx), creatine/phosphocreatine (Cr), choline‐containing compounds (Cho), and myo‐
inositol (Ins). The initial spectrum shows an increase in the Glx region and a decrease in the Ins and Cho resonances. These abnormalities 
normalized after liver transplantation. 
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The available guidelines for testing are only loosely pro-
scriptive but do distinguish between testing in clinical and 
research settings (Table 10.4). In practice, the selection of 
diagnostic tools will be determined, to a large extent, by 
factors such as: simplicity of use; accessibility; and cost.

 Diagnostic comorbidities, 
confounders, and alternatives

Neuropsychiatric abnormalities may arise in patients 
with cirrhosis independent of the presence of liver dis-
ease. Clinicians should be alert to the possibility of 

intracranial haemorrhage, cerebral trauma, infections, 
and tumours.

A number of events which independently affect cere-
bral function can arise in patients with cirrhosis which 
may, in addition, precipitate or worsen existing hepatic 
encephalopathy; examples include: alcohol intoxication, 
administration of psychoactive drugs, hyponatraemia, 
diabetes mellitus, renal dysfunction, and sepsis. Particular 
difficulties arise when confounding or competing events 
co-occur, although the pattern of observed cognitive defi-
cits and the extent to which they are affected may help 
differentiate (Table 10.5).

Hyponatraemia can result in cerebral overhydration 
and a metabolic encephalopathy characterized by a 
 confusional syndrome that may evolve into coma. 
Serum sodium levels tend to be low in patients with 
decompensated cirrhosis. Hyponatraemia is an inde-
pendent risk factor for the development of hepatic 
encephalopathy [58]. Patients with cirrhosis may, there-
fore, manifest  features of both hyponatraemic and 
hepatic  encephalopathy [59].

Poor diabetic control may be associated with changes 
in mental status. The presence of diabetes is also a risk 
factor for the development of hepatic encephalopathy in 
patients with cirrhosis; episodes of hepatic encephalopa-
thy develop earlier in the clinical course of cirrhosis in 
patients with diabetes and tend to be more severe [60].

Renal dysfunction per se is associated with the develop-
ment of cognitive change; the risk of developing hepatic 
encephalopathy is increased in patients with cirrhosis 
and renal impairment [61]. Uraemic and hepatic enceph-
alopathy may coexist in patients with end‐stage liver 
disease.

An acute deterioration in neurological status is a com-
mon accompaniment of sepsis even in the absence of 
liver disease [62]. Infection is a frequent precipitant of 

Table 10.5 Patterns of cognitive dysfunction observed in patients with hepatic encephalopathy and in several other potentially 
confounding disorders

Condition Attention Memory
Executive 
function

Visuo‐ 
construction

Processing 
speed

Motor
speed

Motor 
accuracy

Hepatic encephalopathy Yes – Yes Yes Yes Yes Yes
Diabetes mellitus Yes Yes Yes – Yes – –
Hyponatraemiaa Yes ? ? ? Yes ? ?
Renal dysfunction Yes Yes Yes – – – –
Alcohol misuse Yes Yes Yes Yes Yes Yes Yes
Wernicke encephalopathy Yes Yes Yes Yes Yes Yes –
Septic encephalopathyb Yes ? ? ? ? ? ?

Source: Information adapted from Weissenborn [3].
a Data predominantly relate to the attention system.
b Data sparse.

Table 10.4 Guidelines for the diagnosis of hepatic 
encephalopathy in patients with cirrhosis

Suggested diagnostic work‐up

Clinical setting or single‐centre trial
1)  Detailed clinical assessment to identify or exclude clinical 

change
2)  At least two validated tests of which one should be more 

widely accepted so as to serve as a comparator, e.g. PHES
3) An assessment of health‐related quality of life
Multicentre trial
1)  Detailed clinical assessment to identify or exclude clinical 

change
2)  At least two validated tests preferably the PHES plus one 

test from either of the following two groups:
 ● Stroop, Scan, or ICT
 ● EEG or CFF

3) An assessment of health‐related quality of life

PHES, psychometric hepatic encephalopathy score [36]; 
ICT, inhibitory control test; EEG, electroencephalogram; CFF, critical 
flicker fusion frequency.
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hepatic encephalopathy in patients with cirrhosis. The 
probability of developing cognitive impairment is nine 
times higher in patients with cirrhosis with an infection 
than in those without, regardless of the severity of the 
underlying liver disease [63]. The presence of neurologi-
cal symptoms in patients with cirrhosis and sepsis most 
likely reflects contributions from both conditions [64]. 
Although the presence of infection is usually obvious 
some conditions such as spontaneous bacterial peritoni-
tis, pneumonia, or urinary tract infections may be largely 
asymptomatic and may need to be actively sought [63].

A number of issues may arise during the management 
of patients with alcohol‐related cirrhosis that may con-
found the clinical picture and need careful differentia-
tion, for example alcohol withdrawal and Wernicke 
encephalopathy. The treatment of alcohol withdrawal in 
a patient with cirrhosis is difficult and close monitoring 
is mandatory. The sedation required may precipitate 
hepatic encephalopathy so prophylactic anti‐encepha-
lopathy treatment should be given. Wernicke encepha-
lopathy, which is caused by thiamine deficiency, may 
develop acutely or evolve over several days and is par-
ticularly difficult to diagnose in patients with alcohol‐
related cirrhosis who are actively withdrawing from 
alcohol and who may, in addition, develop hepatic 
encephalopathy. Prophylactic parenteral thiamine 
should be given over several days in this situation.

Wilson disease can cause both cirrhosis and neuropsy-
chiatric abnormalities ranging from mild cognitive dete-
rioration to a Parkinsonian‐like syndrome. However, the 
symptoms do not fluctuate; Kayser–Fleischer rings and 
disturbances in copper metabolism can usually be dem-
onstrated and serve to differentiate.

Finally, latent functional psychoses, such as bipolar dis-
order, may be precipitated by the onset of hepatic 
encephalopathy. Conversely, major psychoses may 
develop in patients with chronic liver disease indepen-
dently of the presence of hepatic encephalopathy. The 
diagnosis is difficult; a previous history of a mental 
health disorder and the response to anti‐encephalopathy 
treatment may help clarify. The medical management of 
these patients can be difficult particularly if major antip-
sychotic medication is required.

 Pathogenesis

In delineating the pathogenesis of hepatic encephalopa-
thy the following must be explained:

1) The broad spectrum of findings which appear to 
reflect dysfunction of multiple cerebral systems;

2) The fluctuant nature of the clinical picture, in par-
ticular its rapid evolution and its reversibility;

3) The mechanisms by which diverse events such as gas-
trointestinal bleeding, sepsis, and electrolyte distur-
bances can precipitate change; and,

4) The fact that the condition can be treated successfully 
using management strategies with seemingly differ-
ent modes of action.

Recent advances in cellular and molecular biology, and 
in human non‐invasive brain imaging/quantification, 
have resulted in considerable progress in our under-
standing of the pathogenesis of this syndrome. In conse-
quence, although there are still uncertainties, the 
emerging picture allows a number of individual findings, 
none of which explain the syndrome in its entirety, to be 
subtly integrated into a synergistic whole.

Key concepts and contributors

The two key players in the development of hepatic 
encephalopathy are hepatocellular failure and portal–
systemic shunting. Portal–systemic shunting, in the 
absence of liver disease, for example following portal 
vein thrombosis, is not usually accompanied by the 
development of significant hepatic encephalopathy. 
However, creation of a surgical shunt or TIPS insertion 
in patients with chronic liver disease can precipitate or 
worsen existing neuropsychiatric changes.

In the presence of these two features hepatic clearance 
of gut‐derived neurotoxic material is impaired. This 
material impinges on the brain resulting in both direct 
and indirect impairment of astrocyte function (Fig. 10.7). 
Complex changes then follow which involve brain water 
homeostasis, oxidative and nitrosative stress, cerebral 
neurotransmitters, and possibly inflammation; the net 
effect is disruption of glioneuronal communication and 
neuronal dysfunction.

Ammonia [65]
Ammonia is produced in the intestine from dietary pro-
tein, deamination of glutamine via glutaminase, and bac-
terial action in the colon. It is absorbed by non‐ionic 
diffusion but specific ammonia transporters may also be 
involved; ammonia concentrations in the portal vein are 
tenfold higher than in arterial blood. The hepatic extrac-
tion rate is high. The ammonia in portal blood, together 
with the ammonia derived from hepatic amino acid 
metabolism, is taken up by periportal hepatocytes and 
metabolized to urea via the urea cycle. Some ammonia is 
taken up by perivenous hepatocytes where it is converted 
to glutamine via glutamine synthetase. These two sys-
tems, working in concert, tightly control blood ammonia 
concentrations in the hepatic veins. The kidney and 
muscle also play a role in ammonia homeostasis [66]. In 
skeletal muscle, ammonia is transformed into glutamine 
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through the action of glutamine synthetase. In the 
 kidney ammonia is generated from the deamination of 
glutamine (Fig. 10.8).

Blood ammonia levels may increase in patients with 
cirrhosis primarily because of loss of hepatic functional 
metabolic capacity and the bypass of first pass hepatic 
metabolism as a result of portal–systemic shunting. 
However, a number of other factors contribute viz: (1) 
small bowel colonization with urease‐containing bacte-
ria; (2) enhanced intestinal absorption of ammonia sec-
ondary to the increased splanchnic blood flow 
associated with portal hypertension; (3) decreased 
ammonia metabolism in muscle as a result of loss of 
muscle mass (see Chapter 29); and, (4) increased renal 
production of ammonia secondary to the respiratory 
alkalosis commonly seen in these patients which is 
ascribed to primary hyperventilation and hypokalae-
mia [66] (Fig. 10.8).

Cerebral ammonia kinetics are unchanged in patients 
with hepatic encephalopathy, although in the presence 
of  hyperammonaemia the cerebral metabolic rate of 
ammonia increases proportionately; thus the primary 
determinant of the cerebral metabolic rate is the arte-
rial blood ammonia concentration [50]. The cerebral 
influx of ammonia results from passive diffusion; car-
rier mediated transport of NH4

+ may also occur. 
Ammonia is detoxified, in astrocytes, by the synthesis 
of glutamine through amidation of glutamate via glu-
tamine synthetase.

Once inside the brain ammonia exerts deleterious 
effects at many levels but particularly on astrocytes, 
which proliferate and exhibit Alzheimer type II change. 
The direct effects of ammonia on astrocytic function, 
include: alterations in gene expression [67]; intracellular 
signal transduction; transport, metabolism, and neuro-
transmitter processing; and, the synthesis of neuroster-
oids. It also has direct effects on cortical neurons 
affecting post‐synaptic inhibitory potentials and the 
activity of the tricarboxylic acid cycle [68].

Despite its obvious importance in the pathogenesis of 
hepatic encephalopathy, the correlation between circulat-
ing blood ammonia concentrations and neuropsychiatric 
status is poor; the pH‐dependent partial pressure of gase-
ous ammonia in arterial blood may correlate more closely 
with the clinical and neurophysiological changes observed 
than plasma ammonia  concentrations [54].

Other gut‐derived toxins such as indoles, mercaptans, 
phenols, and short‐ and medium‐chain fatty acids have 
been implicated in the pathogenesis of hepatic encepha-
lopathy. However, it is likely that they act synergistically 
with ammonia rather than independently.

Glutamine and brain water homeostasis
The influx of excess ammonia into the brain results 
in  the accumulation of glutamine within astrocytes. 
Glutamine is osmotically active and its retention results 
in astrocyte swelling. This is countered by efflux from 
these cells of other osmotically active compounds, prin-
cipally myo‐inositol, but also taurine and α‐glycerophos-
phorylcholine. The net result is the development of 
low‐grade cerebral oedema. In vivo cerebral 1H‐MRS 
studies in patients with cirrhosis and hepatic encepha-
lopathy show a decrease in the Ins resonance and an 
increase in the Glx resonance supporting the concept of 
a disturbance in astrocytic volume homeostasis [69] 
(Fig. 10.5). The existence of low‐grade cerebral oedema 
has also been demonstrated using cerebral MR imaging 
techniques and by quantitative cerebral water mapping 
[70]. CSF levels of glutamine increase with the degree of 
neuropsychiatric impairment [55], as does the height of 
the Glx resonance observed on cerebral 1H‐MRS [51]. 
The small increases in astrocyte water content may have 
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Fig. 10.7 Hepatocellular failure and portal–systemic shunting are 
key players in the development of hepatic encephalopathy in 
patients with cirrhosis. In the presence of these complications the 
hepatic clearance of gut‐derived neurotoxic material is impaired. 
This neurotoxic material impinges on the brain resulting in both 
direct and indirect impairment of astrocyte function. Complex 
changes then follow, which ultimately disrupt glioneuronal 
communication and neuronal function.
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important functional consequences despite the absence of 
a measurable increase in intracranial pressure.

Ammonia‐induced glutamine accumulation is not 
the  only mechanism that triggers low‐grade cerebral 
oedema. Hyponatraemia, inflammatory cytokines, and 
endogenous benzodiazepines also promote astrocyte 
swelling, most likely in synergy with ammonia.

Glutamine can also be taken up by astrocytic mito-
chondria where it is converted into glutamate and 
ammonia resulting in the induction of mitochondrial 
permeability transition, a calcium‐dependent process 
associated with collapse of the inner mitochondrial 
potential. These events may lead to free radical genera-
tion and oxidative damage to the mitochondria [65].

Glutamine is the precursor of two major neurotrans-
mitters: the excitatory glutamate and the inhibitory  
γ‐aminobutyric acid (GABA). Changes in glutamine 

homeostasis will, therefore, have consequences for cere-
bral neurotransmitter homeostasis (see later).

Oxidative/nitrosative stress [71,72]
Ammonia, hypo‐osmotic swelling, inflammatory 
cytokines, and endogenous benzodiazepines induce an 
oxidative/nitrosative stress response in astrocytes with 
rapid formation of reactive oxygen (ROS) and nitric 
oxide (NOS) species. This stress response is mediated 
by N‐methyl‐d‐aspartate (NMDA) glutamate receptors 
but the mechanisms underlying this activation are 
unclear. The most likely cause for the formation of ROS 
is activation of nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase isoforms, while the formation 
of NOS is likely dependent on activation of Ca++/ 
calmodulin‐isoforms of nitric oxide synthase. Astrocyte 
swelling and oxidative/nitrosative stress are linked in a 
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Fig. 10.8 A simple schematic of inter‐organ trafficking of ammonia both in healthy individuals and in patients with cirrhosis. Ammonia is 
produced in the intestine from dietary protein, deamination of glutamine via glutaminase, and bacterial action in the colon. It is also 
produced in the kidney from glutamine via glutaminase. In healthy individuals, the ammonia generated in the gut and kidney is 
metabolized in the liver to urea, which is then excreted in the urine. A small proportion of the ammonia produced in the kidney is also 
excreted in the urine. Ammonia is also detoxified to glutamine in the liver, muscle, and, to a much lesser extent, the brain, via glutamine 
synthetase. The glutamine is released back into the circulation and subsequently undergoes degradation by glutaminase in the gut and 
kidney to form ammonia. In patients with cirrhosis, circulating ammonia levels are increased. Under these circumstances the synthesis of 
glutamine via glutamine synthetase becomes the most important, though temporary, pathway for ammonia detoxification. Thus, a 
greater proportion of the ammonia generated in the kidney is released into the urine reducing the amount released into the systemic 
circulation. Additional ammonia is also detoxified in muscle and, to a much lesser extent, in the brain. Source: Adapted from Wright et al. 
[66]. Reproduced with permission of John Wiley & Sons.
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signalling loop which allows mutual amplification of 
both processes to take place.

Oxidative/nitrosative stress has a number of functional 
consequences including: (1) protein tyrosine nitration, 
which directly interferes with protein function and intra-
cellular signal transduction. Astrocytes located near the 
blood–brain barrier are particularly affected; the process 
may, therefore, influence trans‐astrocytic substrate 
transport; (2) RNA oxidation, which compromises trans-
lational accuracy/efficacy resulting in the formation of 
defective or unstable proteins; this may, in turn, result in 
multiple alterations in neurotransmitter receptor sys-
tems and synaptic plasticity; (3) mobilization of zinc 
from metallothionine and other proteins. Zn++ may 
affect the activities of multiple enzymes and transcrip-
tion factors and may augment GABAergic neurotrans-
mission and decrease glutamate uptake (see later); (4) 
alterations in intra‐ and extracellular signalling; and, (5) 
alterations in gene expression; whole genome array analy-
sis of human post‐mortem brain tissue has shown com-
plex alterations in gene expression profiles in patients 
with hepatic encephalopathy, including upregulation of 
genes related to oxidative stress, signalling pathways, cell 
proliferation, apoptosis, and microglia activation [72].

Alterations in cerebral neurotransmission
Hepatic encephalopathy is associated with a shift in bal-
ance between inhibitory and excitatory neurotransmis-
sion in favour of inhibition. This has been attributed to 
either alteration in the glutamatergic system or to an 
increase in GABAergic tone. However, alterations in 
other neurotransmitter systems and in the neuromodu-
lators, adenosine and acetylcholine, may also play a role.

Glutamate [65]
Glutamate is the principle excitatory neurotransmitter in 
the brain (Fig.  10.9). Glutamatergic neurotransmission is 
significantly altered in patients with hepatic encephalopa-
thy. Total brain levels of glutamate are decreased in patients 
with cirrhosis dying in hepatic coma. However, glutamate 
concentrations in the extracellular spaces and in the CSF 
are increased, at least in experimental animals. This may 
reflect increased release from astrocytes in response to cell 
swelling and/or a defect in glial reuptake most likely medi-
ated by ammonia‐induced downregulation of astrocytic 
and neuronal glutamate transporters. The increase in extra-
cellular glutamate concentrations may result in NMDA 
receptor activation in astrocytes, which is a key factor in the 
development of the oxidative stress response (see earlier).

GABA and the neurosteroid system [73]
GABA is the principal inhibitory neurotransmitter in 
the brain. It is synthesized from glutamate via glutamate 
dehydrogenase in presynaptic nerves and stored in 

 vesicles. It binds to a specific receptor embedded in the 
post‐synaptic neural membrane. This receptor is part of 
a larger GABA‐A receptor/ionophore complex that also 
has binding sites for benzodiazepines, barbiturates, and 
neurosteroids (Fig.  10.10). The binding of any of these 
ligands opens a chloride channel; the influx of chloride 
ions results in hyperpolarization of the post‐synaptic 
membrane and neuroinhibition.

Hepatic encephalopathy is associated with an increase 
in ‘GABAergic tone’ thought to be mediated by neuro-
steroids which are synthesized in the brain, primarily in 
astrocytes, via activation of translocator protein (TSPO), 
a mitochondrial neuroglial cholesterol‐transporter pro-
tein, previously known as ‘peripheral‐type’ benzodiaze-
pine receptors [73]. Autopsy and imaging studies show 
consistent upregulation of TSPO sites in patients with 
hepatic encephalopathy, most likely mediated by ammo-
nia and manganese [73]. Agonist ligands such as diaze-
pam binding inhibitor and octadecaneuropeptide, which 
are found in increased concentrations in the CSF and 
autopsied brain tissue of patients dying in hepatic coma, 
modulate the function of the TSPO sites [73].

Neurosteroids such as allopregnanolone are potent, 
endogenous, positive allosteric modulators of both the 
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Fig. 10.9 Key steps in glutamatergic synaptic regulation and 
removal of ammonia by the brain. Glutamate is synthesized from 
its precursor glutamine in the presynaptic nerve terminal and is 
then stored in synaptic vesicles until ultimately released, via a 
calcium‐dependent mechanism, into the synapse where it binds 
to the excitatory N-methyl-D-aspartate receptor. Free glutamate in 
the synaptic cleft is then taken up by the astrocyte and converted 
to glutamine by addition of ammonia, via glutamine synthetase; 
the glutamine is then transported into presynaptic neurons. CSF, 
cerebrospinal fluid; GS, glutamine synthetase; NH3, ammonia.
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GABA and benzodiazepine sites on the GABA‐A receptor 
complex. They may also act synergistically with other 
potential neurotoxins, such as ammonia and endogenous 
benzodiazepine‐like compounds, to further modulate 
GABA‐A receptor function. The net effect is an increase 
in GABAergic tone and neural inhibition. Neurosteroids 
also affect the function of serotonin (5‐HT3), NMDA, gly-
cine and opioid receptors. They also influence neuronal 
function by binding to intracellular receptors that can act 
as transcription factors, thereby regulating gene expression.

Thus, neurosteroid accumulation in patients with cir-
rhosis has consequences for both cerebral neurotrans-
mission and the expression of key genes encoding for 
brain proteins.

Involvement of the GABAergic system in the pathogene-
sis of hepatic encephalopathy is consistent with the increased 
sensitivity to benzodiazepines observed in these patients 
[74], and the short‐term improvement in neuropsychiatric 
status seen in some patients with cirrhosis treated with the 
benzodiazepine antagonist, flumazenil [75].

Dopamine
Dopamine is a catecholamine neurotransmitter which has 
important roles in behaviour and cognition, motivation, 
mood, attention, working memory, learning, and volun-
tary movement. Extrapyramidal features are common in 
hepatic encephalopathy; autopsy data and in vivo imaging 
have shown significant reductions in both striatal dopa-
mine receptor and transporter availability [76,77]. In some 
patients extrapyramidal signs, together with the more 
general aspects of the syndrome, respond well to treat-
ment with the dopamine agonist bromocriptine [78].

Other neurotransmitter systems
Alterations have also been described in serotonergic, hista-
minergic, and opioidergic neurotransmission, but their roles 
in the genesis of hepatic encephalopathy are uncertain.

Neuromodulatory systems
Alterations have also been reported in the activities of 
the neuromodulators acetylcholine [79] and adenosine 
[80], which may further aggravate the excitatory/inhibi-
tory neurotransmitter imbalance at both pre‐ and post‐
synaptic levels.

Inflammation and infection [81]
Patients with cirrhosis have impaired host defence 
mechanisms; their neutrophils and macrophages have a 
reduced capacity to phagacytose and eliminate microbes. 
In addition, bacterial translocation from the gut results 
in chronic endotoxaemia. These patients are at increased 
risk of infection; infection frequently precipitates hepatic 
encephalopathy.

Recent interest has focused on the possible synergistic 
roles of not only infection but also inflammation in mod-
ulating the cerebral effects of ammonia. The terms infec-
tion and inflammation are often used synonymously, but 
this is incorrect. Infection is caused by an exogenous 
pathogen; inflammation is the complex biological 
response of tissues to harmful stimuli which results in 
the release and circulation of proinflammatory cytokines 
and mediators. Infection and inflammation can, of 
course, coexist.

Astrocytes and endothelial cells are key components of 
the blood–brain barrier. They both respond to systemic 
inflammatory stimuli and play a role in eliciting an 
inflammatory response involving a number of proin-
flammatory and neurotransmitter pathways.

Ammonia also induces neutrophil dysfunction with 
release of ROS, which contribute to oxidative stress and 
systemic inflammation. This may further exacerbate the 
cerebral effects of ammonia while potentially reducing 
the efficacy of neutrophils to deal with infection. 
However, neutrophil dysfunction may also play a more 
direct role in the pathogenesis of hepatic  encephalopathy. 
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Fig. 10.10 Simplified model of the 
unfolded pentameric γ‐aminobutyric acid 
(GABA) receptor/ionophore complex 
embedded in a post‐synaptic neural 
membrane. The receptor complex is made 
up of 2α, 2β, and 1γ subunits. Binding of 
any of the depicted ligands, GABA, 
barbiturates (BARB), benzodiazepines 
(BZP), or neurosteroids (NS), to their 
specific binding site, increases chloride‐ion 
conductance through the membrane with 
resultant hyperpolarization and 
neuroinhibition.
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Thus, endothelial–neutrophil interaction within the cer-
ebral microcirculation, which is enhanced in the pres-
ence of hyperammonaemia and chronic endotoxaemia, 
may result in increased neutrophil migration across the 
blood–brain barrier. This will lead to the local produc-
tion of chemokines, proinflammatory cytokines, and 
ROS, thus contributing to astrocyte oxidative stress.

Synaptic plasticity, brain oscillatory activity, 
and functional connectivity [82–84]
The ability of synapses to strengthen or weaken over 
time, in response to changes in their activity, is referred 
to as synaptic plasticity. It is one of the important neuro-
chemical foundations of learning and memory. There is 
evidence, from animal models, that the modulators of 
synaptic plasticity are detrimentally affected in hepatic 
encephalopathy and, in consequence, the efficacy of syn-
aptic plasticity is constrained. The exact molecular 
mechanisms resulting in loss of the efficacy of synaptic 
communication remain to be elucidated

Periodic fluctuations in the amplitude of recorded neu-
ronal activity – neuronal oscillations – can be measured 

across multiple brain areas using the EEG. In patients 
with hepatic encephalopathy oscillatory activity is char-
acterized by a gradual slowing in parallel with increasing 
neuropsychiatric impairment; the changes occur in dif-
ferent frequency bands in multiple brain areas, suggest-
ing a global phenomenon involving the entire brain. The 
underlying causal mechanisms are not yet understood.

Disordered brain connectivity, generally defined as 
failure of effective functional integration within/between 
brain areas can be accessed and assessed using cerebral 
functional imaging and the EEG [85]. Functional cortical 
connectivity  –  the communication between neuronal 
regions  –  is disrupted in patients with cirrhosis even 
before impairment in neuropsychometric performance 
can be detected. Progressive deterioration of the func-
tional brain networks is observed as neuropsychiatric 
performance deteriorates (Fig.  10.11). The disturbed 
connectivity is not associated with distinct cortical 
domains or brain functions, but rather reflects an overall 
disturbance in the brain network subserving conscious 
processing. Restoration of these networks has been 
observed following liver transplantation [86].
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Fig. 10.11 Average head maps of the spatial distribution of the functional connectivity estimates based on the phase relationships 
between the cortical signals from temporally dispersed scalp EEG electrodes in a reference population and in patients with cirrhosis, 
classified by neuropsychiatric status. Disorganized functional connectivity patterns were observed in the absence of any clinical or 
psychometric evidence of hepatic encephalopathy; more pronounced changes, characterized by increased theta connectivity and further 
decreases in connectivity in the remaining frequency bands, were observed with increasing psychometric impairment. HE, hepatic 
encephalopathy. Source: Adapted from Zacharias et al. [85]. Reproduced with permission of Elsevier.
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A unified hypothesis (Fig. 10.12)

In patients with cirrhosis, ammonia escapes hepatic 
detoxification and impinges on the brain. There it 
induces astrocyte swelling via its effects on glutamine/
glutamate synthesis resulting in the development of 
low-grade cerebral oedema. Astrocyte swelling triggers 
NMDA receptor activation and generates oxidative/
nitrosative stress. However, astrocyte function is com-
promised not only by the indirect effects of ammonia on 
brain water homeostasis but also by its more direct and 
independent neurotoxic effects. Astrocyte dysfunction 
results in alterations in gene expression, modification of 
proteins and RNA, zinc mobilization, and disturbances in 
intracellular signal transduction and neurotransmission. 
As a result, astrocyte–neuronal communication is dis-
rupted and this impacts on synaptic plasticity, oscillatory 
electric networks, and functional cortical connectivity.

This hypothesis explains many of the features of this 
condition, viz: (1) the evidence of involvement of multi-
ple brain systems and networks explains the wide spec-
trum of observed abnormalities; (2) the fluctuant nature 
and often rapid evolution of the syndrome following 
apparently minor changes in the clinical condition can 

be explained by the fact that the astroglial osmolyte pool 
is significantly depleted and there may be very little 
reserve within the system to deal with additional osmotic 
shifts; (3) the observation that a diverse range of events 
may precipitate hepatic encephalopathy reflects the fact 
that astrocyte swelling and oxidative/nitrosative stress, 
which are key factors in the genesis of the syndrome, can 
be triggered not only by an increase in the circulating 
ammonia load secondary to gastrointestinal bleeding, 
constipation, and dietary indiscretion but also by infec-
tion, electrolyte disturbances, and drugs; and, (4) the 
condition can be treated successfully using several appar-
ently divergent management strategies because most 
tend to reduce the circulating levels of ammonia.

 Management [4]

Hepatic encephalopathy should be treated. A variety of 
options are available but not all are suitable, or appropri-
ate, for every patient. The management of episodic or 
recurrent encephalopathy centres initially on identifica-
tion and management of any underlying or precipitating 
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Fig. 10.12 A possible unifying hypothesis 
for the pathogenesis of hepatic 
encephalopathy. A number of factors, 
predominantly ammonia, induce astrocytic 
swelling which results in activation of the 
N‐methyl‐d‐aspartate (NMDA) receptor and 
the generation of reactive oxygen/nitrogen 
species ROS/RNS; the mechanisms 
underlying the NMDA receptor activation 
are unclear. Astrocyte function is 
compromised as a result of both the effects 
of cell swelling and oxidative/nitrosative 
stress and as a result of the direct 
neurotoxic effects of ammonia. The 
resultant dysfunction causes alterations in 
gene transcription, modification of 
proteins and RNA, zinc mobilization, and 
disturbances in intracellular signal 
transduction and neurotransmission. 
Astrocytic–neuronal communication and 
neuronal function may be compromised, 
resulting in disruption of multiple 
neurotransmitter systems, synaptic 
plasticity, oscillatory networks, and 
functional network connectivity. Source: 
Adapted from Häussinger & Sies [87]. 
Reproduced with permission of Elsevier.



Chapter 10168

factors, although these are only likely to be apparent in 
50% to 70% of patients (Table 10.2). Once the episode has 
resolved it is important to instigate long‐term treatment 
for any residual deficits, and to prevent recurrence. The 
management of persistent encephalopathy is challenging 
and requires a different, multidimensional approach. 
Patients with minimal hepatic encephalopathy should 
also be treated, although many are not afforded the 
option as the condition is frequently unrecognized.

There are a number of overarching general considera-
tions and a number of specific treatment options; these 
are invariably used in concert. Guidelines can be pro-
vided for the treatment of hepatic encephalopathy but 
these will be influenced, to a greater or lesser extent, by 
local prescribing practices and restrictions, and by the 
availability of certain support facilities, for example inter-
ventional radiology. Thus, they should be reviewed in the 
local context and flexibly applied (Tables 10.6–10.8).

General considerations

Nutrition (see also Chapter 29)
Patients with cirrhosis are unable to effectively store glyco-
gen and rely on gluconeogenesis, an energy expensive pro-
cess which utilizes amino acids, to maintain adequate 
glucose levels. This results in an increase in daily energy and 
protein requirements. Guidelines recommend daily energy 

intakes of 35 to 45 kcal/kg and daily protein intakes of 1.2 to 
1.5 g/kg [88]. Weight loss should be encouraged in patients 
with well‐compensated cirrhosis who are overweight or 
obese and is best achieved by proportionate reductions in 
both total energy and protein intakes, together with an 
increase in physical activity [89]. In patients with decom-
pensated cirrhosis, attempts to reduce body weight are best 
effected by reducing the carbohydrate and fat content of the 
diet while maintaining a high protein intake; the protein 
intake may need to exceed recommended levels if, as the 
patient loses weight, there is evidence of protein depletion 
(Table  10.9). Dietary protein retention remains efficient 
with daily intake of up to 2 g/kg without precipitating or 
exacerbating hepatic encephalopathy [90].

Thus, patients with cirrhosis, even those with overt 
hepatic encephalopathy, should be provided with high‐
energy, high‐protein diets; there is no evidence that 

Table 10.6 Management of recurrent or episodic hepatic 
encephalopathy

Acute events:
 ● General supportive measures
 ● Identify and treat precipitating factors
 ● Enemata every 6-12 hours for 48–72 h
 ● Maintain adequate protein and energy intakes
 ● Non‐absorbable disaccharides:

 – Lactulose 40–120 mL daily or
 – Lactitol 20–40 g daily

If response inadequate, add:
 ● Non‐absorbable antibiotic for 5–7 days

 – Rifaximin 400 mg tds or
 – Neomycin 4–6 g daily

Between episodes (if necessary):
 ● Avoid precipitating factors
 ● Maintain adequate protein and energy intakes
 ● Non‐absorbable disaccharides

 – Lactulose 20–60 mL daily or
 – Lactitol 20–40 g daily and/or

 ● Non‐absorbable antibiotics
 – Rifaximin 400 mg tds

Table 10.7 Management of persistent hepatic encephalopathy

General
 ● Avoid precipitating factors
 ● Maintain adequate protein and energy intakes
 ● Increase protein intake from vegetable sources
 ● Consider probiotics
 ● Non‐absorbable disaccharides

 – Lactulose 40–120 mL daily or
 – Lactitol 20–40 g daily

If response incomplete, consider:
 – Rifaximin 1.2 g daily
 – BCAA supplements
 – Bromocriptine 7.5 mg daily (if no fluid retention)
 – LOLA 6 g tds
 – Sodium benzoate 2 g bd (if no fluid retention)
 – Daily enemata

Continuing poor response, consider:
 – Revision of surgical shunts or TIPS
 – Blockage of large spontaneous shunts

If situation unresolved:
 – Hepatic transplantation, if there are other indications

BCAA, branched‐chain amino acids; LOLA, L‐ornithine L‐aspartate; 
TIPS, transjugular intrahepatic portal–systemic shunt.

Table 10.8 Management of minimal hepatic encephalopathy

 ● Avoid constipation
 ● Avoid other precipitating factors
 ● Maintain adequate protein and energy intakes
 ● Non‐absorbable disaccharides

 – Lactulose 20–40 mL daily or
 – Lactitol 10–20 g daily

  Table 10.9    Nutritional management of patients with hepatic encephalopathy 

Patients with hepatic encephalopathy    

Nutritional status Adequately nourished Moderately malnourished/at risk Severely malnourished  

 Body weight 
 (Estimated BMI    a    ) 

 Normal/overweight 
 (20–30) 

 Obese 
 (30–40) 

 Obese 
 (>40) 

 Low/overweight 
 (18–30) 

 Obese 
 (30–40) 

 Obese 
 (>40) 

 Low/overweight 
 (18–30) 

 Obese 
 (30–40) 

 Obese 
 (>40)   

Daily energy kcal/kg    b    35–40 25–35 20–25 35–40 25–35    c    20–25    c    35–40 25–35    c    20–25    c      

 Daily protein   g/kg    b     1.2–1.5 1.0–1.5 1.0–1.5 1.2–1.5 1.2–1.5 1.2–1.5 1.2–1.5  1.2–1.5 1.2–1.5

Meal patterns Small frequent meals throughout the waking hours  
Late evening snack Encourage ingestion of 50 g of complex carbohydrate  
Dietary nitrogen source Promote vegetable and dairy protein to level 

of tolerance
Promote high protein intake  per  patient preference to encourage intake  

Daily fibre    d    Encourage ingestion of diets containing 25–45 g fibre especially in overweight patients  
Encephalopathy poorly controlled Consider use of probiotics and/or branched-chain amino acid supplements

  Source:  Adapted from Amodio  et al .   [89]  . 
   a    Use estimated dry weight to calculate BMI in patients with fluid retention. 
  b    Use ideal body weight for calculation of requirements. 
  c    Achieved by reducing the carbohydrate and fat content of the diet and increasing dietary fibre. 
  d    Useful to aid weight loss but caution to avoid diarrhoea in patients taking lactulose.  
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restricting protein has a beneficial effect on overall out-
come [91]. It may be difficult to maintain oral intake in 
patients presenting with gastrointestinal bleeding or in 
those with severe hepatic encephalopathy. A short period 
of dietary deprivation of 24 to 36 h may not be harmful 
but prolonged restriction should be avoided.

Vegetable protein is better tolerated than animal pro-
tein; the benefits relate to the effects of dietary fibre on 
colonic function, which include: decreases in transit 
time and intraluminal pH, and an increase in faecal 
ammonia excretion. The acceptability of vegetable pro-
tein diets varies considerably depending on the nature 
of the native diet [92].

Patients should avoid fasting for longer than 3 to 6 h 
during the daytime and so should be encouraged to take 
small, frequent meals evenly distributed throughout the 
day to avoid protein loading. There are additional benefits 
associated with consumption of a late evening snack [93].

Management of precipitating factors
The identification and correction of any precipitating 
events, for example variceal haemorrhage or sepsis, is of 
paramount importance. If there is suboptimal improve-
ment in mental status once the precipitant has been suc-
cessfully controlled then a second complication, most 
often occult infection, should be sought. Particular 
measures should be taken to avoid falls and injuries; to 
maintain intravenous lines; to monitor vital signs, fluid 
balance, and nutritional intake; and to avoid the develop-
ment of aspiration pneumonia. A naso‐gastric tube can 
be used to administer treatment in patients who are una-

ble to swallow or are at risk for aspiration. Patients with 
severe hepatic encephalopathy need intensive monitor-
ing and are best managed in a critical care setting.

Bowel cleansing
Enemata should be used in the acute situation. It is not 
sufficient to simply cleanse the bowel; tap water and saline 
enemata are ineffective [94]. The vehicle needs to be 
hyperosmolar to encourage ammonia extraction; both 
neutral phosphate and lactulose enemata are efficacious. 
A recently proposed more vigorous approach to bowel 
cleansing involving ingestion of 4 litres of polyethylene 
glycol 3350‐electrolyte solution [95] needs further valida-
tion. In patients with persistent encephalopathy daily ene-
mata may provide a useful adjuvant to standard therapy

Specific measures

Non‐absorbable disaccharides
The non‐absorbable disaccharide lactulose (β‐galactosi-
dofructose) was first introduced into clinical practice in 
1966. Lactitol (β‐galactosidosorbitol) was introduced in 
the mid‐1980s. They are used widely as first‐line treat-
ment for hepatic encephalopathy [4].

The human small intestinal mucosa lacks enzymes to 
split these synthetic disaccharides so they pass unchanged 
into the large intestine where they are extensively metab-
olized by colonic bacteria to volatile fatty acids and 
hydrogen. Their beneficial effects reflect their ability to 
reduce the intestinal production/absorption of ammonia; 
this is achieved in four ways (Fig. 10.13):

VFA utilization results in bacterial proliferation
and incorporation of colonic ammonia nitrogen

NH3

NH3

pH

VFA

H+

Fermentation by colonic
bacteria to produce VFA,
hydrogen, and methane

Ammonia drawn into
the colonic lumen to
offset pH change

Inhibition of small intestinal
glutaminase activity which
interferes with glutamine uptake
and metabolism to ammonia

Catharsis secondary to
changes in intraluminal
gas formation, osmolality,
and pH, and an increase
in stool bacteria

NH3

Fig. 10.13 Mechanisms of action of the non‐absorbable disaccharides. VFA, volatile fatty acids; H+, hydrogen; NH3, ammonia.



Hepatic Encephalopathy in Patients with Cirrhosis 171

1) A laxative effect: the colonic metabolism of these sug-
ars results in an increase in intraluminal gas forma-
tion; an increase in intraluminal osmolality; a 
reduction in intraluminal pH; and, an overall decrease 
in transit time.

2) Bacterial uptake of ammonia: the intraluminal 
changes in pH result in a leaching of ammonia from 
the circulation into the colon. The colonic bacteria 
use the released volatile fatty acids as substrate and 
proliferate. In doing so they use the trapped colonic 
ammonia as a nitrogen source for protein synthesis. 
The increase in bacterial numbers additionally ‘bulks’ 
the stool and contributes to the cathartic effect [96].

3) Reduction of intestinal ammonia production: non‐
absorbable disaccharides inhibit glutaminase activity 
and interfere with the uptake of glutamine by the 
intestinal wall and its subsequent metabolism to 
ammonia [97].

4) Beneficial effects on the gut microbiome: cirrhosis is 
associated with dysbiosis and changes in the colonic 
mucosal microbiome [98]; there is also evidence of 
additional changes in the gut microbiome in patients 
with hepatic encephalopathy [98]. Non‐absorbable 
disaccharides can beneficially affect microbiota com-
position [99,100].

Lactulose is generally prescribed as a syrup. The dose 
is adjusted to ensure passage of two semi‐soft stools/day; 
typical doses range from 15 to 30 mL two to four times a 
day. Lactulose is also effective when delivered rectally 
(250 mL lactulose in 750 mL water) [94]. Lactitol is a sec-
ond‐generation disaccharide, which is easily produced in 
a chemically pure crystalline form, and can be dispensed 
as a powder. The dosage required to ensure daily passage 
of two semi‐soft stools ranges from 10 to 90 g.

A recent systematic review of randomized clinical trials 
with meta‐analysis [101] confirmed that non‐absorbable 
disaccharides have a significant beneficial effect on both 
minimal and overt hepatic encephalopathy. Their use is 
also associated with a significant reduction in the risk of 
developing liver failure; variceal bleeding; serious infec-
tions, including spontaneous bacterial peritonitis; and, 
hepatorenal syndrome. In addition, in patients with overt 
hepatic encephalopathy, treatment is associated with a 
significant reduction in all‐cause mortality.

The non‐absorbable disaccharides also provide effec-
tive primary and secondary prophylaxis against the 
development of hepatic encephalopathy and, when used 
in this context, significantly reduce the risk of developing 
serious liver‐related adverse events and death [101].

Gastrointestinal side‐effects are common [101]. 
Approximately 30% of patients develop anorexia, flat-
ulence, bloating, and abdominal discomfort in the 
early weeks of treatment; however, tolerance improves 

over time. Overenthusiastic use can result in profuse 
diarrhoea, dehydration, and even renal failure, and 
should be avoided. There are no discernible differ-
ences in the efficacy and safety of lactulose and lacti-
tol [101]

There is very little information on long‐term compli-
ance with treatment but there can be no doubt that non‐
adherence is a major factor in ‘treatment failure’ 
[102,103]. Although non‐compliance with treatment is 
generally ascribed to the occurrence of side‐effects there 
are a number of other contributory factors including: a 
lack of awareness of the need for long‐term treatment; 
an inability to effectively titrate the treatment dosage; an 
undue focus on the need to pass two semi‐soft stools/day 
often resulting in patients believing that as long as  they 
achieve this there is no need to take the medication; and 
the assumption by doctors that patients will comply with 
treatment and hence failure to check adherence.

Antibiotics
Antibiotics can be used to selectively eliminate urease‐
producing organisms from the intestinal tract. This 
reduces the production of ammonia.

Neomycin, is a poorly absorbed aminoglycoside antibi-
otic. It is prescribed in a dose of 4 to 6 g/day and was the 
standard treatment for hepatic encephalopathy from 
1957 until the introduction of lactulose in 1966. Although 
generally considered efficacious some studies have shed 
doubt on its utility [104]. Small quantities are absorbed 
and long‐term use is associated with the development of 
nephrotoxicity and of irreversible ototoxicity. It should 
not be used for more than a week. Its use may be super-
seded by less toxic antibiotics.

Rifaximin, is a synthetic antibiotic, structurally 
related to rifamycin; it has a very low rate of systemic 
absorption (0.4%). It has been used to treat hepatic 
encephalopathy since the 1990s, mainly in Europe. 
Approval for its use was granted in the United States in 
2010 specifically to reduce the risk of recurrence of 
hepatic encephalopathy after an index event [105]. A 
meta‐analysis of available trials concluded that rifaxi-
min, when combined with a non‐absorbable disaccha-
ride, has a beneficial effect on overt and minimal 
hepatic encephalopathy and in preventing recurrence 
[106]. A meta‐analysis of randomized clinical trials 
directly comparing the efficacy and safety of rifaximin 
and lactulose showed that it only conferred additional 
benefit in patients with overt hepatic encephalopathy; 
it had no additional beneficial effect on mortality or the 
risk of serious adverse events [106]. Rifaximin given in 
a daily divided dose of 1100 to 1200 mg is a useful, well‐
tolerated, adjuvant treatment for patients with hepatic 
encephalopathy. Further studies are needed to optimize 
its role in  clinical practice.
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Branched‐chain amino acids
Plasma branched‐chain amino acids (BCAA) are reduced 
in patients with cirrhosis while plasma aromatic amino 
acids are increased. BCAA supplementation may have a 
beneficial effect on hepatic encephalopathy by promot-
ing ammonia detoxification, correcting the plasma 
amino acid imbalance, and reducing the brain influx of 
aromatic amino acids. However, the effects of BCAA 
are complex and several other potentially beneficial 
actions have been identified [107]. A recent systematic 
review of randomized clinical trials with meta‐analysis 
showed that BCAA had a beneficial effect on hepatic 
encephalopathy when given orally to patients with 
overt hepatic encephalopathy but had no effect on mor-
tality [108]. Their use was associated with nausea and 
diarrhoea.

Probiotics
As the gut microbiota plays an important role in the pro-
duction of ammonia, its modulation using probiotics has 
been evaluated as a therapeutic option for the treatment 
of hepatic encephalopathy. The studies undertaken to 
date are not easily compared but have, nevertheless, 
been subjected to numerous meta‐analyses; the results 
of these are surprisingly consistent, although the evi-
dence adduced is of low quality [109,110]. Thus, probi-
otics, when compared to no treatment/placebo, probably 
improve minimal hepatic encephalopathy; reduce pro-
gression from minimal to overt hepatic encephalopathy; 
and decrease hospitalization rates. However, they do 
not show additional benefit when compared with lactu-
lose and, unlike lactulose, they do not have a beneficial 
effect on mortality [101]. Treatment adherence appears 
excellent and few adverse effects have been reported. 
Further high‐quality studies should address questions 
relating to the optimal dosage regimens, the ideal com-
bination of organisms, and the necessary duration of 
treatment [110].

L‐Ornithine L‐Aspartate
L‐ornithine L‐aspartate (LOLA) promotes hepatic 
removal of ammonia by stimulating residual hepatic urea 
cycle activity and by promoting glutamine synthesis, par-
ticularly in skeletal muscle [111]. A systematic review 
with meta‐analysis of randomized clinical trials showed a 
 possible beneficial effect of LOLA on mortality, hepatic 
encephalopathy, and serious adverse effects compared to 
placebo/no treatment but the quality of the evidence was 
very low [112]. No benefit of treatment was identified in 
trials against active agents, for example lactulose or rifax-
imin. Many of the included trials were classed as high risk 
of bias and outcome data were missing for a high propor-
tion of eligible patients; this limits the conclusions that 
can be drawn [112].

Ammonia scavenging agents [113]
Ammonia plays a crucial role in the pathogenesis 
of  hepatic encephalopathy. Sodium benzoate and glyc-
erol phenylbutyrate are used in the treatment of urea 
cycle enzyme deficiencies and provide alternative path-
ways for ammonia excretion. These ‘ammonia scaveng-
ing agents’ have been used to treat hepatic encephalopathy 
in patients with cirrhosis. Other agents which are classi-
fied under this same banner include ornithine phenylac-
etate and AST‐120 (spherical carbon adsorbent).

Sodium benzoate conjugates with glycine in the liver 
and kidney to form hippurate, which is rapidly excreted 
in the urine providing an alternative means for removal 
of waste nitrogen [114]. In a large, randomized clinical 
trial, this compound was shown to be as efficacious as 
lactulose but possibly less well tolerated [115]. The rec-
ommended dose is 5 g twice daily but patients rarely tol-
erate more than 2 g twice daily because of gastrointestinal 
side‐effects. Its use may not be appropriate in patients 
with fluid retention or renal dysfunction because of the 
associated sodium load.

Glycerol phenylbutyrate is converted to glycerol pheny-
lacetate in the liver; the phenylacetate moiety then com-
bines with glutamine to form phenylacetylglutamine 
(PAGN), which is excreted in the urine. The results of a 
large, randomized, placebo‐controlled trial in patients 
with recurrent hepatic encephalopathy are difficult to 
interpret. Overall 77% of the enrolled patients were also 
taking lactulose while 33% were also taking rifaximin. 
Glycerol phenylbutyrate, given in a dose of 6 mL twice 
daily, had a significant beneficial effect in patients who 
were not taking rifaximin at baseline but did not appear to 
have any major additional effect in those who were [116].

The ornithine moiety of ornithine phenylacetate pro-
motes glutamine synthesis in muscle while the phenylace-
tate  moiety facilitates renal excretion of glutamine as PAGN; 
it may also inhibit glutaminase activity in the small bowel 
[117]. A randomized, placebo‐controlled trial undertaken in 
patients with cirrhosis with an upper gastrointestinal bleed 
showed no benefit in relation to blood ammonia levels; how-
ever, it was underpowered and the dose of drug used was 
probably too small [118]. Further studies are awaited.

AST‐120 (spherical carbon adsorbent) selectively 
adsorbs low molecular weight organic compounds from 
the lumen of the lower gastrointestinal tract. Preliminary 
results from a randomized, placebo‐controlled study 
showed no evidence of benefit [119].

Zinc
Zinc is an essential trace element that is a critical  cofactor in 
the activity of urea cycle enzymes in the liver and of glu-
tamine synthetase in muscle. Serum zinc  concentrations are 
reduced in patients with hepatic encephalopathy and corre-
late inversely with blood ammonia concentrations [120]. 
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A small number of controlled studies of zinc supplemen-
tation have been undertaken in patients with hepatic 
encephalopathy; a meta‐analysis provided no evidence 
for a beneficial effect of zinc supplementation in this 
patient population [121].

Bromocriptine
Dopaminergic neurotransmission is impaired in patients 
with hepatic encephalopathy. Patients with stable, per-
sistent hepatic encephalopathy, particularly those with 
extrapyramidal features, resistant to treatment with 
other agents, may benefit significantly from treatment 
with the specific dopamine agonist bromocriptine [78]. 
The dose is gradually increased from 2.5 mg once daily to 
a maximum of 5 mg twice daily.

Flumazenil
GABAergic tone is increased in patients with hepatic 
encephalopathy. Flumazenil is a selective, benzodiaze-
pine‐receptor antagonist. When infused intravenously, 
flumazenil can induce transient, variable but sometimes 
significant, short‐term improvement in hepatic enceph-
alopathy [75]. However, it has no significant effect on 
overall recovery or survival [75].

Shunt occlusion
Patients with significant spontaneous portal–systemic 
shunts may develop refractory hepatic encephalopathy 
which responds poorly to treatment. These patients often 
have relatively well‐preserved liver function with an 
absence of ascites or significant oesophageal varices [122]. 
Embolization of the shunts is associated with significant 
clinical improvement and a reduction in hospitalization 
rates [123]. A variety of interventional radiological tech-
niques can be employed including insertion of coils or 
Amplatzer™ plugs. Patients with surgically created shunts 
may develop debilitating hepatic encephalopathy. Attempts 
can be made to block the shunt non‐invasively but they 
may need to be operatively disconnected.

TIPS insertion is complicated, in a small proportion of 
patients, by the development of persistent, disabling 
hepatic encephalopathy, which is similarly difficult to 
treat. Reduction or even occlusion of the shunt may be 
required; this can be achieved using several different 
percutaneous endovascular techniques [124,125]. 
Simultaneous embolization of major portal-systemic 
collaterals can be undertaken as an adjunctive measure.

Shunt occlusion should be considered as a prelude to 
transplantation in patients who are otherwise suitable.

Liver support systems
Extracorporeal, non‐biological liver support devices that 
effectively remove ammonia could be used to support 
patients with severe hepatic encephalopathy to allow 

time for correction of any precipitating events and/or to 
provide a bridge to liver transplantation. This approach 
has been explored in two large randomized clinical trials 
comparing the efficacy and safety of the molecular 
adsorption recirculating system (MARS®) against stand-
ard treatment [126,127]. Use of the MARS system was 
associated with a significantly greater improvement in 
mental status over standard treatment but no survival 
advantage [126,127].

Liver transplantation
Selection for transplantation, based solely on the 
 presence of hepatic encephalopathy, particularly if liver 
function is well preserved, requires careful exclusion of 
other neuropsychiatric conditions and clear evidence 
that despite optimal treatment the neuropsychiatric 
response is suboptimal.

Care should be taken in the ascription of the changes 
observed on cerebral imaging in these patients. Thus, 
mild to moderate brain atrophy is found in the majority 
of patients with long‐standing hepatic encephalopathy, 
particularly in those with alcohol‐related cirrhosis; it 
does not necessarily indicate a progressive dementia. 
Brain size may decrease further after liver transplanta-
tion due to the resolution of low‐grade brain oedema 
but improvements are still seen in cognitive function 
[128]. Likewise focal white matter lesions, radiologically 
indistinguishable from those associated with small ves-
sel disease, may be observed but they may markedly 
decrease in number following liver transplantation 
[129,130]. Thus, their presence, even if extensive, does 
not necessarily indicate that the patient’s cognitive 
impairment is of vascular origin; they most likely reflect 
changes associated with the presence of low‐grade 
brain oedema. Advances in functional MR imaging and 
more widespread application of MRS may help resolve 
some of these issues. Assessing the degree of reversibil-
ity of the neuropsychiatric symptoms requires both 
supervision to ensure maximal compliance with treat-
ment and careful monitoring of responses.

Patients listed for liver transplantation demonstrate a 
broad spectrum of neuropsychiatric abnormalities, which 
may or may not be clinically evident. The clinical fea-
tures usually resolve following liver transplantation, even 
those previously resistant to treatment, such as spastic 
paraparesis, and Parkinsonism [10,77]. In addition, reso-
lution of the EEG abnormalities [131], and cerebral MRI, 
fMRI, and MRS changes are also observed [128,132,133]. 
Cognitive function also improves but not always fully 
[128,131,133]. Patients with a pre‐transplant history of 
overt hepatic encephalopathy show greater improve-
ment in cognitive function than those without, although 
their overall cognitive function at 1 year is still more 
compromised [131].
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The MELD system used to prioritize patients for 
liver transplantation does not include information on 
neuropsychiatric status. Thus, at present, no priority is 
given to patients with severe recurrent or persistent 
hepatic encephalopathy. The 90‐day waiting list mor-
tality is 66% higher in patients with severe hepatic 
encephalopathy compared with their unaffected coun-
terparts [28]. The detrimental effect of hepatic 
encephalopathy on survival is independent of MELD 
[25,28,134]; thus inclusion of a measure of hepatic 
encephalopathy in this scoring system might improve 
listing and allocation policies [134].

Liver transplantation is associated with the develop-
ment of a number of neurological complications which 
have a negative effect on outcome; the reported preva-
lence varies from 10% to 47% [135]. The nature of the 
abnormalities varies widely and their aetiology is usually 
multifactorial; their presence may relate to: (1) unmask-
ing of other pre‐existing but unrecognized neurological, 
psychological, or cognitive abnormalities; (2) neurologi-
cal complications of the transplant procedure per se such 
as intraoperative hypoxia, cardiovascular events, osmotic 
and other metabolic stresses; (3) graft rejection and 
organ failure; (4) the side‐effects of immunosuppressive 
therapy; and, (5) the presence of comorbidities such as 
systemic hypertension and diabetes.

Hepatic encephalopathy is an important predictor of 
neurological dysfunction following liver transplantation 
[22]; affected patients are more at risk for perioperative 
neurological insults and the neurotoxic effects of immu-
nosuppressive agents.

Potential future therapeutic options

A number of other possible therapeutic options are being 
pursued including: selective inhibition of intestinal PAG 
activity with drugs such as metformin and the thiourea 
derivative THDP‐17; use of drugs with specific pathway 
activities including: L‐carnitine, which activates the 
metabotropic glutamate receptors (mGluR) at the level 
of brain ammonia uptake and/or mitochondrial energy 
metabolism; rivastigmine, a reversible cholinesterase 
inhibitor; endocannabinoids, which activate AMP‐
activated protein kinase (AMPK) and confer neuropro-

tection; sildenafil, a phosphodiesterase which modulates 
extracellular cGMP; and lastly mGluR1 antagonists.

Modulation of the systemic inflammatory response 
with, for example, anti‐inflammatory agents, should be 
explored with the obvious caveats governing use of these 
agents in patients with cirrhosis.

Finally, a symptom‐related approach should be consid-
ered for some of the more distinct clinical symptoms 
associated with hepatic encephalopathy, such as daytime 
sleep disturbances, extrapyramidal symptoms, mood 
disturbances, and cognitive decline.

 Prevention [4]

All patients with newly diagnosed cirrhosis should be 
screened for hepatic encephalopathy. Those with obvi-
ous features of the syndrome should be further assessed 
and treatment with a non‐absorbable disaccharide initi-
ated [101]. The mechanism of its action should be 
explained and a schema for dose adjustment provided; 
the importance of treatment adherence should be 
emphasized. Patients and their caregivers should be 
counselled to avoid obvious precipitating factors such as 
constipation, dietary excess, alcohol, and centrally acting 
drugs, and given clear guidance as to the measures they 
need to take if clinical symptoms recur. Patients with 
more advanced disease; those with large spontaneous or 
created portal–systemic shunts, and those who have 
already experienced an episode(s) of overt hepatic 
encephalopathy are at high risk. They should be given 
lifelong preventative treatment, initially with a non‐
absorbable disaccharide but with addition of rifaximin if 
indicated [106]. A case could also be made for instigating 
treatment with a non‐absorbable disaccharide in all 
patients with minimal hepatic encephalopathy because 
of its detrimental effects on health‐related quality of life, 
safety, and on the risk of developing overt hepatic 
encephalopathy [101]. However, opinions vary as to the 
practicality of this approach with opponents citing issues 
of compliance; the possible adverse effects of long‐term 
treatment, and doubts over the health economics of this 
stratagem. Further exploration is clearly required but on 
balance treatment should be favoured.
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 Introduction

The syndrome: definition, classification, 
and aetiology

Portal hypertension is a common clinical syndrome 
characterized by a pathological increase in the pressure 
gradient between the portal vein and the hepatic veins, 
or portal pressure gradient (PPG), which represents the 
portal perfusion pressure. Normally, and despite a high 

portal blood flow (about 1 L/min), the PPG is low 
(1–5 mmHg), reflecting the low resistance of the liver 
circulation to portal blood flow. In liver diseases, how
ever, this intrahepatic resistance is higher, resulting in 
portal hypertension, defined as a PPG >5 mmHg [1].

Portal hypertension due to liver disease is classified as 
intrahepatic portal hypertension. Portal hypertension 
can result from obstruction to portal blood flow located 
before the liver, due to, for instance, thrombosis of the 
portal vein. In this case, portal hypertension is prehe-
patic. When the obstruction to portal flow occurs after 
the liver, as in diseases that interfere with drainage of 
the  hepatic veins or inferior vena cava (Budd–Chiari 
 syndrome or thrombosis of hepatic veins), portal 
 hypertension is classified as posthepatic.

Table 11.1 presents a list of causes of portal hypertension 
based on this classification. Intrahepatic portal hyperten
sion is that due to different liver diseases. It is subdivided 
into three categories: presinusoidal,  sinusoidal, and postsi
nusoidal portal hypertension. Presinusoidal portal hyper-
tension is that caused by liver diseases that affect primarily 
the portal tract without affecting the parenchyma, the 
paradigm being schistosomiasis, whereas sinusoidal portal 
hypertension is caused by diseases involving the paren
chyma, the paradigm being cirrhosis of the liver. 
Postsinusoidal portal hypertension is that caused by occlu
sion of the central veins (e.g. veno‐occlusive disease). These 
types of portal hypertension can be differentiated haemo
dynamically, by measuring the wedged (or occluded) 
hepatic vein pressure, which reflects sinusoidal pressure 
and is normal in prehepatic and presinusoidal portal hyper
tension and elevated in sinusoidal forms [1]. In addition, 
sinusoidal portal hypertension is associated with increased 
liver stiffness, which can be measured non‐invasively by 

Chapter 11

Portal Hypertension in Cirrhosis
Jaime Bosch1,2,3 and Annalisa Berzigotti3

1 Hepatic Hemodynamic Laboratory, Liver Unit, Hospital Clinic, IDIBAPS, University of Barcelona, Barcelona, Spain
2 CIBERehd, Instituto de Salud Carlos III, Madrid, Spain
3 Swiss Liver Center, Hepatology, University Clinic for Visceral Surgery and Medicine, Inselspital, University of Bern, Bern, Switzerland

LEARNING POINTS

 ● Portal hypertension drives the prognosis of cirrhosis 
leading to the development of the complications that 
define decompensation (e.g. ascites, variceal bleeding, 
encephalopathy).

 ● In compensated cirrhosis, the aim of the therapy of 
portal hypertension is to prevent the progression to 
the decompensated phase.

 ● Most drugs used for portal hypertension act by reduc-
ing portocollateral blood flow; newer compounds tar-
get the increased intrahepatic vascular resistance.

 ● Portal hypertension can be markedly improved by 
removing the aetiological factors leading to cirrhosis. 
Lifestyle intervention may be of value in cirrhosis of 
any aetiology.

 ● Interventional approaches to decrease portal hyperten-
sion, such as transjugular intrahepatic portosystemic 
shunt (TIPS), are effective and may be lifesaving in 
patients with advanced disease who have experienced 
repeat complications. TIPS may be used as pre‐emptive 
therapy in high‐risk patients with variceal bleeding.



  Table 11.1    Classification and aetiology of portal hypertension: haemodynamic characteristics, imaging, and elastographic findings 

Type Haemodynamic findings Specific aetiologies Imaging findings
Liver/spleen 
stiffness by TE    

Prehepatic Normal FHVP, WHVP, and 
HVPG (but ↑ PP)

Extrahepatic portal vein occlusion 
(thrombosis; tumours)

Occlusion of splenic/mesenteric and/or portal vein; 
splenomegaly; collaterals; normal smooth liver

 Liver: normal or 
mild ↑ (<10 kPa) 
 Spleen: ↑ (>35 kPa)   

 Intrahepatic

a)   Presinusoidal 

b)  Sinusoidal 

c)  Postsinusoidal   

 Normal FHVP, WHVP, and 
HVPG (but ↑ PP) 

 Normal FHVP, ↑ WHVP, ↑ HVPG 

If hepatic vein can be catheterized, 
there will be a pressure gradient 
across the obstruction   

 Schistosomiasis 
 Tuberculosis 
 Sarcoidosis 
 Leprae 
 PBC stage 1 
 Idiopathic portal hypertension and 
nodular regenerative hyperplasia 
 Cirrhosis (any cause) 
 Alcoholic hepatitis 
 Sinusoidal obstruction syndrome 
 Hepatic vein thrombosis (non‐
tumoral Budd–Chiari syndrome) 

 Patent portal venous system; splenomegaly; collaterals; 
normal or slightly abnormal liver (periportal enhancement 
on US) 
 Same as above but liver surface may be nodular 

 Patent portal venous system; splenomegaly; collaterals; 
abnormal liver (heterogeneous, nodular surface); ascites 
may be present 
 Occluded hepatic veins; intrahepatic collaterals; abnormal 
liver (atrophy of right lobe, caudate lobe hypertrophy); 
marked ascites; collaterals; splenomegaly 

 Liver : normal or 
mild ↑ (<10 kPa) 
 Spleen: ↑ (>35 kPa) 

 Liver: ↑ (>20 kPa) 
 Spleen: ↑ (>35 kPa) 

 Liver and spleen: ↑   

Posthepatic If hepatic vein can be 
catheterized: ↑ FHVP and WHVP, 
normal HVPG

 Thrombotic or tumoral occlusion 
of inferior vena cava 
 Tricuspid valvular disease 
 Pericarditis 

Occluded/invaded inferior vena cava; hepatic veins dilated 
(or occluded also); ascites; splenomegaly; collaterals

Liver and spleen: ↑  

Other ↑PP (normal HVPG) Arterioportal fistulae Arterioportal fistula; patent portal vein (reversed flow 
direction); splenomegaly; collaterals; ascites may be present

Liver and spleen: ↑

  FHVP, free hepatic vein pressure; WHVP, wedged (occluded) hepatic vein pressure; HVPG, hepatic vein pressure gradient (the difference between WHVP and FHVP); PP, portal pressure; 
TE, transient elastography; PBC, primary biliary cholangitis.  
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 transient elastography or other elastographic methods, 
and frequently has characteristic imaging signs [2]. These 
are summarized in Table 11.1.

This chapter deals with intrahepatic portal hyperten
sion, whereas other types of portal hypertension are 
addressed in Chapter 12.

Relevance

The relevance of portal hypertension derives from the 
frequency of its major causes and from the severity of its 
complications. Cirrhosis is a common disease worldwide, 
and represents the main cause of portal hypertension, fol
lowed by schistosomiasis, which is the main cause of por
tal hypertension in the Nile valley and Amazonia. Portal 
hypertension is responsible for the main complications of 
cirrhosis: development of oesophageal and gastric varices, 
variceal haemorrhage, gastrointestinal bleeding from 
portal hypertensive gastropathy and colopathy, ascites, 
spontaneous bacterial peritonitis, hepatorenal syndrome, 
hepatopulmonary and portopulmonary syndrome, hepatic 
or portosystemic encephalopathy, sepsis, and abnormal
ities in the bioavailability of endo‐ and xenobiotics  normally 
metabolized in the liver. These complications, together 
with the development of hepatocellular carcinoma (which 
is also much more frequent in the setting of sinusoidal 
 portal hypertension), represent the main cause of death 
and liver transplantation due to cirrhosis, which has been 
estimated as 150 000 per year only in Europe, a figure that 
exceeds mortality from breast cancer [3].

Anatomy of the portal system and formation 
of portosystemic collaterals

The portal system includes all veins that carry blood 
draining the gastrointestinal tract, spleen, pancreas, and 
gallbladder.

The portal vein is formed by the union of the superior 
mesenteric vein and the splenic vein (just posterior to 
the head of the pancreas at about the level of the second 
lumbar vertebra). The portal vein enters the liver at the 
porta hepatis in two main branches, one to each lobe 
(Fig. 11.1), and has a segmental intrahepatic distribution, 
accompanying the hepatic artery.

The superior mesenteric vein is formed by tributaries 
from the small intestine, colon, and head of the pancreas, 
and inconsistently from the stomach via the right gastro
epiploic vein. The splenic vein originates at the splenic 
hilum and joins the short gastric veins near the tail of the 
pancreas to form the main splenic vein. It receives 
numerous tributaries from the head of the pancreas and 
the left gastroepiploic vein. The inferior mesenteric vein 
carries blood from the left part of the colon and rectum, 
usually joining the portal vein in its medial third.

Portal blood flow in humans is about 1000–1200 mL/
min, about 75% of the liver blood flow. The portal vein 
has relatively high oxygen saturation and contributes 
about two‐thirds of the total oxygen supply to the liver. 
The normal liver offers a remarkably low resistance to 
portal blood flow, which explains why the portal perfu
sion pressure (equivalent to the PPG) is only of 
1–5 mmHg.

Portosystemic collateral circulation
In portal hypertension, extra‐ or intrahepatic, an exten
sive network of collateral circulation develops to carry 
portal blood into the systemic veins (Fig. 11.2). Normally 
100% of the portal venous blood flow perfuses the liver, 
whereas in cirrhosis this may decrease to less than 10%. 
The remainder flow is diverted into the systemic circula
tion by collaterals [4].

There are four groups of collaterals:

 ● Group I: comprises collaterals formed where protective 
epithelium adjoins absorptive epithelium: (a) ‘ascend
ing’ collaterals at the cardias of the stomach, where the 
left gastric vein and posterior gastric and short gastric 
veins of the portal system anastomose with the inter
costal, diaphragmo‐oesophageal, and azygos minor 
veins of the caval system; (b) ‘descending’ collaterals at 
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Fig. 11.1 Anatomy of the portal venous system.



Portal Hypertension in Cirrhosis 183

the anus, where the superior haemorrhoidal vein of the 
portal system anastomoses with the middle and infe
rior haemorrhoidal veins of the caval system.

 ● Group II: in the falciform ligament through the 
paraumbilical veins, relics of the umbilical circulation 
of the fetus. These collaterals develop only in intrahe
patic portal hypertension.

 ● Group III: where the abdominal organs are in contact 
with retroperitoneum or adherent to the abdominal 
wall. These collaterals include lumbar veins and veins 
developing in scars of previous operations or in small 
or large bowel stomas (‘ectopic’ varices).

 ● Group IV: splenorenal shunts (left renal vein). These 
may form directly from the splenic vein or via dia
phragmatic, pancreatic, left adrenal, or gastric veins.

Blood from gastro‐oesophageal and other collaterals 
ultimately reaches the superior vena cava via the azygos/
hemiazygos system. The inferior vena cava receives col
lateral blood via spontaneous splenorenal shunts that 
may be quite large. Intrahepatic shunts may run from the 
right branch of the portal vein to the inferior vena cava. 
Collaterals to the pulmonary veins have also been 
described.
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Fig. 11.2 The sites of portosystemic collateral circulation in cirrhosis of the liver.
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In extrahepatic portal venous obstruction, additional 
collaterals form, attempting to ‘bridge’ the block and 
return blood towards the liver. These enter the portal 
vein in the porta hepatis beyond the obstruction. They 
may develop as a cavernoma and cause portal biliopathy 
or cholangiopathy (see Chapter 12).

Development of the collateral circulation makes the 
liver depend more on blood from the hepatic artery. It 
shrinks and shows impaired capacity to regenerate. This 
might be due to a lack of splanchnic hepatotrophic fac
tors reaching the liver by the portal vein.

Collaterals do not form until the PPG increases above 
10 mmHg. Even above this value, portal hypertension of 
short duration can exist without demonstrable collateral 
circulation.

Oesophageal varices
The major blood supply to oesophageal varices is the left gas
tric vein. The posterior branch usually drains into the azygos 
system, whereas the anterior branch communicates with 
varices just below the oesophageal junction. There are four 
layers of veins in the oesophagus: intraepithelial veins may 
correlate with the red spots seen on endoscopy and which 
predict variceal rupture; the superficial venous plexus drains 
into larger, deep intrinsic veins; perforating veins connect the 
deeper veins with the fourth layer, which is the adventitial 
plexus. Typical large varices arise from main deep intrinsic 
veins and may communicate with gastric varices [5].

The connection between portal and systemic circula
tion at the gastro‐oesophageal junction is complex. A 
palisade zone is seen between the gastric zone and the 
perforating zone (Fig.  11.3). Perforating veins between 
varices and peri‐oesophageal veins at the lower end of 
the stomach dilate and become incompetent, which, 
together with turbulent flow, may explain why rupture is 
frequent in this region. Recurrence of varices after endo
scopic therapy may be related to the communications 
between various venous channels. Failure of endoscopic 

therapy may also be due to failure to occlude the perfo
rating veins [6].

Gastric varices
These are largely supplied by the short gastric veins and 
drain into the deep intrinsic veins of the oesophagus, and 
are particularly prominent in patients with extrahepatic 
portal obstruction. According to its location and coexist
ence or not with oesophageal varices, these are classified 
as isolated gastric varices (IGVs: type 1, located mainly 
in the fundus; type 2, in other parts of the stomach) or 
gastro‐oesophageal varices (GOVs: type 1, continuation of 
the oesophageal varices in the small curvature; type 2, 
continued in the fundus) (Fig. 11.4) [7].

Colorectal varices
Colonic varices are more frequent in association with 
splanchnic thrombosis. Anorectal varices are collat
erals from the superior haemorrhoidal (portal tribu
tary) veins  and the middle and inferior haemorrhoidal 
 (systemic) veins.

Ectopic varices
Ectopic varices are those arising at unusual places: duo
denum, surgical ostomies, bile ducts, gall bladder. They 
are much more frequent in prehepatic portal hyperten
sion and may be part of the ‘portal colangiopathy’, where 
collaterals around bile ducts may cause cholestasis [8].

Portal hypertensive gastropathy
This is frequently associated with cirrhosis and is seen in 
the fundus and body of the stomach as erythematous 
lesions with a ‘mosaic’ pattern (mild lesions) or as red/
black spots (severe lesions). Histology shows vascular 
ectasia in the mucosa. These may cause bleeding, mani
fested mostly as chronic iron deficiency anaemia. Overt 
bleeding is rare and usually mild. They are relieved only 
by reducing portal pressure [9].

Intra-epithelial
(red spots)

Superficial
venous

Perforating
(escape sclerosis)

Adventitial
Receive
short gastric

Deep intrinsic
venous

Fig. 11.3 Venous anatomy of the lower 
oesophagus.



Portal Hypertension in Cirrhosis 185

Similar changes may be seen in the duodenum, jeju
num, and colon, the histological hallmark being an 
increased number of dilated submucosal capillaries (por-
tal hypertensive duodenopathy, jejunopathy, and/or 
colopathy, respectively).

Gastric antral vascular ectasia
This is characterized by increased arteriovenous com
munications between the muscularis mucosa and dilated 
precapillaries and veins [10,11]. It must be distinguished 
from portal hypertensive gastropathy. It is not directly 
related to portal hypertension, but may be influenced by 
liver dysfunction.

Pathology of portal hypertension

Collateral venous circulation is easier to demonstrate by 
imaging techniques in vivo because at autopsy collaterals 
and varices collapse. The spleen is enlarged with a thick
ened capsule. The surface oozes dark blood (fibrocongestive 
splenomegaly). Malpighian bodies are inconspicuous. 
Histologically, sinusoids are dilated and lined by thickened 
epithelium. Histiocytes proliferate with occasional eryth
rophagocytosis. Periarterial haemorrhages may progress to 
siderotic, fibrotic nodules. There may be splenic infarcts.

The splenic artery and portal vein are enlarged and 
tortuous and may be aneurysmal. The portal and splenic 
vein may show endothelial haemorrhages or mural 
thrombi, and may calcify. In 50% of patients with cirrho
sis, small, deep splenic arterial aneurysms are seen.

 Pathophysiology and rational basis 
of therapy

Understanding of the pathophysiology of portal hyper
tension has greatly benefited from the development of 
animal models of cirrhosis and prehepatic portal hyper
tension. The knowledge gained has allowed for a suc
cessful transition into therapeutic strategies [12].

Haemodynamics of the portal venous system follow 
Ohm’s law, which states that the portal pressure gradient 
(PPG) equals the product of blood flow through the porto
collateral system multiplied by the vascular resistance that 
opposes that flow. Accordingly, portal hypertension may 
arise from increased resistance to portal flow, from 
increased blood flow, or as a combination of both factors. 
Increased blood flow causes portal hypertension only in a 
rare circumstance, the existence of an arteriovenous fistula 
in the portal circulation. These are usually post‐traumatic 
and more commonly occur in the spleen (blunt trauma), or 
intrahepatic (more frequently after a liver biopsy), or as 
aortoportal fistulae (bullet or knife injuries). In all other 
circumstances, the cause of portal hypertension is an 
increased resistance to portal blood flow (Fig. 11.5).

Increased hepatic vascular resistance

In cirrhosis – the main topic of this chapter – increased 
hepatic resistance has two main components (Fig. 11.5). 
The first is a structural component due to the distortion 

EVL

GOV 1

IGV 1

GOV 2

IGV 2

Cyanoacrylate
injection

Cyanoacrylate
injection

Cyanoacrylate
injection

Fig. 11.4 Classification of gastric varices according 
to Sarin and Kumar [50]. The figure also indicates the 
preferred endoscopic treatment for each type.
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of the liver vascular architecture caused by cirrhosis, 
mainly through fibrosis, vascular occlusion, parenchy
mal extinction, and sinusoidal remodelling. The second 
is a dynamic component, due to the active contraction of 
activated hepatic stellate cells (HSCs) that wrap around 
the liver sinusoids, of liver myofibroblasts in the portal 
tracts, and of vascular smooth muscle cells in portal and 
collateral vessels [13]. Altogether, these abnormalities 
reduce the vascular cross‐sectional area of the liver 
microcirculation, thus markedly increasing its resist
ance, while also contributing to a decrease in vascular 
compliance that impairs their ability to adapt to increases 
in blood flow. The mechanism of these changes has been 
well elucidated. Liver injury leads to activation of the 
HSCs, which acquire a profibrogenic, proliferative, and 
contractile phenotype. Simultaneously, the liver sinusoi
dal endothelial cells (LSECs) lose their specific pheno
type (fenestrated endothelium without basement 
membrane) to become ‘capillarized’ and dysfunctional. 
Endothelial dysfunction is defined by an inability of the 
vessel to dilate in response to increased blood flow, and 
its mechanism is via a reduced availability of nitric oxide 
(NO, a potent endogenous dilator) and increased pro
duction of vasoconstrictors (thromboxane, angioten
sin‐2, endothelins). In the setting of activated vasoactive 
neurohumoral systems, as occurs in cirrhosis, this results 
in a further vasoconstrictive drive that contributes to an 
additional increase in the total hepatic vascular resist
ance, and hence in portal pressure. Endothelial dysfunc
tion also leads to a proangiogenic, proinflammatory, and 
prothrombotic phenotype in the sinusoidal endothelium 
with increased expression of Von Willebrand factor, 
which on the one hand facilitates vascular occlusion with 
ensuing parenchymal extinction and distortion of vascu
lar anatomy, and on the other, through interaction with 
HSCs, enhances angiogenesis, with ensuing sinusoidal 
remodelling and fibrogenesis [14,15]. Advances in patho
physiology have led to the discovery of new therapeutic 
targets and potential therapeutic agents (Table 11.2). NO 

availability and endothelial dysfunction are ameliorated 
by statins (through the overexpression of the transcrip
tion factor KLF‐2, which encodes the transcription of the 
endothelial NO synthase [eNOs], angiopoietin, and 
thrombomodulin) (Fig.  11.6), antioxidants (which 
 prevent scavenging of NO by free oxygen radicals), 
 obeticholic acid (through reduction of eNOS inactivation 
from increased endogenous asymmetric dimethylargi
nine or DMMA), and thromboxane receptor antagonists, 
endothelin blockers, and alpha‐adrenergic blockers (such 
as carvedilol) [12]. Parenchymal extinction due to intra
hepatic vascular occlusion may be prevented by statins 
(by maintaining an intact endothelium) (Fig.  11.6) 
or  heparin (by preventing and/or correcting fibrin 
 deposition and vascular occlusion) [16–19].

Architectural changes
Fibrosis
Vascular occlusion

Endothelial
dysfunction
↑Vascular tone

Increased NO, CO,
glucagon, endocannabinoids
Hyperkinetic syndrome

(≥10 mmHg)
↑VEGF

2. Increased portal pressure

3. Portal-systemic collaterals and varices

Pressure gradient = Vascular resistance x Blood flow

1. Increased hepatic resistance 4. Increased portal inflow

Mechanical Dynamic Splanchnic vasodilation

Fig. 11.5 Pathophysiology of portal hypertension in 
cirrhosis. The initial mechanism is an increased resistance 
to portal blood flow through the cirrhotic liver (1) that has 
a mechanical and a dynamic component. When the portal 
pressure gradient increases above 10 mmHg (2), 
portosystemic collaterals start to form (3), a process that 
also involves VEGF‐driven angiogenesis. As portal blood 
flow is being shunted away from the liver, splanchnic 
vasodilation develops, which increases portocollateral 
blood flow and hence further increases portal pressure 
(4). NO, nitric oxide; CO, carbon monoxide.

Table 11.2 New targets for the pharmacological treatment 
of portal hypertension

Target Drugs

Intrahepatic 
microvascular 
dysfunction

Statins (simvastatin*, atorvastatin)
KLF2 gene transfer
Antioxidants (rMnSOD, SOD gene 
transfer, tempol, resveratrol, BH4)
Metformin
Thromboxane A2 blocker (terutroban)
PPARα activation (fenofibrate)

Microvascular 
thrombosis

Anticoagulants (enoxaparin*, 
rivaroxaban)

Angiogenesis Antiangiogenics (VEGF‐R2 blockade, 
PDGF blockade, sunitinib, sorafenib*, 
PEDF overexpression, VASH 
overexpression)

KLF‐2, Kuppel‐like factor2; rMnSOD, recombinant manganese 
superoxide dismutase; BH4, tetrahydrobiopterin; VEGF, vascular 
endothelial growth factor; PEDF, pigment epithelium‐derived factor; 
VASH, vasohibin; PPARα, peroxisome proliferator‐activated 
receptor alpha.
* Proven effective in humans.
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Formation of collaterals and varices

Collaterals/varices result from the interaction of three 
factors. The initial factor is an increased portal pressure. 
As mentioned earlier, the formation of collaterals require 
that the portal pressure gradient increases to at least to 
10 mmHg (what is known as ‘clinically significant portal 
hypertension’ or CSPH) [20,21].

The second factor is anatomical and, as already 
described, consists of the presence of sites of anatomical 
communication between the portal and the systemic cir
culation that are not functional under normal circum
stances but open in portal hypertension, facilitating the 
formation of collaterals, and of local peculiarities that 
facilitate the varicose dilation of submucosal collaterals.

The third, and more recently discovered, factor is 
active angiogenesis driven by activation of the vascular 
endothelial grow factor (VEGF) – VEGF receptor‐2 sig
nalling pathway [22]. These studies have shown that 
VEGF inhibition results in a 50% decrease in collateral 
formation independent of a similar degree of portal 
hypertension. Furthermore, combined VEGF and plate
let‐derived grow factor (PDGF) inhibition achieves a 
marked reduction of the already formed portosystemic 
collaterals despite ongoing portal hypertension [23]. 
Angiogenesis also contributes to the splenomegaly of 
portal hypertension, which is sensitive to rapamycin 
administration [24]. Finally, as already mentioned, at the 
level of the intrahepatic circulation, angiogenesis con
tributes to enhanced inflammation, HSC activation, and 
fibrogenesis [25–27].

In accordance with these findings, collateral formation 
can be addressed by either decreasing portal pressure 

(either by interventions or by drug therapy), ameliorat
ing enhanced angiogenesis (by antiangiogenic drugs or 
by enhancing endogenous antiangiogenic pathways), or 
through a combination of both strategies.

Increased splanchnic blood flow 
and hyperkinetic circulation

For many years, it was thought that the splanchnic circu
lation in cirrhosis was ‘congested’, which implied a combi
nation of increased outflow pressure and decreased blood 
flow (‘backward’ theory of portal hypertension). However, 
studies in the early 1980s demonstrated, both in experi
mental animals and in humans, that splanchnic blood 
flow was actually increased, and this was due to pro
nounced splanchnic vasodilation [12]. It is now clear that 
this splanchnic vasodilation represents an adaptive 
response to decreased portal perfusion of the liver 
because part of the portal blood flow is being diverted 
through portosystemic collaterals. As such, splanchnic 
vasodilation disappears after curing the liver disease, 
either by liver transplantation or after successful treat
ment of the aetiological factor. The mechanism of 
splanchnic vasodilation is a mirror image of what occurs 
in the liver circulation: whereas in the liver there is 
increased vascular resistance and enhanced vasocon
strictor tone, in the splanchnic circulation there is a 
decreased vascular resistance and enhanced vasodilation 
[28]. Vasodilation is due to enhanced NO produc
tion,  together with an increased release of other vas
odilators such as carbon monoxide, endocannabinoids, 
and  vasodilatory gastrointestinal peptides (glucagon). 
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Fig. 11.6 Liver microcirculatory 
dysfunction in cirrhosis and modulation 
by statins. Statins reverse the activated 
phenotype of liver sinusoidal 
endothelial cells (LSECs) and hepatic 
stellate cells (HSCs) in cirrhotic livers 
and the ensuing sinusoidal 
capillarization by its effects on KLF2‐
mediated gene transcription and 
through the cross‐talk between LSECs 
and HSCs mediated by paracrine 
mechanisms involving nitric oxide and 
VEGF. PH, portal hypertension.



Chapter 11188

Splanchnic vasodilation is probably initiated by the release 
of VEGF [29]. In addition to causing NO release, VEGF 
contributes to angiogenesis in both the arterial and the 
venous vessels, promoting an increased number of vessels 
irrigating the abdominal organs, which  further enhances 
the increased splanchnic blood flow. Additionally, VEGF, 
by promoting the formation of collaterals, also facilitates 
the deviation of blood away from the liver, thereby estab
lishing a vicious cycle. Another consequence of splanchnic 
vasodilation is that it is so profound as to result in a 
decrease in systemic vascular resistance with ensuing arte
rial hypotension. This triggers the activation of systemic 
vasoactive systems (renin–angiotensin, autonomic nerv
ous system, non‐osmotic release of ADH) to restore arte
rial blood pressure. The ensuing tachycardia and expanded 
blood volume increase the cardiac index, leading to the 
‘hyperkinetic syndrome’ of chronic portal hypertension 
[30] (Fig. 11.7). When this does not suffice to maintain cir
culatory homeostasis, vasoactive activation worsens, 
resulting in clinical sodium retention in the form of ascites 
and oedema. This is further aggravated by concomitant 
abnormalities such as hypoalbuminaemia.

A factor that can contribute to worsening of systemic 
vasodilation and precipitating or aggravating sodium 
retention is the presence of chronic inflammation, which 
may be associated with ongoing activity of the aetiologi
cal factors of cirrhosis or with bacterial translocation, 
which is facilitated by changes in the microbiota and in 
intestinal barrier function due to liver disease and portal 
hypertension [31,32].

When these abnormalities are very pronounced and 
there is a compromised myocardial function, the patient 

may develop additional complications, such as hepatore
nal syndrome and acute‐on‐chronic liver failure [11]. 
Hepatopulmonary syndrome is characterized by hypox
aemia due to intrapulmonary shunts and pulmonary 
vasodilation [33]. It represents the lung counterpart of 
splanchnic vasodilation. The opposite situation, and 
increased pulmonary vascular resistance leading to pul
monary hypertension, can also occur (portopulmonary 
hypertension or portopulmonary syndrome). This is a 
form of primary pulmonary hypertension that it is 
thought to be due to pulmonary endothelial damage [33]. 
All these circulatory syndromes disappear after liver 
transplantation, but long‐standing advanced portopul
monary hypertension may be associated with such 
extensive remodelling of the pulmonary circulation as to 
become almost irreversible and associated with exagger
ated mortality after liver transplantation.

 Evaluation and diagnosis

Measurement of portal pressure

The perfusion pressure of the portohepatic circulation is 
the difference between the pressure in the portal vein 
and the pressure in the inferior vena cava (or portal pres
sure gradient [PPG]; normal value up to 5 mmHg) [1]. 
Direct measurements of portal pressure gradient are 
quite invasive since they require accessing the portal sys
tem via percutaneous transhepatic or transplenic punc
ture – which may cause intraperitoneal bleeding – or via 
transjugular transhepatic puncture. These methods are 
rarely used and are restricted to selected cases.
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Fig. 11.7 Pathophysiology of portal 
hypertension detailing the mechanisms 
leading to splanchnic vasodilation and 
hyperkinetic syndrome, and its role in the 
complications of portal hypertension. PS, 
portosystemic; PHG, portal hypertensive 
gastropathy; HPS, hepatopulmonary 
syndrome; PoPH, portopulmonary 
hypertension; HRS, hepatorenal 
syndrome; VEGF, vascular endothelial 
grow factor; eNOs, endothelial nitric oxide 
synthase; HO, haeme oxygenase; RAS, 
renin–angiotensin system; NE, 
norepinephrine; ADH, antidiuretic 
hormone; Na, sodium. The dotted lines 
show how the activation of vasoactive 
systems attempts to reverse the systemic 
vasodilation but contributes to a further 
increase in hepatic vascular resistance.



Portal Hypertension in Cirrhosis 189

In patients with sinusoidal forms of portal hyperten
sion such as cirrhosis (Table 11.1), the measurement of 
the hepatic venous pressure gradient (HVPG) reliably 
mirrors PPG. This indirect assessment is much less inva
sive, only requiring access to a systemic vein (carotid or 
femoral) through which a hepatic vein is catheterized 
and occluded (by inflating a balloon at the tip of the cath
eter), obtaining the wedged pressure from which the free 
(unoccluded) pressure is subtracted (Fig. 11.8a–c) [1].

Complications of this procedure are infrequent (<1% 
of cases), and mostly related to local injury at the venous 
access site [1]. Passage of the catheter through the right 
atrium may causes arrhythmias, which are usually tran
sient and self‐limited.

In patients with cirrhosis, HVPG has been shown to 
correlate with the severity of liver fibrosis and nodule 
size on histology [34], and is a strong independent 
 prognostic surrogate in several different clinical settings 

[1]. In patients with compensated cirrhosis and without 
varices, an HVPG ≥10 mmHg is associated with the 
development of varices and first clinical decompensa
tion, independent of Model for End‐Stage Liver Disease 
(MELD) score, body mass index (BMI), and albumin 
[35]. In contrast, patients with HVPG <10 mmHg are 
not at risk of decompensation and have no hyperkinetic 
circulation. Therefore, HVPG ≥10 mmHg defines ‘clini
cally significant portal hypertension’ (CSPH) and HVPG 
6–9.5 mmHg defines ‘subclinical’ or ‘mild’ portal hyper
tension [1]. In the setting of compensated patients with 
potentially resectable hepatocellular carcinoma (HCC) 
and normal bilirubin, the presence of CSPH is associ
ated with a higher risk of postoperative decompensa
tion, and decreased 3‐ and 5‐year survival [36,37]. All 
patients with varices and/or decompensated cirrhosis 
with clinical manifestations of the disease have HVPG 
≥10 mmHg.
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Fig. 11.8 Hepatic vein catheterization for the measurement of hepatic venous pressure gradient in cirrhosis. (a) Catheter in occluded 
position (balloon inflated); (b) catheter in the free position; (c) a pressure tracing of a patient with cirrhotic portal hypertension.
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In patients with varices, an HVPG ≥12 mmHg is 
required to develop variceal bleeding. A decrease in 
HVPG to <12 mmHg, either spontaneously (for instance, 
after abstinence from alcohol) or induced by treatment 
with non‐selective beta‐blockers, prevents bleeding from 
varices. Less marked HVPG decreases, of 20% from base
line values, suffice to reduce markedly the risk of first or 
recurrent variceal bleeding, and to reduce the risk of 
other complications of portal hypertension (ascites, 
spontaneous bacterial peritonitis, and hepatorenal syn
drome) [38]. Therefore, a decrease in HVPG to <12 mmHg 
or by at least 20% of the pretreatment value is considered 
a good haemodynamic response to drug therapy. Patients 
showing a good haemodynamic response have a better 
survival compared with non‐responders [38]. The acute 
haemodynamic response to intravenous beta‐blockers is 
also of prognostic value and avoids the need for repeated 
hepatic vein catheterization [39].

HVPG values ≥16 mmHg are associated with a higher 
mortality [40], independent of MELD score in patients 
awaiting liver transplantation [41]. In addition, HVPG is 
also of prognostic value in acute variceal bleeding, with 
patients with HVPG values >20 mmHg being five times 
more likely to experience failure to control acute variceal 
bleeding or early rebleeding [42]. Finally, in severe alco
holic hepatitis, HVPG >22 mmHg is the best discrimina
tor of patients at a higher risk of death [43].

It follows that the main applications of HVPG meas
urement in clinical practice are (1) classification of portal 
hypertension of unclear cause, (2) risk stratification in 
compensated cirrhosis, including determination of can
didacy for surgical resection of HCC, and (3) assessment 
of the haemodynamic response to drug therapy.

Non‐invasive assessment and techniques

Although HVPG measurement may be very useful [44], 
it is invasive, has a relatively elevated cost, and is not 
available at every hospital, which has stimulated research 
into non‐invasive alternatives. Although currently 
HVPG measurement cannot be completely replaced, 
non‐invasive methods provide useful data to identify the 
cause of portal hypertension and to discriminate which 
patients with compensated advanced chronic liver dis
ease have or not clinically significant portal hypertension 
(HVPG ≥10 mmHg) (see Chapter 7). Table 11.3 summa
rizes the available non‐invasive methods to address por
tal hypertension.

Physical signs on clinical examination
Signs of portal hypertension include the presence of 
splenomegaly, abdominal wall collaterals, and spider 
naevi, with the last being highly specific in the absence of 
pregnancy.

Laboratory tests
A reduced platelet count is the single parameter most 
consistently associated with portal hypertension of any 
cause; this is mostly due to a hypersplenism induced by 
splenomegaly. In patients with cirrhosis, a decreased 
synthesis of thrombopoietin is an additional factor con
tributing to thrombocytopenia in late phases of the 
 disease. Thrombocytopenia (namely platelet count 
<150 g/L) strongly suggests portal hypertension in 
patients with cirrhosis. A lower platelet count (<100 g/L) 
is closely associated with the presence of gastro‐oesoph
ageal varices (GOVs); however, this parameter alone is 
not sufficient to diagnose CSPH and to stage its severity 
[45], and should be used together with other parameters 
(see later). Furthermore, the platelet count can be nor
mal despite the presence of portal hypertension, espe
cially in patients with myeloproliferative diseases 
complicated with portal vein thrombosis. Therefore, 
whenever there are signs of portal hypertension in a 
patient with a normal platelet count, haematological 
tests should be carried out in order to exclude an under
lying myeloproliferative disease.

In patients with cirrhotic portal hypertension, liver 
function parameters (albumin, bilirubin, and interna
tional normalised ratio [INR]) are weakly associated with 
HVPG value and can be combined to assess the risk of 
portal hypertension. Patients with decompensated cir
rhosis almost invariably have CSPH. Non‐patented and 
patented serum markers of fibrosis have been studied in 
a limited number of studies and weakly correlate with 
portal hypertension in cirrhosis (see Chapter 7).

Imaging techniques
Imaging techniques (ultrasound [US], computed tomog
raphy [CT], magnetic resonance imaging [MRI]) are very 
important in identifying the cause of portal hypertension 
in unclear cases. All can demonstrate overt signs of por
tal hypertension such as dilation of the portal venous 
system (Fig. 11.9) and splenomegaly, and also morpho
logical liver cirrhotic changes (small liver with obvious 
surface nodularity and left lobe/caudate lobe hypertro
phy), although they can be minimal in compensated 
patients with only subtle surface nodularity by high‐fre
quency linear probe with US. Spleen size combined with 
platelet count is superior to spleen size alone to suggest 
the presence of GOVs and of varices needing treatment; 
however, the accuracy can be improved with other non‐
invasive methods (see later).

Imaging methods can detect the presence of thrombo
sis in the portal or hepatic vein system, appearing as 
material inside the lumen of the vessels or as complete 
vessel obliteration [46] that can be substituted by 
 collaterals or abnormal vessels. Ultrasound (grey scale 
mode + colour/power and spectral Doppler) is the 
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 recommended initial method to investigate the presence 
of thrombosis and, in doubtful cases, could be con
firmed by contrast‐enhanced US. However, CT or MRI 
is preferred to confirm inconclusive cases or cases in 
which US cannot be used (abdominal gas; severe obe
sity). These allow a better assessment of the vessels 
involved and mapping of abdominal collaterals for treat
ment evaluation [46].

The presence of portosystemic collaterals is 100% 
 specific for portal hypertension of any cause. Collaterals 
are best studied by contrast‐enhanced cross‐sectional 
imaging methods (CT or MRI) (Fig. 11.10). Despite being 
very useful, it should be underlined that no imaging 
method is accurate enough, when used alone, to replace 
HVPG for the exact grading/staging of portal hyperten
sion, or for ruling out GOVs needing treatment. 

Table 11.3 Available non‐invasive methods to assess the presence of clinically significant portal hypertension (CSPH) in cirrhosis 
in clinical practice

Test Pros Cons

Laboratory 
tests

Standard laboratory tests 
(Child–Pugh score; 
platelet count)

Available in all cases
Easy to perform and reproducible
Validated by several studies
Correlate with presence of varices

Suboptimal accuracy for CSPH and 
varices (correlation not strong enough)
Not to be used as the only criterion for 
diagnosis of CPSH/varices, but platelet 
count <100 000/μL is highly suggestive

Serum markers of fibrosis Easily obtained False positives can occur (inflammation)
Not widely validated for PH

Ultrasound 
elastography

Transient elastography Available in most centres
Easy to perform and reproducible
Validated in most aetiologies; accurate 
(AUROC ~90% for CSPH, ~80% for 
varices)

Applicability of liver stiffness 
measurement in obese patients is 
suboptimal unless XL probe is used
False positives can occur (inflammation; 
infiltration; congestion; cholestasis; food 
intake)
Spleen stiffness measurement is possible 
only in patients with splenomegaly

Point shear wave 
elastography and 2D shear 
wave elastography

Easy to perform and reproducible
Allows the measurement of spleen stiffness 
with higher applicability compared with 
transient elastography

Not available in many centres
Validated for fibrosis assessment but 
few data on portal hypertension 
(no clear cut‐off )

Ultrasound Ultrasound and Doppler 
ultrasound complemented 
by contrast‐enhanced 
ultrasound

Widely available and validated
Easy to perform: first‐line technique
Very helpful forr excluding vascular 
thrombosis at the portal and hepatic veins 
(additional value of contrast‐enhanced 
ultrasound
Signs of CSPH are specific but not sensitive
Collaterals on ultrasound are 100% specific 
of CSPH

Inter‐equipment and inter‐observer 
variability for Doppler measurements
Accuracy for CSPH not sufficient for 
most signs
Correlation with presence of varices not 
sufficient to rule in or rule out

Computed 
tomography

Abdominal contrast‐
enhanced CT scan

Widely available
Allows a full cross‐sectional visualization 
of the portal system
Signs of CSPH are specific but not sensitive
Collaterals on CT are 100% specific of 
CSPH

Radiation exposure risk
Risk of iodine contrast‐induced 
nephropathy
Costs vary across countries

Magnetic 
resonance

Abdominal contrast‐
enhanced MRI

Widely available
Allows a full cross‐sectional visualization 
of the portal system
Signs of CSPH are specific but not sensitive
Collaterals on MRI are 100% specific of 
CSPH

Risk of nephrogenic systemic sclerosis 
due to gadolinium contrast dye
High cost

Magnetic resonance 
elastography

Allows the measurement of liver and 
spleen stiffness in large areas of the organs

Expensive; not available in many centres
Lack of data regarding portal 
hypertension
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Furthermore, no imaging method allows the detection of 
the haemodynamic response to pharmacological therapy.

New imaging methods are currently being developed 
with promising initial results, including subharmonic‐
aided pressure estimation (SHAPE), which estimates the 
HVPG by assessing peculiar physical properties of US 
contrast agents [47], and multiparametric MRI [48].

Elastographic methods alone or combined with other 
non‐invasive parameters have been successfully used to 
assess non‐invasively the severity of portal hypertension 
and the presence of GOVs and/or varices needing treat
ment (see Chapter 7).

Endoscopy

Upper gastrointestinal tract diagnostic endoscopy is the 
gold‐standard technique for identifying oesophageal 

varices (OVs) (Figs 11.11 and 11.12) and gastric varices 
(Fig. 11.4 and Fig. 11.13). The use of sedation with propo
fol/ramifentanil improves patients’ comfort.

In addition to showing the presence, location, and num
ber of varices, it evaluates the presence of varices at a high 
risk of haemorrhage. These are varices of large size and 
with ‘red colour signs’, red ‘wheals’ (longitudinal dilated 
venules resembling whip marks on the variceal surface), 
diffuse redness, and red spots (haemocystic spots) 
(Fig. 11.14). The presence of any of these signs in a patient 
without previous haemorrhage indicates the need for pro
phylactic treatment [49]. The size of varices is semiquanti
tatively graded as small, medium, or large. Small varices 
are minimally elevated veins that collapse without disap
pearing on insufflation, medium varices are tortuous veins 
occupying less than one‐third of the oesophageal lumen, 
and large varices are those involving more than one‐third 

Fig. 11.9 Dilated portal vein detected by ultrasound in a patient with liver cirrhosis. Colour Doppler allows confirmation of the patency of 
the portal vein.

Fig. 11.10 Portosystemic collaterals on CT in a patient with liver cirrhosis. Note the large collaterals entering in the stomach wall (arrow). 
Gastric varices GOV2 were confirmed on endoscopy in this patient.
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of the lumen (Fig.  11.14). Grading can be simplified to 
‘small’ (≤5 mm) and ‘large’ varices to guide treatment 
options. Small varices without high risk factors should 
also be treated if present in a decompensated patient [50].

Gastric varices are less frequent than oesophageal varices 
and cause approximately 5–10% of bleeding  episodes in 
cirrhosis. According to their location and relationship with 
oesophageal varices, they are classified into different types; 
the most commonly used classification is named after 
Sarin [7] (Fig. 11.4). Whenever  isolated gastric varices are 
present, splenic vein  thrombosis should be ruled out, since 
there is a strong association between the two.

Portal hypertensive gastropathy (Fig. 11.15) is another 
consequence of portal hypertension commonly observed 
on endoscopy in patients with cirrhosis. Its prevalence 
ranges between 11 and 80%. It can be classified into 
‘mild’ (mosaic‐like pattern), and ‘severe’ (red‐point 
lesions/cherry‐red spots/black–brown spots).

Endoscopy is also needed for specific therapeutic 
manoeuvres (e.g. band ligation) in the context of the 
 primary prophylaxis of variceal bleeding, management 
of variceal bleeding episodes, and prevention of 
 rebleeding (see later).

Can be
depressed

Grade 1 Grade 2 Grade 3

Confluent

Fig. 11.11 Endoscopic classification of oesophageal varices. 
Source: Based on data from North Italian Endoscopic Club for 
Study and Treatment of Esophageal Varices 1988 [49].

Fig. 11.12 Form (F) or size of the oesophageal varices on endoscopy.
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Endoscopic videocapsule is better tolerated than 
endoscopy, and allows a correct identification of OVs 
and red wheal marks in about 75–80% of cases [51]. 
However, it is insufficiently accurate for the diagnosis of 
gastric varices and portal hypertensive gastropathy and 
is not recommended in standard clinical practice to 
screen for the presence of GOVs. Nonetheless, it is of 
value in patients with bleeding of unclear cause to detect 
portal enteropathy, and of varices and vascular ectasias 
in the small bowel.

Other endoscopic techniques that are used in selected 
cases or for research purposes include endoscopic ultra
sound [52] (useful to differentiate gastric varices from 

gastric folders thanks to the availability of colour Doppler 
sensitive to flow) and endoscopic measurements of 
variceal pressure.

 Natural history and prognosis

Figure 11.16 summarizes the natural history of chronic 
liver disease according to data obtained from a large 
 prospective randomized controlled trial (RCT) and a 
systematic review [21,53]. As shown, cirrhosis is char
acterized by two different phases. The first, character
ized by normal or almost normal liver synthetic 

Fig. 11.13 Gastric varices on endoscopy.

Fig. 11.14 Haemocystic spots on oesophageal varices.

Fig. 11.15 Portal hypertensive gastropathy. A mosaic pattern is 
seen together with red spots.

Increased portal pressure
(HVPG >10 mmHg)

Formation of varices
Na retention

Dilation of varices
Ascites

Rupture of varices
(HVPG >12 mmHg)
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Fig. 11.16 Schematic view of the natural history of portal 
hypertension in cirrhosis.
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function and no overt complications, is termed ‘com
pensated’. The second, characterized by the develop
ment of complications of cirrhosis (ascites, variceal 
bleeding, encephalopathy, and jaundice) is called the 
‘decompensated’ phase. The two phases have very dif
ferent prognoses: patients with compensated cirrhosis 
are at low to moderate risk of death (1.5–10%) in a  
5‐year time‐frame, whereas patients with decompen
sated cirrhosis have a much higher 5‐year mortality 
(20–80%) [53,54].

In compensated cirrhosis, the presence of CSPH drives 
the development of varices (substage at which patients 
have a twofold risk of decompensation compared with 
those without varices) and the transition to the decom
pensated phase. In compensated cirrhosis, any‐size 
varices and large varices are present in 30–45% and 
5–10% or patients, respectively. They are much more 
frequent in decompensated patients. In patients without 
varices, development occurs at a rate of 5–8% per year, a 
rate similar to that of progression from small to large 
varices [54].

Removing the aetiological agent leading to cirrhosis 
(e.g. abstinence from alcohol; sustained virological 
response in patients treated for hepatitis C) decreases 
(but does not eliminate) the risk of developing varices or 
variceal growth [55]. Current recommendations regard
ing screening and surveillance for GOVs [55] take these 
factors into account (Table 11.4).

Variceal haemorrhage is observed in about 5%/year of 
patients with small varices and 15%/year of patients with 
large varices [49,53,54]. The stage of cirrhosis also deter
mines risk of variceal haemorrhage: whereas patients 
with good liver function (Child–Pugh class A) and small 
varices without risk signs have a 1‐year risk of bleeding 
of only about 6%, for those in Child–Pugh class C, with 
large varices, and red signs the risk is extremely high 
(76%) (Fig. 11.17).

Mortality associated with variceal bleeding (6 weeks 
within the episode) is currently about 15–20% [56], and 
has decreased markedly in the last two decades owing to 
improvements in the general and specific management 
measures. The prognosis correlates directly with the 
severity of portal hypertension [42] and liver failure [56], 
and is aggravated by the coexistence of bacterial infec
tions, hepatocellular carcinoma, alcoholic hepatitis, and 
multi‐organ failure (‘acute‐on‐chronic’ liver failure). 
About 50% of deaths are due to bleeding not controlled 
by medical/endoscopic therapy (nowadays very rare, less 
than 15% of cases), and a further 25% of deaths occur in 
the 5 days following the initial bleeding episode. If the 
patient survives the first 5 days, the rebleeding risk is still 
very high (up to 20%) within the following 6 weeks; risk 
factors for rebleeding within this time‐frame are similar 
to those determining the 5‐days prognosis. Without 

therapy, recurrent bleeding occurs in over 60% of patients 
at 2 years.

Variceal haemorrhage must be taken in the context of 
other complications of cirrhosis. In a patient without ascites 
or encephalopathy, concerns are the development of recur
rent haemorrhage and other complications of cirrhosis 
such as ascites. In a patient with other decompensating 
events, mortality is very high and should be the endpoint.

The appearance of ascites is the most common first 
decompensating event, followed by variceal bleeding, 
encephalopathy, and jaundice [54].

Table 11.4 Baveno VI recommendations regarding screening 
and surveillance of gastro‐oesophageal varices in cirrhosis (the 
grade of evidence is given at the end of each statement*)

Patients with 
cACLD in whom 
screening 
endoscopy can 
be safely avoided

 ● Patients with a liver stiffness <20 kPa and 
with a platelet count >150 000 have a 
very low risk of having varices requiring 
treatment and can avoid screening 
endoscopy (1b; A)

 ● These patients can be followed up by 
yearly repetition of TE and platelet 
count (5; D)

 ● If liver stiffness increases or platelet 
count declines, these patients should 
undergo screening OGD (5; D)

Surveillance of 
esophageal 
varices

 ● In compensated patients with no varices 
at screening endoscopy and with 
ongoing liver injury (e.g. active drinking 
in alcoholics, lack of SVR in HCV), 
surveillance endoscopy should be 
repeated at 2‐year intervals (5; D)

 ● In compensated patients with small 
varices and with ongoing liver injury (e.g. 
active drinking in alcoholics, lack of SVR 
in HCV), surveillance endoscopy should 
be repeated at 1‐year intervals (5; D)

 ● In compensated patients with no varices 
at screening endoscopy in whom thea 
etiological factor has been removed (e.g. 
achievement of SVR in HCV, long‐
lasting abstinence in alcoholics) and who 
have no cofactors (e.g. obesity), 
surveillance endoscopy should be 
repeated at 3‐year intervals (5; D)

 ● In compensated patients with small 
varices at screening endoscopy in whom 
the aetiological factor has been removed 
(e.g. achievement of SVR in HCV, 
long‐lasting abstinence in alcoholics) and 
who have no cofactors (e.g. obesity), 
surveillance endoscopy should be 
repeated at 2‐year intervals (5; D)

TE, transient elastography; OGD, oesophago‐gastroduodenoscopy; 
SVR, sustained virological response; HCV, hepatitis C virus.
* Evidence grade A, consistent randomised controlled studies, 
strong evidence; grade D, no sufficient evidence‐based data, expert 
opinion.
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 Management

Therapeutic tools

Pharmacological therapy
Pharmacological therapy aims at decreasing portal pres
sure, and therefore has a strong pathophysiological basis. 
Importantly, treatments that result in a reduction in por
tal pressure are useful to prevent/treat not only variceal 
haemorrhage, but also the other complications of portal 
hypertension (ascites, hepatorenal syndrome, spontane
ous bacterial peritonitis) [38,57]. The first pharmacolog
ical treatments for portal hypertension targeted the 
increased splanchnic blood flow (Table 11.5). This is the 
mechanism of action of terlipressin, somatostatin and 
analogues, and of non‐selective beta‐blockers (NSBBs), 
drugs introduced in therapy during the 1980s and that 
still are the mainstay of therapy. An important new con
cept is that splanchnic vasodilation does not occur in 
early stages of cirrhosis, but requires reaching CSPH, 
and is therefore not fully manifest until portosystemic 
collaterals (and/or varices) have developed. This is of 
practical relevance as it makes it unlikely that therapies 
aimed at decreasing portal pressure by reducing the 
splanchnic blood flow will be effective in early cirrhosis, 
before CSPH and varices develop [12,58].

Recent potential therapies are aimed at decreasing 
intrahepatic resistance. This can be achieved by effective 
aetiological treatments (direct‐acting antivirals), by 
experimental therapies interfering with fibrogenesis (l‐
lysyl oxidase antagonists, obeticholic acid, emricasan), 
and by targeting the increased hepatic vascular tone, 
either by improving NO availability (statins, antioxi
dants) or by antagonizing increased vasoconstrictor 

drive (anti‐alpha‐adrenergic agents and carvedilol, 
thromboxane blockers, renin–angiotensin system antag
onists, endothelin receptor blockers), and/or angiogene
sis (bevacizumab, sorafenib, sunitinib) [12,17]. These 
therapies are the only ones with potential at early stages 
of cirrhosis, but may also be effective in advanced stages. 
Of these drugs, only carvedilol and the statin simvastatin 
have been tested in RCTs [59,60]. It is likely that alcohol 
withdrawal and a healthy lifestyle may contribute to the 
efficacy of therapy.

Choice of therapy is influenced by the mechanism of 
action (as already mentioned) and by pharmacokinetic/
pharmacodynamic considerations: long‐term therapy 
requires drugs that can be administered orally and/or 
with a prolonged half‐life, whereas short‐action drugs/
peptides requiring intravenous administration are 
 adequate only for short‐term treatment (i.e. the acute 
bleeding episode).

Table  11.5 summarizes the indications, doses, and 
main effects of available drugs used for the treatment of 
portal hypertension.

Traditional non‐selective beta‐blockers (NSBBs) 
include mainly propranolol and nadolol, as timolol has 
been used in only one study. NSBBs decrease portal 
pressure by decreasing portal vein inflow (blood flow to 
splanchnic organs). This is due to blockade of beta‐1‐
adrenoceptors in the heart, which determines a reduc
tion in heart rate and cardiac output, and to the blockade 
of beta‐2 adrenoceptors in vascular smooth muscle, 
which results in unopposed adrenergic vasoconstriction. 
Therefore, NSBBs cause a greater fall in portal pressure 
(measured by HVPG) than cardio‐selective beta‐blockers. 
However, beta‐2 blockade can result in bronchoconstric
tion in susceptible patients. Propranolol in cirrhosis is 
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Fig. 11.17 Risk of first variceal bleeding according to the size of varices, presence of red colour signs, and Child–Pugh class. S, small; M, 
medium; L, large; Abs, absent; Mod, moderate. Source: Based on data from North Italian Endoscopic Club for Study and Treatment of 
Esophageal Varices 1988 [49].
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used orally with administration twice per day. As it is 
metabolized in the liver, the dose should be adjusted 
individually by stepwise increases. The initial dose is 
40 mg twice per day, which is increased (or reduced) by 
20–40 mg, depending on heart rate, arterial pressure, 
and clinical tolerance, up to a maximum of 320 mg/day. 
As a rule, heart rate should not decrease below 55 bpm 
and systolic arterial blood pressure should not decrease 
below 90 mmHg. Mean doses are usually within 
40–120 mg/day. Nadolol is used in the same way, but is 

given orally once per day. Therefore, its daily dose is half 
that of propranolol [61].

The main drawback of NSBBs is that they may cause 
excessive fatigue and about 20% of patients do not tolerate 
them well. This and other side‐effects (dyspnoea, insom
nia, loss of libido) led to discontinuation of therapy in 18% 
of cases in double‐blind randomized clinical trials.

Major contraindications are bronchospasm, high‐grade 
atrioventricular blocks (unless treated with a permanent 
pacemaker), and aortic valve stenosis.

Table 11.5 Drugs used in clinical practice for treating portal hypertension in cirrhosis

Intravenous injection drugs used in the setting of acute variceal haemorrhage
Terlipressin

 ● Long‐acting vasopressin analogue with affinity for vascular receptors (higher than that of vasopressin)
 ● Induces marked splanchnic vasoconstriction and increase intrarterial pressure
 ● Given iv as injections of 2 mg/4 h for 24–48 h, then 1 mg/4 h for 2–5 days
 ● Well validated in placebo‐controlled RCTs and meta‐analysis

Somatostatin
 ● Very short biological half‐life
 ● Induces moderate vasoconstriction due to glucagon inhibition and facilitation of adrenergic vasoconstriction
 ● Given as iv infusion of 250–500 mg/h, after a bolus of 250 mg, for up to 5 days

Analogues of somatostatin (octreotide, vapreotide)
 ● Longer half‐life than somatostatin
 ● Short effects on portal pressure due to rapid desensitization
 ● Given as iv infusion of 50 mg/h, after an optional bolus of 50 mg, for up to 5 days
 ● Effective in RCTs when evaluated in addition to endoscopic sclerotherapy

Oral drugs used for primary and secondary prophylaxis of variceal haemorrhage (chronic therapy)
Propranolol

 ● Beta‐1 and beta‐2 adrenergic receptor antagonist (NSBB)
 ● Induces decrease in cardiac output and splanchnic vasoconstriction
 ● Given orally beginning with 10–20 mg twice per day, increasing the dose every 2–3 days up to the maximal tolerated dose (provided 

systolic arterial pressure is >100 mmHg and HR not below 50 bpm). Dose should not exceed 320 mg/day. Should be maintained 
lifelong

 ● Well validated in several studies
 ● Maximal efficacy in cirrhosis is obtained when HVPG is reduced <12 mmHg or ≥20% vs pretreatment value

Nadolol
 ● Beta‐1 and beta‐2 adrenergic receptor antagonist (NSBB)
 ● Induces decrease in cardiac output and splanchnic vasoconstriction
 ● Given orally once per day beginning with 20 mg/day, increasing the dose every 2–3 days up to the maximal tolerated dose (provided 

systolic arterial pressure is >100 mmHg mmHg and HR not below 50 bpm). Dose should not exceed 160 mg/day. Should be 
maintained lifelong

 ● Well validated in several studies
 ● Maximal efficacy in cirrhosis is obtained when HVPG is reduced <12 mmHg or ≥20% vs pretreatment value

Carvedilol
 ● Beta‐1 and beta‐2 adrenergic receptor antagonist (NSBB), with intrinsic anti‐alpha‐1 adrenergic activity
 ● Induces decrease in cardiac output, splanchnic vasoconstriction, and intrahepatic vasodilatation
 ● Given orally twice per day beginning with 6.25 mg/day, increasing the dose every 2–3 days up to a maximum of 25 mg/day (provided 

systolic arterial pressure is >100 mmHg)
 ● Not fully validated yet

RCT, randomized controlled trial; NSBB, non‐selective beta‐blockers; HVPG, hepatic venous pressure gradient; HR, heart rate; iv, intravenous.
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An adequate response to NSBBs in preventing variceal 
bleeding or rebleeding is a decrease in HVPG of at least 
20% of baseline values, ideally reaching values of 
12 mmHg or below [38,57,62]. In primary prophylaxis, a 
decrease of more than 10% may already translate into a 
clinical benefit. Unfortunately, the mean decrease in 
HVPG achieved by NSBBs is about 15%, hence many 
patients fail to reach an optimal response. Adding low‐
doses of isosorbide 5‐mononitrate (ISM) (20 mg/day) 
turns about one‐third of non‐responders into respond
ers, but also increases the side‐effects of therapy [63]. 
The use of ISM alone (and, in general, of any vasodilator) 
is not advised in patients with ascites, as it might cause 
hypotension and by this mechanism it might worsen 
sodium retention.

Carvedilol is an NSBB that has intrinsic anti‐alpha‐
adrenergic activity that also stimulates NO release. Its 
portal pressure‐reducing effect is therefore greater than 
that of propranolol/nadolol because, in addition to the 
decrease in portal pressure achieved by decreasing 
splanchnic blood flow from beta‐adrenergic blockade, it 
also lowers portal pressure by counteracting the dynamic 
component of hepatic vascular resistance [61]. 
Carvedilol, used at low doses (6.25–12.5 mg/day), is very 
well tolerated as it causes much less beta‐blockade than 
therapeutic doses of propranolol and nadolol, and over 
two‐thirds of the patients are HVPG responders. Because 
of this, it is gradually replacing the use of traditional 
NSBBs [59,64].

Other agents. Angiotensin‐2 antagonists may decrease 
portal pressure and can be used in patients with con
traindications to NSBBs and carvedilol [65]. Prazosin (an 
alpha‐adrenergic blocker) has been used in association 
with NSBBs, a combination that mimics the effects of 
carvedilol [66]. Simvastatin decreases hepatic resistance 
by reversing endothelial dysfunction and decreasing 
fibrogenesis; it also improves quantitative liver function 
tests and prevents liver damage from warm ischemia–
reperfusion injury (such as that occurring during bleed
ing and blood transfusion) [67] and endotoxaemia [68]. 
A recent double‐blind RCT showed that the association 
of simvastatin (20–40 mg/day) with standard therapy to 
prevent recurrent variceal bleeding improved survival, 
despite having no influence on rebleeding [60].

Terlipressin is a long‐acting vasopressin derivative that 
is currently used in the treatment of variceal haemor
rhage and of hepatorenal syndrome. It is used intrave
nously, either as injections of 1–2 mg every 4 h or as 
continued infusions (6–10 mg/day) [69]. It is contraindi
cated in patients with severe arterial hypertension, 
ischemic heart disease, or peripheral vascular disease.

Somatostatin infusion decreases portal pressure by 
reducing splanchnic blood flow, an effect that is linked to 
inhibition of glucagon secretion and facilitation of 

 adrenergic vasoconstriction [70,71]. It is used as a con
tinuous infusion, at a rate of 250–500 µg/min after a 
bolus of 50–250 µg.

Octreotide and vapreotide are long‐acting somatosta
tin analogues that may also be used. These are given as 
an intravenous infusion at a dose of 50 µg/h after a bolus 
of 50 µg. Rapid desensitization to octreotide (within 2 h) 
has been documented.

Endoscopic treatments
These include endoscopic procedures aimed at physi
cally eradicating oesophageal varices. Among the many 
used over time, the more important are the following:

Endoscopic variceal band ligation (EVL) consists in 
ligating the oesophageal varices with an elastic band 
using a device attached to the tip of the endoscope 
(Fig. 11.18). This is performed under conscious sedation. 
Varices are ligated starting at the distal oesophagus and 
proceeding upwards in a helicoidal manner. Up to six 
bands are usually placed per session. Sessions are 
repeated at 2–4‐week intervals until ‘eradication’ (disap
pearance of the varices or a marked reduction in size up 
to the point that these cannot be further ligated) or up to 
five sessions [72]. Endoscopic surveillance is then rec
ommended at 6 and 12 months and yearly thereafter, as 
recurrence of varices is very frequent and this calls for 
repeated sessions(s) of EVL. Complications include 
oesophageal ulcerations and bleeding, retrosternal pain, 
dysphagia, and oesophageal stenosis [72]. EVL has 
almost entirely replaced endoscopic variceal sclerother
apy (based on the injection of irritant substances in and 
around the varices), as it is more effective and 
 considerably safer.

Fig. 11.18 Endoscopic variceal ligation using elastic bands. The 
varices have been strangulated by elastic bands introduced via an 
endoscopic device.
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Variceal obturation is based on the intravariceal injec
tion of tissue adhesives that rapidly polymerize in con
tact with blood, thus forming a firm clot that stops blood 
flow through the varices [72]. It is mostly used in bleed
ing from large gastric fundal varices, which are not suit
able for EVL. The procedure should be performed only 
by experienced endoscopists as it is not free of risk 
(attachment of the endoscope, emboli from the injected 
glue, portal thrombosis, large ulcerations) [50]. A varia
tion is based on the intravariceal injection of recombi
nant thrombin [73]. Other endoscopic treatments used 
infrequently are based on ligating the varices with 

detachable snares or endo‐loops, or application of clips 
and haemostatic powder.

Interventional therapy
There are two types of interventions that can be used for 
portal hypertension. The first are aimed at decompress
ing the portal system by constructing a shunt connecting 
the high‐pressure portal vein with a low‐pressure sys
temic vein. These include the transjugular intrahepatic 
portosystemic shunt (TIPS) and surgical portosystemic 
shunts (portocaval, mesocaval, splenorenal shunts). Non‐
shunting procedures are aimed at excluding the varices 
from the portal circulation either by interventional radio
logical techniques (balloon‐occluded retrograde trans
venous obliteration [BRTO]) or by surgery (oesophageal 
transection or devascularization operations).

TIPS consists of creating a shunt between the intrahe
patic portal vein and a hepatic vein by interventional 
radiology after accessing the portal system from the jug
ular vein (Fig.  11.19 and Fig.  11.20). The intrahepatic 
tract is protected by a metallic stent. Long‐term patency 
has been markedly improved since the advent of polyte
trafluoroethylene (PTFE)‐covered stents [74].

TIPS has almost entirely replaced surgical shunts owing 
to its lower operative mortality, morbidity, and cost, with 
comparable efficacy. TIPS is the recommended rescue 
therapy after failure of standard therapy for acute bleeding 
or to prevent rebleeding, and is also used as pre‐emptive 
therapy for acute bleeding in high‐risk patients [19]. Other 
indications for TIPS are refractory ascites, portal vein 
thrombosis, hepatic hydrothorax, and the occasional 

Hepatic
vein

Portal
vein

Fig. 11.19 Scheme of a transjugular intrahepatic portosystemic 
shunt (TIPS) using a metal stent between the hepatic vein and the 
portal vein.

(a) (b)

Fig. 11.20 Radiological image of TIPS. (a) The stent without use of contrast dye; (b) an angiograph of the TIPS confirming patency and 
maintenance of portal liver perfusion in the same patient.
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patient with refractory bleeding from portal hyperten
sive gastropathy or colopathy. Its main drawback is the 
occurrence of hepatic encephalopathy. This may develop 
in up to one‐third of cases and is usually mild–moder
ate, responding well to therapy with lactulose and/or 
rifaximin [19]. In about 6–9% of cases (especially in 
patients over 65 years old, with previous severe episodic 
encephalopathy, or who had a large‐diameter stent 
placed), encephalopathy can be severe and require 
reducing the diameter of the TIPS or its closure. Liver 
function may deteriorate after TIPS as a consequence of 
decreased portal perfusion of the liver. It usually 
improves spontaneously over 1–2 weeks, but in some 
patients (mostly with very advanced liver failure) it 
might be life‐threatening and require TIPS closure and/
or liver transplantation [75].

TIPS dysfunction, occurring in about 20% of patients, 
is in most cases due to stenosis of the TIPS (more often 
at the hepatic vein ending of the stent), causing recur
rence of portal hypertension and its complications. 
Surveillance by Doppler US at 6‐month intervals should 
be performed to detect and correct TIPS dysfunction 
before clinical complications develop.

Balloon‐occluded retrograde transvenous 
obliteration (BRTO)
BRTO is another minimally invasive procedure per
formed by interventional radiology in which gastric or 
mesenteric varices are accessed in a retrograde fashion 
from the femoral vein via a spontaneous splenorenal 
shunt and occluded with tissue adhesives or thrombo
genic intravascular coils. A balloon catheter is kept 
inflated in the splenorenal collateral during the proce
dure to prevent reflux of thrombogenic material into the 
systemic circulation [76]. Before attempting BRTO, the 
presence of a suitable access vessel (most commonly a 
large splenorenal collateral) should be demonstrated by 
CT scan. This method has been reported to be very effec
tive in controlling acute bleeding from gastric varices, but 
no RCTs are available yet. BRTO could be an alternative 
in the setting of variceal bleeding when TIPS is contrain
dicated or not feasible, the more appealing setting being 
patients with extrahepatic portal vein obstruction 
(EHPVO), bleeding from gastric varices, or total throm
bosis of the portal system. BRTO has the advantage that it 
does not divert portal blood flow from the liver, but it 
might increase portal pressure and might worsen ascites 
or bleeding from oesophageal varices.

 Treatment of portal hypertension 
according to clinical scenarios

Treatment is different depending on the clinical scenario 
and is summarized in Table 11.6. In the initial stages of 
cirrhosis, before the development of CSPH, therapy is 

aimed at preventing it from occurring. This is based 
mainly on treating the specific cause of cirrhosis and on 
lifestyle intervention, although in the future it may 
involve the use of antifibrotic agents. In compensated 
cirrhosis with CSPH, the aim of therapy is to prevent the 
complications of portal hypertension (i.e. preventing 
decompensation of cirrhosis), and therefore improving 
survival. In acute variceal haemorrhage, the aim of treat
ment is to stop haemorrhage, prevent its recurrence, and 
decrease bleeding‐related mortality. In patients who 
have experienced a bleeding episode, therapy is aimed at 
preventing recurrent haemorrhage and other decom
pensating events. In this last stage, patients should be 
considered for liver transplantation.

Compensated patients without varices

As stated earlier, treatment aims at avoiding the progres
sion of cirrhosis to hepatic decompensation. This 
involves targeting the aetiological factors (e.g. antiviral 
treatment, alcohol withdrawal, weight loss, phleboto
mies). Successful antiviral treatment may lead to 
improvement of fibrosis and thereby to resolution of 
portal hypertension, although little is known about how 
long this can take, whether there are ‘no‐return’ points, 
and whether such resolution can be assessed non‐inva
sively. Independent of the aetiology of cirrhosis, weight 
loss and exercise have been reported to decrease HVPG 
in obese patients [77]. Also, it is recommended that 
patients with cirrhosis should abstain from alcohol.

A large study in patients with compensated cirrhosis 
aimed at preventing the development of varices (the so‐
called ‘pre‐primary prophylaxis’) by the long‐term 
administration of timolol (an NSBB) yielded negative 
results [21]. However, the study demonstrated that the 
risk of developing varices and, most important, of devel
oping ascites, bleeding, or hepatic encephalopathy, is rel
evant in patients with CSPH (HVPG of at least 10 mmHg). 
The preliminary results of a multicentre double‐
blind  RCT (PREDESCI study, ClinicalTrials number 
NCT01059396] in compensated patients with an HVPG 
≥10 mmHg without varices needing therapy (which 
included both patients without varices and those with 
small varices without red colour signs and belonging to 
Child–Pugh class A) have been released very recently. 
The study showed that, compared with placebo, the long‐
term administration of propranolol (or carvedilol in those 
patients failing to decrease HVPG by at least 10% from 
baseline after an acute iv propranolol test) was associated 
with a reduction in the incidence of ascites (by almost 
half ) and improved decompensation‐free survival.

Compensated patients with varices

Patients with small varices and no other risk factors for 
bleeding: patients with small (<5 mm) EV without red 
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colour signs and good/moderate liver function (Child–
Pugh class A/B) may benefit from treatment with NSBBs, 
but this needs to be confirmed in further trials.

Patients with ‘high‐risk’ varices (primary prophylaxis of 
variceal bleeding) are those with medium or large (>5 mm) 
EV and those with small EV but with red colour signs and/
or Child–Pugh class C. The aim of therapy is to prevent 
first variceal bleeding and/or other complications of por
tal hypertension and thereby to ameliorate survival.

In patients with high‐risk small varices, treatment is 
based on the use of carvedilol or a traditional NSBB. 
Endoscopic treatment is not recommended. However, in 
patients with medium or large varices (>5 mm), primary 
prophylaxis can be based either on the use of a standard 
NSBB, carvedilol, or EVL, since EVL is as effective as 
drug therapy. The choice should take into consideration 
local resources and patient preferences. In cases with 
contraindications or intolerance to NSBBs (after trying 
to switch to carvedilol, which is usually better tolerated), 
EVL is the preferred option [55], although it has no 
potential to prevent other complications from portal 
hypertension, such as bleeding from portal hypertensive 
gastropathy or colopathy, ascites, and spontaneous bac

terial peritonitis (SBP). Gastric varices without previous 
bleeding also qualify for NSBB treatment [55].

Acute bleeding episode

Acute variceal haemorrhage is a major medical emergency 
that requires prompt and intense medical care, ideally in 
an intensive care setting. The initial management should 
target control of haemorrhage, prevention of early (within 
5 days) rebleeding, and deterioration of liver function or 
other bleeding‐related complications, mainly infections, 
acute kidney injury, and hepatic encephalopathy (HE). 
Long‐term management aims at preventing recurrent 
variceal haemorrhage, which occurs in 60–70% of patients 
within 2 years if untreated, and at preventing death from 
the development of further decompensating events, which 
require careful consideration of liver transplantation.

General management
Resuscitation measures
These should follow the classical ABC (Airway, Breathing, 
Circulation) principle for life‐threatening conditions. 
Restoring haemodynamic stability and maintaining an 

Table 11.6 Management of portal hypertension according to the stage of cirrhosis

Stage Aim Therapy

Compensated

a) No CSPH (HVPG 5–9.5 mmHg)

b) CSPH (HVPG ≥10 mmHg) but no 
high‐risk varices

c) CSPH and high‐risk varices (moder
ate‐large or with red colour signs)

Prevent CSPH (maintain 
HVPG <10 mmHg)
Prevent decompensation and 
death
Primary prophylaxis of 
variceal bleeding

Remove/treat aetiological factors (virus, alcohol)
Lifestyle changes
Same as above + preliminary data suggest non‐selective 
beta‐blockers (propranolol or nadolol) or carvedilol
Propranolol or nadolol at increasing doses (heart rate 
>50 bpm and systolic blood pressure >90 mmHg), or 
carvedilol (6.25–12.5 mg) or
Endoscopic band ligation (repeat sessions until 
erradication)

Decompensated

a) Acute bleeding

b) After the first bleeding episode

Control bleeding and prevent 
bleeding‐related deaths

Prevent recurrent bleeding, 
further decompensation and 
death

Conservative transfusion (target hemoglobin 7–9 g/dL)
Vasoactive drug infusion from admission (terlipressin, 
or somatostatin, or octreotide), maintain for 2–5 days
Endoscopic band ligation within 12 h
Broad spectrum antibiotics for 5 days
Consider pre‐emptive TIPS if Child‐Pugh class C (<14 
points) or B with active bleeding despite vasoactive 
drug infusion
Oesophageal stent or tamponade as bridge to TIPS in 
refractory bleeding
Combination of non‐selective beta‐blockers 
(propranolol or nadolol, same doses as above)* and 
endoscopic band ligation
Simvastatin (20–40 mg/day)

CSPH, clinically significant portal hypertension; HVPG, hepatic venous pressure gradient; TIPS, transjugular intrahepatic portosystemic shunt.
* Insufficient data on use of carvedilol in patients with ascites. Consider decreasing the dose or withdrawing beta‐blockers if patients develop 
acute kidney injury or refractory ascites with hypotension or hyponatraemia.
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appropriate oxygen delivery to tissues are mandatory. 
Airway protection with orotracheal intubation should be 
provided in unconscious patients or those with severe 
haemorrhage (haematemesis) before endoscopy to pre
vent airway aspiration.

Volume replacement
Plasma volume expanders should be used for volume 
replacement. However, this should be done cautiously as 
volume expansion increases splanchnic blood flow and 
portal pressure, as hypovolaemic shock causes reflex 
splanchnic vasoconstriction. Administration of vasoac
tive drugs from admission (see later) helps maintain 
haemodynamic stability without the need for excessive 
volume expansion. Packed red blood cells should be 
transfused restrictively (target haemoglobin level ~7 g/dL), 
because a less restrictive policy (target haemoglobin 
~9 g/dL) may increase mortality [78]. Such restriction 
does not apply to patients in Child class C, to cases with 
massive haemorrhage, or to patients with a history of 
ischaemic cardiovascular disease.

Prophylactic antibiotics
Hypovolaemic shock enhances bacterial translocation 
and the incidence of sepsis. Also, variceal bleeding 
(together with diagnostic and therapeutic endoscopy) 
carries a high risk of aspiration pneumonia. Because of 
this, prophylactic antibiotics should be started on admis
sion to prevent the occurrence of infections and improve 
survival [55]. The Baveno Consensus Workshop recom
mended the use of intravenous ceftriaxone at 1 g/24 h in 
patients with advanced cirrhosis, in areas with high 
prevalence of quinolone‐resistant bacterial infections, 
and in patients on previous quinolone prophylaxis, but 
the choice of the ideal antimicrobial prophylaxis should 
be made in each centre depending on the local pattern of 
antibiotic resistances. Also, individual risk factors of the 
affected patient (e.g. Child–Pugh class, neutropenia, his
tory of infections, use of antibiotic prophylaxis) must be 
considered.

Prevention of hepatic encephalopathy (HE)
Lactulose per os, via a nasogastric tube, or rectally is rec
ommended to prevent HE. Rifaximin may also be effec
tive, but has not been specifically investigated yet in this 
scenario.

Specific haemostatic therapy
Current recommended therapy is based on the com
bined use of vasoactive drugs from admission (plus pro
phylactic antibiotics), together with endoscopic therapy. 
Recommended treatment with combined vasoactive 
drugs and endoscopic therapy achieves a successful  
5‐day control of bleeding in 85–90% of cases. After this 

period, the patient can be started on NSBB treatment as 
secondary prophylaxis. It is increasingly evident that 
therapy can be tailored according to prognostic factors, 
such as the degree of liver failure or concomitant disor
ders. This is the case for patients with advanced liver fail
ure (see later), but it is as yet uncertain whether patients 
with a good prognosis (Child–Pugh class A) could be 
managed with a less intensive treatment protocol.

Vasoactive drugs
Patients with cirrhosis and suspected variceal bleeding 
should be started on intravenous vasoactive drugs (terli-
pressin, somatostatin, or octreotide) as soon as possible 
after seeking medical care, on the ambulance carrying 
them to the hospital, or upon arrival at the emergency 
room, before endoscopy [55]. All these drugs are used 
interchangeably as they are considered equally effective 
in controlling the bleeding and preventing rebleeding 
within 5 days, but the quality of the evidence varies, and 
terlipressin is the only one that has been shown to be 
effective in controlling bleeding, decreasing transfusion 
requirements, and reducing 6‐week mortality in placebo‐
controlled clinical trials. A large head‐to‐head study 
claiming equal efficacy should be treated with caution, as 
it used sub‐therapeutic doses of terlipressin and subopti
mal doses of somatostatin [79]. Recommended doses are 
provided in Table 11.5. Vasoactive drug infusion is main
tained for 2–5 days.

Endoscopic therapy
Emergency endoscopy should be scheduled as soon as 
possible, within 12 h of admission. Erythromycin (250 mg 
iv) prior to endoscopy accelerates gastric emptying and 
improves visibility at endoscopy [55]. A positive diagno
sis of variceal bleeding requires the endoscopic demon
stration of active bleeding from varices, or the presence 
of a fibrin clot (‘white nipple’ sign) signalling the point of 
variceal rupture, or blood in the stomach with varices as 
the only potential source of bleeding. In endoscopically 
demonstrated variceal bleeding, EVL is indicated and 
should be performed at the time of diagnostic endoscopy 
by an experienced endoscopist. Variceal injection sclero
therapy is justified only in patients in whom EVL cannot 
be applied for technical reasons. If the bleeding origi
nates from GOV2 or IGV, the preferred endoscopic 
treatment is variceal obliteration with injection of tissue 
adhesives.

Pre‐emptive (‘early’) TIPS
The previous treatment approach does not stratify ther
apy for known risk factors. Some of the best known are 
the presence of advanced liver failure (Child–Pugh class 
C), of active bleeding at endoscopy despite vasoactive 
drug infusion, and a very high portal pressure (HVPG 
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≥20 mmHg) [56]. A multicentre RCT showed that mak
ing an early decision for PTFE‐covered TIPS placement 
(during the first 24–48 h after admission), before treat
ment failure, resulted in decreased failure to control 
bleeding, rebleeding, and mortality in high‐risk patients 
[80]. These were defined as those belonging either to 
Child–Pugh class C (<14 points) or class B but with 
active bleeding at endoscopy, and who had no contrain
dications for TIPS. Subsequent surveys have confirmed 
the findings of this important study, but showed that the 
survival benefit is mostly observed in Child–Pugh class C 
patients. This approach is now recommended for the 
approximately 20% of patients who fulfil these criteria 
and are treated in centres with enough experience.

Treatment of patients who fail standard 
therapy (‘rescue therapy’)

Most demanding is the treatment of patients in whom 
standard therapy with vasoactive drugs and endoscopic 
treatment fails to control the haemorrhage or haemor
rhage recurs within 5 days. The recommended therapy 
for these patients is to perform an emergency TIPS, if 
there are no contraindications. In case of non‐severe 
rebleeding within 5 days, treatment with vasoactive 
drugs is continued or ‘optimized’ (by increasing the dose 
if the patient is not on the maximal dose) and a second 
attempt at endoscopic therapy can be made before a res
cue TIPS is considered. Rescue TIPS is very effective in 
controlling haemorrhage, but is still associated with a 

high mortality, of about 40%, which is probably because 
liver function deteriorates markedly during the days 
spent trying to control the haemorrhage unsuccessfully 
until a TIPS is finally performed.

Oesophageal tamponade
Balloon tamponade with a Sengstaken–Blakemore tube 
(Fig. 11.21) or a Linton–Nachlas tube may still be used in 
the rare case of exsanguinating massive haemorrhage or, 
more frequently, in cases of uncontrolled or recurrent 
bleeding as a ‘bridge’ to TIPS or another definitive treat
ment. Tamponade is effective in over 80% of cases, but 
carries a very high risk (>50%) of major complications 
(especially airway obstruction and aspiration pneumo
nia) and of rebleeding upon releasing the balloon(s), 
which should be kept inflated for no longer than 12–24 h.

Oesophageal stents
Self‐expandable, covered, metallic stents specially 
designed for the treatment of oesophageal variceal bleed
ing have recently been introduced and shown to be 
highly effective [81] (Fig.  11.22). An RCT showed that 
oesophageal stents are at least as efficacious as balloon 
tamponade, but much safer, with a lower risk of aspira
tion pneumonia [51]. Oesophageal stents have the addi
tional advantages of not interfering with nutrition and of 
being able to be kept in place for up to 1 week, thus main
taining haemostasis while the patient is treated (or recov
ers) from concomitant complications, thus facing 
definitive/elective therapy in much better conditions.

Gastric balloon
(clamped)

Gastric tube
(aspirated)

Clamped

Pressure
bulb

To oesophageal
balloon

Manometer
Oesophageal
balloon

Stomach
balloon

Stomach tube 

Oesophageal
tube (aspirated)

Fig. 11.21 Modified Sengstaken–Blakemore tube for oesophageal tamponade. This device can be used as a bridge to TIPS in patients with 
refractory variceal bleeding but it should be kept in place for no more than 24 h.
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Acute bleeding from gastric varices

Treatment of isolated gastric fundal varices (IGV1, and 
of some gastro‐oesophago‐fundal varices or GOV2) [50] 
differ from that of oesophageal varices (and of GOV1) in 
that they may bleed at relatively low portal pressures and 
are much more frequent in portal hypertension owing to 
prehepatic portal vein occlusion than in cirrhosis. They 
are also different with regard to their treatment, since 
EVL is not adequate therapy (Fig. 11.4). Rather, the best 
endoscopic therapy for these patients is currently variceal 
obturation by the intravariceal injection of tissue adhe
sives (bucrylate, histoacryl) that rapidly polymerize in 
contact with blood to form an intravascular plug that 
bocks the varices (Fig.  11.4). The intravascular cast is 
eliminated within ~5 days, leaving areas of extensive 
avascular ulcerations. Some groups use recombinant 
thrombin instead of histoacryl [73]. These treatments 
should only be performed by very experienced 
endoscopists, as otherwise they may be associated with 
severe complications. Failures of vasoactive plus variceal 
obturation should be treated by TIPS (usually requiring 
large‐bore stents, of 10–12 mm in diameter), usually 
associated with variceal embolization, or by BRTO. The 
latter might be the only non‐surgical option in some 
cases with total portal vein thrombosis.

Prevention of recurrent variceal bleeding 
(treatment of patients who survived 
an episode of variceal bleeding)

This clinical setting includes the so‐called ‘secondary 
prophylaxis’ of variceal haemorrhage. As outlined with 
regard to primary prophylaxis, the concept of improv
ing outcomes in variceal bleeding is evolving, and 

nowadays the aim of therapy in this scenario has 
changed from preventing rebleeding to decreasing the 
risk of death, mostly by preventing further episodes of 
decompensation (complications of cirrhosis) that can 
lead to death. These include, but are not limited to, 
rebleeding (which itself is not the major cause of death 
in these patients) but also ascites, spontaneous bacte
rial peritonitis, and hepatic encephalopathy. Therefore, 
these patients should be carefully considered for liver 
transplantation.

Prevention of recurrent variceal haemorrhage should 
start as soon as the bleeding episode is controlled, which 
by convention is set after day 5 (with no signs of bleeding 
for at least 3 days). These patients have a substantial risk 
of rebleeding, of about 60% at 1 year (mostly in the initial 
3 months), and a high mortality (up to 33% at 1 year) if 
left untreated [82].

The standard first‐line treatment includes lifelong 
NSBB treatment plus variceal eradication with EVL. As 
shown in a recent meta‐analysis, this combination is 
better than EVL alone at preventing recurrent bleeding 
and improves survival, but it is only marginally better 
than pharmacological therapy alone [83]. Thereby 
NSBBs (combined or not with low‐dose ISM, if toler
ated) are the cornerstone of treatment, since they effec
tively lower the rebleeding risk and improve survival. 
The most favourable outcome is observed in  patients 
who demonstrate a good haemodynamic response to 
NSBBs, namely those in whom the HVPG is decreased 
at least by 20% from baseline or below 12 mmHg on 
treatment [38]. However, the use of HVPG‐guided ther
apy will not be a realistic option until non‐invasive ways 
of assessing therapeutic response are available. Given 
the observation that EVL alone does not seem to provide 
a sufficient protection from bleeding, TIPS should be 

Fig. 11.22 Oesophageal stent for the treatment of bleeding from oesophageal varices. The stent is placed without the need for 
endoscopy and is kept in place for up to 7 days.



Portal Hypertension in Cirrhosis 205

considered in patients who do not tolerate NSBBs rather 
than using EVL alone, particularly in the presence of 
other complications of portal hypertension that could 
benefit from TIPS, such as ascites or portal vein 
thrombosis.

Carvedilol is not yet generally recommended in sec
ondary prophylaxis owing to concerns about potential 
renal adverse events due to hypotension (although this is 
very infrequent with low‐dose carvedilol, at 6.25–
12.5 mg/day) and to the lack of RCTs comparing carve
dilol with NSBBs (in addition to EVL).

Simvastatin (20–40 mg/day) provided additional sur
vival benefit when used in addition to standard therapy 
(NSBBs plus EVL) in a recent multicentre RCT in 
patients surviving an episode of variceal bleeding, mainly 
through a reduction in deaths due to rebleeding or infec
tions, although the incidence of recurrent bleeding was 
not reduced [60]. This might reflect the protective effects 
of simvastatin during sepsis, bleeding, and warm ischae
mia–reperfusion injury demonstrated in experimental 
models [67,68]. The benefit of therapy appeared to 
restricted to patients without severe liver failure (Child–
Pugh class A and B) since there was no survival benefit in 
patients in Child class C [60].

PTFE‐covered TIPS is the recommended therapy 
for  failures of standard secondary prophylaxis with 
NSBBs + EVL. There are two RCTs in which PTFE‐ 
covered TIPS was used as standard treatment for the 
prevention of recurrent bleeding [84,85]. Similarly to 
early trials comparing TIPS (using bare stents) with EVL 
or NSBBs, both RCTs showed better protection from 
rebleeding but no survival benefit [82].

Secondary prophylaxis in special situations

Fundal and ectopic varices
NSBBs are standard therapy, but due to the absence of 
specific randomized clinical trials in this indication, TIPS 
is sometimes used for the prevention of rebleeding from 
fundal varices (GOV2 and IGV1), especially if haemor
rhage has been severe. In expert centres, repeat cyanoacr
ylate glue injections (two or three sessions) are used. In 
very selected cases (large gastro‐ or splenorenal collater
als), BRTO might be an option, especially if there is total 
portal vein thrombosis. Ectopic varices (IGV2), which are 
more frequent in non‐cirrhotic portal hypertension, 
require a case‐by‐case assessment preceded by a careful 
imaging to map collateral vessels, and treated with inter
ventional radiology variants of the BRTO technique.

Patients with refractory ascites
Recent data raised warnings regarding the use of NSBBs in 
decompensated patients with refractory ascites, hepatore
nal syndrome, and/or spontaneous bacterial peritonitis. 
The data were not conclusive, and recent studies in larger 
populations of prospectively followed patients do not sup
port that NSBBs should be withdrawn in patients with 
complicated ascites. However, it is wise, as recommended 
by the Baveno VI Consensus Workshop, to monitor care
fully blood pressure, sodium levels, and kidney function 
and temporarily to discontinue or reduce NSBBs in case of 
severe arterial hypotension (systolic arterial blood pres
sure <90 mmHg), hyponatraemia (<130 mEq/L), or acute 
kidney injury [55], and also during admissions for SBP 
when associated with any of the preceding criteria.

 References

 1 Bosch J, Abraldes JG, Berzigotti A, Garcia‐Pagan JC. The 
clinical use of HVPG measurements in chronic liver 
disease. Nat Rev Gastroenterol Hepatol 2009; 6(10): 
573–582.

 2 Berzigotti A, Abraldes JG, Tandon P et al. 
Ultrasonographic evaluation of liver surface and 
transient elastography in clinically doubtful cirrhosis. 
J Hepatol 2010; 52(6): 846–853.

 3 Blachier M, Leleu H, Peck‐Radosavljevic M et al. The 
burden of liver disease in Europe: a review of available 
epidemiological data. J Hepatol 2013; 58(3): 593–608.

 4 Spence RA. The venous anatomy of the lower oesophagus 
in normal subjects and in patients with varices: an image 
analysis study. Br J Surg 1984; 71(10): 739–744.

 5 Hashizume M, Kitano S, Sugimachi K, Sueishi K. 
Three‐dimensional view of the vascular structure of the 
lower esophagus in clinical portal hypertension. 
Hepatology 1988; 8(6): 1482–1487.

 6 Ponce J, Froufe A, de la Morena E et al. Morphometric 
study of the esophageal mucosa in cirrhotic patients 
with variceal bleeding. Hepatology 1981; 1(6): 
641–646.

 7 Sarin SK, Lahoti D, Saxena SP et al. Prevalence, 
classification and natural history of gastric varices: a 
long‐term follow‐up study in 568 portal hypertension 
patients. Hepatology 1992; 16(6): 1343–1349.

 8 Henry Z, Uppal D, Saad W, Caldwell S. Gastric and 
ectopic varices. Clin Liver Dis 2014; 18(2): 371–388.

 9 Spina GP, Arcidiacono R, Bosch J et al. Gastric 
endoscopic features in portal hypertension: final 
report of a consensus conference, Milan, Italy, 
September 19, 1992. J Hepatol 1994; 21(3):  
461–467.

 10 Jabbari M, Cherry R, Lough JO et al. Gastric antral 
vascular ectasia: the watermelon stomach. 
Gastroenterology 1984; 87(5): 1165–1170.



Chapter 11206

 11 Ruiz‐del‐Arbol L, Monescillo A, Arocena C et al. 
Circulatory function and hepatorenal syndrome in 
cirrhosis. Hepatology 2005; 42(2): 439–447.

 12 Bosch J, Groszmann RJ, Shah VH. Evolution in the 
understanding of the pathophysiological basis of portal 
hypertension: how changes in paradigm are leading to 
successful new treatments. J Hepatol 2015; 62(1 Suppl): 
S121–S130.

 13 Bhathal PS, Grossman HJ. Reduction of the increased 
portal vascular resistance of the isolated perfused 
cirrhotic rat liver by vasodilators. J Hepatol 1985; 1(4): 
325–337.

 14 Wanless IR, Wong F, Blendis LM et al. Hepatic and 
portal vein thrombosis in cirrhosis: possible role in 
development of parenchymal extinction and portal 
hypertension. Hepatology 1995; 21(5): 1238–1247.

 15 Yoon YJ, Friedman SL, Lee YA. Antifibrotic therapies: 
where are we now? Semin Liver Dis 2016; 36(1): 
87–98.

 16 Marrone G, Maeso‐Diaz R, Garcia‐Cardena G et al. 
KLF2 exerts antifibrotic and vasoprotective effects in 
cirrhotic rat livers: behind the molecular mechanisms 
of statins. Gut 2015; 64(9): 1434–1443.

 17 Nair H, Berzigotti A, Bosch J. Emerging therapies for 
portal hypertension in cirrhosis. Expert Opin Emerg 
Drugs 2016; 21(2): 167–181.

 18 Garcia‐Tsao G, Bosch J. Management of varices and 
variceal hemorrhage in cirrhosis. N Engl J Med 2010; 
362(9): 823–832.

 19 Garcia‐Tsao G, Bosch J. Varices and variceal 
hemorrhage in cirrhosis: a new view of an old problem. 
Clin Gastroenterol Hepatol 2015; 13(12): 2109–2117.

 20 Ripoll C, Groszmann R, Garcia‐Tsao G et al. Hepatic 
venous pressure gradient predicts clinical 
decompensation in patients with compensated 
cirrhosis. Gastroenterology 2007; 133(2): 481–488.

 21 Groszmann RJ, Garcia‐Tsao G, Bosch J et al. Beta‐
blockers to prevent gastroesophageal varices in patients 
with cirrhosis. N Engl J Med 2005; 353(21): 2254–2261.

 22 Fernandez M, Semela D, Bruix J et al. Angiogenesis in 
liver disease. J Hepatol 2009; 50(3): 604–620.

 23 Fernandez M, Mejias M, Garcia‐Pras E et al. Reversal of 
portal hypertension and hyperdynamic splanchnic 
circulation by combined vascular endothelial growth 
factor and platelet‐derived growth factor blockade in 
rats. Hepatology 2007; 46(4): 1208–1217.

 24 Mejias M, Garcia‐Pras E, Gallego J et al. Relevance of 
the mTOR signaling pathway in the pathophysiology of 
splenomegaly in rats with chronic portal hypertension. 
J Hepatol 2010; 52(4): 529–539.

 25 Mejias M, Garcia‐Pras E, Tiani C et al. Beneficial 
effects of sorafenib on splanchnic, intrahepatic, and 
portocollateral circulations in portal hypertensive and 
cirrhotic rats. Hepatology 2009; 49(4): 1245–1256.

 26 Mejias M, Coch L, Berzigotti A et al. Antiangiogenic 
and antifibrogenic activity of pigment epithelium‐
derived factor (PEDF) in bile duct‐ligated portal 
hypertensive rats. Gut 2015; 64(4): 657–666.

 27 Calderone V, Gallego J, Fernandez‐Miranda G et al. 
Sequential functions of CPEB1 and CPEB4 regulate 
pathologic expression of vascular endothelial growth 
factor and angiogenesis in chronic liver disease. 
Gastroenterology 2016; 150(4): 982–997.e30.

 28 Iwakiri Y, Groszmann RJ. Vascular endothelial 
dysfunction in cirrhosis. J Hepatol 2007; 46(5): 
927–934.

 29 Abraldes JG, Iwakiri Y, Loureiro‐Silva M et al. Mild 
increases in portal pressure upregulate vascular 
endothelial growth factor and endothelial nitric oxide 
synthase in the intestinal microcirculatory bed, leading 
to a hyperdynamic state. Am J Physiol Gastrointest 
Liver Physiol 2006; 290(5): G980–G987.

 30 Gines P, Schrier RW. Renal failure in cirrhosis. N Engl J 
Med 2009; 361(13): 1279–1290.

 31 Bellot P, Garcia‐Pagan JC, Frances R et al. Bacterial 
DNA translocation is associated with systemic 
circulatory abnormalities and intrahepatic endothelial 
dysfunction in patients with cirrhosis. Hepatology 2010; 
52(6): 2044–2052.

 32 Claria J, Stauber RE, Coenraad MJ et al. Systemic 
inflammation in decompensated cirrhosis: 
characterization and role in acute‐on‐chronic liver 
failure. Hepatology 2016; 64(4): 1249–1264.

 33 Krowka MJ, Fallon MB, Kawut SM et al. International 
Liver Transplant Society practice guidelines: diagnosis 
and management of hepatopulmonary syndrome and 
portopulmonary hypertension. Transplantation 2016; 
100(7): 1440–1452.

 34 Sethasine S, Jain D, Groszmann RJ, Garcia‐Tsao G. 
Quantitative histological–hemodynamic correlations in 
cirrhosis. Hepatology 2012; 55(4): 1146–1153.

 35 Berzigotti A, Garcia‐Tsao G, Bosch J et al. Obesity is an 
independent risk factor for clinical decompensation in 
patients with cirrhosis. Hepatology 2011; 54(2): 
555–561.

 36 Bruix J, Castells A, Bosch J et al. Surgical resection of 
hepatocellular carcinoma in cirrhotic patients: 
prognostic value of preoperative portal pressure. 
Gastroenterology 1996; 111(4): 1018–1022.

 37 Berzigotti A, Reig M, Abraldes JG et al. Portal 
hypertension and the outcome of surgery for 
hepatocellular carcinoma in compensated cirrhosis: a 
systematic review and meta‐analysis. Hepatology 2015; 
61(2): 526–536.

 38 D’Amico G, Garcia‐Pagan JC, Luca A, Bosch J. Hepatic 
vein pressure gradient reduction and prevention of 
variceal bleeding in cirrhosis: a systematic review. 
Gastroenterology 2006; 131(5): 1611–1624.



Portal Hypertension in Cirrhosis 207

 39 Villanueva C, Aracil C, Colomo A et al. Acute 
hemodynamic response to beta‐blockers and 
prediction of long‐term outcome in primary 
prophylaxis of variceal bleeding. Gastroenterology 2009; 
137(1): 119–128.

 40 Merkel C, Bolognesi M, Bellon S et al. Prognostic 
usefulness of hepatic vein catheterization in patients 
with cirrhosis and esophageal varices. Gastroenterology 
1992; 102(3): 973–979.

 41 Ripoll C, Banares R, Rincon D et al. Influence of 
hepatic venous pressure gradient on the prediction of 
survival of patients with cirrhosis in the MELD era. 
Hepatology 2005; 42(4): 793–801.

 42 Moitinho E, Escorsell A, Bandi JC et al. Prognostic 
value of early measurements of portal pressure in acute 
variceal bleeding. Gastroenterology 1999; 117(3): 
626–631.

 43 Rincon D, Lo Iacono O, Ripoll C et al. Prognostic value 
of hepatic venous pressure gradient for in‐hospital 
mortality of patients with severe acute alcoholic 
hepatitis. Aliment Pharmacol Ther 2007; 25(7): 
841–848.

 44 Casu S, Berzigotti A, Abraldes JG et al. A prospective 
observational study on tolerance and satisfaction to 
hepatic haemodynamic procedures. Liver Int 2015; 
35(3): 695–703.

 45 Berzigotti A, Seijo S, Arena U et al. Elastography, 
spleen size, and platelet count identify portal 
hypertension in patients with compensated cirrhosis. 
Gastroenterology 2013; 144(1): 102–111.e1.

 46 Berzigotti A, Garcia‐Criado A, Darnell A, Garcia‐
Pagan JC. Imaging in clinical decision‐making for 
portal vein thrombosis. Nat Rev Gastroenterol Hepatol 
2014; 11(5): 308–316.

 47 Eisenbrey JR, Dave JK, Halldorsdottir VG et al. Chronic 
liver disease: noninvasive subharmonic aided pressure 
estimation of hepatic venous pressure gradient. 
Radiology 2013; 268(2): 581–588.

 48 Venkatesh SK, Loomba R. Non‐invasive estimation of 
HVPG by combined structural and hemodynamic 
evaluation of portal hypertension using quantitative 
magnetic resonance imaging. J Hepatol 2016; 65(6): 
1079–1080.

 49 North Italian Endoscopic Club for Study and 
Treatment of Esophageal Varices. Prediction of the 
first variceal hemorrhage in patients with cirrhosis of 
the liver and esophageal varices. A prospective 
multicenter study. N Engl J Med 1988; 319(15): 
983–989.

 50 Sarin SK, Kumar A. Endoscopic treatment of gastric 
varices. Clin Liver Dis 2014; 18(4): 809–827.

 51 Rondonotti E, Villa F, Dell’Era A et al. Capsule 
endoscopy in portal hypertension. Clin Liver Dis 2010; 
14(2): 209–220.

 52 Hammoud GM, Ibdah JA. Utility of endoscopic 
ultrasound in patients with portal hypertension. World 
J Gastroenterol 2014; 20(39): 14230–14236.

 53 D’Amico G, Garcia‐Tsao G, Pagliaro L. Natural history 
and prognostic indicators of survival in cirrhosis: a 
systematic review of 118 studies. J Hepatol 2006; 44(1): 
217–231.

 54 D’Amico G, Pasta L, Morabito A et al. Competing risks 
and prognostic stages of cirrhosis: a 25‐year inception 
cohort study of 494 patients. Aliment Pharmacol Ther 
2014; 39(10): 1180–1193.

 55 de Franchis R, Baveno VI Faculty. Expanding consensus 
in portal hypertension: report of the Baveno VI 
Consensus Workshop: stratifying risk and 
individualizing care for portal hypertension. J Hepatol 
2015; 63(3): 743–752.

 56 Reverter E, Tandon P, Augustin S et al. A MELD‐based 
model to determine risk of mortality among patients 
with acute variceal bleeding. Gastroenterology 2014; 
146(2): 412–419.e3.

 57 Abraldes JG, Tarantino I, Turnes J et al. Hemodynamic 
response to pharmacological treatment of portal 
hypertension and long‐term prognosis of cirrhosis. 
Hepatology 2003; 37(4): 902–908.

 58 Villanueva C, Albillos A, Genesca J et al. Development 
of hyperdynamic circulation and response to beta‐
blockers in compensated cirrhosis with portal 
hypertension. Hepatology 2016; 63(1): 197–206.

 59 Reiberger T, Ulbrich G, Ferlitsch A et al. Carvedilol for 
primary prophylaxis of variceal bleeding in cirrhotic 
patients with haemodynamic non‐response to 
propranolol. Gut 2013; 62(11): 1634–1641.

 60 Abraldes JG, Villanueva C, Aracil C et al. Addition of 
simvastatin to standard therapy for the prevention of 
variceal rebleeding does not reduce rebleeding but 
increases survival in patients with cirrhosis. 
Gastroenterology 2016; 150(5): 1160–1170.e3.

 61 Berzigotti A, Bosch J. Pharmacologic management of 
portal hypertension. Clin Liver Dis 2014; 18(2): 
303–317.

 62 Feu F, Garcia‐Pagan JC, Bosch J et al. Relation between 
portal pressure response to pharmacotherapy and risk 
of recurrent variceal haemorrhage in patients with 
cirrhosis. Lancet 1995; 346(8982): 1056–1059.

 63 Bureau C, Peron JM, Alric L et al. “A la carte” treatment 
of portal hypertension: adapting medical therapy to 
hemodynamic response for the prevention of bleeding. 
Hepatology 2002; 36(6): 1361–1366.

 64 Bhardwaj A, Kedarisetty CK, Vashishtha C et al. 
Carvedilol delays the progression of small oesophageal 
varices in patients with cirrhosis: a randomised 
placebo‐controlled trial. Gut 2017; 66(10): 1838–1843.

 65 Tandon P, Abraldes JG, Berzigotti A et al. Renin–
angiotensin–aldosterone inhibitors in the reduction of 



Chapter 11208

portal pressure: a systematic review and meta‐analysis. 
J Hepatol 2010; 53(2): 273–282.

 66 Albillos A, Garcia‐Pagan JC, Iborra J et al. Propranolol 
plus prazosin compared with propranolol plus 
isosorbide‐5‐mononitrate in the treatment of portal 
hypertension. Gastroenterology 1998; 115(1): 116–123.

 67 Meireles CZ, Pasarin M, Lozano JJ et al. Simvastatin 
attenuates liver injury in rodents with biliary cirrhosis 
submitted to hemorrhage/resuscitation. Shock 2017; 
47(3): 370–377.

 68 La Mura V, Pasarin M, Meireles CZ et al. Effects of 
simvastatin administration on rodents with 
lipopolysaccharide‐induced liver microvascular 
dysfunction. Hepatology 2013; 57(3): 1172–1181.

 69 Ding C, Wu X, Fan X et al. Hemodynamic effects of 
continuous versus bolus infusion of terlipressin for 
portal hypertension: a randomized comparison. 
J Gastroenterol Hepatol 2013; 28(7): 1242–1246.

 70 Pizcueta MP, Garcia‐Pagan JC, Fernandez M et al. 
Glucagon hinders the effects of somatostatin on portal 
hypertension. A study in rats with partial portal vein 
ligation. Gastroenterology 1991; 101(6): 1710–1715.

 71 Wiest R, Tsai MH, Groszmann RJ. Octreotide 
potentiates PKC‐dependent vasoconstrictors in portal‐
hypertensive and control rats. Gastroenterology 2001; 
120(4): 975–983.

 72 de Franchis R, Primignani M. Endoscopic treatments 
for portal hypertension. Semin Liver Dis 1999; 19(4): 
439–455.

 73 McAvoy NC, Plevris JN, Hayes PC. Human thrombin 
for the treatment of gastric and ectopic varices. World J 
Gastroenterol 2012; 18(41): 5912–5917.

 74 Bureau C, Garcia‐Pagan JC, Otal P et al. Improved 
clinical outcome using polytetrafluoroethylene‐coated 
stents for TIPS: results of a randomized study. 
Gastroenterology 2004; 126(2): 469–475.

 75 Luca A, Miraglia R, Maruzzelli L et al. Early liver failure 
after transjugular intrahepatic portosystemic shunt in 
patients with cirrhosis with Model for End‐Stage Liver 

Disease score of 12 or less: incidence, outcome, and 
prognostic factors. Radiology 2016; 280(2): 622–629.

 76 Park JK, Saab S, Kee ST et al. Balloon‐occluded 
retrograde transvenous obliteration (BRTO) for 
treatment of gastric varices: review and meta‐analysis. 
Dig Dis Sci 2015; 60(6): 1543–1553.

 77 Berzigotti A, Saran U, Dufour JF. Physical activity and 
liver diseases. Hepatology 2016; 63(3): 1026–1040.

 78 Villanueva C, Colomo A, Bosch A et al. Transfusion 
strategies for acute upper gastrointestinal bleeding. 
N Engl J Med 2013; 368(1): 11–21.

 79 Seo YS, Park SY, Kim MY et al. Lack of difference 
among terlipressin, somatostatin, and octreotide in the 
control of acute gastroesophageal variceal hemorrhage. 
Hepatology 2014; 60(3): 954–963.

 80 Garcia‐Pagan JC, Caca K, Bureau C et al. Early use of 
TIPS in patients with cirrhosis and variceal bleeding. 
N Engl J Med 2010; 362(25): 2370–2379.

 81 Escorsell A, Pavel O, Cardenas A et al. Esophageal 
balloon tamponade versus esophageal stent in 
controlling acute refractory variceal bleeding: a 
multicenter randomized, controlled trial. Hepatology 
2016; 63(6): 1957–1967.

 82 Bosch J, Garcia‐Pagan JC. Prevention of variceal 
rebleeding. Lancet 2003; 361(9361): 952–954.

 83 Puente A, Hernandez‐Gea V, Graupera I et al. Drugs 
plus ligation to prevent rebleeding in cirrhosis: an 
updated systematic review. Liver Int 2014; 34(6): 
823–833.

 84 Holster IL, Tjwa ET, Moelker A et al. Covered 
transjugular intrahepatic portosystemic shunt versus 
endoscopic therapy + beta‐blocker for prevention of 
variceal rebleeding. Hepatology 2016; 63(2): 
581–589.

 85 Sauerbruch T, Mengel M, Dollinger M et al. Prevention 
of rebleeding from esophageal varices in patients with 
cirrhosis receiving small‐diameter stents versus 
hemodynamically controlled medical therapy. 
Gastroenterology 2015; 149(3): 660–668.e1.



Chapter No.: 1 Title Name: Dooley c12.indd
Comp. by: R. RAMESH Date: 02 May 2018 Time: 02:31:37 PM Stage: Printer WorkFlow:<WORKFLOW> Page Number: 209

209

Sherlock’s Diseases of the Liver and Biliary System, Thirteenth Edition. Edited by James S. Dooley, Anna S. F. Lok,  
Guadalupe Garcia-Tsao and Massimo Pinzani. 
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd. 
Companion website: www.wiley.com/go/sherlock/liver13e

 Hepatic artery occlusion

Blood flow from hepatic arteries is mainly directed to 
the bile ducts, through a continuous arteriolar peribil-
iary plexus that also interconnects arterial branches. 
Blood is also directed to connective tissue and vasa 
vasora. In normal subjects, after a sudden hepatic arte-
rial occlusion, there is immediate opening of anasto-

moses between the intrahepatic, diaphragmatic, or 
parietal arteries [1].

Causes

Causal factors are mostly iatrogenic, occurring during liver, 
bile duct, or pancreatic surgery, or endoarterial or percuta-
neous radiological procedures. Panarteritis nodosa and 
atheroma are rarely implicated [1].
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LEARNING POINTS

 ● Hepatic arterial blood is primarily directed to the bile 
ducts. Occlusive or non‐occlusive ischaemia of the arte-
riolar peribiliary plexus induces bile duct necrosis and 
secondary sclerosing cholangitis. Major causes of 
ischaemic cholangiopathy include early hepatic artery 
occlusion after liver transplantation and prolonged criti-
cal circulatory conditions.

 ● In patients with hereditary haemorrhagic telangiecta-
sia, a variety of microscopic or gross fistulae may result 
in hepatic arteriovenous, portohepatic venous, and/or 
arterioportal shunting. Heart failure due to right to left 
shunting is the most frequent and serious complication 
of hepatic vascular malformations.

 ● Hepatic venous outflow obstruction is mainly due to 
venous thrombosis caused by prothrombotic condi-
tions. Liver failure and portal hypertension ensue. 
Anticoagulation and angioplasty, transjugular intrahe-
patic portosystemic shunt (TIPS), and ultimately liver 
transplantation are treatment options.

 ● Portal vein thrombosis is often related to prothrombotic 
conditions. Early anticoagulation prevents progression 

of the acutely developed thrombus and intestinal 
ischaemia. Permanent occlusion is associated with the 
formation of a cavernoma and extrahepatic portal 
hypertension.

 ● In patients with advanced cirrhosis, portal vein throm-
bosis may develop. Early post‐transplant survival is 
decreased in such patients. Anticoagulation and TIPS 
facilitate recanalization.

 ● Idiopathic intrahepatic non‐cirrhotic portal hyperten-
sion is a poorly understood entity, which can be associ-
ated with a variety of rare systemic diseases. Obliterative 
portal venopathy and nodular regenerative hyperplasia 
are central features.

 ● Hypoxic hepatitis results from circulatory failure, with 
or without cardiac failure, with or without hypoxae-
mia, with or without sepsis. Although occasionally 
marked, it is reversible when the circulatory disorder 
is reversed.

 ● The severity of congestive cardiac hepatopathy 
 parallels the severity of the underlying chronic 
 cardiac failure.
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Pathophysiology

The isolated occlusion of large hepatic arteries has no 
apparent consequences in the native, untouched liver. 
Occlusion of small arteries or the peribiliary plexus (fol-
lowing small‐particle embolization or arterial infusion of 
toxic agents) induces ischaemic cholangiopathy. After 
liver transplantation, the occlusion of large arteries in 
the transplanted liver causes ischaemic cholangiopathy 
because accessory transcapsular arteries can no longer 
act as collaterals. Non‐occlusive ischaemic cholangiopa-
thy can occur in critically ill patients [1].

Ischaemic cholangiopathy may be diffuse or focal. 
Ischaemic injury to the mucosa induces the formation of 
biliary casts. Subsequently, transmural necrosis allows bile 
to spill over into portal tracts or parenchyma, forming bilo-
mas that may undergo bacterial superinfection. Scarring 
may induce secondary sclerosing cholangitis (Fig. 12.1) [1]. 
Biliary casts or bilomas may be clinically silent or accom-
panied by pain, fever, and jaundice. Secondary sclerosing 
cholangitis can also be clinically silent or present with pru-
ritus or bacterial cholangitis. Marked elevation of serum 
alkaline phosphatase is the rule. Increased serum bilirubin 
levels and laboratory features of systemic inflammation are 
common. Ultrasonography (US), followed by magnetic 
resonance (MR) cholangiography, constitute the optimal 
diagnostic strategy.

Hepatic infarction is a coagulative necrosis of hepatic 
parenchyma that takes place when hepatic artery occlu-
sion occurs in the presence of portal vein thrombosis 
(PVT) or circulatory failure. Zahn’s pseudo‐infarct refers 
to an area of parenchymal atrophy and sinusoid conges-
tion without liver cell necrosis. Zahn’s pseudo‐infarct is 
related to the combination of PVT and circulatory fail-
ure with a patent hepatic artery. Both types of ischaemic 

lesions frequently coexist [2]. Hepatic infarction can be 
asymptomatic or accompanied by acute right upper 
quadrant pain. There is a marked, early, but transient 
increase in aminotransferases, and a moderate, delayed 
hyperbilirubinaemia. Multidetector computed tomogra-
phy (MDCT) scan and magnetic resonance imaging 
(MRI) show peripheral areas of sharp but irregular con-
tours that do not enhance with contrast.

Diagnosis

Doppler US is preferred for the detection of hepatic 
artery occlusion, based on decreased hepatic arterial 
resistive index and increased systolic acceleration time. 
MDCT at the arterial phase is preferred for confirmation 
and delineation of arterial obstruction.

Management

Early diagnosis and intervention are crucial in the post‐
transplant setting. Surgery should be considered during 
and immediately after liver transplantation. Otherwise, 
endovascular intervention is the first option for 
recanalization.

 Aneurysms of the hepatic artery

Hepatic artery aneurysms account for over half of the 
cases of splanchnic artery aneurysms. True artery aneu-
rysm is a permanent, localized dilation involving all 
three layers of a vessel wall. A pseudo‐aneurysm or false 
aneurysm is a localized disruption of the intimal and 
medial layer with preservation of adventitia or perivas-
cular tissue [3].

(a)

(b)

Fig. 12.1 Magnetic resonance cholangiography 
in a patient with ischaemic cholangiopathy due 
to hepatic artery thrombosis after liver 
transplantation. (a) The arrow points to the 
junction of left and right hepatic ducts which are 
markedly altered, confluent. There are marked 
and diffuse irregularities with alternating areas of 
stenosis and dilation mimicking primary 
sclerosing cholangitis. (b) Close‐up view of the 
area of the junction. Empty arrowheads point to 
stenoses and closed arrowheads to upstream 
dilation. Courtesy of Dr Onorina Bruno, Hôpital 
Beaujon.
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Aetiology

True aneurysms predominantly affect extrahepatic seg-
ments. They can be congenital or related to inherited 
anomalies of collagen, or be caused by atherosclerosis or 
fibromuscular dysplasia. False aneurysms are caused by 
blunt or penetrating trauma (including liver transplanta-
tion and liver biopsy). Rarely, false aneurysms are caused 
by arteritis or mycotic aneurysms [3].

Manifestations

Most hepatic artery aneurysms are asymptomatic. Usual 
presentation is with abdominal pain or bleeding. 
Bleeding may be due to rupture into the (1) gastrointes-
tinal tract, causing haematemesis or melena, (2) bile 
ducts, causing the typical triad of haemobilia, i.e. biliary 
colic, gastrointestinal bleeding, and jaundice, or (3) por-
tal vein, causing an arterioportal fistula. The risk of rup-
ture in relation to the size of the aneurysm is unknown. 
Rupture did not occur in a mean 4‐year follow‐up of 22 
patients with hepatic artery aneurysms with an initial 
diameter of 2.3 cm [4]. Risk factors for rupture include 
multiple aneurysms and a non‐atherosclerotic aetiology.

Diagnosis

MDCT is the preferred diagnostic test, providing a pre-
cise delineation of size, shape, and location of the 
aneurysm(s) (Fig. 12.2).

Treatment

Intra‐ and extrahepatic aneurysms are treated by per-
cutaneous endovascular embolization and/or stent-
ing. Aneurysms of the common hepatic artery may 

also be treated surgically by proximal and distal 
 ligation. Intervention is not recommended in the 
absence of symptoms unless risk factors for rupture 
are present [3,5].

 Hepatic arterioportal fistula

Hepatic arterioportal fistula is defined as a communica-
tion between hepatic arteries and the portal circulation 
[6]. Arterioportal fistulae are classified as small periph-
eral intrahepatic (type 1), large, more central (type 2), 
and intrahepatic and diffuse (type 3).

Aetiology

Causes of type 1 fistulae include iatrogenic procedures 
(particularly liver biopsy) [7] and cirrhosis. Type 2 
 fistulae are caused by trauma or erosion of hepatic 
 arterial aneurysm (Fig. 12.3). Type 3 fistulae are always 
congenital and sometimes related to hereditary haemor-
rhagic telangiectasia (HHT) (see later) or Ehler–Danlos 
syndrome [6].

Manifestations

Type 1 arteriohepatic fistulae are asymptomatic. Type 2 
and 3 fistulae may be asymptomatic or associated with 
an arterial bruit in the liver area, or with portal hyperten-
sion causing gastrointestinal bleeding and/or ascites, or 
with heart failure. Abdominal pain triggered by meals 
may be caused by blood diversion from the mesenteric 
artery towards the hepatic artery [6].

(a) (b)

Fig. 12.2 Hepatic artery aneurysm CT. Hepatic artery aneurysm in a patient with subacute bacterial endocarditis. CT scans of the upper 
abdomen: (a) before and (b) after contrast enhancement. The aneurysm shows as a filling defect (arrow) which highlights following 
contrast injection.
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Diagnosis

Doppler US shows an enlarged hepatic artery and a 
dilated intrahepatic portal vein with a pulsatile flow [7]. 
MDCT or MRI shows full opacification of the portal 
venous branches at the early arterial phase (Fig. 12.3). In 
type 1 fistulae, there is a hyperenhanced parenchymal 
territory at the arterial phase but not at the late phase. 
Differential diagnoses include mostly malignancy, par-
ticularly hepatocellular carcinoma.

Management

Prophylaxis of gastrointestinal bleeding must be imple-
mented in patients with portal hypertension and varices. 
Only symptomatic patients should undergo interven-
tional therapy. Hepatic arterioportal fistulas are treated 
with percutaneous embolization, except in HHT [8]. In 
rare cases, hepatic resection or liver transplantation has 
been necessary.

 Hepatic vascular malformations 
in hereditary haemorrhagic 
telangiectasia

HHT, or Rendu–Osler–Weber disease, is a genetic disor-
der of autosomal dominant inheritance. Hepatic vascular 
malformations (HVMs), unique to HHT, consist of 

 arteriovenous fistulae ranging from microscopic telangi-
ectasia to gross malformations [9,10]. A diagnosis of 
HHT is definite when three of four features are present: 
(1) recurrent and spontaneous epistaxis; (2) multiple 
mucocutaneous telangiectasias; (3) visceral arterio-
venous malformations; and (4) diagnosis of HHT in a 
first‐degree relative [11]. HHT is likely in the presence of 
two criteria. Otherwise, HHT is unlikely. Independent of 
clinical presentation, demonstration of a causative muta-
tion establishes the diagnosis [11]. HHT is estimated to 
affect 1–2 in 10 000 people. Hepatic abnormalities are 
shown in 44–74% of patients with HHT [9].

Aetiology

Most patients with HHT have mutations in either endog-
lin (HHT1 subtype) or activin A receptor type II‐like 1 
(ALK1, HHT2 subtype). Mutations in the MADH4 gene 
or BMP9 have been described. Hepatic vascular malfor-
mations are more common in the HHT2 genotype [9,11]. 
The mechanisms linking gene mutations with telangi-
ectases are poorly understood.

Pathophysiology

HVMs are diffusely distributed in the liver. They enlarge 
with time: mean age at presentation is about 50 years. 
There is a strong female predominance. Three concomi-
tant types of blood shunting may result from the vascular 
malformations: hepatic artery to hepatic veins, hepatic 
artery to portal veins, and portal veins to hepatic veins.

Manifestations

Most patients are asymptomatic. There may be a thrill and 
a systolic bruit in the hepatic area. The incidence of compli-
cations and death is about 4 and 1 per 100 person‐years, 
respectively [12]. The most common complication is heart 
failure due to the hyperkinetic circulation. The second most 
common is an ischaemic type of cholangiopathy attributed 
to blood steal away from the bile ducts through vascular 
malformations leading to secondary sclerosing cholangitis 
and/or biloma formation. Portal hypertension is relatively 
common. Gastrointestinal telangiectases represent the pre-
ponderant source of gastrointestinal bleeding. Mesenteric 
ischaemia may result from the diversion of mesenteric 
artery blood towards HVMs. Regenerative changes in the 
liver are conspicuous, including nodular regenerative 
hyperplasia and asymptomatic gross regenerative nodules 
mimicking focal nodular hyperplasia [9,10].

Diagnosis

Using Doppler US, a first‐line procedure, major diagnos-
tic criteria include a dilated common hepatic artery 

Fig. 12.3 Hepatic arterioportal fistula. Arterial phase of MDCT 
scan showing early enhancement of the portal vein (large arrow) 
after right hepatectomy. The enhancement is most marked at the 
level of the left branch of the portal vein portal vein (thin arrow).
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(>6–7 mm) and intrahepatic irregular areas of diffuse 
hypervascularization. Additional criteria include a 
decreased resistivity index of the proper hepatic artery 
and an increased portal flow velocity [9]. On MDCT or 
MRI, the hepatic artery may be markedly enlarged and 
tortuous. Telangiectases may be visible only as a hetero-
geneous liver enhancement (Fig. 12.4) [13]. Gross mal-
formations are shown as discrete structures of various 
sizes, enhanced at the arterial phase. Arteriohepatic 
venous shunting is demonstrated by enhanced hepatic 
veins at the arterial phase. Regenerative nodules are 
hyperenhanced at the arterial phase, but not at the late 
phases, and may have a central stellate fibrous zone. In a 
patient with definite HHT, liver biopsy of such nodules is 
unnecessary and potentially harmful. Ischaemic cholan-
giopathy is best assessed with MR cholangiography.

Screening for HVMs with Doppler US is recom-
mended when a clinical diagnosis of HHT cannot be 
established and genetic testing is inconclusive or una-
vailable [9,11]. In patients with HVMs, a full echocardio-
graphic evaluation should be performed at regular 
intervals.

Treatment

No treatment is recommended for asymptomatic HVMs. 
General management of cardiac, biliary, and portal 
hypertensive complications is associated with a high rate 
of complete response [9]. Targeted treatments are 
 considered for unresponsive patients. Bevacizumab 

improves dyspnea, cardiac haemodynamics, and 
epistaxis in heart failure [14], and may obviate the need 
for liver transplantation in ischaemic cholangiopathy. 
Long‐term efficacy and tolerance of bevacizumab need 
further assessment. Hepatic arterial embolization is at 
best partially effective and potentially detrimental [9–11]. 
Liver transplantation yields a marked and prolonged 
improvement in cardiac function, and current survival 
is equal or superior to that in other indications [9,11]. 
Referral to specialized centres is recommended for opti-
mal timing of liver transplantation

 Congenital portosystemic 
shunts – Abernethy malformation

Congenital portosystemic shunt (CPSS) consists of an 
abnormal communication between the portal venous 
system and inferior vena cava (IVC) system, in the 
absence of detectable blockage of the portosystemic cir-
culation. Prevalence has been estimated at 1 in 50 000 
[15]. CPSS may be extrahepatic (the so‐called Abernethy 
malformation) or intrahepatic, or consist of a persistent 
ductus venosus [15].

Causes

The mechanisms explaining the development of CPSS 
remain conjectural [15]. In many patients, occlusion of 
the shunt results in opacification of previously inappar-
ent intrahepatic portal veins [15,16]. In some patients, 
the extrahepatic portal vein is not found or is present 
only as a fibrous remnant [15,16]. Microscopically, portal 
tracts may be normal or harbour features reminiscent of 
obliterative portal venopathy [15].

Pathophysiology

Portosystemic encephalopathy, increased blood ammo-
nia levels, increased serum levels of bile acids, and glo-
bus pallidus hyperintensity on brain T1‐weighted MRI 
are attributed to portosystemic shunting. Small liver size 
and mild alteration in serum bilirubin and serum albu-
min levels can be explained by lack of portal perfusion. 
Liver tumours (focal nodular hyperplasia, liver cell ade-
nomas, and, rarely, HCC) resemble those found in other 
situations with decreased portal perfusion and hyperar-
terialization. Portosystemic shunting and/or lack of por-
tal perfusion likely explain chronic hypoxaemia 
(resembling hepatopulmonary syndrome) and pulmo-
nary hypertension (reminiscent of portopulmonary 
hypertension) [15].

Fig. 12.4 Hereditary haemorrhagic telangiectasia. Arterial phase 
of MDCT scan with vascular enhancement. There is an early 
opacification of the hepatic veins demonstrating the 
arteriohepatic venous shunting (large arrow). The hepatic artery is 
markedly enlarged and tortuous (arrowheads). There are ill‐
defined areas of parenchymal enhancement corresponding to 
telangiectases (small arrows).
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Manifestations

CPSS may be asymptomatic for a long time or may pre-
sent with encephalopathy, liver tumour, hypoxaemia, or 
pulmonary hypertension. Natural history in initially 
asymptomatic patients is unknown. Presentation as 
encephalopathy may be misleading, particularly in chil-
dren [15].

Diagnosis

Doppler US is used for detection and MDCT for a pre-
cise characterization of the shunts (Fig.  12.5) [15,16]. 
Several classifications have been proposed for intrahe-
patic and extrahepatic CPSS. Extrahepatic portal shunts 
can be portosystemic or portocaval, and end‐to‐side or 
side‐to‐side. Hepatic nodules are best characterized 
using MRI, although liver biopsy is needed for full char-
acterization as regenerative nodules, hepatocellular ade-
noma, or malignant tumours [15]. Direct angiography 
and haemodynamics through the transfemoral venous 
route are used for planning therapy [15–17].

Treatment

Closure of the shunt can be performed using percutane-
ous endovascular procedures or surgery in one or two 
steps [15–17]. In children, shunt occlusion achieves a 
correction or a reduction of all anomalies in a majority of 
patients, including encephalopathy, liver tumours, pul-
monary hypertension, and hypoxaemia [15–17]. 
Complications appear to be rare. No mortality has been 
reported. Therefore, closure has been proposed as a 

 prophylactic approach in asymptomatic patients [15]. 
Factors predictive of the development of complications 
are necessary, particularly in adults, to clarify therapeu-
tic indications.

 Budd–Chiari syndrome – hepatic 
venous outflow tract obstruction

Budd–Chiari syndrome (BCS), also referred to as its ana-
tomical correlate, hepatic venous outflow tract obstruc-
tion (HVOTO), is defined as an obstruction to blood 
flow in the small, medium, or large hepatic veins, or in 
the suprahepatic portion of the IVC, excluding heart fail-
ure, constrictive pericarditis, and sinusoidal obstruction 
syndrome (see later) [9,10,18]. Primary BCS, a very rare 
condition, is related to phlebitis or thrombosis of the 
veins; secondary BCS is related to malignant invasion or 
encasement of the veins.

Pathophysiology

HVOTO induces an increase in sinusoidal pressure, trans-
lating into liver congestion, portal hypertension, and ascites. 
Congestion induces hepatic fibrosis, through stretch‐
induced activation of sinusoidal endothelial and hepatic 
stellate cells [19]. Concurrently, HVOTO causes ischaemia, 
resulting in liver cell necrosis and hepatic dysfunction 
(Fig. 12.6). The impact of HVOTO on portal venous inflow 
is more marked in the peripheral parts, which undergo 
atrophy, than in central parts of the liver (caudate lobe and 
segment IV), which undergo hypertrophy [20].

The obstruction of the main hepatic veins is usually 
asynchronous. Several compensatory mechanisms 
develop: (1) portal perfusion is redistributed towards 
areas of the liver with a low‐resistance hepatic venous 
outflow; (2) portal pressure increases; (3) hepatic arterial 
inflow increases; (4) hepatic venous and/or IVC collater-
als develop. Such collaterals may be so efficient that clin-
ical manifestations are absent (Fig. 12.7). Focal losses of 
portal perfusion induce atrophy of the corresponding 
parenchyma, whereas arterial compensation induces 
nodular regenerative hyperplasia or gross regenerative 
nodules mimicking focal nodular hyperplasia [20].

Aetiology

Causes are listed in Table 12.1. In Western patients with 
primary BCS, a cause is found in most patients. Among 
these causes, myeloproliferative neoplasms (MPNs), 
antiphospholipid syndrome, and factor V Leiden are 
more common than paroxysmal nocturnal haemoglobi-
nuria, Behcet disease, coeliac disease, or inflammatory 

Fig. 12.5 CT scan after injection of vascular contrast agent in a 
patient with Abernethy malformation, showing the large side‐to‐
side shunt connecting the portal vein (arrow) and the inferior 
vena cava (arrowhead). Courtesy of Dr Onorina Bruno, Hôpital 
Beaujon.
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Fig. 12.6 Liver biopsy in a patient with acute Budd–Chiari syndrome. (H & E, ×300.) There is dilation and congestion, with coagulation 
necrosis of hepatocytes around a small hepatic vein (*), and midlobular sinusoidal dilation; portal areas are well preserved. PV, normal 
portal vein. Courtesy of Dr Dominique Cazals‐Hatem, Hôpital Beaujon.

(a) (b)

Fig. 12.7 MRI of the liver in a patient with long‐standing Budd–Chiari syndrome showing the large hepatic venous collaterals (thin 
arrows) and an altered perfusion pattern seen as irregular enhancement in the peripheral areas of the liver (large arrow). In (b), the 
arrowhead points to a large splenorenal venous collateral. This patient was clinically asymptomatic; no ascites is visible. Courtesy of 
Dr Onorina Bruno, Hôpital Beaujon.
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bowel disease [9,10,18,21]. Pregnancy and oral contra-
ceptive use exacerbate the thrombotic potential of other 
conditions. In the Far East, the mentioned causes are 
rarely found [22]. In Nepal, a very low standard of living 
is associated with IVC obstruction, but the mechanisms 
underlying this association remain unknown [23]. 
Differences in the background prevalence of extreme 
poverty (more common in Asia) and oral contraceptive 
use (more common in the West) might explain in part 
the variations in aetiology across areas.

MPN is usually unrecognized at presentation with 
BCS. Peripheral blood cell counts are rarely suggestive 
owing to hypersplenism. The mutually exclusive 
V617FJAK2 and calreticulin mutations are found in 
about 95% and 2% of patients, respectively. A recom-
mended algorithm consists in testing all BCS patients, 
first for JAK2 mutation and, when negative, for calreticu-
lin mutation. Full exclusion of MPN in the remaining 
patients (a majority) still relies on bone marrow biopsy 
[9,18]. Liver disease non‐specifically decreases plasma 
levels of protein C, protein S, and antithrombin and 
increases the levels of homocysteine or antiphospholipid 
antibodies. These secondary changes make it challeng-
ing to recognize primary coagulation defects [9].

The reason behind the development of thrombi in the 
hepatic veins or IVC of patients with a prothrombotic 
condition remains unknown, as local factors such as 
cysts or abscesses are rarely present.

Manifestations

Clinical manifestations may be absent. The main mani-
festations include ascites, hepatomegaly, splenomegaly, 
jaundice, gastrointestinal bleeding, bacterial infections, 
and encephalopathy [21,24]. Abdominal pain, fever, and 
ascites of rapid onset may occur with a recent episode of 
hepatic vein thrombosis [24]. Large collateral veins 
on  the trunk allow for an easy diagnosis of IVC 
obstruction.

Changes in blood cell counts and liver tests vary in 
 pattern and degree from patient to patient [21,24]. There 
is little parallelism between clinical and laboratory 
 anomalies. In about one‐third of patients, serum 
 aminotransferases rise above five times the upper limit of 
normal, suggesting a recent episode of hepatic ischaemia 
[24]. The ascites protein concentration is often >25 g/L, 
whereas the serum ascites albumin gradient is >11 g/L.

Diagnosis

BCS must be considered in any patient presenting with 
liver disease. HVOTO can be demonstrated in most 
patients by Doppler US and vascular‐enhanced MRI or 
MDCT. Definite evidence includes the presence of solid 
material in the lumen of the vein, stenosis with upstream 
dilation, transformation into a cord‐like structure devoid 
of lumen, or the presence of collaterals to hepatic veins 
or IVC. A mottled (mosaic) pattern of enhancement at 
the arterial and portal phase with homogenization in the 
late‐phase injection is common but non‐specific 
(Fig. 12.7). An enlarged caudate lobe is frequent but also 
present in many other chronic liver diseases. IVC can be 
compressed by the enlarged caudate lobe and can be 
 distinguished from a primary IVC occlusion that is 

Table 12.1 Conditions associated with primary Budd–Chiari 
syndrome (BCS) and portal vein thrombosis (PVT)

General prothrombotic conditions
Acquired Myeloproliferative neoplasms (MPN)

V617F JAK2 mutation
Calreticulin mutation
No MPN associated mutation

Paroxysmal nocturnal haemoglobinuria
Antiphospholipid syndrome
Behcet disease
Inflammatory bowel disease
Oral contraceptive use
Pregnancy
Acute CMV infection
Obesity

Inherited Factor V Leiden
Prothrombin gene mutation
Antithrombin deficiency
Protein C deficiency
Protein S deficiency

Systemic diseases Sarcoidosis
Local factors
Inflammatory 
and infectious

Liver abscesses
Hydatid cyst/echinococcus granulosus
Alveolar echinococcosis
Cholecystitis and cholangitis
Acute and chronic pancreatitis
Appendicitis, diverticulitis
Inflammatory bowel disease
Neonatal omphalitis

Space‐occupying 
lesions

Solitary liver cysts
Polycystic liver or liver/kidney disease
Focal nodular hyperplasia

Surgery and 
trauma

Blunt abdominal trauma
Traumatic diaphragmatic hernia
Hepatic resection
Splenectomy
Portosystemic shunts (including TIPS)
Liver biopsy
Bariatric surgery
Umbilical cannulation

Other Coeliac disease
Cirrhosis
INCPH
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 associated with extensive lumbar collaterals and large 
azygous veins [9,18,25].

Hepatocellular carcinoma, leiomyosarcoma, alveolar 
echinococcosis, or myxoma causing secondary BCS are 
shown using non‐invasive imaging. The rare local factors 
for primary BCS should be routinely looked for. The por-
tal vein is thrombosed in about 15% of patients [9,18,25].

Direct opacification of the hepatic venous outflow 
tract and pressure measurements (through a transjugu-
lar, transfemoral, or transhepatic approach) are needed 
only when planning percutaneous endovascular proce-
dures. Failure to cannulate the hepatic veins is not spe-
cific for BCS [9,18].

Liver biopsy shows sinusoidal dilation with conges-
tion, fibrosis, and liver cell loss in the absence of inflam-
mation, predominantly in the centrilobular area 
(Fig. 12.6). Thrombosed central hepatic veins are rarely 
seen. None of these findings are specific for BCS. Lesions 
are heterogeneously distributed. Therefore, needle 
biopsy is helpful only in the rare patient with pure small 
hepatic vein obstruction [9,18].

Clinically, the main differential is with constrictive 
pericarditis and congestive cardiac hepatopathy, where 
the hepatic veins are enlarged. In cirrhosis, the hepatic 
veins are often not seen but hepatic venous collaterals 
and a mosaic pattern of enhancement are absent. Liver 
biopsy findings in patients with obstruction of the large 
or small portal veins, sinusoidal obstruction or dilation, 
or veno‐occlusive disease can mimic BCS [10], but imag-
ing of large vessels is decisive.

Treatment

Immediate and prolonged anticoagulation is recom-
mended [9,18]. For oral vitamin K antagonists, a target 
INR between 2 and 3 has generally been used [21]. 
Complications related to anticoagulation therapy are 
similar to those in patients without portal hypertension 
[21]. Early therapy for underlying disorders is logical and 
likely important.

Ascites, renal dysfunction, gastrointestinal bleeding, 
bacterial infections, and encephalopathy can be treated 
as in patients with cirrhosis [9,18]. Previous gastrointes-
tinal bleeding or large varices with red signs are not 
 considered a contraindication to anticoagulation once 
pharmacological or endoscopic prophylaxis for bleeding 
has been instituted.

According to a widely‐recommended strategy, patients 
are first investigated for hepatic venous or IVC stenoses 
and, if present, treated percutaneously by angioplasty/
stenting. Insertion of a transjugular intrahepatic porto-
systemic shunt (TIPS) is next considered in patients 
whose condition does not improve. Last, liver transplan-
tation is discussed when the patient’s condition does not 

improve [9,18]. In Europe, applying this strategy, the 
mean 5‐year overall survival rate was 82% [21]. About 
25% of patients had their disease controlled without 
endovascular intervention, about 35% with covered 
TIPS insertion, and 15% with transplantation [21]. In 
Asia, this strategy is also associated with excellent 
 survival and a low incidence of procedure‐related 
 complications [26–29].

Outcome and prognosis

Available data indicate a very poor outcome without 
therapy. Outcomes improved in the 1980s and 1990s 
when anticoagulation therapy became increasingly used. 
Components of the Child–Pugh score or Model for End‐
Stage Liver Disease (MELD) score, but not histopatho-
logical features, were shown to be independent 
prognostic markers [21]. Underlying blood disorders 
(particularly MPN) did not impact medium‐term out-
come [30].

Predictive markers for early response to therapy are 
needed. According to an externally validated BCS–TIPS 
prognostic index, combining serum bilirubin, age, and 
INR [21], patients with an index >7 would benefit from 
going directly to liver transplantation. Other scores are 
not accurate enough to make individual therapeutic 
decisions [21,31].

HCC may develop in patients with otherwise con-
trolled disease, particularly when a primary IVC obstruc-
tion is present [32,33]. Differentiation of regenerative 
nodules from HCC is challenging [32,34]. Hepatic arte-
rial chemoembolization appears to be well tolerated. 
Course and determinants of recurrence may differ from 
those of cirrhosis. Indeed, prolonged survival in the 
absence of transplantation has been reported [34]. Milan 
criteria are likely irrelevant in the selection of BCS 
patients with HCC for liver transplantation.

 Extrahepatic portal vein 
obstruction – portal vein thrombosis 
and portal cavernoma in the 
absence of cirrhosis

Extrahepatic portal vein obstruction (EHPVO) refers to 
obstruction of blood flow in the portal vein or its left or 
right branches [9,18]. In adults, portal vein thrombosis 
(PVT) is the primary form of EHPVO. In children, a con-
genital malformation may additionally be implicated. 
Obstruction by malignant tissue should be referred to as 
malignant invasion, not thrombosis. Portal cavern-
oma – a sequel to previous thrombus – is characterized 
by collateral veins bypassing the obstructed segment. 
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This section focuses on PVT (including portal cavern-
oma), in the absence of cirrhosis and malignancy.

PVT was found in as many as 1.1% of 23 796 autopsies 
performed in Malmö, Sweden [35]. Data in the general 
population are limited and inconsistent. Among all cases 
of EHPVO, about one‐third are associated with cirrhosis 
and one‐third with malignancy, whereas one‐third rep-
resent non‐malignant non‐cirrhotic PVT [35].

Aetiology

Prothrombotic conditions present in adult PVT patients 
are similar to those in primary BCS (Table 12.1). MPN, 
prothrombin gene mutation, and antiphospholipid 
 syndrome are the most common underlying conditions 
[36,37], without major differences between Western and 
Asian countries [38]. The limitations discussed for BCS 
apply to the interpretation of tests for prothrombotic 
factors in PVT. Local factors are present in less than one‐
third of patients and consist mostly of inflammatory 
bowel disease, acute and chronic pancreatitis, splenec-
tomy, omphalitis, and umbilical vein cannulation [37]. A 
prothrombotic condition is present in at least one‐third 
of patients with a local factor [37].

Pathophysiology

Coagulation activation induces a systemic inflammatory 
reaction [37]. The acute loss of portal venous perfusion is 
well tolerated, probably owing to an increase in hepatic 
arterial blood flow and to rapid opening of portoportal col-
laterals [39]. Intestinal tolerance is also good, unless small 
mesenteric tributaries are thrombosed, in which case the 
risk of mucosal ischaemia and transmural necrosis is high 
[39,40]. Severe reactive mesenteric arterial vasoconstric-
tion likely explains ischaemic injury to the gut.

Spontaneous recanalization is rare [41]. Portoportal 
collaterals rapidly develop from the biliary, antral, duo-
denal, pancreatic, splenic, and mesenteric venous tribu-
taries, in a highly variable pattern. These collaterals, 
making up the ‘cavernoma’, do not relieve portal hyper-
tension. Gastro‐oesophageal varices may rupture as early 
as 1 year after the onset of PVT [41]. Cavernomatous 
veins imprinting on the lumen of the bile ducts are 
responsible for the so‐called portal cavernoma cholan-
giopathy [42].

The cavernoma restores intrahepatic portal blood flow 
more efficiently in the central part of the liver – which 
enlarges  –  than in peripheral parts  –  which undergo 
atrophy [43]. Subtle features of liver dysfunction, but not 
frank liver insufficiency, can occur [36], including dimin-
ished coagulation factors and inhibitor levels [44], sub-
clinical hepatic encephalopathy [45], and a debated 
growth retardation [46].

Manifestations

At the acute stage of PVT, severe and prolonged abdomi-
nal pain, ileus, and high, fluctuating fever are frequent 
[37], but there is no guarding and the spleen is nor-
mal  unless MPN is present. With chills and spiking 
fever,  septic pylephlebitis should be suspected [47]. 
Hematochezia suggests intestinal ischaemia. Circulatory 
alterations, oliguria, and hyperventilation herald multio-
rgan dysfunction associated with transmural intestinal 
ischaemia and necrosis [48]. C‐reactive protein and 
fibrinogen levels are commonly elevated. Blood cell 
counts are mostly influenced by aetiology. Mild to mod-
erate, transient increases in serum transaminase and 
lipase activities are possible [37]. Signs of multiorgan 
dysfunction (metabolic acidosis, hyperlactacidaemia, 
raised serum creatinine) should raise suspicion of trans-
mural intestinal necrosis. In patients with pylephlebitis, 
blood cultures characteristically grow intestinal species 
of bacteria [47].

Portal cavernoma is asymptomatic or causes bleeding 
from ruptured gastro‐oesophageal varices [36]. Rare 
patients suffer from painful postprandial ischaemia or 
intestinal obstruction. There is no or mild liver dysfunc-
tion. Ascites may develop following bleeding or any 
acute inflammatory condition, but it is always transient 
and easy to treat. The spleen is usually enlarged, owing to 
portal hypertension and/or underlying MPN. Frank 
encephalopathy is rare. Biliary symptoms are much less 
frequent and are mostly related to stones even in patients 
with portal cavernoma‐related cholangiopathy [42]. In 
patients without MPN, decreased white blood cell and 
platelet counts related to hypersplenism are most con-
spicuous [36]. Liver tests are typically normal [36]. Portal 
cavernoma cholangiopathy can be associated with a mild 
increase in alkaline phosphatase but serum bilirubin lev-
els are usually normal [41].

Diagnosis

Acute PVT is established by showing the absence of flow 
in the portal vein (with Doppler US) or solid endolumi-
nal material (with Doppler US, MDCT or MRI) 
(Fig. 12.8). A thrombus less than 2–3 weeks old is spon-
taneously hyperattenuating at unenhanced MDCT. The 
absence of portoportal collaterals is evidence for a recent 
PVT [49]. Abdominal imaging and gastrointestinal 
endoscopy further allow for the identification of local 
factors (particularly focal inflammatory conditions), and 
malignant tumours causing secondary EHPVO [49].

Portal cavernoma must be considered in patients pre-
senting with enlarged spleen, low platelet or white blood 
cell counts, gastro‐oesophageal varices, or portosytemic 
collaterals. Diagnosis is established by showing the 



Vascular Disorders of the Liver and Extrahepatic Portal Hypertension 219

replacement of normal portal vein by serpiginous 
 circulating structures by Doppler US [49]. The portal 
phase of MDCT or MRI permits an assessment of the 
degree, extent, and location of obstruction (Fig. 12.9). 
MR cholangiography is the best test for diagnosing 
 portal cholangiopathy cavernoma and differentiating 
it from other primary and secondary cholangiopathies 
(Fig. 12.10) [49].

Liver biopsy is limited to cases in which non‐invasive 
imaging has been unable to rule out malignancy, or when 

abnormal liver tests or a dysmorphic liver suggest under-
lying liver disease. In patients with pure PVT, the liver is 
normal or shows sinusoidal dilation [50].

Treatment

Early anticoagulation therapy for acute PVT prevents 
thrombus extension and the development of intestinal 
ischaemia/infarction [37]. International recommenda-
tions are to maintain anticoagulation therapy for at least 
6 months [9,10,18]. A low molecular weight heparin 
 regimen at a curative dose, rapidly substituted by oral 
 vitamin K antagonists targeting an INR between 2 and 3, 
has constituted the usual regimen. After 12 months of 
therapy, complete recanalization of the portal vein is 
achieved in only 40% of patients, and portal cavernoma 
develops in 40% [37]. Pharmacological thrombolysis is 
not superior to anticoagulation regarding recanalization 
and is associated with higher morbidity and mortality 
[51]. Reported experience with transjugular recanaliza-
tion using TIPS insertion is preliminary [52].

Strong recommendations for patients with portal 
 cavernoma cannot be made [9,18]. Anticoagulation pre-
vents recurrent thrombosis [53–56], with a similar 
[36,54,55] or occasionally higher risk of bleeding [53] 
and without increasing the severity of bleeding 
[36,53,54,56]. In patient with MPN, an independent risk 
factor for recurrent thrombosis, it is logical to consider 

Fig. 12.8 MRI of a patient with acute portal vein thrombosis. 
There is solid material in the lumen of the portal vein that does 
not enhance in the portal venous phase after injection of contrast 
agent. An enhancement of the wall of the thrombosed portal vein 
is visible (arrowheads) but there are no visible portoportal 
collaterals. Courtesy of Dr Onorina Bruno, Hôpital Beaujon.

Fig. 12.9 CT scan of patient with portal cavernoma in the portal 
phase after injection of vascular contrast agent. The arrow points 
to the serpiginous structures in the porta hepatis corresponding 
to the cavernomatous transformation of the thrombosed portal 
vein. Courtesy of Dr Onorina Bruno, Hôpital Beaujon.

Fig. 12.10 Magnetic resonance cholangiography of a patient with 
portal cavernoma cholangiopathy. There are irregularities in the 
contours of the lumen of the main bile duct and left hepatic ducts 
(arrowheads) due to compression by cavernomatous veins. 
Intrahepatic ducts of the right lobe are abnormally well visible 
down to their periphery (large arrow) due to a stenosis at their 
origin (small arrow).



Chapter 12220

prolonged anticoagulation. The issue of prolonged anti-
coagulation in patients without high risk factors needs to 
be addressed [9,10,18].

Except for TIPS insertion, prophylaxis of portal hyper-
tensive bleeding is based on the recommendations for 
cirrhosis [9,10,18]. Non‐selective beta‐adrenergic block-
ade and endoscopic ligation are similarly effective and 
well tolerated. In children, there is much interest in the 
superior mesenteric vein to left portal vein jump graft 
(the so‐called meso‐Rex intervention) [44,46]. This 
operation proved feasible in approximately 60% of 
 children with portal cavernoma, and was successful in 
preventing gastrointestinal bleeding and restoring liver 
function, cognitive abilities, and growth in 70% of them. 
Data in adults are needed.

The place of splenectomy with proximal splenorenal 
shunt or oesophago‐gastric devascularization for  primary 
prophylaxis of bleeding or hypersplenism is limited.

Outcome and prognosis

Patients with acute, recent PVT receiving early antico-
agulation therapy fare well [37,41]. Diabetes could be an 
independent factor for severe intestinal ischaemia [40]. 
Patients with portal cavernoma incur a double risk of (1) 
recurrent thrombosis, enhanced in patients with pro-
thrombotic disorder, and (2) bleeding, enhanced in 
patients with large varices or past bleeding [36,54,55]. 
Recent data show a high 5‐year survival rate (96%) [36]. 
Associated conditions, recurrent thrombosis, and 
involvement of the superior mesenteric vein are risk fac-
tors for death whereas bleeding history is not.

 Portal vein thrombosis in patients 
with cirrhosis

In patients with cirrhosis, the incidence of PVT is about 
10% per year on the waiting list for liver transplantation, 
but is only 10% over 5 years in screening programmes for 
HCC [57]. Most patients have a non‐occlusive thrombus 
[57]. Portal cavernoma is uncommon.

Aetiology

Slow portal vein blood flow, advanced liver dysfunction, 
and severe portal hypertension are independent risk fac-
tors [58–60]. However, progression of liver disease per se 
is not a cause of PVT [60]. The procoagulant state 
accompanying advanced cirrhosis could play a patho-
genic role, but inherited anomalies probably do not 
[60,61]. Other risk factors are obesity, metabolic syn-
drome, diabetes [58,62], and local factors (particularly 

splenectomy, surgery involving the portal venous sys-
tem, and partial splenic embolization).

Pathophysiology

PVT has a small impact on portal haemodynamics and 
liver function [60,63,64]. The explanted liver is smaller in 
patients with than in those without extrahepatic PVT 
[65]. However, parenchymal extinction is found specifi-
cally where hepatic veins, but not intrahepatic portal 
veins, are thrombosed [66]. In patients with initially pat-
ent portal vein, PVT occurrence does not herald pro-
gression of cirrhosis, and regression of the thrombus is 
not associated with an improved outcome [60,63]. In 
other words, PVT develops commonly in patients with 
severe cirrhosis and portal hypertension, but does not 
influence progression of the latter.

Manifestations

PVT is rarely associated with abdominal pain and features 
of systemic inflammation. Extensive involvement of the 
superior mesenteric vein complicated by intestinal ischae-
mia is rare but has a particularly poor outcome [67].

The independent impact of PVT on short‐term sur-
vival appears to be minimal [68] but further assessment 
is required [69–72]. Early (90 days) post‐transplant sur-
vival is decreased in patients with pre‐transplant PVT 
compared with those without; however, subsequent sur-
vival curves remain parallel [73].

Diagnosis

Doppler US and MDCT or MRI are key to the recogni-
tion, characterization, and grading of portal venous 
occlusion [49]. Bland thrombus has to be differentiated 
from tumoral (HCC) invasion. Malignant material within 
the lumen is demonstrated by arterial signals on Doppler 
US, and arterial phase enhancement with late‐phase 
venous washout on MDCT or MRI. Other features sug-
gestive for malignancy include a marked enlargement of 
the portal vein and continuity with suspected HCC. In 
indeterminate cases, needle biopsy of the thrombus can 
be perfomed [49].

Treatment

Various anticoagulation protocols have been used. The 
risk of severe gastrointestinal bleeding is not increased 
[74]. Predictive factors for bleeding include the absence 
of prophylaxis for portal hypertension and a platelet 
count below 50 000/μL [75]. The average rate of regres-
sion of the thrombus in anticoagulated patients (about 
66%) is superior to the rate of spontaneous  disappearance 
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in prospective longitudinal studies (about 40%) 
[60,63,64,76]. However, the effect of curative anticoagu-
lation on liver decompensation and hepatic function is 
unknown. Therefore, routine anticoagulation for patients 
with cirrhosis developing PVT cannot be widely recom-
mended [9,18]. There are three particular situations 
where anticoagulation therapy can be considered: (1) 
PVT extension to the superior mesenteric vein and sus-
pected or obvious intestinal ischaemia; (2) concurrent 
high‐risk prothrombotic disorder; and (3) plan for liver 
transplantation. The impact of PVT on liver transplanta-
tion is largely determined by the possibility of an ana-
tomical reconstruction of the portal venous inflow to the 
graft, and thus by thrombus extension [77]. Early initia-
tion of anticoagulation therapy might limit such an 
extension and thus might justify regular screening for 
PVT in candidates [9,18]. The impact of this approach 
remains to be evaluated.

TIPS insertion is feasible provided that portal vein 
branches remain visible [78]. TIPS efficacy and adverse 
events (including encephalopathy) are similar in patients 
with and without PVT [79]. Even in the absence of anti-
coagulation therapy, TIPS insertion is followed by clear-
ance of the thrombus in many patients [80,81]. In patients 
with PVT, TIPS is superior to medical/endoscopic ther-
apy in the prevention of recurrent bleeding, but does not 
improve survival [81]. Thus, TIPS constitutes an alterna-
tive to anticoagulation therapy in candidates for liver 
transplantation who develop PVT and have a history of 
severe portal hypertension.

A controlled trial in 70 outpatients with Child–Pugh 
class B cirrhosis using low‐dose enoxaparin for 1 year 
showed full prevention of PVT development, and a 
reduction in decompensation and death without signifi-
cant bleeding during the subsequent 2 years [82]. Hence 
available data suggest that extrahepatic PVT and pro-
gression of liver disease are the common but independ-
ent consequences of processes occurring in the hepatic 
or the intestinal portal vessels, processes that might be 
corrected by enoxaparin. Independent confirmation of 
these interesting data is needed.

 Idiopathic non‐cirrhotic intrahepatic 
portal hypertension

Idiopathic non‐cirrhotic portal hypertension (INCPH) is 
characterized by two features{ (1) portal hypertension in 
the absence of established causes for portal hypertension 
and (2) particular changes in the liver microcirculation 
[83]. Conditions that need to be ruled out include 
 cirrhosis, HVOTO, EHPVO, infiltrative diseases, vascu-
lar malignancies, schistosomiasis, congenital hepatic 

fibrosis, and sarcoidosis. INCPH encompasses the 
 following entities: idiopathic portal hypertension, 
non‐cirrhotic portal fibrosis, hepatoportal sclerosis, 
obliterative portal venopathy, incomplete septal cirrho-
sis, and nodular regenerative hyperplasia.

Aetiology and pathogenesis

INCPH is a rare condition of unclear aetiology. INCPH 
has been reported in association with a number of 
uncommon disorders presented in Table  12.2 [84–87]. 
The obliteration of small portal veins and/or sinusoids is 
regarded as the primary alteration, inducing liver cell 
atrophy in the areas with reduced blood supply, and 
hyperplasia where perfusion is maintained (Fig.  12.11 
and Fig. 12.12) [83,88]. The many small vascular chan-
nels in portal tracts and the paraportal vessels are 
believed to function as a microscopic cavernoma bypass-
ing the obliterated portal segments [86,87,89]. Sinusoidal 
dilation is viewed as a non‐specific reaction to the depri-
vation of portal blood perfusion [50]. The mechanisms 
producing the obliteration of portal venules and/or sinu-
soids are still unknown. A combination of intrahepatic 
vascular obstruction and increased splanchnic blood 
flow has been proposed to explain portal hypertension. 
The normal or mildly increased hepatic venous pressure 
gradient found in many patients with severe clinical por-
tal hypertension suggests an exclusive or preponderant 
role of presinusoidal obstruction [83].

Table 12.2 Conditions reported in association with idiopathic 
non‐cirrhotic portal hypertension

Type Conditions

Immunological 
disorders

Common variable immunodeficiency 
syndrome
Connective tissue diseases
Crohn disease
Solid organ and haematopoietic 
progenitor cell transplantation

Infections Bacterial intestinal infections
Human immunodeficiency virus (HIV) 
infection

Medications and 
toxins

Thiopurine derivatives (didanosine, 
azathioprine, cis‐thioguanine)
Arsenicals
Vitamin A

Genetic disorders Adams–Olivier syndrome
Turner syndrome
Phosphomannose isomerase deficiency
Familial cases

Prothrombotic 
conditions

Inherited thrombophilias
Myeloproliferative neoplasm
Antiphospholipid syndrome
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Manifestations

INCPH may affect children and adults [83,90]. In the 
past, presentation was usually with gastrointestinal bleed-
ing. Currently, diagnosis is mostly fortuitous in asympto-
matic patients [83]. Transient ascites,  encephalopathy, or 

laboratory evidence of liver dysfunction may develop 
with gastrointestinal bleeding or a concurrent illness, but 
resolve after their resolution [84–87]. Hepatopulmonary 
syndrome [87] and portopulmonary hypertension [84] 
have been reported. PVT occurs in as many as 40% of 
patients with INCPH [91].

Decreased portal perfusion (and therefore relative 
arterialization) likely explains the development of large 
regenerative nodules [87,92]. Concern that such nodules 
may transform into HCC is still unsubstantiated.

INCPH may slowly progress to end‐stage liver disease 
justifying liver transplantation, but available data do not 
permit this risk to be quantified [84–87]. Long‐term fol-
low‐up of these generally young patients may eventually 
show a slow progression of the disease with ageing.

Diagnosis – liver biopsy

A large sample is critical to establish the diagnosis. Most 
specific features include obliterative portal venopathy 
(luminal narrowing or obliteration of small portal venous 
branches accompanied by dense deposits of elastic 
fibres) (Fig. 12.8), an increased number of portal vascular 
channels, dilated portal veins herniating into the sur-
rounding parenchyma (paraportal shunt vessels) 
(Fig. 12.8), sinusoidal dilation (megasinusoids), peripor-
tal/perisinusoidal fibrosis, and regenerative changes of 
hepatocytes [20,89]. Nodular regenerative hyperplasia is 
characterized by widespread micronodular transforma-
tion in the absence of fibrosis (Fig. 12.7). Periportal and 
perisinusoidal fibrosis may form slender fibrous septa-
tions that demarcate the parenchyma into conspicuous 
nodules, an entity called ‘incomplete septal cirrhosis’.

No single test, apart from liver biopsy, can establish a 
diagnosis of INCPH and rule out other causes of portal 
hypertension. Evidence indicating INCPH include the 
absence of risk factors for cirrhosis or other causes of intra-
hepatic portal hypertension, and the presence of marked 
portal hypertension in the absence of liver dysfunction. 
Additional arguments against cirrhosis comprise a pre-
served segment IV [92], a low value for liver stiffness, and a 
hepatic venous pressure gradient below 10 mmHg [93].

Features of INCPH are recognized at liver biopsy in 
patients lacking manifestations of portal hypertension 
[87]. Thus, either a presymptomatic stage or asympto-
matic variants of INCPH exist. The recognition of INCPH 
in patients with EHVPO requires liver biopsy, particularly 
when there are abnormal liver tests or a dysmorphic liver.

Treatment

Evidence is limited. Portal hypertension can be managed 
as in patients with cirrhosis [9,18]. Patients with estab-
lished PVT or underlying prothrombotic conditions 

Fig. 12.11 Liver biopsy ina patient with nodular regenerative 
hyperplasia. (Reticulin, ×150.) There are small hepatic nodules 
(denoted by asterisks) of a size less than the hepatic lobule with 
thickened liver cell plates, surrounded by atrophic plates 
(arrowheads). Nodules are alternating with normal hepatic veins 
in a parenchyma with a still visible lobular architecture, without 
fibrosis. Courtesy of Dr Dominique Cazals‐Hatem, Hôpital Beaujon.

Fig. 12.12 Liver biopsy in a patient with idiopathic non‐cirrhotic 
portal hypertension. (Picrosirius haematoxylin, ×150.) Normal 
portal veins are not visible and are replaced by aberrant 
paraportal veins (pPV), associated with well‐preserved hepatic 
veins (*), without cirrhosis. Courtesy of Dr Dominique Cazals‐
Hatem, Hôpital Beaujon.
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might benefit from long‐term anticoagulation [87]. 
Withdrawal of incriminated toxic agents, when possible, 
is logical.

Outcome and prognosis

Overall, the 7‐year mortality rate is in the order of 15%. 
Causes of death are related to extrahepatic complica-
tions of liver disease (encephalopathy and pulmonary 
vascular complications) and to interaction with associ-
ated disorders [20,84–86].

 Hypoxic hepatitis

Hypoxic hepatitis (or ischaemic hepatitis or shock liver) 
is characterized by anoxic necrosis of centrilobular liver 
cells [94]. Hypoxic hepatitis accounts for 2/1000 admis-
sions to hospital and 2.5/100 admissions to an intensive 
care unit (ICU) [95].

Aetiology

Hypoxic hepatitis generally occurs in the context of an 
underlying condition that chronically exposes the liver to 
some degree of hypoxia (for example, congestive heart 
failure or chronic respiratory failure), combined with a 
triggering event such as arrhythmia, myocardial infarc-
tion, respiratory distress, or circulatory shock, which 
further decrease oxygen supply [94]. About 75% of 
patients have a predisposing acute cardiac event and 25% 
sepsis [95]. Ischaemic heart disease or valvular disease is 
usually present, on which an acute circulatory or respira-
tory event is frequently superimposed.

Pathophysiology

A combination of the following four factors explains cen-
trilobular hypoxia: (1) decreased hepatic blood flow; (2) 
venous congestion; (3) hypoxaemia and anaemia; and (4) 
increased oxygen needs/decreased oxygen utilization, as 
occurs in sepsis [96,97]. Liver cell loss may result from 
reperfusion injury [94]. A prior episode of shock is iden-
tified in only half of patients with hypoxic hepatitis but 
features of systemic hypoperfusion are observed in over 
85% of cases [94,95]. The duration of circulatory failure 
is a major determinant of severity.

Manifestations

Massive and transient increases in serum aminotrans-
ferases and lactic dehydrogenase are conspicuous fea-
tures. Initially, the predominant aminotransferase is 
aspartate aminotransferase (AST). Aminotransferase 

elevation typically peaks on the day after the acute cardi-
ocirculatory or respiratory event. A decrease by more 
than half by 3 days and a return to normal levels within 
1–2 weeks are typical. AST decreases more rapidly than 
ALT. A fall in prothrombin to below 50% occurs in 75% 
of patients, and below 20% in about 15% of patients. 
Fulminant hepatic failure with encephalopathy may 
occur. However, jaundice is rare and peak serum biliru-
bin levels rarely exceed 3 mg/dL (45 µmol/L). Acute and 
reversible kidney injury is common and usually related 
to acute tubular necrosis [98,99].

Diagnosis

Liver biopsy is the gold standard for the demonstration of 
centrilobular necrosis [98] but is rarely required. Other 
lesions reflecting the underlying chronic liver changes 
can also be present in the central area, namely sinusoidal 
dilation, inflammation, and fibrosis [100]. Steatosis and 
periportal inflammation and fibrosis are less common. 
Histopathological features have been replaced by clinical 
criteria. Three criteria must be met for establishing the 
diagnosis: (1) a context of cardiac, respiratory, or circula-
tory failure; (2) a sharp increase in serum aminotrans-
ferase levels above 20 times the upper limit of normal 
values; and (3) the exclusion of other causes of acute liver 
cell necrosis, particularly viral or drug induced [94].

Treatment

There is no specific therapy for hypoxic hepatitis other 
than correction of the disturbances in oxygen delivery, 
using as appropriate volume expansion or depletion, 
oxygenation, and circulatory support. Interestingly, 
ongoing use of statins is associated with a reduced inci-
dence of hypoxic hepatitis in critically ill patients [101].

Outcome and prognosis

The survival rate to discharge from hospital is about 50% 
and the 1‐year survival rate is about 25%, which is lower 
than in control ICU patients not developing hypoxic 
hepatitis. Still, liver failure is generally not the cause of 
death. Survival rates are significantly lower in patients 
with septic shock, acute kidney injury, jaundice, or mark-
edly prolonged INR [94,95].

 Congestive cardiac hepatopathy

Congestive cardiac hepatopathy is characterized by a 
triad of (1) clinical heart failure, (2) abnormal findings at 
clinical, imaging, or laboratory evaluation of the liver, 
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and (3) the exclusion of other causes of liver dysfunction. 
Ischaemic hepatitis may be superimposed on congestive 
cardiac hepatopathy [100].

Aetiology

Dilated cardiomyopathy, cor pulmonale, ischaemic heart 
disease, and constrictive pericarditis account for most of 
the causes [100]. In the last decade, congestive cardiac 
hepatopathy has been increasingly recognized as a late 
consequence of congenital heart disease after surgical 
correction [102]. Aetiological diagnosis is therefore 
based on history and cardiac echography.

Pathophysiology

A permanent increase in central venous pressure is 
transmitted to the IVC and the hepatic veins, the liver, 
and eventually the portal venous system. Sinusoidal 
pressure increases, which explains sinusoidal dilation 
and congestion predominating in the perivenular area, 
and the formation of ascites. Liver plates are atrophic 
in areas of sinusoidal dilation. Still, the portosystemic 
pressure gradient (and hepatic venous pressure gradi-
ent) remains below 5 mmHg [100]. Tricuspid regurgi-
tation translates into a systolic pulsatility of the liver 
and, on Doppler US, of portal venous flow [103]. 
Increased hydrostatic pressure and decreased flow in 
central areas likely induce perisinusoidal fibrosis 
through mechanisms similar to BCS [19]. Thromboses 
of medium‐ and large‐sized hepatic veins are conspic-
uous in patients with advanced congestive heart failure 
[104]. Central‐to‐central bridging fibrosis may suggest 
cirrhosis, but the distribution of lesions is highly het-
erogeneous (Fig.  12.9) [105]. This type of cirrhosis, 
similar to that observed in BCS, differs from primary 
parenchymal disease.

Manifestations

Upper abdominal discomfort, an enlarged liver that can 
be pulsatile, and ascites are the cardinal clinical features 
of decompensated congestive cardiac hepatopathy 
[103]. Eliciting a hepatojugular reflux requires a rigor-
ously performed manoeuvre. Hepatojugular reflux is 
better correlated with wedge pulmonary artery pressure 
than with right atrial pressure [106]. Frank jaundice is 
rare and suggests the presence of another disease. 
Moderate splenomegaly and dilated veins in the abdom-
inal wall as well as slightly dilated oesophageal veins can 
erroneously suggest cirrhosis. These features are merely 
due to elevated central venous pressure. Confusion, 
lethargy, and coma, sometimes with asterixis, are related 
to cerebral anoxia, not to hepatic encephalopathy. Many 

patients with compensated heart failure have no clinical 
manifestations.

In the absence of acute exacerbation of heart failure, 
serum aminotransferases are normal or only mildly 
abnormal. Serum albumin is decreased in about 15–20% 
of patients, in part due to intestinal protein losses. Serum 
bilirubin is increased in about 15–20% of patients and 
gamma‐glutamyl transpeptidase and alkaline phos-
phatase in about 10% [107]. Increased cholestatic tests 
parallel central venous pressure and tricuspid regurgita-
tion [108]. The protein content of ascites is usually 
>25 g/L [103].

Diagnosis

Diagnosis is based on Doppler US showing markedly 
dilated IVC and hepatic veins (Fig.  12.13). MDCT or 
MRI may show an altered perfusion pattern suggestive 
of sinusoidal dilation in a homogeneously enlarged liver. 
There are no portosystemic collaterals but the spleen 
can be moderately enlarged. Hepatic contours are 
smooth and regular in the majority of patients. However, 
with long‐standing heart disease, irregular liver con-
tours and large fibrous bundles can be shown [103]. 
Therefore, differential diagnosis with cirrhosis can be 
difficult.

Liver stiffness is increased, and occasionally to a marked 
degree [109]. Liver stiffness is related to both congestion 
and fibrosis. Stiffness varies with cardiac function in the 
same patient, sometimes within a few days.

Hepatic haemodynamics show elevated central venous 
pressures but a normal hepatic venous pressure gradient 
[100]. Haemodynamic evaluation can be diagnostic for 
constrictive pericarditis.

Liver biopsy can hardly differentiate congestive car-
diac hepatopathy from BCS. Inflammatory infiltrate is 
inconspicuous. Fibrosis predominates in the central 
areas, tending to bridge them in a venocentric cirrhosis 
pattern (Fig.  12.13). Regenerative changes can be pre-
sent. In long‐term survivors of congenital heart disease 
surgery, benign large hypervascular regenerative nod-
ules and rarely hepatocellular carcinoma have been 
described [102]. Centrilobular necrosis corresponds to 
an acute exacerbation of heart failure with a decrease in 
forward flow.

Treatment and prognosis

There is no specific liver‐directed therapy. Prognosis is 
determined by underlying heart disease. MELD score, 
MELD‐XI score (i.e. without INR), and the extent of 
fibrosis (as assessed by liver biopsy) are independent 
prognostic markers for survival [110].
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 Non‐obstructive sinusoidal dilation 
(NOSD) and peliosis

Sinusoidal dilation can be defined as a sinusoidal lumen 
that is more than one liver cell plate wide (Fig.  12.14). 
NOSD implies that the following have been ruled out: (1) 
vascular infiltration by abnormal cells; (2) BCS or con-
gestive heart failure; and (3) sinusoidal obstruction syn-
drome/veno‐occlusive disease (SOS/VOD) [50].

Peliosis is characterized by different‐sized lobular cystic 
blood lakes, randomly distributed throughout the lobule, 

and total rupture of the reticulin fibres, which is not found 
in NOSD. NOSD and peliosis are rare diseases.

Causes

NOSD is associated with conditions detailed in Table 12.3. 
Implicated vascular disorders share a reduced portal per-
fusion [50]. Implicated neoplastic diseases [50], acute or 
chronic infectious diseases [111], and chronic inflamma-
tory conditions associated with NSOD share a marked 
systemic inflammatory state. Antiphospholipid syn-
drome was a common finding in NOSD patients, even in 

the absence of systemic inflammation [112]. In patients 
with acquired immunodeficiency syndrome (AIDS), 
infection with Bartonella hensellae causes so‐called bac-
illary peliosis. Oral contraceptive use could be a concur-
rent factor in patients with inflammatory conditions [50]. 
Androgen steroids mostly cause peliosis. Thiopurine 
derivatives have been incriminated, but in conditions that 
have been independently associated with NOSD. 
Oxaliplatin has been associated with both SOS and 
NOSD [113].

Pathophysiology

IL‐6, Notch1, and/ VEGF pathways are involved in 
NOSD related to portal venous inflow reduction, or neo-
plastic, inflammatory, and infectious diseases. Still, the 
connection between these pathways and sinusoidal dila-
tion remains unknown [50].

(a) (b)

 

Fig. 12.13 (a) CT scan in a patient with the Fontan operation showing enlarged inferior vena cava and hepatic veins. Courtesy of 
Dr Onorina Bruno, Hôpital Beaujon. (b) Liver biopsy in a patient with Fontan operation showing chronic congestive cardiac hepatopathy 
characterized by extensive centrilobular fibrosis around small hepatic veins, some of them obstructed (*); portal areas are well preserved. 
(Picrosirius haematoxylin, ×150.) PV, portal vein. Courtesy of Dr Dominique Cazals‐Hatem, Hôpital Beaujon.

Fig. 12.14 Liver biopsy in a patient with sinusoidal dilation. 
(H & E × 200.) Sinusoids are diffusely enlarged with well‐preserved 
portal veins (PV) and hepatic veins. Courtesy of Dr Dominique 
Cazals‐Hatem, Hôpital Beaujon.
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Manifestations

NOSD is generally asymptomatic. Spontaneous rupture 
of the liver has been exceptionally reported. As a rule, 
NOSD is found at liver biopsy in patients with unex-
plained anomalies of serum transaminases, gamma‐glu-
tamyl transferase, or alkaline phosphatase, in the absence 
of marked liver dysfunction [112]. NOSD is increasingly 
recognized at MDCT or MRI performed for the evalua-
tion of an inflammatory condition [111].

Diagnosis

Liver biopsy has long been the diagnostic standard 
(Fig.  12.14). In the absence of heart failure or BCS, 
MDCT and MRI provide specific information when 
showing a homogeneous liver prior to vascular enhance-
ment, and a so‐called mosaic pattern at the portal and/or 
arterial phase, with a return to a homogeneous liver at 
the later phase (Fig. 12.15) [111].

Treatment and prognosis

NOSD should be considered a benign anomaly satellite 
to underlying conditions. No specific treatment is 
needed. Anecdotal cases suggest a possible transition to 
nodular regenerative hyperplasia. Indeed, most condi-
tions associated with NOSD are also associated with 
nodular regenerative hyperplasia.
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 Introduction

Jaundice

Jaundice refers to the yellow colour of skin and sclera. 
Jaundice and icterus (from the Greek ikteros) are syno
nyms. Jaundice results from the retention of bilirubin, 
the yellow breakdown product of haem.

Bilirubin is formed in the spleen by the action of haem 
oxygenase and biliverdin reductase [1,2]. Haem oxyge
nase converts red haem into green biliverdin and this is 

turned into yellow bilirubin by biliverdin reductase. 
Biliverdin is water soluble and can be excreted into the 
urine; bilirubin is secreted in bile. From an evolutionary 
point of view, it is unclear what the advantage of conver
sion of biliverdin to bilirubin might be. One argument is 
that bilirubin at low concentration acts as an antioxidant 
and may protect against oxidative stress [3]. However, at 
high concentration, free unbound bilirubin can  penetrate 
the brain of neonates and cause kernicterus. In normal 
physiology, there seems to be a delicate balance between 
production and metabolism of bilirubin keeping serum 
bilirubin levels between 15 and 20 µmol/L.

To be secreted into bile, bilirubin needs to be con
verted into water‐soluble bilirubin monoglucuronide 
and diglucuronide, which takes place in the liver through 
the enzyme UDP‐glucuronosyltransferase (UGT1A1) in 
the endoplasmic reticulum of the hepatocyte [4].

The natural turnover of haemoglobin results in a 
 continuous production of bilirubin. Therefore, there is 
always some bilirubin in the circulation. There are 
 various reasons for an individual to become jaundiced. 
Liver disease and obstruction of the bile ducts are major 
causes. Increased production of bilirubin, as in haemoly
sis, can also cause jaundice; in patients with a normal 
liver function, this type of jaundice is mild [5].

Jaundice may occur in acute and chronic liver disease. 
In chronic liver disease, jaundice is a late sign, indicating 
severe parenchymal liver damage. Jaundice caused by 
bile duct obstruction occurs when at least 50% of the bile 
flow is impaired by a common bile duct tumour, benign 
stricture, or stone.

Cholestasis

Cholestasis refers to the consequences of the complete 
or partial cessation of bile flow. The cause usually lies 
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LEARNING POINTS

 ● In adults, jaundice may accompany any liver disease, 
including hepatocellular disease and diseases of the 
biliary tract.

 ● In neonates, prolonged jaundice (>1 week) warrants 
further investigation. Genetic defects of bilirubin con-
jugation, mutations of transport protein‐encoding 
genes, or developmental disorders of the biliary tract 
should be considered.

 ● Differentiation of serum bilirubin into conjugated 
(direct‐reacting) and unconjugated (indirect‐reacting) 
bilirubin is a simple test to differentiate haemolytic 
from cholestatic jaundice.

 ● Sudden development of jaundice is an urgent indication 
for diagnostic intervention, as it may indicate the pres-
ence of a malignancy or development of hepatic failure.

 ● In chronic liver disease, in particular chronic choles-
tatic liver disease, jaundice may be an indication of 
development or presence of cirrhosis.

 ● Since no definite single therapy is available for choles-
tatic pruritus, a stepwise medical trial approach is 
recommended.
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downstream in the biliary tree but the resulting stasis of 
bile and its constituents affects the entire liver, in par
ticular its secretory function. Products such as conju
gated bilirubin and bile salts that cannot be secreted in 
bile, reflux back to the blood.

Classification of jaundice

Jaundice is classified into three types: prehepatic, hepatic, 
and posthepatic (cholestatic) (Fig. 13.1). There is much 
overlap, particularly between the hepatic and cholestatic 
varieties.

Prehepatic
This may be due to an increased load of bilirubin arriving 
at the liver, as in haemolysis, or diminished hepatic 
capacity for conjugation of bilirubin, as in Gilbert and 
Crigler–Najjar syndromes. The circulating serum biliru
bin is largely unconjugated and serum transaminases 
and alkaline phosphatase are normal. Thus there is an 
isolated hyperbilirubinaemia. Unconjugated bilirubin in 

the circulation is firmly bound to albumin and cannot be 
excreted in urine.

Hepatic
Hepatocyte damage results in reduced efficiency of bili
rubin excretion into bile; conjugation is often preserved. 
Water‐soluble conjugated bilirubin refluxes into the cir
culation and is excreted in urine. Serum biochemistry 
shows an increase in hepatic enzymes according to the 
underlying cause.

Posthepatic/cholestatic
This is due to failure of adequate amounts of bile to 
reach the duodenum, either through a specific failure of 
canalicular secretion or by physical obstruction to bile 
flow at any level. The serum shows increases in conju
gated bilirubin, alkaline phosphatase, γ‐glutamyl trans
peptidase (γ‐GT), total cholesterol, and conjugated bile 
salts. Lack of bile salts in bile may cause steatorrhoea 
and malabsorption of calcium and the fat‐soluble 
 vitamins A, D, E, and K.

TYPE

Pre-
hepatic

Hepatic

Cholestatic

CAUSE

Bilirubin load
Haemolysis

Haemoglobin

Bilirubin

Uptake
– Hepatitis
 • Viral
 • Drug
 • Alcohol
– Inherited

Canaliculus

Ductule

Bile
duct

Pancreas

Conjugation
Transport

Gallbladder

Conjugation
– Gilbert, Crigler–Najjar

Canalicular secretion
– Cholestatic hepatitis
– Drugs
– Sex hormones
– Inherited

Ductular disease
– Primary biliary cholangitis
– Primary sclerosing
   cholangitis
– IgG4 cholangiopathy

Bile duct obstruction
– Gallstone
– Cancer of bile duct
   or pancreas

Fig. 13.1 Classification of jaundice into 
pre‐hepatic, hepatic, and post‐hepatic 
causes.
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 Mechanics of bile formation

Secretion of bile

In humans, around 600 mL of bile is produced each day 
(see ‘Canalicular secretion’ later). The main constituents 
are water, electrolytes, bile salts, cholesterol, phospholip
ids, bilirubin, and proteins. Bile is an important route for 
excretion of drugs and drug metabolites.

Bile formation is driven by energy‐dependent trans
port processes in the canalicular membrane of the 
hepatocyte. Uptake from blood to liver is energy 
 independent as it follows a concentration gradient with 
free concentrations kept low in hepatocytes by binding 

proteins. Subsequently, solutes absorbed from the circu
lation are modified in hepatocytes by the metabolic 
enzymes of the cytochrome P‐450 (CYP) and UDP‐glu
curonyltranferase (UGT) enzyme systems. Bilirubin is 
converted by UGT in the endoplasmic reticulum to 
 bilirubin mono‐ and diglucuronide [4]. Bile salts are 
 conjugated to glycine and taurine conjugates by bile 
acid‐CoA : N‐acyltransferase in organelles called peroxi
somes [6]. Conjugated bilirubin, conjugated bile salts, 
cholesterol, phospholipids, electrolytes, and water are 
secreted by the liver cells into the canaliculus. The bile 
secretory apparatus comprises the canalicular mem
brane with its carrier proteins. The cytoskeleton of the 
hepatocyte (Fig.  13.2a) is instrumental in maintaining 

N NC
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Microtubule
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(a)
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salts
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Na+/K+
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Na+

Organic anions
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Bile saltsb3Na+

2K+
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Fig. 13.2 (a) Organization of the cytoskeleton of the hepatocyte. C, bile canaliculus; N, nucleus. (b) Hepatic uptake and secretion of 
organic anions and cations. NTCP, sodium taurocholate co‐transporter polypeptide; OATP, organic anion transporter proteins; OCT, 
organic cation transporter; BSEP, bile salt export pump; MDR3 and MDR1, multiple drug resistance proteins 3 and 1; MRP2, multidrug 
resistance protein 2; ABC G5/G8, ATP‐binding cassette G5/G8. aConjugated and unconjugated bilirubin; bunconjugated bile salts.
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the polarity of hepatocytes with uptake proteins at 
the basolateral membrane and secretory proteins at the 
canalicular membrane. During cholestasis, this polar
ized organization changes as active transport proteins 
become expressed at the basolateral domain transport
ing solutes from liver to blood (reverse transport). These 
changes are cytoprotective to the hepatocyte.

Sinusoidal uptake

Bile formation requires the uptake of bile salts and other 
organic and inorganic ions from plasma across the 
 basolateral (sinusoidal) membrane, transport through the 
hepatocyte, and excretion across the canalicular mem
brane (Fig. 13.2b). Na+/K+‐ATPase, located in the basolat
eral membrane, exchanges three intracellular sodium ions 
for two extracellular potassium ions, thus maintaining the 
sodium (high outside, low inside) and potassium (low out
side, high inside) gradients despite an influx of Na+ ions 
together with organic anions. In addition, because of the 
imbalance of electrical exchange, the cell interior is nega
tively charged (−35 mV) compared with the exterior, 
favouring uptake of positively charged ions and excretion 
of those with a negative charge. Maintenance of the elec
trical balance makes net Na+ extrusion necessary.

The outside‐to‐inside sodium gradient drives the Na+‐
dependent taurocholate cotransporter protein (NTCP), 
which internalizes plasma bile salts conjugated with tau
rine or glycine. Other organic anion transporter proteins 
(OATP1B1 and OATP1B3) are Na + independent and 
carry a large number of negatively charged organic mole
cules such as drugs, bilirubin conjugates, thyroid and ster
oid hormones, and unconjugated bile salts. Unconjugated 
bilirubin can enter hepatocytes both by passive diffusion 
and by OATP‐mediated transport. There are also organic 
cation transporters (OCTs). An overview of hepatic trans
porters is given in Table 13.1. Many of these proteins show 
overlapping substrate specificity as they support the trans
port of bilirubin, bile salts, and hormones in addition to 
drugs. NTCP and BSEP (bile salt export proteins in the 
canalicular membrane) are exceptions. These proteins 
seem to support the transport of bile salts only.

Intracellular binding proteins (e.g. ligandin) function to 
reduce the free intracellular concentration of bilirubin 
and bile salts so that a concentration gradient (high out
side, low inside) is maintained, driving inward transport.

A genetic polymorphism of OATP1B1 has been 
reported that affects the transport of statins into the 
liver. Patients with this polymorphism are at risk of 
developing myopathy when treated with statins [7]. 
Inactivating mutations of both OATP1B1 and OATP1B3 
underlie Rotor syndrome (see later), a rare condition 
characterized by mild jaundice caused by conjugated and 
unconjugated bilirubin [8].

Bile salt synthesis

The human liver synthesizes the primary bile 
salts – cholic acid (3α,7α,12α‐trihydroxycholanoic acid), 
chenodeoxycholic acid (3α,7α‐dihydroxycholanoic acid) 
and a little (1%) ursodeoxycholic acid, the 7β isomer of 
chenodeoxycholic acid (see Chapter 2). Their dehydrox
ylation by bacteria in the intestine produces deoxycholic 
acid (3α,12α‐dihydroxy‐) and lithocholic acid (3α‐
hydroxy‐), known as secondary bile salts. The liver con
jugates both primary and secondary bile salts with either 
glycine or taurine [9]. Bile salts circulate from the liver to 
intestine and back about 6–10 times per day. About 5% 
of bile salts per cycle are replaced by de novo hepatic syn
thesis to compensate for their loss in faeces.

Provided that the bile salt loss in faeces does not exceed 
20%, a constant bile salt pool size is sustained. This is 
through feedback regulation of de novo bile salt synthesis 
by the farnesoid X receptor (FXR) and by feedback regu
lation by a peptide (FGF‐19), synthesized in the ileum 
after binding of bile salts to FXR [10]. Protection against 
the potentially severe toxicity of lithocholic acid is 
 coordinated by the pregnane X receptor, which has the 
potential to switch on all the genes required for its safe 
metabolism and elimination, including hydroxylation by 
cytochrome P450 3A, sulphation by sulphotransferase 
(SULT2A1), and transporter‐promoted excretion in 
 faeces [11].

Canalicular secretion

Energy‐dependent transport across the canalicular 
membrane from hepatocyte to bile is mediated by a 
number of canalicular transport proteins (Fig.  13.2b) 
(see also Table  13.1). They have a similar molecular 
structure and are called ABC transporters (ATP binding 
cassette transport proteins). As the name implies, they 
are ATP dependent and support active ‘uphill’ transport. 
BSEP (gene called ABCB11), the bile salt export pump, 
transports conjugated bile salts; MRP2 (ABCC2), also 
known as cMOAT (canalicular multispecific organic 
anion transporter), transports a multitude of organic 
anions including bilirubin mono and diglucuronide [12]; 
MDR3 (ABCB4) ‘flips’ phosphatidylcholine from the 
inner leaflet of the canalicular membrane to the outer, 
bile canaliculus‐facing leaflet [13]. Phosphatidylcholine 
is dissolved from the outer leaflet and packed into mixed 
micelles by bile salts. Cholesterol transport is mediated 
by ABCG5/G8, a transporter acting as a heterodimer. 
MDR1 (ABCB1) transports a number of chemothera
peutic agents.

The expression of canalicular and basolateral trans
port proteins is controlled by nuclear hormone recep
tors. These receptors are activated by binding of ligands 

  Table 13.1    Transporters involved in transport of bilirubin, bile salts and phospholipid and the formation of bile 

Cell surface membrane Official name Other name Substrate Nuclear receptor Related disease Notes    

Sinusoidal, hepatocyte OATP1B1 SLCO1B1 Bilirubin U/C    b    FXR Rotor syndrome Into hepatocyte  
OATP1B3 SLCO1B3 Bilirubin U/C    b    FXR Rotor syndrome In  
NTCP SLC10A1 Bile salts FXR Hypercholanaemia In  
OCT1 SLC22A1 Organic cations In  
ABC C3    a    MRP3 Bilirubin C    b    PXR Out  
ABC C4    a    MRP4  Cyclic nucleotides 

 Anti‐retrovirals 
 Bile salt sulphates 

PXR, FXR Out  

OST‐ α / β     a    Bile salts FXR Out  
Canalicular, hepatocyte ABC B11 BSEP Bile salts FXR  PFIC 2 

 BRIC 2 
 ICP/DILI 

GGT low or 
normal  

ABC C2  MRP2 
 (cMOAT) 

 Organic anions 
 Bilirubin C    b     

PXR, CAR Dubin–Johnson 
syndrome

Coproporphyrin  

ATP8B1 FIC1 Aminophospholipid translocase (out to in)  PFIC 1 
 BRIC 1 
 ICP 

 GGT normal 
 Impaired hearing 
 Meconium ileus   

ABC B4 MDR3 Phosphatidylcholine flippase (in to out) PPAR α  PFIC 3 
 LPAC 
 ICP 

Raised GGT  

ABC G5/G8 Cholesterol FXR Sitosterolaemia   
ABC B1 MDR1 Chemotherapeutic drugs PXR   

Apical, cholangiocyte CFTR Chloride, bicarbonate Cystic fibrosis   
Apical, ileum ASBT SLC10A2 Bile salts FXR Bile salt diarrhoea   
Basolateral, ileum OST‐ α / β     a    Bile salts FXR

  ABC, ATP‐binding cassette protein; ASBT, apical sodium‐dependent bile salt transporter; BRIC, benign recurrent intrahepatic cholestasis; BSEP, bile salt export pump; CAR, constitutional 
androgen receptor; CFTR, cystic fibrosis transport regulator; cMOAT, canalicular multispecific organic anion transporter; DILI, drug‐induced liver injury; FIC, familial intrahepatic cholestasis; 
FXR, farnesoid X receptor; ICP, intrahepatic cholestasis of pregnancy; LPAC, low phospholipid‐associated cholelithiasis; MDR, multidrug resistance; MRP, multidrug resistance protein family; 
NTCP, Na taurocholate co‐transporting protein; OATP, organic anion transport protein; OCT, organic cation transporter; OST, organic solute transporter; PFIC, progressive familial 
intrahepatic cholestasis; PPAR α , peroxisome proliferator‐activated receptor alpha; PXR, pregnane X receptor; SLC, solute carrier organic anion transporter family. 
  a    Only expressed when there is cholestasis. 
   b     Bilirubin: U, unconjugated; C, conjugated.  



Chapter No.: 1 Title Name: Dooley c13.indd
Comp. by: R. RAMESH Date: 02 May 2018 Time: 02:32:03 PM Stage: Printer WorkFlow:<WORKFLOW> Page Number: 235

  Table 13.1    Transporters involved in transport of bilirubin, bile salts and phospholipid and the formation of bile 

Cell surface membrane Official name Other name Substrate Nuclear receptor Related disease Notes    

Sinusoidal, hepatocyte OATP1B1 SLCO1B1 Bilirubin U/C    b    FXR Rotor syndrome Into hepatocyte  
OATP1B3 SLCO1B3 Bilirubin U/C    b    FXR Rotor syndrome In  
NTCP SLC10A1 Bile salts FXR Hypercholanaemia In  
OCT1 SLC22A1 Organic cations In  
ABC C3    a    MRP3 Bilirubin C    b    PXR Out  
ABC C4    a    MRP4  Cyclic nucleotides 

 Anti‐retrovirals 
 Bile salt sulphates 

PXR, FXR Out  

OST‐ α / β     a    Bile salts FXR Out  
Canalicular, hepatocyte ABC B11 BSEP Bile salts FXR  PFIC 2 

 BRIC 2 
 ICP/DILI 

GGT low or 
normal  

ABC C2  MRP2 
 (cMOAT) 

 Organic anions 
 Bilirubin C    b     

PXR, CAR Dubin–Johnson 
syndrome

Coproporphyrin  

ATP8B1 FIC1 Aminophospholipid translocase (out to in)  PFIC 1 
 BRIC 1 
 ICP 

 GGT normal 
 Impaired hearing 
 Meconium ileus   

ABC B4 MDR3 Phosphatidylcholine flippase (in to out) PPAR α  PFIC 3 
 LPAC 
 ICP 

Raised GGT  

ABC G5/G8 Cholesterol FXR Sitosterolaemia   
ABC B1 MDR1 Chemotherapeutic drugs PXR   

Apical, cholangiocyte CFTR Chloride, bicarbonate Cystic fibrosis   
Apical, ileum ASBT SLC10A2 Bile salts FXR Bile salt diarrhoea   
Basolateral, ileum OST‐ α / β     a    Bile salts FXR

  ABC, ATP‐binding cassette protein; ASBT, apical sodium‐dependent bile salt transporter; BRIC, benign recurrent intrahepatic cholestasis; BSEP, bile salt export pump; CAR, constitutional 
androgen receptor; CFTR, cystic fibrosis transport regulator; cMOAT, canalicular multispecific organic anion transporter; DILI, drug‐induced liver injury; FIC, familial intrahepatic cholestasis; 
FXR, farnesoid X receptor; ICP, intrahepatic cholestasis of pregnancy; LPAC, low phospholipid‐associated cholelithiasis; MDR, multidrug resistance; MRP, multidrug resistance protein family; 
NTCP, Na taurocholate co‐transporting protein; OATP, organic anion transport protein; OCT, organic cation transporter; OST, organic solute transporter; PFIC, progressive familial 
intrahepatic cholestasis; PPAR α , peroxisome proliferator‐activated receptor alpha; PXR, pregnane X receptor; SLC, solute carrier organic anion transporter family. 
  a    Only expressed when there is cholestasis. 
   b     Bilirubin: U, unconjugated; C, conjugated.  
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and act as transcriptional regulators. They include FXR, 
the pregnane X receptor (PXR), the constitutive andros
tane X receptor (CAR), and the peroxisome proliferator‐
activated receptors, the PPARs.

Ligands for these nuclear hormone receptors include 
the following:

 ● Bile salts and bile salt analogues such as obeticholic 
acid (6‐ethylchenodeoxycholic acid) are FXR agonists 
that increase the expression of BSEP and reduce the 
expression of NTCP.

 ● Rifampicin and corticosteroids bind and activate the 
pregnane X receptor (PXR).

 ● Phenobarbital binds the constitutional androgen 
receptor (CAR). Both CAR and PXR increase MRP2 
(cMOAT) expression and also enzymes of the CYP 
system, glucuronidation, and sulphation enzymes [14].

 ● Fibrates are peroxisome proliferator‐activated receptor 
alpha (PPARα) agonists that increase the expression of 
the phosphatidylcholine translocator MDR3 [15].

These drugs are increasingly used in the treatment of 
cholestatic and metabolic liver disease.

Bile flow

ABC transporter‐mediated efflux of organic anions is 
the main driver of bile flow. In addition, bile flow is sup
ported by the aquaporin‐mediated transcellular flow of 
water [16]. There is also flow of water and electrolytes 
across intercellular tight junctions (paracellular flow) in 
response to osmotic gradients between canalicular bile 
and intercellular fluid [17].

Canaliculi empty their bile into ductules that connect 
with interlobular bile ducts. These are the first bile chan
nels to be accompanied by a branch of the hepatic artery 
and portal vein to form the triad that is characteristically 
found in portal tracts. Canaliculi are part of a vast inter
connecting network of small, ~1–2 µm wide, channels 
(smaller than the size of ~12 µm hepatocytes) (Fig. 13.3).
Canaliculi are surrounded by two adjacent hepatocytes, 

Topology of the Biliary Tree
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network

10 μm –100 μm
Interlobular
bile ducts

>1000 μm
Large and

Common bile ducts

Normal Cholestatic
Dilation
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Ramification and Corrugation

Fig. 13.3 Hepatic canalicular and ductal networks and changes in cholestasis. Top right panel: 3D‐confocal z‐stacks of mouse bile 
canaliculi stained with anti‐DPP4 (green) show their dilation after bile duct ligation (BDL). Source: Amruta Damle‐Vartak 2016, unpublished 
data. Reproduced with permission. Middle: 3D‐confocal z‐stacks of mouse bile ducts stained with anti‐KRT19 (yellow) show extensive 
ramification and surface corrugation post‐BDL. Source: Vartak et al. 2016 [18]. Reproduced with permission of John Wiley & Sons. Bottom: 
ultrasonography of the large and common bile ducts show their dilation in a cholestatic patient. Source: Dr Taco Geertsma 2016, http://
ultrasoundcases.info/. Reproduced with permission.
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connected together by tight junctions. During cholesta
sis, the ductules and ducts show profound changes of 
morphology with branching and elongation of the ducts 
and corrugation of the cholangiocyte surface, which 
increases their cell surface area [18] (Fig. 13.3). Small and 
large cholangiocytes with different properties line the 
bile ductules and ducts. They contribute a further 150 mL 
of bicarbonate‐rich fluid per day [19,20]. This is medi
ated by secretion of bicarbonate and water. Bicarbonate 
secretion depends on the presence of the cystic fibrosis 
transmembrane conductance  regulator (CFTR) and a 
bicarbonate/chloride exchange protein, the driver being 
ATP‐dependent CFTR‐mediated secretion of chloride 
and bicarbonate.

The passage of conjugated bile salts into the bile cana
liculus drives the so‐called bile salt‐dependent bile flow. 
Bile salts in bile are in the millimolar concentration 
range, about 100 times higher than in the circulation. 
Water follows the osmotically active bile salts and there 
is a close relationship between bile flow and bile salt 
secretion.

When bile flow is graphically plotted against bile salt 
secretion, bile salt‐independent flow is the value obtained 
when bile salt excretion is extrapolated to zero. In this 
case, other osmotically active solutes, organic anions 
such as glutathione, secreted by MRP2, and bicarbonate, 
secreted in the bile ductules, support the bile salt‐inde
pendent bile flow.

Total bile flow in humans is about 600 mL/day. The 
bile salt‐dependent and ‐independent bile flow each con
tribute about 225 mL/day and bicarbonate secretion 
about 150 mL/day.

When canalicular transport fails because of obstruc
tion of bile flow or reduced expression of the transport 
proteins, active ATP‐driven ‘reverse’ transporters MRP3 
and MRP4 become expressed at the basolateral mem
brane of hepatocytes. MRP3 mediates reverse transport 
of bilirubin conjugates and MRP4 transports cyclic 
nucleotides, antiretroviral agents, and bile salt sulphates 
from liver to blood [21]. In addition, the organic solute 
transporter OST‐α/β is expressed. This is not an active 
transporter but serves to remove an excess of bile salts 
from hepatocytes.

Bile ductules

The bile ductules represent a vast network in the liver 
connecting the canalicular network with the bile ducts 
downstream in the biliary tree.

Bile duct epithelial cells (cholangiocytes) secrete 
chloride ions mediated by CFTR. CFTR supports duct
ular bicarbonate secretion either directly or indirectly 
by stimulating the chloride–bicarbonate exchanger. 
Bicarbonate makes bile more alkaline and prevents the 

diffusion of the negatively charged bile salts through 
the membranes of bile duct epithelial cells [22]. 
Bicarbonate secretion is under the control of hormones 
such as secretin and somatostatin. Interaction of secre
tin with its receptor increases intracellular cyclic AMP 
synthesis and activates protein kinase A (PKA), which 
activates CFTR. Interaction of somatostatin with its 
receptor (SSTR2) at the basolateral surface of large 
cholangiocytes depresses cyclic AMP synthesis, a 
reversal of the above [20]. Bombesin and vasoactive 
intestinal peptide (VIP) increase bile flow through 
 stimulation of the chloride–bicarbonate exchanger. 
Gastrin, insulin, and endothelin inhibit secretin‐
induced bicarbonate‐rich choleresis. Acetylcholine 
increases basal‐ and secretin‐stimulated bicarbonate 
secretion. Secretin also triggers the insertion of aqua
porin 1 into the apical membrane of the cholangiocyte 
and this facilitates transport of water into bile. 
Aquaporin 4, in the basolateral membrane, subserves 
entry of water into the cell [23].

In cystic fibrosis, CFTR does not function properly 
and therefore both chloride and bicarbonate secretion 
are impaired. In a subset of children with cystic fibrosis, 
this leads to cholestatic liver disease [24]. Since CFTR is 
widely expressed, cystic fibrosis is a multiorgan disease 
affecting the lungs, the sweat glands, the pancreas, and 
the intestine.

Ursodeoxycholate is an effective drug in the treatment 
of primary biliary cholangitis (see Chapter  17). 
Ursodeoxycholic acid and its modified homologue 24‐
nor‐ursodeoxycholic acid have a pKa that is sufficiently 
high to allow them to exist within bile in their non‐ionized 
(protonated) state; hence they may be reabsorbed across 
the biliary epithelium by non‐ionic diffusion. This ‘chole
hepatic shunting’ establishes a ‘cholehepatic circulation’ 
that explains the choleretic effect and high biliary bicarbo
nate secretion associated with ursodeoxycholic acid and 
nor‐bile salts [25]. Decreased bicarbonate secretion has 
been postulated to be a primary event in PBC. This may 
contribute to bile salt‐induced injury of bile ducts and sur
rounding stroma. Nor‐ursodeoxycholic acid is a recent 
drug that increases bicarbonate secretion [26].

Cholecystokinin (CCK) stimulates gallbladder con
traction and under normal physiological conditions this 
occurs after a meal when CCK is released from the intes
tine. Bile is concentrated in the gallbladder mainly by the 
absorption of water through water channels called 
aquaporins.

Enterohepatic circulation

Gallbladder contraction after a meal causes the release 
of bile salts into the intestine and this helps lipase from 
the pancreas to digest lipids in the intestine that as 
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 mono‐and diglycerides can be absorbed. Lipids are an 
important source of calories in our nutrition. In the ileum, 
95% of the entire circulating bile salt pool is reabsorbed 
and transported back to the liver. Bile salt transport in the 
ileum is mediated by the apical sodium‐dependent bile 
salt transporter ASBT [27].

 Syndrome of cholestasis

Cholestasis is impaired formation or flow of bile. It may 
be due to inherited transporter defects or, more often, 
disease of the bile ducts or liver. The defect or disease 
can occur at any level between the basolateral (sinusoi
dal) membrane of the hepatocyte and the ampulla of 
Vater. Morphologically, cholestasis is recognized from 
accumulation of biliary constituents in liver cells and bil
iary passages.

Clinically, cholestasis results in retention in the blood 
of substances normally excreted in bile typically with 
elevated levels of serum alkaline phosphatase (biliary 
isoenzyme), γ‐GT, and cholesterol. Itching (pruritus) is 
the most typical symptom but is not always present. 
Patients may or may not be jaundiced. This depends on 
the completeness of the failure of bile production or the 
obstruction to bile flow. Bilirubin darkens the urine. 
Lack of sufficient bile salts for micellar solubilization of 
the products of intestinal fat digestion causes light‐col
oured stool and steatorrhoea, and may result in deficien
cies of the fat‐soluble vitamins A, D, E, and K, which 
cannot be absorbed in the absence of bile salts.

The classification into hepatic and cholestatic causes 
of jaundice described earlier is somewhat artificial. 
When cholestasis lasts long enough, hepatic parenchy
mal disease follows. Although the primary cause of the 
majority of chronic cholestatic liver diseases is ‘down
stream’ in the bile ducts, the liver parenchyma eventually 
suffers from accumulation of toxic bile salts [28]. Looked 
at in this way, one can see that ‘upstream events’ follow 
‘downstream’ injury. Similarly, the genetic or acquired 
inability to secrete phospholipids at the hepatocanalicu
lar level causes the formation of toxic bile with bile salts 
in excess over phospholipids. Eventually, this causes bile 
duct injury. Here ‘downstream’ injury follows an 
‘upstream’ defect. This concept is shown in Fig. 13.4.

Long‐standing bile duct injury is followed by paren
chymal liver disease such as in secondary biliary cirrho
sis, PBC, and primary sclerosing cholangitis (PSC). It is 
clear that in secondary biliary cirrhosis, bile duct injury 
is first. Perhaps less clear, but nevertheless very likely, is 
that in PBC and PSC the process is similar, with bile duct 
injury preceding liver cirrhosis. Immune‐mediated or 
toxic bile duct injury (larger bile ducts in PSC; bile duct
ules in PBC) underlies the parenchymal liver disease that 

follows. This injury of the liver parenchyma is, to an 
extent, caused by the accumulation of bile salts. 
Experimental evidence indicates that bile salts at con
centrations in the 50–200 µmol/L range cause apoptosis, 
at ~200 µmol/L bile salts are proinflammatory, and at 
higher concentrations they cause necrosis and act as 
detergents. During severe cholestasis, bile salts in serum 
reach concentrations of ~200 µmol/L. This is high 
enough to cause harm to hepatocytes but the bile salt 
concentration in the canalicular and ductular networks 
is in the millimolar range, at which concentration bile 
salts act as detergents and are extremely toxic to the liver 
parenchyma. Disruption of the canalicular or ductular 
networks would cause severe liver toxicity. It is likely that 
this occurs in chronic cholestatic liver diseases. Bile 
infarcts seen in these diseases result from bile leakage. 
Moreover, the so‐called ‘feathery degeneration’ of hepat
ocytes, observed under the microscope, is a sign of bile 
salt toxicity. At higher magnification, and using special 
techniques (confocal laser scanning microscopy and flu
orescent bile salt analogues), one sees vesicular reverse 
transport of bile through hepatocytes and ‘blown‐out’ 
hepatocytes, allowing leakage of bile from the canalicu
lar network to the circulation.

Cholestatic liver diseases often run prolonged courses 
with years of mild cholestasis before the development of 
liver cirrhosis. Adaptation of hepatocytes to increased bile 
salt concentrations may underlie the chronic nature of 
these diseases. Cytoprotective mechanisms caused by bile 
salt activation of FXR and PXR may be responsible for this.

In the normal situation, FXR in the ileum is activated 
by bile salts in the enterohepatic circulation. This 
 activation stimulates the production of a protein called 
FGF19 (fibroblast growth factor 19). This protein circu
lates from the ileum to the liver, where it causes the 

• Volume increase of canalicular network
• Adaptive protection of hepatocytes
• Bile infarcts, bile leakage
• Activation of Kupffer cells and hepatic stellate cells
• Cirrhosis

Upstream events

Downstream injury

Toxic bile
(LPAC, DILI)

• Immune mediated or toxic injury of bile duct(ule)s
• Re-modeling of ductal network
• Periductal fibrosis

Cholestasis
– Biliary pressure
– Other signals
(PSC, PBC)

Fig. 13.4 Downstream bile duct injury precedes upstream liver 
injury and failure.
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downregulation of CYP7A1, the rate‐limiting enzyme of 
bile salt synthesis [29]. In humans, during cholestasis 
FGF19 is produced in the liver and then acts to protect 
the liver parenchyma by reducing the production of bile 
salts, reducing the uptake of bile salts by downregulating 
the expression of NTCP, and stimulating the efflux of 
bile salts by enhancing the expression of the basolateral 
transport proteins, MRP3, MRP4, and OST‐α/β [30].

 Causes of isolated 
hyperbilirubinaemia

Isolated hyperbilirubinaemia in prehepatic jaundice is 
caused by overproduction of bilirubin, reduced uptake of 
bilrubin into the liver, or reduced conjugation of biliru
bin. Overproduction (haemolysis) and decreased conju
gation lead to an increase in unconjugated bilirubin 
(‘indirect’ bilirubin) in serum. Decreased uptake leads to 
a combination of both unconjugated and conjugated 
hyperbilirubinaemia (‘direct’ bilirubin) (for the mecha
nism, see ‘Rotor syndrome’ later). Impaired conjugation 
as in Gilbert and Crigler–Najjar syndromes leads to 
unconjugated hyperbilirubinaemia.

In hepatic and posthepatic (cholestatic) jaundice, the 
hepatic secretion of bilirubin is impaired and the liver 
enzymes are elevated; bilirubin in the circulation is 
mainly conjugated.

The terms ‘indirect’ and ‘direct’ are concerned with the 
laboratory detection of bilirubin in the diazo reaction. 
Unconjugated bilirubin reacts with the diazo reagent 
only in the presence of an accelerator (hence ‘indirect’) 
whereas conjugated bilirubin does not need an accelera
tor (reacts ‘direct’ with the diazo reagent). The ‘direct’ 
and ‘indirect’ diazo reactions are not entirely specific; 
some unconjugated bilirubin may test ‘direct’. This is why 
‘direct’ and ‘indirect’ bilirubin testing lost popularity and 
has been replaced by ‘total bilirubin’. This is unfortunate, 
since a reliable test for conjugated bilirubin provides a 
simple test for the secretory function of the liver.

Bilirubin overproduction

Although the liver has a considerable capacity to conju
gate and secrete bilirubin, serum bilirubin levels increase 
when there is increased breakdown of haem. This break
down mainly occurs in the spleen. Bilirubin bound to 
albumin is transported to the liver via the blood. The 
hepatocyte is able to remove bilirubin from albumin. 
Bilirubin is then taken up in the liver and albumin stays 
in the circulation. Inside hepatocytes, bilirubin is bound 
to a protein called ligandin [31]. When unconjugated 
bilirubin in the circulation is increased, it is also 
increased in hepatocytes; these two compartments are 

in equilibrium. This is why serum bilirubin is increased 
during haemolysis despite the abundant capacity of the 
liver to conjugate and secrete bilirubin [5].

In acute haemolysis, prehepatic jaundice may occur. 
This happens, for example, after transfusion of incom
patible blood. In chronic haemolysis, as in one of the 
inherited haemoglobinopathies, serum unconjugated 
bilirubin levels may also be elevated [32]. Neonatal 
 jaundice is a form of prehepatic jaundice caused by the 
combination of rapid breakdown of fetal haemoglobin 
and immaturity of transport systems in the liver [33].

Sickle cell anaemia is a widespread haemoglobin 
 disorder. Because of abnormal haemoglobin (HbS), eryth
rocytes are degraded and this is aggravated when there is 
a low oxygen saturation (sickle cell crises). Jaundice in 
sickle cell anaemia and some other haemoglobin disorders 
is caused by a combination of increased degradation of 
abnormal haem and enhanced breakdown of erythrocytes 
in the spleen because of splenomegaly. Serum bilirubin 
levels fall after splenectomy [34].

Inherited haemoglobinopathies such as sickle cell 
 disease, α‐ and β‐thalassaemia and glucose‐6‐phosphate 
dehydrogenase deficiency are particularly prevalent in 
Mediterranean countries, the Middle East, sub‐Saharan 
Africa, central India and areas in the New World 
(Caribbean, Brazil), into which countries these traits 
were introduced by the slave trade in the nineteenth 
 century [32].

Biochemical parameters of increased turnover of 
 haemoglobin are a raised reticulocyte count, decreased 
haptoglobin and increased ‘indirect’ bilirubin. Serum 
lactate dehydrogenase (LDH) is also elevated.

Disorders of bilirubin conjugation

Gilbert syndrome
Gilbert syndrome is characterized by mild jaundice 
(serum bilirubin typically between 20 and 60 µmol/L) 
and is caused by a reduced activity of the bilirubin‐
conjugating enzyme UGT, genetically encoded by the 
UGT1A1 gene [35,36]. The UGT1A1 gene variant 
 causing Gilbert syndrome occurs in about 16% of the 
population. Gilbert syndrome is an autosomal recessive 
disease. Clinical jaundice occurs only when both 
UGT1A1 alleles are affected. This genotype is present in 
about 6% of the population.

The underlying defect is either a mutation in one of the 
five exons of the UGT1A1 gene [37] or a gene variant 
with an extra TA element in the so‐called TATA box in 
the promoter region of the UGT1A1 gene (TA 6/6 in 
controls vs TA 7/7 in Gilbert syndrome) [35] (Fig. 13.5). 
This variant is also called UGT1A1*28. Structural muta
tions in the coding region of UGT1A1 (e.g. G71R) as a 
cause of Gilbert syndrome are more prevalent in Japan, 
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China, and Korea [38], and the TA 7/7 genotype more in 
the Western world [35,36]. Typically in Gilbert syn
drome, the UGT1A1 enzyme activity is ~30% of normal. 
After fasting, serum bilirubin levels in patients with 
Gilbert syndrome increase by about 7–10 µmol/L [39].

The combination of a haemoglobin disorder (sickle cell 
anaemia, thalassaemia) and Gilbert syndrome can give 
rise to more severe jaundice. Most patients with Gilbert 
syndrome have no symptoms. Some complain of fatigue.

Crigler–Najjar syndrome
Crigler–Najjar syndrome is the most severe bilirubin 
conjugation defect. It is caused by structural mutations 
in the coding region of the UGT1A1 gene (Fig. 13.5) [40]. 
In most patients in the Amish and Mennonite communi
ties of Pennsylvania, the mutation is in exon 1; in other 
parts of the world, the mutation can be anywhere in one 
of the five exons [41].

Patients have high serum levels of ‘indirect’ unconju
gated bilirubin (100–800 µmol/L). Instead of differen
tiating Crigler–Najjar syndrome into type 2 and type 1, 
the terms phenobarbital‐responsive and phenobarbital‐
unresponsive Crigler–Najjar syndrome are more to 

the  point. In phenobarbital‐responsive Crigler–Najjar 
 syndrome, serum bilirubin levels typically are between 
100 and 340 µmol/L and in phenobarbital‐unresponsive 
Crigler–Najjar syndrome between 400 and 800 µmol/L. 
The disease manifests itself after birth by prolonged 
 neonatal jaundice. The main risk in Crigler–Najjar 
 syndrome is kernicterus. High levels of unconjugated 
bilirubin cause damage to the basal ganglia in the brain 
[42]. To avoid kernicterus, exchange transfusion may be 
necessary. Safe bilirubin levels can be calculated from the 
bilirubin : albumin molar ratio and should be <0.7 for 
adults and older children and <0.5 for healthy neonates 
(bilirubin in mg/dL × 17.1 = bilirubin in µmol/L; albumin 
in g/dL × 152 = albumin in µmol/L) [41]. A recommen
dation from a trial report is to start phototherapy at 
 bilirubin levels of 240–300 µmol/L and exchange transfu
sion at levels of 310–380 µmol/L [42].

Exposure to light (blue side of the visible spectrum but 
ultraviolet light needs to be avoided) converts unconju
gated bilirubin in the capillaries of the skin to water‐sol
uble photoproducts. These can be secreted via bile and 
urine [42]. In phenobarbital‐unresponsive Crigler–
Najjar syndrome, phototherapy is the only validated 
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form of treatment that helps to keep the serum bilirubin 
within safe limits. Daily phototherapy at night, produced 
by specially constructed canopies equipped with light‐
emitting diode (LED) lamps, needs to be administered 
for many years [41]. Because of thickening of the skin 
and changes in surface‐body mass ratio, phototherapy 
becomes less efficient at higher age and socially unac
ceptable. Eventually, individuals with Crigler–Najjar 
syndrome need a liver transplantation. In the future, 
liver transplantation may be replaced by gene therapy.

Traditionally, the liver in patients with Crigler–Najjar 
syndrome is considered to be normal except for the 
absent to low UGT1A1 activity. However, with pro
longed phototherapy, bilirubin precipitates in the liver 
and this may cause mild liver function abnormalities, 
fibrosis, and (bilirubin) gallstones.

In phenobarbital‐unresponsive Crigler–Najjar syn
drome, UGT1A1 activity is completely absent. In 
 phenobarbital‐responsive Crigler–Najjar syndrome, 
UGT1A1 enzyme activity is reduced to 10% of normal. 
Serum bilirubin levels can be decreased by treatment 
with enzyme‐inducing agents such as the CAR agonists 
phenobarbital and clofibrate or the PXR agonist 
rifampicin. The terms type 1 and type 2 suggest a non‐
benign and a benign form of Crigler–Najjar syndrome, 
but this is misleading since the risk for kernicterus 
depends only on the serum bilirubin level, and ker
nicterus in patients with so‐called type 2 syndrome has 
been reported. Patients with Crigler–Najjar syndrome 
are particularly at risk for developing kernicterus during 
inter‐current illnesses. Such conditions affect the 
blood–brain barrier but the exact mechanism has not 
yet been clarified.

Drugs that bind to albumin can displace bilirubin from 
its binding site. Therefore, in patients with Crigler–
Najjar syndrome, drugs should be used with caution as 
many (e.g. antibiotics) may increase the free (unbound) 
concentration of bilirubin, which then penetrates the 
brain and causes kernicterus. This occurs not only in 
children and neonates, but also in adults with Crigler–
Najjar syndrome.

Tin mesoporphyrin is an inhibitor of haem oxygenase. 
This agent helps to keep serum bilirubin levels down and 
to shorten daily phototherapy sessions in healthy 
 newborns. As a porphyrin it increases photosensitivity 
[43]. The use of tin mesoporphyrin in Crigler–Najjar 
syndrome has been documented in a case report [44].

UGT1A1 is a member of a large family of glucuronyl
transferases, enzymes that are involved in the conjuga
tion of hormones, toxins, and drugs. UGT1A1 has 
specificity for bilirubin. In general, few drugs are conju
gated by this enzyme, such as irinotecan. Patients with 
Gilbert–Najjar syndrome may experience irinotecan‐
induced bone marrow toxicity [45].

Disorders of hepatic uptake

Rotor syndrome
This syndrome is rare but its physiology is of interest 
[46,47]. Rotor syndrome has an autosomal recessive 
inheritance and is clinically detected by mild jaundice 
caused by elevation of both conjugated and unconju
gated bilirubin. Often it is only a laboratory finding. 
Liver histology and liver enzymes are normal. Although 
Rotor syndrome has long been recognized as a bilirubin 
uptake defect, the presence of conjugated bilirubin in the 
circulation was unexplained. To understand this, it 
should be realized that the liver is organized in func
tional units called acini. Blood in an acinus flows from 
the periportal area to the central vein. Unconjugated bili
rubin is taken up and conjugated in the periportal hepat
ocytes [8]. The liver has a large capacity to conjugate 
bilirubin. However, the capacity of the liver to secrete 
conjugated bilirubin into bile is more limited. Therefore, 
not all bilirubin that is conjugated by the periportal 
hepatocytes can be secreted by these same hepatocytes. 
Some conjugated bilirubin is secreted back into the 
blood and is re‐absorbed by OATP1B1/1B3 in down
stream more central hepatocytes and secreted into bile. 
Rotor syndrome occurs when both OATP1B1 and 
OATP1B3 are mutated [8]. Therefore, bilirubin in the 
blood of patients with Rotor syndrome is in part (~50%) 
conjugated. Rotor syndrome is rare because two rare 
mutations are needed.

Another abnormality of Rotor syndrome is the ele
vated urinary secretion of coproporphyrins, in particular 
coproporphyrin isomer I [47]. Recent evidence indicates 
that both coproporphyrin I and III are substrates for 
OATP1B1 and OATP1B3. Because of dysfunction of 
OATP1B1 and OATP1B3, coproporphyrin I and to a 
lesser extent coproporphyrin III (for which there are 
other transporters) are secreted via the urine rather than 
bile [48].

Disorders of hepatic secretion

Dubin–Johnson syndrome
In Dubin–Johnson syndrome, ABCC2/MRP2 is lacking 
as a result of a mutation in the ABCC2 gene [12,49]. This 
disorder is characterized by mild elevation of conjugated 
‘direct‐acting’ bilirubin without other liver enzyme 
abnormalities. It does not cause any symptoms and does 
not give rise to liver disease. The liver histology shows a 
black–brown lysosomal pigment that is a condensation 
product of epinephrine metabolites [50]. Of historic 
interest is the abnormal serum disappearance curve after 
intravenous injection of bromosulphthalein, a test that is 
no longer used [51]. In Dubin–Johnson syndrome, uri
nary excretion of coproporphyrin I is increased whereas 
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secretion of coproporphyrin III is normal [52,53]. This 
most likely is due to impaired biliary secretion of 
coproporphyrin I [54].

 Causes of cholestatic 
and hepatocellular jaundice

Inherited causes of cholestasis

Disorders of hepatic secretion
Autosomal recessive defects of hepatic transport  proteins 
are associated with severe liver disease and provide 
insight into the function of the hepatic transport pro
teins (see Table 13.1).

Progressive familial cholestasis type 2
Homozygous deficiency of canalicular bile salt transport 
by mutations of BSEP/ABCB11 underlies progressive 
familial intrahepatic cholestasis (PFIC) type 2 [55,56]. 
This is a paediatric cholestatic liver disease character
ized by pruritus, vitamin K‐dependent clotting abnor
malities, muscle wasting, and growth retardation. 
Although the primary defect is in bile salt transport, 
jaundice may occur as a result of liver damage. Children 
with PFIC type 2 are at risk for developing hepatocellular 
carcinoma (HCC) at an early age (<5 years). Surveillance 
for HCC is needed from the first year of life onwards 
[57]. A subset of patients with PFIC type 2 respond to 
drainage of bile, either via a nasobiliary drain or more 
permanently via a surgical cholecystoenterostomy 
[58,59]. Most children eventually need liver transplan
tation. Children with PFIC type 2 have a low serum 
γ‐glutamyl transferase (GGT) activity. This is in contrast 
to patients with biliary atresia, a more common neonatal 
cholestasis disorder, in which serum GGT is elevated.

Intrahepatic cholestasis of pregnancy and BRIC type 1 and type 2
Adults with heterozygous mutations of the ABCB11 gene 
are at risk of developing intrahepatic cholestasis of preg
nancy (ICP) and drug‐induced liver disease [60]. ABCB4 
gene mutations are also associated with ICP. Despite the 
traditional teaching that ICP disappears after delivery, 
women with ICP due to ABCB4 mutations can develop 
low phospholipid‐associated cholelithiasis (see later), 
periportal fibrosis, and sometimes cirrhosis. These 
patients therefore need to be followed up.

Benign recurrent intrahepatic cholestasis (BRIC type 1 
and type 2) are cholestatic disorders of adults, associated 
with ATP8B1 or ABCB11 mutations [61,62]. Both BRIC 
type 1 and type 2 are characterized by episodes of jaun
dice and cholestasis, lasting weeks to months, with pru
ritus, steatorrhea, and weight loss. The trigger for the 
cholestatic episodes in these patients is unknown. 

Interruption of the enterohepatic cycle by biliary drain
age abrogates the cholestatic episode [58].

Progressive familial cholestasis type 3
Children homozygous for mutations of the ABCB4/
MDR3 phosphatidylcholine translocator develop PFIC 
type 3 [63,64]. This is a cholestatic liver disease with 
severe pruritus, muscle wasting, and growth retardation 
and is associated with an elevated serum GGT activity. 
The increased GGT indicates that in this disease the 
GGT‐containing bile ductules are involved, in contrast 
to PFIC type 1 and type 2. These are strictly hepatocel
lular diseases. In patients with PFIC type 3, phosphati
dylcholine in bile is lacking. In normal individuals, 
phosphatidylcholine in bile forms mixed micelles with 
bile salts and cholesterol and this neutralizes the cyto
toxicity of bile salts. PFIC type 3 is a good example of 
‘toxic bile’. About half of these children respond well to 
ursodeoxycholic acid (UDCA) therapy. However, liver 
transplantation is often eventually needed.

Low phospholipid‐associated cholelithiasis
ABCB4/MDR3 mutations attracted a lot of interest after 
a report that adults heterozygous for ABCB4/MDR3 
mutations develop a disease called low phospholipid‐
associated cholelithiasis (LPAC) [65]. MDR3 is a phos
pholipid carrier (flippase) in the canalicular membrane. 
Patients with this disease produce bile with a low phos
pholipid content but normal bile salt concentration. This 
bile has cytotoxic properties and causes injury of the bile 
ducts. Many of these patients are from families with an 
extraordinarily high prevalence of gallstones at a rela
tively young age. In addition, the disease is associated 
with periportal fibrosis and multiple small intrahepatic 
gallstones. These patients develop cirrhosis and portal 
hypertension and sometimes need a transplantation. 
Usually these patients respond to UDCA.

Progressive familial cholestasis type 1
The FIC1 protein is encoded by the ATP8B1 gene [61]. 
FIC 1 translocates (also called ‘flipping’) aminophospho
lipids (i.e. phosphatidylserine) from the outer to the 
inner leaflet of the canalicular membrane. This is impor
tant for maintenance of the lipid asymmetry and there
fore stability of membranes. Deficiency of FIC1 leads to 
membrane instability and to impaired function of BSEP 
and other membrane proteins [66]. FIC1 is also located 
in hair cells in the cochlea of the ear [67]. Patients 
homozygous for ATP8B1 mutations develop cholestasis, 
pruritus, and chronic diarrhoea and about 30% have 
impaired hearing. The disease is called PFIC type 1. PFIC 
type 1 is relatively rare in populations outside the Amish 
and Mennonite populations in Pennsylvania. In these 
populations, PFIC1 is caused by a single mutation and is 
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called Byler disease, named after the ‘founding father’ 
who brought this disease to the USA [68]. As in PFIC 
type 2, some patients with PFIC type 1 respond to bil
iary drainage, but also here ~50% of patients eventu
ally need transplantation [59]. Biochemically, this 
disease is characterized by increased parameters of 
cholestasis in combination with a normal or subnor
mal GGT since biliary bile salts are reduced and 
phospholipid is normal. Some patients respond to 
UDCA therapy. Post‐transplantation diarrhoea and 
steatosis show that the defect is not confined to the 
liver.

Other disorders of bile salt transport
Hypercholanaemia
As explained earlier, NTCP is a sinusoidal transport 
protein for the hepatic uptake of bile salts [69]. The 
expression of this protein is reduced in cholestasis 
and this decreases the uptake of bile salts, thus pre
venting intracellular bile salt toxicity. Recently, a 
mutation of this protein has been reported that leads 
to very high bile salt plasma levels (1500 µmol/L). The 
patient had relatively minor symptoms [70]. Other 
forms of familial hypercholanaemia relate to genetic 
defects of hepatocyte tight‐junction protein (TJP2) 
[71,72].

Idiopathic bile salt malabsorption
Chronic diarrhoea through idiopathic bile salt malab
sorption is not uncommon. However, mutations of the 
ASBT gene or the ileum bile salt binding protein have 
not been identified to date [73,74].

 Bile duct and hepatocellular diseases

Cholestasis may be classified as extra‐ or intrahepatic, 
and acute or chronic.

Extrahepatic cholestasis
Extrahepatic cholestasis encompasses conditions where 
there is physical obstruction to the bile ducts. The com
moner causes include a stone in the common duct 
(Chapter 14), carcinoma of the pancreas or ampulla of 
Vater (Chapter  15), benign bile duct strictures 
(Chapter 14), primary or secondary sclerosing cholangi
tis (Chapter 18), and cholangiocarcinoma (Chapter 15).

Primary biliary cholangitis (PBC) (Chapter  17) and 
primary sclerosing cholangitis (PSC) (Chapter  18) are 
chronic diseases in which primarily the small bile duct
ules (PBC) or larger bile ducts (PSC) are affected by 
necroinflammatory lesions and development of liver cir
rhosis later in the course of the disease. Patients with bile 
duct abnormalities resembling PSC and raised serum 

IgG4 may have IgG4‐associated sclerosing cholangitis 
[75] (Chapters 14 and 18).

Primary biliary cholangitis
This is a disease that affects mainly middle‐aged women. 
Cytotoxic T‐lymphocyte‐mediated injury of the bile 
ductules is a characteristic lesion. Antimitochondrial 
antibodies (directed against the mitochondrial pro
teins pyruvate dehydrogenase, the E2 subunit of 
2oxoglutarate dehydrogenase, and branched‐chain 
2‐oxo acid dehydrogenase) are detected in the serum 
in the majority of patients. Clinical features include 
pruritus, xanthomas, and xanthelasmas around the 
eyes. A biliary type of cirrhosis with portal hyperten
sion is a late feature of the disease. The management 
of PBC has recently been reviewed in clinical practice 
guidelines [76].

Primary sclerosing cholangitis
In primary sclerosing cholangitis, the large and middle‐
sized bile ducts are affected by a necroinflammatory pro
cess that causes fibrotic strictures of the biliary system. 
As in PBC, biliary cirrhosis usually develops later in the 
course of the disease, but may occur earlier. Patients with 
PSC are at risk of developing cholangiocarcinoma. About 
two‐thirds of patients with PSC have inflammatory 
bowel disease, mainly ulcerative colitis.

Viral hepatitis
Viral hepatitis is sometimes purely cholestatic, more 
commonly in those on oral contraceptives. The history 
of exposure to risk factors and the nature of the prodro
mal symptoms may be helpful. The liver biopsy appear
ances are those of acute viral hepatitis.

Alcoholic hepatitis
Acute alcoholic hepatitis (Chapter 25) can be cholestatic. 
The history of alcohol abuse, a large, tender liver, and 
cutaneous spider naevi are helpful points. Chronic pan
creatitis may be associated.

Drug‐induced cholestasis
In drug‐induced liver disease (DILI), emphasis is either 
on injury of the hepatic parenchyma with necrosis of 
hepatocytes and increased transaminases, or injury of 
the bile ducts with cholestasis and increased alkaline 
phosphatase and γ‐glutamyl transferase. Jaundice and 
pruritus may be present in both conditions.

Hence cholestasis may occur in a ‘pure’ form in the 
absence of any cellular infiltrate or other evidence of liver 
injury. Cholestatic reactions to oral contraceptives fall 
into this group. Drugs include the promazine group, 
long‐acting sulphonamides, antibiotics, and antithyroid 
drugs. The history is important and liver biopsy aids 
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diagnosis. Cholestatic DILI may run a prolonged course 
and continue for some time after the offending drug has 
been stopped. This may be due to prolonged disturbance 
of canalicular transport [77].

Parenteral nutrition
Cholestasis develops with prolonged parenteral  nutrition 
especially in neonates (Chapter 31) but also in adults [78].

Obstruction of canaliculi and/or ductules
Following massive haemolytic episodes such as sickle 
cell crisis, the lumen of bile canaliculi may be expanded 
and occluded by solid biliary precipitate. A similar pic
ture occurs in hereditary protoporphyria when the bil
iary concretions show typical Maltese cross signs on 
imaging with polarized light.

Canalicular concretions and inspissated casts in duct
ules were also seen due to benoxaprofen, an antirheuma
toid drug withdrawn from the market because of fatalities 
due to its hepatotoxicity [79].

Bile plugs in dilated periportal cholangioles are highly 
characteristic of cholestasis in severe bacterial infec
tions, particularly in childhood or postoperatively. 
Inspissated bile is also seen in cholestasis associated with 
cystic fibrosis.

Ductopenia
On liver histology, some patients with cholestasis have 
abnormal (incomplete) portal triads. Thus, in more than 
50% of triads, the portal vein and hepatic artery have no 
accompanying interlobular bile duct. Such ‘ductopenia’ 
is termed either paucity of intrahepatic bile ducts or the 
vanishing bile duct syndrome. Adults and adolescents 
with paucity of intrahepatic bile ducts are being increas
ingly described. The condition may be familial or drug 
induced [80], or a late‐onset form of the non‐syndromic 
type seen in children [81].

Extreme irreversible ductopenia may occur as part of 
chronic allograft rejection following liver transplanta
tion, in drug jaundice (flucloxacillin, amoxicillin/clavu
lanic acid) [82], and in Hodgkin disease [83]. In severe 
cases, all interlobular bile ducts are lost and bile has the 
appearance of clear water. Lesser degrees of ductopenia 
are seen in sarcoid, primary sclerosing cholangitis and 
primary biliary cholangitis.

 Consequences of cholestasis 
and their management

Typically, the cholestatic patient feels well. The liver 
is usually enlarged with a firm, smooth, non‐tender 
edge. Splenomegaly is unusual except in biliary 

 cirrhosis where portal hypertension has developed. 
Stools become pale, their colour giving a good indica
tion of whether cholestasis is total, intermittent, or 
decreasing.

Prominent features of cholestasis, both acute and 
chronic, are itching and malabsorption of fat and 
fatsoluble nutrients. Chronic cholestasis is associ
ated with bone disease (hepatic osteodystrophy). 
Cholesterol homeostasis is impaired and there may 
be cutaneous deposition of cholesterol (xanthoma, 
xanthelasma). There is darkening of the skin by mela
nin. In steatorrhoea, stools are loose, pale, bulky, and 
offensive,  mandating a reduction of dietary fat intake 
to prevent associated weight loss; caloric substitution 
can be achieved with medium‐chain triglycerides as 
they are absorbed directly into the portal vein, by‐
passing the requirement for lipolysis, micelle forma
tion, and lymphatic chylomicron transportation, 
which are essential components of long‐chain triglyc
eride absorption.

Vitamin deficiency (Table 13.2)

The intestinal absorption of vitamins A, D, E, and K is 
reduced. These lipophilic vitamins need bile salts to be 
absorbed. Serum vitamin D levels may be low in patients 
with chronic cholestasis, more so in those with  prolonged 
jaundice. This may lead to osteomalacia and contribute 
to hepatic osteodystrophy (see later). Because sunlight 
plays a role in the endogenous production of vitamin D 

Table 13.2 Dietary management, vitamins and supportive 
medication in the management of patients with cholestatic liver 
disease (TAG, triacylglycerides)

Nutrients
Calorie rich
Protein rich
Fat reduced

Carbohydrate

>2000 kcal/day
>80 g/day
Can be replaced by medium‐chain TAG

Normal
Vitamins
A
D
E
K

25 000 U/day
400–4000 U/day
Only in children
10 mg/day

Drugs
Calcium
Alendronate
Calcitriol

1 g/day
10 mg/day or 70 mg/week
0.25 µg/day

Dual‐energy X‐ray absorptiometry (DEXA) to measure bone mineral 
density is recommended at presentation and then every 1–5 years 
depending upon the initial result and clinical assessment [76].
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in the skin, dark‐skinned people are more at risk for vita
min D deficiency than white‐skinned people.

Vitamin E deficiency is associated with a polyneuropa
thy that mainly occurs during development in children, 
for instance, children with biliary atresia or PFIC. 
Spinocerebellar degeneration has been reported in ado
lescents with cholestasis and cystic fibrosis‐induced vita
min E deficiency [84]. The picture is of cerebellar ataxia, 
posterior column dysfunction, peripheral neuropathy, 
and retinal degeneration. If the serum bilirubin level 
exceeds 100 µmol/L (6 mg/dL) almost all adult patients 
with cholestasis will have subnormal vitamin E levels.

In prolonged cholestasis, plasma vitamin A levels fall 
and hepatic reserves may become exhausted. Vitamin A 
deficiency leads to failure of dark adaptation (night 
blindness).

Before any invasive techniques are performed to inves
tigate and/or treat cholestasis, it may be necessary to 
administer vitamin K parenterally to correct the pro
longed prothrombin time.

Pruritus (Table 13.3)

Itching or pruritus can be a devastating symptom in 
patients with chronic cholestasis. The mechanism of 
pruritus is not yet clear.

The association of pruritus with cholestasis suggests 
that it is caused by a substance normally excreted in bile. 
The efficacy of partial external biliary drainage in chil
dren with genetic cholestasis suggests that the prurito
genic factor has an enterohepatic circulation [85]. 
Nevertheless, the severity of pruritus does not correlate 
with the concentration of any naturally occurring bile 
salt in serum or skin [86]. Disappearance of itching when 
cirrhosis or end‐stage liver failure develops suggests that 
the responsible agent is manufactured by the liver. 

Despite these clues as to its identity, the exact cause of 
pruritus remains unknown.

Lysophosphatidic acid, produced by the enzyme auto
taxin, has been postulated to be the primary effector, but 
firm unequivocal evidence for this is still lacking [86]. 
Moreover, this possibility has not yet led to better ther
apy for pruritus.

There has been interest in agents that may produce itch
ing by a central neurotransmitter mechanism [87]. Opiate 
antagonists reduce scratching in cholestatic patients and 
may produce opioid withdrawal‐like reactions [88].

Treatment of pruritus
A stepwise approach to the treatment of cholestatic pru
ritus has been put forward recently (Table 13.3) [89]. In 
this scheme, cholestyramine is used as an initial step, fol
lowed by rifampicin, opioid antagonists, serotonin 
uptake blockers, plasmapheresis, external biliary drain
age, and liver transplantation.

Cholestyramine should always be taken mixed with 
meals and should not be taken together with other medi
cations. The maintenance dose is 4 g/day. Relief from 
pruritus is delayed for several days and patients may 
need encouragement to persevere with it as the drug 
causes nausea and increases faecal fat. It is particularly 
valuable for itching associated with primary biliary chol
angitis, primary sclerosing cholangitis, biliary atresia, 
and biliary stricture. The dose should be the smallest one 
that controls pruritus. Supplements of fat‐soluble vita
mins may be necessary if cholestyramine is used long 
term. The bile salt sequestrant colesevalam is not effec
tive [90] and also antihistamines are not useful.

Ursodeoxycholic acid (13–15 mg/kg/day) can reduce 
itching in about 50% of patients with primary biliary 
cholangitis,. Although its use has been associated with 
biochemical resolution of drug‐induced cholestasis, it is 
unproven as an antipruritic agent in this and other chole
static syndromes [76].

Rifampicin (150–300 mg daily) relieves pruritus within 
7 days [91,92]. It acts via the pregnane X receptor as a 
powerful inducer of anticholestatic genes involved in 
biotransformation by the liver, coordinated with their 
active transport into bile and intestine for excretion. 
Potential side‐effects include increased risk of gallstone 
formation, reduction in 25‐OH‐hydroxycholecalciferol 
levels, drug interactions, hepatotoxicity, and the emer
gence of resistant organisms. It is recommended that this 
drug is not used for longer than 6 weeks because of hepa
totoxicity on prolonged use [93,94]. However, successful 
longer‐term use (mean 18 months) has been reported in 
children without clinical or biochemical toxicity [95]. 
Patients treated with this agent should be carefully 
selected and frequently monitored.

Table 13.3 Stepwise medical treatment of pruritus

Conservative Moisturizing creams
Cool temperature

Step 1 Cholestyramine 4 g/day; in case of ICP 
alternative: UDCA 13–15 mg/kg

Step 2 Rifampicin 150–300 mg/day (stop if no 
effect <1 week; maximal use 6 weeks)

Step 3 Fenofibrate 40 mg/day
Bezafibrate 400 mg/day

Step 4 Naltrexon 12.5 mg test dose, 25–50 mg/day
Step 5 Sertraline 25–50 mg/day
Experimental Plasmapheresis
Surgical Partial external biliary drainage

Liver transplantation
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A recent study reported beneficial effects of bezafi
brate on both the course of primary biliary cholangitis 
and associated pruritus [96].

Naltrexone and nalmefene are opioid antagonists and 
sertraline and ondansetron are serotonin antagonists 
and have shown benefit in small randomized controlled 
trials (RCTs) [97–100]. Naloxone, given as an intrave
nous infusion, reduced itching in an RCT, but is not 
appropriate for long‐term use [88].

Interruption of the enterohepatic circulation by partial 
external biliary drainage procedures or, less effectively, 
by surgical by‐pass of the terminal ileum, decreases 
 pruritus and improves quality of life in children with 
cholestasis and intractable itching [101].

Plasmapheresis has been used to treat intractable 
 pruritus [102] and also hypercholesterolaemia associ
ated with xanthomatous neuropathy. The procedure is 
temporarily effective but costly and labour intensive.

This wide range of partially effective and experimental 
therapies underlines the difficulty in treating some 
patients with long‐standing cholestasis. Intractable itch
ing may be an indication for liver transplantation.

Pruritus is a problematic symptom in women with ICP. 
UDCA is a first‐line treatment with a 75% response rate 
[103]. The use of rifampicin in pregnancy is debated but 
probably can be used without harm for mother and fetus 
in the third trimester when ICP has its highest incidence 
[104] (see Chapter 30).

Fatigue

Fatigue is troublesome in 70–80% of patients with chronic 
cholestatic liver disease. Experimental data show behav
ioural changes in cholestasis and suggest a central mecha
nism involving serotoninergic neurotransmission and/or 
neuroendocrine defects in the corticotrophin‐releasing 
hormone axis [105]. However, other potential general 
causes such as hypothyroidism do need to be ruled out.

Xanthomas

Flat or slightly raised yellow skin deposits are usually 
noted around the eyes (xanthelasma), but may also 
appear in palmar creases, below the breast, and on the 
neck, chest, or back. Tuberous (nodular) lesions are 
found on extensor surfaces, on pressure points, and in 
scars. Cholesterol deposits may regress and disappear 
during treatment with statins, following resolution of 
cholestasis, or with advancing hepatocellular failure.

Hepatic osteodystrophy

Bone disease is a complication of chronic liver disease, 
particularly chronic cholestasis. Untreated, it can lead to 
bone pain, fractures, and the need for hip replacement. 

Studies show that osteoporosis is responsible for the 
bone changes in the majority of patients with primary 
biliary cholangitis and primary sclerosing cholangitis, 
although the potential for osteomalacia also exists. In 
osteoporosis, there is loss of bone, both matrix and min
eral. In osteomalacia, there is defective mineralization of 
osteoid. Risk factors for osteoporosis include low body 
mass index, steroid treatment, smoking, inactivity, 
increasing age, and female sex [106]. One‐third of 
patients with primary biliary cholangitis and approxi
mately 10% of those with primary sclerosing cholangitis 
had a bone density value below the fracture threshold, 
osteoporosis generally being associated with advanced 
disease [107]. In one study in patients with primary bil
iary cholangitis, no increase was found in the incidence 
of metabolic bone disease in those who had been treated 
with regular calcium and vitamin D supplements [108], 
although guidelines point out the lack of a clear evidence 
base for this approach [76].

Bone disease manifests as loss of height, back pain 
(usually midthoracic or lumbar), collapsed vertebrae, 
and fractures with minimal trauma, particularly of ribs. 
Spinal X‐rays may show vertebrae of low density, and 
also compression. Bone mineral density may be meas
ured by dual‐energy X‐ray absorptiometry (DEXA scan). 
This is recommended at presentation with follow‐up 
scans between 1 and 5 years later depending on the ini
tial result and the assessed risk of osteoporosis [76].

The cause of osteoporosis in chronic cholestatic liver 
disease is multifactorial. Factors that may play a role 
include vitamin D, calcitonin, parathyroid hormone, 
growth hormone, and sex steroids. External influences in 
cholestatic patients include immobility, poor nutrition, 
and reduced muscle mass. Vitamin D levels may be 
reduced due to malabsorption, inadequate diet, and 
reduced exposure to the sun. Activation of vitamin D, by 
25‐hydroxylation in the liver and 1‐hydroxylation in the 
kidney, is normal. In patients with primary biliary chol
angitis, polymorphisms of the vitamin D receptor (VDR) 
gene correlate with the degree of osteoporosis and verte
bral fracture [109].

Early experience with liver transplantation showed that 
improved bone density was delayed until 1–5 years after 
transplant. Before recovery, spontaneous bone fractures 
were common, occurring in 35% of patients with primary 
biliary cholangitis in the first year after transplantation. 
Heavy exposure to corticosteroids for immunosuppres
sion probably played a part in this increased fracture rate. 
In current practice, with low‐dose steroid therapy or 
avoiding steroid therapy altogether, bone fracturing and 
hip replacement after liver transplantation are rare. 
However, vitamin D levels may not return to normal for 
several months after transplantation and supplementation 
has been recommended [110].
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It is important to consider vitamin D deficiency in 
patients with chronic cholestasis. Cholestatic patients 
may fail to go out in the sun or take an adequate diet. 
Absorption is poor due to steatorrhoea. Chelation by 
cholestyramine may exacerbate the deficiency. Vitamin 
D supplements, ursodeoxycholic acid, and lipid‐soluble 
medications such as digoxin should be taken in the even
ing to distance them from possible chelation by cholesty
ramine taken with breakfast.

Vitamin D deficiency may be masked by secondary 
hyperparathyroidism, which will result in a compensa
tory mobilization of calcium from bones to normalize 
serum levels. Therefore, blood testing for osteomalacia 
needs to be after an overnight fast when hypophospha
taemia due to secondary hyperparathyroidism is most 
easily detected. Confirmation that vitamin D deficiency 
is the cause can be obtained by measurement of plasma 
vitamin D levels.

A reasonable approach is to start treatment for osteo
porosis at a DEXA scan femur T score lower than −1.5 
[76].Calcium supplementation only needs to be given in 
case of malabsorption or use of gastric acid‐suppressing 
drugs [76]. Biphosphonates, such as weekly 70 mg alen
dronate, are effective for treatment of hepatic osteodys
trophy. However, these drugs may cause gastritis and 
oesophagitis and are better avoided in patients with 
oesophageal varices. In this case, parenteral bisphos
phonates (pamidronate, ibandronate, zoledronic salt) 
can be given.

A rarer manifestation of bone disease is painful osteo
arthropathy in the wrists and ankles, a non‐specific com
plication of chronic liver disease [111].

Hepatocellular failure

Initially, liver cells appear to function well despite the 
presence of cholestasis. However, if unrelieved for sev
eral years, cholestasis will ultimately lead to liver cell fail
ure as indicated by rapidly deepening jaundice, ascites, 
oedema, and a lowered serum albumin level. Pruritus 
declines and the bleeding tendency is not controlled by 
parenteral vitamin K. Hepatic encephalopathy is an alert 
to consider whether liver transplantation is indicated.

Extrahepatic effects

Deep cholestatic jaundice may result in serious compli
cations when the patient is stressed by dehydration, 
blood loss, or investigative and therapeutic procedures 
of a surgical or non‐surgical nature. It confers a high sus
ceptibility to sepsis, acute renal failure, haemorrhage, 
and wound dehiscence. Cardiovascular responses are 
abnormal and peripheral vasoconstriction in response to 
hypotension is impaired. The kidneys have an increased 

susceptibility to hypotension and hypoxic damage [112]. 
Processes involved in responding to sepsis and in wound 
healing are impaired. The prolonged prothrombin time 
is correctable with vitamin K but coagulation may still be 
abnormal due to platelet dysfunction. The gastric mucosa 
is more susceptible to ulceration.

Biochemistry

In cholestatic jaundice, the serum conjugated bilirubin 
level is raised. When the cholestasis is relieved, serum 
bilirubin values fall slowly to normal. This delay is in part 
due to bilirubin having become covalently bound to 
albumin. The serum alkaline phosphatase level is raised, 
usually to more than three times the upper limit of nor
mal. Serum γ‐GT levels are raised. In chronic cholesta
sis, plasma cholesterol and phospholipid levels are 
greatly increased, probably reflecting increased hepatic 
synthesis, regurgitation from bile, and reduced lecithin 
cholesterol acyl transferase activity. Atheroma is not a 
complication of prolonged cholestasis and florid hyper
cholesterolaemia does not produce atherosclerosis in 
primary biliary cirrhosis [113]. Serum cholesterol values 
fall in end‐stage cirrhosis.

The lipoproteins of cholestasis differ from those found 
in atherosclerosis. The abnormal lipoproteins appear by 
electron microscopy as disc‐shaped particles. 
Lipoprotein‐X is a spherical particle, 70 nm in diameter, 
and is increased in both intra‐ and extrahepatic 
cholestasis.

In cholestasis, conjugated bilirubin is present in urine. 
Urinary urobilinogen is excreted in proportion to the 
amount of bile reaching the duodenum. Bile salts accu
mulate in the blood. Measurement of serum bile salts 
(normal fasting serum bile salts level <10 µmol/L) is par
ticularly useful in the diagnosis of cholestasis of preg
nancy when pruritus may be deemed insignificant on the 
basis of normal values of alkaline phosphatase and γ‐GT.

 Investigation of the jaundiced 
patient

A careful history and physical examination with routine 
biochemical and haematological tests are essential. Stool 
should be inspected and occult blood examination per
formed. The place of special tests such as ultrasound, 
serology, liver biopsy, and cholangiography will depend 
on the category of jaundice. Clinical features from an 
accurate history and physical examination often suggest 
the cause of the cholestasis.

Probabilities in hepatology are important. A middle‐
aged woman with jaundice may have PBC, a patient with 
inflammatory bowel disease who becomes jaundiced 
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may have PSC, and a patient who returns from travel in 
Asia or Africa who was healthy before and suddenly 
becomes jaundiced and fatigued likely has acute viral 
hepatitis A or E. A patient with known chronic alcoholic 
abuse who becomes jaundiced probably has decompen
sated liver cirrhosis.

History

Onset
The onset of disease is extremely important. Cholestatic 
jaundice may develop slowly with an antecedent history 
of pruritus for months or years. Biliary colic typically 
involves an episode, persisting for several hours, of 
severe epigastric or right upper quadrant abdominal 
pain with radiation to the tip of the right scapula which 
antedates the onset of jaundice by a day or two. Associated 
dyspepsia and intolerance of dietary fat support a diag
nosis of choledocholithiasis.

Pyrexia with rigors strongly suggests cholangitis asso
ciated with gallstones or biliary stricture.

Associations
Ulcerative colitis raises the possibility of primary scleros
ing cholangitis and other autoimmune diseases of pri
mary biliary cholangitis.

Jaundice after biliary tract surgery suggests residual 
calculus, injury to the bile duct at the time of surgery, or 
drug‐induced hepatitis. Persistent central back pain that 
causes the patient to lean forward may indicate pancre
atic carcinoma. Progressive weight loss favours an under
lying carcinoma or a marked chronic pancreatitis, for 
example, alcohol‐induced or autoimmune pancreatitis 
[114]. Jaundice in a patient with a prior history of malig
nancy may be due to hepatic metastases. Jaundice occur
ring in seriously ill hospitalized patients is often caused 
by sepsis and/or shock, or drugs [115]. Nausea, anorexia, 
and an aversion to smoking (in smokers) preceding the 
onset of jaundice by a few days suggest viral hepatitis or 
drug jaundice.

Drug history
The patient is asked about previous drug treatment. 
Treatment with cotrimoxazole or amoxycillin/clavulanic 
acid may precede the onset of jaundice by several weeks. 
Cholestatic jaundice may persist for many months fol
lowing adverse reactions to certain drugs, including 
erythromycin, flucloxacillin, and chlorpromazine.

Risk factors
Contact with jaundiced persons, particularly in nurser
ies, camps, hospitals, and schools, is noted. Close con
tact with patients on renal units or with drug abusers is 
recorded, as is any injection in the preceding 6 months. 

‘Injections’ include blood tests, drug abuse, tuberculin 
testing, dental treatment, tattooing, and any parenterally 
administered therapy including blood or plasma transfu
sions. Consumption of shellfish and previous travel to 
areas where hepatitis is endemic should be noted. 
Previous history of sexually transmitted disease or pro
miscuous behaviour either homo‐ or heterosexual may 
indicate hepatitis B.

Occupation should be noted, particularly employment 
involving paint sprays and organic chemicals. Contact 
with rat excreta‐infested water raises the possibility of 
Weil disease.

Place of origin (Mediterranean, African, or Far East) 
may suggest carriage of hepatitis B or C.

Family history is important with respect to jaundice, 
hepatitis, and anaemia. Positive histories are helpful in 
diagnosing haemolytic jaundice, congenital hyperbiliru
binaemia, and hepatitis.

Physical examination (Fig. 13.6)

Age and sex
Parous, middle‐aged, obese females are likely to develop 
gallstones. The probability of malignant biliary obstruc
tion increases with age. Drug jaundice is very rare in 
childhood. The incidence of type A hepatitis decreases 
as age advances but no age is exempt from types B, D, 
and C.

General examination
Anaemia may indicate haemolysis, cancer, or cirrhosis. 
Gross weight loss suggests cancer or severe malabsorp
tion. Patients with haemolytic jaundice are a mild yellow 
colour, those with hepatocellular jaundice are orange, 
and those with prolonged biliary obstruction have a deep 
greenish hue. A hunched‐up position suggests pancre
atic carcinoma. In alcoholics, the skin signs of cirrhosis 
should be noted. Sites to be examined for a primary 
tumour include breasts, thyroid, stomach, colon, rectum, 
and lung. Lymphadenopathy is noted, and Virchow’s 
node sought.

Mental state
Slight intellectual deterioration with minimal personal
ity change suggests hepatocellular jaundice. Foetor 
hepaticus and ‘flapping’ tremor indicate impending 
hepatic coma.

Skin changes
In chronic cholestasis, scratch marks, melanin pigmen
tation, finger clubbing, xanthoma on the eyelids (xanthe
lasma), extensor surfaces, and palmar creases, and 
hyperkeratosis may be found.
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Bruising may indicate a clotting defect. Purpuric spots, 
most often noticed on the forearms, axillae, or shins, 
may be related to the thrombocytopenia of cirrhosis. 
Other cutaneous manifestations of cirrhosis include vas
cular spiders, palmar erythema, white nails, and loss of 
secondary sexual hair.

Pigmentation of the shins and ulcers may be seen in 
some forms of congenital haemolytic anaemia.

Multiple venous thromboses suggest carcinoma of the 
body of the pancreas. Ankle oedema may indicate cir
rhosis or obstruction of the inferior vena cava due to 
thrombosis or hepatic or pancreatic malignancy.

Abdominal examination
A very large nodular liver suggests cancer. A small liver 
may indicate severe hepatitis or cirrhosis, and excludes 
extrahepatic cholestasis in which the liver is enlarged 
and smooth. The edge may be tender in hepatitis, con
gestive heart failure, alcoholism, and bacterial 
cholangitis.

In cholelithiasis, the gallbladder area may be tender and 
Murphy’s sign positive. A palpable, and sometimes visibly 
enlarged, gallbladder suggests non‐calculous obstruction 
such as pancreatic cancer (Courvoisier’s sign).

Splenomegaly occurs with haemolytic states, infiltra
tive disorders such as Hodgkin disease, and portal 
hypertension.

Ascites may be due to cirrhosis or to malignant disease 
within the abdomen.

Abdominal masses may indicate a primary lesion such 
as carcinoma of the stomach or colon. Endoscopy, rectal 
examination, and sigmoidoscopy may indicate 
carcinoma.

Laboratory investigation

Serum biochemical tests
Serum bilirubin confirms jaundice, indicates depth, and 
is used to follow progress. Serum alkaline phosphatase 
values more than three times normal strongly suggest 
cholestasis if bone disease is absent and γ‐GT is 
elevated.

Serum albumin and globulin levels are little changed in 
jaundice of short duration. In more chronic hepatocel
lular jaundice, the albumin is depressed and globulin 
increased.

Serum transaminases are more highly elevated in hep
atitis with variable but lower levels in cholestatic jaun
dice. Higher values may sometimes be found transiently 
with acute bile duct obstruction due to a stone.

Haematology
Iron deficiency anaemia in a patient presenting with 
obstructive jaundice may indicate bleeding from carci
noma of the papilla of Vater.

Increased leucocyte counts are found with acute chol
angitis, underlying malignant disease, and alcoholic 
hepatitis.

If the prothrombin time is prolonged due to cholesta
sis, vitamin K1 10 mg parenterally leads to its correction 
within a few hours, whereas patients with hepatocellular 
jaundice show little response. Anaphylactoid reactions 
due to parenteral vitamin K with severe bradycardia, 
bronchospasm, hypotension, cardiac arrest, and death 
have been reported in 3 per 10 000 patients [116]. Oral 
vitamin K1 is usually a good and safe alternative.

If haemolysis is suspected, investigations should 
include a reticulocyte count and examination of the 
blood film. Brisk intravascular haemolysis reflected by 
haemoglobinuria and fragmented red cells on blood film 
is classically seen in Wilson disease, and may be caused 
by hepatitis A in individuals affected by glucose‐6‐phos
phate dehydrogenase deficiency or by parvovirus infec
tion in hereditary spherocytosis.
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Fig. 13.6 Physical signs and symptoms.
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Bacteriology
In the febrile patient with bile duct obstruction or primary 
sclerosing cholangitis, blood cultures should be per
formed. Septicaemia, especially due to Gram‐negative 
organisms, complicates ductal gallstones, and occurs fol
lowing invasive cholangiography if complete relief of 
obstruction was not achieved at the end of the procedure.

Summary

Previous history
 ● foreign travel, earlier blood transfusions (before 1989, 

discovery of HCV), injection‐drug abuse, and sexual 
behaviour (viral hepatitis);

 ● current and immediate past medication (DILI);
 ● exposure to toxins (job or hobby related, DILI);
 ● RUQ colicky pain (gallstones);
 ● oral contraceptives (adenomas, cholestasis);
 ● diabetes (NASH);
 ● autoimmune diseases;
 ● past episodes of jaundice (acute vs chronic liver dis

ease, BRIC);
 ● pregnancy (ICP);
 ● family history

(other family members with gallstones < age 30 years, ICP, 
and/or paediatric liver disease raises the suspicion of LPAC).

Current history
 ● fever, rigors, pain, itching, jaundice;
 ● day and night sleep rhythm, sleeplessness;
 ● confusion, disorientation, (pre)coma;
 ● haemorrhage, haematemesis, melaena;
 ● weight loss or gain;
 ● colour of urine and stool;
 ● alcohol use, medication, toxin exposure.

Physical examination
 ● jaundice: best seen in the sclera;
 ● Kayser–Fleischer rings;
 ● scratch marks;
 ● skin: palmar erythema, spider naevi on upper thorax 

and face;
 ● flapping tremor;
 ● nutritional status;
 ● performance score;
 ● ascites, shifting dullness, ankle oedema;
 ● liver and spleen palpation.

Laboratory
 ● raised liver enzymes;
 ● serum GGT: elevated in MDR3‐related PFIC type 3;
 ● serum GGT: normal in BRIC types 1 and 2 and BSEP‐

related PFIC type 2 and FIC1‐related PFIC type 1;

 ● indirect and direct bilirubin;
 ● lowered serum albumin;
 ● prolonged INR or prothrombin time;
 ● blood urea, serum creatinine;
 ● blood glucose, HbA1c, lipid profile;
 ● auto‐antibodies and IgG (IgG4 when indicated);
 ● biomarkers for genetic disease (caerulopasmin, α1‐

antitrypsin, ferritin, and transferrin saturation);
 ● viral serology.

Radiology and special investigations
 ● Ultrasonography and transient elastography are inval

uable and necessary instruments in the physical exam
ination of the jaundiced patient. With transient 
elastography, liver stiffness is measured and is used to 
rule out cirrhosis (see Chapter 7).

 ● For more detailed examinations, one needs MRI, 
MRCP, and CT scans. For the diagnosis of primary 
sclerosing cholangitis, MRCP has replaced diagnostic 
ERCP. Dynamic (four‐phase) MRI and CT scans have 
largely replaced liver biopsy in the diagnosis of hepato
cellular carcinoma (Chapter 34).

 ● Liver secretion function tests by 99mTc‐mebrofenin 
(HIDA) scintigraphy or positron emission tomography 
(PET) scans (18F‐FDG–glucose) are of interest, but are 
not often used in clinical practice, in part because of 
their cost.

Liver biopsy
 ● If intrahepatic cholestasis is likely from clinical data 

and scanning, then liver biopsy may be appropriate 
following correction of the prothrombin time with 
vitamin K and checking the platelet count.

 Decisions to be made 
in the jaundiced patient

 ● When the jaundice is acute, one has to rule out immi
nent liver failure. Early signs of hepatic encephalopa
thy (reversed day–night rhythm, difficulty in reading 
the newspaper) should be considered alarm symptoms 
for acute liver failure. If these symptoms are present, 
the Clichy or King score should be calculated and liver 
transplantation should be considered (see Chapter 5). 
Vitamin K can always be given since clotting abnor
malities as in the Clichy or King score should be meas
ured after vitamin K correction.

 ● Jaundice due to extrahepatic obstruction is best ruled 
out by ultrasonography.

 ● When there is chronic liver disease, it is important to 
check for features of portal hypertension. Gastroscopy 
to rule out varices is often needed. An early decision 
on liver transplantation will make patient  management 
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easier. Assessment of the nutritional status (muscle 
mass in arms and legs) and the presence of osteodys
trophy (bone mineral density by DEXA scintigraphy), 
and appropriate measures to manage these, could help 
to improve the quality of life of the patient. The exami
nation of a patient with cirrhosis should include calcu
lation of the Child–Pugh and MELD scores.

 ● Immediate medical therapy should be considered in 
autoimmune hepatitis and IgG4‐associated sclerosing 
cholangitis (Chapters 14, 18, and 19), Wilson disease 
(Chapter  27), and chronic viral hepatitis B and C 
(Chapters 21 and 23). In chronic liver disease, vitamin 
supplementation is needed (vitamins A, D, and K), and 
in children vitamin E, to avoid neurological damage.

 Management of cholestatic 
disorders

The management of the wide range of disorders leading 
to cholestasis and cholestatic disorders is described in 
specific chapters elsewhere: benign bile duct diseases 
(Chapter  14), malignant biliary tract diseases 
(Chapter  15), primary biliary cholangitis (Chapter  17), 
primary sclerosing cholangitis (Chapter  18), autoim
mune hepatitis (Chapter  19), drugs and the liver 

(Chapter  24), and the liver in infancy and childhood 
(Chapter 31). Some aspects will be common to several 
conditions.

Thus, preparation of the patient with jaundice due to 
bile duct obstruction for surgical or non‐surgical (endo
scopic/radiological) procedures is critical in order to 
avoid complications that include renal failure, which may 
occur in 5–10% of patients [117,118], and sepsis. 
Coagulation is corrected with parenteral vitamin K. 
Dehydration and hypotension, which can lead to acute 
tubular necrosis, are prevented by intravenous hydra
tion, usually with 0.9% NaCl, and close monitoring of 
fluid balance. Intravenous prehydration fluids are given 
to protect renal function.

Although deep jaundice due to bile duct obstruction 
can be relieved preoperatively by endoscopic stenting or 
percutaneous bile drainage, RCTs have not shown bene
fit [119].

Just as some principles apply across all causes of bile 
duct obstruction, so the application of our greater 
molecular understanding of bile formation, described at 
the beginning of this chapter, is being applied to the ther
apy of PBC and PSC. New drugs are becoming available, 
with promising results obtained, for example, with FXR 
agonists [120]. The intricate systems involved in bile for
mation and cholestasis remain an exciting area of 
research for the years to come.
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 Introduction

Gallstones and benign biliary strictures are the two most 
common biliary tract disorders that require multidiscipli
nary management involving surgeons, endoscopists, and 
interventional radiologists. However, the spectrum of 
benign biliary disease is wide (Table 14.1). Symptoms and 
laboratory tests may suggest a biliary tract pathology but a 
thorough history and clinical examination are essential. 
Gallbladder disease is a common cause of right upper 
quadrant pain, but there are many other causes, emphasiz
ing the need for a careful clinical and radiological evalua
tion. Cholestatic liver function tests with or without 
jaundice, itching, pain, or fever suggest bile duct disease, 
but these features are not specific. Clinical examination 
may be useful in showing characteristic tenderness in the 
right upper quadrant with acute cholecystitis. Jaundice and 
scratch marks suggest cholestasis. Splenomegaly raises the 
question of chronic liver disease, although haematological 
and other causes need to be remembered. Liver tests 

( bilirubin, transaminases, alkaline phosphatase, γ‐glutamyl 
transpeptidase) will generally be normal in gallbladder dis
ease, although there may be mild abnormalities with acute 
cholecystitis. Abnormal liver tests suggest bile duct dis
ease. Characteristically, serum alkaline phosphatase and 
γ‐glutamyl transpeptidase, with or without bilirubin, are 
high when bile drainage is impaired. However, a sudden 
rise (and usually fall) of transaminases may be seen when 
acute bile duct obstruction occurs due to a gallstone, lead
ing to an initial search for a cause of hepatitis. Polymorph 
leucocytosis develops with infection.

Ultrasonography (US) is the first line of biliary tract 
imaging. It is effective in showing gallbladder disease and 
bile duct dilation. If the diagnosis is not established, 
computed tomography (CT) and/or magnetic resonance 
imaging/magnetic resonance cholangiopancreatography 
(MRI/MRCP) would be subsequent investigations. 
Because of the advent of MRCP, endoscopic retrograde 
cholangiopancreatography (ERCP) and percutaneous 
transhepatic cholangiography (PTC) are used for thera
peutic rather than diagnostic purposes, to obtain tissue 
for suspected cancers or to insert biliary tract stents.

Biliary tract disease can present in many ways. Cases 
are often straightforward, but a multidisciplinary 
approach is optimal to avoid inappropriate diagnostic 
and therapeutic approaches.

 Imaging the gallbladder and biliary tract

Gallbladder imaging

US after fasting is the most effective investigation. It is 
quick, does not involve radiation, and is 95% accurate 
for gallbladder stones [1] (Fig. 14.1). US will also show 
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LEARNING POINTS

 ● Abdominal ultrasound is the first‐line investigation of 
suspected biliary tract disease.

 ● Laparoscopic cholecystectomy is the main treatment 
option for symptomatic gallbladder stones.

 ● Early laparoscopic cholecystectomy is recommended 
for acute cholecystitis.

 ● Bile duct injury is a rare but serious complication of 
cholecystectomy.

 ● Chronic biliary tract diseases are rare, complex, and 
require multidisciplinary management.
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whether the gallbladder is tender, the wall is thickened, 
and there is pericholecystic fluid, all features of acute 
cholecystitis (Fig.  14.2). Failure to show a gallbladder 
may also be an important finding.

Biliary scintigraphy with technetium‐labelled iminodi
acetic acid derivatives (which track bile flow) is 95% 
accurate for the diagnosis of acute cholecystitis (non‐fill
ing of gallbladder) (Fig.  14.3), but is more difficult to 
arrange as an emergency, takes longer to perform, 
involves the administration of a radioactive tracer, and 
hence is less patient friendly. US therefore takes prece
dence as the diagnostic approach.

CT and MRI scanning can show stones, but are mostly 
complimentary to US in showing gallbladder size, wall 
thickness, and evidence of inflammation as in acute chol
ecystitis [1]. They are second‐line approaches after US.

Bile duct imaging

US is the first‐line imaging for patients with cholestatic 
features to detect bile duct dilation or evidence of biliary 
tract disease. Dilated bile ducts suggest bile duct obstruc
tion (Fig. 14.4). US is 95% accurate in the diagnosis of bile 
duct obstruction if the serum bilirubin level exceeds 
170 µmol/L (10 mg/dL). False negatives occur if obstruc
tion is of short duration or intermittent. US diagnoses 
the correct level and cause of obstruction in about 60% 
and 50%, respectively, of cases, mainly due to failure to 
visualize the complete biliary tree, particularly the peri
ampullary region. The sensitivity of US for showing duct 
stones has been reported as 63% [2].

CT scanning should follow US if there is suspicion of 
malignant disease (see Chapter 15). It is more likely than 
US to show the level of obstruction and the cause; it is 
around 70% sensitive in showing bile duct stones [2]. 
Helical CT– is more sensitive but has no advantage over 
MRCP.

Fig. 14.1 Ultrasound scan of gallbladder showing three stones 
(arrowed) that cast acoustic shadows.

Fig. 14.2 Ultrasound scan in acute cholecystitis. Note the thick 
wall of the gallbladder (between black and white arrows) with 
some pericholecystic fluid (single arrow).

Table 14.1 Benign biliary diseases

Gallbladder
Stones
Cholecystitis

 ● Calculous
 ● Acalculous
 ● Empyema

Polyps
Functional disorders
Miscellaneous

 ● Adenomyomatosis
 ● Cholesterolosis
 ● Porcelain
 ● Xanthogranulomatous
 ● Congenital anomalies (see Chapter 16)
 ● Unusual associations (Salmonella, HIV, vasculitis)

Bile duct
Stones

 ● Common bile duct
 ● Intrahepatic

Strictures
 ● Post‐cholecystectomy
 ● Post‐liver transplantation
 ● Anastomotic
 ● Primary sclerosing cholangitis (see Chapter 18)
 ● IgG4‐related sclerosing cholangitis
 ● Chronic pancreatitis

Others
 ● Mirizzi syndrome
 ● Haemobilia
 ● Sphincter of Oddi (papillary) stenosis
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MRCP allows excellent non‐invasive cholangiography. 
Overall, it has an accuracy of >90% in showing common 
bile duct stones [3] (Fig. 14.5). The sensitivity is lower for 
stones less than 6 mm in diameter. MRCP also has a high 
accuracy in showing bile duct strictures and is as sensi
tive as ERCP in detecting pancreatic carcinoma. It can 
also show the changes of primary sclerosing cholangitis 
(Fig. 14.6) (see Chapter 18).

Endoscopic ultrasound (EUS) has a sensitivity and accu
racy for choledocholithiasis of 96% and 99%, respectively, 
and is more accurate than transabdominal US [2]. 
However, the procedure is invasive and EUS performs no 
better than MRCP [3]. EUS is valuable in specific situa
tions, for example, for a patient with recent acute pancrea
titis in whom a duct stone cannot be seen with non‐invasive 
imaging [4]. EUS can help differentiate between a benign 
and malignant periampullary stricture by guiding fine‐
needle aspiration cytology or endobiliary biopsy.

Biliary scintigraphy has a limited role for bile duct 
diseases, but can be valuable to demonstrate a biliary 

leak after cholecystectomy (Fig. 14.7), or to document 
the degree of functional obstruction to the intra‐ or 
extrahepatic bile ducts.

Endoscopic retrograde cholangiopancreatography 
(ERCP) (Fig. 14.8) may be performed as a day‐case proce
dure with only selected patients being admitted [5]. The 
development of CT, MRI and MRCP, and EUS has led to 
the majority of ERCPs being planned therapeutic proce
dures. Sphincterotomy, stone removal, stent insertion, cyto
logical sampling, and balloon dilation are the most 
common interventions. Complications of ERCP include 
pancreatitis, cholangitis, bleeding, and perforation, and 
also the risks of sedation and cardiovascular events in sus
ceptible patients. In a review, the overall complication rate 

(a) (b) Fig. 14.3 Cholescintigraphy (99mTc‐Iodida). 
(a) Normal scan. At 30 min the gallbladder 
(g) has filled. Isotope has already entered the 
bowel (B). (b) Acute cholecystitis. Gallbladder 
has not filled by 60 min, indicating cystic duct 
obstruction compatible with acute 
cholecystitis.

Fig. 14.4 Ultrasound scan showing dilated intrahepatic ducts 
(arrowed) and common bile duct (marked + +).

Fig. 14.5 Magnetic resonance cholangiopancreatography (MRCP) 
in a 39‐year‐old woman with right upper quadrant discomfort. 
Ultrasound showed a bile duct of 1 cm but no stones were seen. 
Gallbladder was normal. Liver tests were normal apart from 
marginally abnormal γ‐glutamyl transpeptidase. The MRCP shows 
filling defects in the mid bile duct and stones were removed after 
endoscopic sphincterotomy.
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was 6.86% (pancreatitis 3.47%) with a mortality of 0.33% 
[6]. To reduce the risk of pancreatitis, the European Society 
of Gastrointestinal Endoscopy and the British Society of 
Gastroenterology guidelines recommend routine rectal 
administration of diclofenac or indomethacin at the time 
of ERCP (if there is no contraindication such as renal fail
ure) [7,8], a recommendation supported by the result of a 
systematic review and meta‐analysis [9]. In cases with a 
high risk of pancreatitis, placement of a pancreatic stent 
should be considered [7,8]. Local expertise and risk strati
fication are important [10]. A selective rather than global 
prophylactic antibiotic policy is reported as being equally 
effective in preventing septic complications of ERCP [11]. 
Despite the associated risks, ERCP rather than PTC is usu
ally the first choice for direct cholangiography.

Percutaneous transhepatic cholangiography (PTC) 
involves passing a fine‐gauge needle through the liver 
under fluoroscopic control and injecting contrast 
medium to identify and fill the biliary system (Fig. 14.9). 
It can be performed under local anaesthesia and sedation 
or general anaesthesia. Most PTC procedures are thera
peutic, including internal/external drainage (PTD), stent 
insertion, and balloon dilation for strictures. PTD can be 
carried out for acute cholangitis when ERCP has failed. 
PTC carries a greater risk than ERCP since catheters are 
passed through the liver. Haemorrhage and bile leakage 
with peritonitis and cholangitis may follow. It is rarely 
used in patients with benign bile duct disease, unless 
ERCP has failed or previous surgery (e.g. hepaticojeju
nostomy) has made the ampulla inaccessible.

 Gallstones

Introduction

Gallstones are crystalline deposits in the gallbladder 
[12]. The prevalence varies between 5 and 25% of the 
population, with a higher prevalence in Western coun
tries, women, and the elderly [13]. Gallstones are broadly 
of three types: cholesterol, mixed (cholesterol and biliru
bin pigment), and pure pigment stones (bilirubin) [14] 

Fig. 14.7 Cholescintigraphy (99mTc‐Iodida). Post‐cholecystectomy 
bile leak. Isotope tracks laterally from gallbladder bed (short 
arrow) and T‐tube track (long arrow).

Fig. 14.8 Endoscopic retrograde cholangiopancreatography, normal 
appearances. C, common bile duct; G, gallbladder; PD, pancreatic duct.

Fig. 14.6 Magnetic resonance cholangiopancreatography in a 
40‐year‐old woman with chronic cholestasis of unknown aetiology. 
There are dilations and strictures of the intrahepatic and perihilar 
bile ducts. Diagnosis: primary sclerosing cholangitis (PSC).
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(Fig. 14.10). Calcium salts may make them radiopaque. 
Cholesterol‐rich stones predominate (up to 86%); mixed 
stones comprise around 4%; dominant bilirubin stones 
are rare [15] (Table 14.2).

Cholesterol stones are formed because of an imbalance 
between pronucleating factors and their inhibitors in the 
bile. Factors that lead to cholesterol gallstone formation 
include excessive biliary cholesterol, low bile salt levels, 
decreased gallbladder motility, and the phosphatidylcho
line level, which normally prevents the crystallization of 
cholesterol [16]. The main risk factors for cholesterol 
stone formation are shown in Fig. 14.11 and Table 14.3. 
Haemolysis and chronic bacterial or parasitic infections 
are considered the main risk factors for pigment stones.

There is currently no evidence that lifestyle modifi
cations can reduce the incidence of gallstones. In sickle 
cell disease, haemolysis can be prevented by early diag
nosis, prevention of sickling crises, and using prophylac
tic antibiotics in those who have undergone splenectomy 
or had splenic infarction. There is currently no evidence 
to suggest that prophylactic cholecystectomy is indicated 
in any patient group without gallstones [17] or that any 
preventive measures are effective.

Gallstone formation

Bile is 85–95% water; other components are cholesterol, 
phospholipids, bile acids, bilirubin, electrolytes, and a 
range of proteins and mucoproteins. Cholesterol is insol
uble in water. It is secreted from the canalicular mem
brane in unilamellar phospholipid vesicles (Fig. 14.12). 
Solubilization of cholesterol in bile depends upon 
whether there is sufficient bile salt and phospholipid 
(predominantly phosphatidylcholine [lecithin]) to 
house the cholesterol in mixed micelles. If there is 

Fig. 14.9 Percutaneous transhepatic cholangiogram showing 
normal right and left intrahepatic ducts and common bile duct, 
and free flow of contrast medium into the duodenum.

1 cm 1 cm
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ch

1 cm

(a) (b) (c)

Fig. 14.10 (a) Two faceted cholesterol gallstones. The fragment above shows the concentric structure formed as layer upon layer of 
cholesterol crystals aggregate. (b) Stones removed from the common bile duct (ch, cholesterol gallstone; p, brown pigment stone). 
(c) Black pigment gallstones.
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excess cholesterol or reduced phospholipids and/or bile 
acid, multilamellar vesicles form, and it is from these 
that there is nucleation of cholesterol crystals and ulti
mately sludge and stone formation (Fig. 14.12). Biliary 
cholesterol concentration is not related to serum cho
lesterol level and depends only to a limited extent on 

the bile acid pool size and bile acid secretory rate. 
Changes in bile acid type also reduce the capacity for 
cholesterol solubilization. A higher proportion of 
deoxycholate (a  secondary bile acid produced in the 
intestine and absorbed) is found in gallstone patients. 
This is a more hydrophobic bile salt and, when 
secreted into bile, extracts more cholesterol from the 
canalicular membrane, increasing cholesterol saturation. 
It also accelerates cholesterol crystallization.

One distinguishing feature between persons who form 
gallstones and those who do not is the ability of their bile to 
promote or inhibit nucleation of cholesterol. The time taken 
for this process (‘nucleation time’) is significantly shorter in 
those with than those without gallstones, and in those with 
multiple as opposed to solitary stones [18]. Biliary protein 
concentration is increased in stone‐forming (lithogenic) 
bile. Proteins that accelerate nucleation (pronucleators) 
include gallbladder mucin and immunoglobulin G. 
Cholesterol gallstones have bilirubin at their centre, and a 
protein pigment complex might provide the surface for 

SUPERSATURATED
BILE

Age
Sex
Genetics
Obesity
Drugs
Diet
Liver disease

ABSORPTION/
ENTERO-HEPATIC

CIRCULATION
OF BILE ACIDS

Deoxycholate
Bowel transit time
Faecal flora

Ileal resection
Cholestyramine

CHOLESTEROL
NUCLEATING

FACTORS

Mucus
Glycoprotein
Infection
? Others
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FUNCTION
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Fig. 14.11 Major factors in cholesterol gallstone 
formation are supersaturation of the bile with 
cholesterol, increased deoxycholate formation 
and absorption, cholesterol crystal nucleation, 
and impaired gallbladder function.

Table 14.3 Factors in cholesterol stone formation

 ● Genetics
 ● Lifestyle
 ● Obesity
 ● Other dietary factors
 ● Age
 ● Sex and oestrogens
 ● Cirrhosis
 ● Infection
 ● Diabetes
 ● Gallbladder function

Table 14.2 Classification of gallstones

Cholesterol Black pigment Brown pigment

Location Gallbladder, ducts Gallbladder, ducts Ducts
Major constituents Cholesterol Bilirubin pigment polymer Calcium bilirubinate
Consistency Crystalline with nucleus Hard Soft, friable
% Radiopaque 15% 60% 0%

Associations
Infection Rare Rare Usual
Other diseases See Fig. 14.11 Haemolysis, cirrhosis Chronic partial biliary obstruction
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nucleation of cholesterol crystals from gallbladder bile. An 
association of a genetic locus related to bilirubin conjuga
tion with gallstone formation has been reported [19]. Factors 
that slow nucleation (inhibitors) include apolipoprotein A1 
and A2 [20]. Ursodeoxycholic acid (a bile acid available as an 
oral medication), in addition to decreasing cholesterol satu
ration, also prolongs the nucleating time [21].

Gallbladder function

The gallbladder fills with hepatic bile during fasting, 
concentrates the bile by absorption of water, and con

tracts in response to a meal, resulting in the passage of 
bile into the duodenum. The gallbladder must be capable of 
emptying so as to clear itself of microcrystals, sludge, and 
debris that might initiate stone formation. Gallbladder 
contraction is under cholinergic and hormonal control. 
Cholecystokinin (CCK), derived from the intestine, con
tracts and empties the gallbladder and increases mucosal 
fluid secretion with dilution of gallbladder contents. 
Atropine reduces the contractile response of the gall
bladder to CCK [22]. Other hormones that affect the 
gallbladder include motilin (stimulatory) and somatostatin 
(inhibitory). Immune processes and inflammation in the 
gallbladder also appear to effect contraction and promote 
the production of pronucleators [23].That gallbladder 
motility is important is suggested by the relationship 
between impaired gallbladder emptying and gallstones 
in patients on long‐term parenteral nutrition, those in 
the intensive care unit, and pregnant women [24].

Biliary sludge

Biliary sludge is a viscous suspension of cholesterol 
monohydrate crystals, calcium bilirubinate granules, 
and other calcium salts/sludge. It usually forms as a 
result of reduced gallbladder motility related to decreased 
food intake or parenteral nutrition. After formation, 
sludge disappears in 70% of patients [25]. About 20% of 
patients develop complications of gallstones or acute 
cholecystitis.

Epidemiology of gallstones [16,26]

The prevalence of gallstones varies considerably between 
and within populations studied. However, there are broad 
differences that are consistent. The highest known preva
lence is among American Indians, with up to 60–70% of 
females having cholelithiasis or gallbladder disease in 
some studies. The prevalence in Chilean Indians is also 
high. The lowest frequencies are in Black Africans (<5%). 
In the Western world, the prevalence of gallbladder stones 
is about 5–15%. In the UK and Italy, gallstone prevalence 
is twofold greater in women than in men.

Factors in gallstone formation

Genetics
Studies have shown genetic risk and have implicated spe
cific genes, with a clear link to physicochemical changes 
in cholesterol and phospholipids [16]. Analysis of mono‐ 
and dizygotic twins suggests that genetic factors account 
for 25% of the difference in the prevalence of gallstones 
[27]. In an American family study, around 29% of the 
chance of having symptomatic gallstones was inherited 
[28]. Candidate gallstone genes have been identified in 
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mouse models and a human study identified a common 
variant (p.D19H) of the hepatocanalicular cholesterol 
transporter ABCG8 to be a risk factor for gallstone for
mation [29]. A recent study showed the heterogeneity 
of the genetics, with other susceptibility loci being 
identified but with lower associations [30]. The relationship 
and complexity of the genetics are further exemplified 
by low phospholipid‐associated cholelithiasis (LPAC) 
(see Chapter 13), caused by mutations in ABCB4.

Lifestyle
Lack of physical activity [31] is an association. There also 
is an association with the metabolic syndrome, obesity, 
type 2 diabetes, and dyslipidaemia [16]. At the molecular 
level, this appears to relate to insulin resistance leading 
to biliary cholesterol hypersecretion and impaired syn
thesis of bile acids [32].

Obesity
This is more common among gallstone sufferers than in 
the general population [33] and is a particular risk factor 
in women less than 50 years old. There is a significant 
association with non‐alcoholic fatty liver disease [34]. 
Obesity is associated with increased cholesterol synthesis. 
About 50% of markedly obese patients have gallstones at 
surgery. Dieting can result in biliary sludge and gallstone 
formation in obese individuals. Gallstone formation is 
common following obesity surgery [35] and is reduced 
by giving ursodeoxycholic acid [36,37].

Other dietary factors
Epidemiological studies show that chronic over‐nutri
tion with refined carbohydrates and triglycerides 
increases the risk [38]. Increasing dietary cholesterol 
increases biliary cholesterol but there are no epidemio
logical or dietary data to link cholesterol intake with gall
stones. In Western countries, gallstones have been linked 
to dietary fibre deficiency and a longer intestinal transit 
time [39]. This increases deoxycholic acid in bile and 
renders bile more lithogenic. Deoxycholate is derived 
from dehydroxylation of cholic acid in the colon by 
faecal bacteria. There is an enterohepatic circulation. 
Gallstone patients have significantly prolonged small 
bowel transit times [40] and increased bacterial dehy
droxylating activity in faeces [41]. A diet low in carbohy
drate and a shorter overnight fasting period protect 
against gallstones, as does a moderate alcohol intake in 
males [42].

Age
There is a steady increase in gallstone prevalence with 
advancing years, probably due to the increased cholesterol 
content in bile. By age 75 years, around 20% of men and 
30% of women in some Western countries have gallstones. 

Clinical problems present most frequently between the 
ages of 50 and 70 years.

Sex and oestrogens
Gallstones are twice as common in women as in men, 
and this is particularly so before the age of 50 years. The 
incidence is higher in multiparous than in nulliparous 
women. Incomplete emptying of the gallbladder in late 
pregnancy leaves a large residual volume and thus reten
tion of cholesterol crystals. Biliary sludge occurs fre
quently but is generally asymptomatic and disappears 
spontaneously after delivery in two‐thirds of women 
[43]. In the postpartum period, gallstones are present in 
8–12% of women (nine times that in a matched group) 
[44]. One‐third of those with a functional gallbladder are 
symptomatic. Small stones disappear spontaneously in 
30%.

The bile becomes more lithogenic when women are 
placed on birth control pills. Women on oral contracep
tives have been reported to have an increased incidence 
of gallbladder disease, but more recent studies have not 
been able to confirm this, perhaps because of a lower 
oestrogen content [45]. Postmenopausal women taking 
oestrogen‐containing drugs have a significant increase 
frequency (around 1.8 times) of gallbladder disease 
[45,46]. In men given oestrogen for prostatic carcinoma, 
the bile becomes saturated with cholesterol and gall
stones may form [47].

Cirrhosis
About 30% of patients with cirrhosis have gallstones. 
The risk of developing stones is most strongly associated 
with Child–Pugh grade C and alcoholic cirrhosis with a 
yearly incidence of about 5% [48]. The mechanisms are 
uncertain. All patients with hepatocellular disease show 
a variable degree of haemolysis. Although bile acid 
secretion is reduced, the stones are usually of the black 
pigment type. Phospholipid and cholesterol secretion 
are also lowered so that the bile is not supersaturated. 
Cholecystectomy in patients with cirrhosis carries an 
increased morbidity and mortality [49,50]. In Child–
Pugh class A and B, the laparoscopic approach is pre
ferred to open cholecystectomy because of lower 
morbidity and mortality. In patients in Child–Pugh class 
C and those with a higher Model for End‐Stage Liver 
Disease (MELD) score, the risk of cholecystectomy is 
particularly high, making management decisions more 
difficult [50]. If the patient is a candidate for liver trans
plant, cholecystectomy should be avoided.

Infection
Although infection is thought to be of little importance 
in cholesterol stone formation, bacterial DNA is found in 
these stones [51]. Conceivably, bacteria might deconjugate 
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bile salts, allowing their absorption and reducing choles
terol solubility.

Diabetes mellitus
Diabetic subjects have a higher prevalence of gallstones 
than non‐diabetic persons (42 versus 23%) [52]. The 
older patient with diabetes tends to be obese, and this 
may be the important factor in gallstone formation. 
Patients with diabetes may have large, poorly contract
ing and poorly filling gallbladders [53]. Patients with 
diabetes mellitus undergoing cholecystectomy, whether 
emergency or elective, have an increased risk of 
complications.

Other factors
Hepatitis C is associated with a higher incidence of gall
bladder stones than hepatitis B, or those without hepati
tis B or C (11.7 vs 5.4 vs 6.0%, respectively [54]), but the 
reason is not known. Ileal resection breaks the entero
hepatic circulation of bile salts, reduces the total bile salt 
pool, and is followed by gallstone formation. The same 
is found in subtotal or total colectomy [55]. Gastrectomy 
increases the incidence of gallstones [56]. Long‐term 
cholestyramine therapy increases bile salt loss with a 
reduced bile acid pool size and gallstone formation.

Pigment gallstones [57]

This term is generally used for stones containing <30% 
cholesterol. There are two types: black and brown (see 
Fig  14.10 and Table  14.2). Black pigment stones are 
largely composed of an insoluble bilirubin pigment poly
mer mixed with calcium phosphate and carbonate. There 
may be no cholesterol. The mechanism of formation is 
not well understood, but supersaturation of bile with 
unconjugated bilirubin, changes in pH and calcium, and 
overproduction of an organic matrix (glycoprotein) play 
a role. Genome‐wide analysis has shown an association 
between gallstones (cholesterol and also those with more 
pigment content) in men with the UGT1A1 Gilbert syn
drome variant [19]. Overall, 20–30% of gallbladder 
stones are black. The incidence rises with age. Black 
stones accompany chronic haemolysis, usually heredi
tary spherocytosis or sickle cell disease, and mechanical 
prostheses, for example heart valves. They show an 
increased prevalence with all forms of cirrhosis, particu
larly alcoholic [48]. Patients with ileal Crohn disease may 
form pigment stones because of increased colonic 
absorption of bilirubin due to failure of ileal absorption 
of bile acid [58].

Brown pigment stones contain calcium bilirubinate, 
calcium palmitate and stearate, and cholesterol. Brown 
stones are rare in the gallbladder. They form in the bile 
duct and are related to bile stasis and infected bile. They 

are usually radiolucent. Bacteria are present in more 
than 90%. Stone formation with sepsis is related to the 
deconjugation of bilirubin diglucuronide by bacterial β‐
glucuronidase [57]. Insoluble unconjugated bilirubinate 
precipitates. Brown pigment stones form above biliary 
strictures in sclerosing cholangitis and in the dilated 
segments of Caroli disease. There is an association with 
juxtapapillary duodenal diverticula [59]. In Oriental 
countries, brown stones are associated with parasitic 
infestations of the biliary tract such as Clonorchis sinen
sis and Ascaris lumbricoides. These stones are frequently 
intrahepatic.

 Symptoms and complications 
of gallstones

Gallstones can be dated from the atmospheric radio
carbon produced by nuclear bomb explosions. This 
suggests a time lag of about 12 years between initial 
stone formation and symptoms culminating in chole
cystectomy [60].

Gallbladder stones are usually asymptomatic. Each 
year, approximately 2–4% of people with gallstones 
develop symptoms, most commonly biliary colic. This is 
characteristically right upper quadrant abdominal pain 
lasting more than half an hour without fever [61,62]. 
The presence of fever suggests the development of acute 
cholecystitis or cholangitis. Other common symptoms 
related to gallstones include epigastric pain and intoler
ance to fatty foods, nausea, bloating, flatulence, and 
frothy, foul‐smelling stools [61,62].

Complications of gallstones, expressed as patients per 
year, include acute cholecystitis (0.3–0.4%), acute pan
creatitis (0.04–1.5%), and obstructive jaundice (0.1–0.4%) 
[61–63]. Other rarer complications (see later) are acute 
cholangitis, empyema or mucocele of the gallbladder, 
intestinal obstruction (‘gallstone ileus’), gallbladder 
perforation with peritonitis, and gallbladder cancer. 
Of  these, acute pancreatitis and cholangitis are life‐
threatening complications, with a mortality of 3–20% 
with the first attack of acute pancreatitis [64–66] and 
4–24% with acute cholangitis [67,68].

Uncomplicated biliary colic often precedes other 
gallstone‐related complications [69]. The rate of gall
stone‐related complications is higher in patients with a 
history of biliary colic than in those with asymptomatic 
gallstones [70].

Diagnosis of gallstones

US is currently the first‐line method for the diagnosis of 
gallbladder stones, as discussed earlier. A consensus 
conference in 2013 reviewed the diagnosis of acute 
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cholecystitis [71]. Acute cholecystitis is suspected in the 
presence of local or systemic signs of inflammation. 
These include Murphy’s sign (tenderness over the gall
bladder exacerbated by deep inspiration), fever, and 
an  increased white cell count or C‐reactive protein. 
Murphy’s sign has a sensitivity of 65% and a specificity of 
87% [72]. A clinical suspicion of acute cholecystitis is 
usually confirmed by US (sensitivity 81%, specificity 
83%) with the features described earlier. The accuracy of 
MRI is similar to that of US but cholescintigraphy, if 
available, is superior [73]. A diagnosis of pancreatitis 
secondary to gallstones is usually suspected by the pres
ence of pain in the epigastric region radiating to the 
back and confirmed by diffuse abdominal tenderness, 
and increased serum amylase, urine amylase or serum 
lipase levels. The diagnosis is supported by radiological 
features such as an enlarged pancreas with peripancreatic 
fluid collections [74].

The presence of common bile duct stones should be 
suspected when there is obstructive jaundice, dark urine, 
increased serum alkaline phosphatase level and bilirubin. 
US is indicated and is generally the first investigation 
looking for duct dilation, but has only a 60% sensitivity 
for showing duct stones [2]. Hence confirmation is 
necessary by MRCP or EUS [8,75]. Fever and rigors in 
the presence of jaundice should raise the suspicion of 
cholangitis.

In patients who present with symptoms suggestive of 
gallbladder stones but are clinically well, it is reasonable 
to investigate them by an elective US, followed by refer
ral to an upper gastrointestinal tract surgeon if gallstones 
are present. If gallstone complications are suspected, 
urgent referral to the surgeon is warranted because early 
confirmation of the diagnosis and treatment of compli
cations are associated with better outcomes (see the later 
section on timing of surgery).

Features that suggest the presence of complications 
include

 ● fever, rigors
 ● hypotension
 ● epigastric pain radiating to the back
 ● jaundice, dark urine, positive urinalysis for bilirubin
 ● Murphy’s sign
 ● diffuse abdominal tenderness.

Depending on the clinical presentation, further blood 
tests, such as blood white cell count, serum C‐reactive 
protein, serum amylase, serum bilirubin, alkaline 
phosphatase, and transaminases, should be performed. 
Note that an acute rise in transaminases rather than 
alkaline phosphatase may be seen with acute bile duct 
obstruction due to a stone. Radiological investigations 
for a patient presenting with suspected complications of 
gallstones should start with US; CT, MRCP/MRI and 

EUS may be necessary to clarify the diagnosis and man
agement plan.

Treatment of gallstones

Management of gallbladder stones differs between 
patients with symptomatic as opposed to asymptomatic 
gallstones. In patients presenting with vague upper 
abdominal pain or dyspeptic symptoms, it can be diffi
cult to decide whether the symptoms are related to the 
known gallbladder stones. In one study, 90% of patients 
with classic biliary colic had symptom relief after chol
ecystectomy, suggesting that biliary colic is a reliable 
indicator of symptomatic gallstones [76]. Around 70% of 
those patients with upper abdominal pain but unse
lected according to intensity or duration of pain had 
symptom relief after cholecystectomy. However, only 
55% of patients with general dyspeptic symptoms had 
symptom relief after cholecystectomy, suggesting that, 
in a high proportion of people with gallstones, vague 
upper abdominal pain or dyspepsia may not be related 
to their gallstones [76]. In a systematic review, up to 33% 
of patients continued to have abdominal symptoms 
post‐cholecystectomy and up to 14% of patients devel
oped new abdominal symptoms [77]. Persistent symp
toms included diarrhoea and constipation; flatulence was 
the most frequent new symptom.

Symptomatic gallstones

In general, and in line with the UK National Institute 
for Health and Care Excellence (NICE) guidance [78], 
cholecystectomy is recommended for patients with 
symptomatic gallstones, although the quality of evidence 
is poor. There have been no randomized controlled trials 
(RCTs) comparing medical dissolution (ursodeoxycholic 
acid) or extracorporeal shockwave lithotripsy with obser
vation, hence the value of these interventions is unclear. 
There have been two RCTs performed in Scandinavia 
comparing surgery with observation in patients with 
symptomatic gallstones  –  one in patients with biliary 
colic (any severity of symptoms) [79,80] and the other in 
patients with acute cholecystitis [81,82].

Surgery versus observation: biliary colic RCT
After follow‐up of 14 years, approximately 40% of those 
who did not undergo routine cholecystectomy devel
oped recurrent symptoms or complications, compared 
with 13% of the cohort who underwent cholecystectomy 
[79,80]. Only one patient (1.4%) in the observation group 
developed acute pancreatitis during this follow‐up 
period [79,80]. However, approximately 50% of people in 
the ‘observation group’ had undergone surgery, with the 
median time to surgery being 28 months [79,80].
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Surgery versus observation: acute cholecystitis RCT
After follow‐up of 14 years, approximately 30% of people 
with mild acute cholecystitis who did not undergo rou
tine surgery developed recurrent gallstone‐related com
plications compared with 3% of people who underwent 
routine surgery [81,82]. None of the 33 participants in the 
observation group developed pancreatitis. Approximately 
33% of people in the observation group had undergone 
cholecystectomy, with the median time to surgery being 
15 months [81,82].

Unfortunately, currently it is not possible to predict 
which patients will get recurrent symptoms or compli
cations. A UK National Institute for Healthcare Research 
(NIHR)‐sponsored Health Technology Assessment 
(HTA) of the effectiveness of surgery versus observation 
concluded in 2014 that surgery is the more effective 
strategy of the two methods (surgery versus observation) 
for the treatment of symptomatic gallstones [83]. How
ever, there was considerable uncertainty regarding the 
benefits of cholecystectomy in patients with mild biliary 
colic and a trial is under way in the UK comparing sur
gery versus observation in people with uncomplicated 
gallstones, the C‐Gall trial [84].

Medical versus surgical treatment
There have been no RCTs comparing medical dissolu
tion therapy with surgery. In one RCT that assessed 
whether medical dissolution can prevent symptoms and 
complications in patients awaiting surgery, this approach 
did not decrease biliary symptoms [85]. Because of the 
low effectiveness and high rates of recurrent symptoms, 
medical dissolution is not considered an effective alter
native to surgery. All three RCTs comparing cholecys
tectomy with extracorporeal shockwave lithotripsy in 
the treatment of symptomatic gallbladder stones found 
that lithotripsy was effective in only a small proportion 
of patients [86].

Patients undergoing obesity surgery have a high risk of 
gallstone development and this risk can be reduced by the 
administration of ursodeoxycholic acid post‐surgery [37].

Summary
Surgery is currently considered the only effective treat
ment in the management of symptomatic gallstones. 
However, about 30–40% of patients remain symptomatic 
after cholecystectomy, underlining that abdominal 
symptoms may be wrongly attributed to gallstones [77]. 
With only a 60–70% success rate, cholecystectomy is not 
a particularly effective treatment for symptomatic gall
stones, but it is recommended by most international 
guidelines because of the lack of alternatives and our 
inability to select patients who are likely to have recurrent 
symptoms. Further studies are required to determine 
whether cholecystectomy is indicated in people with 

symptomatic but uncomplicated gallstones and how to 
predict those who will have recurrent symptoms. In 
patients who need intervention but are not suitable for 
cholecystectomy because of their general medical condi
tion, percutaneous cholecystostomy (see later) may be 
considered [87]. When the patient’s condition has 
improved, cholecystectomy may be reconsidered.

 Cholecystectomy

The risks

Complications
Although cholecystectomy is generally considered a 
relatively safe procedure with few serious complications, 
bile duct injury resulting from surgery is a serious com
plication, with potential long‐term consequences [88]. 
Mortality after surgery ranges between 0.15 and 0.31% 
[89–91]. Historically, the figure quoted for the rate of bile 
duct injury at the time of laparoscopic cholecystectomy 
was 0.2% [92,93]. However, a study of more than 50 000 
unselected patients from the Swedish Registry for Gall
stone Surgery and Endoscopic Retrograde Cholangio
pancreatography (GallRiks) reported that 1.5% of 
patients undergoing cholecystectomy between 2005 and 
2010 developed a bile duct injury, although only one‐
fifth of those injuries (0.3%) involved partial or complete 
transection of the bile duct [88]. The patients with bile 
duct injury had a significantly higher 1‐year mortality 
than those without bile duct injury.

Perhaps more importantly, a recent study of a large US 
database showed a 6–9% risk of major medical complica
tions during or after cholecystectomy, including myocar
dial infarction, heart failure, acute stroke, renal failure, 
pulmonary embolism, lung failure, and postoperative 
shock [94]. Moreover, a recent audit of UK hospitals 
including about 4000 elective cholecystectomies showed 
that approximately 8% of people who underwent elective 
cholecystectomy developed surgical complications [95]. 
These studies emphasize that cholecystectomy, particu
larly in elderly patients with co‐morbidities, must be 
considered a high‐risk procedure.

After cholecystectomy, fat intolerance may develop in 
a small proportion of people, and a low‐fat diet is recom
mended in these patients. However, there is currently no 
indication that a low‐fat diet should be routinely advised 
following cholecystectomy.

Surgical technique

Laparoscopic versus open cholecystectomy
Cholecystectomy is generally performed by keyhole 
surgery (laparoscopic cholecystectomy) rather than 
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open surgery because of the shorter length of hospital 
stay, decreased postoperative pain, earlier return to 
work, and a better cosmetic outcome [96,97]. Minimally 
invasive open (‘small‐incision’) cholecystectomy pro
vides equivalent results in terms of clinical outcomes, as 
shown in a Cochrane systematic review [98], and may be 
cheaper than laparoscopic cholecystectomy, as reported 
in an RCT [99]. Small‐incision cholecystectomy is a good 
alternative when laparoscopy is not available, or as an 
alternative when the laparoscopic approach fails.

Based on a systematic review and meta‐analysis of 
four RCTs, laparoscopic cholecystectomy is currently 
preferred over open cholecystectomy even in patients 
with acute cholecystitis, because of lower overall mor
bidity [100]. Laparoscopic cholecystectomy is also pre
ferred over open cholecystectomy in patients with 
cirrhosis because of fewer postoperative complications 
and a shorter hospital stay [101].

Perioperative interventions related 
to cholecystectomy
Antibiotics
A Cochrane systematic review on the routine use of 
antibiotic prophylaxis in patients undergoing cholecys
tectomy found that routine antibiotic prophylaxis did 
not reduce surgical site infections or extra‐ abdominal 
infections. Hence currently there is no evidence for 
the  use of routine antibiotic prophylaxis in patients 
undergoing elective laparoscopic cholecystectomy 
[102,103].

In patients undergoing surgery for acute cholecystitis, 
prophylactic antibiotics are generally administered. 
However, there is currently no evidence from RCTs in 
those undergoing early cholecystectomy for acute chol
ecystitis that prophylactic antibiotics are beneficial. 
With regard to postoperative antibiotics in patients 
undergoing cholecystectomy for acute cholecystitis, an 
RCT involving 414 patients found no significant differ
ence in overall morbidity or infectious complications 
between those who received antibiotics (15%) and those 
who did not (17%) [104]. Hence there is no evidence that 
postoperative antibiotics are required after cholecystec
tomy for acute cholecystitis. It may be advisable to 
administer antibiotics to those who develop a gallbladder 
perforation during cholecystectomy or those in whom 
cholecystectomy for acute cholecystitis is delayed.

Day surgery
Based on a Cochrane systematic review of six RCTs, 
elective laparoscopic cholecystectomy can be safely 
performed as a day‐surgery procedure [105]. There is 
no specific anaesthetic regimen that is superior for day‐
surgery laparoscopic cholecystectomy [106], based on a 
Cochrane systematic review of 11 RCTs.

Intraoperative cholangiography
There is currently no evidence for the routine use of 
intraoperative cholangiography during laparoscopic 
cholecystectomy [107].

Laparoscopic cholecystectomy: timing
Biliary colic
Based on evidence from only one trial with a high risk of 
bias [108,109], early laparoscopic cholecystectomy (less 
than 24 h after diagnosis of biliary colic) has a lower mor
bidity than elective laparoscopic cholecystectomy (mean 
waiting time 4 months), and also a shorter hospital stay 
and operating time. Therefore, early laparoscopic chole
cystectomy is preferable. However, the complication rate 
during the waiting period in this study was different 
from that seen in the cohort studies of the natural history 
of gallstone disease and the RCT comparing surgery with 
observation [79,110–112]. This suggests that the patients 
included in this trial were more severely symptomatic. 
Further trials are required to demonstrate whether early 
rather than elective laparoscopic cholecystectomy for 
biliary colic is cost‐effective.

Acute cholecystitis
A Cochrane systematic review (including seven RCTs) 
compared early laparoscopic cholecystectomy per
formed within 1 week of admission with delayed laparo
scopic cholecystectomy performed after at least 6 weeks 
of resolution of symptoms in patients with acute chole
cystitis. This showed that early laparoscopic cholecys
tectomy shortens the total length of hospital stay by 
about 4 days [113], with a similar rate of serious compli
cations, compared with late cholecystectomy (6.5% ver
sus 5.0%, respectively) [113]. The conversion rate from 
laparoscopic to open cholecystectomy for acute chole
cystitis is approximately 20% in both the early and 
delayed groups [113], much higher than for elective lapa
roscopic cholecystectomy for biliary colic (normally less 
than 5%). The operation should be performed as soon as 
possible following admission since the conversion rate is 
lower and the duration of hospital stay is shorter the ear
lier the operation takes place [114].

A recent RCT evaluating the role of early laparoscopic 
cholecystectomy in people with more than 72 h of symp
toms still found that early laparoscopic cholecystectomy 
was better than delayed laparoscopic cholecystectomy 
performed electively more than 6 weeks after initial 
admission [115]. However, another RCT found that for 
patients who cannot have early elective surgery within 1 
week because of late diagnosis or medical reasons (high 
risk of surgery) it would be better to wait for 6 weeks as 
the morbidity after laparoscopic cholecystectomy 
between 7 and 45 days was approximately 2–3 times that 
of surgery performed early (within 7 days) or electively 
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after an interval of 6 weeks [116]. Proceeding with lapa
roscopic cholecystectomy after 7 days of onset of acute 
cholecystitis should still be considered in those in whom 
symptoms and signs are not responding to antibiotics 
and in whom a high risk of conversion to open surgery is 
explained and an experienced biliary tract surgeon is 
available. The alternative approach would be percutane
ous gallbladder drainage with elective surgery, which 
would be more appropriate in patients who are elderly or 
who have severe co‐morbidity. Conservative treatment 
of acute cholecystitis without routine cholecystectomy is 
possible. However, over one‐third of the patients will 
have complications or will be re‐admitted as emergencies 
because of biliary pain. For 30% of patients, a cholecys
tectomy is eventually necessary [82].

Summarizing current studies on timing of surgery in 
acute cholecystitis, it appears that early laparoscopic 
cholecystectomy is preferable for people with symptoms 
for less than 7–10 days, and delayed laparoscopic chole
cystectomy after 6 weeks is better for people with symp
toms of longer duration.

Concomitant gallstone pancreatitis
Early laparoscopic cholecystectomy performed as soon 
as possible, or ‘same admission cholecystectomy’, appears 
to be more beneficial than delayed elective laparoscopic 
cholecystectomy in patients with mild gallstone pancre
atitis [117]. There is currently no high‐quality evidence 
to guide the timing of cholecystectomy in patients with 
severe acute pancreatitis [117]. A common approach 
would be to resolve the complications associated with 
severe pancreatitis and ensure full recovery of the patient 
prior to proceeding to laparoscopic cholecystectomy.

Pregnancy
Cholecystectomy during pregnancy can result in mater
nal and fetal complications [118] but, in general, chol
ecystectomy is recommended as early as possible in 
complicated gallstone disease because of the risk of 
recurrent symptoms, hospital admissions, and compli
cations related to delaying laparoscopic cholecystec
tomy [119,120].

Based on evidence from a systematic review of non‐
randomized studies, laparoscopic cholecystectomy may 
be preferable to open cholecystectomy in the first and 
second trimesters of pregnancy because of fewer mater
nal and fetal complications [121].

Although a recent meta‐analysis of non‐randomized 
studies on surgical versus conservative treatment of gall
stones during pregnancy did not establish a clear benefit 
for surgical intervention [122], there is likely to be a 
selection bias favouring conservative treatment in 
nonrandomized trials. RCTs, difficult to perform in this 
situation, are necessary to provide clearer guidance.

 Complicated acute gallbladder 
disease

Empyema of the gallbladder (gallbladder abscess)

If the cystic duct is blocked by a stone and infection 
develops within the stagnant gallbladder bile, then an 
empyema or abscess of the gallbladder may develop. 
Symptoms may suggest an intra‐abdominal abscess 
(fever, rigors, pain), although elderly patients may appear 
relatively well with non‐specific symptoms. Treatment is 
with antibiotics followed by cholecystectomy. There is a 
high postoperative rate of septic complications [123]. 
Percutaneous cholecystostomy (see later) is considered if 
the patient is unfit for surgery and may allow resolution 
of sepsis with subsequent elective cholecystectomy or 
may be a definitive procedure in those with severe 
co‐morbidity.

Emphysematous cholecystitis

This term is used to denote infection of the gallbladder 
with gas‐producing organisms (Escherichia coli, Clostri
dium welchii) or anaerobic streptococci. The primary 
lesion is occlusion of the cystic duct or cystic artery. 
Infection is secondary [124]. The condition classically 
affects males with diabetes who develop features of 
severe, toxic, acute cholecystitis. An abdominal mass 
may be palpable.

On a plain abdominal X‐ray, the gallbladder may be 
seen as a sharply outlined pear‐shaped gas shadow. 
Occasionally, air may be seen infiltrating the wall and 
surrounding tissue. Gas is not apparent in the cystic 
duct, which is usually blocked by a gallstone. In the erect 
position, a fluid level is seen in the gallbladder. However, 
a plain abdominal X‐ray may not show the characteristic 
changes. US is diagnostic in around 50% of cases. CT 
may show characteristic features.

Standard treatment is with antibiotics and emergency 
cholecystectomy. In the severely ill patient, percutaneous 
cholecystostomy is an alternative (see later).

Acute acalculous cholecystitis

About 5–10% of acute cholecystitis in adults and about 
30% in children occurs in the absence of gallstones. The 
most frequent predisposing cause is an associated critical 
illness following surgery, multiple injuries, or major 
burns. It is also associated with recent childbirth, severe 
sepsis, mechanical ventilation, and parenteral nutrition.

The pathogenesis is unclear and probably multifacto
rial, but bile stasis (lack of gallbladder contraction), 
increased bile viscosity and lithogenicity, and gallbladder 
ischaemia are thought to play a role. Administration of 
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opiates, which increase sphincter of Oddi tone, may also 
reduce gallbladder emptying. Clinical features are simi
lar to those of acute calculous cholecystitis, with fever, 
leucocytosis, and right upper quadrant pain, but the 
diagnosis is often difficult because the patient may be 
intubated, ventilated, and receiving narcotic analgesics. 
There may be laboratory features of cholestasis with 
raised bilirubin and alkaline phosphatase. US and CT are 
complementary and useful in showing a thickened gall
bladder wall (>5 mm), pericholecystic fluid or subserosal 
oedema (without ascites), and intramural gas. The sensi
tivity of US varies widely between studies (30–100%), but 
prospective studies have suggested that this is a useful 
technique [125]. Cholescintigraphy is reported to have a 
sensitivity of 60–100% for acalculous cholecystitis [125], 
but moving patients to the imaging unit for the time 
required for scanning may not be practical. There is 
debate as to the optimal order of imaging [125].

Because of the difficulties with diagnosis, a high 
index of clinical suspicion is needed, particularly in 
patients at risk. Gangrene and perforation of the gall
bladder are common. The mortality is high, 41% in one 
series [126], often due to delayed diagnosis. Treatment 
is emergency cholecystectomy. In the critically ill 
patient, percutaneous cholecystostomy under US guid
ance may be lifesaving.

 Percutaneous cholecystostomy

This has a place in the treatment of patients with severe 
acute calculous or acalculous cholecystitis considered 
unfit for surgery [127,128]. The alternative is to pro
ceed to a laparoscopic or open cholecystectomy in a 
patient at high operative risk. Percutaneous cholecysto
stomy can be carried out under US or CT control, or 
using fluoroscopy after initial opacification of the gall
bladder via a fine percutaneous needle. A drainage cath
eter can be inserted over a guidewire and left to drain 
the gallbladder, or aspiration of the fluid and pus can be 
performed without continued drainage. Both methods 
are combined with intensive antibiotic therapy. Bile/pus 
is sent for culture. There is usually rapid relief of clinical 
symptoms.

This technique may be used as a definitive procedure 
or may be a temporary measure to allow improvement of 
the patient’s condition prior to an elective cholecystec
tomy [127,128]. A systematic review of percutaneous 
cholecystostomy in the elderly showed successful inter
vention in 85% of patients [129]. Procedure‐related 
mortality was 0.36%. Cholecystectomy was performed 
subsequently in 40% of patients with a mortality of 1.96%. 
The 30‐day mortality in this group was 4.5%, and 15.4% 
in those managed with percutaneous cholecystostomy 

without cholecystectomy [129]. Endoscopic gallbladder 
drainage using a nasobiliary tube or transpapillary stent
ing is reported [130], and more recently EUSguided 
gallbladder drainage with novel electrocauteryenhanced 
lumenopposing metal stents (ECELAMS) [131]. RCTs 
are needed comparing LAMS with other treatment 
options to assess their success, efficacy, and safety.

 Asymptomatic gallbladder stones

There have been no RCTs assessing whether asympto
matic gallbladder stones should be treated. There is 
currently no evidence that lifestyle modifications such 
as decreasing fatty food intake or increasing exercise 
prevent the development of symptoms in people with 
asymptomatic gallstones.

Because of the complications associated with surgery 
and the lack of efficacy of alternative treatments, there is 
no treatment currently recommended for people with 
asymptomatic gallstones (regardless of whether these are 
cholesterol, pigment, or mixed stones). A possible excep
tion is patients with porcelain gallbladders (usually 
identified by US), because of the association with gall
bladder cancer [132]. However, whether cholecystectomy 
for asymptomatic gallstones and prophylactic cholecys
tectomy for porcelain gallbladder should be considered 
to prevent gallbladder cancer is a topic of ongoing debate 
[133,134].

In patients with asymptomatic gallstones undergoing 
major abdominal surgery, it seems reasonable to offer 
cholecystectomy, since adhesions related to a major 
operation may make later minimal access surgery (i.e. 
laparoscopic cholecystectomy) difficult or impossible. 
However, this view is not supported by evidence from 
RCTs, hence careful informed consent is essential.

 Non‐surgical treatment of gallstones 
in the gallbladder

The widespread availability and acceptance of laparo
scopic cholecystectomy have markedly reduced the use 
of non‐surgical treatments for gallbladder stones. The 
overall results from these have been discussed earlier. 
Cholecystectomy is associated with a risk of bile duct 
injury or other operative complications and there is 
significant morbidity and mortality when carrying out 
cholecystectomy in elderly patients with co‐morbidity. 
Hence there is a small group of patients for whom non‐
surgical approaches (Table 14.4) may need to be con
sidered when the patient is unfit for surgery or has 
declined surgery.
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Summary of gallstone management

Currently, no treatment is advocated for asymptomatic 
gallstones. In people with symptomatic gallstones, 
surgery appears to be the only effective treatment; 
however, the benefit of surgery in people with mildly 
symptomatic gallstone disease without complications 
is questionable. Laparoscopic cholecystectomy appears 
to be preferable to open cholecystectomy in most 
clinical situations. In people with complicated gall
bladder stones, it appears that early surgery is bene
ficial. An overall treatment algorithm is shown in 
Figure 14.13.

 Common bile duct stones

Background

The majority of stones in the common bile duct have 
passed from the gallbladder. Migration from the gall
bladder is related to the size of the stone relative to the 
calibre of the cystic duct and, from the common bile 
duct, the stone size relative to the sphincter of Oddi. 
Stones may pass uneventfully into the duodenum, cause 
acute pancreatitis, acute cholangitis, or isolated abdomi
nal pain, or remain clinically silent in the duct. They may 
result in partial obstruction to the common bile duct 

Table 14.4 Non‐surgical treatments for gallbladder stones

Treatment Outcome Limitations Ref.

Dissolution therapy with 
ursodeoxycholic acid

Satisfactory dissolution in 90% of 
very carefully selected patients 
(stones <5 mm)
Poor (40–50%) if stone(s) >20 mm, 
or multiple

 ● Long term treatment
 ● Requires functioning gallbladder
 ● Stone recurrence 30–50% at 5 

years

[135,136]

Extracorporeal shock‐wave 
lithotripsy (adjuvant to oral 
bile acid therapy)

70–90% clearance at 12 months in 
suitable patients

 ● Only minority of GS patients 
suitable (20–25%)

 ● High recurrence rate

[137,138]

Common bile
duct stones

Symptomatic
gallstones

Complicated

Observation Cholecystectomy

Previous 
cholecystectomy

Endoscopic
sphincterotomy

and stone 
removal

Endoscopic
sphincterotomy and

duct clearance

Cholecystectomy

Gallstones

Yes

Yes

Yes

Yes

No

No

No

No

Fig. 14.13 Management of gallstones.
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with intermittent obstructive jaundice. Infection within 
an obstructed bile duct, acute cholangitis, may result in 
septic shock or lead to liver abscess formation.

Stones may be left unintentionally in the common bile 
duct at cholecystectomy or may migrate from the cystic 
duct stump. Stones may form in the bile duct secondary 
to a traumatic or inflammatory stricture, sclerosing 
cholangitis, or congenital biliary abnormalities. Infection 
may be the initial event. Primary duct stones (i.e. they 
have formed in the duct rather than passing from the 
gallbladder) are usually brown and are often oval and 
conform to the long axis of the duct.

Presentation of common bile duct stones

Bile duct obstruction is usually partial and intermittent 
since the calculus exerts a ball‐valve effect at the lower 
end of the common bile duct. Duct stones are sometimes 
discovered incidentally on scanning. In the elderly, they 
may present simply as general malaise, or mental and 
physical debility [139]. Pain occurs in about three‐quar
ters of patients. It is usually right upper quadrant, severe, 
colicky, and intermittent. There is associated abdominal 
tenderness and cholestatic liver tests. In acute obstruc
tion, the typical picture is an elevated transaminase level, 
which may lead to an erroneous initial assessment as 
being due to an acute hepatitis. Full blood count may 
show neutrophilia. The classical picture is of jaundice, 
abdominal pain, chills, and fever (Charcot’s triad).

Assessing the severity of acute cholangitis

It is important to make a judgement on the severity of 
cholangitis, since this has a major influence on manage
ment. Most patients have mild or moderate cholangitis, 
based on clinical and laboratory data, and an early 
response to antibiotic therapy. These patients can be 
managed with routine ward management. In those who 
do not respond to antibiotic therapy, or have features of 
septic shock, resuscitation and management in the inten
sive care unit may be required. Patients with acute chol
angitis who fail to respond to antibiotic therapy require 
urgent biliary decompression and a delay in ERCP for 
acute cholangitis increases the complication rate and 
prolongs recovery [8]. Confusion and hypotension added 
to Charcot’s triad have been termed Reynold’s pentad, 
which is associated with acute suppurative cholangitis 
and the need to perform urgent bile duct drainage [140].

Grades of severity of cholangitis have been defined in 
the Tokyo guidelines (TG13) [141] with the severe type 
(Grade III) being associated with organ/system dys
function (at least one of cardiovascular, neurological, 
respiratory, renal, hepatic, and haematological dysfunc
tion – with thresholds defined in the guidelines). Grade 

II (moderate cholangitis) is acute cholangitis with any 
two of an abnormal white cell count, high fever (≥39 °C), 
age ≥75 years, bilirubin ≥5 mg/dL (105 µmol/L) and 
hypoalbuminaemia. Mild acute cholangitis (Grade I) is 
acute cholangitis not meeting criteria of Grade II or III. 
These criteria were subsequently verified as being use
ful in clinical practice [142]. The bile is infected in 
acute cholangitis, and systemic infection is thought to 
result from the raised biliary pressure due to duct 
obstruction. Escherichia coli is the commonest infect
ing organism. Others include Klebsiella, Streptococcus, 
Pseudomonas, Bacteroides, and Clostridium spp. Acute 
biliary pancreatitis is due to a stone wedging at, or 
passing through, the ampulla and may present along 
with acute cholangitis.

Management

The strategy for management of bile duct stones with 
acute cholangitis is treatment with antibiotics, with 
appropriate fluid management followed by ERCP, 
sphincterotomy, and stone removal. The urgency of 
endoscopic intervention is governed by the clinical 
state of the patient and the response to antibiotics. 
Blood cultures should be performed during the febrile 
episode. Antibiotics are given with ciprofloxacin being 
an effective first‐line choice. Bile is taken for culture. If 
the stones cannot be extracted following endoscopic 
sphincterotomy, bile drainage is essential by insertion 
of an endoprosthesis or nasobiliary tube. Acute chol
angitis is a frequent presentation in patients with a 
blocked biliary stent. Management is intravenous anti
biotics followed by stent replacement. Antibiotics 
should be guided by previous biliary cultures. The 
mortality of acute cholangitis increases with the Grade 
[141,142].

Method of biliary decompression

The endoscopic approach is now accepted as the first 
choice for biliary drainage in acute cholangitis [8,143,144]. 
If endoscopic drainage is not possible, percutaneous 
transhepatic drainage (PTD) is indicated [8]. Every attempt 
should be made at PTD not to raise the biliary pressure 
by forceful injection of contrast medium. A full diagnos
tic cholangiogram can be performed once the sepsis is 
controlled. Surgical intervention for acute cholangitis is 
rarely considered in current practice as it was historically 
associated with high mortality [145]. After biliary 
decompression, there is usually rapid resolution of septi
caemia and toxaemia. If not, the adequacy of drainage of 
the biliary system should be checked, or another source 
of sepsis sought, such as empyema of the gallbladder or 
liver abscess.
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Common duct stones without cholangitis

Treatment options for patients with a common 
duct stone and previous cholecystectomy
These are usually treated by elective ERCP, sphincter
otomy, and stone removal. Endoscopic sphincterotomy 
(ES) is a definitive procedure for common bile duct 
stones in a patient with prior cholecystectomy. Only 
10% have further biliary problems [146] – a similar out
come to surgical treatment. Antibiotics are given to 
cover the procedure if there are specific risk factors 
for sepsis [8]. Stone removal without sphincterotomy 
is possible following balloon dilation of the sphincter 
[8,147]. However, the risk of pancreatitis appears to 
higher using this technique than ES [148].

Treatment options for patients with gallbladder 
and common bile duct stones (Fig. 14.13)
Symptomatic
In patients with symptomatic gallbladder and common 
bile duct stones, the treatment options include open 
cholecystectomy with open exploration of the common 
bile duct, laparoscopic cholecystectomy with laparo
scopic exploration of the common bile duct, and laparo
scopic cholecystectomy with ES (performed pre‐, intra‐, 
or postoperatively).

Evidence from a systematic review of RCTs showed no 
difference in the morbidity or incidence of retained 
stones between ES and laparoscopic exploration of the 
common bile duct, and inconsistency as to whether there 
is any difference in the length of hospital stay between 
the two approaches [149]. Preoperative ES has been 
compared with intraoperative ES in people with sympto
matic gallbladder stones and common bile duct stones 
and intra‐operative ES appeared to be better, although 
special precautions are required to avoid restricting the 
operative field by endoscopic insufflation of the bowel, 
and experience is required in performing ES in a supine 
position [150,151]. This may explain why this approach 
has not been widely adopted. Laparoscopic cholecystec
tomy with intraoperative ES or laparoscopic common 
bile duct exploration allows the stone disease to be 
managed at a single procedure in contrast to laparo
scopic cholecystectomy with pre‐ or postoperative ES. 
The single procedure may be preferable in centres with 
appropriate experience and expertise.

Asymptomatic
There have been no RCTs or studies of the natural history 
in patients with both asymptomatic gallbladder and 
common bile duct stones, or in people with asymptomatic 
common bile duct stones in whom cholecystectomy has 
been previously performed. However, it is generally 
considered that ES and duct clearance are preferable to 

observation for asymptomatic common bile duct stones [8]. 
If the gallbladder is still in situ, following previous 
stone  clearance from the common bile duct by ERCP 
and sphincterotomy, and contains stones, the decision 
on proceeding with laparoscopic cholecystectomy in an 
asymptomatic patient depends upon their age and surgi
cal risks due to co‐morbidity.

In the era of laparoscopic cholecystectomy, randomized 
studies have reported a higher frequency of recurrent 
biliary events in patients having endoscopic treatment 
alone, compared with those having cholecystectomy 
after endoscopic treatment [152,153]. Thus in patients 
who have had duct stones removed, subsequent laparo
scopic cholecystectomy is indicated unless there are 
medical or other factors that render the patient unfit for 
surgery [154].

 Acute gallstone pancreatitis

Gallstones may produce acute pancreatitis as they pass 
through the ampulla. The stones are usually small and 
pass into the faeces, and the inflammation then subsides. 
Sometimes the stone does not pass out of the ampulla 
and both pancreatitis and acute cholangitis can develop. 
Abnormal liver function tests, particularly elevated 
transaminases, and US are the most useful tests to iden
tify the patient with pancreatitis due to gallstones [155]. 
Patients with pancreatitis of suspected or proven biliary 
origin who have associated cholangitis or persistent biliary 
obstruction are currently recommended to undergo 
biliary sphincterotomy and endoscopic stone extraction 
within 72 h of presentation [8]. This approach has been 
shown to reduce complications in those with severe 
biliary pancreatitis, but a Cochrane review overall 
found no evidence that early routine biliary sphincterot
omy affects mortality regardless of the severity of the 
pancreatitis. [156,157]. Hence those not having criteria 
for ERCP within 72 h may be considered for elective 
ERCP based on other features, such as the finding of a 
retained common duct stone on imaging [8]. The opti
mal timing and selection of patients await further study.

Biliary sludge may also cause attacks of acute pancrea
titis [158]. Biliary microscopy or EUS may be useful to 
define this.

 Large common duct stones

Stones larger than 15 mm in diameter are sometimes 
difficult or impossible to remove with a standard basket 
or balloon after sphincterotomy [159]. There are several 
options (Table  14.5). The best option depends on its 
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availability and local expertise. Mechanical lithotripsy 
may crush the stone but is limited by basket design and 
stone shape and size. However, 90% success is possible 
[160]. Endoscopic papillary balloon dilation as an adjunct 
to biliary sphincterotomy may be used [8,161]. Extra
corporeal shock‐wave lithotripsy can fragment 70–90% 
of large common duct stones with subsequent clearance of 
fragments through the sphincterotomy in the majority of 
patients [162]. However, this technique is now rarely 
used for duct stones, having been replaced by other 
approaches. If available, endoscopic electrohydraulic and 
laser lithotripsy may be used under cholangioscopic 
control for difficult stones [163].

If duct clearance of stones is not achieved, then a biliary 
stent is inserted to ensure bile drainage (Fig. 14.14), until 

a further endoscopic attempt or surgery, with referral to 
a specialist centre if necessary [8]. Long‐term stenting 
for common duct stones is now appropriate for only a 
minority of patients with limited life expectancy or a 
high surgical risk, because of the subsequent biliary 
complications associated with this approach [8,164].

 Mirizzi syndrome

This syndrome occurs following impaction of a gallstone 
in the cystic duct or neck of the gallbladder causing 
hepatic duct obstruction. Jaundice and/or recurrent 
cholangitis follows and the stone may erode into the 
common hepatic duct, creating a single cavity [165]. US 
shows dilated intrahepatic and common hepatic ducts, 
but the cause may not be apparent. Cholangiography 
(MRCP or ERCP) shows mid‐duct obstruction 
(Fig. 14.15). There may be the appearances of a stone, 
and from the outset it may be obvious that this is in the 
cystic rather than bile duct. However, the appearances 
may initially suggest a common bile duct stone and only 
when endoscopic attempts have failed to remove it does 
it become clear that the stone is within the cystic duct. 
The endoscopist must be alert to the possibility of a 
cystic duct stone and Mirizzi syndrome. Endoscopic 

Fig. 14.14 ERCP in a patient with acute cholangitis. The common 
bile duct contains a large stone that could not be removed. A 
stent was inserted to provide drainage.

Fig. 14.15 Percutaneous cholangiography in Mirizzi syndrome 
shows a large gallstone impacted in the cystic duct (arrowed), 
which has caused obstruction to the common hepatic duct.

Table 14.5 Non‐surgical treatment options for large common 
duct stones

Mechanical lithotripsy (‘crushing basket’)
Endoscopic papillary large balloon dilation
Endoprosthesis insertion
Electrohydraulic lithotripsy
Laser lithotripsy
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therapy involves stent insertion to drain the obstructed 
biliary system prior to surgery. Endoscopic stone retrieval 
is occasionally possible, and successful laser lithotripsy 
(cholangioscopy guided) has been reported [166]. Surgery 
consists of laparoscopic or open cholecystectomy with 
removal of the impacted stone. A higher frequency of 
gallbladder carcinoma in those with stones has been 
reported and may mimic Mirizzi syndrome [167].

 Intrahepatic gallstones

Stones in the intrahepatic ducts are particularly com
mon in certain parts of the world such as the Far East 
and Brazil, where they are associated with recurrent 
pyogenic cholangitis and parasitic infestation (see 
Chapter 33). In the West, intrahepatic stones form sec
ondary to chronically obstructed bile ducts following 
bile duct injury, primary sclerosing cholangitis, or 
Caroli disease. They are usually brown pigment stones. 
Secondary hepatic infection may result in cholangitis 
and multiple liver abscesses.

Non‐surgical approaches, both endoscopic and per
cutaneous with endoscopic lithotomy, may be used to 
remove intrahepatic stones, but bile duct strictures 
reduce their effectiveness, and stone recurrence is an 
issue, leading to multiple sessions [168]. Hence surgical 
resection of obstructed liver segments may be neces
sary [169] and the optimal long‐term solution is best 
considered at the time of presentation by a multidisci
plinary team.

 Haemobilia

Haemorrhage into the biliary tract may follow trauma 
(blunt or penetrating), surgical and needle liver biopsy, 
aneurysms of the hepatic artery or one of its branches, 
tumours of the biliary tract, hepatocellular carcinoma, 
gallstone disease, inflammation of the liver, especially 
helminthic or pyogenic, and rarely varicose veins 
related to portal hypertension. Iatrogenic injury sec
ondary to liver biopsy and percutaneous transhepatic 
cholangiography and bile drainage now accounts for 
40% of cases.

Clinical features are right upper quadrant pain, jaun
dice, haematemesis and melaena. Minor episodes may 
be shown only by positive occult blood tests in faeces. 
Diagnosis is suspected whenever upper gastrointestinal 
bleeding is associated with biliary colic, jaundice, a 
right upper quadrant mass, or abdominal tenderness. 
Many resolve spontaneously. Treatment is blood trans
fusion, correction of any associated coagulopathy, and 
angiography with embolization of the bleeding vessel 

[170]. If clot obstructs the bile duct or gives colic, ERCP 
(Fig. 14.16), sphincterotomy, and clot extraction may be 
necessary.

 Functional gallbladder 
and sphincter of Oddi disorders

Acalculous biliary pain and functional 
gallbladder disorder

This is a difficult diagnosis as the clinical condition 
resembles others, particularly irritable bowel syn
drome and functional dyspepsias. The Rome III crite
ria for definition of biliary pain, recently updated [171], 
include that the pain is in the epigastrium and/or right 
upper quadrant, lasting at least 30 min and not signifi
cantly (<20%) related to bowel movements, postural 
change, or acid suppression. Laboratory investigations 
and transabdominal US are normal. EUS has been 
 recommended for such patients [171] since this tech
nique is better for showing small stones and sludge in 
the gallbladder. In these patients, cholecystectomy is 
effective [172].

Fig. 14.16 Endoscopic retrograde cholangiopancreatography in 
haemobilia shows filling defects, representing blood clot in the 
bile ducts. MRCP, ERCP, or percutaneous cholangiography may 
show bile ducts obstructed by blood clots.
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Cholescintigraphy (HIDA scan) with measurement of 
the gallbladder ejection fraction 15 min after CCK infu
sion has been widely used to try to identify patients who 
would benefit from cholecystectomy. Normal individu
als have an ejection fraction of around 70%. In those with 
classical biliary symptoms and a low ejection fraction 
(usually regarded as less than 35%), symptomatic relief 
after cholecystectomy has been reported as 84–97% 
[173,174]. However, in those with atypical symptoms, 
the ejection fraction was not significantly different from 
that observed in the group with classical biliary symp
toms, and nearly 30% had resolution of their symptoms 
without surgery [173]. A systematic review of gallbladder 
ejection fraction and gallbladder dysfunction found 
limited data from which to recommend its clinical appli
cation [175]. Current discussion concerns whether classic 
biliary symptoms are a better predictor of success after 
cholecystectomy than the gallbladder ejection fraction. 
An algorithm for these patients, with a suggestion of the 
decision‐making pathway regarding dynamic gallbladder 
imaging, has been proposed [171]. This introduces the 
level of clinical suspicion of the presence of a func
tional gallbladder disorder into decision making; the 
need for further focused studies in this complex area is 
emphasized [171].

A fatty meal may be used instead of CCK to provoke 
contraction of the gallbladder. Whether the two stimuli 
are equivalent has been questioned [176].

In patients with chronic acalculous gallbladder disease 
undergoing cholecystectomy, chronic cholecystitis, 
muscle hypertrophy, and/or a narrowed cystic duct have 
been shown on histology in patients in whom symptoms 
were relieved [177].

Post‐cholecystectomy syndromes

About 60–70% of those with gallstones are freed of 
symptoms or improved following cholecystectomy. 
The absence of stones in the resected gallbladder 
should question the original diagnosis. Patients may 
have been suffering from a psychosomatic or some 
other disorder, including non‐visceral pain [178]. 
Results of cholecystectomy are poor when performed 
for vague symptoms such as abdominal bloating or 
dyspepsia, or in patients using psychiatric medication 
[76,77]. A biliary cause of pain is likely if stones are 
found at cholecystectomy and a period of pain relief 
follows the operation. In those with post‐cholecystec
tomy pain, the operation note should be reviewed to 
assess the possibility of operative injury, and MRCP 
arranged to exclude a residual portion of gallbladder 
with stones (an inadvertent partial cholecystectomy), 
cystic duct stones, stones within the common bile duct, 
or traumatic biliary strictures. Amputation neuromas 

have been demonstrated in some patients. Chronic 
pancreatitis is associated with choledocholithiasis and 
should be excluded as a cause of postoperative pain. 
Papillary stenosis may develop secondary to stone 
passage.

Sphincter of Oddi and suspected functional 
biliary sphincter disorders

Previously, this group of conditions was classified as 
sphincter of Oddi dysfunction. Three types were 
described: definite (Type I), presumptive (Type II), and 
possible (Type III), defined by symptoms and clinical 
findings [171,179]. Because of the findings of a recent 
randomized study, in patients who were previously 
classified as Type III [180], it has been suggested that 
this classification be abandoned [171]. For the present 
purposes, however, the description will be based around 
the previous classification.

Patients, previously called Type 1, are considered to 
have organic papillary stenosis – that is, narrowing of all 
or part of the sphincter of Oddi. This may follow injury 
due to gallstone passage [181], operative instrumenta
tion, biliary infection, or pancreatitis. There are episodes 
of biliary pain associated with abnormal liver function 
tests and a dilated bile duct on imaging. On ERCP, the bile 
duct is dilated and contrast medium drains slowly. This 
group benefits from endoscopic sphincterotomy [182].

Those patients (previous type III) with biliary‐type 
pain alone, with normal liver tests and no evidence of 
bile duct dilation, have previously been considered for 
manometry. However, the EPISOD trial randomized 
patients with post‐cholecystectomy pain and features 
consistent with the updated Rome III criteria [171] to 
sphincterotomy or sham treatment after manometry 
[180]. The long‐term outcome up to 5 years showed no 
benefit in the sphincterotomy group irrespective of the 
manometric results [183]. The authors concluded that 
ERCP can no longer be recommended for this group, 
and that their management needs further research.

The endoscopic management of previous Type II 
(biliary‐type pain with transient abnormality of liver 
tests, or a dilated bile duct) is the source of debate, 
including the benefit or harms of manometry. Although 
reports have suggested that patients with an elevated 
basal sphincter pressure obtain greater benefit from 
sphincterotomy than those with a normal pressure (91 vs 
42%) [184], this is not a universal finding [179]. Referral 
to a unit with a specialist interest in this challenging clin
ical group is appropriate.

A new classification of this clinical area would be 
organic stenosis of the sphincter of Oddi (previous Type I), 
and ‘suspected functional biliary sphincter disorder’ 
(suspected FBSD) (previous Type II) [171].



Chapter 14276

 Other gallbladder pathologies

Gallbladder polyps

Polypoid lesions of the gallbladder are seen as an inci
dental finding in around 5% of patients undergoing an 
abdominal ultrasound (Fig. 14.17). The majority of these 
are pseudopolyps, that is, cholesterol polyps, inflamma
tory polyps, and adenomyomas, but some (15 of 130 in 
one series) are neoplastic polyps [185]. Of these, most 
are adenomatous, but dysplasia and malignant changes 
are seen, so that carcinoma of the gallbladder is a risk. 
Most patients with polyps do not have symptoms. US 
cannot identify a polyp with malignant potential. 
Cholecystectomy is indicated in patients with polyps 
larger than 10 mm because of the risk of malignant trans
formation in adenomatous polyps [186]. Polyp size is 
important to the risk of malignancy, which is greatly 
increased in those with polyps larger than 15 mm.

Consensus groups have recommended cholecystec
tomy for patients with biliary symptoms and any size of 
gallbladder polyp [186]. More controversial is the man
agement of asymptomatic polyps smaller than 10 mm. 
Surveillance by US has been recommended with chole
cystectomy if polyps grow beyond 10 mm. However, 
there may be significant limitations to this policy as 
malignancy has been reported in polyps smaller than 
10 mm [185,187]. Reducing the threshold diameter for 
cholecystectomy to 6 mm gave an 18.5% positive and 
100% negative predictive value for neoplastic change, 
and lowered the false‐negative rate to 0% [185]. However, 
a long‐term follow‐up study found that 91% of polyps 
remained unchanged and advised a ‘wait and see’ policy 
[188]. With a disease process that is clearly associated 
with a very low risk of cancer development, the risk of 
cholecystectomy needs to be carefully considered. New 
methods to identify the small group of polyps with 
potential for malignant transformation are required to 

reduce the healthcare costs and patient stress related to 
surveillance. Meanwhile, consensus groups have drawn 
up algorithms for management, accepting that the level 
of evidence for these is only low or moderate [186].

Identifying ‘high‐risk’ polyps

Other risk factors for cancer in addition to polyp size 
have been identified. These include evidence for polyp 
growth, a sessile polyp, increased vascularity and 
gallbladder wall invasion, and possibly ethnicity [186]. 
Age (>50 years) and the presence of gallstones are also 
factors to take into account in making a decision on 
cholecystectomy [189]. EUS offers a new approach to 
polyp diagnostics but evidence for a role in surveillance 
is yet to be established. The risk of malignancy in polyps 
is considered greater in patients with primary sclerosing 
cholangitis, hence cholecystectomy has been recom
mended in all such patients [190]. However, such patients 
may have an increased risk with surgery, and should be 
reviewed by a specialist multidisciplinary team to plan 
optimal management.

Currently, cholecystectomy should be considered for 
polyps larger than 10 mm and for smaller polyps when 
there are gallbladder‐related symptoms, and for those 
with polyps larger than 6 mm where the polyp is growing 
or there are other risk factors for malignant transforma
tion [186].

Adenomyomatosis

This chronic benign condition of unknown aetiology 
may affect the gallbladder wall diffusely or locally. There 
is epithelial proliferation with muscular hypertrophy 
and mural diverticulae (Rokitansky–Aschoff sinuses). 
The changes may be shown by US, CT, and MRI. 
Demonstration of Rokitansky–Aschoff sinuses helps 
differentiate the thickened gallbladder wall of adenomy
omatosis from gallbladder cancer. Adenomyomatosis 
may be associated with chronic symptoms, which are 
relieved by cholecystectomy.

Cholesterolosis of the gallbladder

The aetiology is unknown. There is accumulation of 
cholesterol and triglyceride in the gallbladder wall. It is 
present in 50% of patients with gallstones and 35% of 
patients with polyps or adenomyomatosis [191]. 
Cholesterol esters and other lipids are deposited in the 
submucosal and epithelial cells as small, yellow, lipid 
specks. As more lipid is deposited, it projects into the 
lumen as polyps, which may become pedunculated. The 
change is confined to the gallbladder and never extends 
to the bile ducts. The cholesterolosis is related to the 

Fig. 14.17 Ultrasound showing 4 mm gallbladder polyp between 
calibration markers. The polyp does not move on repositioning 
and does not cast an acoustic shadow.
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cholesterol in bile and not blood cholesterol levels. There 
is controversy as to whether cholesterolosis causes 
symptoms. Diagnosis is from histology since the changes 
are generally not shown radiologically.

Xanthogranulomatous cholecystitis

This is an uncommon inflammatory disease of the gall
bladder characterized by a focal or diffuse destructive 
inflammatory process with lipid‐laden macrophages. 
Macroscopically, areas of xanthogranulomatous chole
cystitis appear as yellow masses within the wall of the 
gallbladder. The gallbladder wall is invariably thickened 
and cholesterol or mixed gallstones are usually present. 
The pathogenesis is uncertain, but an inflammatory 
response to extravasated bile, possibly from ruptured 
Rokitansky–Aschoff sinuses, is likely. Symptoms often 
begin with an episode of acute cholecystitis. US and/or 
CT may show hypoechoic or low attenuation areas or 
bands in the gallbladder wall. Because preoperative 
differentiation from carcinoma of the gallbladder may be 
difficult on imaging, intraoperative frozen section has 
been recommended to direct the surgical approach [192].

Porcelain gallbladder

This rare condition (0.4–0.8% at cholecystectomy) is due 
to extensive calcification of the gallbladder wall. 
Circumferential calcification is seen on abdominal X‐ray or 
CT. Porcelain gallbladder has been considered a risk factor 
for gallbladder carcinoma but recent data suggest a lower 
risk than previously reported [193], and routine cholecys
tectomy in the asymptomatic patient is now debatable.

Typhoid, HIV, and vasculitis‐related 
cholecystitis

Typhoid
Circulating typhoid bacilli are filtered by the liver and 
excreted in the bile. Acute typhoid cholecystitis, how
ever, is rare. Following an acute systemic infection, 2–5% 
of patients develop chronic typhoid infection in the 
gallbladder [194]. Chronic typhoid cholecystitis is symp
tomless but the typhoid carrier can pass organisms in the 
faeces and urine and be infectious. Antibiotic therapy 
is not completely effective in resolving the chronic 
gallbladder colonization. Cholecystectomy can eradicate 
the carrier state. Chronic typhoid cholecystitis carries an 
increased risk of gallbladder carcinoma [195].

HIV infection
With the improvement in medical treatment, in particular 
highly active antiretroviral therapy (HAART), the biliary 
complications of HIV infection have become less frequent. 

When acute cholecystitis occurs it is thought to be 
due to gallbladder stasis, increased bile lithogenicity, 
opportunistic pathogens (cytomegalovirus [CMV], 
Cryptosporidium), or vascular insufficiency due to 
oedema or infection. Calculous and acalculous chole
cystitis may be seen. Patients present with fever, right 
upper quadrant pain, and tenderness. US shows features 
of acute cholecystitis. Treatment is cholecystectomy. 
The mortality following cholecystectomy fell from 
around 30% in the late 1980s to 2% in a report from the 
same group in 1999 [196], thought due to improvement 
in therapy (HAART) [197]. Other hepatobiliary disease 
seen in patients with HIV include hepatitis C, pancreatitis 
due to medication, and the cholangiopathy due to 
advanced HIV infection, which is becoming less common 
with the use of HAART [198].

Vasculitis
Vasculitis, including polyarteritis nodosa and HBV‐
associated vasculitis, may produce cholecystitis (calculous 
and acalculous) as part of systemic disease. ‘Single‐organ 
vasculitis’ affecting the gallbladder alone is also recog
nized [199]. Diagnosis is based on histology after chole
cystectomy. Gallbladder vasculitis with systemic disease 
always requires immunosuppressive therapy. Single‐organ 
gallbladder involvement requires only cholecystectomy, 
although vigilant follow‐up for systemic disease is 
important.

Congenital gallbladder anomalies 
(see Chapter 16)

Anomalous gallbladder and bile duct anatomy is common 
and is of practical importance to the interventional 
radiologist or the hepatopancreatobiliary and liver trans
plant surgeon.

Other complications of acute cholecystitis

Perforation of the gallbladder
Acute calculous cholecystitis may lead to thrombosis of 
the cystic artery, necrosis of the gallbladder wall, and 
perforation. The gallstones may erode the necrotic 
wall; alternatively, dilated infected Rokitansky–Aschoff 
sinuses may provide a weak point for rupture into the 
liver or peritoneal cavity.

Rupture usually takes place at the fundus, which is the 
least well‐vascularized part of the gallbladder. Discharge 
into the free peritoneal cavity is rare and, more usually, 
adhesions form between adjacent organs with local 
abscess formation. Rupture into adjacent viscera leads to 
internal biliary fistula.

The patient presents with nausea, right upper quadrant 
pain, and vomiting. A right upper quadrant mass is 
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palpable in 50%, and a similar number are febrile. The 
diagnosis is often overlooked. CT is of value in showing 
gallstones, an inflammatory gallbladder mass with mural 
ischaemia, and perforation along with surrounding 
subhepatic fluid.

There are three main clinical presentations:

1) Acute with bile peritonitis. A history of gallbladder 
disease is rare. Associated systemic conditions include 
vascular insufficiency or immunodeficiency such as 
atherosclerosis, diabetes mellitus, collagen diseases, 
corticosteroid use, or decompensated cirrhosis. The 
diagnosis should be suspected in any immunocom
promised patient, such as a patient with advanced 
HIV infection with an acute abdomen. Prognosis is 
poor with a mortality of about 30%. Treatment is with 
antibiotics and fluid resuscitation prior to cholecys
tectomy or percutaneous cholecystostomy.

2) Subacute with pericholecystic abscess. These patients 
usually have chronic gallstone disease.

3) Chronic with cholecystenteric fistula formation, for 
example, between the gallbladder and duodenum or 
colon (see later and Fig. 14.18).

Biliary fistulae
External
External drainage of bile may follow surgical or percuta
neous treatments on the gallbladder or biliary tract. 

Fistulae develop due to inflammation and obstruction of 
bile drainage and may follow procedures such as liver 
resection surgery, cholecystostomy, or transhepatic biliary 
drainage.

As bile duct obstruction usually contributes to the 
development or persistence of an external biliary fistula, 
relieving the obstruction is usually required, usually by 
ERCP and stent placement.

Internal
In 80% of cases these are due to long‐standing calculous 
cholecystitis. The inflamed gallbladder, containing stones, 
adheres and ruptures into a segment of the intestine, usu
ally the duodenum and less often the colon (Fig. 14.18). 
The gallstones may pass into the intestine and cause gall
stone ileus. Biliary fistulae may also follow rupture of a 
chronic duodenal ulcer into the gallbladder or common 
bile duct. Fistulae may also develop between the colon and 
biliary tract in ulcerative colitis or Crohn disease.

Clinical features of biliary fistulae
The fistula may be symptomless and, when the gallstones 
have discharged into the intestine successfully, the fistula 
may close. Such instances are often diagnosed only at the 
time of a later cholecystectomy. About one‐third of 
patients present with jaundice. There may be a history of 
biliary colic. The features of cholangitis may be present. 
In cholecystocolonic fistula, the common bile duct 
may be filled with calculi, putrefying matter, and faeces, 
which causes severe cholangitis. Conversely, bile salts 
entering the colon produce severe diarrhoea.

Radiological features
These include gas in the biliary tract and the presence of 
a gallstone in the duodenum or colon. If the patient has 
undergone an oral or rectal contrast study, the contrast 
medium may fill the biliary tract. ERCP should confirm 
the diagnosis and duct clearance and/or stenting may 
allow closure of the fistula (Fig. 14.18).

Treatment
Fistulae due to gallbladder disease are treated surgically 
with cholecystectomy and closure of the intestinal fis
tula. Endoscopic removal of common bile duct stones 
can result in closure of cholecystocolic and bronchobil
iary fistulae.

Gallstone ileus
A large gallstone (>2–2.5 cm in diameter) entering the 
intestine can cause obstruction, usually of the ileum, less 
often of the duodenojejunal junction, duodenal bulb, 
pylorus, or colon [200]. Gallstone ileus is very rare but is 
a cause of intestinal obstruction or intussusception. The 
patient is usually an elderly, afebrile female, possibly with 

Fig. 14.18 Endoscopic retrograde cholangiopancreatography 
showing a fistula between the gallbladder and colon (arrow).
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a preceding history suggestive of chronic cholecystitis. 
The onset is insidious, with nausea, occasional vomiting, 
colicky abdominal pain, and a somewhat distended but 
flaccid abdomen. There is obstruction to the bowel, and 
‘ileus’ is a misnomer. A plain X‐ray of the abdomen may 
show loops of  distended bowel with fluid levels and pos
sibly the obstructing stone. Gas may be seen in the bil
iary tract and gallbladder, indicating a biliary fistula. The 
plain film on admission is diagnostic in about 50% of 
patients. US, barium studies, CT, and MRI provide diag
nostic information in a further 25%. Preoperative diag
nosis is made in 30–70% of cases [200].

Treatment of gallstone ileus
The intestinal obstruction should be relieved surgically 
with removal of the obstructing stone and closure of the 
bowel. Carrying out cholecystectomy at the same time is 
debated [200]. The decision should be based on the clini
cal condition of the patient, the operative findings, and 
the experience of the operating surgeon. If cholecystec
tomy is not done at the initial operation, subsequent 
cholecystectomy is not mandatory. Recurrent gallstone 
ileus has been reported when the gallbladder remains in 
situ. Surgical mortality may be 5–15%, in part related to 
the procedure performed, and the underlying co‐mor
bidities in this broadly elderly group of patients [200].

Bile peritonitis
Aetiology

 ● Post‐cholecystectomy from an aberrant bile duct, cystic 
duct stump, or bile duct injury.

 ● Post‐transplantation. Usually leakage of bile from the 
anastomosis between the donor and recipient bile duct 
(see Chapter 37).

 ● Rupture of an empyema of the gallbladder.
 ● Trauma. Crushing or gunshot wounds.
 ● Common bile duct perforation. This usually follows sur

gical, endoscopic, or percutaneous biliary procedures. 
Predisposing factors include raised intraductal pressure, 
calculous erosion, and necrosis of the duct wall second
ary to vascular thrombosis [201,202]. Spontaneous per
foration is recognized but is rare (see Chapter 31).

Clinical picture
Bile peritonitis presents with acute onset of severe general
ized abdominal pain. Examination shows a shocked patient 
with a rigid abdomen. In a matter of hours, the initial 
sterile bile becomes infected. Serum bilirubin rises and this 
is followed by an increase in alkaline phosphatase levels.

Treatment
Percutaneous image‐guided drainage of the peritoneal 
fluid reveals bile, usually infected. Antibiotics are com
menced. The condition is managed as a surgical acute 

abdomen and a laparotomy follows a CT scan. Rupture of 
the gallbladder is treated by cholecystectomy. Biliary leak
age from the common bile duct can be treated by bile duct 
exploration and external bile drainage by T‐tube insertion. 
In the absence of surgical experience, surgical lavage and 
drainage could be followed by endoscopic stenting (with 
or without sphincterotomy) or nasobiliary drainage. If the 
leak presents with localized signs, and can be confirmed 
by CT and percutaneous aspiration and drainage, a non‐
surgical approach may be followed with initial ERCP and 
stent or nasobiliary drainage. If the bile leak does not seal 
in 7–10 days, surgery may be necessary.

 Relationships to malignant change

Association between gallstones and cancer 
of the gallbladder

Population surveys have confirmed the well‐recognized 
link between gallstones and gallbladder carcinoma [203]. 
The issue is whether this is causative or an association, 
meaning that there is a common factor or factors that 
predispose to both stones and carcinoma.

Association between gallstones, 
cholecystectomy and others cancers

Patients with gallstones also have an increased risk of 
developing other malignancies, including bile duct, liver, 
pancreas, stomach, and small bowel cancer [204–206]. 
However, the recognized link with gallbladder carci
noma is not great enough to lead to any clinical change in 
practice (e.g. surveillance) and, with the lower risk for 
these other associations, the findings do not currently 
influence clinical practice. The results from two of the 
cited studies regarding gallstones and colonic carcinoma 
are conflicting, one showing an increased risk [205] and 
the other not [206]. This may reflect the analysis per
formed and the different populations studied. Another 
study noted a weak association with proximal colon car
cinoma [207]. There is no consistent association between 
cholecystectomy and cholangiocarcinoma [205,206,208], 
or liver cancer [205,206,209]. These results, although of 
interest, have not influenced clinical practice regarding 
cholecystectomy.

 Benign biliary strictures

Epidemiology and pathogenesis (Table 14.6)

The true incidence and prevalence of biliary strictures in 
the general population are not known. The most recent 
studies were focused on the management of strictures 
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following laparoscopic cholecystectomy bile duct inju
ries (Fig 14.19) and liver transplantation (see Chapter 37), 
suggesting that these are the more frequent benign 
biliary strictures requiring active management. Up to 
1.5% of patients who undergo cholecystectomy develop a 
bile duct injury [88] and in one‐fifth of these (0.3% of 
patients undergoing laparoscopic cholecystectomy) the 
injury is major with a high risk of a subsequent benign 
biliary stricture [88].

In patients undergoing liver transplantation, a bile 
duct stricture is one of the most common late complica
tions. These strictures may be anastomotic or non‐anas
tomotic depending on the aetiology. Approximately 13% 
of patients undergoing cadaveric liver transplantation 
and 19% of those with a living donor transplant develop 
an anastomotic biliary stricture [210].

Ischaemic cholangiopathy is one of the major causes 
of non‐anastomotic stricture. This may occur second
ary to organ retrieval and preservation injury, or as a 
result of hepatic artery stenosis or thrombosis [211,212].
Following cadaveric transplantation, about 5% of 
patients develop ischaemic cholangiopathy [213] and 
17% non‐anastomotic strictures [214].

The risk of biliary complications is greater in liver 
transplant recipients receiving ‘donation after cardiac 

death’ (DCD) livers than those receiving ‘donation after 
brain death’ (DBD) grafts [213,215].

Symptoms and complications

Patients with benign biliary strictures may be asympto
matic and diagnosed following investigation of abnor
mal liver function tests, or as an incidental finding on 
imaging. Most, however, have upper abdominal pain, 
jaundice, itching, cholangitis, and pyogenic abscess 
[216–218]. Since patients can be asymptomatic or have 
only non‐specific symptoms, a high index of suspicion 
is necessary in those at risk. Chronic bile duct obstruc
tion can lead to hepatic fibrosis and secondary biliary 
cirrhosis [219].

Diagnosis

Patients with a benign stricture usually have cholestatic 
liver function tests. There may or may not be jaundice, 
cholangitis, or pain. Predisposing causes as shown in 
Table 14.6 raise the suspicion of a benign biliary stricture 
(Figure 14.20). Following US, MRCP and contrast MRI 
would be appropriate investigations. Although the his
tory may favour a benign stricture, malignancy should 
always be borne in mind and, where appropriate, a tissue 

Table 14.6 Causes of benign biliary stricture

Post‐surgical
 ● Bile duct injury at cholecystectomy
 ● Post‐liver transplantation

 – Anastomotic
 – Hepatic artery ischaemia
 – Non‐anastomotic biliary stricturing

Autoinflammatory
 ● Primary sclerosing cholangitis
 ● IgG4‐related biliary stricture

Chronic diseases
 ● Chronic pancreatitis
 ● Recurrent pyogenic cholangitis (parasites)

Other (rarer to very rare)
 ● Mirizzi syndrome
 ● Papillary stenosis
 ● Post‐sphincterotomy
 ● Post‐radiotherapy
 ● Post‐radiofrequency ablation
 ● Hepatic arterial chemotherapy
 ● Portal biliopathy (in patients with portal hypertension)
 ● Blunt abdominal trauma
 ● Post‐endoscopic injection therapy of bleeding duodenal ulcer
 ● Tuberculosis lymphadenopathy
 ● HIV cholangiopathy (papillary stenosis)
 ● Papillary mucinous tumour
 ● Polyarteritis nodosa

Fig. 14.19 Benign bile duct stricture following laparoscopic 
cholecystectomy (arrow). Note anomalous right‐sided bile duct (a).
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diagnosis obtained – cytology or biopsy. This is particularly 
important for dominant strictures in primary sclerosing 
cholangitis (PSC) (see Chapter 18).

There is no test for a benign bile duct stricture. 
Malignancy is excluded by a combination of CT, MRCP, 
ERCP, and EUS along with brushings for cytology and 
endobiliary biopsy [217,220]. Often repeat imaging after 
a few months is required to ensure that an underlying 
malignancy has not been overlooked and all patients 
should undergo follow‐up.

Systematic reviews and meta‐analyses have been car
ried out for several approaches used to detect biliary 
malignancy. The overall sensitivity and specificity of 
ERCP with brush cytology for malignancy were 45% 
and 99%, respectively [221]. In the same study, the addi
tion of intraductal biopsy had a similar diagnostic test 
accuracy to brush cytology [221]. The overall sensitiv
ity and specificity of EUS with fine needle aspiration 
cytology were found to be 80% and 97%, respectively 
[222]. Other new methods to differentiate benign from 
malignant biliary strictures are under evaluation 
[218,223]. Since the majority of tests have a low sensi
tivity and high specificity, it sometimes requires 
repeated sampling of the stricture before cancer can be 
excluded.

Additional tests such as a liver biopsy may be required 
in those who have undergone liver transplantation to 
rule out chronic graft rejection [217] or to diagnose 
unusual causes of a biliary stricture, for example, IgG4‐
associated disease.

Treatment

The treatment of benign biliary strictures depends upon 
their location and cause. Some will be treated surgically, 
some endoscopically or percutaneously, and some may 
have systemic medical therapy, for example, for IgG4 
disease.

Traditionally, surgery has been the mainstay of treat
ment for benign biliary strictures, in particular those due 
to iatrogenic bile duct injury. Bile duct injuries may be 
classified according to the Bismuth, Strasberg, or Stewart–
Way system according to the location and mechanism of 
injury [224]. Of these, the Bismuth and Strasberg classifi
cations were derived specifically to describe strictures 
following bile duct injury (Table  14.7) [224]. Recently, 
endoscopic techniques have become the main approach 
for the treatment of strictures following bile duct injury 
[216,225] and liver transplantation [217,225]. Surgery is 
reserved for patients in whom repeated endoscopic 
attempts have failed or the stricture is not accessible by 
endoscopic or percutaneous approaches [216,217,225].

There have been no RCTs comparing surgical and 
endoscopic therapy. However, endoscopic therapy is 
preferred by clinicians whenever possible since it is less 
invasive and endoscopic dilation and stent insertion can 
be repeated as necessary. The type of stent inserted after 
dilation of the benign stricture is a subject of much 
debate. The European Society of Gastrointestinal 
Endoscopy (ESGE) clinical guideline suggests that 
uncovered metallic stents, which generally cannot be 

Relevant imaging: MRI/MRCP. CT, ERCP, EUS, PET
Tissue: biopsy/cytology

Serology: ? CA19-9, ? IgG4
Multidisciplinary review

   

Proven malignant
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Post transplantation
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Biliary stricture

Fig. 14.20 Clinical approach for suspected benign biliary stricture.
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removed, should be avoided because of the high long‐
term morbidity associated with these stents [226]. 
Multiple plastic stents and single, covered, self‐expand
ing metallic stent are the recommended options for 
benign strictures [226]. An RCT suggested that a single 
covered, self‐expanding metallic stent may be more 
effective than multiple plastic stents [227].

Early complications related to endoscopic biliary 
 dilation and stenting occur in about 5% of patients and 
include cholangitis, pancreatitis, bleeding, perforation, 
stent migration, and renal failure [226]. Later complica
tions include stent migration and stent occlusion [226]. 
Long‐term success of biliary stenting for benign biliary 
strictures is >85% [226].

Percutaneous transhepatic catheterization of the 
biliary tract to allow stricture dilation and stenting is an 
alternative to endoscopic therapy. The use of large‐bore 
catheter ‘stenting’ across the stricture for 6–8 months 
has produced success rates in excess of 80% [228].

Surgery may be indicated after failure of endoscopic or 
percutaneous techniques or when malignancy cannot be 
ruled out. Resection of the liver and bile duct involved 
allows relief of obstruction and definitive histology, 
although the procedures are associated with significant 
risk of morbidity and some risk of mortality, particularly 
in elderly patients with co‐morbidity. Liver transplanta
tion (or liver re‐transplantation) may need to be consid
ered in patients with diffuse biliary stricturing or those 
who develop secondary biliary cirrhosis.

Intraductal papillary neoplasms

Rarely, investigation shows an intraductal papillary 
neoplasm of the bile duct (IPNB). The appearances on 
imaging may mimic those of a bile duct stone or tumour. 

These neoplasms are similar to pancreatic IPMNs 
(intraductal papillary mucinous neoplasms) but have a 
higher risk of malignancy [229,230]. Surgical resection 
is recommended.

Summary

Currently, endoscopic treatment appears to be the best 
treatment for benign bile duct strictures, with surgery 
being reserved for patients where endoscopic treatment 
has failed or there is concern about an underlying 
malignancy.

 Anastomotic strictures following 
biliary surgery

Choledochojejunostomy and hepaticojejunostomy may 
be used to relieve obstructive jaundice due to a benign 
stricture. A Roux loop of jejunum is anastomosed to the 
bile duct above the stricture. However, between 10 and 
30% of patients with such anastomoses will develop 
another biliary–enteric anastomotic stricture and will 
need a further procedure  –  surgical or radiological 
[231,232]. Of the recurrent strictures, two‐thirds occur 
within 2 years and 90% by 5 years [233]. If the patient 
remains symptom free for 4 years postoperatively, there 
is a 90% chance of cure.

Clinical features

Re‐stricturing of the anastomosis presents with fever, 
rigors, and jaundice. There may be pain. Cholangitis 
can be due to a recurrent stricture, intrahepatic stones, 
or ascending infection due to reflux up the bowel 
loop [234].

Investigations

Investigations in the acute phase show leucocytosis and 
abnormal liver function tests. MRCP can demonstrate 
ductal anatomy but there may be artefacts due to biliary 
tract gas and percutaneous transhepatic cholangio
graphy is required to confirm an anastomotic stricture 
(Fig. 14.21); the rate of flow of contrast medium across 
the anastomosis is of equal importance to the fixed 
images. If there has been prolonged partial obstruction 
with recurrent cholangitis, there may be secondary scle
rosing cholangitis.

Investigation of the patient with cholangitis but an 
apparently patent anastomosis is a challenge, since no 
one imaging technique can be relied upon to demonstrate 
the cause [234]. Scintigraphy may be useful, showing 

Table 14.7 Classification of benign biliary strictures

Site Bismuth Strasberg

Common hepatic duct, stump >2 cm Type 1 E1
Common hepatic duct, stump <2 cm Type 2 E2
Hilum, no residual common hepatic 
duct, confluence preserved

Type 3 E3

Hilum, involvement of confluence, loss 
of communication between right and 
left hepatic ducts

Type 4 E4

Stricture of low‐lying right sectorial 
duct (alone or with concomitant 
common hepatic duct stricture)

Type 5 –

Injury to aberrant right hepatic duct 
plus injury at the hilum

Type 5 E5

Source: Modified from Stewart [224].
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poor drainage through the afferent loop of a Roux‐en‐Y 
anastomosis or reflux from the intestine.

Treatment

Usually, access to the biliary system is only possible 
percutaneously. A percutaneous transhepatic balloon 
catheter is passed across the stricture and the balloon 
inflated. After dilation, an internal–external catheter 
with numerous side holes sitting above and below the 
dilated stricture is left in place. Dilation can be repeated. 
Balloon dilation can be followed by endoprosthesis 
insertion but percutaneous management of blocked 
biliary stents may be difficult. Balloon dilation has been 
reported to be effective in three‐quarters of patients with 
a mean follow‐up of 8 years, with around 30% of patients 
needing a repeat procedure [235]. However, a multidisci
plinary approach is essential. A retrospective comparison 
has shown better results with surgical repair than with 
percutaneous balloon dilation at around 30 months 
(90  vs 65%) [236]. However, the multidisciplinary 

approach used (both options as necessary) gave a success
ful outcome in all patients.

 IgG4‐related sclerosing cholangitis

This is the biliary manifestation of what is now recog
nized as a multisystem disease, first identified in 
patients with an autoimmune pancreatitis [237,238]. 
Other organ involvement includes kidney, lungs, brain, 
liver, thyroid, retroperitoneum, submandibular and 
lacrimal glands, and lymph nodes. The appearances of 
the biliary tree have been classified into types I to IV, 
with type I, a low‐bile duct stricture, being the most 
frequent. Autoimmune pancreatitis is a frequent asso
ciation: a diffusely enlarged pancreas on scanning with 
a capsule‐like rim.

The biliary appearances may be similar to those of 
pancreatic carcinoma, primary and secondary scleros
ing cholangitis, and cholangiocarcinoma. Distinction 
from these is critical, often challenging, but important, 
since IgG4 disease is responsive to steroids.

HISORt (Histology of the bile duct, Imaging of the 
bile duct, Serology [serum IgG4], Other organ involve
ment, and Response to steroid therapy) criteria are used 
for diagnosis. There may be relapse after stopping 
treatment.

Algorithms for the investigation and management of 
IgG4‐suspected sclerosing cholangitis have been pub
lished [237,238]. Both autoimmune pancreatitis and 
IgG4‐related sclerosing cholangitis are reported to have 
a significant morbidity and mortality from extrapancre
atic organ failure and malignancy, emphasizing the need 
for close follow‐up [239].

 Chronic pancreatitis

Pancreatitis, usually of alcoholic aetiology, can cause 
narrowing of the intrapancreatic portion of the common 
bile duct (distal third). The resultant cholestasis may be 
transient during exacerbations of acute pancreatitis, pre
sumably due to bile duct compression from an oedema
tous pancreas. More persistent cholestasis follows 
encasement of the low bile duct in a progressively fibrotic 
pancreas. Pseudocysts of the pancreatic head can also 
cause biliary obstruction.

Bile duct stenosis affects about 8% of patients with 
chronic alcoholic pancreatitis. It should be suspected if 
the serum alkaline phosphatase is more than twice ele
vated for longer than 1 month. Cholangiography shows a 
smooth narrowing of the lower end of the bile  duct, 
sometimes adopting a rat tail configuration (Fig. 14.22). 

Fig. 14.21 Percutaneous transhepatic cholangiogram in a patient 
with hepaticojejunostomy following post‐cholecystectomy 
stricture. There is stenosis at the biliary–enteric anastomosis with 
dilation of the ducts in the right lobe.
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The main pancreatic duct may be tortuous, irregular, 
and dilated. Pancreatic calcification may be present.

Liver biopsy shows portal fibrosis, features of biliary 
obstruction, and sometimes biliary cirrhosis. Features of 

alcoholic liver disease are unusual. Hepatic fibrosis 
regresses after biliary decompression [240].

Management

Early diagnosis of chronic bile duct obstruction is essen
tial as biliary cirrhosis and acute cholangitis can develop 
in the absence of clinical jaundice. If alcohol is responsi
ble, the patient must abstain completely. The place of 
surgery is controversial. Clinical, laboratory, and imag
ing data do not necessarily distinguish those patients 
with significant bile duct obstruction from those with 
alcoholic liver disease. Liver biopsy is valuable in decid
ing whether surgical decompression of the bile duct is 
necessary.

Plastic stents successfully relieve bile duct obstruction 
due to chronic pancreatitis. Placement of multiple plastic 
stents, to preserve wider dilation of the stricture, for 12 
months has led to an effective outcome after 4 years’ 
follow up, although patients with calcific pancreatitis do 
worse than those with non‐calcific pancreatitis [241]. 
Fully covered self‐expanding metal stents inserted endo
scopically could be removed (after 10–12 months), and 
resulted in resolution of chronic pancreatitis strictures in 
79% of patients [242]. Acute cholangitis and protracted 
jaundice despite endotherapy are strong indicators for 
surgery [243]. Choledochoenterostomy Roux‐en‐Y anas
tomosis is the usual procedure.
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 Carcinoma of the gallbladder

This is an uncommon tumour with a poor prognosis. It 
has a wide geographical variation and is particularly 
common in Chile, north and central India, and areas of 
Japan. It is relatively rare in the Western world [1].

Gallstones are the main risk factor, being present in 
85% of patients with gallbladder cancer [2,3]. The chronic 

mucosal inflammation related to gallstones may lead to 
malignant transformation. There is an association with 
multiple, large gallbladder stones, but a causal relation-
ship is unproven

Chronic typhoid infection (Salmonella typhi and 
Salmonella paratyphi) and bacterial infection (Helicobacter 
bilis and Helicibacter pylori) also increase the risk through 
chronic inflammation in the gallbladder [4].

An anomalous pancreaticobiliary ductal union, more 
than 15 mm from the papilla of Vater, is associated with 
congenital cystic dilation of the common bile duct and 
with gallbladder carcinoma. Regurgitation of pancreatic 
juice may be tumorigenic [5].

Controversy exists regarding the association of the 
 calcified (porcelain) gallbladder with carcinoma, but 
most surgeons advise prophylactic cholecystectomy for 
such patients [6].

Cholecystectomy is advised for gallbladder polyps >10 
mm in diameter because of the risk of malignant 
 transformation [7].

There is a strong association of gallbladder cancer with 
obesity.

Pathology

Papillary adenocarcinoma of the gallbladder starts as a 
wart‐like excrescence. It grows slowly into, rather than 
through, the wall until a fungating mass fills the gallblad-
der. Mucoid change is associated with more rapid 
growth, early metastasis, and gelatinous peritoneal car-
cinomatosis. Squamous cell carcinoma, scirrhous forms, 
and anaplastic (undifferentiated) carcinoma are recog-
nized. The most common tumour is an adenocarcinoma 
which may be papillary.
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LEARNING POINTS

 ● Biliary tract malignancies are uncommon, usually 
diagnosed at an advanced stage, and generally associ-
ated with a poor prognosis. Epidemiological data sug-
gest hotspots of incidence, in some cases related to 
parasitic burden.

 ● Early diagnosis with effective screening strategies is 
needed.

 ● Complete surgical resection with negative margins is 
the only curative option.

 ● Advances in CT and MRI technology have increased 
the accuracy of determining the stage of the tumour 
and resectability.

 ● Biliary and pancreatic surgery is complex. Early referral 
to specialist units is recommended. The centralization 
of biliary and pancreatic surgery in high‐volume 
 specialist centres has improved outcomes.

 ● There are insufficient data to justify adjuvant and 
 neoadjuvant treatments. Standard palliative chemo-
therapy confers a modest survival benefit.

 ● Improved understanding of tumour biology may open 
new avenues for treatment, such as molecular tar-
geted therapies.
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The tumour usually arises in the fundus or neck, but 
rapid spread may make the original site difficult to locate. 
The rich lymphatic and venous drainage of the gallblad-
der leads to early spread to related lymph nodes. Direct 
invasion of the biliary tree or nodal metastases can pro-
duce obstructive jaundice. The liver bed may be invaded 
and there may also be local spread to the duodenum, 
stomach, and colon, resulting in fistulae or external com-
pression. The molecular features of gallbladder cancer 
are described later in the cholangiocarcinoma section.

Clinical features

The patient is usually an elderly, white female complain-
ing of pain in the right upper quadrant, nausea, vomiting, 
weight loss, and possibly jaundice. Sometimes a cholecys-
tectomy is performed for symptomatic gallstones and the 
cancer is found only at histology. These early‐stage can-
cers are often not suspected at the time of operation [8].

Examination may reveal a hard and sometimes tender 
mass in the gallbladder area.

Serum, urine, and faeces show the changes of choles-
tatic jaundice if the bile duct is obstructed.

Serum tumour markers (CA 19‐9, CEA) may be 
increased but are not specific to this cancer.

Imaging

Ultrasound shows a mass in the gallbladder lumen or 
totally replacing the gallbladder. With early lesions, 
 differentiation between gallbladder carcinoma and a 
thickened gallbladder wall due to acute or chronic chol-
ecystitis is difficult. In advanced disease, ultrasound has 
a diagnostic sensitivity of 85% and a specificity of 80% 
but has limited use in the diagnosis of early lesions [9].

A computed tomography (CT) scan of the chest and 
abdomen with contrast enhancement can show a mass in 
the area of the gallbladder, infiltration of the liver paren-
chyma and adjacent organs, local vascular involvement, 
and evidence of local (nodal) or distant (liver, lung, bone) 
metastases. Modern CT has sensitivity of 90% in deter-
mining the stage of gallbladder carcinoma [10].

Magnetic resonance imaging (MRI) can increase the 
diagnostic accuracy of CT. Magnetic resonance cholan-
giopancreatography (MRCP) and magnetic resonance 
angiography (MRA) can be added to evaluate the extent 
of biliary and vascular invasion prior to surgery

Positron emission tomography (PET) (fluorodeoxyglu-
gose PET [FDG‐PET]) has a sensitivity of 50% in detect-
ing extrahepatic metastases and carcinomatosis in 
patients with known gallbladder cancer and may be use-
ful in selected patients [11].

Staging laparoscopy can reliably detect disseminated 
disease and avoid unnecessary laparotomy in 62% of 

patients [12], and should be performed in all patients 
with gallbladder carcinoma. CT and MRI rarely detect 
peritoneal disease.

Treatment

Patients with symptomatic gallstones should undergo 
cholecystectomy, but there is no evidence to support this 
for patients with asymptomatic gallstones to prevent 
development of gallbladder carcinoma.

When gallbladder carcinoma is detected incidentally 
in a cholecystectomy specimen, no further surgery is 
required for carcinoma in situ and for tumours invading 
only as far as the lamina propria. Further surgery should 
be considered for tumours invading muscularis and 
beyond. Surgery usually involves gallbladder fossa resec-
tion (segmental resection) and regional lymphadenec-
tomy. There is no role for routine excision of the bile 
duct unless the cystic duct stump is involved with the 
tumour. If there is involvement of the right hepatic artery 
or portal vein, then right hepatectomy is required.

When invasive gallbladder cancer is diagnosed preop-
eratively, resection involves partial hepatectomy and 
regional lymphadenectomy.

The impact of surgery on the overall survival of gall-
bladder cancer is limited since the surgery is complex 
and high risk, and few patients undergo potentially cura-
tive resection.

There are no data to support the use of neoadjuvant or 
adjuvant chemotherapy or chemoradiation.

Palliative treatment of gallbladder carcinoma causing 
biliary obstruction is by endoscopic or percutaneous 
stent insertion. Systemic chemotherapy with cisplatin 
and gemcitabine can improve survival, and should be 
considered [13].

Prognosis

Prognosis is generally poor because most patients have 
advanced and unresectable disease at presentation or 
have distant metastases, where mean survival is 6 months 
and 5‐year survival is 5% [14]. Long‐term survivors are 
mainly those in whom the tumour was found incidentally 
at cholecystectomy for gallstones (carcinoma in situ) [15].

Patients with papillary and well‐differentiated adeno-
carcinomas have longer survival than those with tubular 
and undifferentiated types. Tumour stage (T stage) and 
complete cancer clearance at surgery are important 
prognostic factors. Five‐year survival rates after surgery 
are >85% when tumour invasion is limited to lamina 
 propria or muscularis. For tumours perforating the ser-
osa of the gallbladder, 5‐year survival after surgery is 
around 30%. Tumours invading extrahepatic organs are 
generally unresectable.
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Other gallbladder tumours

Rarely, other tumours develop in the gallbladder, includ-
ing sarcomas and high‐ and low‐grade neuroendocrine 
carcinomas.

 Carcinoma of the bile duct 
(cholangiocarcinoma)

Cholangiocarcinoma may arise at any point in the biliary 
tree from the small intrahepatic ducts to the distal bile 
duct within the pancreas (Fig. 15.1). Depending on the 
anatomical location, cholangiocarcinomas are classified 
as intrahepatic, hilar, or extrahepatic. Between the early 
1970s and the end of the last century, the incidence and 
mortality of intrahepatic cholangiocarcinoma increased 
whereas mortality from extrahepatic cholangiocarci-
noma fell over the same period [16–18]. There is cur-
rently no explanation for this change, but it is likely to be 
genuine [18]. Most cholangiocarcinomas are detected at 
an advanced stage and are associated with a poor prog-
nosis, with a 5‐year survival rate of 10%.

Cholangiocarcinoma is an uncommon cancer in the 
Western world with an incidence of 1–2 cases per  
100 000 persons annually. It has a very high incidence in 
South‐East Asia due to chronic infection with liver 
flukes, particularly in northeast Thailand where the 

 incidence of cholangiocarcinoma is more than 80 cases 
per 100 000 persons annually [19].

Associations

Primary sclerosing cholangitis predisposes to cholangio-
carcinoma. The lifetime risk of cholangiocarcinoma in 
primary sclerosing cholangitis (PSC) is 5–35% [20]. 
Despite the well‐established association between PSC 
and cholangiocarcinoma, there is a lack of data on the 
benefits of surveillance for early cancer detection in 
patients with PSC.

Patients with congenital fibrocystic liver disease are 
predisposed to cholangiocarcinoma. These include con-
genital hepatic fibrosis, cystic dilation (Caroli syndrome), 
choledochal cyst and von Meyenburg complexes.

Cholangiocarcinoma may be associated with biliary 
cirrhosis secondary to biliary atresia. Infections with 
hepatitis B and hepatitis C viruses are also risk factors.

Liver fluke (Clonorchis sinensis and Opisthorchis viver-
rini) infestation, which is endemic in the Far East and 
South‐East Asia, has a strong association with cholangi-
ocarcinoma. In northeast Thailand, where Opisthorchis 
viverrini is prevalent, cholangiocarcinomas account for 
89% of all primary liver cancers [19].

Intrahepatic bile duct stones (hepatolithiasis), preva-
lent in Far Eastern countries, is also a risk factor for chol-
angiocarcinoma [21].

The risk of cholangiocarcinoma decreases with 
time  after cholecystectomy, suggesting a link with 
gallstones [22].

There appears to be a difference between the  aetiologies 
of intrahepatic cholangiocarcinoma and those arising 
from the larger biliary structures (hilar and extrahepatic). 
The former tend to have an aetiology similar to that of 
hepatocellar carcinoma.

Pathology

The common sites of origin are the confluence of the 
cystic duct with the main hepatic duct and the junction 
of the main right and left hepatic ducts at the porta hepa-
tis (Fig.  15.1). Tumours of the hepatic duct confluence 
extend into the liver. They cause complete biliary 
obstruction with intrahepatic duct dilation and enlarge-
ment of the liver. The gallbladder is collapsed. If the 
tumour is restricted to one hepatic duct, biliary obstruc-
tion is incomplete and jaundice absent. The lobe of the 
liver normally drained by this duct atrophies and the 
other hypertrophies.

In the common bile duct, the tumour presents as a 
firm nodule or plaque, which causes an annular stricture 
that may ulcerate. It spreads along the bile duct and 
through its wall.

Upper third 58%

Middle third 17%

Lower third 18%

Diffuse 7%

Fig. 15.1 Site of cholangiocarcinoma. The majority occur in the 
upper third of the bile duct. (Based on Tompkins et al. 1990.)
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In autopsy studies, local and distant metastases are 
found in about 50% of patients. They involve perito-
neum, abdominal lymph nodes, diaphragm, liver, or gall-
bladder. Blood vessel invasion is rare and extra‐abdominal 
spread is unusual.

Histologically, the tumour is usually a mucin‐secreting 
adenocarcinoma with cuboidal or columnar epithelium 
(Fig.  15.2). Spread along neural sheaths may be noted. 
Tumours around the hilum are sclerosing with an abun-
dant fibrous stroma. Distal biliary tract cholangiocarci-
noma are often nodular or papillary.

Molecular changes

The mutational profile of biliary tract cancers including 
intrahepatic cholangiocarcinoma (IHCCA) and extrahe-
patic cholangiocarcinoma (EHCCA) have been described 
[23]. However, it is difficult to identify a single driver 
mutation for each of these – and the median number of 
tumour‐related mutations is four. Some mutations are 
associated with a higher tumour grade.

Based on the results, however, the EHCCA spectrum 
more closely resembles pancreatic ductal carcinoma and 
IHCCA resembles hepatocellular carcinoma, suggesting 
a role for the stroma as the cell of origin is the same. 
From what is known for other tumours, the data suggest 
that therapies in the future may be selected based upon 
the mutation pattern.

Interestingly, the mutational spectrum for gallbladder 
carcinoma differs from that of the other biliary tumours; 
different therapeutic approaches might be worth investi-

gating in the future. Improved molecular diagnostics are 
likely to present opportunities for targeted therapies, 
currently as part of clinical studies.

Clinical presentation

Cholangiocarcinoma tends to occur in the older age 
groups, patients being about 60 years old. There is a 
slight male preponderance.

Clinical presentation depends on tumour location. 
Intrahepatic cholangiocarcinomas (see Chapter 36) are 
often asymptomatic or may present with non‐specific 
symptoms of abdominal pain and weight loss. Jaundice is 
not usually present and serum biochemistry results are 
often normal.

Hilar and distal cholangiocarcinomas usually present 
with features of biliary obstruction. Deep jaundice is the 
usual presenting feature, followed by pruritus during the 
course of the disease. Faeces are pale and the urine is 
dark. Non‐specific symptoms such as abdominal pain, 
weakness, weight loss, fatigue, and loss of appetite may 
be present. Examination may show an enlarged liver. 
Serum biochemical results are those of cholestatic jaun-
dice with elevated serum bilirubin, alkaline phosphatase, 
and γ‐glutamyl transpeptidase levels.

The serum concentration of the tumour marker CA 
19‐9 is often increased in patients with biliary tract 
malignancy, but this is non‐specific.

Imaging

Ultrasound is the initial imaging modality for patients 
with jaundice because it can show the presence and 
extent of biliary obstruction. With a typical hilar cholan-
giocarcinoma, ultrasound shows dilated intrahepatic bile 
ducts and a normal extrahepatic biliary tree. A tumour 
mass may be seen in up to 80% of cases [23].

CT (chest and abdomen) with contrast can detect chol-
angiocarcinoma in more than 90% of patients. It shows 
the level of biliary obstruction and may show a mass. It 
provides information on parenchymal infiltration and 
bile duct, portal vein, and hepatic artery involvement. 
Local and distant metastases can also be detected. CT is 
accurate in determining resectability with negative and 
positive predictive values of 92% and 85%, respectively 
[24]. However, CT underestimates the extent of bile duct 
involvement and rarely detects peritoneal disease.

MRI with MRCP is currently the best imaging modal-
ity when ultrasound suggests hilar cholangiocarcinoma. 
In cholangiocarcinoma (Fig. 15.3), the accuracy of MRI 
and MRCP in determining the location and extent of bile 
duct involvement is more than 87% [25].

PET–CT has high specificity (89–100%) in the 
 detection of lymph node metastases, which can be 

Fig. 15.2 Bile duct carcinoma: with irregular fibrous stroma 
(H & E).
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underestimated by CT, but has no significant advantage 
over CT and MRI in the diagnosis of the primary tumour. 
Generally, PET–CT is performed to assess areas of con-
cern that are equivocal on CT or MRI.

Direct cholangiography
Endoscopic or percutaneous cholangiography (Fig. 15.3) 
by injection of contrast medium directly into the bile 
ducts shows the extent of bile duct involvement by 

(a) (b)

(c) (d)

Fig. 15.3 A 75‐year‐old woman presenting with cholestatic jaundice. Ultrasound showed dilated intrahepatic ducts, a hilar mass and a 
normal common bile duct. (a) MRCP shows dilated intrahepatic ducts with at least three segments obstructed in the right lobe and the 
left hepatic system obstructed at the hilum. If non‐surgical drainage is to be performed, these appearances favour drainage of the left‐ 
rather than the right‐sided system. D, duodenum. (b) MRI scan shows a mass in the liver (arrow) above the hilum. (c) Non‐operative 
drainage was chosen since the patient was considered inoperable owing to inadequate future liver remnant volume. ERCP shows a 
normal common duct with a hilar stricture. A stent could not be placed. (d) Following on the MRCP appearances, the left‐sided duct 
system was chosen for percutaneous cholangiography and a stent inserted.
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I II IIIa IIIb IV

Fig. 15.4 Classification of hilar cholangiocarcinoma according to the involvement of bile ducts. Resectability of type I to III depends on 
angiographic findings. Type IV (bilateral involvement of secondary hepatic ducts) indicates incurable disease. In inoperable patients, 
median survival after stent insertion depends upon the extent of the tumour.

tumour, provides tissue diagnosis by brushings or biopsy, 
and allows stent placement to relieve jaundice.

In hilar cholangiocarcinoma, ERCP shows a normal 
common bile duct and gallbladder with obstruction at 
the hilum (Fig. 15.3c). Contrast medium usually passes 
through the stricture(s) into dilated bile ducts above. The 
stricture is passed with a guide‐wire, brushings taken for 
cytology, and a stent placed.

Percutaneous cholangiography shows the dilated intra-
hepatic ducts down to the stricture (Fig. 15.3d). A drain is 
inserted. When right and left hepatic ducts are individu-
ally obstructed, puncture of both systems may be neces-
sary for planning surgical intervention, but drainage of 
one lobe or sector is usually sufficient to relieve jaundice.

Percutaneous cholangiography usually provides more 
information on tumour extension within the liver and 
biliary tree than endoscopic cholangiography.

Endoscopic techniques

Endoscopic ultrasound (EUS) provides good views of the 
extrahepatic biliary tree and regional lymph nodes. EUS 
can facilitate assessment and fine‐needle aspiration of 
suspicious lymph nodes.

Intraductal ultrasonography, direct peroral cholangio-
scopy, and confocal laser endomicroscopy are emerging 
techniques. They are best used within the context of 
clinical trials.

Staging and preparation for surgery

The goal of surgery is complete resection of the tumour 
with histologically negative margins (R0 resection) 
while maintaining an adequate future liver remnant 
(FLR). If R0 resection and adequate FLR are not possi-
ble, then cholangiocarcinoma is deemed unresectable. 
Distant metastases, extensive lymphadenopathy, 
involvement of the secondary hepatic ducts in both 
lobes (Fig.15.4, type IV), and contralateral or bilateral 
vascular involvement are signs of unresectable disease. 
If the tumour is limited to the hepatic duct bifurcation 
with or without unilobar portal vein or hepatic artery 

involvement, then the lesion is usually resectable with 
an extended right or left hepatectomy.

Portal vein embolization
Extended right or left hepatectomy may result in postop-
erative hepatic insufficiency if the volume of the remnant 
liver is not adequate. The volume of the future liver rem-
nant can be reliably quantified by MRI or CT. Preoperative 
ipsilateral portal vein embolization is a safe and effective 
method of increasing the volume of the future liver rem-
nant [26] and should be considered when the tumour is 
resectable but future liver remnant is less than 30–40% 
of the total liver volume [27].

Preoperative biliary drainage
The role of preoperative biliary drainage prior to resec-
tion for hilar cholangiocarcinoma is controversial. The 
primary concern with preoperative biliary drainage is 
the risk of sepsis. However, malignant obstructive jaun-
dice is associated with liver and kidney failure and coag-
ulopathy, and many patients will benefit from 
preoperative biliary drainage. It should be considered in 
association with preoperative portal vein embolization 
when the future liver remnant is small.

Laparoscopy
The sensitivity of all the imaging modalities outlined 
above in detecting peritoneal disease is poor. Staging 
laparoscopy can reliably detect peritoneal disease and 
avoid unnecessary laparotomy in up to 30% of patients 
[28]. It is widely accepted that staging laparoscopy should 
be performed before laparotomy.

Treatment

Surgery
Surgical resection is the primary treatment for cholangio-
carcinomas. The challenge is to achieve tumour‐negative 
margins, and aggressive, extended resections including the 
portal vein may increase the likelihood of achieving this. 
However, these are highly complex operations and are best 
performed in specialist hepatobiliary surgical units.
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Distal cholangiocarcinomas are resected with pancre-
atoduodenectomy, with a 5‐year survival of about 30%. 
In patients with spread along the common bile duct, 
hepatic resection and pancreatoduodenectomy can be 
performed.

Mid‐bile duct cancers are resected with excision of the 
biliary tree and hilar lymphadenectomy.

Hilar cholangiocarcinomas (Klatskin tumours) are 
resected by an extended right or left hepatectomy along 
with caudate lobectomy, excision of the biliary tree, and 
radical lymphadenectomy. However, despite extensive 
preoperative staging investigations, 20–50% of patients 
are found to be unresectable at the time of surgery. Five‐
year survival rates after R0 resection range from 27% to 
45% [27].

Local resection can be considered for Bismuth type I 
and II tumours (Fig.  15.4) with low perioperative 
mortality.

Intrahepatic cholangiocarcinomas are treated by 
hepatic resection, which is possible in 30–40% of cases 
[18]. After resection, median disease‐free survival is 26 
months with recurrence rates of 60–65% [29]. Five‐year 
survival rates range from 30 to 40% [30].

Adjuvant capecitabine has been shown to modestly 
improve survival [31]. Further adjuvant studies in chem-
otherapy and radiation are being conducted.

Liver transplantation
Liver transplantation for intrahepatic cholangiocar-
cinoma is controversial because of poor results and 
at  present this tumour is a contraindication to 
transplantation.

Liver transplantation for hilar cholangiocarcinoma 
has evolved in the last decade and is now an accepted 
indication for transplantation in some centres. A 
recurrence‐free 5‐year survival of 65% has been shown 
in carefully selected patients who were treated with 
neoadjuvant chemoradiation followed by liver trans-
plant at the Mayo Clinic and 11 other US centres [32]. 
However, these results have not been generally repro-
duced [33]. Such protocols to treat patients with chol-
angiocarcinoma are not generally used and are available 
in only a handful of highly specialized centres world-
wide [34].

Palliative treatment
In those patients unfit for surgery or with unresectable 
tumours, the goal of palliative treatment is relief of 
 jaundice and itching and improvement of quality of life. 
Non‐surgical methods of biliary decompression include 
placement of stents across the stricture by the  endoscopic 
or percutaneous route, and are preferable to elective 
 surgical bypass.

Non‐surgical palliation
In both hilar and distal malignant obstruction, self‐
expanding metal stents are superior to plastic stents 
because they remain patent for a longer time (10–12 vs 
3–4 months) and have a lower risk of causing cholangitis 
[34]. Also, the mesh design of the metal stents allows side 
branches of the bile ducts to drain. The endoscopic route 
is successful in 90% of patients and in general has fewer 
complications than the percutaneous route, which is also 
effective but carries a higher risk of bleeding and bile 
leakage.

Photodynamic therapy and radiofrequency ablation of 
malignant biliary strictures are novel techniques that 
have suggested a survival benefit in patients with unre-
sectable cholangocarcinoma [35]. However, although 
early studies of photodynamic therapy [36,37] were 
promising, a subsequent larger study failed to confirm 
the benefits of these techniques [38].

Systemic chemotherapy with cisplatin and gemcit-
abine improves survival in unresectable disease.

Surgical palliation
For unresectable hilar cholangiocarcinoma, anastomosis 
of jejunum to the segment III duct in the left lobe, which 
is usually accessible above the hilar tumour (Fig. 15.5), or 
a right‐sided intrahepatic anastomosis to the segment V 
duct, can be performed. However, currently these are 
rarely indicated in centres with specialists in ERCP and 
percutaneous biliary intervention. Surgical bypass is 
considered for those patients who have a good life expec-
tancy and in whom stenting has failed [34].

Fig. 15.5 Check cholangiogram after surgical bypass for hilar 
cholangiocarcinoma. The anastomosis is between the jejunum 
and the third segment duct of the left lobe (arrow).
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For distal cholangiocarcinoma, biliary–enteric bypass 
is indicated in patients who only at the time of laparot-
omy are found to have unresectable disease.

Prognosis

Prognosis depends on the site, stage, and treatment of 
the tumour. Distal cholangiocarcinomas are more likely 
to be resectable than those at the hilum. Polypoid can-
cers have the best prognosis.

If unresected, the 1‐year survival for cholangiocarci-
noma is 50%, with 20% surviving at 2 years and 10% at 3 
years. This reflects the observation that some tumours 
are slow growing and metastasize late.

Five‐year overall survival rates after surgery are 
30–40% for intrahepatic cholangiocarcinoma [30] and 
27–45% for hilar or distal cholangiocarcinoma [27].

 Other biliary malignancies

Biliary cystadenocarcinoma and mixed hepatocellular 
and cholangiocarcinoma have been reported but are rare.

 Metastases at the hilum

Cholestatic jaundice developing following the diagnosis of 
carcinoma elsewhere (in particular the breast and colon) 
may be due to diffuse metastases within the liver or duct 
obstruction by nodes at the hilum. Differentiation between 
the two is by ultrasound. If dilated bile ducts are shown 
and the patient is symptomatic with itching, biliary 
obstruction can be relieved by insertion of an endopros-
thesis by the endoscopic or percutaneous approach [39].

 Ampullary and periampullary 
carcinomas

The region of the head of the pancreas is a common site 
for carcinomas causing malignant obstruction of the dis-
tal bile duct. Most arise in the head of the pancreas from 
the ductular epithelium, but may also develop from pan-
creatic acinar cells, the lining of the low bile duct, the 
ampulla of Vater (papilla), or rarely the duodenum.

Tumours at these sites usually present with obstructive 
jaundice. Although they may be grouped as ‘cancers of 
the head of the pancreas’, they have a different biological 
behaviour and prognosis. Resection is possible in 80% of 
patients with carcinoma of the ampulla compared with 
20% for cancer of the head of the pancreas. The 5‐year 
survival following resection is 40–70% for ampullary and 
only 10–20% for head of pancreas carcinoma.

Periampullary and pancreatic neuroendocrine tumours 
are rare but important to recognize. The biological behav-
iour of these tumours is very different from that of adeno-
carcinomas, with a better prognosis. More than 70% of 
pancreatic neuroendocrine tumours present with meta-
static disease (except insulinomas, which are benign in 90% 
of cases), but the overall 5‐year survival is 80%. Surgery for 
localized pancreatic neuroendocrine tumours is often 
curative, with 5‐year survival rates of 60–100% [40].

Genetics and environmental predisposition

In the majority of patients, there is no clear aetiological 
factor. The relatively low incidence of ampullary and 
periampullary cancers currently precludes accurate 
 prospective data on outcomes. Data from mutational 
analysis, however, have supported the principle that 
ampullary cancers are either pancreatobiliary type or 
intestinal type [41], that is, they resemble ductal adeno-
carcinoma of the pancreas or large bowel cancer [42–44]. 
For example, KRAS mutations approach 90% in the pan-
creatic cohort, similar to that in pancreas cancer, com-
pared with approximately 50% for the intestinal cohort, 
similar to that in colon cancer. Critically, survival appears 
to be linked to these molecular markers, supporting the 
underlying hypothesis that for some ampullary cancers 
systemic therapy should be based on pancreatic cancer 
guidelines and some on colon cancer guidelines. As such, 
although the surgical and local therapies such as stenting 
should be similar to those for pancreas cancer, systemic 
therapies and prognostic variables should be linked to 
the underlying biology rather than the anatomy.

Spread of the tumour

Local tumour spread results in obstruction to the distal 
bile duct and obstructive jaundice, the most common 
presenting feature. The second part of the duodenum 
may also be invaded, resulting in ulceration of the 
mucosa and secondary haemorrhage. The splenic and 
portal veins may be invaded and may thrombose, with 
resultant splenomegaly.

Involvement of regional nodes is found in approxi-
mately one‐third of operated cases. Perineural lymphatic 
spread is common. Blood‐borne metastases, with sec-
ondaries in the liver and lungs, follow invasion of the 
splenic or portal veins. Spread across the peritoneal cav-
ity results in omental and peritoneal metastases.

Clinical features

The peak incidence is between 60 and 80 years of age. 
The male to female ratio is 1.5 : 1. The clinical picture is 
a composite one of cholestasis with pancreatic 
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 insufficiency, and the general and local effects of a malig-
nant tumour (Fig. 15.6).

Jaundice is of gradual onset, usually progressive, but 
ampullary neoplasms can cause mild and intermittent 
jaundice. Itching is a common but not invariable feature, 
and when present comes after jaundice. Cholangitis at 
presentation is unusual.

Pain in the back, epigastrium, and right upper quad-
rant is also a common symptom. Pain is often worse at 
night, sometimes ameliorated by crouching or leaning 
forward, and may be aggravated by eating.

Weight loss, weakness, and nausea are progressive.
Vomiting and intestinal obstruction follow invasion of 

the second part of the duodenum and occurs overall in 
15–20% of patients. Ulceration of the duodenum can result 
in haematemesis or, more commonly, occult blood loss.

Invasion of the main pancreatic duct may cause 
 pancreatitis. Obstruction of the duct may also lead to 
pancreatic insufficiency, causing diarrhoea.

Often the diagnosis of periampullary cancer is delayed 
as the symptoms in the early stages are non‐specific.

Examination
The patient is jaundiced and shows evidence of recent 
weight loss. The gallbladder may be enlarged and palpa-
ble (Courvoisier’s law). In practice, the gallbladder is 
clinically apparent in only about half the patients, 
although at subsequent laparotomy a dilated gallbladder 
is found in three‐quarters. The liver is enlarged, with a 
smooth, firm, edge. Ampullary and periampullary 
tumours are usually impalpable.

The spleen may be palpable if involvement of the 
splenic vein has caused thrombosis. Peritoneal invasion 
may result in ascites. Locoregional lymphatic metastases 
are common with ampullary and periampullary carcino-
mas [45]. Occasionally, distant nodal metastases are pre-
sent in the axilla, neck, or groin.

Virchow’s gland in the left supraclavicular fossa may be 
palpable.

Pancreatic cancers produce a prothrombotic tendency 
and may present with an episode of venous thrombosis 
or thrombophlebitis migrans.

Investigations

Blood biochemistry shows elevated serum bilirubin and 
alkaline phosphatase in keeping with cholestatic jaun-
dice. CA 19‐9 may be elevated but is non‐specific. 
Haematology is non‐specific and may show anaemia.

Differential diagnosis

Ampullary and periampullary carcinomas are difficult to 
diagnose in the early stages. The diagnosis must be con-
sidered in any patient over 40 years of age with progres-
sive or intermittent jaundice. The suspicion is 
strengthened by persistent or unexplained abdominal 
pain, weakness and weight loss, diarrhoea, glycosuria, 
positive faecal occult blood, hepatomegaly, a palpable 
spleen, or thrombophlebitis migrans.

Diagnosis and staging

Conventional imaging modalities used in the diagnosis 
and staging of ampullary and periampullary cancers 
include CT, MRI/MRCP, EUS, and ERCP. It is important 
to exclude local and distant spread of tumour and to 
determine potential resectability for planning treatment. 
There are no universally accepted criteria for defining 
resectability in ampullary and periampullary adenocar-
cinomas, but most centres consider local vascular 
 invasion as locally advanced disease and unresectable.

I
General effects of
malignant disease

VI
Tumour

metastases

III
Obstructed main
pancreatic duct

V
Duodenal
invasion

IV
Local

invasion

II
Obstructed common

bile duct

Fig. 15.6 Effects of carcinoma in the ampullary region.
I, General effects of malignant disease – weakness, weight loss.
II, Obstructed common bile duct; dilated gallbladder and bile 
ducts – jaundice, pruritus.
III, Obstructed pancreatic duct – steatorrhoea, diabetes.
IV, Local invasion: blood vessels (portal, superior 
mesenteric) – encasement, thrombosis; nerves – back and 
epigastric pain.
V, Duodenal invasion – occasional duodenal obstruction, positive 
occult blood.
VI, Tumour metastases – regional glands, liver, lungs, peritoneum.
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Fig. 15.8 Brush cytology taken from a low common bile duct 
stricture. There is a sheet of benign biliary epithelial cells and 
above this a small group of large polymorphic cells characteristic 
of adenocarcinoma.

Fig. 15.9 ERCP showing dilated bile duct above a stricture. The 
pancreatic duct comes to an abrupt halt in the head of the 
pancreas (‘double duct’ sign). Appearances are characteristic of 
carcinoma of the pancreas.

Ultrasound is often the initial investigation in a jaun-
diced patient. It may show a dilated bile duct down to the 
pancreas, but has low sensitivity in detecting ampullary 
and periampullary tumour masses.

Pancreas protocol CT with oral and iv contrast medium 
is widely used for evaluating the periampullary region. 
Although CT can reliably detect head of pancreas masses 
obstructing the distal bile duct, it has low sensitivity in 
detecting small ampullary cancers. The overall sensitiv-
ity of CT in detecting ampullary tumours is 20–39% 
[46,47]. CT is useful for determining resectability and for 
detecting lymphadenopathy and distant metastases.

MRI has not been shown to perform better than CT in 
the diagnosis and staging of ampullary cancers. MRCP 
typically shows ampullary cancers as masses or filling 
defects bulging into the duodenum, with 52% of cases 
showing dilation of both biliary and pancreatic ducts 
(double‐duct sign) [48].

EUS is as sensitive as ERCP and superior to CT in 
detecting ampullary cancers, with a diagnostic accuracy 
of 97–100% [46,47]. However, it is not required routinely 
for the diagnosis of ampullary cancers. Also, EUS 
requires technical expertise and is not widely available. It 
can be useful in selected cases for detecting small 
tumours and invasion of major vascular structures [49].

PET–CT is not part of the routine staging of ampullary 
and periampullary cancers but may be used to detect 
occult lesions or to address areas of concern such as sus-
pected metastases that are equivocal on CT or MRI.

ERCP is important in the diagnosis of ampullary 
tumours by direct visualization and biopsy [49]. ERCP 
can demonstrate the pancreatic and bile ducts, allow 
biopsy of any ampullary lesion (Fig.  15.7), and provide 
bile or pancreatic juice or brushings from the stricture 
for cytological examination (Fig. 15.8). An adjacent nar-
rowing of the bile and pancreatic duct (double duct sign) 
is usually associated with a malignant stricture (Fig. 15.9), 

but occasionally appearances are deceptive and tissue 
diagnosis should be sought.

The role of ERCP is therapeutic rather than diagnostic 
and is usually performed to obtain biopsies of ampullary 
tumours, or when the diagnosis of cancer is not certain, 
or for insertion of a biliary stent to relieve jaundice and 
associated pruritus. Routine preoperative biliary drain-
age increases morbidity and is not required in patients 
with resectable ampullary and periampullary cancers. 
ERCP is the first‐choice approach in palliation of unre-
sectable periampullary cancer.

Staging laparoscopy can detect CT‐occult metastases 
and avoid unnecessary laparotomy in approximately 
10–25% of patients. Adding staging laparoscopy to CT 
decreases the probability of unresectability from 41 to 

Fig. 15.7 Abnormal ampulla at ERCP. Note irregular surface with 
nodularity. Biopsy showed adenocarcinoma.
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20%. Liver and peritoneal metastases and spread to adja-
cent organs can be visualized and biopsies taken during 
laparoscopy [50].

In the patient with vomiting, oral contrast CT and/or 
endoscopy will show the extent of duodenal invasion and 
obstruction.

Treatment

Resection
Patients with ampullary carcinoma who undergo poten-
tially curative resection have a 5‐year survival between 
40 and 70% [51]. For distal cholangiocarcinoma, the 5‐
year survival after surgery is 20–40% [52]. Carcinoma of 
the head of pancreas has the worst prognosis and the 
overall 5‐year survival rate in patients who undergo 
potentially curative surgical resection is 10–20% [53]

The classical procedure for ampullary and periampul-
lary carcinomas is pancreaticoduodenectomy (Whipple’s 
operation), which is performed in one stage with en 
masse removal of the head of the pancreas with distal 
common bile duct, the entire duodenum, the distal third 
of the stomach, and related lymph nodes. This operation 
was modified in 1978 to preserve antral and pyloric func-
tion (pylorus‐preserving pancreaticoduodenectomy). 
Both techniques are equally effective with equivalent 
long‐term survival and quality of life [54]. Following 
resection, reconstruction involves anastomosis of the 
remaining pancreas, distal bile duct, and stomach to the 
small intestine.

The pancreatic remnant can be joined to the jejunum or 
the stomach. Both methods have comparable incidence of 
pancreatic fistula, the most feared complication after pan-
creaticoduodenectomy, and have a similar  overall postop-
erative complication rate [55]. Pancreaticojejunostomy is 
commonly performed by anastomosis of the pancreatic 
duct to the jejunal mucosa, although some surgeons prefer 
to invaginate the pancreatic stump into the jejunum. 
Pancreaticogastrostomy involves anastomosis of the pan-
creatic stump to the posterior wall of the stomach.

Extended pancreatoduodenectomy, which involves a 
more extensive resection to remove retroperitoneal 
lymph nodes and clearance of soft tissue around the pan-
creas, increases postoperative morbidity without 
improving long‐term survival [56].

Every attempt should be made to obtain a tumour‐free 
margin and frozen section examination of the pancreatic 
resection margin is commonly performed by most sur-
geons during surgery to ensure a negative margin.

Superior mesenteric vein/portal vein resection and 
reconstruction at the time of pancreatoduodenectomy 
have been shown to have similar results to those without 
vein resection. However, this is a complex and challeng-
ing procedure and should be performed only by 

 experienced surgeons and in carefully selected patients. 
Venous resection is considered in selected patients with 
locally advanced disease [57]. Arterial resection and 
reconstruction at the time of pancreatoduodenectomy 
are associated with poor short‐ and long‐term outcomes 
[57] and at present should be performed only within the 
context of a clinical trial.

Minimally invasive pancreatoduodenectomy, that is, 
surgery using laparoscopic and robotic techniques, per-
formed at specialist centres with expertise, and in care-
fully selected patients with small tumours, is feasible and 
safe. However, there is a lack of data on the long‐term 
oncological outcomes of minimally invasive pancrea-
toduodenectomy and at present it is not considered 
superior to conventional open surgery [58].

Pancreaticoduodenectomy for ampullary and periamp-
ullary carcinomas is a complex operation. Centralization 
of pancreatic surgery to high‐volume centres has 
improved resectability and survival rates. It is now indis-
putable that treatment of ampullary and periampullary 
cancers is best carried out by a multidisciplinary team in 
specialist centres [59]. In a single specialist centre series, 
the perioperative mortality for pancreatoduodenectomy 
was <1% [60].

Adjuvant therapy
At present, adjuvant and neoadjuvant treatments for 
ampullary adenocarcinoma are not considered standard 
therapy.

Palliative procedures
The preferred treatment is endoscopic placement of a 
self‐expanding mesh metal stent. Plastic stents can be 
considered when life expectancy is less than 3 months.

Endoscopic biliary stent insertion (Fig. 15.10) has a suc-
cess rate of >90% in experienced centres. When the 
endoscopic approach fails, a percutaneous or combined 
percutaneous/endoscopic approach can be used.

Gastric outlet/duodenal obstruction occurs in 10% 
of patients with periampullary cancers. Endoscopic 
duodenal stenting is successful in the majority of 
patients and the median duration of stent patency is 
6 months [61].

Elective surgical bypass is reserved for patients where 
endoscopic stenting is not possible for technical 
reasons.

Palliative chemotherapy
Locally unresectable or metastatic pancreatic carcinoma 
is incurable. Systemic chemotherapy with cisplatin and 
gemcitabine prolongs survival and improves quality of 
life [13,62]. The role of chemoradiation for advanced 
ampullary cancer is controversial.
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Prognosis

For carcinoma of the ampulla of Vater, potentially cura-
tive surgery is possible in approximately 50% of patients. 

Pancreaticoduodenectomy for invasive adenocarcinoma 
of the ampulla has a 5‐year survival of 40–70% [51].

Resectability rates for distal cholangiocarcinoma 
range from 22 to 89%. The overall 5‐year survival is 
20–40% [52].

Most patients with head of pancreas cancer present 
with locally advanced or metastatic disease. Only 
10–20% are suitable for surgical resection. Even for 
patients with surgically resectable disease, the long‐term 
survival is poor. The estimated 5‐year survival after pan-
creatiocoduodenectomy is 10–20% [53].

Primary duodenal carcinoma is rare and most studies 
reported in the literature have included only a small 
number of patients. In a recent report, the resectability 
rate was <40% and median survival after surgery was 23 
months [63].

 Conclusion

Surgical outcomes of cholangiocarcinoma and ampul-
lary and periampullary carcinoma have improved in 
the last two decades. The ability to carry out these 
major operations successfully is largely based on state‐
of‐the‐art advances in diagnosis and staging and 
improved surgical techniques. The procedures are 
complex and require discussions in the context of a 
multidisciplinary team. The procedures should be car-
ried in specialist units.
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The development and maintenance of ducts from organs, 
such as the liver and kidney, to intestine and ureter, 
respectively, are complex processes [1]. Failure of these 
connections, for genetic or other reasons, may lead to 
unusual anatomy or, of greater consequence, failure of 
the organ to function normally. Thus the biliary system is 
fundamental to liver function and health – and the same 
is true of kidney tubules and renal function.

The range of conditions that follow failure of proper 
connection of liver to intestine has a wide spectrum, 
between collections of rounded biliary channels seen on 

liver histology (microhamartomas), to liver cysts – small 
to large (solitary to polycystic liver disease), to severe 
peribiliary fibrosis (congenital hepatic fibrosis), and to 
cystic dilations of the macroscopic biliary tree (Caroli 
syndrome). A similar spectrum exists with different 
characteristics (except macroscopic cysts) for the kidney 
and, drawing the molecular genetic and embryological 
backgrounds together, renal and hepatic abnormalities 
may occur together in different combinations.

In describing these conditions, it is appropriate, for 
genetic and clinical reasons, to separate polycystic liver 
disease alone or with autosomal dominant polycystic 
kidney disease from fibropolycystic liver diseases (con-
genital hepatic fibrosis, Caroli syndrome and disease) 
that associate with autosomal recessive polycystic kidney 
disease. Although there may be overlap in some circum-
stances, polycystic liver disease is fundamentally differ-
ent from the fibropolycystic diseases, as are the dominant 
and recessive forms of polycystic kidney disease.

Polycystic liver disease may have more of a relation-
ship to the upkeep of the cells of the biliary tree; fibropol-
ycystic diseases may relate more to fundamental 
pathology of the ‘ductal plate’ (bile duct) development. 
The latter conditions are much rarer conditions and in 
general produce more serious pathology and clinical 
sequelae. Research has uncovered many exciting genetic 
and cellular abnormalities in all these conditions, but a 
full explanation and understanding of their pathogenesis 
currently remains incomplete.

 Overview

Liver cysts are not uncommon, being found in 3–5% of 
the general population. They are increasingly diagnosed 
often incidentally on imaging [2]. They are rare before 
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LEARNING POINTS

 ● There is a wide spectrum of polycystic disease (differ-
ing in age of presentation, predominantly renal or liver 
pathology) based on whether inheritance is autoso-
mal recessive or dominant.

 ● Fibropolycystic liver diseases are a heterogeneous 
group of overlapping conditions in which cystic 
lesions in the liver are often associated with renal 
abnormalities and/or fibrotic liver disease.

 ● Congenital hepatic fibrosis (CHF) is mainly diagnosed 
in childhood or adolescence, with features of portal 
hypertension or with the incidental finding of isolated 
firm hepatomegaly. Often there is associated renal 
pathology.

 ● Caroli disease is characterized by congenital, segmen-
tal, saccular dilatations of the intrahepatic bile ducts 
without other hepatic abnormalities. When associated 
with CHF, it is called Caroli syndrome.

 ● Recurrent cholangitis is a serious complication of 
autosomal recessive polycystic kidney disease, Caroli 
disease, and CHF, leading to deteriorating liver dam-
age and liver failure.
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puberty [3] The causes and associations are wide rang-
ing: some are hereditary, some sporadic, some present 
mainly in childhood, others typically in adult life. Simple 
liver cysts are usually solitary or fewer than three in 
number. In polycystic and fibropolycystic liver diseases, 
there are characteristically more than three liver cysts 
[4]. These may occur with or without renal involvement 
(autosomal dominant or autosomal recessive polycystic 
kidney disease). In some patients, liver and bile duct 
cystic lesions may coexist (Fig. 16.1) [5].

Polycystic liver disease (PLD) is characterized by multi-
ple large cysts that do not have a connection with the 
biliary tree. They may be associated with adult dominant 
polycystic kidney disease (PLD–ADPKD) or occur alone 
with no demonstrable kidney involvement (PLD). 
Despite extensive cyst replacement of hepatic paren-
chyma by cysts, liver function is generally well preserved, 
portal hypertension is rare, and the patient is asympto-
matic, unless acute and chronic complications (including 
cyst infection or bleeding) develop.

Fibropolycystic diseases comprise congenital hepatic 
fibrosis, Caroli disease, and autosomal recessive polycys-
tic kidney disease (ARPKD). These are rare liver dis-
eases, characterized by cystic or dysmorphic bile ducts 
associated with severe and progressive hepatic fibrosis. 
They are genetically related to ARPKD. Caroli disease 
and congenital hepatic fibrosis (CHF) are characterized 
by recurrent acute cholangitis or severe portal hyperten-
sion, respectively, the latter due to excessive peribiliary 

fibrosis. Mixed clinical phenotypes are frequent, 
 combining one or more of these elements. There can 
therefore be a range of clinical features, which can 
include space‐occupying lesions, portal hypertension, 
recurrent jaundice, and cholangitis (Fig. 16.2). In some 
cases cholangiocarcinoma may develop.

This chapter also reviews choledochal cysts, although 
their relationship to the conditions above is uncertain 
from a pathogenetic point of view. In the last section, 
congenital anomalies of the gallbladder and bile ducts 
are described.

 Polycystic liver disease

In this condition, the liver cysts are probably developmen-
tal. They may or may not be associated with ADPKD. It is 
now known that PLD associated with ADPKD  (PLD–
ADPKD) and PLD alone (without kidney cysts) are two 
genetically distinct diseases (see later).

The prevalence of ADPKD is reported to be between 
1 : 400 and 1 : 1000 live births [6]. Isolated PLD is believed 

Polycystic

(space-occupying)

Gallbladder

Choledochal cyst

(infection, obstruction)

Microhamartoma

Congenital hepatic

fibrosis

(portal hypertension)

Caroli

(cholangitis)

Fig. 16.2 Polycystic and fibropolycystic disease: spectrum of 
pathology.
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Fig. 16.1 Venn diagram showing one series of 51 patients in 
which many had more than one fibropolycystic disease. The 
combination of congenital hepatic fibrosis and Caroli disease was 
most striking. Microhamartomas, although reported in only 10 
patients in this series, are common [5].
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to be rarer than PLD–ADPKD [7]. PLD–ADPKD is char-
acterized by the formation of multiple cysts in the kid-
ney, liver, and pancreas and, more rarely, arachnoid 
membrane, and by a variety of vascular abnormalities 
such as intracranial aneurysms and valvular heart 
disease.

Molecular genetics

ADPKD and PLD–ADPKD are caused by mutations in 
PKD1 (85–90%) or PKD2 (10–15%).These genes encode 
polycystin‐1 (PC‐1) and polycystin‐2 (PC‐2), respec-
tively [8].

PC‐1 is a transmembrane protein localized in the 
 primary cilium of the cell plasma membrane, where it 
functions as a mechano‐ and chemoceptor. PC‐1 senses 
changes in apical fluid flow and composition and modu-
lates a number of epithelial cell functions, including 
secretion, proliferation, differentiation, and maturation 
[8]. PC‐1 and PC‐2 interact to form a calcium channel 
receptor. Loss of function of PC‐1 may be one prerequi-
site for cyst formation, but a further somatic event is 
thought to be necessary (double‐hit theory) [9,10].

PC‐2 is a protein with multiple functions. It physically 
interacts with the C‐terminal cytoplasmic tail of PC‐1, 
suggesting that PCs participate in a common signalling 
pathway. However, the largest pool of PC‐2 is located in 
the endoplasmic reticulum (ER) and in the plasma mem-
brane and functions as a non‐selective Ca2+ channel. 
PC‐2 can also respond to mechanical stimuli (bending of 
the cilium) or to biliary osmolarity, or participate in 
receptor‐mediated calcium signalling, depending on its 
interactions with PC‐1 and other proteins. PC‐2 thus 
participates in the regulation of intracellular Ca2+ home-
ostasis [8–10].

Isolated PLD is distinct genetically from PLD–ADPKD. 
Two genes associated with the PLD phenotype are 
PRKCSH and SEC63 [11,12]. They encode proteins 
expressed in the ER involved in the quality control of 
newly synthesized glycoproteins [13].

Pathogenesis

Failure of the normal development of the biliary tract is 
consistently observed in mice with abnormal ciliary pro-
teins, such as polycystin, fibrocystin, and polaris. Primary 
cilia of cholangiocytes are non‐motile and are involved 
in the regulation of fundamental biological activities of 
epithelial cells, including differentiation, proliferation, 
and secretion. Although several proteins encoded by 
genes associated with PLD are expressed in primary 
cilia, they may be expressed elsewhere. Thus, as described 
earlier, PC‐2 is also highly expressed in the ER, where it 
regulates calcium levels. The proteins encoded by 

PRKCSH and SEC63 (associated with isolated PLD) are 
also expressed in the ER [9].

Thus the molecular mechanism responsible for cyst for-
mation is complex and not fully understood. The current 
hypothesis for PLD/ADPKD is that the defect in one allele 
encoding for a polycystin is inherited, whereas the defect 
in the other is the result of a second, acquired genetic hit. 
Interestingly, mice with a conditional knockout of poly-
cystins show progressive formation of liver cysts even 
when PC‐1 or PC‐2 is knocked out weeks after birth. This 
indicates a continuing role for polycystins in maintaining 
normal biliary and liver architecture during adult life. Key 
mechanisms responsible for cyst development are cyst 
hypervascularization and proliferation, under the influence 
of growth factors and cytokines [8,14].

There is experimental evidence that the cells lining 
cysts contain increased levels of cAMP, which lead to 
upregulation of the two cAMP effectors including pro-
tein kinase A [26]. These activate the ERK1/2 pathway, 
resulting in the proliferation of cholangiocytes. This 
observation has led to the successful use of somatostatin 
analogues, which inhibit cAMP, in controlling the growth 
of cysts.

Increased proliferation of cyst wall cholangiocytes is a 
major determinant of cyst growth. Interestingly, cyst 
fluid contains elevated levels of cytokines and growth 
factors, including vascular endothelial growth factor 
(VEGF) and insulin‐like growth factor (IGF). These are 
able, through complex pathways, including autocrine 
loops, to promote cell proliferation and cyst expansion 
[9,15,16]. These novel pathways are potential future 
therapeutic targets.

Pathology

Characteristically, there are macroscopic cysts and on 
histology multiple biliary microhamartomas scattered 
throughout the liver parenchyma. These microhamarto-
mas, and the liver cyst epithelium, resemble ductal plates 
that failed to remodel, justifying the inclusion of PLD as 
a ductal plate malformation (DPM).

Depending on the number and size of cysts, the liver 
may be of normal size or greatly enlarged. Cysts may be 
scattered diffusely or restricted to one lobe, usually the 
left. The size of a cyst may be tiny or massive – from a 
pin’s head to a child’s head. The largest described had a 
volume of over 1 L. However, cysts are rarely greater than 
10 cm in diameter.

Cysts are thin walled and contain clear or sometimes 
brown fluid due to altered blood. They never contain bile 
because they are not in continuity with the biliary tract. 
This is in distinction to cysts associated with ARPKD 
which may be connected. Cysts may be complicated by 
haemorrhage or infection.
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Histologically, the lobular architecture of the liver is 
unchanged and the hepatocytes are normal. The cystic 
areas are related to the bile ducts and to biliary micro-
hamartomas in the portal areas (see later). They are sur-
rounded by a fibrovascular tissue capsule and lined by 
columnar or cuboidal epithelium (Fig. 16.3).

Frequently, there is cystic disease of other organs, 
including kidneys, spleen, pancreas, ovary, and lungs.

Clinical features

Polycystic liver disease can remain asymptomatic for 
many years even in the presence of marked hepatomeg-
aly. In many patients, the liver lesion is diagnosed inci-
dentally during scanning or at autopsy. Sometimes the 
patient presents with polycystic kidneys. Patients with 
symptoms and signs are usually in the fourth or fifth dec-
ade. The patient may complain of abdominal distension 
and dull abdominal pain. Pressure on the stomach and 
duodenum causes epigastric discomfort, nausea, and 
occasionally vomiting. Acute pain may be due to rupture 
of, or haemorrhage into, a cyst.

The prevalence of hepatic cysts increases with age, 
being approximately 20% in the third decade and rising 
to 75% in the seventh decade [17]. Cysts tend to be larger 
in women who have been pregnant. Hormone replace-
ment therapy is associated with enlargement of the liver 

by 5% per year, but there is no increase in symptoms. 
Hormone replacement therapy is not withheld if clini-
cally indicated [18].

Rarely, ascites, obstructive jaundice, inferior vena 
cava compression, and hepatic venous outflow 
obstruction may develop. Symptoms related to liver 
cysts (abdominal pain, early postprandial satiety, 
dyspnoea) develop in 20% of patients, due to the mas-
sive liver enlargement. There may be weight loss. 
Portal hypertension may develop if the portal vein is 
compressed, and oesophageal varices may bleed, but 
this is unusual [19].

On examination, the most common findings are 
hepatomegaly and abdominal distension. Some cysts 
with haemorrhage or infection may become tender. 
The liver may not be palpable or be so large that it 
seems to fill the whole abdomen. The edge is firm and 
nodules can be palpable. There may be difficulty in 
 distinguishing cysts from other causes of a mass. The 
spleen is not enlarged. Bilateral enlarged irregular 
 kidneys suggest the presence of renal cysts, which may 
be symptomatic.

Hepatic function is preserved. Serum alkaline phos-
phatase and γ‐glutamyl transpeptidase may be increased, 
but bilirubin is normal. The serum carbohydrate antigen 
CA 19‐9 may be elevated, and levels correlate with cyst 
fluid levels and polycystic liver volume [20]. Serum CA 
19‐9 levels increase with liver cyst infection in kidney 
transplant recipients [20].

Arterial hypertension may be present as a consequence 
of renal disease or renal artery compression [17]. 
However, severe extrahepatic manifestation may occur. 
In one series of patients with ADPKD, the prevalence of 
unruptured cerebral aneurysms was around 11%; 1.9% 
were ruptured, a figure similar to that in the general pop-
ulation [21]. Mitral valve prolapse and aortic valve 
abnormalities have also been reported in patients with 
ADPKD [17].

Differential diagnosis

Polycystic liver should be suspected in an apparently well 
person, often over 30 years of age, with nodular hepato-
megaly but no evidence of hepatic dysfunction, associ-
ated with polycystic kidney or a positive family history. 
Polycystic liver may be confused with hydatid disease. 
The differential diagnosis includes ARPKD/Caroli dis-
ease, entities that may be characterized by severe portal 
hypertension, acute cholangitis, and characteristic radi-
ological findings [22].

Other possible diagnoses are benign and malignant 
cystic tumours, infectious cysts, and metastases, although 
here associated symptoms such as weight loss and fever 
would be likely.

Fig. 16.3 Polycystic disease of the liver. The cysts vary in size and 
are lined by flattened epithelium. (H & E, ×63.)
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Diagnostic criteria

Direct gene sequencing of PKD genes is available in the 
most specialist laboratories, allowing detection of patho-
logical mutations in around 75% of ADPKD patients. At 
present, however, there is no clear indication for genetic 
testing for ADPKD, particularly if the clinical diagnosis 
is clear. The cornerstone of the diagnosis remains history 
and imaging.

Ultrasound (US) scanning is highly sensitive and spe-
cific for the diagnosis of cystic lesions (Fig.  16.4), and 
diagnostic criteria, based on US, have been proposed in 
ADPKD according to the number and size of renal cysts 
[23,24]. Cysts are highly variable in size and number. 
Liver volume is generally increased and may also dis-
place adjacent organs.

Computed tomography (CT) and magnetic resonance 
imaging (MRI) have a role in defining complicated cysts, 
the nature of the cyst content (e.g. blood), and the ana-
tomical relationship of liver cysts to other intra‐ and 
extrahepatic structures [4]. On CT, cysts appear isodense 
to water with regular margins (Fig. 16.5). There is cyst 
wall enhancement following intravenous contrast due to 
peripheral hypervascularization. Changes in MRI signal 
intensity are also important for the diagnosis of compli-
cated cysts. The radiological features of isolated PLD are 
similar to those of PLD–ADPKD. Diagnosis of isolated 
PLD requires the exclusion of relevant cystic renal 
involvement (fewer than five renal cysts) – a finding in 
around 25–30% of cases.

Complications

The most severe complications of PLD–ADPKD and 
PLD are caused by the progressive enlargement of liver 
cysts and rarely by intra‐cystic haemorrhage, cyst infec-
tion, or rupture (<10%).

Cyst adenocarcinoma, Budd–Chiari syndrome, and 
biliary obstruction have been reported only rarely. Biliary 
obstruction may be caused by the compression of the 
common bile duct by enlarging cysts and responds to 
temporary stent placement while the cyst is managed. 
The patient may become cirrhotic if biliary obstruction 
is not recognized.

Prognosis and treatment

Polycystic disease of the liver is compatible with long life. 
The prognosis is determined by the extent of associated 
renal cystic disease. Carcinoma is very rare.

Most cases of polycystic liver disease do not require 
specific therapy. In symptomatic patients, treatment 
should focus on reducing cyst volume and size [9].

Medical therapies are effective in experimental models 
but there is currently no accepted medical treatment for 
patients with ADPKD and symptomatic liver cysts. 
There is, however, experimental evidence that blocking 
VEGF, cAMP, or mTOR signalling may hold promise 
[25,26]. In clinical trials, somatostatin analogues reduce 
liver size by 3–6% [27,28], and may reduce the percep-
tion of pain. This approach may be applicable for selected 
patients but is not yet in clinical practice outside trials.

Radiological and surgical intervention. Surgery is 
rarely necessary. Percutaneous cyst aspiration under US 
control is effective in controlling acute symptoms, but 
the fluid re‐accumulates. Aspiration under US or CT 
guidance in conjunction with injection of a sclerosing 
agent such as ethanol can be successfully performed in 

Fig. 16.4 Adult polycystic liver: ultrasound shows numerous 
echo‐free space‐occupying lesions.

Fig. 16.5 CT scan (contrast enhanced) showing a polycystic liver.
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selected symptomatic patients with one or a few domi-
nant lesions [28].

Cyst fenestration can be performed laparoscopically in 
patients with massive symptomatic hepatic cyst disease 
and superficial dominant cysts. In most centres, fenes-
tration is attempted when other measures cannot be 
used.

Liver resection is considered when dominant cystic 
lesions have a segmental distribution. A clinical improve-
ment is achieved in >95% of cases. Specialized centres 
have reported relief of symptoms and improvement in 
the quality of life in most of those treated [29].

In highly symptomatic patients with severe limitation 
of daily activity and failed previous treatment, and not 
amenable to other surgical approaches, liver transplan-
tation can be performed. This has a 1‐year survival rate 
of 89% [30]. Combined liver–kidney transplantation is 
an option in ADPKD patients with end‐stage renal dis-
ease [29]. Liver function is normal, and therefore criteria 
for liver transplant listing include severe malnutrition, 
which is evaluated by serum albumin or mid‐arm cir-
cumference in the non‐dominant arm [31].

 Fibropolycystic diseases

Fibropolycystic liver diseases comprise a heterogeneous 
group of genetic disorders in which segmental dilations 
of the intrahepatic bile ducts are associated with fibrosis. 
Although classified into specific conditions, there is 
much overlap with a varied contribution of microscopic 
and/or macroscopic cystic lesions in the liver often asso-
ciated with fibrocystic anomalies in the kidneys. The 
severity of the renal lesions may overshadow the 
liver  disease, as in the early presentation of ARPKD. 

Conversely, portal hypertension with preserved liver 
function may dominate a delayed clinical presentation, 
as in congenital hepatic fibrosis. Cholangitis may 
develop, especially when the cysts communicate 
with  the  biliary system. Malignant change may be a 
complication.

Embryologically, the hepatobiliary abnormalities are 
thought to stem from ductal plate maldevelopment in 
different parts of the biliary tree [32,33].

The ductal plate is a sleeve of epithelium, one and then 
two cells thick, which forms in the mesenchyme sur-
rounding portal vein branches from bipotential liver 
progenitor cells  –  that is, cells that may form either 
hepatocytes or bile duct epithelium. During the develop-
ment of the liver and biliary system, ductal plates are 
remodelled into mature tubular ducts that eventually 
form (in descending size interhepatically from the hilum) 
hepatic ducts, segmental ducts, area ducts, interlobular 
ducts, and the smallest bile duct branches. Since the var-
ious segments of the intrahepatic duct system develop 
successively throughout fetal life, it is likely that the tim-
ing of the inherited malfunction determines the type and 
extent of ductal injury [34].

Ductal plate malformation during embryogenesis may 
also account for a subgroup of biliary atresia, although in 
most cases this condition is due to necroinflammatory 
destruction and fibrous obliteration of normally formed 
extrahepatic bile ducts.

The various types of fibrocystic disease are described 
below under separate headings (Table 16.1). The clas-
sification is based upon the dominant clinicopathologi-
cal features at presentation. However, the different 
entities are part of a spectrum and may coexist in vari-
ous combinations [34]. In addition to the influence of 
the genetic mutations identified so far, environmental 

Table 16.1 Inherited fibrocystic diseases of the liver: clinical presentation and associated renal disorders

Liver disease/lesion Age at presentation Mode of presentation
Associated renal 
disorder

DPM (i.e. CHF) 
(histological change)

Neonates/infants Abdominal distension
Renal failure, hypertension
Respiratory distress

ARPKD

CHF Adolescents > children > adults Portal hypertension ± recurrent 
cholangitis
Late‐onset renal failure

ARPKD
Nephronophthisis
Medullary sponge 
kidney

Caroli syndrome Adults > adolescents Recurrent cholangitis
Portal hypertension

ARPKD
Tubular ectasia

Caroli disease
von Meyenburg complexes

Any age
Any age (incidental)

Recurrent cholangitis
Incidental finding

ARPKD

DPM, ductal plate malformation; CHF, congenital hepatic fibrosis; ARPKD, autosomal recessive polycystic kidney disease.
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factors, in particular superimposed infection, may 
 modulate the disease process. Moreover, the natural his-
tory of these disorders has been modified by improved 
treatment such as renal transplantation and successful 
management of portal hypertension. These enable 
patients to live longer but with liver complications or late 
renal failure.

 Autosomal recessive polycystic 
kidney disease

Autosomal recessive polycystic kidney disease (ARPKD) 
has an estimated incidence of 1 in 20 000 live births. 
There is a spectrum of clinical and histopathological 
manifestations, the constant features being ductal plate 
malformation of the intrahepatic bile ducts and fusiform 
dilation of renal tubules.

The gene for ARPKD, called polycystic kidney and 
hepatic disease‐1 (PKHD1), has been mapped to chro-
mosome 6 (6p21.1‐p12) [35]. It is a large gene (67 exons) 
encoding the protein fibrocystin [36,37]. This is 
expressed in renal collecting ducts and bile ducts, but its 
biological function is unknown [36,37]. More than 100 
mutations are known. Most renal patients are compound 
heterozygotes. There is no clear genotype–phenotype 
relationship for predominant renal or hepatic 
 involvement. Mutations leading to truncated transcripts 
have been described with a severe renal, often lethal, 
phenotype [38].

Clinical features

The severity of the renal lesion determines the mode of 
presentation. In the perinatal or infantile period, rapid 
progressive renal failure is associated with large sym-
metrical renal masses due to radially orientated and fusi-
form corticomedullary cysts. Infants may be stillborn or 
die in early infancy from renal failure, fluid retention, or 
bronchopneumonia.

The liver lesion is usually clinically silent. The affected 
children may have cardiac anomalies (ventricular septal 
defect, pulmonary valve stenosis) and dysmorphic fea-
tures (‘Potter face’ – squashed nose, micrognathia, large 
low‐set ears, epicanthal folds), possibly secondary to 
severe hydramnios.

Cases with a lesser degree of renal involvement present 
later in life – late childhood or juvenile forms – with pro-
gressive renal failure and/or portal hypertension. The 
condition then merges with CHF. Often patients are 
referred to the hepatologist while on chronic renal dialy-
sis because of complications of portal hypertension, 
such as splenomegaly with hypersplenism and bleeding 
varices, and/or cholangitis [39,40].

Hepatic pathology

Histologically, the liver lesion in ARPKD ranges from a 
persistent hyperplastic ductal plate with scanty portal 
fibrosis to marked excess of ductular structures at the 
periphery of the fibrotic portal tracts. At an early stage, 
portal fibrosis resembles primitive mesenchyme; later, 
the collagen is more mature and the lesion is indistin-
guishable from CHF. There are no visible cysts in the 
liver, which may be enlarged and firm, showing a fine 
reticular pattern of fibrosis [41].

Imaging

Plain abdomen X‐ray, US, and intravenous pyelogram 
are the most useful investigations in infancy. Bile duct 
abnormalities can be diagnosed by magnetic resonance 
cholangiopancreatography (MRCP) [42].

Treatment

For those patients presenting in childhood with gastroin-
testinal bleeding, endoscopic sclerotherapy or banding 
of varices is the treatment of choice. Failure to control 
bleeding with these techniques necessitates portosys-
temic shunting [43]. Combined liver–kidney transplant 
is advisable for children with established end‐stage renal 
failure and advanced chronic liver disease, since immu-
nosuppression after isolated renal transplant may 
increase the frequency of cholangitis with worsening 
liver function.

 Congenital hepatic fibrosis

CHF consists histologically of broad, densely collagen-
ous fibrous bands surrounding otherwise normal hepatic 
lobules (Fig. 16.6). The bands contain large numbers of 
microscopic, well‐formed bile ducts, some containing 
bile. Arterial branches are normal or hypoplastic, while 
the veins appear reduced in size. Inflammatory changes 
are not seen. CHF may be associated with congenital 
dilation of the intrahepatic bile ducts (Caroli 
syndrome).

CHF appears both sporadically and in a familial form. 
In the latter, the mode of inheritance is autosomal reces-
sive. A ductal plate malformation of interlobular bile 
ducts has been suggested as the pathogenetic mecha-
nism (Fig. 16.6) [32].

Portal hypertension is common. Occasionally, this 
may be due to defects in the main portal veins. More 
often it is caused by hypoplasia or fibrous compression 
of portal vein radicles in the fibrous bands surrounding 
the nodules.
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Associated renal conditions include renal dysplasia, 
autosomal recessive polycystic kidneys [44], and 
nephronophthisis (medullary cystic disease).

Clinical features

CHF is diagnosed predominantly in children and adoles-
cents. Rarely, it is an isolated entity, more often being in 
association with ARPKD, or less frequently with renal 
medullary cystic lesions, in particular nephronophthisis 
and medullary sponge kidneys. The clinical presentation 
is with features of portal hypertension (splenomegaly 
with hypersplenism or variceal haemorrhage) or the 
incidental finding of isolated firm hepatomegaly. The age 
at presentation is typically between 5 and 13 years [45]. 
Sexes are equally affected.

In a single‐centre study of CHF and Caroli syndrome 
in 40 children, the median age at presentation – due to 
the kidney disease – was 1.3 years. By the end of the neo-
natal period, 35% had presented with renal or pulmonary 
symptoms. During follow‐up, severe portal hypertension 
was noted in 86% and 27% had gastrointestinal bleeding. 
Advanced chronic renal disease was more common in 
Caroli syndrome than in isolated CHF. The majority of 
the children presenting early required either combined 
liver–kidney (90%) or isolated renal transplant [46]. A 
study of CHF in adults with PKHD1‐proven ARPKD, 
reported that 10 of the 73 patients required isolated renal 
transplant and only one combined liver–kidney replace-
ment. The severity of portal hypertension did not 
 correlate with the progression of chronic renal failure or 
the PKHD1 mutation detected [47].

(a)

(b)

(c)

(d)

Fig. 16.6 Liver biopsy from a 2‐year‐old child with autosomal recessive polycystic kidney disease and congenital hepatic fibrosis, caused 
by two ciliopathic PKHD1 mutations. (a) Ductal plate malformation with ectatic bile ducts in a circinate arrangement at the portal–lobular 
interface (arrows). No significant portal or lobular inflammation, or cholestasis. (H & E, ×20.) (b) Magnified detail of portal area with 
ectatic bile ducts (arrowed). (H & E, ×100.) (c) Reticulin stain showing marked portal fibrosis forming thick fibrous bands (arrow). (×20.) 
(d) Expression of acetylated α‐tubulin (a protein found in primary cilia) is severely reduced in interlobular bile ducts at the apical border 
of cholangiocytes (arrowed) (acetylated α‐tubulin immunostain, ×200), compared (see insert) with the strong expression (arrowed) in 
interlobular bile ducts in an age‐matched control without ciliopathic mutations (×400). Courtesy of Dr Maesha Deheragoda.
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CHF is often misdiagnosed as cirrhosis. An important 
clue is that hepatocellular function remains essentially 
normal. A cholangitic form is recognized with subclini-
cal or symptomatic episodes of recurrent cholangitis 
requiring exclusion of an associated Caroli disease. 
Rarely, recurrent cholangitis may progress to a true 
 biliary cirrhosis with progressive impairment of the liver 
function. In a few cases, the disease manifests in adult-
hood (latent form) [34].

CHF has been reported in association with familial 
congenital heart disease [48], pulmonary arteriovenous 
fistulae [49], and multiple gastric ulcers [50]. A number 
of malformation syndromes are characterized by hepatic 
histological changes resembling those of CHF 
(Table 16.2).

Carcinoma, both hepatocellular and cholangiocarci-
noma, may be a complication [51,52], as may adenoma-
tous hyperplasia [53].

CHF is a feature of the rare disorder carbohydrate‐
deficient glycoprotein syndrome type Ib (CDGS 1b) [54]; 
other features include cyclical vomiting, protein‐losing 
enteropathy, and prothrombotic tendency. Abnormal 
glycosylation is caused by phosphomannose isomerase 
deficiency, which can be demonstrated by transferrin 
isoelectric focusing (IEF). Regular mannose supplements 
bypass the enzymatic pathway, correct the biochemical 
abnormality, and improve the clinical symptoms [55]. 
Despite difficulties in interpreting a link between the 
biochemical defect in CDGS 1b and the histological fea-
tures of CHF, screening all patients with CHF for glyco-
sylation defect by transferrin IEF appears justified,

Investigations

Serum protein, bilirubin, and transaminase levels are 
usually normal; serum alkaline phosphatase values are 
occasionally increased.

Liver biopsy is essential for diagnosis, but because of 
the firm consistency of the liver it may be difficult. Liver 
histology shows bridging fibrous septa, which sharply 
delineate areas of parenchyma with a normal architec-
ture. The fibrous bands contain numerous ductular 
structures (Fig. 16.6) similar to those seen in infants with 
ARPKD. Some are dilated and may contain bile. The por-
tal vein branches are inconspicuous or reduced to 
numerous thin radicles. Focal cholangiolitis and copper‐
associated protein deposition may lead to a misleading 
diagnosis of cirrhosis.

US shows very bright areas of echogenicity in the liver 
due to the dense bands of fibrous tissue. Direct cholan-
giography in patients with congenital hepatic fibrosis 
alone shows tapered intrahepatic radicals suggesting 
fibrosis. MR cholangiography may show duct abnormali-
ties including biliary cysts in some patients. The associa-
tion of these with CHF has been termed Caroli syndrome. 
Choledochal cysts may also occasionally be seen [57].

US, CT, MRI, and intravenous pyelography may show 
cystic renal changes or medullary sponge kidney, as dis-
cussed for ARPKD.

Treatment and prognosis

The prognosis for CHF is considerably better than that 
for cirrhosis.

The treatment is that for portal hypertension. 
Following variceal haemorrhage, these patients should 
be treated by sclerotherapy or banding, but if these 
modalities fail to control bleeding, they should undergo 
portosystemic shunting. However, patients with CHF 
may eventually require renal and/or liver transplantation 
and the choice of the type of shunting procedure should 
take this into account. A lienorenal shunt avoids com-
promising either the vena cava or the portal vein and is 
therefore recommended. As the patients are non‐cir-
rhotic, encephalopathy does not develop after shunt sur-
gery [45]. In the cholangitic form, prolonged rotating 
antibiotic therapy may be successful, but the prognosis 
remains guarded.

 Caroli disease [58]

Caroli disease is a rare disorder characterized by congeni-
tal, segmental, saccular dilations of the intrahepatic bile 
ducts without other hepatic histological abnormalities. 
The dilated ducts connect with the main duct system and 
are liable to become infected and contain stones (Fig. 16.7). 
The cystic dilation of the intrahepatic bile ducts can affect 
the entire liver or be segmental or lobar [59].

The inheritance of Caroli disease is uncertain [60]. In 
contrast, Caroli syndrome, characterized by an  association 

Table 16.2 Malformation syndromes reported with liver 
histological changes resembling those of congenital hepatic 
fibrosis [56]

Meckel syndrome: encephalocoele, polydactyly, and cystic 
kidneys
Ivemark syndrome: dysplasia of the pancreas, liver and 
kidneys, together with cysts in the pancreas and liver in some 
cases
Ellis van Creveld syndrome or chondroectodermal dysplasia
Nephronophthisis–congenital hepatic fibrosis syndrome with 
retinal lesions, mental retardation, cerebellar hypoplasia, and 
osseous abnormalities
Jeune syndrome: skeletal dysplasia, pulmonary hypoplasia, and 
retinal lesions
Laurence–Moon–Biedl syndrome
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between Caroli cysts and CHF, often with fibrocystic 
renal changes, probably falls within the autosomal reces-
sive polycystic kidney disease spectrum.

In Caroli disease, kidney lesions are usually absent, but 
renal tubular ectasia and larger cysts have been described.

Clinical features

The condition presents at any age, but usually in child-
hood or early adult life, as abdominal pain, hepatomeg-
aly, and fever with Gram‐negative septicaemia [61]. 
Neonatal presentation has also been reported [62]. 
About 75% of affected individuals are male.

Jaundice is mild or absent but may increase during the epi-
sodes of cholangitis. Portal hypertension is absent, unless 
CHF is associated (Caroli syndrome). Complications include 
abscess formation, septicaemia, and intrahepatic lithia-
sis. Development of cholangiocarcinoma has been reported 
in about 7% of patients [63]. ARPKD or other forms of renal 
tubular ectasia are often associated with Caroli syndrome.

Imaging

US may be helpful, as may CT scanning (Fig. 16.8) where 
portal vein radicles can be seen after enhancement 
within dilated intrahepatic bile ducts (the ‘central dot’ 
sign) [64]. MR cholangiography is diagnostic [65], as is 
the more invasive endoscopic or percutaneous 
 cholangiography (Fig. 16.7). However, the last two tech-
niques may introduce sepsis and should be avoided 
unless therapeutic benefit is clear.

The common bile duct is normal, but the intrahepatic 
ducts are marked by bulbous dilations with normal ducts 
in between. The abnormality may be unilateral [59]. The 
appearances contrast with those of primary sclerosing 
cholangitis, where the common bile duct is irregular 
with strictures and the intrahepatic ducts show 
 irregularities with dilations (see Chapter 18).

Treatment and prognosis

As in the cholangitic form of CHF, Caroli disease is man-
aged with aggressive antibiotic therapy. Non‐surgical 
approaches such as percutaneous biliary drainage, extra-
corporeal shock‐wave lythotripsy, and transhepatic or 
endoscopic decompression have been attempted, with 
unconvincing results. Drainage or resection surgery 
(partial hepatectomy) for recurrent cholangitis have 
been disappointing, except in the rare patients with dis-
ease localized to one side of the liver [59,66]. Patients 
with intrahepatic stones have been reported to benefit 
from treatment with ursodeoxycholic acid [67].

The prognosis is generally poor, varying between a 
mean survival of 9 months [60] and a mortality over 5 
years of 20% [61]. Death is related to septicaemia, liver 
abscess, liver failure, and portal hypertension. Episodes 

Fig. 16.7 Caroli disease. Endoscopic cholangiography shows 
bulbous dilations of the intrahepatic bile ducts, some of which 
contain multiple gallstones.

Fig. 16.8 Caroli disease. CT scan after intravenous contrast shows 
dilated intrahepatic bile ducts with adjacent enhanced radicles of 
the portal vein.
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of cholangitis, however, can extend over many years. 
Death from renal failure is very unusual.

Liver transplantation may be offered for the diffuse 
form of the disease affected by uncontrolled, severe, recur-
rent cholangitis or for uncontrollable portal hypertension 
secondary to hepatic fibrosis in Caroli syndrome, although 
the procedure is risky because of chronic infection.

 Microhamartomas (von Meyenberg 
complexes)

These are usually asymptomatic, diagnosed incidentally 
on imaging or biopsy, or found at autopsy. Rarely, they 
may be associated with portal hypertension. The kidneys 
may show medullary sponge change. Microhamartomas 
can be associated with polycystic disease.

Histologically, microhamartomas consist of groups of 
rounded biliary channels, lined by cuboidal epithelium 
and often containing inspissated bile. These biliary 
structures are embedded in mature collagenous stroma 
(Fig. 16.9). They are usually in, or near, portal tracts. The 
appearances suggest congenital hepatic fibrosis, but 
microhamartomas can be found associated with other 
cystic diseases, such as ADPKD and PLD, and also in 
normal individuals. They are not an infrequent finding. 
They have a suggestive appearance on contrast MRI, 
being hypointense on T1‐weighted MRI and hyperin-
tense on T2. The lesions do not usually show contrast 
enhancement. They are relatively uniform in size and 
smaller than cysts.

 Choledochal cysts

Choledochal cysts are congenital anomalies character-
ized by cystic dilations of one or more segments of the 
biliary tree. When the common duct itself is involved, 
the gallbladder, cystic duct, and proximal hepatic ducts 
are not dilated, in contrast to the pattern of dilation of 
the whole biliary tree proximal to an obstructing lesion. 
Histologically, the cyst wall consists of dense fibrous tis-
sue with little elastic or muscle tissue and often has no 
epithelial lining.

Pathogenesis

No unifying pathological process explains all cysts. Some 
are associated with a long common channel between the 
pancreatic duct and the bile duct that predisposes to the 
reflux of pancreatic enzymes into the biliary system [68]. 
Many patients with choledochal cyst, however, do not 
have this anomaly and additional factors (infective, vas-
cular, and/or genetic) may also be implicated [69]. In one 
study, reovirus RNA was detected in tissue taken from 
eight out of nine infants and children with choledochal 
cysts [70].

Immunohistochemical studies in patients with chole-
dochal cysts have shown a high expression of inducible 
nitric oxide synthase in the epithelium, which has been 
suggested to participate in mucosal hyperplasia and 
malignant change in choledochal cysts, secondary to 
regurgitation of pancreatic enzymes [71]. Other patho-
genetic mechanisms that have been suggested include a 
congenital weakness of the muscle wall, congenital 
inflammation or valvular obstruction within the ampulla 
of Vater, or excessive proliferation of the epithelial cells 
of the primitive choledochus leading to biliary dilation 
when canalization occurs [22].

The severity of histological changes in the biliary 
 epithelium in children with choledochal cyst has been 
found to have a closer correlation with intraluminal 
 pressure than biliary amylase levels  –  suggesting that 
distal obstruction may be more relevant than reflux of 
pancreatic juice [72].

Classification

Choledochal cysts are classified as follows (Fig.  16.10) 
[73,74]:

 ● Type I: Cystic (Ia), segmental (Ib), or fusiform (Ic) 
 dilation of the extrahepatic bile duct. A further group 
(Id) has been suggested with multiple extrahepatic 
cysts. Differentiation between the fusiform type and 
dilation of the bile duct secondary to obstruction is 
based on the absence of a previous history of gallstones 

PT

Fig. 16.9 Biliary microhamartoma (von Meyenburg complex). 
Irregularly shaped and dilated duct‐like structures (arrowed) are 
lined by flattened/low cuboidal epithelium and set within a dense 
fibrous stroma, adjacent to a portal tract (PT). (H & E, ×10.) 
Courtesy of Dr Tu Vinh Luong.
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or  biliary surgery, a common bile duct diameter 
>30 mm, and the presence of an anomalous bile duct 
junction shown on cholangiography [73].

 ● Type II: The cyst forms a diverticulum from the extra-
hepatic bile duct.

 ● Type III: There is cystic dilation (choledochocele) of 
the distal common bile duct lying mostly within the 
duodenal wall.

 ● Type IV: This comprises type I anatomy but also intra-
hepatic bile duct cysts. It has been proposed that IVa, 
IVb, and IVc describe this picture (type I) with cystic, 
segmental or fusiform change of the extrahepatic bil-
iary tree [73].

When used, type V denotes Caroli disease.
The commonest types are I and IV [73,74]. Whether 

choledochocele (type III) should be classified as a 
 choledochal cyst has been questioned [75].

Rarely, a solitary cystic dilation of an intrahepatic bile 
duct is seen [76].

The type I lesion presents as a partially retroperito-
neal, cystic tumour varying from 2 to 3 cm in size, to a 
capacity of 8 L. The cyst contains thin, dark‐brown fluid. 
It is sterile but may become secondarily infected. The 
cyst can burst.

Biliary cirrhosis is a late complication of chronic bil-
iary stasis. Choledochal cysts may obstruct the portal 
vein leading to portal hypertension. Malignant tumours 
in the cyst or bile ducts may develop [74].

Clinical features

Choledochal cysts are increasingly diagnosed antenatally 
by routine US. The infantile form presents as prolonged 
neonatal cholestasis and is the most common surgically 
correctable cause of jaundice in the neonatal period after 
biliary atresia. If not diagnosed appropriately, it can lead 

to biliary cirrhosis and portal hypertension. Spontaneous 
perforation of the choledochal cyst is common and can 
result in biliary peritonitis. The cause of the perforation 
is thought to be biliary epithelial damage as a result of 
reflux of pancreatic juice through the common channel 
rather than increase in ductal pressure [77]. Prenatal 
diagnosis of choledochal cyst warrants referral to a spe-
cialized paediatric hepatology centre, since it could be 
related to biliary atresia, particularly of so‐called cystic 
type [78].

Later in life, classical symptoms are jaundice, pain, and 
an abdominal tumour. The jaundice is intermittent, of 
cholestatic type, and associated with fever. The pain is 
also intermittent and mainly experienced in the right 
upper abdomen. The tumour is cystic and palpable in the 
right upper quadrant of the abdomen. It characteristi-
cally varies in size and in tenderness. Care must be taken 
during palpation to avoid rupturing the cyst. Children 
are more likely to have two or more of this ‘classical’ triad 
of symptoms than adults (82 vs 25%) [74]. Although for-
merly regarded as a childhood disease, the diagnosis is 
now more often made in adult life. One‐quarter of indi-
viduals affected present with symptoms and signs of 
pancreatitis [74].

The frequency of choledochal cysts is about 1 in 15 000 
live births in Western countries and is as high as 1 in 
1000 live births in Japan [77]. There is a marked yet 
unexplained female predominance (4 : 1), regardless of 
ethnic background.

Choledochal cysts may rarely be associated with con-
genital hepatic fibrosis or Caroli disease. Anomalous 
pancreaticobiliary drainage is important, particularly if 
the duct junction is right‐angulated or acute.

Complications include recurrent ascending cholangi-
tis, portal vein thrombosis, hepatic abscess, carcinoma 
of the cyst wall, and gallstones.

Gallbladder

Duodenum

Type Ia: Diffuse cystic Type II: Diverticulum
of the common bile duct

Type III: Diverticulum
within duodenal wall

Type IV: Type I with
intra-hepatic bile duct cysts

Fig. 16.10 Classification of congenital biliary dilation (choledochal cyst).
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Imaging

Plain X‐ray of the abdomen may show a soft‐tissue mass. 
The diagnosis of choledochal cyst is characteristically 
first made on US. HIDA scanning and CT can show the 
cystic lesion, but MRCP has become the first‐choice 
imaging technique for defining these lesions (Fig. 16.11) 
[79,80]. It does not, however, remove the need for other 
approaches, including endoscopic retrograde or percu-
taneous cholangiopancreatography in selected patients, 
where sphincterotomy and stenting may postpone surgi-
cal intervention [79].

Treatment

Because of the risk of subsequent adenocarcinoma or 
squamous cell carcinoma, radical excision is the 
method of choice [74,81]. Biliary tract continuity is 
maintained by hepaticojejunostomy with Roux‐en‐Y 
anastomosis.

Anastomosis of the cyst to the intestinal tract without 
excision is simpler, but postoperative cholangitis and 
subsequent biliary stricturing and stone formation are 
frequent. The risk of carcinoma remains, perhaps 
related to dysplasia and metaplasia of the epithelium 
[82]. Long‐term surveillance of adult patients after‐
surgery appears to be justified, but is difficult to achieve 
totally owing to the lack of sensitive serum markers for 
biliary malignancy [83].

For type III cysts, endoscopic sphincterotomy or 
unroofing of the cyst can give adequate drainage. 
Occasionally in type IVa and V cysts, the intrahepatic 
involvement is so extensive that hepatectomy or liver 
transplantation becomes necessary.

 Solitary non‐parasitic liver cyst

This is being diagnosed more often owing to the 
increased use of liver scanning. It is probably a variant of 
polycystic disease.

The lining wall has partitions, which suggest an origin 
from coalesced polycystic disease. The fibrous capsule 
contains aberrant bile ducts and blood vessels. The cyst 
contents vary from colourless to brown altered blood. 
The tension is low in contrast to the high pressure of 
hydatid cysts.

Symptoms are rare and relate to abdominal distension, 
or pressure effects on adjacent structures including bile 
ducts, causing intermittent jaundice. The patient should 
be reassured.

Symptoms follow rupture or haemorrhage into the 
cyst. These events are extremely rare. Surgical excision is 
indicated only for complications.

Other cysts

These are all very rare, small, and superficial. Cyst con-
tents vary with the cause.

Bile cysts may follow prolonged extrahepatic biliary 
obstruction of all types.

Blood cysts follow haemorrhage into a simple cyst. 
They can also follow trauma to the liver. Small cystic 
spaces containing blood may follow needle biopsy.

Lymphatic cysts are due to obstruction or congenital 
dilation of liver lymphatics. They are usually on the sur-
face of the liver.

Biliary cystadenoma (now termed ‘mucinous cystic 
neoplasm’) (see Chapter  35) and cystadenocarcinoma 
are rare. Malignant pseudocysts from degeneration 
and softening of secondary malignant growths also 
occur.

Carcinoma secondary to cystic disease

Tumours may arise in association with microhamarto-
mas, congenital hepatic fibrosis, Caroli disease [63], and 
choledochal cyst [74]. Carcinoma is rare in association 
with non‐parasitic cysts [84] or polycystic liver disease. 
Malignant change is more likely where epithelium is 
exposed to bile.

Fig. 16.11 MR cholangiogram in a 40‐year‐old woman with a type 
Ia choledochal cyst with features of distal bile duct obstruction.
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 Congenital anomalies of the 
biliary tract

The liver and biliary tract develop from a bud‐like 
out‐pouching of the ventral wall of the primitive fore-
gut just cranial to the yolk sac [85]. This bud forms a 
diverticulum which elongates cranially and becomes 
the hepatic duct. Cells at its upper end in contact with 
the septum transversum create the liver. At its lower 
end a bud forms from which gallbladder, cystic duct 
and common bile duct develop. All these duct precur-
sors are in continuity and patent from early intra-
uterine life [85].

The common hepatic and right and left hilar ducts are 
derived from the foregut diverticulum, but the intra-
hepatic ducts form from cells of the intrahepatic ductal 
plates [85]. From about 5 weeks, the ductal communica-
tions of gallbladder, cystic duct, and hepatic ducts are 
completed and at around 3 months the fetal liver begins 
to secrete bile.

Congenital anomalies are likely related to defective 
budding from the foregut, or variations in the formation 
of bile ducts or gallbladder from the upper or lower 
domains of the diverticulum  (Table 16.3).

These congenital variations are usually of no clini-
cal significance, but they are of importance to the 
radiologist and to the biliary and liver transplant sur-
geon. Biliary atresia (Chapter 31) does have clinical 
features, but the pathogenesis is poorly understood; 
only 10–15% have associated splenic malformations 
or laterality defects, suggesting a developmental 
contribution.

Absence of the gallbladder [86]

This is a rare congenital anomaly. Two types can be 
recognized:

 ● Type I is the failure of the gallbladder and cystic duct to 
develop as an outgrowth from the hepatic diverticu-
lum of the foregut. This type is often found with other 
anomalies of the biliary passages.

 ● Type II is the failure of the gallbladder to develop nor-
mally once in place. This is usually associated with 
 atresia of the extrahepatic ducts. The gallbladder is 
not absent but rudimentary. This type can be found 
in infants, who present the picture of congenital 
 biliary atresia.

Most cases occur in infants with other major congen-
ital anomalies. Adults are usually healthy and without 
other anomalies. Some have right upper quadrant pain 
or jaundice. The inability to show the gallbladder on 
ultrasound may be interpreted as gallbladder disease 

and lead to surgery. The possibility of agenesis or an 
ectopic location must be considered. Failure to identify 
the  gallbladder at operation is not proof of its absence. 
The gallbladder may be intrahepatic, buried in exten-
sive adhesions, or atrophied following previous chole-
cystitis. An intraoperative cholangiogram should be 
diagnostic.

Double gallbladder

Double gallbladder is very rare. In embryonic life, little 
pockets often arise from the hepatic or common bile 

Table 16.3 A classification of congenital anomalies 
of the biliary tract

Anomalies of the primitive foregut bud
Failure of bud

Absent bile ducts
Absent gallbladder

Accessory buds or splitting of bud
Accessory gallbladder
Bilobed gallbladder
Accessory bile ducts

Bud migrates to left instead of right
Left‐sided gallbladder

Anomalies related to altered development of diverticulum
Proximal (in contact with primordial liver cells)

Variations in connection of hilar/segmental ducts
Distal

Gallbladder (e.g. shape, course of cystic duct)
Rudimentary gallbladder
Diverticula
Phrygian cap: serosal, retroserosal
Hour-glass gallbladder

Common bile duct (junction with pancreatic duct)
Persistent cystohepatic duct

Diverticulum of body or neck of gallbladder
Persistence of intrahepatic gallbladder
Aberrant folding of gallbladder anlage

Retroserosal type of Phrygian cap
Accessory peritoneal folds

Congenital adhesions
Floating gallbladder

Anomalies of hepatic and cystic arteries
Accessory arteries
Abnormal relation of hepatic artery to cystic duct
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ducts. Occasionally, these persist and form a second 
gallbladder having its own cystic duct (Fig. 16.12). This 
may lie within the liver directly. If the pouch forms from 
the cystic duct, the two gallbladders share a Y‐shaped 
cystic duct.

Double gallbladder can be recognized by imaging. The 
accessory organ is frequently diseased.

Bilobed gallbladder is an extremely rare congenital 
anomaly. Embryologically, the single bud forming the 
gallbladder becomes paired but the primary connection 
is maintained, thus forming two separate and distinct 
fundi with a single cystic duct. The anomaly is of no clin-
ical significance.

Accessory bile ducts

These are rare. The extra duct is usually a subdivision of 
the right hepatic system and joins the common hepatic 
duct somewhere between the junction of the main right 
and left hepatic ducts and the entry of the cystic duct. It 
may, however, join the cystic duct, the gallbladder, or the 
common bile duct.

Cholecystohepatic ducts are due to persistence of fetal 
connections between the gallbladder and the liver paren-
chyma with failure of re‐canalization of the right and left 
hepatic ducts. Continuity is maintained by the cystic 
duct entering a remaining hepatic duct or common 
hepatic duct or the duodenum directly.

Accessory ducts are of importance to the biliary and 
transplant surgeon as they may be inadvertently 
ligated or cut, with resultant biliary stricture or 
fistula.

Left‐sided gallbladder

In this rare anomaly, the gallbladder lies under the left 
lobe of the liver, to the left of the falciform ligament. This 
may be caused by the gallbladder migrating to a position 
under the left lobe of the liver (to the left of the round 
ligament). The path of the cystic duct is normal. 
Alternatively, a second gallbladder may develop directly 
from the left hepatic duct with failure of development or 
regression of the normal structure on the right side. A 
left‐sided gallbladder formed in this way is of little clini-
cal significance.

In some cases, however, a left‐sided gallbladder may be 
described as such because of its relationship to the round 
ligament (‘a right‐sided round ligament’). In these cases, 
the gallbladder is in its normal site. The right‐sided 
round ligament anomaly is important because it is asso-
ciated with abnormal intrahepatic portal venous branch-
ing. This is important to recognize when performing 
hepatectomy [87].

Rokitansky–Aschoff sinuses of the gallbladder

These consist of hernia‐like protrusions of the gallblad-
der mucosa through the muscular layer (intramural 
diverticulosis). Although potentially congenital, they are 
particularly prominent with chronic cholecystitis when 
intraluminal pressure rises. They may be seen on US 
and/or MRI scan.

Folded gallbladder

The gallbladder is deformed so that the fundus 
appears folded ‘bent down to the breaking point after 
the manner of a Phrygian cap’. A Phrygian cap is a 
conical cap or bonnet, with the peak bent or turned 
over in front, worn by the ancient Phrygians, and 
identified with the Roman ‘cap of liberty’ (Oxford 
English Dictionary).

Two varieties are recognized:

1) Kinking between body and fundus (retroserosal 
Phrygian cap) (Fig.  16.12). This is due to aberrant 
folding of the gallbladder within the embryonic 
fossa.

2) Kinking between body and infundibulum (serosal 
Phrygian cap) (Fig.  16.12). This is due to aberrant 
folding of the fossa itself in the early stages of devel-
opment. The bend in the gallbladder is fixed by devel-
opment of fetal ligaments, vestigial septa, or 
constrictions of the lumen following delayed vacuoli-
zation of the solid epithelial anlage.

These kinked gallbladders empty at a normal rate and 
are of no clinical significance. The importance lies in the 
correct interpretation of the gallbladder imaging.

Hour‐glass gallbladder (Fig. 16.12). This probably rep-
resents an exaggerated form of Phrygian cap, presumably 
of the serosal type. The constancy of position of the fun-
dus during contraction and the small size of the opening 
between the two parts indicate that this is probably a 
fixed, congenital malformation.

Diverticula of the gallbladder and ducts

Diverticula of the gallbladder body and neck may arise 
from persistent cystohepatic ducts that run in embry-
onic life between the gallbladder and the liver.

The fundal variety arises from incomplete vacuoliza-
tion of the solid gallbladder of embryonic life. An incom-
plete septum pinches off a small cavity at the tip of the 
gallbladder (Fig. 16.12).

These diverticula are rare and of no clinical significance. 
The congenital variety should be distinguished from pseu-
dodiverticula developing in the diseased gallbladder as a 
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result of partial perforation. The pseudodiverticulum in 
these cases usually contains a large gallstone.

Intrahepatic gallbladder

The gallbladder is included and buried in hepatic tissue 
up to the second month of intrauterine life, thereafter 

assuming an extrahepatic position. In some instances the 
intrahepatic condition may persist (Fig. 16.12). The gall-
bladder is higher than normal and more or less buried 
but never entirely covered by liver tissue. It is frequently 
diseased, as the embedded organ has difficulty in con-
tracting and so becomes infected, with subsequent gall-
stone formation.

Two cystic ducts

Diverticula

Folded gallbladder

Hour-glass gallbladder

Intra-hepatic gallbladderRetroserosalSerosal

Y-shaped cystic duct Bilobed gallbladder

Double gallbladder

Fundal

Mesentery

Liver

Infundibulum

Body

Serosa

Phrygian
cap

Neck

Floating gallbladder

Fig. 16.12 Congenital anomalies of the gallbladder.
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Congenital adhesions to the gallbladder

These are very frequent. Developmentally, these perito-
neal sheets are due to an extension of the anterior mesen-
tery, which forms the lesser omentum. The sheet may run 
from the common bile duct laterally over the gallbladder 
down to the duodenum, to the hepatic flexure of the colon, 
and even to the right lobe of the liver, perhaps closing the 
foramen of Winslow. In a milder form, a band of tissue 
runs from the lesser omentum across to the cystic duct 
and anterior to the gallbladder; or a loose veil forms a mes-
entery to the gallbladder (‘floating gallbladder’) (Fig. 16.12).

These adhesions are of no clinical importance. 
Surgically, their presence should be remembered, so that 
they are not mistaken for inflammatory adhesions.

Floating gallbladder and torsion 
of the gallbladder

The gallbladder possesses a supporting membrane in 4–5% 
of specimens. The peritoneal coat surrounding the gallblad-
der continues as two approximated leaves to form a fold or 
mesentery to support the gallbladder from under the sur-
face of the liver. This fold may allow the gallbladder to hang 
as much as 2–3 cm below the inferior hepatic surface.

The mobile gallbladder is apt to twist, and torsion 
results [88]. The blood supply is impaired in the small 
pedicle and infarction follows.

The condition usually occurs in thin, elderly women. 
With ageing, omental fat lessens and there is a great cau-

dal displacement of abdominal viscera due to loss of tone 
in the abdominal and pelvic muscles. The gallbladder with 
mesentery becomes more pendulous and can twist. It can, 
however, affect people of all ages, including children.

Torsion is followed by sudden, severe, constant epigas-
tric and right costal margin pain radiating to the back 
with vomiting and collapse. Characteristically, a palpable 
tumour appears, having the features of an enlarged gall-
bladder. Within a few hours, it may disappear. The treat-
ment is cholecystectomy.

Recurrent partial torsion leads to acute episodes. US or 
CT shows a gallbladder situated low in the abdomen and 
even in the pelvis. It is suspended by a very long, down‐
curved cystic duct. Early cholecystectomy is indicated.

Anomalies of the cystic duct and cystic artery

In 20% of people, the cystic duct does not join the com-
mon hepatic duct directly but first runs parallel to it, 
lying in the same sheath of connective tissue. 
Occasionally, it makes a spiral turn around the duct.

These variations are extremely important to the surgeon. 
Unless the cystic duct is carefully dissected and its union 
with the common hepatic duct identified, the common 
hepatic duct may be ligated, with serious consequences.

The cystic artery can arise not, as normally, from the 
right hepatic artery but from the left hepatic artery or even 
from the gastroduodenal artery. Accessory cystic arteries 
usually arise from the right hepatic artery. Again, the sur-
geon must be careful to identify the cystic artery precisely.
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Primary biliary cholangitis (PBC) is an inflammatory dis-
ease in which small intrahepatic bile ducts are progressively 
damaged and destroyed. It was first described in 1851 by 
Addison and Gull [1]. Ahrens et al. termed the condition 
‘primary biliary cirrhosis’ in 1950 [2]. The advent of better 
and more widely available diagnostic tests means that dis-
ease is now usually identified in the early stages when cir-
rhosis is not present and, to reflect this change, the name 
was changed in 2015 to primary biliary cholangitis [3].

 Clinical features

The histological pattern in PBC is of portal tract inflam-
mation accompanying characteristic bile duct lesions with 
biliary epithelial cell (BEC) senescence, apoptotic damage, 

and loss. Progressive biliary fibrosis can occur, leading to 
biliary cirrhosis. The clinical presentations of PBC reflect 
the sequelae of cholestasis and eventual cirrhosis

Presentation (Table 17.1)

PBC is most frequently seen in women (90% of cases), 
with a peak age for diagnosis of 40–60 years [4]. It has 
not been reliably reported in children. There are three 
typical presentations:

Screening: This is the commonest route of presentation 
in the modern era. Patients present after identification of 
characteristic serum biochemistry and/or autoantibodies 
during a routine health check or monitoring for other 
health conditions.

Symptomatic: Increased awareness of the symptoms 
that can be seen at any point in the disease course with 
PBC (in particular fatigue and pruritus) mean that pres-
entation with such symptoms can be a trigger for tar-
geted investigation leading to the diagnosis [5].

Advanced disease: Although less frequently seen as a 
presenting complex than was the case previously, a num-
ber of patients still present with the clinical features of 
advanced liver disease, most typically jaundice and 
variceal bleeding [6]. Encephalopathy and ascites are less 
common in advanced PBC than in other forms of chronic 
liver disease, reflecting its cholestatic nature. Mild (but 
symptomatic) cognitive dysfunction can occur in patients 
with early disease as part of the PBC symptom complex 
and it is important to not mistake this for hepatic 
encephalopathy [7].

Presentation patterns are broadly similar in male and 
female patients. There are data from the UK national 
cohort of over 7000 patients (UK‐PBC) to suggest that 
male patients are less likely to be symptomatic, and more 
likely to be diagnosed with advanced disease [8].
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LEARNING POINTS

 ● More than 90% of patients with primary biliary cholan-
gitis (the new name for primary biliary cirrhosis) (PBC) 
are female and test positive for antimitochondrial anti-
bodies in serum.

 ● Liver biochemistry is cholestatic and liver histology 
shows granulomatous destruction of interlobular bile 
ducts with progressive ductopenia

 ● Ursodeoxycholic acid (UDCA) is first‐line treatment 
and can slow disease progression.

 ● Up to 40% of patients show an inadequate response to 
UDCA and should be considered for second‐line ther-
apy with obeticholic acid (OCA).

 ● Pruritus and fatigue are important symptoms with a 
significant impact on quality of life.

 ● Liver transplantation is the only effective treatment for 
end‐stage disease.
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It is important to take the route of presentation into con-
sideration when approaching the newly diagnosed patient. 
Likelihood of cirrhosis differs according to presentation 
(c > b > a). Symptom impact also varies and it is important 
when approaching patients that as much importance is 
placed on addressing the often significant symptoms of the 
condition as on managing advanced disease risk.

 Diagnosis

Diagnosis of PBC is based on three criteria: cholestatic liver 
biochemical tests, presence of serum antimitochondrial or 
other PBC‐specific autoantibodies, and liver  histology that 
is compatible with PBC [9]. A definite diagnosis requires 
the presence of all three criteria and a probable diagnosis 
requires two. Although this definition was introduced for 
use in epidemiological studies, it has now entered routine 
practice. Biopsy is not required for the confirmation of PBC 
in straightforward cases (the presence of serological and 
biochemical markers has a sensitivity and specificity of 
>95% for the diagnosis without histological confirmation).

Biochemical tests

Serum alkaline phosphatase (AP) and γ‐glutamyl trans-
peptidase (γ‐GT) are characteristically raised, whereas 
serum bilirubin is typically normal in patients presenting 
in the modern era, becoming elevated only in later dis-

ease stages. Transaminases can be elevated, and such 
elevation can be a feature of more aggressive disease or 
the presence of an overlap state with autoimmune hepa-
titis (AIH). The total serum cholesterol is frequently 
increased [10]. The serum albumin level is usually nor-
mal at presentation and the serum IgM is usually raised. 
This is not reliable for diagnosis, although an increase 
may add some diagnostic weight.

Autoantibodies

Over 90% of patients have characteristic autoantibodies 
reactive with antigens on the inner mitochondrial mem-
brane (anti‐mitochondrial antibodies [AMAs]) [11]. The 
dominant autoantibody response is directed against two 
components (dihydrolipoamide acetyltransferase [E2] 
and E3‐binding protein) of the pyruvate dehydrogenase 
complex (PDC) [12,13]. The E2 components of the other 
2‐oxo acid dehydrogenase complexes also react with 
AMAs [14]. These four mitochondrial autoantigens 
share a highly conserved structure containing a lipoic 
acid cofactor (Fig 17.1). Immunodominant B‐ and T‐cell 
epitopes have been localized to the inner lipoyl domain 
of PDC‐E2 around the lipoic acid attachment site [15,16]. 
AMAs can be detected in clinical practice using either 
immunofluorescence or enzyme‐linked immunosorbent 
assay (ELISA) to the specific antigens. A single method is 
typically sufficient and local availability dictates practice. 
Use of the second method can be useful on those occa-
sions where atypical patterns are encountered.

Antinuclear antibodies are found in a minority of patients 
with PBC. They are quite distinct from the  diffuse nuclear 
staining pattern of antibodies seen in autoimmune hepatitis 
(AIH) and lupus, displaying unique immunofluorescence 
patterns, such as nuclear dots or nuclear rim staining [17]. 
PBC‐specific nuclear antigens include a 210 kDa glycopro-
tein of the nuclear‐pore membrane (gp 210), nucleoporin 
p62, and Sp100, an interferon‐inducible nucleoprotein 
[18,19]. In AMA‐negative PBC patients (about 10% of the 
whole patient group), PBC‐specific antinuclear antibodies 
(ANAs) carry the same level of diagnostic significance as 
AMAs. There are emerging data to suggest that the pres-
ence of ANAs in PBC is associated with a worse prognosis 
and a lower likelihood of response to therapy [20,21].

Autoantibody‐negative PBC (AMA‐negative, ANA‐
negative) can occur but is uncommon, and cannot be 
diagnosed without biopsy. Given the clinical similarity 
between PBC and small‐duct primary sclerosing 
 cholangitis (PSC), which is also typically autoantibody‐
negative, caution should be applied in apparent AMA‐
negative PBC to ensure that a diagnosis of PSC, with its 
 implications for cancer risk and need for screening, 
is  not missed. In cases of doubt, appropriate bile duct 
imaging is necessary.

Table 17.1 Diagnosis of primary biliary cholangitis at 
presentation

Symptomatic
Middle‐aged woman with pruritus and/or fatigue followed by 
slowly progressive jaundice
Liver palpable
Serum bilirubin mildly elevated; serum alkaline phosphatase 
up to four times normal; serum alanine transaminase about 
twice normal; serum albumin normal
Serum AMA >1 : 40
Liver biopsy appearances compatible
MRCP (if diagnosis in doubt, e.g. negative AMA): normal 
intrahepatic bile ducts
Asymptomatic
Routine laboratory screen or during investigation of other 
disease, especially collagen or thyroid
Physical signs often absent
Increased serum alkaline phosphatase, normal serum bilirubin
Positive serum AMA
Liver biopsy appearances compatible

AMA, antimitochondrial antibody; MRCP, magnetic resonance 
cholangiopancreatography.
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Liver biopsy

Histologically, the only diagnostic lesion is the injured 
septal or interlobular bile duct [22]. PBC begins 
with  damage to the epithelium of the small bile ducts 
(<70–80 µm in diameter). The BECs are swollen, irregu-
lar, and more eosinophilic, the bile duct lumen narrows, 
and the basement membrane is disrupted. A cellular 
reaction, including lymphocytes, plasma cells, eosino-
phils, and histiocytes, surrounds the damaged ducts. 
Apoptosis of BECs is characteristic and features of senes-
cence can be seen [23,24]. Granulomas confined to the 

portal tracts commonly form, usually in zone 1. Bile 
ducts eventually become destroyed. Their sites are 
marked by aggregates of lymphoid cells, and bile duct-
ules begin to proliferate. Fibrosis extends from zone 1 
and there is a variable degree of interface hepatitis. 
Substantial amounts of copper and copper‐associated 
protein can be demonstrated histochemically, due to 
retention of bile. The fibrous septa gradually distort the 
architecture of the liver and regeneration nodules form.

Traditionally, the histological appearances have been 
divided into four stages (Fig 17.2) [22]: stage I, florid bile 

Catalytic

E2B

Catalytic

PDC–E2

Lipoic acid

Xenobiotic

Reactive intermediate

Neoantigen

Outer lipoyl

PDC–E3BP

BCOADC and OGDC–E2

Inner lipoyl

Lipoyl

Lipoyl

E1B

E3B

E1B

Fig. 17.1 Schematic representation of the 
four major mitochondrial autoantigens 
showing similar domain structure. PDC, 
pyruvate dehydrogenase complex; E3BP, 
E3‐binding protein; BCOADC, branched‐chain 
2‐oxo acid dehydrogenase complex; OGDC, 
oxoglutarate dehydrogenase complex. The 
essential cofactor, lipoic acid, is covalently 
attached to a lysine residue in each lipoyl 
domain. Note xenobiotic incorporation into 
the inner lipoyl domain of PDC‐E2 in place of 
the cofactor, lipoic acid, forming a 
‘neoantigen’.

(a) (b)

(c) (d)

Fig. 17.2 Histology images showing the 
four stages of PBC. (a) Stage 1, a bile duct 
lesion with portal inflammation and bile 
duct injury; (b) stage 2, with ductular 
proliferation and expansion of portal tracts, 
a small amount of piecemeal necrosis is 
present; (c) stage 3, ongoing inflammation 
with thin fibrotic septa; (d) established 
cirrhosis with broad, established fibrotic 
septa. Image courtesy of Dr John Brain, 
Newcastle University.
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Table 17.2 Differential diagnosis of primary biliary cholangitis

Disease Features AMA Liver biopsy

Primary biliary cholangitis 
(PBC)

Females
Pruritus
High serum alkaline 
phosphatase

Positive Bile duct damage
Lymphoid aggregates
Slight PMN
Intact lobules
Periseptal cholestasis

AMA‐negative PBC Females
High serum alkaline 
phosphatase
Serum ANA positive in 
high titre
High IgG

Negative Bile duct damage
Lymphoid aggregates
Slight PMN

Primary sclerosing 
cholangitis

Males predominate Negative or 
low titre

Ductular proliferation fibrosis

Associated ulcerative colitis
MRC is diagnostic

Onion‐skin duct fibrosis

Cholestatic sarcoidosis Equal sexes
Black patients
Pruritus
High serum alkaline 
phosphatase
Chest X‐ray changes

Negative Many granulomas throughout liver
Modest bile duct changes

Cholestatic drug reactions History Negative Mononuclear portal reaction, sometimes with 
eosinophils, granulomas, and fatty change

Usually within 6 weeks of 
starting drug
Acute onset
Often jaundiced

ANA, antinuclear antibody; AMA, antimitochondrial antibody; PMN, piecemeal necrosis.

duct lesions; stage II, ductular proliferation; stage III, 
scarring (septal fibrosis and bridging); and stage IV, cir-
rhosis. Such staging is of limited value, however, as the 
changes in the liver are focal and evolve at different 
speeds in different parts, hence the stages may overlap. 
Emerging data suggest that there are characteristic 
biopsy findings that are predictive of future non‐response 
to first‐line therapy. These include early ductopenia and 
interface hepatitis [25].

As is the case for diagnosis, liver biopsy for monitoring 
of disease progression to cirrhosis is no longer routine 
practice because of the focal nature of the disease. In 
contrast, the use of biopsy is increasingly used to assess 
lack of response to treatment and clinically/biochemi-
cally progressive disease to direct management deci-
sions. However, it is likely that molecular pathology 
developments in the future will increase the value of his-
tological assessment in high‐risk disease.

An important area for the use of liver biopsy remains 
the diagnosis of overlap with AIH, which is seen in a 
small minority of patients with PBC, who typically have 
higher alanine transaminase (ALT) and IgG levels than 

are seen in ‘classical’ PBC. Current treatment guidelines 
recommend that the diagnosis of overlap should be made 
only in the presence of at least two of the following three 
features: ALT more than five times the upper limit of 
normal (ULN), IgG more than two times ULN, or posi-
tive anti‐smooth muscle actin (SMA) and liver biopsy 
with ‘moderate or severe periportal or periseptal lym-
phocytic interface hepatitis’ in a patient with an estab-
lished diagnosis of PBC [26]. It is important to note that 
lower levels of ALT and milder degrees of interface hepa-
titis can be features of aggressive PBC without an AIH 
element [25]. Patients with overlap features demonstrate 
an increased liver‐related mortality and specific 
 treatment is needed [27]. Transition between PBC and 
autoimmune hepatitis may occur [28].

Differential diagnosis

The specific autoantibody associations in PBC make dif-
ferential diagnosis relatively straightforward (Table 17.2). 
The most important differential is with PSC in antibody‐
negative disease, where biliary imaging is key.
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Idiopathic adult ductopenia is recognized and is 
marked by an absence of interlobular bile ducts but with 
minimal portal tract inflammation. There are many 
causes of ‘vanishing bile syndrome’ but the aetiology may 
sometimes be uncertain.

Widespread tissue granulomas may suggest cholestatic 
sarcoidosis. Liver biopsy shows less bile duct damage 
than is seen in PBC.

Cholestatic drugs reactions are excluded by the history 
and by the acute onset, with rapidly deepening jaundice 
developing within weeks of starting the drug.

Natural history of disease

Clinical
PBC is a progressive condition with evolution of tissue injury 
from duct injury to duct loss with cholestasis and eventually 
cirrhosis (Fig. 17.3). The natural history of the clinical fea-
tures of the condition reflects this progression. The rate of 
progression of PBC varies widely between patients in the 
untreated state and is modifiable using current and emerg-
ing therapies. Published studies from the pre‐therapy era 
suggested a survival for asymptomatic patients usually of at 
least 9–10 years [6,29]. In those with symptomatic disease 
and jaundice, the reported survival was 7–8 years [29]. In 
these studies, the course of asymptomatic patients was vari-
able but the majority (80%) become symptomatic within 10 
years and the estimates for developing symptoms in 5 and 20 
years are 50 and 95%, respectively [29]. Caution should be 
applied in extrapolating such studies to disease in the mod-

ern era because of the advent of effective therapy, and 
because the definitions used in these studies do not reflect 
the current concept of symptomatology, since they included 
what would now be regarded as manifestations of advanced 
disease such as jaundice and ascites, but neglected what are 
now regarded as clinically important, but less prognostically 
important, symptoms such as fatigue. Furthermore, 
increased awareness of PBC has resulted in earlier diagnosis, 
changing the disease profile in patient cohorts.

Symptoms in PBC, which can have a significant impact 
on quality of life, fall into two broad groups: stage associ-
ated and non‐stage‐associated. Advanced PBC can be 
associated with typical features of end‐stage liver disease 
of any aetiology, including lethargy and cognitive impair-
ment from hepatic encephalopathy [30,31]. The advent 
of effective therapy and the impact of transplantation 
mean that in practice these are now seen relatively infre-
quently in PBC. Non‐stage‐associated symptoms are 
much more frequent and in many patients are the major 
problem. These include pruritus, fatigue, mild cognitive 
impairment, and right upper quadrant pain [5,32]. The 
fully validated PBC‐specific quality of life tool (PBC‐40) 
quantifies these [33,34]. The frequency and severity of 
these are unrelated to the stage of disease and typically 
do not respond to conventional disease‐modifying ther-
apy. This means that specific interventions are required.

Evidence is emerging to suggest that increased levels of 
the ectonucleotide pyrophosphatase/phosphodiesterase 
autotaxin in cholestatic patients mediate pruritus,  possibly 
by catalysing the conversion of lysophosphatidylcholine 
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Fig. 17.3 Schematic representation of 
the stages of PBC from pre‐disease 
(autoreactivity) to asymptomatic, 
symptomatic, and end‐stage liver 
disease. Environmental factors act on a 
genetically predisposed host to initiate 
and/or perpetuate disease. Biochemical 
responders to UDCA have a better 
prognosis.
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(LPC) to lysophosphatidic acid (LPA), which acts as a 
pruritogen [35]. Fatigue is frequent (at moderate or 
severe levels in up to 50% of patients compared with 
moderate or severe pruritus in 30%) and is probably mul-
tifactorial in origin. Severe fatigue appears to be the 
greatest contributor to a poor quality of life, exacerbated 
by social isolation [5].

Disease progression
The natural history of histological changes in PBC (with-
out UDCA) has documented that the majority of patients 
will progress within 2 years. However, similar caveats 
should be applied to this interpretation to those that 
have been discussed relating to clinical features, alluded 
to earlier, that is, the interpretation of which features on 
histology that actually reflect progression may have 
changed.

Thus bleeding oesophageal varices rarely may be a pre-
senting feature and can occur before hepatic nodules 
have developed. In this scenario, portal hypertension is 
related to nodular regenerative hyperplasia. Varices are 
more likely to develop in those patients with high serum 
bilirubin and with an advanced histological stage of the 
disease [36,37]. The portal to hepatic vein pressure gra-
dient may stabilize or improve with response to UDCA 
treatment [38]. Once varices have developed, 83% of 
patients survive for 1 year and 59% for 3 years. Survival 
after the initial bleed is 65% at 1 year and 46% at 3 years.

There is a risk of hepatocellular carcinoma, especially 
in older males with cirrhosis [39]. Surveillance for hepa-
tocellular carcinoma is recommended in those known to 
have cirrhosis.

All‐cause mortality has been reported as 54.1% over a 
median follow‐up of 7.4 years for a very large cohort in 
North‐East England, with 41.7% of all deaths being liver 
related [40].

When jaundice is obvious, this is complicated by stea-
torrhoea and consequent weight loss. Skin xanthomas 
may develop, sometimes acutely, but many patients 
remain without xanthoma throughout their disease 
course.

The identification of cirrhotic disease is of importance 
clinically because of the value of screening for varices 
and hepatocellular carcinoma, prevention of complica-
tions, and management. As liver biopsy is no longer per-
formed for progression monitoring, there can be 
uncertainty as to which patients might be at risk and in 
need of screening. Liver stiffness measurement (tran-
sient elastography), a non‐invasive test for assessment of 
liver fibrosis (see Chapter 7), may be useful for monitor-
ing progression over time as in other liver diseases [41]. 
Non‐invasive blood test‐based predictive scores derived 
and validated in very large cohorts also have potential 
value [42]. A platelet count of <140 000 is a simple 

parameter that identifies those patients more likely to 
benefit from an endoscopy screening for varices [43].

Associated diseases

PBC is associated with almost any autoimmune disease. 
Sjögren syndrome with or without CREST syndrome 
(calcinosis, Raynaud’s phenomenon, oesophageal dys-
function, sclerodatyly, and telangectasia) and Raynaud 
disease are particularly frequent [44]. The collagenoses, 
especially rheumatoid arthritis, dermatomyositis, mixed 
connective tissue disease, and systemic lupus erythema-
tosus, are also seen. Autoimmune thyroiditis affects 
about 20%. Graves disease has also been reported. There 
is an increased incidence of coeliac disease. Patients with 
PBC in whom there is a clinical suspicion of coeliac dis-
ease should be screened by tissue transglutaminase 
 antibodies and, if present, the diagnosis confirmed by 
duodenal biopsy. PBC has also been associated with 
autoimmune thrombocytopenia and autoimmune 
haemolytic anaemia.

Renal complications include distal tubular acidosis 
and IgM‐associated membranous glomerular nephritis. 
Asymptomatic bacteriuria is not unusual. Pulmonary 
abnormalities include lymphocytic interstitial pneumo-
nitis leading to pulmonary fibrosis and pulmonary 
hypertension. Moderate to severe pulmonary hyperten-
sion is also associated with portal hypertension and indi-
cates a poor prognosis. It is not unusual to see enlarged 
lymph nodes in the gastrohepatic ligament and porta 
hepatis on CT scanning and even enlarged paracardiac 
and mesenteric nodes.

There is an increased frequency of osteoporosis in 
patients with PBC, and this is related to advancing age 
and disease severity [45]. Other cofactors for this are 
smoking and reduced levels of physical activity – related 
to fatigue and impaired nutritional status in patients 
with marked cholestasis. PBC patients have an increased 
risk of falling and this, together with osteoporosis, results 
in a twofold increase in both the absolute and relative 
fracture risk compared with the general population [46]. 
Osteoporosis and fracture risk in PBC should be man-
aged as in other disease states.

 Epidemiology

All races are affected but there is a variation in frequency 
worldwide. The annual incidence is estimated at between 
0.7 and 49 cases per million. Changing prevalence may 
relate to increasing physician awareness, better diagno-
sis, and better recognition of more asymptomatic 
patients [4]. There is evidence of disease clustering, both 
geographically and in time, which cannot be explained 
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by diagnostic activity or family members living close 
together [47,48]. This clustering has been regarded as evi-
dence of an environmental component in the cause of PBC.

 Aetiology and pathogenesis

Aetiology

The precise aetiology of PBC remains uncertain. The 
balance of evidence supports an autoimmune process in 
which autoreactive effector mechanisms are directed at 
self‐epitopes expressed on small‐duct BECs [49]. This 
autoimmune process is thought to be triggered in geneti-
cally ‘susceptible’ individuals by exposure to one or more 
environmental factors that initiate and/or perpetuate the 
disease process – as is thought to be the case for other 
autoimmune conditions.

Genetic factors
Three strands of evidence point to a genetic contribution 
to the aetiology of PBC:

1) Family clustering, with the daughters of mothers with 
PBC having a 35‐fold increase in risk of the disease 
[50]. Presentation has been reported as being earlier 
in the second generation, but whether this reflects 
increased severity or earlier diagnosis because of 
raised awareness of the disease is not clear.

2) Data from twin studies, with the rate of concordance 
among monozygotic twins being reported as 60% [51].

3) Data from high‐quality genome‐wide association 
studies with very large patient cohorts, which have 
shown a remarkably consistent pattern of genetic 
associations [52–55]. These associations are almost 
exclusively with immunogenetic loci, providing 
important supporting evidence for an immune patho-
genesis for PBC (Table 17.3). Strong associations are 
seen in particular with class II human leucocyte 
 antigens (HLAs) class II and IL12A, IL12RB2, and 
other loci encoding proteins in the IL‐12 signalling 
pathway, implying a role of IL‐12 immunoregulatory 
signalling in the pathogenesis of PBC.

Environmental factors
A number of geo‐epidemiological studies have pointed 
to the existence of an environmental cofactor in the aeti-
ology of PBC, including disease clustering studies in 
North‐East England [47]. A further study in New York 
identified disease clustering around waste tips [48], and 
one in Sheffield in the UK linked the disease to popula-
tions sourcing their water from a single reservoir. None 
of these studies has, as yet, been followed up by toxico-
logical study to identify putative triggers.

An alternative approach to identifying potential envi-
ronmental triggers has been to use the case–control 
model, comparing exposure patterns in the histories of 
patients with PBC with those in carefully chosen con-
trols. This approach has identified recurrent urinary 
tract infections and a history of smoking as PBC‐associ-
ated features, although the study design did not allow the 
causal nature of any association to be established [56].

A final approach to the environmental trigger hypoth-
esis has been to explore mechanisms by which factors 
that may be encountered in the environment could 

Table 17.3 Genetic loci associated with PBC in genome‐wide 
association studies and other related approaches at genome‐wide 
level of significance (p < 5 × 10−8). Data are given for the UK‐PBC 
patient cohort and related meta‐analyses [53–55]

Chromosome Region Candidate gene Odds ratio

1 1p31 IL12RB2 1.52 [1.39–1.67]
1p36 MMEL1 1.13 [1.04–1.22]
1q31 DENND1B 1.32 [1.21–1.44]

2 2q32 STAT4 1.50 [1.37–1.64]
2q12 IL1RL2

IL1RL1
1.14 [1.07–1.21]

2q36 CCL20 0.82 [0.74–0.90]
3 3q25 IL12A 1.38 [1.28–1.50]

3q13 CD80 1.35 [1.23–1.47]
4 4q24 NFKB1 1.26 [1.18–1.34]

4p16 DGKQ 1.22 [1.12–1.33]
5 5p13 IL7R 1.30 [1.21–1.40]

5q21 PAM 0.87 [0.82–0.93]
5q33 LOC285626 0.87 [0.82–0.93]

6 6p21 MHC 1.60 [1.48–1.73]
6q23 OLIG3

TNFAIP3
1.18 [1.09–1.27]

7 7q32 IRF5 1.58 [1.41–1.6]
7p14 Unclear 1.25 [1.16–1.36]

11 11q23 CXCR5
DDX6

1.37 [1.25–1.50]

14 14q24 RAD51L1 1.29 [1.20–1.39]
12 12p13 TNFRSF1A 1.22 [1.14–1.30]
16 16p13 Unclear 1.31 [1.21–1.43]

16q24 IRF8 1.26 [1.17–1.36]
17 17q12 ORMDL3 1.32 [1.18–1.48]

17q21 CRHR1
MAPT

1.25 [1.16–1.35]

19 19q13 SPIB 1.38 [1.32–1.44]
19p12 TYK2 1.91 [1.59–2.28]

22 22q13 MAP3K71P1 1.27 [1.18–1.38]
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 subvert normal immune regulation, and trigger the 
anti‐PDC immune response that underpins PBC. 
Environmental factors such as xenobiotics and micro‐
organisms have been implicated. These may initiate and/
or perpetuate the autoimmune response via molecular 
(epitope) mimicry.

Xenobiotics are foreign compounds that may complex 
to self‐proteins, inducing a change in the molecular 
structure of the native protein sufficient to induce an 
immune response. It has been shown that a xenobiotic 
can be incorporated into the major mitochondrial 
autoantigen PDC‐E2 in place of the cofactor lipoic acid 
[57] (Fig. 17.1). Certain chemicals found in food flavour-
ings and cosmetics can induce AMAs. T‐cell clones 
reactive to mitochondrial antigens can also be activated 
by peptides derived from xenobiotics [58].

Another source of antigenic mimicry is infectious 
agents. The mitochondrial autoantigens (E2 components 
of 2‐oxo acid dehydrogenase complexes) are highly 
 conserved in evolution. AMAs have been found to cross‐
react with homologous E2s in a number of microorgan-
isms including Escherichia coli, but the titre of such 
antibodies is lower than to the human epitope. T‐cell 
clones specific for E. coli 2‐oxoglutarate dehydrogenase 
complex (OGDC)‐E2 also react with the human mito-
chondrial equivalents. Clinical and epidemiological 
studies have found association of PBC with urinary tract 
infections. Another candidate for the induction of AMAs 
is Novosphingobium aromaticivorans, a ubiquitous 
microorganism that metabolizes xenobiotics and acti-
vates environmental oestrogens [59].

Pathogenesis

The pathogenesis of PBC is complex, with both immune 
and non‐immune components leading to bile duct dam-
age, secondary hepatocyte injury, and, subsequently, bil-
iary fibrosis and cirrhosis (Fig  17.4). There is strong 
evidence to suggest that autoimmune reactivity plays a 
key role in BEC damage. Non‐immune BEC damage is 
also seen and is thought to be a consequence of the pro-
cess of cholestasis, through the effects on the cells of 
toxic hydrophobic bile acids that accumulate (see 
Chapter 13). The nature of the interrelationship between 
these two processes is an area of active research. These 
processes have potentially important implications for 
therapy, and may explain the limited effectiveness of past 
therapies that target only one of them.

Autoimmune process
The loss of tolerance to mitochondrial autoantigens 
appears to be an early event. AMAs are detectable in 
serum before abnormalities in liver function [60]. One 
hypothesis is that the development of these AMAs marks 

the exposure of a genetically susceptible individual to an 
initiating environmental factor. Data exist on effector 
mechanisms of immune bile duct damage. PBC is char-
acterized histologically by autoreactive CD4+ and CD8+ 
T cells surrounding damaged bile ducts. There is a 100‐
fold increase in autoreactive CD4+ PDC‐E2‐specific T 
cells and a 10‐fold increase in autoreactive CD8+ T cells 
in liver infiltrates [61]. CD4+ T cells mature into Th1, 
Th2, Th17, or T regulatory cell (Treg) phenotypes. The 
relative proportions of T‐cell subpopulations are proba-
bly relevant in autoimmunity. It is reported that patients 
with PBC have fewer circulating Treg cells and an 
increase in the frequency of IL‐17+ lymphocytic infiltra-
tion in liver tissue [62]. Targeting of the autoimmune 
response to biliary epithelium may be explained by 
abnormal expression of mitochondrial autoantigens on 
the surface of these cells. Apoptosis of biliary epithelial 
cells, which occurs in PBC, results in the display of 
immunoreactive PDC‐E2 within apoptotic blebs. This 
could lead to recognition of the mitochondrial 
autoantigen(s) by the immune system.

Cholestatic process
The biliary microenvironment in cholestasis is itself 
cytoxic, with hydrophobic bile acids causing oxidative 
stress and apoptosis of BECs [63]. This gives rise to the 
potential for bile duct injury to be self‐sustaining following 
an initial immune injury. Bile duct loss appears to be criti-
cal to determining risk in PBC, ductopenia being associ-
ated with a worse prognosis, reduced response to 
treatment, and increased pruritus impact. Emerging evi-
dence suggests that BEC senescence is a key part of the 
ductopenic process. Furthermore, senescent cells may alter 
the immune environment through release of pro‐inflam-
matory cytokines, providing another mechanistic link 
between the immune and cholestatic components of PBC 
pathogenesis [64]. The normal biliary epithelium is pro-
tected against the toxic bile environment in part by trans-
port of bicarbonate into the bile duct lumen (Chapter 13) 
to provide a ‘bicarbonate umbrella’. There is evidence to 
suggest that this umbrella may be defective in PBC and that 
this may contribute to susceptibility to BEC damage.

 Management

The goal of management in PBC is to reduce risk to life 
(modifying the disease process to slow the progression to 
cirrhosis and managing the complications of cirrhosis if 
they arise) and to treat symptoms and improve quality of 
life. The existing and emerging drug treatments to slow 
disease progression do not appear to reduce the impact 
of symptoms. These two elements need to be addressed 
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independently. It is critical when approaching PBC 
patients not to assume that because liver disease activity 
is controlled, any symptoms that are described are not a 
result of PBC, as this can lead to an unhelpful disconnect 
between patient and clinician.

Treatment aimed at improving survival

Drug treatment
The first‐line licensed treatment for PBC is UDCA, a 
non‐hepatotoxic, hydrophilic bile acid that is recom-
mended (at a dose of 13–15 mg/kg body weight per day) 
for patients with abnormal liver biochemical values by 
the practice guidelines of both the European and the 
American Associations for the Study of Liver Diseases 
[65,66]. The mechanism of action of UDCA is uncertain, 
but probably includes protection of cell membranes 
against the toxic effect of hydrophobic bile acids, stimu-
lation of the biliary excretion of toxic bile acids, and 
increase in anion exchange by hepatocytes and small bile 
duct cholangiocytes (thereby supporting the protective 
bicarbonate umbrella). UDCA may be more effective 
when initiated at the earlier stages I–II of the disease, 
with patients with moderate or late stage being less likely 
to respond. UDCA should be continued indefinitely.

It is now clear that the response to UDCA is variable 
between patients. Biochemical parameters have been 
identified that are predictive of poor outcome following 

UDCA therapy (increased risk of death or need for liver 
transplant) [25,67]. These have now entered routine clini-
cal practice with the advent of second‐line therapy for use 
in UDCA‐under‐responsive patients in the form of the 
bile acid obeticholic acid (OCA) [68]. OCA, which is now 
approved for use in both Europe and the USA in patients 
showing an inadequate response to or intolerance of 
UDCA, is a derivative of chenodeoxycholic acid. OCA has 
farnesoid X receptor (FXR) agonist actions (which include 
decreasing bile acid synthesis and increasing bile acid 
excretion). The pivotal phase 3 trial showed that OCA is 
effective at improving liver biochemical parameters in 
patients under‐responsive to UDCA therapy after a mini-
mum of 1 year of UDCA treatment [68].

Despite the apparent role played by autoimmune 
responses in the pathogenesis of PBC, immunosuppres-
sive therapy has proved disappointing in clinical practice 
and there is no role for such therapy other than in the 
small subgroup of patients with AIH overlap identified 
using strict clinical criteria. It is likely that the apparent 
lack of efficacy of steroids and other immune‐targeting 
therapies in classical PBC is because of the important 
additional role played by cholestasis, against which these 
drugs have no action.

Transplantation
Liver transplantation remains the only effective treat-
ment for patients with end‐stage disease [69] and is 
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Fig. 17.4 Model for the pathogenesis of PBC. There is clear evidence of an autoimmune component in PBC, and of a key role for biliary 
epithelial cell (BEC) senescence contributing to ductopenia and disease progression. Emerging evidence is pointing to a role for senescent 
cells in creating a pro‐inflammatory environment, in turn driving the immune response. The traditional model for disease triggering has 
been autoimmune with the primary injury being autoimmune leading to a downstream process of cholestasis and duct loss. An 
alternative model has been proposed more recently in which the key initial event is injury to the BEC (of presumed toxicological origin) 
which generates neoantigens within the cells and triggers autoimmunity. Understanding the sequencing of the key pathogenetic events 
will be critical for stratified therapeutic approaches in the future.



Primary Biliary Cholangitis 337

 indicated in end‐stage liver disease with complications 
such as hepatic encephalopathy. In this situation, patients 
can deteriorate quickly, so it is important to consider 
transplant earlier rather than later. A bilirubin level of 
>100 µmol/L is a useful threshold at which transplant is 
actively considered, irrespective of whether complica-
tions have arisen. The requirement for consideration for 
liver transplantation for end‐stage PBC is falling in both 
Europe and North America following the widespread use 
of UDCA.

Survival after transplant is >90% at 1 year and >80% 
at 5 years. Graft survival is lower. Disease recurs in the 
transplanted liver in 17% of patients at a mean of 
3.7 years. It is diagnosed by characteristic histology. 
Antimitochondrial antibodies are not lost following 
liver transplant. UDCA can be used and some patients 
have a biochemical response, but there is no evidence 
that it alters disease progression. The type of immu-
nosuppression used may be a factor in disease recur-
rence [69].

Symptomatic treatment

Symptoms are an important treatment target irrespec-
tive of the severity and treatment response of the under-
lying disease. The symptoms with the greatest impact are 
fatigue and pruritus.

Pruritus
There are established treatment algorithms for pruritus 
in PBC [66]. The first‐line treatment remains the bile 
acid‐binding resin cholestyramine [70]. The starting 
dose is 4 g daily, which should be increased as needed 
up to a maximum of 16 g daily. It may interfere with 
absorption of UDCA and other medications and should 
be taken 2–4 h before or after UDCA. It is ineffective in 
about 20–30% of patients, and many more patients find 
it unpleasant to take because of gastrointestinal distur-
bance. Rifampicin, given at an initial dose of 150 mg/
day and increased to up to 600 mg/day, is recommended 
second‐line therapy. Long‐term use is associated with 
occasional hepatotoxicity and monitoring of liver 
enzymes is essential. There is evidence to suggest that 
the pruritus of cholestasis is mediated, at least in part, 
by endogenous opioids and opioid antagonists can be 
effective therapy. They are, however, difficult to insti-
tute because of an opioid withdrawal‐like reaction. 
Long‐term use of opioid antagonists may induce a 
chronic pain syndrome. Physical approaches to therapy 
such as albumin dialysis, nasobiliary drainage, and pho-
totherapy, in which the postulated pruritogen is physi-
cally removed or broken down in the skin, have a role as 

salvage therapy in treatment‐resistant pruritus. 
Transplantation is highly effective in extreme cases. 
UDCA does not reduce PBC pruritus and antihista-
mines should be avoided because they are typically 
ineffective, and can worsen fatigue.

Fatigue
Fatigue is an important problem in PBC and a real chal-
lenge in the absence of effective specific therapy. A sys-
tematic treatment approach should be undertaken. In 
the first instance, associated conditions and symptoms 
that can exacerbate fatigue should be identified and 
treated. These include associated autoimmune condi-
tions (thyroid disease, coeliac disease, AIH overlap) and 
depression. Fatigue in PBC is also associated with day-
time somnolence (often a feature of night‐time pruritus 
causing sleep disturbance) and autonomic dysfunction. 
Addressing these features can also be of benefit. Coping 
strategies are key and the importance of maintaining 
social networks should be emphasized. The outcomes in 
terms of functional status following transplant in fatigued 
patients are poor, and fatigue is not an appropriate indi-
cation for liver transplantation.

 Prognosis

Diagnosis of PBC carries important prognostic implica-
tions. People with PBC have a threefold increase in mor-
tality compared with the general population. This is 
somewhat reduced by regular treatment with UDCA. It 
is likely that the advent of second‐line therapy for UDCA 
non‐responders will improve outcomes in the highest‐
risk patients.

The patient with end‐stage PBC should be considered 
for possible liver transplantation. Prognosis is particu-
larly important in determining the best time for trans-
plantation. The Model for End‐Stage Liver Disease 
(MELD) formula can be used to predict short‐term sur-
vival. A MELD score of more than 16 indicates a survival 
benefit from transplantation in PBC. Deterioration can 
be rapid in the later stages of disease and this should be 
borne in mind when timing referral for consideration of 
transplant. Enhanced monitoring and consideration for 
transplant referral when the bilirubin exceeds 50 µmol/L 
(3 mg per 100 mL) are reasonable. Referral should always 
take place when bilirubin exceeds 100 µmol/L (6 mg per 
100 mL) as the patient is unlikely to survive for more 
than 2 years. The MELD score does not perform better 
than the Child–Pugh score for patients with cirrhosis on 
the waiting list and cannot predict post‐liver transplan-
tation mortality.
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 Introduction

Sclerosing cholangitis is the term used to describe inflam-
mation and concentric fibrosis of the bile ducts on hepatic 
histology, in association with multifocal biliary strictures 
and ectatic dilations on imaging. This condition is con-
sidered to be the result of chronic bile duct injury, which 
may be from many different aetiologies (Table 18.1).

Primary sclerosing cholangitis (PSC) is a disease of 
unknown aetiology, predominantly occurring in associa-
tion with inflammatory bowel disease (IBD). Approximately 
two‐thirds of PSC patients in northern Europe and the 
USA have a concurrent diagnosis of IBD (Fig. 18.1).

PSC is a progressive disease that also carries a high risk 
of cholangiocarcinoma and colorectal cancer. Because of 
the lack of an effective medical therapy, PSC is an impor-
tant indication for liver transplantation in many coun-
tries. Disease recurrence post‐transplant remains a 
clinical challenge. Known causes of sclerosing cholangi-
tis (secondary sclerosing cholangitis) must be excluded 
before a diagnosis of PSC can be made.

 Primary sclerosing cholangitis

Epidemiology

The incidence and prevalence of PSC are higher in north-
ern Europe and the USA than in other parts of the world. 
The reported incidence rates range between 0.4 and 2.0 
per 100 000 per year, and the prevalence rate has been 
estimated to be around 1 per 10 000 [1,2]. In southern 
Europe and Asia, the prevalence is approximately 10‐fold 
lower. In children, incidence rates of around 0.2 per 100 
000 per year have been reported [3,4]. Several studies 
have suggested that the incidence of PSC is increasing. 
However, the recognition of PSC has also been increas-
ing, in part because magnetic resonance cholangiography 
(MRC) is replacing endoscopic  retrograde cholangio-
graphy (ERC) in making the diagnosis. Since the clinical 
profile of diagnosed patients remains unchanged [5], the 
reported increase in incidence is thought to be real. A 
similar increase has been reported for other autoimmune 
and inflammatory diseases in Western countries [6].

The close relationship with IBD is a hallmark of PSC. 
In northern Europe and the USA, 60–80% of patients 
have a concurrent diagnosis of IBD. Many patients 
(25%) also have other autoimmune and inflammatory 
diseases (Table 18.2) [7]. In southern Europe and Asia, 
the frequency of IBD in PSC is slightly lower, between 
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LEARNING POINTS

 ● Primary sclerosing cholangitis (PSC) occurs in 5–10% 
of patients with inflammatory bowel disease (IBD).

 ● It is important to diagnose PSC because of the increased 
risk of cholangiocarcinoma and colorectal carcinoma.

 ● There is no medical therapy proven to halt disease 
 progression in PSC, but ursodeoxycholic acid (UDCA) 
is often prescribed.

 ● Antibiotic treatment of bacterial cholangitis and endo-
scopic treatment of significant bile duct strictures are 
important therapeutic interventions.

 ● Most patients with symptomatic PSC will require liver 
transplantation after 15–20 years.

 ● Recurrence of PSC and exacerbation of IBD occur in 
some patients after liver transplantation, despite 
immunosuppression.

 ● Secondary sclerosing cholangitis is managed accord-
ing to the cause.

 ● Differentiating IgG4‐associated cholangitis from PSC 
may be challenging.
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Table 18.1 Causes of secondary sclerosing cholangitis (SSC), 
and ‘mimics’ of primary sclerosing cholangitis (PSC)

Secondary sclerosing cholangitis
Infection Bacterial/parasitic cholangitis

Recurrent pyogenic cholangitis
Immunodeficiency 
related (infections)

Congenital immunodeficiency
Acquired immunodeficiency (e.g. HIV)
Combined immunodeficiencies
Angioimmunoblastic 
lymphadenopathy

Mechanic/toxic Cholelithiasis/choledocholithiasis
Surgical bile duct trauma
Intra‐arterial chemotherapy
Drug‐induced sclerosing cholangitis

Ischaemic Vascular trauma
Hepatic allograft arterial insufficiency
Paroxysmal nocturnal 
haemoglobinuria

Other 
pancreaticobiliary 
disease

Cystic fibrosis
Sclerosing cholangitis of critical illness
ABCB4‐associated cholangiopathy
Chronic pancreatitis

Systemic 
inflammatory 
diseases

IgG4‐associated systemic disease
Hypereosinophilic syndrome
Sarcoidosis
Graft‐versus‐host disease

Potentially mimicking primary sclerosing  
cholangitis on cholangiography

Langerhans cell histiocytosis
Systemic mastocytosis
Caroli disease
Congenital hepatic fibrosis
Other types of ductal plate 
abnormalities
Hodgkin disease
Cholangitis glandularis proliferans
Neoplastic/metastatic disease
Amyloidosis
Hepatic allograft rejection

34% and 60%, probably owing to a higher frequency of 
other forms of sclerosing cholangitis (e.g. IgG4‐associated 
sclerosing cholangitis). In a large cohort of IBD patients, 
the prevalence of sclerosing cholangitis was found to be 
7.8% [8]. Only one‐third of these patients had been recog-
nized clinically. The natural history of the remaining sub-
clinical cases is unknown. MRC screening of patients with 
IBD without symptoms is not currently recommended.

Patients with PSC are at an increased risk of develop-
ing gastrointestinal malignancies. The risk of cholan-
giocarcinoma is particularly high, with a lifetime risk 
of about 7% in population‐derived PSC cohorts, and 
more than 10–15% in series from transplant centres 
[5,9]. The frequency of colonic cancer is fivefold higher 
in patients with IBD and PSC than in those without 
PSC [10].

Multifocal bile duct
strictures and dilations

Cholangocarcinoma

Colonic
cancer

‘Backwash’
ileitis

Pancolitis with
right-sided
predominance Rectal sparing

Fig. 18.1 Hepatobiliary and colonic features of PSC. Often there is 
a predominantly right‐sided involvement of the colon, subtle ileal 
inflammation (‘backwash’ ileitis), and rectal sparing.

Table 18.2 Autoimmune conditions observed in patients 
with primary sclerosing cholangitis (PSC) [7]

Autoimmune disease Frequency in PSC (%)

Inflammatory bowel disease ~70
Type 1 diabetes 10.1
Autoimmune hepatitis (AIH) 7–14
Autoimmune thyroid disease 8.4
Psoriasis 4.2
Sarcoidosis 4.1
Rheumatoid arthritis 3.4
Nephritis 1.7
Vitiligo 1.7
Systemic lupus erythematosus 1.7
Coeliac disease 1.7
Primary biliary cholangitis Extremely rare
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Gallbladder polyps are found in 4–6.5% of PSC 
patients, with more than half being malignant [11,12]. 
PSC patients may carry an increased risk of pancreatic 
cancer, but the differentiation between this tumour and 
cholangiocarcinoma of the distal bile duct may be diffi-
cult [13].

Hepatocellular carcinoma (HCC) has been reported in 
2–4% of explanted, cirrhotic livers from patients with 
PSC [14], a slightly lower occurrence than in other liver 
diseases [13].

Pathogenesis

The aetiology of PSC is unknown. Multiple genetic and 
environmental factors likely interact, causing the chain 
of events that ultimately leads to the ‘onion skin’‐like 
fibrotic lesions of the intra‐ and extrahepatic bile ducts 
(Fig.  18.2). The lack of a validated pathogenetic model 
has led to several different hypotheses (Table 18.3). The 
effect of UDCA on liver biochemistry in PSC and the 
known mechanisms of cholestatic liver injury in paediat-
ric cholestatic syndromes have led to research on the 
possibility that the primary insult is related to bile acid 
toxicity. The close relationship with IBD has led to theo-
ries based on activated intestinal lymphocytes, leakage 

of immunogenic components of bacteria across the 
intestinal mucosa, or a role for the gut microbiota. 
Finally, from a molecular genetic perspective, PSC 
appears to be an autoimmune disease – a concept sup-
ported by the association of PSC with autoimmune dis-
eases and the presence of autoantibodies and clonally 
restricted T cells.

Is PSC caused by a primary disturbance in bile homeo-
stasis? Bile formation is a complex physiological process 
[15], and defects in the molecular components within 
hepatocytes and cholangiocytes cause liver and bile duct 
injury. The ABCB4 (MDR3) phospholipid transporter 
has been studied, since mutations are known to cause 
human disease (progressive familial intrahepatic choles-
tasis type 3). Mice that lack this protein (knockout mice) 
develop PSC‐like liver lesions [16]. Cholangiocytes 
secrete a bicarbonate (HCO3

–)‐rich fluid that makes up 
about 25% of the daily bile production [17]. This process 
is driven by chloride secretion mediated by the cystic 
fibrosis transmembrane conductance regulator (CFTR), 
and a chloride/bicarbonate anion exchanger (AE2). The 
bicarbonate is concentrated at the apical surface of the 
biliary epithelium and it has been proposed that this 
 protects (an ‘umbrella’ effect) against the toxic effects of 
bile acids [18]. UDCA and a novel bile acid currently in 

Early PSC lesion with subtle
inflammation

(a) (b) (c)

Typical PSC lesion with fibrosis and
reactive cholangiocytes

PSC lesion with dysplasia and
cholangiocarcinoma

Fig. 18.2 (a) Early PSC: bile ducts show only minimum epithelial changes with few surrounding lymphocytes. (b) Typical lesion: 
obliterative, non‐suppurative cholangitis with periductular fibrosis. (c) Dysplastic lesion: severe dysplasia and cholangiocarcinoma. BD, 
bile duct; L, lymphocyte; PV, portal vein; F, fibroblast; M, macrophage; N, neutrophil; A, artery; H, hepatocyte; C, collagen; CC, 
cholangiocarcinoma. Source: Reproduced with permission of © Kari C. Toverud CMI.
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clinical trials, nor‐UDCA, may enhance such protective 
mechanisms.

Is the bile duct injury in PSC a consequence of IBD? 
Early theories on PSC pathogenesis were based on the 
close relationship with IBD. It has been proposed that 
leakage of immunogenic material from the gut (e.g. bac-
terial components) may be responsible for bile duct 
injury, but no evidence has been found for the gut actu-
ally being more permeable in PSC [19]. Another theory 
is that the gut and the liver share the molecular machin-
ery for lymphocyte homing, allowing T cells primarily 
activated in the gut to be recruited to the liver [20]. 
T cells having a common clonal origin occur in the liver 
and the gut [21]. However, whether this is a primary phe-
nomenon or a consequence of ongoing biliary injury by 
another mechanism is unknown.

Any proposed disease mechanism needs to take into 
account that IBD may become clinically apparent years 
after presentation of PSC. IBD may even present after 
liver transplantation for PSC [22]. It seems likely that a 

simple shared pathogenetic model for IBD and PSC is 
inappropriate. Rather, PSC may be a condition where 
there is involvement of the bowel and the bile ducts in 
parallel, by as yet unknown processes that simultane-
ously affect both organs (Fig. 18.1) [23]. In this relation-
ship, the gut microbiota is likely to play a key role [24].

Is PSC an autoimmune disease? The genetic back-
ground of PSC is similar to that of classic autoimmune 
diseases such as type 1 diabetes and rheumatoid arthritis 
[25,26]. However, despite the significant clinical overlap 
between PSC and IBD, only about half of the susceptibil-
ity genes found in patients with PSC are significantly 
associated with IBD. Conversely, only about 10 of the 200 
or so susceptibility genes in IBD show a significant asso-
ciation with PSC [25,26]. The major genetic susceptibil-
ity in PSC is found within the human leucocyte antigen 
(HLA) complex on chromosome 6. HLA class I and II 
molecules, which present antigens to T cells, are likely to 
be involved. Equally strong HLA associations are found 
in coeliac disease and autoimmune diseases, but the 
antigen(s) (endogenous, i.e. autoantigen, or exogenous) 
in PSC have not yet been identified. A difficulty for the 
autoimmune theory of PSC pathogenesis is the apparent 
lack of benefit from immunosuppressive therapy.

Theories proposed on the pathogenesis of PSC also 
need to explain the high risk of cancer involving affected 
mucosal surfaces. The biliary epithelium shows an 
 activated phenotype in PSC, including hyperplasia of the 
peribiliary glands. This is thought to be important for 
the development of peribiliary fibrosis and subsequent 
 cirrhosis, through interactions with hepatic stellate cells 
and/or portal myofibroblasts. Chronic exposure to inflam-
matory and regenerative molecules (e.g. interleukin 6 and 
Wnt signalling), and also the co‐carcinogenic effect of bile 
acids that have accumulated due to chronic cholestasis, 
are probably important for the malignant transformation 
of cholangiocytes. Some authors have described this 
microenvironment in PSC as a perfect ‘cancer ecosystem’ 
[27], which leads to one of the highest cancer risks known 
in any chronic inflammatory condition.

Clinical features of PSC

The median age at presentation of patients with PSC is 
between 30 and 40 years, and two‐thirds are male. The 
diagnosis of PSC is based on a combination of clinical fea-
tures, a cholestatic biochemical pattern, and characteristic 
cholangiographic findings. Approximately 50% of patients 
with PSC are asymptomatic at diagnosis, and the disease 
is often suspected when abnormal liver blood tests are 
found in an individual being followed for IBD. In some 
cases, there may still be a delay of several years between 
the first biochemical abnormality, or sign or symptom 
of liver disease, and the diagnosis of PSC being made. 

Table 18.3 Possible pathogenetic mechanisms for primary 
sclerosing cholangitis. These hypotheses are not mutually 
exclusive

Pathogenetic 
mechanism Supporting data

The toxic bile 
hypothesis

Sclerosing cholangitis in 
Abcb4−/− mice
Paediatric and adult cholestatic 
liver fibrosis in children and 
adults with ABCB4 mutations
Development of PSC‐like 
changes in cystic fibrosis
Improvement of hepatic 
biochemistries during treatment 
with ursodeoxycholic acid

The autoimmunity 
hypothesis

Presence of autoantibodies

High frequency of other 
autoimmune diseases
Strong human leukocyte antigen 
(HLA) associations
Clonal expansion of T cells in 
livers from patients with PSC

The gut–liver axis 
hypothesis

Cross‐homing of lymphocytes 
from gut to liver in PSC
Altered gut microbiota in PSC
Bacterial translocation induces 
PSC‐like disease in rats
Treatment with antibiotics 
improves serum alkaline 
phosphatase concentrations
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IBD  may be diagnosed at any time during the disease 
course of PSC, although in the majority of patients the 
diagnosis of IBD precedes that of PSC.

Symptoms when present typically include pruritus, 
right upper quadrant abdominal discomfort, fatigue, 
jaundice, and sometimes weight loss. An abrupt presen-
tation with jaundice should raise the possibility of under-
lying cholangiocarcinoma. A few patients experience 
episodes of fever and chills caused by cholangitis. Initial 
symptoms may often appear non‐specific.

Jaundice, hepatomegaly, and splenomegaly are the 
most frequent clinical findings of PSC at diagnosis.

PSC is characterized by a variable clinical course 
(Fig. 18.3). Patients may thus present and be diagnosed 
during a disease exacerbation and then remain asympto-
matic for a long time. Some patients experience alternat-
ing episodes of deterioration and improvement. A 
minority present with symptoms and signs of cirrhosis 
and portal hypertension with ascites and variceal haem-
orrhage. Chronic cholestasis leads to fat malabsorption 
and steatorrhoea, deficiency of fat‐soluble vitamins, and 
osteopenic bone disease.

Diagnosis

Laboratory tests
Cholestatic liver function tests are the typical finding at 
diagnosis of PSC. The alkaline phosphatase (ALP) is usu-
ally markedly elevated (more than three times the upper 
limit of normal [ULN]). Aminotransferase levels may be 

normal or modestly increased (2–3 times ULN). ALP lev-
els typically vary during the disease course and may remain 
normal for periods of time. The serum bilirubin concentra-
tion is normal at diagnosis in more than half of the patients; 
serum immunoglobulin G (IgG) and IgM levels may be 
raised in around 50%. Elevated serum IgG4 levels have 
been reported in approximately 10% of patients [28]. 
Serum autoantibodies have been detected in PSC [29], 
most commonly perinuclear antineutrophil cytoplasmic 
antibodies (pANCAs), antinuclear antibodies (ANAs), and 
smooth muscle antibodies (SMAs). These overlap with 
other hepatobiliary disorders and are not PSC specific. 
Antimitochondrial antibodies (AMAs), a typical finding in 
primary biliary cholangitis (PBC), are rare in PSC.

Radiology
The diagnosis of PSC is made when the characteristic 
findings are seen on cholangiography, in particular irreg-
ular bile ducts with multiple strictures and dilations, giv-
ing a ‘beaded’ pattern (Fig.  18.4). In the majority of 
patients, both intra‐ and extrahepatic bile ducts are 
involved. Approximately 25% of patients have isolated 
intrahepatic bile duct involvement. PSC limited to the 
extrahepatic ducts is rare (<5% of patients). MRC is now 
the recommended diagnostic investigation for PSC, 
being non‐invasive and without ionizing radiation or bil-
iary contrast. The diagnostic accuracy of MRC is compa-
rable to that of ERC [30,31]. Subtle intrahepatic changes 
may be less well seen at MRC, although this technique 
can show bile duct dilation proximal to obstruction, 

Liver symptoms
and biochemistry

IBD activity

Disease
progression

Recurrence

Pre-clinical Diagnosed

Time (years)

Clinical
events

Inflammation

Cholestasis

Fibrosis

Cirrhosis

Liver
transplant

Post-transplant
complications

Fig. 18.3 Disease course in PSC typically fluctuates (top panel). Inflammatory bowel disease (IBD) activity is also variable (middle panel) 
and does not correlate with liver disease severity. Progression of the hepatobiliary disease is inevitable in the majority of patients (bottom 
panel). There may be a long preclinical phase.
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(a) (b)

Fig. 18.4 Strictures with intervening saccular dilations of both the intrahepatic and extrahepatic bile ducts is the typical finding on 
cholangiography: (a) magnetic resonance cholangiography; (b) endoscopic retrograde cholangiography. Images kindly provided by 
Dr Vemund Paulsen.

which may be missed on ERC because of a lack of ade-
quate contrast filling above a stricture. Magnetic reso-
nance imaging (MRI) scanning can also provide 
information on bile duct wall thickness, the liver paren-
chyma, and pathology outside the bile ducts. Where the 
appearances on MRC are equivocal, supplementary ERC 
may be considered. Also, ERC should be carried out 
when interventional procedures such as stricture dila-
tion and/or stent placement are anticipated. Routine 
prophylactic antibiotic administration before ERC is 
recommended.

Histology
Liver histology in PSC is non‐specific. The most promi-
nent features are seen in the portal tracts, with inflam-
mation, periductal fibrosis, bile duct proliferation, and, 
in later stages, bile duct loss. The marked periductal 
fibrosis (‘onion skinning’) is considered a hallmark of 
PSC (Fig. 18.2), but is present in only a minority of biop-
sies. Liver biopsy is not necessary to establish a diagnosis 
of PSC, cholangiography being the diagnostic test, but it 
may be indicated in cases when an overlapping condition 
such as autoimmune hepatitis (AIH), or another aetiol-
ogy, is being considered.

Special populations

The variation in the clinical behaviour of PSC, and the 
presence of uncharacteristic features in subsets of 
patients have raised the question of whether PSC is a 
‘mixed bag’ of separate disease entities. For some 

 subgroups, such as familial forms without concurrent 
IBD, and true IgG4‐associated sclerosing cholangitis, 
this is likely to be true. For the main group of patients 
with PSC with concurrent IBD and otherwise classical 
features, the special subgroups (discussed below) proba-
bly represent normal disease variation.

Small‐duct PSC
Small‐duct PSC is characterized by the same presenting 
features as the classical (large‐duct) PSC, but the cholan-
giogram is normal. Small‐duct PSC represents around 
6–16% of the whole ‘classical’ PSC group. It appears to 
have a more benign course. Cholangiocarcinoma is a 
rare complication [32], but does occur. In patients diag-
nosed with small‐duct PSC without IBD, secondary scle-
rosing cholangitis should be actively considered as a 
diagnosis (e.g. genetic cholestasis resulting from ABCB4 
mutations).

AIH and sclerosing cholangitis
Features of AIH occur in 7–14% of patients with PSC. 
Patients in this group have previously been designated as 
‘overlap patients’ or patients affected with ‘overlap syn-
drome’. In a position paper published by the International 
Autoimmune Hepatitis Group (IAIHG) [33], it is argued 
that the term ‘overlap syndrome’ should be abandoned. 
The consensus currently is that each diagnosis should 
be considered separately. This means that if a 
 diagnosis of PSC can be made, the primary diagnosis 
is PSC. If  features of AIH are also present, the patient 
has PSC  with features of AIH. Biochemistry (ALT at 
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least five times the upper limit of normal [ULN] and IgG 
at least two times ULN) and histology (suspected fea-
tures of AIH are the main indication for liver biopsy in 
PSC) should form the basis for diagnosing a patient as 
having PSC with  features of AIH.

Elevated IgG4
IgG4‐associated cholangitis is a secondary form of scle-
rosing cholangitis (see separate section later). Because it 
is corticosteroid responsive, this condition is an impor-
tant diagnosis to make or exclude. However, slight eleva-
tions (up to 5 g/L) of serum IgG4 (of uncertain relevance) 
do occur among PSC patients who do not fulfil the spe-
cific criteria for IgG4‐associated cholangitis. These 
patients often have a more aggressive disease course 
[34], but as yet the most appropriate management has 
not been defined for this group.

Prognosis

PSC is usually a progressive disorder that over time 
develops into cirrhosis, with complications associated 
with end‐stage liver disease. There is currently no effec-
tive medical therapy that slows disease progression. 
Liver transplantation remains the only curative treat-
ment option.

Mortality in PSC patients is four times that of the gen-
eral population [5]. The median survival until liver trans-
plantation or PSC‐related death has been reported to be 
21.3 years in a population‐based cohort, compared with 
13.2 years in those patients seen in the tertiary referral 
centre within the same geographical area. The most fre-
quent causes of PSC‐related death were cholangiocarci-
noma (32%), liver failure (15%), transplant‐related 
complications (9%), and colorectal carcinoma (8%) [5]. 
Other reports of transplant‐free survival in PSC range 
between 9 and 18 years, and likely reflect true differences 
in survival between referral centre‐ and population‐
based cohorts. However, it is important that patients 
understand the wide variability in disease severity, and 
also that a certain proportion of patients (possibly up to 
40%) may never need a liver transplant.

No single biochemical measure or radiological feature 
fully captures the severity and stage of disease in PSC. A 
number of prognostic models have been proposed, typi-
cally using biochemical results (e.g. ALP and bilirubin) 
and features of cirrhosis (e.g. variceal bleeding, ascites, 
or spleen size) [35]. Early models included histological 
staging. Owing to the low diagnostic value of liver biopsy 
in PSC and the patchy changes on histology, this was 
abandoned. The revised natural history model published 
by the Mayo Clinic (including age, bilirubin, aspartate 
aminotransferase, albumin, and variceal bleeding) is 
commonly used [36]. However, although liver biopsy is 

not used diagnostically for PSC, it may allow some 
assessment of disease stage [37]. The degree of cholan-
giographic abnormality has been reported to correlate 
with outcome [38,39]. Elastography by ultrasound or 
magnetic resonance techniques may also provide prog-
nostic information [40,41], but the result may be less 
accurate because of the presence of cholestasis [42]. 
Novel serum protein biomarkers for fibrosis in PSC are 
promising markers of prognosis [43].

Medical treatment

To date, no therapy has been proven to halt disease pro-
gression in PSC. However, a number of treatment options 
should still be considered, including those for symptoms 
and complications.

UDCA
Low‐ to medium‐dose (10–20 mg/kg/day) UDCA for 
patients with PSC is widely prescribed. The basis for this 
is a number of clinical trials reporting the effect on liver 
function tests, in particular ALP [35]. ALP has been con-
sidered a potential surrogate marker for PSC severity 
[44], and is being used as such in ongoing clinical trials of 
new drugs. The largest trial of UDCA in PSC to date 
(17–23 mg/kg/day) was still underpowered, and did not 
show an effect on the clinical endpoints [45]. A Cochrane 
review found that an evidence base for the use of UDCA 
in PSC does not exist [46]. Likewise, the prescription of 
UDCA for ‘chemoprevention’ of colorectal cancer is 
mainly based on retrospective and, in part, inconsistent 
data, and cancer prophylaxis should not be the primary 
indication for UDCA in PSC [47].

A turning point in the prescription of UDCA in PSC 
came with a high‐dose (28–30 mg/kg/day) trial in the 
USA [48], which found an increase in clinical endpoints 
(including liver transplantation and death) in the treat-
ment arm. This observation led to the American 
Association for the Study of Liver Diseases (AASLD) 
advising against the use of UDCA in PSC [49]. The 
European Association for the Study of the Liver (EASL) 
made a more favourable statement, in which the impact 
on surrogate markers of low‐dose UDCA (13–15 mg/kg/
day) was noted, while at the same time acknowledging 
the lack of high‐level evidence for any benefit on the 
course of the disease [50]. The American College of 
Gastroenterology (ACG) subsequently modified the posi-
tion in the USA, advising against the prescription of high‐
dose UDCA, while at the same time acknowledging the 
widespread prescription of low to medium doses [51]. In 
some centres, a 6‐month trial of low‐dose (13–15 mg/kg/
day) UDCA is given, and a decrease in ALP levels is used 
as the basis for potential long‐term use [52].
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Antibiotics
Antibiotic therapy in PSC is indicated in bacterial chol-
angitis. Long‐term rotating antibiotics may be necessary 
in severe, recurrent cases [50]. Broad‐spectrum antibiot-
ics are also recommended before ERC as prophylaxis 
against bacterial cholangitis. Antibiotic therapy has also 
been shown to improve ALP levels [53], even in rand-
omized clinical trials [54]. In some centres, vancomycin 
therapy is advocated for PSC in children [55], but to date 
there are not enough data to support this. Given the 
complex relationship between the gut and the liver and 
the potentially harmful side‐effects (loss of microbial 
diversity, antimicrobial resistance), long‐term antibiotic 
treatment in PSC cannot be recommended routinely.

Immunosuppression
Although not evidence based, immunosuppressive ther-
apy, in line with standard guidelines for the treatment of 
AIH, is recommended for patients with PSC with ‘over-
lap’ features of AIH [33,50]. The response to treatment is 
likely to be less pronounced than in AIH without a 
 primary diagnosis of PSC. It is important to be aware of 
the risk of side‐effects (osteopenia in particular) and to 
monitor the treatment response closely. A role for immu-
nosuppression in the treatment of PSC, without the fea-
tures of AIH, has not yet been established.

Treatment of IBD
In the absence of PSC‐specific guidelines, IBD should be 
treated according to the general guidelines for this con-
dition [56]. Azathioprine does not appear to increase the 
risk of cholangiocarcinoma in PSC [57]. Anti‐tumour 
necrosis factor alpha therapy in IBD does not appear to 
have an impact on the disease activity of associated PSC 
[58]. Vedolizumab for IBD has been safely used in case 
reports of PSC, even after liver transplantation [59], but 
the effect and risk of hepatic side‐effects have not been 
established in the context of PSC [60].

Future drugs
New drugs are being investigated in PSC. Approaches 
taken vary and parallel the divergent theories on patho-
genesis. Modified bile acids (e.g. obeticholic acid and 
nor‐UDCA), which theoretically may be more effective 
than UDCA, are being studied. Immune‐centred trials 
mainly focus on the potential aberrant homing of lym-
phocytes from the gut to the liver (e.g. vedolizumab 
and  anti‐VAP1). Antifibrotic trials aim to reduce bile 
duct fibrogenesis (e.g. anti‐LOXL2). Finally, several 
approaches are being explored that are directed at alter-
ing the gut microbiota (e.g. faecal transplantation, anti-
biotics, prebiotics, and probiotics). It is possible that a 
combination of drugs with different mechanisms of 
action will ultimately be needed to treat PSC effectively.

General treatment
Management of cirrhosis per se is described in Chapters 
7–11. Patients with cholestatic liver disease are particu-
larly prone to deficiency of fat‐soluble vitamins. Patients 
should be monitored for vitamin D deficiency and serum 
levels of 25‐hydroxyvitamin D3 maintained at >50–
75 nmol/L. Bone density should also be monitored and 
appropriate treatment for osteopenia instituted as early 
as possible. Cholestatic pruritus may be debilitating, and 
management recommendations are similar to those in 
PBC [61]. However, in PSC, an MRC (or ERC) should be 
performed early on to exclude the development of stric-
tures amenable to endoscopic therapy. Medical treat-
ment of cholestatic pruritus is difficult (see Chapter 13) 
and only sporadically very effective. Cholestyramine is 
the first choice, followed by rifampicin, naltrexone, and 
sertraline as second‐line options [50]. All these options 
have issues related to tolerance of the medication and the 
side‐effects.

Role of endoscopy

Even in an era where MRC has replaced ERC as the pri-
mary means of diagnosing PSC, endoscopy remains a 
cornerstone in management. Endoscopic therapy should 
be considered when there are clinically relevant or wors-
ening symptoms (i.e. jaundice, cholangitis, or pruritus) 
or a rapid increase in the level of cholestatic enzymes. 
Normally, an up‐to‐date MRC would be performed 
before the ERC. The optimal management of clinically 
significant strictures (balloon dilation with or without 
short‐term stenting for 1–2 weeks, or short‐term stent-
ing only) has not been firmly established, although 
some data indicates that stenting is associated with 
an  increased risk of procedure-related complications. 
Sphincterotomy is generally not advised, but may be use-
ful in PSC to facilitate multiple procedures. The risk of 
complications after ERC (in particular cholangitis and 
pancreatitis) is slightly higher in patients with PSC than 
other indications, and pre‐procedure administration of a 
prophylactic parenteral antibiotic and rectal non‐steroi-
dal anti‐inflammatory drug are warranted. As discussed 
in the next section, endoscopy plays an important role in 
surveillance for, and diagnosis of, malignancy.

Dysplasia and cancer

The high risk of malignancy has major implications for 
the management of patients with PSC.

Presentation of cholangiocarcinoma
As many as 30–50% of cholangiocarcinomas in PSC are 
diagnosed within the first year after the diagnosis of PSC 
(possibly because the diagnosis of PSC is triggered by a 
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clinical deterioration due to malignancy). There needs to 
be an increased awareness of the possibility of an associ-
ated biliary malignancy in this period, particularly in 
patients who present with progressive jaundice, abdomi-
nal pain, and weight loss [62]. After the first year, the 
annual incidence of cholangiocarcinoma is 0.5–1.5%, 
and the tumour may develop in the absence of advanced 
liver fibrosis or cirrhosis. Cholangiocarcinomas in PSC 
are most frequently (around 60%) perihilar, but may also 
arise from the intrahepatic or distal extrahepatic bile 
ducts.

Diagnosis of cholangiocarcinoma
Malignant bile duct lesions (see Chapter 15) may be very 
difficult to distinguish from benign strictures due to 
PSC. The growth pattern is typically diffusely infiltrat-
ing; a definite tumour mass is often not found in early‐
stage disease. The diagnostic approach usually involves a 
combination of scanning, ERC with brush cytology, and 
measurement of the serum tumour marker carbohydrate 
antigen 19‐9 (CA 19‐9). Cholangioscopy with biopsies 
may help in selected cases, but is not widely used. MRI 
with MRC, computed tomography, and ultrasound can 
raise the suspicion of cholangiocarcinoma, but a combi-
nation of modalities is often needed to give a high diag-
nostic accuracy [63,64]. Biliary brush cytology obtained 
during ERC has a limited sensitivity (around 40%), but a 
high specificity (90–100%) [65]. Fluorescence in situ 
hybridization (FISH) and other DNA‐based methods 
may increase the diagnostic yield [66,67] but are not 
widely available.

Treatment of cholangiocarcinoma
Curative treatment of established cholangiocarcinoma 
in PSC is hard to achieve, and the median survival is only 
around 7 months. Surgical resection or liver transplanta-
tion is a treatment option but only in highly selected 
patients [68]. Palliative biliary stenting can relieve symp-
toms of cholestasis, and chemotherapy can be used fol-
lowing general guidelines for cholangiocarcinoma.

Screening for cholangiocarcinoma
There are no evidence‐based screening strategies for the 
early detection of cholangiocarcinoma or gallbladder can-
cer in PSC. An annual ultrasound scan to detect gallbladder 
polyps, combined with CA 19‐9 measurement, is recom-
mended. Additional cross‐sectional imaging with MRI/
MRC is increasingly used [51,63,64,69]. Hepatocellular car-
cinoma surveillance should be performed according to 
standard guidelines as in patients with cirrhosis. Elevated 
CA 19‐9 levels may also be found in cases of cholestasis, 
bacterial cholangitis, and other malignancies, and reliance 
on CA 19‐9 alone in the surveillance for cholangiocarci-
noma in PSC is not recommended.

Colorectal carcinoma
In established IBD associated with PSC, ileocolonoscopy 
with dye‐based chromoendoscopy and targeted biopsies 
is recommended every 1–2 years from the time of diag-
nosis of concurrent PSC and IBD [70]. In appropriately 
trained hands, when there is quiescent disease and ade-
quate bowel preparation, non‐targeted four‐quadrant 
biopsies are therefore not needed, yet are still commonly 
used [71]. The risk of colorectal neoplasia may approach 
15% at 10 years and 30% at 20 years after the diagnosis of 
IBD [72]. An increased risk is also seen in patients with 
PSC with Crohn disease. Colonic neoplasms in PSC have 
a predilection for the right side of the colon. Colorectal 
carcinoma generally presents at a younger age in PSC‐
associated IBD than in IBD without hepatobiliary  disease 
(median age 39 versus 59 years) [5].

Liver transplantation

PSC has been the main indication (15–20%) for liver 
transplantation in the Nordic countries for many years, 
and accounts for approximately 5–6% of all indications 
in Europe and the USA [52,73]. Impaired quality of life, 
mainly due to refractory pruritus or recurrent bacterial 
cholangitis, may be an indication for transplantation in 
selected patients [74]. Cholangiocarcinoma is generally 
considered a contraindication to liver transplantation. 
Some centres transplant patients with PSC because of 
the finding of cholangiocellular dysplasia in biliary brush 
specimens (without evidence of tumour on imaging), 
with the aim of removing premalignant lesions or early‐
stage cholangiocarcinoma and so prevent progression to 
invasive cancer [75]. In a few centres, patients with early‐
stage hilar cholangiocarcinoma are considered for liver 
transplantation, following an extensive preoperative pro-
tocol to reduce the tumour burden [68].

Results after liver transplantation for PSC show 5‐year 
survival rates of approximately 85%. To remove as much 
of the involved extrahepatic bile duct as possible, a hepa-
ticojejunostomy has previously been the preferred surgi-
cal procedure. In these cases, post‐transplant ERC has to 
be carried out by the balloon enteroscopy technique. 
More recently, hepaticoduodenostomy has been used to 
re‐establish bile drainage and allow easier access for 
ERC. The standard duct‐to‐duct biliary anastomosis is 
also sometimes performed if feasible.

Recurrent PSC in the allograft is classically diagnosed 
when cholangiographic findings (>90 days post‐trans-
plant) and/or histological features of PSC are found that 
are compatible with PSC. Post‐transplant causes of sec-
ondary sclerosing cholangitis need to have been 
excluded (Table  18.4) [76]. With the current avail-
ability of MRC, it is now reasonable to require the 
 presence of cholangiographic findings for the diagnosis. 
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Table 18.4 Diagnostic criteria for recurrent primary sclerosing 
cholangitis (PSC) following liver transplantation [76] (confirmed 
diagnosis of PSC prior to liver transplantation is a prerequisite)

Cholangiographic 
criteria

Intra‐ and/or extrahepatic biliary 
stricturing, beading, and irregularity 
>90 days after liver transplantation

Histological 
criteria

Fibrous cholangitis and/or fibro‐
obliterative lesions with or without 
ductopenia, biliary fibrosis/cirrhosis

Exclusion criteria Hepatic artery thrombosis/stenosis 
(ischaemia)
Anastomotic strictures alone
Established ductopenic rejection
Non‐anastomotic strictures before 
post‐transplantation day 90
ABO incompatibility

The reported prevalence of recurrent PSC varies widely 
from around 6% up to 60%, with a median time to recur-
rence ranging from 8.5 to 68 months [77]. An intact 
colon after liver transplantation and the presence of IBD 
have been proposed to increase the risk of PSC recur-
rence [78–80]. The clinical implications of the latter 
observations are not clear, and colectomy prior to liver 
transplantation should not be performed unless other-
wise indicated. Recurrent PSC is associated with reduced 
graft survival and an increased risk of death [80].

Immunosuppression given after liver transplantation 
would be expected to reduce the disease activity in asso-
ciated IBD, given that some of the immunosuppressive 
drugs used after transplant are effective treatments for 
IBD. However, the course of IBD after liver transplanta-
tion has proven to be variable. As a general rule, about 
one‐third of patients experience improvement in IBD, 
one‐third remain unchanged, and one‐third deteriorate. 
It is recommended that 5‐aminosalicylate therapy is con-
tinued post‐transplant.

The risk of colorectal cancer after liver transplantation 
appears to be significantly higher in patients with PSC–
IBD than in patients transplanted for non‐PSC indica-
tions [81]. This risk may even be increased in patients 
with PSC–IBD after, as compared with before, transplan-
tation [82], and surveillance colonoscopy should be per-
formed annually (see the previous section).

 Secondary sclerosing cholangitis

A broad range of conditions can give rise to similar chol-
angiographic and histological changes to those seen in 
PSC (Table  18.1) [83]. It is likely that the changes 
(Figs  18.2 and 18.4) represent chronic bile duct injury 

from any cause (‘cirrhosis of the bile ducts’). In making a 
diagnosis of PSC, such alternative causes need to be 
excluded. Furthermore, some diseases may give rise to 
imaging features that may closely mimic PSC (Table 18.1). 
As in all areas of medicine, there should be a high index 
of suspicion for unusual explanations for common 
 clinical syndromes, such as cholestasis.

Ischaemia‐ and trauma‐associated 
sclerosing cholangitis

Unlike the hepatic parenchyma, which depends on dual 
blood flow from the portal vein and hepatic artery, the 
bile ducts rely on arterial blood flow to maintain their 
integrity. Vascular insufficiency from a variety of causes 
(e.g. thrombotic occlusion, vasculitis, circulatory shock) 
may result in ischaemic injury to the biliary tree that may 
persist and mimic PSC. In many cases of trauma‐associ-
ated sclerosing cholangitis (violent or iatrogenic), the 
mechanism is also likely ischaemia rather than direct 
duct injury. Ischaemic biliary lesions are a common com-
plication (up to 10%) of liver transplantation. A special 
case has been made for ‘sclerosing cholangitis of the crit-
ically ill’ (SCCI), which occurs in the context of a severe 
systemic inflammatory response syndrome (SIRS) with 
associated ischaemic biliary injury [84]. These patients 
typically have extensive biliary cast formation requiring 
ERC and may show progressive features, sometimes 
requiring consideration for liver transplantation.

Infectious cholangitis

Choledocholithiasis and associated severe cholangitis 
can lead to sclerosing cholangitis‐like changes in any 
individual. In Asia, a related condition, recurrent pyo-
genic cholangitis (RPC), occurs endemically in rural 
areas. The pathogenesis of RPC is not fully understood, 
but bile duct occlusion due to pigment stones and epithe-
lial injury from Ascaris lumbricoides, Clonorchis sinensis, 
Opisthorchis viverrini, Opisthorchis felineus, or Fasciola 
hepatica is thought to play a role. Patients with RPC are at 
risk of cholangiocarcinoma (5% of the cases), and abscess 
formation is frequently seen [85]. Cholangiocarcinoma 
development is also seen in chronic helminthic infections 
(Clonorchis sinensis and Opisthorchis viverrini in 
particular).

Opportunistic infections

Chronic opportunistic infections may occur in immunode-
ficiency syndromes. Cholangiopathy associated with seri-
ous HIV infection, often due to Cryptosporidium parvum, 
Microsporidium or other opportunistic pathogens, has 
become rare with the use of novel antiretroviral  regimens. 
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However patients with serious HIV infection and low 
CD4 counts are still at risk. Sclerosing cholangitis has 
been reported to be the most common hepatobiliary dis-
ease in children with primary immunodeficiencies.

Drug‐related sclerosing cholangitis

Direct toxicity due to hepatic artery drug injections is a very 
rare cause of sclerosing cholangitis [83]. Chronicity and 
cholangiographic abnormalities have also been reported 
in patients with cholestatic drug‐induced liver injury [86].

 Sclerosing cholangitis in systemic 
inflammatory diseases

Bile duct disease, which may mimic sclerosing cholangi-
tis on cholangiography, occurs in the context of a variety 
of inflammatory and non‐inflammatory systemic condi-
tions. Examples include IgG4‐associated systemic dis-
ease, sarcoidosis (which may also coexist with true PSC), 
histiocytosis X, and amyloidosis.

IgG4‐associated systemic disease with cholangitis may 
mimic both PSC and cholangiocarcinoma (pseudotu-
mour) – a differential diagnosis made difficult by the fact 
that some patients with PSC also have high levels of 
serum IgG4. Diagnostic criteria for IgG4‐associated 

cholangitis are described in the following but nearly par-
allel HISORt criteria for diagnosing autoimmune pan-
creatitis [87].

IgG4‐associated cholangitis is considered in patients 
with two or more of the main manifestations (i.e. ele-
vated serum IgG4, suggestive pancreatic imaging find-
ings, other organ involvement, and bile duct or papillary 
biopsy with >10 IgG4‐positive cells/high‐powered field) 
and a significant corticosteroid treatment response (i.e. 
marked improvement of biliary strictures allowing stent 
removal, liver enzymes less than two times ULN and sig-
nificant decreases in serum IgG4 and CA19‐9 levels). 
There is a risk of relapse after stopping treatment, and 
many patients require long‐term immunosuppression 
[88]. Biopsies of the duodenal papilla are easily taken 
[89], yet have only moderate diagnostic sensitivity. Care 
must be taken to avoid injury to the papilla, which carries 
an increased risk of post‐procedural pancreatitis. In the 
future, diagnosis of IgG4‐associated sclerosing cholangi-
tis may become easier with the implementation of new 
diagnostic algorithms and techniques [90,91]. IgG4‐
associated sclerosing cholangitis should be borne in 
mind for any patient who does not fit the classic charac-
teristics of PSC. Of note, patients with PSC may some-
times have slightly elevated levels of serum IgG4 without 
fulfilling criteria of IgG4-associated cholangitis. In these 
patients, corticosteroid treatment may not be effective.
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 Introduction

Autoimmune hepatitis (AIH) is a heterogeneous 
immune‐mediated liver disease that, in most cases, has 
effective treatment when diagnosed promptly and 
treated judiciously with classical immunosuppression 
focused on corticosteroids and azathioprine. The spec-
trum of presentation alongside the absence of clear 
pathophysiology and non‐specific diagnostic markers 
results in a chronic, rare, and progressive immune‐ 
mediated liver disease, which has ongoing unmet needs. 
Clinically, in its classical form, patients with AIH are 
characterized by raised serum alanine transaminase 
(ALT) activity, hypergammaglobulinaemia, non‐organ‐
specific autoantibodies, and a chronic relapsing  hepatitis, 
associated with a plasma cell hepatic infiltrate. Exclusion 
of drug precipitants (prescribed, ‘over‐the‐counter’, or 
herbal), alternative aetiologies of liver disease and con-
firmation of negative viral studies are always required 
(Fig. 19.1).

Historical perspective

Appreciation for an autoimmune aetiology in chronic hep-
atitis emerged in the 1940s as Waldenström recognized the 
relevance of hypergammaglobulinaemia in chronic hepati-
tis, and Kunkel et al. [1] described a  persistent liver disease 
predominantly in young females with hypergammaglob-
ulinaemia, alongside extra hepatic symptoms including 
rash, arthralgia, fever, and amenorrhoea.

Subsequent observations reporting the presence of lupus 
erythematosus cells and antinuclear antibodies (ANAs) 
led  to the suggestion of an immune‐mediated  disease 

Chapter 19

Autoimmune Hepatitis and Overlap Syndromes
Ashnila Janmohamed and Gideon M. Hirschfield

Centre for Liver Research, NIHR Biomedical Research Centre, University of Birmingham, Birmingham, UK

LEARNING POINTS

 ● Autoimmune hepatitis (AIH) is an immune‐mediated 
liver disease that can present in all ages and races and 
both sexes.

 ● Disease presentation is variable, ranging from asymp-
tomatic disease to fulminant liver failure.

 ● There is an absence of a specific diagnostic marker, 
hence diagnosis is made by exclusion of alternative 
liver disease and precipitants, for example, drugs and 
viruses.

 ● Clinically, AIH is characterized by raised serum alanine 
aminotransferase, hypergammaglobulinaemia, autoan-
tibodies, and interface hepatitis. Seropositivity for 
autoantibody subclassifies disease into two distinct 
entities: antinuclear and/or smooth muscle antibodies 
(type 1 disease) and anti‐liver kidney microsomal 1 and/
or liver cytosol 1 (type 2 disease).

 ● The cornerstone of therapy is immunosuppression 
using corticosteroids and azathioprine with the major-
ity of patients achieving remission, reflecting that AIH 
is normally treatment responsive.

 ● Liver transplantation is indicated in patients who pre-
sent with fulminant liver failure or have end‐stage liver 
disease.

 ● Lack of response to immunosuppression should 
prompt confirmation of compliance, exclusion of alter-
native/additional aetiology such as primary biliary or 
primary sclerosing cholangitis, and initiation of sec-
ond‐line therapy if appropriate.

 ● Lack of standardization of second‐line therapy in AIH 
demonstrates an ongoing need for new and more 
rational therapies.
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prompting treatment with cortisone, which resulted in 
marked symptomatic improvement, suggesting an impor-
tant inflammatory component to this disease. Prolonged 
immunosuppressive therapy with corticosteroids and aza-
thioprine, offered to patients from the 1960s onwards, 
proved effective and remains standard therapy [2–4]. The 
term autoimmune hepatitis was applied in 1965 by Cowling 
and Mackay, and endorsed globally in 1993.

 Disease overview

Clinical manifestations

These range from asymptomatic through to fulminant 
hepatic failure. Although most patients present when 
symptomatic (fatigue, arthralgia, anorexia, jaundice), 
others are diagnosed incidentally.

The prevalence, clinical presentation, and outcome of 
AIH vary between ethnic groups and geographical 
regions, and clinicians should be mindful of this. AIH is 

more common and severe in North American 
Aboriginals/First Nations populations compared with 
predominately Caucasians, non‐First Nations popula-
tions [5]. Cirrhosis at presentation is more frequent in 
black North American patients with AIH than white 
North Americans [6]. They are also younger at presen-
tation, similar to patients from Brazil and Argentina, 
and have poorer prognosis [5]. Africans, Asians, and 
Arabs have an earlier disease onset than people from 
Northern Europe. Along with Alaskan natives, they 
additionally appear to have a higher frequency of chole-
static laboratory findings and acute icteric disease. 
Similarly, patients of Hispanic origin tend to present 
aggressively both biochemically and histologically and 
have a very high prevalence of cirrhosis and cholestatic 
features.

Serology

Serological patterns of autoreactivity permit two major 
classifications: type 1, characterized by ANAs and/or 

Hepatitic profile

? AIH

ALT/AST elevated without
significant ALP elevation,

e.g. ALP:AST (or ALT) ratio <3

Cholestatic profile

? PBC  ? PSC

ALP/γ-GT elevated
with ALT/AST <5 x ULN

Hepatic imaging

Doppler ultrasound
 Exclusion of biliary dilation
 Identification of signs suggestive of
 parenchymal disease – heterogeneity/
 coarse liver, portal lymphadenopathy
 Identification of any features of portal
 hypertension – splenomegaly, varices
 Confirmation of patent vasculature

Direct to MRI (MRCP)
 If patient has a high likelihood for
 sclerosing cholangitis, i.e. known
 inflammatory bowel disease

Additional considerations

Exclusion of drug-induced liver injury
 e.g. nitrofurantoin and minocycline in
 hepatitis and augmentin if cholestatic

Exclusion of Wilson disease
 Can be difficult; screen by ceruloplasmin
 determination

Utility of liver biopsy
 Benefits – clarity of diagnosis, stage
 of disease, reassurance, value of
 treatment
  Risks – low risk in non-malignant
 disease (0.01% mortality)

Immunology testing

Serum immunoglobulins:
 IgG elevation associated with AIH
 IgM elevation associated with PBC
 IgG4 elevation associated with 
 autoimmune pancreatitis/sclerosing 
 cholangitis

Autoantibodies
 ANAs/SMAs – non-specific but associated 
 with AIH; seen in PBC and PSC as well
 AMAs – specific in the context of
 cholestasis for PBC

Symptoms –
Fatigue, pruritis, abdominal pain,

jaundice, dark urine, GI symptoms

Evaluating the patient for autoimmune liver disease

Drug history (prescribed/non-prescribed)
Past medical history 

(? inflammatory bowel disease,
? other autoimmune disease)

Family history
Smoking/alcohol use

AILD is usually entertained after common liver disease
(alcohol, viral, metabolic, drug induced) is excluded

Fig. 19.1 Evaluating a patient with autoimmune liver disease. ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate 
transaminase; ANAs, antinuclear antibodies; AMAs, antimitochondrial antibodies; MRCP, magnetic resonance cholangiopancreatography; 
MRI, magnetic resonance imaging; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; γ‐GT, γ‐glutamyltransferase; SMAs, 
anti-smooth muscle antibodies.
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 anti‐smooth muscle antibodies (SMAs), and type 2, charac-
terized by anti‐liver/kidney microsomal type 1 (anti‐LKM 1) 
and/ or liver cytosol type 1 (anti‐LC 1) antibodies [5].

Epidemiology

Patients of all ages and races and both genders can 
develop AIH. AIH is considered rare, as its prevalence 
ranges from 16 to 18 cases per 100 000 inhabitants in 
Europe. Higher prevalence rates have been reported in 
areas with stable ‘populations’ (where both growth rates 
and relative age distribution do not change with time). A 
large nationwide population study in Denmark, assess-
ing the incidence and prevalence of AIH over a 20‐year 
period between 1994 and 2013, demonstrated that the 
incidence of AIH had increased markedly over the study 
time period. Between 1994 and 2012, the incidence rate 
had nearly doubled, reaching a point prevalence in 2012 
of 23.9 per 100 000 [7].

Natural history

Sherlock’s follow‐up study, in which 44 patients, diag-
nosed between 1963 and 1967, were randomly allocated 
into control and treatment (prednisolone) groups, pro-
vides stark natural history data for patients with severe 
disease. Ten‐year survival data demonstrated signifi-
cantly improved survival in the treatment group, where 
63% of patients were alive at 10 years (median survival 
12.2 years), compared with 27% (median survival 
3.3 years) in the control group (Fig. 19.2).

 Biological determinants of disease

Immunobiology

Hepatic immunological tolerance is maintained in 
numerous ways, including (a) antigen priming in the 
liver, (b) sinusoidal tolerance and T regulatory cell (Treg) 
induction, and (c) hepatic stellate cell‐induced effector 
T‐cell apoptosis and generation of myeloid‐derived sup-
pressor cells [8]. Loss of tolerance is precipitated through 
various events, which collectively culminate in a  common 
final pathway towards liver injury. Evidence implies 
that  both innate and adaptive immune systems are 
involved in AIH.

Data demonstrate a genetic predisposition, strongly 
associated with the HLA locus, systemic immunoregula-
tory changes notably affecting Treg function, and immune‐
restricted responses to target antigens. Microscopic 
evaluation of the liver demonstrates an autoaggressive cel-
lular immune attack with lymphocytes, macrophages, and 
plasma cells forming a dense portal mononuclear cell infil-
trate involving surrounding parenchyma to varying degrees 
(interface hepatitis). Immunohistochemical studies have 
revealed a predominance of αβ T cells, the majority being 
CD4 helper T cells and a sizeable minority being CD8 
cytotoxic suppressor T cells. Other cells present include 
natural killer (NK) cells, monocytes/macrophages, and γδ 
T and B cells.

Antigen‐restricted immune‐mediated injury is driven 
through a combination of cellular and antibody‐medi-
ated immunological attack against liver‐specific targets. 
Th1, Th2, and Th17 cells interact to generate disease. 
Th1 cells enhance HLA class I expression and induce 
expression of HLA class II molecules on hepatocytes, 
Th2 cells favour autoantibody production by B lympho-
cytes and Th17 cells play a role in organ‐specific autoim-
mune inflammation (Fig. 19.3).

A considerable number of IL17 (a potent pro‐inflam-
matory cytokine)‐producing cells can also be present in 
the inflammatory infiltrate of the livers of patients with 
AIH. The role of Th17 cells in AIH is incompletely 
understood. IL17 produced by Th17 cells has been 
shown to induce IL6 (pro‐/anti‐inflammatory cytokine) 
expression in hepatocytes, stimulating Th17 cells fur-
ther, resulting in a positive feedback loop between Th17 
cells and hepatocytes and exacerbating the inflammatory 
process. Depending on the state of the immune system 
and IL6 production, a reciprocal relationship is thought 
to exist between Th17 cells and Tregs in both develop-
ment pathways and function.

Studies have shown that Tregs in AIH are reduced in 
number and function with decreased proliferative activ-
ity in response to stimulation. Their ability to produce 
IL10 (anti‐inflammatory cytokine) has been shown to be 
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Fig. 19.2 Later results of the Royal Free Hospital trial of 
prednisolone in chronic autoimmune hepatitis. Note the 
improved survival in the treated group. Source: Kirk et al. 1980 [36]. 
Reproduced with permission of BMJ Publishing.
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impaired, contributing to a functional impairment [9]. 
Tregs were found to have both impaired suppressive 
capacity and increased susceptibility to apoptosis follow-
ing contact with hepatic microenvironment that was rich 
in pro‐inflammatory cytokines but deficient in IL2. 
Exogenous IL2 reversed these effects, suggesting a pos-
sible mechanism to explain Treg dysfunction in inflamed 
tissue such as in AIH. IL2 supplementation in addition to 
Treg therapy is an experimental paradigm being explored 
potentially to restore immune homeostasis in autoim-
mune liver diseases (AILDs) [10]. In contrast, some stud-
ies have demonstrated no differences in the frequency 
and function of peripheral Tregs in AIH. In one study, 
intrahepatic Tregs were noted to be increased in 
untreated type 1 AIH whereas immunosuppression 
resulted in a disproportionate loss [11].

The role of B cells in AIH remains unclear. They are 
mainly responsible for antibody production. Although AIH 
is characterized by the presence of autoantibodies, they are 
not generally disease specific, nor do they correlate with 
disease severity or outcome. B cells can act as antigen‐pre-
senting cells (APCs) and modulate immune responses by 

cytokine production. Preclinical and clinical studies investi-
gating the effect of B‐cell depletion in AIH have produced 
contradictory results, although in many patients a clear 
response has been noted [12,13]. B‐cell activating factor 
(BAFF) is a cytokine that influences B‐cell survival and 
 maturation and plays a role in immune regulation. Early 
conference proceedings have shown that patients with AIH 
have significantly elevated serum BAFF concentrations that 
correlate with transaminase activity, whereas corticosteroid 
therapy markedly reduces BAFF levels.

Genetics and AIH

Genetic associations with AIH that are confirmed 
include common genetic variation in (a) HLA and (b) 
SH2B3, alongside (c) very rare coding variants in AIRE 
and GATA2.

HLA loci and AIH

The first genome‐wide association study (GWAS) of 
patients with type 1 AIH in the Netherlands confirmed 
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Fig. 19.3 Diagrammatic representation of immunopathogenesis of autoimmune hepatitis. A, a self‐antigenic peptide is presented to an 
uncommitted T helper (Th0) lymphocyte within the HLA class II molecule of an antigen presenting cell (APC). Th0 cells become activated and, 
depending on the cytokine milieu in the microenvironment, differentiate into Th1, Th2, and Th17 cells, initiating a series of immune reactions. 
B, Th1 secrete IL2 and IFN‐γ, which stimulate cytotoxic T lymphocytes (CD8), enhance expression of class I, induce expression of class II HLA 
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and IL13, which induce the maturation of B cells in to plasma (P) cells. D, expansion of plasma cells results in excess production of 
immunoglobulins, which bind to normal membrane constituents of the hepatocytes, inducing complement activation, engagement of natural 
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Th17 cells and T regulatory (Treg) cells. F, Tregs are derived from Th0 cells in the presence of transforming growth factor (TGF‐β).
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the strong involvement of the major histocompatibility 
complex region [14] and identified HLA‐DRB1*03:01 as 
a primary susceptibility genotype and HLA‐DRB1*04:01 
as secondary. In European and North American 
Caucasians, HLA‐A1‐B8, HLA‐DRB1*03:01, and HLA‐
DRB1*04:01 are associated with type 1 AIH ad DRB1*03, 
DRB1*07, and DQB1*02:01 with type 2. Those over 60 
years of age are more likely to have the HLA‐DRB1*04 
allele, which is associated with less severe disease, 
whereas HLA‐A1‐B8‐DR3 haplotype is over‐represented 
in men with AIH and strongly associated with early 
 disease onset and relapse [15]. The presence of HLA‐
DRB1*03 is associated with failure to respond to treat-
ment and a more severe disease course.

HLA associations vary around the globe and may 
explain some disease presentation differences. For example, 
in Japan and Argentina HLA‐DRB1*04:05 is associated 
with AIH, in Brazil HLA‐DRB1*13:01 and DRB3*01 are 
associated with disease, and among Mestizo Mexicans 
HLA‐DRB1*04:04 is predominant.

Non‐HLA loci and AIH

GWAS identified the first non‐ HLA genetic AIH risk 
factor; SH2B3, a protein that acts as a negative regulator 
of T‐cell activation, tumour necrosis factor (TNF) and 
janus kinase 2 and 3 signalling, and also plays a critical 
role in hematopoiesis. It is also associated with other 
autoimmune diseases such as primary sclerosing cholan-
gitis (PSC), primary biliary cholangitis (PBC), type 1 dia-
betes mellitus, and coeliac disease.

Other non‐HLA genes associated with AIH suscepti-
bility include autoimmune regulator type 1 (AIRE‐1), a 
transcription factor that regulates clonal deletion of 
autoreactive T cells. A single coding mutation of this 
transcription factor results in a severe autoimmune pol-
yglandular syndrome type 1 (APS1). Patients with APS1 
suffer from mucocutaneous candidiasis and a number of 
organ‐specific autoimmune diseases, including AIH. 
Recently, a mutation in GATA2, another haematopoietic 
transcription factor, has been shown to be associated 
with AIH, further highlighting relevant mechanisms of 
liver injury, notably Treg dysfunction [16].

Environmental and drug triggers

In patients with a presumed underlying genetic predis-
position, environmental toxins such as drugs and viral 
infections may be presented immunologically in a man-
ner that precipitates molecular mimicry.

Drugs can induce both immunologically mediated 
hepatocellular and cholestatic liver disease. Generally, 
liver injury results from the bioactivation of drugs to 
reactive metabolites, which may interact with cellular 

macromolecules, disrupt cellular signalling, and lead to 
mitochondrial dysfunction.

Emerging evidence from studies relevant to our con-
cepts underlying AIH pathogenesis have shown that iso-
niazid (INH)‐induced liver injury is immune mediated. 
Anti‐INH and cytochrome P450 antibodies were 
detected in the serum of patients who had INH‐induced 
liver failure but not those with minimal liver biochemical 
abnormality or normal serum ALT following INH treat-
ment, suggesting that INH‐induced liver failure has an 
immune‐mediated mechanism [17].

Checkpoint inhibitors such as the cytotoxic T‐lym-
phocyte antigen 4 (CTLA‐4) antibody ipilimumab and 
the programmed cell death protein 1 (PD‐1) antibodies 
pembrolizumab and nivolumab, used for the treatment 
of metastatic melanoma, are known to result in an 
autoimmune‐like drug‐induced liver injury presumed 
to be related to the blockade of T‐cell inhibition [18]. 
Both CTLA‐4 and PD‐1 promote immune tolerance 
via downregulation of T‐cell activation. Antibodies 
against these immune checkpoints can result in both 
tumour destruction and clinically relevant decreases in 
self‐tolerance.

Viral triggers

Viruses have repeatedly been shown to trigger AIH, the 
best descriptions being following hepatitis A. Sequence 
similarities between viral and self‐proteins could trigger 
autoimmunity and the simultaneous presence of inflam-
matory cytokines during virus infection may add to the 
risk of developing self‐perpetuating autoimmunity.

 Disease presentation

General features

AIH should be considered in any patient who presents 
with raised transaminase activity, particularly if the 
patient has features of other autoimmune diseases 
(Table 19.1). Type 2 disease may present more acutely, at 
a younger age (but not exclusively), and immunoglobulin 
A deficiency is often noted without elevation of immu-
noglobulin G (IgG) concentration, whereas symptoms, 
signs, family history, and associated autoimmune dis-
eases are similar for both serological groups (Table 19.2).

About 30% of patients have cirrhosis at presentation, 
suggesting that chronic hepatitis was probably present 
prior to diagnosis. Pathologists must be careful not to 
mistake the acute collapse and architectural change of 
acute severe AIH (bridging necrosis) for cirrhosis; 
equally, imaging in the acute stage can suggest cirrhosis 
when appearances in face reflect hepatic collapse.
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Patterns of presentation

AIH has a variable presentation; most patients present 
with insidious disease including 25% who are asympto-
matic. Approximately 25–30% of patients present with 
acute‐onset AIH, rarely progressing to fulminant liver 
failure. Some patients classified as having cryptogenic 
cirrhosis or seronegative fulminant hepatitis are likely to 
have acute presentations of AIH. A retrospective review 
of liver histology in the Acute Liver Failure Registry found 
that 42 of 72 patients (58%) diagnosed with acute liver 
failure of indeterminate nature had probable AIH [19].

The elderly may have an indolent progressive disease 
that is asymptomatic or masked by other concurrent 
conditions. Superimposed hepatitis E on the background 
of underlying chronic liver disease, including AIH, 
should be sought, particularly in elderly men with new‐
onset chronic cholestatic hepatitis/liver failure.

Symptoms and signs

Patients can present with a variety of non‐specific symp-
toms, including jaundice, fatigue, lethargy, nausea, ano-
rexia, weight loss, abdominal pain, pruritus, arthralgia, 
arthritis, acne, and amenorrhea. Acute presentations are 
often indistinguishable from a viral illness, and hepatic 
discomfort, anorexia, and nausea may be evident. 
Clinical features range from firm hepatomegaly and sple-
nomegaly (in which case a small liver is usually found) to 
other features of chronic liver disease. In advanced 
stages, patients can present with features of portal hyper-
tension, including ascites, encephalopathy, and oesopha-
geal varices.

Associated autoimmune diseases

AIH is associated with other autoimmune diseases in as 
many as one in three patients; exemplars include 
Hashimoto thyroiditis, Graves disease, Sjörgen syn-
drome, autoimmune haemolysis, rheumatoid arthritis, 
ulcerative colitis (UC), and idiopathic thrombocytopenic 
purpura. Approximately 40% of patients have a family 
history of autoimmune disease.

Table 19.1 Differential diagnosis for elevated transaminase 
activity

Drug‐induced liver injury
Acute viral hepatitis
Chronic viral hepatitis (hepatitis B and C predominantly; 
consider hepatitis E in the immunosuppressed)
Steatohepatitis (alcoholic and non‐alcoholic)
Autoimmune liver disease, including overlap presentations
Coeliac disease
Hypothyroidism/hyperthyroidism
Haemochromatosis
Alpha1‐antitrypsin deficiency
Wilson disease
Ischaemia (including Budd–Chiari syndrome)
Hepatic infiltration (malignant and non‐malignant)

Table 19.2 Clinical differences between serological classifications of autoimmune hepatitis

Type 1 AIH Type 2 AIH

Relative prevalence >80% 20% in Europe, 4% in USA
Autoantibodies commonly 
associated

ANAs, SMAs LKM 1, LC 1

Gender (female : male) 4 : 1 9 : 1
Geography Worldwide Predominately common in Northern Europe
Age of onset All ages. Median age 40 years Average 10 years old but seen in adults, specifically in 

Europe
Other commonly associated 
autoimmune diseases

Prevalence of 17–48%: thyroid 
disease, synovitis, ulcerative colitis

Prevalence unclear: diabetes, thyroid disease, vitiligo, 
pernicious anaemia, IgA deficiency

Presentation Variable. Acute onset rare Likely to present acutely. Frequently presents with 
cirrhosis in children and more aggressively

Response to treatment Excellent response Likely to be more treatment resistant, higher relapse 
rates, inevitable need for long‐term immunosuppression

Progression of disease 25% have cirrhosis at diagnosis; 
45% develop cirrhosis

~80% develop cirrhosis

ANAs, antinuclear antibodies; LKM 1, anti‐liver kidney microsomal type 1; LC 1, liver cytosol type 1; SMAs, anti‐smooth muscle antibodies.
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 Laboratory features

Liver biochemistry and immunoglobulins

IgG concentrations commonly 1.2–3.0 times the upper 
limit are found in 85% of patients accompanied by eleva-
tions in serum transaminase activity ranging from minor 
elevations to values in the thousands. A minority of 
patients, particularly those who present acutely, may have 
normal IgG concentrations. In the authors’ experience, 
patients with type 2 disease often do not have  significant 
IgG elevations. Clinically, it is also relevant to look at the 
absolute IgG concentration in a patient at presentation 
and to gauge an individual’s response to therapy, as in 
some patients the IgG concentration remains within the 
normal range, but still decreases with therapy.

Elevated alkaline phosphatase (ALP) values can also be 
seen and, if greater than threefold, should prompt 
 additional investigation of the biliary system. Jaundice, 
coagulopathy, and hypoalbuminaemia may be noted in 
very acute presentations. Haemolysis (often accompa-
nied by a low serum ALP value and an increased AST : 
ALT ratio) should prompt exclusion of haemolytic 
Wilsonian crisis.

Serology

Autoantibody positivity assists in diagnosis and allows 
subclassification (Table 19.3). The usual titres of serum 
autoantibodies are at or above 1 in 40–80, but found in 
isolation they have low positive predictive values since 
the prevalence of autoantibodies in healthy individuals 
exceeds the burden of disease; their presence also 
increases with age. Lower titres, at or above 1 in 20, are 
of significance only in children and correlate with  disease 
activity.

Seronegative disease can occur (Fig. 19.4). Antibody 
titres and specificity can vary throughout the disease 
course; seronegative individuals may develop autoan-
tibodies later in the disease, hence repeat testing in 
these patients and those with low antibody titres at 
presentation is recommended. Routine repeat serol-
ogy is not proven to be necessary, although in paediat-
rics serological remission can be used as one of the 
treatment  endpoints [20]. The presence of autoanti-
bodies without other features of AIH is not diagnostic 
of AIH, and conversely their absence does not  preclude 
a diagnosis of AIH in the presence of other supporting 
features.

Table 19.3 Autoantibodies commonly associated with chronic liver disease

Autoantibody Target Reported associations

Nucleus
ANAs Nuclear membranes and DNA (general) Type 1 AIH, PBC, NAFLD, chronic hepatitis B/C
Histones Nucleosomes Type 1 AIH, PBC
pANCA Neutrophil granules Type 1 AIH, PSC, PBC

Microsomal
LKM 1 Mitochondrial enzyme CYP450 2D6 Type 2 AIH, hepatitis C

Mitochondrial
AMAs ATPase‐associated antigens of inner 

mitochondrial membrane
PBC, AIH

Smooth muscle
SMAs Fibroblast actin, tubulin, and 

intermediate filaments (general)
Type 1 AIH, PSC, PBC, chronic hepatitis B/C, NAFLD

Actin F‐actin specifically Type 1 AIH

Cytosol
SLA/LP UGA repressor tRNA‐associated 

protein
AIH; can be a marker of patients with a very high relapse risk, 
therefore cessation of therapy is not advisable if a patient is SLA/
LP positive

Liver cytosol 1 Formiminotransferase cyclodeaminase Type 2 AIH, chronic hepatitis C

AIH, autoimmune hepatitis; ANAs, antinuclear antibodies; AMAs, antimitochondrial antibodies; SMAs, anti‐smooth muscle antibodies; LKM 1, 
anti‐liver kidney microsomal type 1; LC 1, anti‐liver cytosol 1; NAFLD, non‐alcoholic fatty liver disease; pANCA, perinuclear antineutrophil 
cytoplasmic antibody; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; SLA/LP, soluble liver and pancreas antigen.
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Antinuclear antibodies

ANAs are present alone (approximately 10%) or with 
SMAs (approximately 50%) in two‐thirds of patients. 
Classic AIH is associated with homogeneous, speck-
led and nucleolar ANA patterns. ANAs in AIH are 
non‐specific.

Smooth muscle antibodies

SMAs are present in approximately 90% of AIH patients 
either in isolation (approximately one‐third) or with 
ANAs (approximately half ). However, SMAs are very 
non‐specific since low titres are frequent in healthy indi-
viduals, especially those over 60 years of age and in viral, 
autoimmune, or malignant disease. Anti‐F‐actin anti-
bodies are more specific for type 1 AIH; however, assays 
are not universally available [21]. ANA and SMA levels 
fluctuate during the course of AIH and may disappear 
with corticosteroid therapy. Neither their titre at diagno-
sis nor their fluctuation during the course of illness 
 predicts outcome in adult patients.

Microsomal antibodies

There are four subclassifications of LKM. LKM 1 reacts 
with the mitochondrial enzyme cytochrome P450 2D6 
subtype (CYP2D6), inhibiting its activity in vivo. CYP2D6 
metabolizes several known medications, including anti-
hypertensives and benzodiazepines, and is genetically 
polymorphic. LKM 2 reacts with CYP450 2C9 and has 
been associated with hepatitis caused by the drug tic-
rynafen (tienilic acid), withdrawn from the US market in 
1982. LKM 3 has affinity to uridine diphosphate glucu-
ronosyl transferase and was previously associated with 
chronic hepatitis D. LKM 4 recognizes CYP1A2 and 
CYP2A6 (with an immunofluorescence pattern indistin-
guishable from that of LKM 1) and has been described in 
patients with AIH associated with autoimmune polyen-
docrinopathy–candidiasis–ectodermal dystrophy.

Anti‐LKM 1 is seemingly rare in the USA, occurring in 
only 4% of adults with AIH. It has been described mainly in 
paediatric patients in Europe, but 20% of patients with 
anti‐LKM 1 in France and Germany are adults. In UK adult 
practice, 1–2% of patients with AIH have type 2 AIH.

Hepatitis

Exclude viral, metabolic and drug induced liver disease

ANA pos

AMA pos AIH

Up to ~20% of classic AIH
is AMA poss, often in isolation

Up to ~20% of healthy individuals
are ANA pos 

Up to ~40% of healthy individuals
are SMA pos 

SMA neg SMA pos SMA pos

Up to ~35% of
Type 1 AIH

Up to ~65% of
Type 1 AIH

LKM-1 neg LKM-1 pos

Consider reference
laboratories for

anti-SLA/LP
Sero-negative autoimmune
hepatitis still occurs in <5%

~90% of
Type 2 AIH have

this profile

F-actin ELISA if
biopsy not classic

SMA neg

ANA neg

ANA pos

Liver biopsy
(if no PSC)

MRI Cholangiography
? sclerosing cholangitis

ANA neg

Cholestasis

AMA pos

PBC

>90% have this profile
Confirm specific AMA by
ELISA (AMA-M2 or MIT3)

AMA neg

0.5–1% of healthy
individuals are

AMA pos

Specific ANAs are seen
in PBC (gp210/sp100)

and most patients
(>85%) with AMA neg

PBC are ANA pos

Non-specific ANA
frequently seen in PSC

Fig. 19.4 Use of serology to distinguish patterns of autoimmune liver disease. ANA, antinuclear antibody; AMA, antimitochondrial 
antibody; ELISA, enzyme‐linked immunosorbent assay; LKM 1, anti‐liver kidney microsomal type 1; PBC, primary biliary cholangitis; PSC, 
primary sclerosing cholangitis; SMA, anti-smooth muscle antibody.
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In paediatrics, the presence and titre of anti‐LC 1 have 
been shown to correlate well with disease activity and 
may be associated with aggressive, recurrent disease.

Both anti‐LKM 1 and anti‐LC 1 can occur either alone 
or together in type 2 AIH. As with any autoantibody, 
 neither is truly disease specific, but both do have high 
sensitivity.

Soluble liver and pancreas antigen

Initially, individuals who were soluble liver and pancreas 
antigen (SLA/LP) positive were classified as having type 
3 AIH; however, given that anti‐SLA/LP is also found in 
50% of patients with type 1 AIH, the proposed type 3 
classification of AIH has been abandoned.

About 10–30% of patients with type 1 AIH are SLA/LP 
positive. Anti‐SLA/LP is a better marker of AIH since 
normal individuals and those with non‐hepatic disorders 
are invariably anti‐LP negative. It has a high diagnostic 
value, with 99% specificity for AIH, and its presence at 
the time of diagnosis may identify patients with more 
severe disease and outcome [22]. Anti‐SLA/LP antibod-
ies have been shown to be strongly associated with 
DRB1*03:01.

In addition to conventional antibodies, anti‐SLA/LP 
may be associated with antibodies to ribonucleoprotein/
Sjogern syndrome (SS) A antigen (anti‐Ro/SSA) and 
anti‐Ro52 conversely can be the sole antibody detectable 
in patients.

Mitochondrial antibodies

Anti‐mitochondrial antibodies (AMAs) may be found in 
approximately 20% of patients with AIH. They are  usually 
lower in titre (≤1 : 40) and can represent false positives 
misinterpreted by indirect immunofluorescence. The 
presence of AMAs must not be taken directly to imply an 
AIH–PBC overlap syndrome. A long‐term study of AIH 
patients who were persistently AMA  positive showed 
that these individuals had the same  laboratory, histologi-
cal, and clinical features and treatment outcomes as 
AMA‐negative individuals [23].

 Imaging

Imaging in AIH is useful in excluding important differ-
ential diagnoses such as acute Budd–Chiari syndrome, 
infiltrative disease, and unsuspected biliary processes. 
Doppler ultrasound is the initial investigation method of 
choice. In those with an acute/subacute presentation of 
AIH there is often marked histological architectural col-
lapse. Radiologically, this may give a pseudo‐cirrhotic 

appearance in the absence of true cirrhosis. Furthermore, 
in subacute liver failure, splenomegaly and ascites can be 
present without true chronic liver disease.

Biliary overlap is variably reported, more commonly in 
those presenting in childhood, suggesting that magnetic 
resonance cholangiography should be routinely consid-
ered for those with AIH presenting in childhood or as 
young adults, or who do not respond classically to treat-
ment [24]. Careful interpretation is needed, as those with 
a cirrhotic liver may have peripheral secondary biliary 
changes consequent on architectural distortion resem-
bling those of sclerosing cholangitis.

Cirrhosis regardless of aetiology is a risk factor for hepa-
tocellular carcinoma (HCC) [25], and those with biopsy‐
proven cirrhosis or imaging highly suggestive of this after 
initial presentation may be considered for HCC surveil-
lance programmes, although HCC in cirrhotic AIH likely 
occurs at a frequency of only just over 1% per year.

On treatment, imaging periodically is appropriate. 
A change in spleen size, alongside thrombocytopenia, is 
a useful parameter to evaluate the need for variceal 
 surveillance. The use of transient elastography to stage 
and monitor disease is evolving and is discussed later.

 Liver biopsy and histological 
features

Few would be confident enough to diagnose and manage 
AIH without histology. Occasionally, a presumptive 
diagnosis is made without a liver biopsy, for example 
when contraindications to percutaneous biopsy exist or 
transjugular biopsy is unavailable. Generally, however, a 
liver biopsy should always be performed to identify fea-
tures suggestive of AIH, exclude alternative liver disease 
(in particular viral inclusions, vascular disease, non‐alco-
holic steatohepatitis, alcoholic hepatitis, infiltration by 
lymphoma or adenocarcinoma, and Wilson disease), 
grade inflammatory activity, and estimate fibrosis.

Those with access to laparoscopic biopsy are aware 
that the disease is not necessarily homogeneous. To min-
imize sampling error, adequately sized liver specimens 
(≥2.5 cm) are essential as both parenchymal and biliary 
evaluations are important. Pretreatment histological 
findings may help predict outcomes [26], and during 
treatment liver biopsy is used to confirm resolution of 
histological activity before therapy cessation. Histological 
activity commonly lags behind biochemical response by 
at least 3–6 months. Portal plasma cell infiltrates, while 
the patient is on immunosuppressant therapy, are associ-
ated with relapse upon stopping treatment. However, an 
inactive biopsy does not equate with an absent risk of 
relapse.
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Histological features

Although there are certain characteristic features, none 
are specific for AIH diagnosis. Indeed, features such as 
lymphoplasmacytic interface hepatitis (mononuclear 
cell infiltrate invading the limiting plate, i.e. the sharply 
demarcated hepatocyte boundary surrounding the por-
tal triad), lobular hepatitis and centrilobular necrosis, 
can also occur in chronic hepatitis of other causes 
(Fig.  19.5, Fig.  19.6, Fig.  19.7). It is therefore usual for 
reports to conclude that features are consistent with 
AIH, but viral and drug‐induced liver injury cannot be 
excluded. The degree of plasmacytosis can be useful in 
discriminating AIH from viral hepatitis. A paucity of 
plasma cells can occur in 33% of AIH patients and their 
absence or the presence of low numbers does not exclude 
AIH. The presence of emperipolesis (active penetration 
by one cell into and through a larger cell) is also  frequently 

seen in AIH but is not truly disease specific. Close atten-
tion must be paid to biliary features, as it is not infre-
quent for patients with PBC to have interface activity and 
initially reported as having AIH. Finally, giant cell 
changes can be seen, and may be a reflection of aggres-
sive disease.

Simplified grading

In a simplified scoring system, histology is graded atypi-
cal, compatible with AIH, and typical. Interface hepati-
tis, lymphocytic/lymphoplasmacytic infiltrates in portal 
tracts and extending into the lobule, emperipolesis, and 
hepatic rosette formation are regarded as typical for 
AIH [27]. To be considered typical, all features of classic 
AIH histology need to be present. Compatible features 
are chronic hepatitis with lymphocytic infiltration 
 without all the features considered usual. Histology is 
considered atypical when showing signs of another 
diagnosis, such as steatohepatitis, a condition that 
increasingly coexists with AIH and confounds evalua-
tion. One study found emperipolesis and hepatocyte 
rosette formation to be superior independent histologi-
cal predictors of AIH in comparison with interface hep-
atitis and plasmacytosis [28].

Classical histological features of AIH may be absent or 
less pronounced in patients presenting acutely; instead, 
centrilobular haemorrhagic and massive/submassive 
liver necrosis predominates in 86% of patients. Central 
perivenulitis in addition to lymphoplasmacytic interface 
hepatitis supports a diagnosis of AIH in 50–90% of 
patients with acute liver failure.

Fig. 19.5 Gross histological features of autoimmune hepatitis. (H 
& E, ×50.) Image provided by Dr Oyedele Adeyi, Staff Pathologist, 
Ass. Professor, Department of Laboratory Medicine & 
Pathobiology, University of Toronto.

Fig. 19.6 Plasma‐cell‐rich hepatitis in acute autoimmune 
hepatitis. (H & E, ×100.) Image provided by Dr Oyedele Adeyi, Staff 
Pathologist, Ass. Professor, Department of Laboratory Medicine & 
Pathobiology, University of Toronto.

Fig. 19.7 Interface hepatitis, a characteristic lesion in 
autoimmune hepatitis. (H & E, ×200.) Image provided by 
Dr Oyedele Adeyi, Staff Pathologist, Ass. Professor, Department of 
Laboratory Medicine & Pathobiology, University of Toronto.
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Biliary lesions

The portal lesion generally spares the biliary tree but 
approximately 10% of biopsies may show duct destruc-
tion (not associated with detectable AMAs), and addi-
tionally approximately 10% show lymphocytic infiltration 
of bile duct epithelium without ductopenia [29]. The his-
tological pattern of injury may be indistinguishable from 
that in PBC. Just as the presence of AMAs does not mean 
that the patient has PBC, biliary changes are not synony-
mous with a diagnosis of an AIH–PBC overlap syn-
drome. All features need to be considered in the context 
of the presentation of the patient, including severity of 
the underlying liver disease (Fig. 19.8 and Fig. 19.9).

Fibrosis and necroinflammatory activity

Some degree of fibrosis is almost always present. With 
disease progression, periportal fibrosis in addition to for-
mation of portal–portal and portal–central bridges and 
nodular regeneration results in cirrhosis. The severity of 
necroinflammatory activity is variable, ranging through 
mildly active hepatitis, bridging necrosis, and massive 
hepatic necrosis (which should not be mistaken for 
 cirrhosis). The degree of hepatocyte necrosis is not suffi-
ciently reliable to determine prognosis, as sampling 
variation is common in those with an acute liver injury. 
Ballooning degeneration, spotty hepatocyte necrosis, and 
apoptotic bodies are common but not specific. Syncytial 
multinucleated hepatocyte giant cells are seen in some, 
and giant cell hepatitis, seen more in children, is fre-
quently, but not always, a variant of AIH. Giant‐cell hepa-
titis is also noted in atypical viral infections (reportedly 
paramyxoviral infection and human herpesvirus 6) and 
also occasionally in PBC and drug‐induced liver injury.

Surrogate markers of fibrosis

A prospective pilot study in patients with AIH showed 
that liver stiffness determined by transient elastography 
correlated positively with histological fibrosis. Transient 
elastography was shown to be accurate in diagnosing 
severe versus non‐severe fibrosis in patients who had 
been on immunosuppression treatment for 6 months. 
At presentation or relapse, liver inflammation will impact 
on stiffness and therefore the accuracy of determining 
the fibrosis stage; hence the utility of elastography may 
prove to be in follow‐up and risk stratification for com-
plications of cirrhotic liver disease [30].

 Differential diagnosis

AIH remains a diagnosis of exclusion, and one traditionally 
confirmed by adequate treatment response. Relapse off‐
treatment can also be seen as confirmation of a diagnosis. 
Clinicians must remain vigilant for viral, drug, and meta-
bolic (e.g. Wilson disease) presentations that mimic AIH. 
The natural history of such insults can make it appear that 
the processes are corticosteroid responsive if treatment is 
started on the assumption that the disease is AIH. Re‐evalu-
ation of patients who do not respond to therapy as expected 
is also important, although in this regard adherence rather 
than an alternative diagnosis is frequently most relevant.

Drug injury

It is not always possible to exclude drug‐induced liver 
injury adequately. Drug‐related injury can mimic every 

Fig. 19.8 Trichrome staining demonstrating marked interface 
hepatitis in acute autoimmune hepatitis, with plasma cell 
infiltration and incidental duct injury. (×200.) Image provided by 
Dr Oyedele Adeyi, Staff Pathologist, Ass. Professor, Department of 
Laboratory Medicine & Pathobiology, University of Toronto.

Fig. 19.9 Cytokeratin 7 stain demonstrating bile duct injury in 
acute‐onset autoimmune hepatitis. Image provided by Dr Oyedele 
Adeyi, Staff Pathologist, Ass. Professor, Department of Laboratory 
Medicine & Pathobiology, University of Toronto.
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clinical, biochemical, serological, and histological feature 
of AIH. It is of interest, however, that one study showed 
less histological activity in drug‐related liver injury com-
pared with AIH; in addition, portal neutrophils and 
intracellular cholestasis were more prevalent in drug‐
related liver injury [31].

It is difficult to determine with complete certainty 
whether a drug or herbal remedy is responsible for pre-
cipitating AIH, or if the drug‐induced illness is on a 
background of inherited predisposition. It is also possi-
ble that previously silent AIH had remained undetected 
until evaluation. Clinically, care must be taken to exam-
ine for significant lymphadenopathy, rash, or neurologi-
cal changes. Peripheral blood eosinophilia may suggest a 
drug injury; the so‐called DRESS syndrome (drug rash 
with eosinophilia and systemic symptoms) includes 
 hepatitis in half of the cases.

No list of potential hepatotoxic drugs can be complete 
(Table 19.4). Nitrofurantoin and minocycline are impli-
cated in 90% of drug‐induced AIH cases worldwide [32]. 
Biological agents such as the anti‐TNF monoclonal anti-
bodies have been reported to precipitate AIH, although 
the mechanism may differ, as the mode of activity of the 
drug probably alters normal immune function.

Viral hepatitis

Appropriate testing for hepatitis B (HBV) and C (HCV) 
viruses is necessary; for acute HBV, it is important to 
screen for HBsAg and anti‐HBc IgM. Acute HCV can be 
associated with fluctuating serology and repeat test-
ing  may be appropriate; serology (anti‐HCV) can be 

 negative, especially early after exposure, and HCV RNA 
is usually detected first. Immunocompromised patients 
may test negative for anti‐HCV for much longer. Another 
unique characteristic of acute HCV infection is the fluc-
tuation of HCV RNA levels, very low levels frequently 
being encountered.

When performing a viral screen, testing for the 
 presence of hepatitis A and E, Epstein–Barr virus, ade-
novirus, and parvovirus should be considered if clinically 
there is doubt about the diagnosis, and if the patient is 
immunosuppressed. If giant‐cell changes are noted in 
the liver histology of an AIH patient, testing for para-
myxovirus or human herpes 6 virus should be consid-
ered. HIV status can be relevant, especially as immune 
reconstitution with highly active antiretroviral agents 
may lead to autoimmune disease, in addition to reports 
of drug‐induced AIH.

Metabolic

Clinicians need to be mindful to give appropriate consid-
eration to Wilson disease and alpha‐1‐antitrypsin 
 deficiency, recognizing that careful interpretation of 
liver histology is important alongside the appropriate use 
of genetic testing.

 Diagnostic dilemmas

Autoantibody‐negative patients

Approximately 10–20% of AIH patients are initially 
seronegative for conventional autoantibodies, which 
may appear a few weeks later or during immunosuppres-
sive treatment or remain negative despite repeat testing. 
Evaluation for the highly specific anti‐SLA/LP antibod-
ies and other non‐conventional antibodies including 
pANCA and anti‐LC 1, if available, should be consid-
ered. The presence of anti‐ANAs or SMAs does not 
 correlate with the clinical or histological severity of AIH 
at diagnosis, but the degree of hypergammaglobulinae-
mia may do (rarely may not be present at diagnosis). 
Furthermore, no correlation exists between antibody 
status and response to therapy. If patients meet the 
 diagnosis of AIH based on other criteria, immunosup-
pressive therapy should be considered, regardless of anti-
body status [33]. Response to therapy would confirm a 
diagnosis of autoantibody‐negative AIH.

Viral hepatitis

Around 20–40% of patients with either chronic HBV or 
HCV are persistently positive for various autoantibodies, 
usually, but not always, at low titres (1 : 20 or 1 : 40). 

Table 19.4 Drugs implicated in precipitating an autoimmune‐like 
hepatitis

Minocycline
Nitrofurantoin
Statins
Anti‐tumour necrosis factor agents
Interferon‐α
Indomethacin
Ramipril
Terbinafine
Orlistat
Dihydralazine
Methyldopa
Halothane
Checkpoint inhibitors: ipilimumab, pembrolizumab, and 
nivolumab
Anti‐tuberculosis drugs, in particular isoniazid
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Distinction of chronic viral hepatitis from AIH is impor-
tant, because interferon therapy can potentially exacer-
bate autoimmune conditions, and corticosteroids can 
enhance viral replication, although in the context of 
highly effective direct‐acting antiviral agents this has 
become essentially historical because of the ease of 
eliminating chronic viral infections. Anti‐LKM 1 anti-
bodies were recognized to be prevalent in HCV disease, 
generating much debate. Patients with anti‐LKM 1 anti-
bodies infected with HCV have less serological reactiv-
ity to recombinant CYP2D6 than HCV‐negative 
patients. This suggests that the LKM antibodies in these 
two diseases are different. Although no longer relevant 
to current practice, the consensus is that interferon 
therapy is safe in patients with HCV with anti‐LKM 1 
autoantibodies and/or ANA/SMA, and that serological 
features of autoimmunity are not related to interferon‐
related outcomes [34].

Coeliac disease

Gluten enteropathy can coexist with liver disease, or may 
itself cause liver test abnormalities. The false‐positive 
rate of anti‐tissue transglutaminase (TTG) antibody test-
ing has been estimated to be nearly 50% in patients with 
PBC and AIH, depending on the assay used. Therefore, 
small‐bowel biopsy must follow a positive anti‐TTG test 
in patients with AILD. Treatment with a gluten‐free diet 
does not directly improve the outcome of patients with 
AILD, but is important to focus on in those with coexist-
ing diseases.

 Making a diagnosis in practice

In the absence of specific clinical and biochemical 
findings, a diagnosis of AIH must be reached by a sys-
tematic and careful evaluation of the patient and 
exclusion of alternative diagnoses. Clinical scoring 
systems (Table 19.5 and Table 19.6) can help, although 
sometimes their origins relate to research‐driven con-
cerns rather than routine clinical practice; all empha-
size the importance of a liver biopsy (unless unsafe to 
perform).

International Autoimmune Hepatitis 
Group (IAIHG)

The original IAIHG scoring system was shown to have 
very high sensitivity, ranging from 97% to 100% for AIH 
diagnosis in North America, Europe, and Japan. The 
overall diagnostic accuracy was nearly 90%. The primary 
purpose of the scoring system was to allow research 
studies on well‐defined patients and not to generate a 

 clinician‐friendly algorithm. A revised IAIHG score in 
1999 did improve the diagnostic accuracy for AIH, 
alongside exclusion of biliary disease, but remained 
unwieldy [35].

Table 19.5 Revised diagnostic criteria for autoimmune hepatitis [35]

Category Factor Score

Gender Female +2
ALP : AST (or ALT) 
ratio

>3 −2
<1.5 +2

Globulins or IgG 
(× upper limit of 
normal)

>2 +3
1.5–2.0 +2
1.0–1.5 +1
<1.0 0

ANAs, SMAs, or anti‐
LKM 1 titres

>1 : 80 +3
1 : 80 +2
1 : 40 +1
<1 : 40 0

AMAs Positive −4
Hepatotoxic drugs Yes −4

No +1
Alcohol <25 g/day +2

>60 g/day −2
Concurrent immune 
disease

Any non‐hepatic disease of an 
immune nature

+2

Other autoantibodies Anti‐SLA/LP, actin, LC 1, p‐ANCA +2
Histological features Interface hepatitis +3

Plasma cells +1
Rosettes +1
None of above −5
Biliary changes −3
Atypical features −3

HLA DR3 or DR4 +1
Treatment response Remission alone +2

Remission with relapse +3
Pretreatment score
Definite diagnosis >15
Probable diagnosis 10–15
Post‐treatment score
Definite diagnosis >17
Probable diagnosis 12–17

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate 
transaminase; ANAs, antinuclear antibodies; AMAs, 
antimitochondrial antibodies; pANCA, perinuclear antineutrophil 
cytoplasmic antibody; SMAs, anti-smooth muscle antibodies; 
LC 1 anti‐liver cytosol 1; LKM 1, anti‐liver kidney microsomal type 1; 
SLA/LP, soluble liver and pancreas antigen.
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2008 simplified scoring system

A simplified, clinically useful scoring system was pub-
lished in 2008 [27] based on two patient cohorts: a train-
ing set (n = 250) and a validation set (n = 109, including 
10 ‘overlap patients’). When applied to a validation 
cohort, this simplified system had 88% sensitivity and 
97% specificity (cut‐off ≥6) and 81% sensitivity and 99% 
specificity (cut‐off ≥7). Lack of standardization, particu-
larly in autoantibody testing, remains a limitation for cli-
nicians, as may access to experienced liver pathologists.

Scoring systems should be used with caution when 
assessing patients with acute or fulminant onset AIH as the 
diagnosis may be missed. The challenge in diagnosis is that 
25–39% of patients have normal IgG concentrations and 
9–17% are autoantibody negative at presentation.

 Management strategies

Corticosteroid therapy has been used since the 1950s, with 
an appreciation over time that corticosteroids improve 
symptoms, biochemistry (serial monitoring of serum AST 
levels on treatment demonstrate rapid reductions in levels, 
often within hours), and survival. The relapsing course off 
corticosteroids confirmed a need for long‐term mainte-
nance therapy using corticosteroid‐sparing agents, com-
monly azathioprine or 6‐mercaptopurine. Randomized 
studies support sustained corticosteroid‐induced remis-
sion (normal transaminases, IgG concentration, and 
 inactive histology) [36] on maintenance with azathioprine 
for over 90% of type 1 patients [37–39].

Who and how to treat AIH?

So called ‘absolute indications’ for treatment are (1) 
serum transaminases more than 10 times upper limit of 

normal, or (2) transaminases elevated by more than five-
fold with a greater than twofold elevation in IgG, or (3) 
histological evidence of bridging or multiacinar necrosis. 
These criteria represent a severe end of the disease 
 spectrum, in which studies have shown that untreated 
patients have a poor prognosis with a 5‐ and 10‐year sur-
vival of 50% and 10%, respectively [4,36). Such patients 
should be offered immunosuppressive treatment, given 
the clear survival benefits and excellent patient out-
come with 10‐year survival rates exceeding 80% [20].

Patients outside the criteria are still appropriate to treat, 
but individual judgement is exercised, with a composite 
assessment of symptoms, liver biochemistry, and histology. 
Treatment consideration should be given to symptomatic 
and younger patients with the hope of preventing cirrhosis. 
In addition, unless contraindicated, therapy should always 
be commenced in patients with active disease and cirrho-
sis, even those with mild biochemical abnormality. 
Cirrhosis has been shown to be associated with liver‐
related death/transplantation and reduced 10‐year sur-
vival (67% versus 97% in patients without  cirrhosis). 
Regression of scarring in successfully treated patients with 
cirrhosis and moderate fibrosis has been reported.

The benefits of treating asymptomatic patients with 
mild interface hepatitis is less well established, as 10‐year 
survival rates in untreated patients with mild interface 
hepatitis have been reported to be in the range 67–90%. 
An individualized decision not to treat may be justified in 
this subgroup of patients provided that they are closely 
monitored with regular clinic follow‐up. However, the dis-
ease course of untreated mild AIH remains unknown, 
asymptomatic patients may become symptomatic during 
follow‐up, and disease progression may occur, leading most 
to treat, particularly since options such as budesonide can 
reduce the corticosteroid burden. Additionally, a 10‐year 
survival in a 40‐ or 50‐year‐old is not the goal of treatment; 
that goal is 30‐ or 40‐year survival. Although spontaneous 
resolution of AIH is possible, resolution of inflammatory 
activity occurs less frequently and completely in untreated 
(12%) versus treated patients (63%) [40].

Patients who present with signs of liver failure and are 
not candidates for medical therapy or are progressing 
rapidly to acute liver failure are candidates for liver trans-
plantation rather than corticosteroid treatment, which 
may only add to a risk of sepsis [41]. Initiation of corti-
costeroids may be appropriate in acute severe AIH; how-
ever, this should only be done in the context of access to 
transplantation [42]. Failure to improve prognostic 
scores within 7 days of corticosteroid treatment in an 
icteric AIH presentation indicates a high risk of acute 
liver failure and therefore early consideration of trans-
plantation [42]. Fulminant AIH should be distinguished 
from active decompensated cirrhosis, where corticoster-
oid therapy can lead to excellent results.

Table 19.6 Simplified criteria for diagnosing autoimmune 
hepatitis [27]

Variable Cut‐off Points Cut‐off Points

ANAs or 
SMAs

≥1 : 40 1 ≥1 : 80

LKM – – ≥1 : 40 2
SLA – – Positive
IgG >ULN 1 >1.1 × ULN 2
Histology Compatible 1 Typical 2
Absence of 
viral 
hepatitis

– – Yes 2

Addition of points achieved for all autoantibodies (maximum, 
2 points). Probable AIH ≥6 points; definite AIH ≥7 points.
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Azathioprine has a role in maintenance. Once remis-
sion is achieved, addition of azathioprine permits a 
reduction of the corticosteroid dose. In one trial, aza-
thioprine (75 mg/day) was stopped and prednisolone 
continued at a maintenance dose of 5–12.5 mg/day. 
The probability of relapse within 3 years was 32% in 
patients who stopped azathioprine compared with 6% 
in those who continued combination therapy [38]. In 
another study, patients were randomized to high‐dose 
azathioprine (2 mg/kg/day) after withdrawal of predni-
solone or continued combination therapy (predniso-
lone 5–10 mg/day and azathioprine 1 mg/kg/day). 
There were no significant differences between the two 
groups and no patient relapsed on azathioprine alone 
at 1‐year follow up. Biochemical and histological 
remission was subsequently sustained in 83% of 
patients on azathioprine over the longer term [39]. In 
retrospective clinic cohort studies, failure to use aza-
thioprine (or equivalent) has been associated with 
poorer long‐term outcomes.

Treatment approaches

Two general treatment strategies have developed: (1) 
prednisolone monotherapy and (2) combination ther-
apy, either from the outset or with addition of aza-
thioprine (or 6‐mercaptopurine if preferred) a few 
weeks later (Table 19.7). Both strategies work but the 
majority of clinicians use a combination approach 
from the start, since this is associated with a lower 
occurrence of corticosteroid‐related side effects (10% 
versus 44%) [37]. Some may choose budesonide as 
first‐line therapy instead of prednisolone. Both corti-
costeroids and  azathioprine have side‐effects (Table 19.8) 

and monitoring is essential (Table 19.9), particularly for 
azathioprine.

Corticosteroid dose

Protocol‐driven treatment is not logical, and it seems 
sensible to tailor treatment to the individual patient 
(including age, co‐morbidities, severity of presentation) 
and response, in particular to falls in serum ALT and IgG 
concentrations. One approach is 20 mg of prednisolone 
daily with azathioprine 1–2 mg/kg/day either from the 
outset or once treatment response is confirmed. Two to 
three months of 20 mg prednisolone daily is followed by 
therapy for 1–2 years at around 5–10 mg/day, the aim 
being to maintain normal liver biochemistry and IgG 
concentrations. Higher prednisolone doses of 30–40 mg/
day have been used, especially in younger patients with 
more aggressive disease (and better tolerability to ther-
apy). Some authors have advocated even higher starting 
doses of corticosteroid (1 mg/kg), presumably with the 
intent of rapid induction of disease control. Budesonide 
is typically started at a dose of 9 mg/day and titrated 
downwards.

Treatment response

Response to immunosuppression is assessed clinically, 
biochemically, and possibly by repeat histological evalu-
ation. In general, a biochemical response (a decrease in 
serum aminotransferase and globulins) occurs within 
1–3 months. Resolution of inflammatory activity on liver 
biopsy is one clinical end point, but interim evaluation 
relies on serum transaminases and immunoglobulin 
measurement, as this reliably monitors response to 

Table 19.7 Broad overview of initial regimens commonly used for treating autoimmune hepatitis

Initial monotherapy with subsequent 
azathioprine

Combination therapy from 
outset

Prednisolone (mg)a Azathioprine
Prednisolone 
(mg)

Azathioprine 
(mg)

Week 1 20–40 – 30 50
Week 2 20–40 – 20 50
Week 3 20–40 – 15 50
Week 4 20–40 1–2 mg/kg if 

responding and 
bilirubin <100 µmol/L

15 50
Early maintenance until 
endpoint agreed with patient

Tapering dose to 
5–10 mg by 1 year

10 50b

a Few specialists use high‐dose corticosteroids as monotherapy and most favour reducing the corticosteroid dose 
according to individual treatment response rather than per fixed protocol. Budesonide is often used as an alternative 
to prednisolone in non‐cirrhotic patients and a tapering approach to therapy is applied, alongside azathioprine.
b Weight‐based azathioprine (1–2 mg/kg/day) is generally now favoured instead of a long‐term fixed dose as previously 
proposed.
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 treatment. When treatment is stopped even after 2 years 
of normal tests, approximately 80% of patients will 
relapse, 50% within 6 months. A complete biochemical 
response is the aim, and a failure to achieve this should 
always lead to reappraisal (assuming compliance). 
A  study found that incomplete serum ALT normaliza-
tion at 6 months was a significant independent predictor 
of poor liver‐related outcomes (p < 0.01) [43].

Remission is considered upon normalization of 
transaminases, IgG concentrations, and histological 
activity. Two‐thirds of patients will enter remission 
within 18 months and 90% after 3 years of treatment. 
Histological remission lags behind clinical and biochem-
ical remission by 3–6 months, explaining prolonged 
maintenance therapy and the use of histology by some as 
the final endpoint (Fig.19.10).

Patients with mild or asymptomatic disease have  better 
responses, although patients with established cirrhosis 
at presentation can achieve remission successfully with a 
10‐year life expectancy ranging from 60% [44] to more 
than 90% [45]; the difference is probably due to varia-
tions in populations and reporting practices.

With remission, tapering of immunosuppression is 
appropriate; for example, if by 2–3 months serum 
 aminotransferase levels are normal, the prednisolone 
dose can be decreased by 2.5–5 mg/day every 2–4 weeks. 
The precise strategy is clinician and patient specific and 
relates to the initial corticosteroid dose chosen and dis-
ease severity at presentation. Corticosteroids withdrawal 
is not normally completed until after at least 12–18 
months of dual therapy.

Table 19.9 Common practice pre‐ and on‐treatment 
with corticosteroids ± azathioprine

Consider checking stools for ova and parasites
Start calcium and vitamin D supplementation
Consider baseline bone mineral density ± bisphosphonate 
prophylaxis
Check blood pressure and monitor on‐therapy periodically
Check blood and urine glucose and monitor on‐therapy periodically
Screen for cataracts
Agree blood monitoring schedule for side‐effects
Discuss adherence strategies
Advise on prevention of infection, e.g. vaccinations, avoidance 
of bites in endemic areas
Screen for previous hepatitis B and consider monitoring/
intervention based on cAb status
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Fig. 19.10 Effect of prednisolone treatment in severe chronic 
autoimmune hepatitis.

Table 19.8 Notable side‐effects of the common medications used 
in autoimmune liver disease

Drug Side‐effect

Corticosteroids Weight gain/cushingoid
Diabetes
Cataract
Hypertension/fluid retention
Poor wound healing
Osteoporosis
Adrenal suppression
Impaired response to vaccination
Susceptibility to infection

Azathioprine/
mercaptopurine*

Cytopenias
Pancreatitis/pneumonitis
Nausea/vomiting/flu‐like syndrome
Hepatotoxicity
Possible long‐term malignancy risk

Mycophenolate mofetil* Cytopenias
Diarrhoea/gastrointestinal upset
Headache
Rare colitis
Possible long‐term malignancy risk

Ursodeoxycholic acid Weight gain
Hair loss
Diarrhoea
Flatulence

*Monitoring including regular haematology and biochemistry is 
required. Mycophenolate mofetil is the only drug in this table where 
there is an absolute contraindication to use during pregnancy. Clinicians 
should be mindful of the risk of sepsis when on immunosuppressive 
therapy, particularly in those patients who are cirrhotic, where an 
episode of sepsis can result in decompensation and death.
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Maintenance of remission

Long‐term remission is maintained with low‐dose corti-
costeroid alone, or in combination with azathioprine 
(1 mg/kg/day). Maintenance with azathioprine mono-
therapy is well established and once complete remission 
has been induced and sustained, the majority of patients 
will remain in remission with azathioprine (1–2 mg/kg/
day) only. Some patients may need low‐dose predniso-
lone added back to the azathioprine. Azathioprine 
metabolite monitoring (6‐thioguanine nucleotide [TGN] 
concentrations) can be useful in identifying inadequate 
immunosuppression and maintaining remission. TGN 
concentrations >220 pmol/8 × 108 erythrocytes are 
 predicative of remission [46]. Metabolite monitoring can 
also be valuable in confirming hepatotoxicity from 
 azathioprine or mercaptopurine.

There is a natural desire for discontinuing treatment in 
the non‐cirrhotic patient. There is no agreement as to 
the treatment duration, particularly with azathioprine 
once prednisolone has been withdrawn. The current 
practice is to continue azathioprine for at least 3–5 years. 
It is recommended that a patient be in biochemical 
remission for 2 years prior to considering withdrawing 
therapy. Some factors that predict relapse are failure to 
maintain consistently normal transaminases during 
therapy, time to initial biochemical remission, high  initial 
IgG concentration, and marked portal plasma cell infil-
trate [26]. Treatment until normal liver biochemistry, 
IgG concentrations, and histological proof of inactive 
disease is ideal as this reduces the frequency of relapse 
after drug withdrawal from 86% to 60%. A retrospective 
study showed that histological inflammatory activity 
persisted in 48% of patients who had achieved biochemi-
cal remission [47], justifying one common practice of 
undertaking a follow‐up liver biopsy prior to cessation of 
therapy.

A main factor distinguishing patients who relapse is 
treatment duration preceding withdrawal of immuno-
suppression. In a small, non‐randomized study, sus-
tained remission was maintained in 67% of patients 
treated for more than 4 years prior to cessation of ther-
apy, in contrast to only 10% of those treated for 1–2 years 
[48]. Additionally, it is recognized that over 80% of 
patients on an indefinite azathioprine strategy (2 mg/kg/
day) will remain in remission over a 5‐year period [39]. 
Although relapse typically responds quickly and com-
pletely to retreatment, such patients are at an increased 
risk of further relapse and poorer outcomes if drug with-
drawal is reattempted. Practice varies, however, with 
some withdrawing therapy if a follow‐up liver biopsy is 
reported as showing no inflammatory activity.

If relapse occurs, prednisolone is required to induce 
remission, and thereafter azathioprine (or equivalent) at 
an optimized dose (2 mg/kg/day) is given indefinitely. 

Relapse if there is underlying cirrhosis can precipitate 
liver failure, leading most to recommend indefinite aza-
thioprine in this setting. Indefinite therapy should always 
be considered in patients who are anti‐SLA/LP, LKM 1/
LC 1 positive due to a high risk of relapse upon cessation 
of treatment and associated poor prognosis. Similarly, 
those patients with advanced fibrosis or cirrhosis are 
likely to benefit from long‐term prevention of disease 
relapse.

 Pretreatment and on‐treatment 
considerations

When commencing immunosuppression, clinicians 
must educate patients on both compliance and potential 
side‐effects. Pretreatment and on‐treatment considera-
tions are summarized in Table 19.9 and Table 19.10.

 Treatment challenges 
and alternative agents

Overall, few patients fail therapy, assuming good adher-
ence. Ethnicity, early age onset, hyperbilirubinaemia, 
HLA‐DRB1*03, and a presentation Model for End‐Stage 
Liver Disease (MELD) score >12 act as markers for treat-
ment failure.

Side‐effects from long‐term prednisolone use have 
driven interest in budesonide with its 90% first‐pass 
hepatic metabolism. Clinicians must be aware that 
this  is not the case in patients with cirrhosis or portal 

Table 19.10 General measures in patients with autoimmune 
liver disease

Varices surveillance
Screening by gastroscopy should be based on the presence of 
cirrhosis, or splenomegaly, or thrombocytopenia; in patients 
with biliary overlap, presinusoidal portal hypertension may 
occur, and screening should be considered if platelets <200
Hepatocellular carcinoma surveillance
Limited data upon which to guide but autoimmune hepatitis 
does not seem to be a high‐risk disease for hepatocellular 
carcinoma development, although hepatocellular carcinoma has 
been reported in those with autoimmune hepatitis
Vaccinations
Routine hepatitis A and B vaccination for all patients; influenza 
and pneumococcal vaccinations periodically; appropriate 
evaluation pre‐travel by travel health clinic
Elective surgery
Consider patient wearing medic‐alert bracelet and educate 
regarding risks associated with surgical procedures, including 
drug toxicity, hypovolaemia, fluid management, corticosteroid 
replacement, and analgesia



Chapter 19372

 hypertension. A large randomized trial of budesonide 
versus prednisolone in new‐onset non‐cirrhotic AIH 
showed budesonide to be superior in achieving a bio-
chemical remission over the study period (60% versus 
38.8%), with significantly fewer corticosteroid side‐
effects (72% versus 46.6%), and greater efficacy at 
achieving the primary endpoint of a complete response 
[49]. In contrast, studies of budesonide for non‐respond-
ers have been disappointing. Clinically, budesonide can 
be given to tailor immunosuppression to a patient in the 
context of side‐effects and poor compliance related to 
prednisolone use. In circumstances where prednisolone 
may not be desirable owing to diabetes, osteoporosis, 
coeliac disease, prior side‐effects, and patient age, bude-
sonide together with azathioprine can be used as an 
alternative for either inducing remission or maintenance 
instead of prednisolone in treatment‐naïve non‐cirrhotic 
AIH patients.

The choice of intervention in treatment ‘resistant’ 
patients is arbitrary, and not evidence based. Some try a 
higher prednisolone dose but calcineurin inhibitors, bude-
sonide, mycophenolate mofetil (MMF), sirolimus, and 
monoclonal antibodies such as rituximab and anti‐TNF 
agents have all been identified as alternative treatments.

In practice, either ciclosporin or tacrolimus has been 
used and each is a valid option, likely most relevant when 
treatment intolerance is the driving factor in difficult to 
control disease. Given the largely better side‐effect pro-
file, tacrolimus is now more commonly used. For aza-
thioprine‐intolerant patients, MMF has a clear role, 
although it remains unclear whether it is better than aza-
thioprine. In azathioprine‐intolerant patients, MMF was 
shown to be effective in inducing biochemical remission 
in the range 43–88% [50]. However, efficacy was shown 
to be much lower when this agent was used as an alterna-
tive in patients unresponsive to azathioprine (0–27%) 
[51]. The anti‐CD20 monoclonal antibody rituximab has 
been shown to be safe and to improve liver biochemistry 
and IgG concentration in patients with AIH who are 
treatment resistant. Certainly anecdotally there are some 
patients who respond clearly to rituximab.

 Pregnancy and autoimmune hepatitis

For women with AIH, pregnancy and consequences to 
maternal and fetal health are frequent concerns. Pre‐
conception counselling to plan a pregnancy and careful 
monitoring jointly by obstetricians and hepatologists 
during pregnancy and post‐partum are advisable. 
Disease flares may occur during, but most often immedi-
ately after, pregnancy (4–12 weeks postpartum classi-
cally) [52]. No factors are predictive so monitoring is 
required for all (Table 19.11). AIH can also present for 

the first time during pregnancy. Patients with AIH flares 
during pregnancy are more likely to decompensate from 
a liver point of view and this is associated with an 
increased risk of neonatal admission to special care baby 
units [53].

Management should be individualized in terms of dis-
ease stage and degree of liver injury, especially in the case 
of patients with cirrhosis. Care must be given to their 
obstetric management (ultrasound to look for splenic 
artery aneurysm, endoscopy in the second trimester, and 
active involvement of the obstetrician hopefully to pre-
vent a prolonged labour). Pregnancy in patients with cir-
rhosis carries a high incidence of maternal morbidity, 
occurring in 10% of pregnancies. A MELD score of >10 
prior to conception has been shown to be associated 
with significant liver‐related complications during (and 
after) pregnancy, suggesting the need for careful coun-
selling in such patients [54]. Ongoing use of either pred-
nisolone and/or azathioprine is considered acceptable 
and safe. Stopping medication carries a risk of disease 
relapse with untoward consequences to the mother and 
fetus. Patients not on therapy or those who had poor dis-
ease control a year prior to pregnancy have been shown 
to be associated with poor outcomes during pregnancy 
[53]. Supplemental or de novo prednisolone use may be 
required, but counterintuitively perhaps; most physi-
cians shy away from de novo administration of azathio-
prine until after delivery. No convincing evidence exists 
to suggest that mothers on corticosteroids or azathio-
prine should not breastfeed.

 The elderly and autoimmune 
hepatitis

A few reports suggest that AIH may be less severe in the 
elderly, but there are insufficient data available. 
Experience confirms that AIH often presents in older 

Table 19.11 Pregnancy and autoimmune hepatitis

Counsel safety of medications and risk of relapse if treatment 
stopped
Arrange monitoring peri‐ and postpartum (e.g. monthly for 
6 months)
Second trimester variceal surveillance if cirrhotic, and use of 
beta‐blockers if significant varices present. Endoscopic band 
ligation of varices and a repeat gastroscopy may be indicated 
based on endoscopic appearances and risk assessment
Ensure baseline ultrasound includes Doppler studies (including 
evaluation for splenic artery aneurysm)
Liaise closely with obstetrician: consider and discuss plans for 
delivery based on liver disease severity; consider MRI of pelvis 
to exclude ectopic varices in case of need for caesarean section.
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patients, who have a higher chance of cirrhosis and may 
present with severe disease. These patients should be 
actively managed including biopsy (if appropriate) to 
confirm diagnosis, as treatment responses are good and 
patients experience normal life expectancy. Treatment 
failure seems less common in the elderly, perhaps 
because age‐related changes in the cellular immune 
response may attenuate the disease and enhance its 
response to therapy. Therapy‐related side‐effects must 
be carefully managed, in particular corticosteroid‐
induced diabetes and osteoporosis. Many choose a lower 
corticosteroid dose when initiating treatment, and spe-
cialist guidelines often suggest bisphosphonate prophy-
laxis from the outset for those over the age of 65 years 
who are on corticosteroids.

 Childhood‐onset autoimmune 
hepatitis

The disease entity is thought to be more aggressive at 
presentation compared with adults. In children, 50% 
will have cirrhosis at presentation, justifying the need to 
start treatment early. It is essential to consider Wilson 
disease in children presenting with hepatitis. Typically, 
recommended therapy for AIH begins with predniso-
lone 2 mg/kg/day (maximum 60 mg/day), gradually 
decreased over 1–2 months alongside normalization of 
transaminases. Maintenance therapy usually at 
2.5–5 mg/day is sufficient to sustain normal liver bio-
chemistry. If normalization of liver biochemistry is not 
prompt, or side‐effects are prominent, azathioprine is 
added at a dose of 0.5 mg/kg/day, which, in the absence 
of toxicity, is increased to 2–2.5 mg/kg/day until bio-
chemical control is seen.

Non‐adherence is the major concern for adolescents, 
playing a significant role in relapse. The risk of relapse 
is higher if corticosteroids are administered on an alter-
nate‐day schedule compared with small daily doses, 
which are better for disease control and help avoid res-
cue courses of high‐dose corticosteroids associated 
with side‐effects. Treatment withdrawal is not usually 
attempted within 3 years from diagnosis or during/
immediately before puberty, when relapses are more 
common, most likely because of non‐adherence. Unlike 
adult practice, some monitor treatment response 
through the measurement of autoantibody titres (along-
side IgG concentrations), the fluctuation of which cor-
relate with disease activity. Sustained remission, 
achieved with prednisolone and azathioprine, can be 
maintained with azathioprine alone in many children 
with type 1 AIH, but this may not be the case in type 2 
AIH, a more aggressive hepatitis frequently being 
encountered.

Ciclosporin alone has been used as an alternative to 
induce remission in treatment‐naïve patients. It is 
administered for 6 months. Then prednisolone and aza-
thioprine are started and ciclosporin is stopped 1 month 
later. In practice now, however, tacrolimus is the pre-
ferred calcineurin inhibitor, its use being reserved for 
patients with difficult to manage disease.

For children with biliary involvement, ursodeoxycholic 
acid (UDCA) is commonly prescribed in addition to AIH 
treatment. However, evidence to demonstrate benefit is 
not available.

 Autoimmune hepatitis and liver 
transplantation

Treatment of AIH is very effective, so liver transplanta-
tion is needed for only a minority. Transplantation is 
indicated principally for those with end‐stage disease: a 
MELD score of >16 is a common threshold for potential 
transplant benefit. Other indications include encepha-
lopathy, ascites, recurrent variceal haemorrhage, and 
HCC (uncommon). For the minority who present with 
acute or fulminant liver failure, liver transplantation 
should be considered early.

Outcomes and disease recurrence

Results are favourable although a risk of recurrence 
post‐transplantation exists. Review of the explant 
liver is important, to identify disease activity at the 
time of transplantation. The broad criteria for the 
diagnosis of recurrent AIH include liver transplanta-
tion for AIH, autoantibodies in significant titre (>1 : 40), 
sustained rises in serum aminotransferase activity 
(more than two times normal), elevated IgG concen-
trations, compatible liver histology (infiltration of 
portal tracts by plasma cells, piecemeal necrosis, and 
bridging necrosis), corticosteroid dependence, and 
exclusion of other causes of graft dysfunction (such as 
rejection and hepatitis C infection). Recurrence by 
5 years can be >20%, but the clinical significance can 
vary substantially. Although the choice of immuno-
suppression does not appear to be a risk factor, most 
clinicians adjust their immunosuppression protocols 
with recurrent disease in mind, using long‐term dual 
therapy from the outset, namely calcineurin inhibitor 
and azathioprine or MMF. Subsequent adjustment of 
immunosuppression often requires addition of pred-
nisolone, which is generally sufficient; corticosteroid 
withdrawal may not always be possible. Some centres 
choose to give all patients transplanted for AIH long‐
term low‐dose prednisolone.



Chapter 19374

De novo AIH (alloimmune hepatitis)

This clinical entity has features of a corticosteroid‐respon-
sive AIH in patients transplanted for other non‐immune 
indications and is characterized by biochemical hepatitis, 
circulating autoantibodies, elevated IgG concentrations, 
and an inflammatory infiltration with interface hepatitis. 
Children are more at risk than adults, particularly those 
transplanted for biliary atresia. However, the condition 
remains relatively uncommon with an incidence of less 
than 1 in 20. There is usually a good response to additional 
immunosuppression with corticosteroids, but in some 
cases there is progression to cirrhosis and subsequent 
graft failure. Whether this is truly a de novo autoimmune 
phenomenon or a form of rejection is not clear.

 Overlap syndromes

Although combined criteria (biochemical, histological, 
immunological, and cholangiographic) will discriminate 
the major ‘autoimmune’ liver diseases, individual com-
ponents lack specificity and provide intrinsic scope for 
overlap (Table 19.12, Fig. 19.11, and Fig. 19.12). Clinical 
precision is necessary if the label of overlap is to be used.

Definitions

The presence of the concurrent main characteristics of 
two autoimmune conditions at the same time or during 
the course of illness is generally the basis for defining an 

Table 19.12 Summary features of autoimmune liver disease demonstrating traditional descriptions

Autoimmune hepatitis Primary biliary cholangitis/cirrhosis Primary sclerosing cholangitis

Demographics Female predominant
(4 : 1) and all ages

Female predominant (9 : 1); usually 
postmenopausal at diagnosis

Male predominant (7 : 3); classically 
diagnosed in 40s, in association with 
inflammatory bowel disease

Symptoms Commonly asymptomatic
Alternatively, some present 
acutely with jaundice, and 
upper abdominal pain
Other reported symptoms 
include fatigue, acne, 
irregular menstruation

Commonly now asymptomatic; 
traditionally fatigue, pruritus, 
occasionally xanthoma

Often asymptomatic; patients may 
present with cholangitis, pruritus, 
abdominal pain, or jaundice

Liver biochemical 
changes

Transaminases raised (ALT/
AST)

Cholestatic profile predominates 
(raised ALP, γ‐GT)

Cholestatic profile predominates 
(raised ALP, γ‐GT)

Classical serum Ig 
elevation

IgG IgM Non‐specific; IgG4 elevations may 
suggest a secondary aetiology

Autoantibodies ANAs, SMAs (type 1 AIH) 
LKM 1 (type 2 AIH), LC 1 
(type 2 AIH), SLA/LP

AMA (invariably ANA positive in 
AMA‐negative cases)

No specific associations, frequently 
ANA/SMA positive

Classic histology Interface hepatitis
Lobular hepatitis
Necrosis/collapse
Fibrosis

Granulomatous lymphocytic 
destruction of interlobular bile 
ducts within portal triads with 
ductopenia and fibrosis

Periductal concentric fibrosis
Ductopenia
Ductular proliferation

Broad treatment Prednisolone and 
azathioprine as first line

UDCA (13–15 mg/kg) No proven therapy except in 
secondary IgG4‐associated sclerosing 
cholangitis (corticosteroid responsive)

Usual basis for 
diagnosis

Combination of liver 
biochemistry, immunology, 
and liver biopsy findings

Cholestatic liver tests in presence of 
AMAs

Cholestasis with compatible imaging 
by MRCP/ERCP

Prognosis Excellent long‐term survival UDCA biochemical responders 
have normal life expectancy

Once symptomatic ~50% chance of 
need for transplant over 15 years

Potential outlier 
features

Duct injury in 10%; 
antimitochondrial antibodies 
in up to 20%

Interface hepatitis and raised 
transaminases at presentation 
common

Interface hepatitis frequent; 
commonly ANA/SMA positive

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; ANAs, antinuclear antibodies; AMAs, antimitochondrial 
antibodies; ERCP, endoscopic retrograde cholangiopancreatography; γ‐GT, γ‐glutamyltransferase; SMAs, anti-smooth muscle antibodies; LKM 1, 
anti‐liver kidney microsomal 1; LC 1 anti‐liver cytosol 1; MRCP, magnetic resonance cholangiopancreatography; SLA/LP, soluble liver and 
pancreas antigen; UDCA, ursodeoxycholic acid.
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overlap syndrome. AIH appears to be a common denom-
inator, with overlap always involving this parenchymal 
process. Clinically, overlap syndrome should be consid-
ered when a patient’s disease course deviates from that 
expected for the dominant underlying disease.

AIH–PBC ‘overlap’

Although bile duct destruction is generally not promi-
nent in AIH, approximately 10% of biopsies may show 
duct destruction, and an additional approximately 10% 
show lymphocytic infiltration of bile duct epithelium 
without ductopenia. The histological pattern of injury 

may be indistinguishable from that of PBC. The reported 
prevalence of AIH occurring in the context of PBC is 
2.8–19%.

Criteria
A French model for labelling this overlap has gained 
popularity and is based on patients having two of the 
three criteria for both AIH and PBC. For a diagnosis of 
PBC, the criteria are

1) ALP ≥2 × upper limit of normal (ULN) or γ‐glutamyl-
transferase ≥5 × ULN

2) a positive test for AMA (>1 in 80) and

(a)

(c) (d)

(b)(b)

Fig. 19.11 Simultaneous development of autoimmune hepatitis in a patient with sclerosing cholangitis, accompanied by transient 
antimitochondrial antibody production. (a) Initial biopsy showing portal tract with periductal concentric oedema (*) (Masson trichrome). 
(b) Radial oblique thick slab magnetic resonance cholangiopancreatography image showing irregular ‘beaded’ peripheral intrahepatic bile 
ducts (white arrows) indicative of sclerosing cholangitis. (c) Second biopsy showing portal tract with moderately dense 
lymphoplasmacytic inflammation (H & E); inset shows high power view of portal tract with interface activity and several acidophilic 
bodies (arrow). (d) Low‐power view of second biopsy showing cirrhosis with wide septa and small parenchymal nodules (Masson 
trichrome). Source: Bhat et al. 2009 [55]. Reproduced with permission of BMJ Publishing.
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3) a liver biopsy specimen showing florid bile duct lesions.

For AIH, the criteria are

1) ALT ≥5 × ULN
2) IgG ≥2 × ULN or a positive test for SMA (>1 in 80) 

and regardless of blood tests
3) a liver biopsy showing moderate or severe periportal 

or periseptal lymphocytic piecemeal necrosis; liver 
biopsy is considered an absolute requirement if using 
this criterion [56].

Both more and less stringent case definitions have been 
suggested by others, and there is no basis for accepting 
which definition to apply. PBC patients who are UDCA 
unresponsive should not be mistaken for having AIH over-
lap. The presence of significant interface hepatitis may be 
suggestive of an overlap, but its presence depends on 
understanding the nature of the PBC presentation; for 
example, UDCA treatment failure has been shown to be 
more likely in women presenting before the age of 50 years.

Presentation
The most frequent and readily identified presentation is 
the simultaneous presence of features of both diseases at 
initial presentation. In some patients, features of AIH 
and PBC are temporally dissociated, usually with PBC 
presenting first 6 months to 13 years before onset of 
AIH. Patients who clearly switch biochemically, serologi-
cally, and histologically over time from one disease to 
another are rare. It has been claimed that anti‐dsDNA 

antibodies are potentially serological markers for AIH–
PBC, but this is speculative. Alternative aetiologies must 
be sought, and consideration always given to superim-
posed drug‐induced liver injury.

Treatment
Therapeutic recommendations rely on the treatment strat-
egies of either AIH or PBC, with the advice being always to 
treat the predominant process first. Generally, it is reason-
able to start treatment with UDCA (13–15 mg/kg/day). If 
the patient does not achieve an adequate biochemical 
response (significant improvement in transaminases) in an 
appropriate time span (e.g. 3–6 months), corticosteroids/
azathioprine can be added. Some speculate that patients 
with overlap features in PBC have a poorer prognosis and 
there are data to support the concept that the degree of 
interface activity in PBC associates with outcome [57]. 
Additionally, some treatment response studies identify 
AST as a predictor of outcome in PBC [58]. Regardless, the 
key is that if one entertains an ‘overlap’ then one must be 
confident that the patient does not just have UDCA‐unre-
sponsive PBC, and second that a liver biopsy must show a 
significant (usually severe) interface hepatitis.

Primary sclerosing cholangitis–autoimmune 
hepatitis ‘overlap’ syndrome

AIH and PSC may be sequential in their occurrence, typ-
ically with features of AIH first, PSC being diagnosed 
several years later in some cases. Use of the modified 
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AIH score leads to a diagnosis of an overlap syndrome in 
8–10% of patients with PSC [59], whereas with dedicated 
liver magnetic resonance imaging (MRI) and liver histol-
ogy, as many as 12% of adult patients with AIH may have 
detectable subtle cholangiopathies.

Criteria
There are no specific diagnostic criteria. Patients are 
expected to have features of both diseases on the basis of 
classic evaluation of imaging and liver biopsy. Routine 
serology alone is insufficient to diagnose an AIH–PSC 
overlap. PSC should be considered in patients with AIH 
who are unresponsive to immunosuppressive therapy, 
with the caveat that classic radiological features of PSC 
(beading and stricturing of the biliary tree on magnetic 
resonance cholangiopancreatography [MRCP]) are a late 
manifestation of disease and may be absent even when 
there is histological evidence of PSC. Given the strong 
coexistence of PSC and IBD, the concurrence of AIH and 
UC should also raise the possibility of PSC in a patient 
with cholestatic liver blood tests.

Treatment
A beneficial response to immunosuppressive therapy is 
frequently reported on the hepatitic component. UDCA 
is still widely administered in PSC (because of its favour-
able effect on liver biochemistry), albeit not recom-
mended given the lack of survival benefit in both adults 
and children. Treatment should be individualized, taking 
in to consideration liver biochemistry, serology, radiol-
ogy, and histology. If there is significant interface hepati-
tis then immunosuppressants should be initiated. 
Survival has been suggested to be poorer if an overlap is 
found, even if treated.

Autoimmune sclerosing cholangitis (ASC)

This is referred to by paediatricians as sclerosing cholan-
gitis and is associated with florid autoimmune features 
similar to type 1 AIH, including ANA and SMA positiv-
ity, raised IgG concentrations, and interface hepatitis in 

children. Biochemical markers of cholestasis may be 
normal; differentiation therefore relies on cholangio-
graphic studies. Both sexes are affected equally [60].

A prospective evaluation found that half of children 
with AIH had bile duct changes diagnostic of sclerosing 
cholangitis at the time of presentation [60]. All but one 
had serology consistent with type 1 AIH and interface 
hepatitis and, in the absence of cholangiographic studies, 
at least one‐quarter would have been diagnosed as type 1 
AIH. Parenchymal lesions responded to corticosteroids, 
but half of the patients with ASC, also treated with 
10–15 mg/kg of UDCA, showed progression of bile duct 
disease on follow‐up endoscopic retrograde cholangio-
pancreatography (ERCP). IBD was present in about 45% 
of children with ASC compared with 20% of those with 
AIH and normal bile ducts on ERCP. About 90% of chil-
dren with ASC had increased serum IgG concentrations 
similar to those in AIH.

IgG4‐associated AIH

This has been reported but appears to be very rare, and 
where IgG4 disease presents, it seems that a pure AIH 
variant is very uncommon.

 Conclusion

AIH and its overlapping syndromes are in need of a 
definitive diagnostic test. Proteomic, genomic, and epi-
genetic analyses may be fruitful in this regard. 
Nevertheless, corticosteroid use, with azathioprine to 
prevent relapse, is effective in inducing and maintaining 
remission, such that the 20‐year life expectancy exceeds 
80%. Important aspects of care include careful attention 
at diagnosis, appropriate use of immunosuppression, 
recognition of patient non‐adherence to therapy, and 
timely but careful use of second‐line therapies if indi-
cated, after diagnostic review and consultation with 
expert clinician practitioners.
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 General features of enterically 
transmitted viral hepatitis

The first reference to epidemic jaundice has been 
ascribed to Hippocrates. The earliest record in Western 
Europe is in a letter written in 751 ad by Pope Zacharias 
to St Boniface, Archbishop of Mainz. Since then there 
have been numerous accounts of epidemics, particularly 
during wars.

There are two enterically transmitted viruses: hepatitis 
A (HAV) and E (HEV). Hepatitis B, C, and D are paren-
terally transmitted (Table 20.1). Hepatitis A is always a 
self‐limited, faecally spread disease. Hepatitis E is also 
enterically spread, usually via faecally contaminated 
water, and causes a self‐limited hepatitis in developing 
countries. Cases in developed countries usually occur in 
individuals returning from visits to high endemic areas 
such as South‐East Asia, the Indian subcontinent, and 
Mexico. Sporadic hepatitis E has also been reported in 
residents of developed countries who have not travelled 

abroad; in these cases, the strain of the virus is similar to 
that found in pigs in these countries and transmission 
appears to occur through ingestion of undercooked 
pork. Hepatitis E can manifest as persistent infection in 
solid organ transplant recipients and immunosuppressed 
patients.

Pathology

Changes in the liver
All forms of viral hepatitis have some common histologi-
cal features. The essential lesion is an acute inflamma-
tion of the entire liver [1]. Hepatic cell necrosis is 
associated with leucocytic infiltration and histiocytic 
reaction and infiltration. The sinusoids show mononu-
clear cellular infiltration, polymorphs, and eosinophils 
(Fig. 20.1). Focal ‘spotty’ necrosis may be seen. Bile duct 
proliferation is usual and damage is an occasional feature 
[2]. Occasionally, the necrosis may be confluent (sub-
massive), affecting substantial groups of adjacent liver 
cells, usually in zone 3.

In massive necrosis, the whole acinus is involved. The 
liver is reduced in size. Nodular regeneration is seen in 
those surviving for more than 2 weeks. The cut surface 
shows a ‘nutmeg’ appearance, red areas of haemorrhage 
alternating with yellow patches of necrosis.

If the necrosis extends from zone 3 to zone 1, the retic-
ulum collapses, leaving connective tissue septa. This is 
termed bridging (Fig. 20.2). Usually it is followed by scar 
formation (postnecrotic scarring) (Fig. 20.3).

Changes in other organs
Regional lymph nodes enlarge. Splenomegaly is related 
to cellular proliferation and venous congestion second-
ary to increased portal venous pressure as a result of 
necroinflammatory changes in the liver. The bone 
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LEARNING POINTS

 ● Hepatitis A and E viruses are transmitted by the  faecal–
oral route.

 ● Hepatitis A and E cause self‐limiting acute infections. 
Hepatitis E may in rare instances, mainly in transplant 
recipients and immunosuppressed patients, result in 
chronic infection.

 ● Acute liver failure is uncommon except in pregnant 
women infected with hepatitis E.

 ● Vaccines have been developed to prevent hepatitis A 
and E. Hepatitis A vaccine is safe and highly immuno-
genic, and has been approved for use in children and 
adults.
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  Table 20.1    Viral hepatitis A, B, C, D, and E contrasted 

HAV HBV HCV HDV HEV    

Genome RNA DNA RNA RNA RNA  
Family  Picornaviridae  Hepadnaviridae  Flaviviridae  Deltaviridae  Hepeviridae   
Incubation (days) 15–45 30–180 15–150 30–180 15–60  
Transmission Faecal Blood Blood Blood Faecal  

Oral Neonatal Neonatal – Oral  
Permucosal Permucosal Permucosal   
Percutaneous Percutaneous Percutaneous   
Sexual Sexual Sexual   

Acute attack Depends on age Mild or severe Usually mild Mild or severe Usually mild  
Diagnosis of acute 
infection

IgM anti‐HAV IgM anti‐HBc and 
HBsAg

HCV RNA and anti‐HCV 
seroconversion

IgM anti‐HDV, HBsAg, IgM anti‐HBc 
in co‐infection

 IgM anti‐HEV 
 HEV RNA in stool   

 HDV RNA, IgM and IgG anti‐HDV, 
HBs 
 Ag and negative IgM anti‐HBc in 
superinfection 

  

Peak ALT (U/L) 800–1000 1000–1500 300–800 1000–1500 800–1000  
Prevention Vaccine Vaccine None HBV vaccine Vaccine  *    
Chronicity No Yes Yes Yes Rare, limited to 

immunocompromised persons  
Antiviral treatment 
in acute cases

No Yes, in severe cases Usually not necessary No No

  ALT, alanine aminotransferase. 
  * Not licensed in most countries.  
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 marrow is moderately hypoplastic, but maturation is 
usually normal.

The brain shows an acute non‐specific degeneration of 
ganglion cells. Occasionally, acute pancreatitis and myo-
carditis have been noted. These changes are rare and 
seen only in very severe/fulminant cases.

Clinical types

Acute hepatitis
Important diagnostic clues can be found in the clinical 
history. Note is taken of exposures such as recent travel, 
injections, tattooing, dental treatment, transfusions, sex-
ual preference, and ingestion of shellfish. All drugs taken 
in the previous 2 months should be elicited.

In general, type A and E hepatitis run the same clinical 
course, often exhibiting a cholestatic phase. Hepatitis B 
and C may be associated with a serum sickness‐like 
syndrome.

The mildest attack is without symptoms and marked 
only by a rise in serum aminotransferase levels. 
Alternatively, the patient may be anicteric but suffer gas-
trointestinal and influenza‐like symptoms. Such patients 
are likely to remain undiagnosed unless there is a clear 
history of exposure. Increasing grades of severity are 
then encountered, ranging from the icteric, from which 
recovery is usual, through to fulminant viral hepatitis, 
which rarely can lead to death.

The usual icteric attack in the adult is marked by a pro-
dromal period, lasting about 3 or 4 days, even up to sev-
eral weeks, during which the patient feels generally 
unwell, suffers digestive symptoms, particularly anorexia 
and nausea, and may, in the later stages, have mild 
pyrexia. An ache or feeling of fullness develops in the 
right upper abdomen. There is loss of desire to smoke or 
to drink alcohol. Malaise is profound.

Occasionally, fever and headache may be severe and, in 
children, its association with neck rigidity may suggest 
meningitis. Protein and lymphocytes in the cerebrospi-
nal fluid may be raised.

The prodromal period is followed by darkening of the 
urine and lightening of the faeces. This heralds the devel-
opment of jaundice and symptoms decrease in severity. 
Pruritus, indicating a cholestatic phase, may appear tran-
siently for a few days. Persistent vomiting and/or drowsi-
ness or confusion indicate urgent hospital referral 
because they may reflect worsening liver function and 
incipient liver failure.

Fig. 20.1 Viral hepatitis: swollen cells (arrow) and mitoses (thick 
arrow) and acidophilic bodies. (H & E, ×80.)

Fig. 20.2 Acute viral hepatitis. A septum (bridge) has formed 
between zones 1 and 2 (arrow). (H & E, ×40.)

Fig. 20.3 Postnecrotic scarring. The liver 
biopsy specimen shows scarring, involving 
and extending from portal tracts. (Reticulin, 
×34.)
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The liver is palpable with a smooth, tender edge in 70% 
of patients. The spleen is palpable in about 20% of 
patients. A few vascular spiders may appear transiently.

After an icteric period of about 1–4 weeks, the adult 
patient usually makes an uninterrupted recovery. In chil-
dren, improvement is particularly rapid and jaundice 
mild or absent. After apparent recovery, lassitude and 
fatigue persist for some weeks. Clinical and biochemical 
recovery is usual within 6 months of onset.

Neurological complications, including Guillain–Barré 
syndrome, can complicate all forms of viral hepatitis [3].

Prolonged cholestasis
Jaundice appears and deepens, and within 3 weeks the 
patient starts to itch. After the first few weeks, the patient 
feels well and there are no physical signs apart from 
icterus and slight hepatomegaly. Jaundice persists for 
8–29 weeks and recovery is then complete. Prolonged 
cholestasis is more commonly associated with hepatitis 
A [4] (less than 5% of patients) and E (up to 60% of cases) 
[5]. Liver biopsy shows conspicuous cholestasis, which 
tends to mask the definite, usually mild, hepatitis.

Cholestatic hepatitis must be differentiated from 
obstructive jaundice. Cholestatic drug‐induced liver 
injury is excluded by history. If doubt remains, ultra-
sound and liver biopsy are helpful.

The prognosis is usually excellent, with complete clini-
cal recovery and restitution of a normal liver [6].

Relapses
These occur in 1.8–15% of cases, particularly with hepa-
titis A infection. In some the original attack is duplicated, 
usually in a milder form. More often, the relapse is sim-
ply shown by an increase in serum aminotransferases 
and sometimes bilirubin. Arthritis, vasculitis, and cryo-
globulinaemia may be present. Multiple episodes may 
occur, but recovery is usually complete.

Acute liver failure (fulminant hepatitis) 
(see Chapter 5)
This rare form of the disease usually overwhelms the 
patient within 10 days. It may develop so rapidly that 
jaundice is inconspicuous. More often, the patient, after 
a typical acute onset, becomes deeply jaundiced. 
Ominous signs are repeated vomiting, fetor hepaticus, 
confusion, and drowsiness. The ‘flapping’ tremor may be 
only transient. Coma supervenes rapidly. Temperature 
rises, jaundice deepens, and the liver shrinks.

Leucocytosis may be found, in contrast to the usual 
leucopenia of viral hepatitis. The biochemical changes 
are those of acute liver failure. The height of the serum 
bilirubin and prothrombin time is an indicator of poor 
prognosis. Aminotransferase levels may actually decrease 
as the patient’s clinical condition worsens. Blood coagu-

lation is grossly deranged and prothrombin time and 
 factor V are the best indicators of prognosis.

The time course depends on whether the cause is A, B, 
C, D, E, or non‐A–E hepatitis [7]. Fulminant hepatitis is 
most often associated with viruses A, B/D, and E and 
rarely hepatitis C. Fulminant hepatitis may be due to 
other causes, including as yet unidentified viruses.

When hepatitis E occurs in pregnant women, a fulmi-
nant course is not infrequent.

There are clinical differences in the course of fulmi-
nant viral hepatitis [7]. Pyrexia is most frequent with 
hepatitis A. The duration of illness before encephalopa-
thy is longer with non‐A–E hepatitis. The prothrombin 
time is longest with hepatitis B. The bad prognosis in 
those with a longer duration from onset of illness to 
encephalopathy is probably related to the greater num-
ber of patients with non‐A–E hepatitis in that group. 
Acute hepatitis A is more likely to run a fulminant course 
in persons with underlying chronic hepatitis C than hep-
atitis B, even in those without underlying cirrhosis. 
Although one study found a high rate of acute liver fail-
ure (7 of 17) among patients with chronic hepatitis C 
compared with none among 10 patients with chronic 
hepatitis B and none among 191 with hepatitis A alone 
[8], many subsequent studies found much lower rates of 
acute liver failure or mortality when patients with 
chronic hepatitis C developed acute hepatitis A [9,10].

Posthepatitis syndrome
Adult patients feel unwell for variable periods after acute 
hepatitis. Usually, this is a matter of weeks but it may 
extend to months [11]. Features are anxiety, fatigue, fail-
ure to regain weight, anorexia, alcohol intolerance, and 
right upper abdominal discomfort. The liver edge may be 
palpable and tender.

Treatment consists of reassurance after full investiga-
tion. If the acute attack has been type A, chronicity is 
excluded; if type E, recovery is the normal outcome 
unless occurring in the context of immunosuppression 
when viral persistence has been described.

If liver test abnormalities persist after hepatitis A or E, 
another cause must be sought. An isolated elevation of 
unconjugated bilirubin after clinical recovery is usual in 
patients with coexisting Gilbert syndrome. Persistent 
aminotransferase elevation may be due to non‐alcohol or 
alcohol‐related steatosis or steatohepatitis, or underlying 
chronic hepatitis B or C.

Investigations

Urine and faeces
Conjugated bilirubin appears in the urine before jaun-
dice, giving a brown coloration. Later it disappears, 
although serum levels remain elevated. Urobilinogenuria 
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is found in the late preicteric phase. At the height of the 
jaundice, very little bilirubin reaches the intestine, so 
urobilinogen disappears. Its reappearance indicates 
commencing recovery. The onset of jaundice is marked 
by lightening of the faeces due to very little bilirubin 
entering the intestine, resulting in reduced formation of 
stercobilinogen in the stool. Reappearance of stool col-
our denotes impending recovery.

Biochemical changes
Total serum bilirubin levels range widely. Deep jaundice 
generally implies a prolonged clinical course. An increase 
in conjugated bilirubin occurs early, even when the total 
bilirubin level is still normal.

The serum alkaline phosphatase level is usually less 
than three times the upper limit of normal and a high 
level indicates a cholestatic component to the hepatitis, 
which is fairly common in hepatitis A and E. Serum albu-
min and globulin are quantitatively unchanged. The 
serum iron and ferritin levels are raised.

Serum aminotransferase testing is useful in early diag-
nosis to detect anicteric cases and inapparent cases in 
epidemics. The peak level is found 1–2 days before or 
after onset of jaundice. Later in the course the level 
falls,  even if the clinical condition is worsening. 
Aminotransferase levels cannot be used for prognosis. 
Values may remain elevated for 3–6 months in those 
recovering completely.

Haematological changes
The preicteric stage is marked by leucopenia. These 
revert towards normal as jaundice appears. Some 
5–28% of patients show atypical lymphocytes, resem-
bling those seen in infectious mononucleosis. Acute 
Coombs test‐positive haemolytic anaemia is a rare 
complication. Haemolysis may develop [12], especially 
in those with glucose‐6‐phosphate dehydrogenase 
 deficiency [13].

Aplastic anaemia is very rare. It appears weeks or 
months after the acute episode and is particularly severe 
and irreversible. It is not usually associated with hepatitis 
A, B/D, C, or E infection and may be due to a hitherto 
unidentified non‐A–E hepatitis.

The prothrombin time is lengthened in the more severe 
cases and does not return completely to normal with 
vitamin K therapy.

Needle liver biopsy
This is rarely indicated in the acute stage. It may be used 
to diagnose coexisting second pathology, such as steato-
sis, causing persistent abnormality of liver tests continu-
ing for more than 6 months after resolution of the clinical 
hepatitis A or E.

Differential diagnosis

In the preicteric stage, hepatitis can be confused with other 
acute infectious diseases, with acute surgical  abdomen, and 
with acute gastroenteritis. Bile in the urine, tender enlarge-
ment of the liver, and a rise in serum aminotransferase val-
ues are the most helpful points. Viral markers are essential.

In the icteric stage, the diagnosis must be differentiated 
from obstructive jaundice. This is outlined in Chapter 13.

The differentiation of acute viral hepatitis from drug 
reactions depends largely on the history and on the 
serology.

Needle liver biopsy is valuable in the problem case. 
Attempts at a surgical diagnosis are disastrous.

In the posticteric stage, the continuation of aminotrans-
ferase abnormalities necessitates investigations for the 
diagnosis of chronic hepatitis.

Prognosis

In the USA, only 10% of acute liver failure is caused by a 
viral aetiology, with hepatitis A accounting for 1.8% [14] 
and hepatitis E for 0.4% of these cases [15]. In a survey of 
1675 cases of fulminant hepatitis in a group of Boston 
hospitals, one in eight sufferers from post‐transfusion 
hepatitis (B and C) succumbed whereas only one in 200 
with type A disease died. Since many non‐icteric cases 
are not included in the statistics, the overall mortality 
rate is undoubtedly much lower.

Fulminant hepatitis is rare in those less than 15 years old. 
The survival rate is the same for males and females except 
for pregnant women with hepatitis E. The incidence of 
icteric disease is higher and the prognosis worse in older 
patients and those with underlying chronic liver disease.

Prevention

Compulsory notification of acute viral hepatitis in many 
countries leads to earlier detection and identification of 
modes of transmission and source of outbreaks, for 
instance, food or water contamination, sexual spread, or 
carriage by blood donors. Vaccination is discussed later.

Treatment of the acute attack

Treatment has little effect on altering the course. At the 
outset this is unpredictable and it is wise to treat all 
attacks as potentially serious and to recommend ade-
quate rest; however, bed rest is not necessary.

The traditional low‐fat, high‐carbohydrate diet is 
 popular because it has proved the most palatable to the 
anorexic patient. Apart from this, no benefit accrues 
from a rigid insistence upon a low‐fat diet. Supplementary 
vitamins are not necessary.
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Corticosteroids do not accelerate the rate of healing in 
viral hepatitis: the usual course of hepatitis A and E is 
towards spontaneous recovery and any benefit of ster-
oids is not sufficient to justify their use, except occasion-
ally in protracted cholestatic hepatitis A. The steroid 
whitewash improves the morale of both patient and phy-
sician but probably has little effect on the healing 
process.

Patients with severe nausea or vomiting must be 
hydrated if necessary with intravenous fluids. Those 
showing signs of acute hepatocellular failure with coagu-
lopathy or encephalopathy require hospital admission 
and more active management as described in Chapter 5.

The patient should be monitored until symptoms are 
resolved and liver tests return to normal. Special atten-
tion should be paid to recurrence of jaundice.

Exercise can be undertaken within the limits of fatigue. 
Alcohol must be denied for 3–6 months. Diet can be 
unrestricted.

 Hepatitis A virus

Hepatitis A accounts for 20–25% of clinical hepatitis in 
the developed world. It is largely asymptomatic in chil-
dren under the age of 15 years. The causative agent of 

this infection is a small, spherical, positive‐sense RNA 
virus, measuring 27 nm in diameter [16]. It belongs to 
the Picornaviridae family of viruses, under the genus 
Hepatovirus.

The capsid (outer coat) consists of 60 capsomeres, 
each made up of the same four structural viral proteins, 
VP1, VP2, VP3, and VP4 [17]. The capsid encloses the 
RNA genome of the virus encoding its genetic informa-
tion. The genome contains a single open reading frame 
(ORF) that is translated into a polyprotein. This is cleaved 
by the viral protease enzyme to produce the four VP pep-
tides and a number of non‐structural peptides, which are 
important for the replication of the virus.

Sequencing studies have revealed that in the human 
population there are three circulating genotypes of the 
virus and each genotype is subdivided into two subgen-
otypes [18]. Only a single serotype has been identified.

The virus enters the body through the gastrointestinal 
tract, and in the marmoset there is suggestive evidence 
that it replicates here [19]. This is followed by a brief 
period of viraemia when the virus infects and replicates 
within the hepatocytes, which is the main site of virion 
production (Fig. 20.4). Cell uptake may involve attach-
ment of the virus to the asialoglycoprotein receptor via 
IgA–virus complexes or the HAVCR1/TIM (T‐cell 
immunoglobulin mucin) receptor with its IgA1 lambda 
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RNA
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Release into bile

Release into faeces

Fig. 20.4 The replication cycle of hepatitis 
A virus.
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ligand, which has a synergistic effect on virus–receptor 
interaction [20]. The virus, possibly as an immune com-
plex, is also seen in the Kupffer cells. Viral proteins are 
synthesized and HAV RNA replicated in the cytoplasm. 
Mature virus particles are packed into vesicles to be 
released into the bile.

The virus is not directly cytopathic and damage to liver 
cells is caused by T‐cell‐mediated immune responses.

The virus has been experimentally transmitted to mar-
mosets and chimpanzees, and cultivated in vitro (Fig. 20.5).

A serum antibody (anti‐HAV) appears as the stool 
becomes negative for virus, reaches a maximum in 
several months, and is detectable for many years 
(Fig. 20.6). The appearance of serum IgM anti‐HAV is 
diagnostic of acute infection. This antibody persists 
for only 2–6 months and rarely, in low titre, for up to 1 
year. It gives way to IgG anti‐HAV, which indicates 
immunity against the virus and long‐term protection 
from reinfection. However, false‐positive anti‐HAV 

IgM is well described and has been proposed to occur 
as a result of a strong immune response with poly-
clonal B‐cell activation producing inappropriate anti-
bodies in the setting of acute liver injury or systemic 
illness [21].

Polymerase chain reaction (PCR) shows that faecal 
excretion of virus can persist for months [22]. A chronic 
carrier state has not been identified.

Epidemiology

The disease occurs sporadically or in epidemics and has 
an incubation time of 15–50 days. It is usually spread 
by  the faecal–oral route. Parenteral transmission is 
extremely rare, but can follow transfusion of blood from 
a donor who is in the incubation stage of the disease [23]. 
Transmission has also been reported between men who 
have sex with men [24].

In developing countries, the group most affected is 
aged 5–14 years, and adults are often infected by spread 
from children. Spread is related to overcrowding and to 
poor hygiene and sanitation. With improvements in 
these factors, the incidence is decreasing worldwide. The 
annual incidence rate in the early 1990s varied from 
5 per 100 000 population in Northern Europe and Japan 
to 9.1 per 100 000 in the USA and 60 per 100 000 in 
Africa and parts of South America [25,26]. The incidence 
has decreased dramatically in the USA and elsewhere in 
recent years as a result of vaccination programmes in 
early childhood. In the USA, vaccination of children liv-
ing in areas with consistently high HAV infection rates, 
implemented in 1995, and vaccination of all children 
older than 1 year, implemented in 2005, have led to a 
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Fig. 20.5 Landmarks in the history of hepatitis A.
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>90% decline in incidence of hepatitis A from 11.7 to 0.4 
cases per 100 000 population between 1996 and 2011 
[26,27]. Routine childhood vaccination has produced 
similar results in Israel and selected regions of Italy, 
Spain, and Australia [27]. However, since July 2016, there 
have been major outbreaks of hepatitis A in several states 
in the United States totaling more than 1600 cases [27a]. 
Most of the cases were associated with person-to-person 
transmission involving the homeless and users of illicit 
drugs. More than 70% of cases required hospitalization 
and approximately 3–4% resulted in death.

In developing countries, 90% of children have been 
infected and developed protective immunity by the age 
of 10 years and clinical illness is uncommon. Adults, not 
previously exposed, visiting endemic areas and hospital 
staff in developed countries are at risk. As countries 
transition from underdeveloped to developed, with 
fewer adults being immune to the virus, clinical illness 
may become more frequent.

Outbreaks have been reported among haemophiliacs 
receiving solvent–detergent‐treated factor VIII concen-
trates [28]. Most sporadic cases follow person‐to‐person 
contact. Children in day‐care centres and men who have 
sex with men are at risk.

Explosive water‐ and food‐borne epidemics have been 
described. Fruit‐related epidemics are ascribed to poor 
hygiene by the handlers and to the use of human sewage 
for soil fertilization or contaminated water for irrigation, 
rinsing, or packaging [29].

Ingestion of raw clams and oysters from polluted waters 
has caused epidemics, including that in 1988 in Shanghai, 
China, which affected over 292 000 people [30]. 
Contamination of shellfish beds with untreated sewage 
may lead to virus concentrations in shellfish tissues 100‐
fold higher than those in surrounding waters. Steaming 
the clams may not kill the virus, as the temperature 
achieved inside the clams may not be sufficiently high.

Contamination during food preparation has resulted in 
transmission via other foods, including sandwiches, orange 
juice, salads, and meat. Recent outbreaks in developed 
countries have been traced to frozen raspberries, strawber-
ries, and pomegranates, fresh onions and tomatoes, and 
salsa. Local or imported produce has been implicated.

Clinical course

The hepatitis is usually mild, particularly in children, 
where it is frequently subclinical or passed off as gastro-
enteritis. The disease is more serious and prolonged in 
adults. Older age (≥65 years) is associated with increased 
length of stay, as is any co‐morbid liver condition, and 
the percentage of patients hospitalized for hepatitis A 
with any underlying liver disease may be as high as 40% 
[31]. Pregnant women may require special attention. 
Fulminant hepatitis and death are rare complications 

(<1% of cases in the USA in 2013 but up to 3–4% of cases 
in the USA during the 2016–2017 epidemic) [27a, 32].

Needle liver biopsy in patients with acute hepatitis A 
shows a particularly florid portal zone lesion with expan-
sion, marked cellular infiltration and erosion of the 
 limiting plate, and the presence of IgM plasma cells giv-
ing an appearance not dissimilar to that in autoimmune 
hepatitis [33]. IgM class anti‐liver membrane antibodies 
(anti‐LMAs) have been described [34]. Cholestasis is 
marked. Hepatitis A may trigger chronic autoimmune 
hepatitis type 1 in genetically predisposed individuals 
[35], but this is a rare event. This may be related to 
defects in suppressor T cells. Fibrin ring granulomas 
have been described.

Cholestatic hepatitis A can affect adults [4]. The jaun-
dice lasts 42–110 days and itching is severe. The progno-
sis is excellent. A case can be made for cutting short the 
jaundice and relieving the itching by a short course of 
prednisolone 30 mg, reducing to zero over about 3 weeks.

Nephrotic syndrome has been reported rarely [36].
Relapsing hepatitis A occurs in 3–20% of patients, after 

30–90 days. The relapse resembles the original attack 
clinically and biochemically, and HAV is found in the 
stool [37]. The relapse may last several months but 
recovery eventually ensues [38]. IgM antibodies persist 
during this period but at lower levels. Rarely, the relapse 
can be associated with arthritis, vasculitis, and cryoglob-
ulinaemia [39].

Prognosis

Prognosis is excellent and recovery is usually full. Mortality 
in large epidemics is less than 1 per 1000 and HAV 
accounts for less than 1% of cases of fulminant viral hepa-
titis. In older people, however, the disease has considera-
ble morbidity, mortality, and treatment costs [25]. In 
non‐hospitalized adults, the symptoms last about 30 days. 
In a hospitalized patient, symptom duration is longer. 
Acute hepatitis A in persons with underlying chronic hep-
atitis C is more likely to have serious complications, 
although rates of acute liver failure and death vary [8–10]. 
Data from a large outbreak of acute hepatitis A in Shanghai 
in 1988 and from cases of hepatitis A reported to the US 
Centers for Disease Control and Prevention (CDC) 
between 1983 and 1988 demonstrated that HAV infection 
is more severe in patients with pre‐existing chronic liver 
disease. Acute hepatitis A superimposed on chronic hepa-
titis B virus infection was associated with a 5.6‐ and 29‐
fold increased risk of death in the Shanghai outbreak and 
the CDC analysis of reported cases, respectively. In addi-
tion, there was a 23‐fold increased risk of death in the 
CDC study in patients with acute hepatitis A superim-
posed on miscellaneous types of chronic liver disease [40].

Follow‐up of large epidemics in World War I [41] 
showed no long‐term sequelae.
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Prevention

The virus is excreted in the faeces for as long as 2 weeks 
before the appearance of jaundice. The anicteric patient 
may excrete the virus for a similar period. The virus is 
therefore disseminated before the diagnosis is made. 
For this reason, isolation of patients and contacts can-
not be expected to influence significantly the spread of 
hepatitis.

HAV can persist in the environment for weeks. HAV 
can remain infectious after 1 month on environmental 
surfaces at ambient temperature. It can be inactivated by 
heating to over 85 °C for longer than 1 min, by exposure 
to 2% glutaraldehyde or sodium hypochlorite (>5000 ppm 
of free chlorine), and by microwaving.

Immune serum globulin (ISG) prophylaxis

Efficacy depends on the antibody concentration and 
hence the source of the plasma. ISG is being largely 
replaced by vaccine, which confers long‐lasting immu-
nity. For pre‐exposure prophylaxis, vaccine is preferred.

ISG must be given within 2 weeks following exposure 
(0.02 mL/kg im). In this situation it is 80–90% effective. 
ISG may be given with the first dose of vaccine but the 
resultant HAV antibody titres may be reduced [42].

Hepatitis A vaccines

Hepatitis A vaccines consist of viral particles generated 
in cell culture inactivated with formaldehyde and mixed 
with alum used as an adjuvant. There are two HAV vac-
cines, HAVRIX (GSK Biologicals) and VAQTA (Merck), 
and TWINRIX (GSK) is a combination with the hepatitis 
B vaccine. The vaccine is safe and immunogenic 
[17,27,43,44]. The only side‐effect is mild soreness of the 
arm, where it is administered. A single 1 mL dose of vac-
cine in adults is followed by a booster 6–12 months later 
(1440 EL.U [ELISA units] of HAVRIX or 50 U of 
VAQTA). The single dose gives rapid protection within 1 
month in 94–100% of those immunized. HAV vaccine is 
also shown to induce protective antibodies within 2 
weeks, so ISG is not needed even for those travelling 
shortly after the first dose of vaccine. If followed by the 
booster, 100% seroconversion ensues with long‐lasting 
protection [45]. Prevaccination serum testing for anti‐
HAV is cost‐effective in adults older than 40 years, from 
areas with high or intermediate HAV endemicity, and in 
groups with a high prevalence of infections (such as 
injection drug users) [46]. Children aged 12 months 
(minimum age) to 18 years receive 0.5 mL of the vaccine 
under the same immunization schedule [47].

In one study, HAV vaccine was shown to be highly pro-
tective in children in a Jewish community in New York 
[44]. In a large study of children in Thailand, two doses 
protected against HAV for at least 1 year [48]. Protective 
levels of antibody persist for up to 12 years, and kinetic 

models indicate possible persistence for at least 40 years 
[49]. TWINRIX is licensed for use in persons aged 18 
years and above. Primary immunization consists of three 
doses, administered on a 0‐, 1‐, and 6‐month schedule. 
Antibody responses to both HAV and HBV in the vac-
cine are equivalent to those seen when the single‐antigen 
vaccines are administered separately on standard sched-
ules [50,51].

The use of the HAV vaccine versus ISG in an outbreak 
setting has been explored. The former was marginally 
less efficacious in preventing HAV infection [52]. This 
may be offset by the active and long‐term immunity 
afforded by vaccination versus the temporary protection 
conferred by ISG.

Live attenuated HAV vaccine
This is prepared from HAV in cell culture. It is inexpen-
sive and has been widely used in developing countries 
such as India, Nepal, and Chile. Given subcutaneously, it 
seems safe and effective [53].

Indications for HAV vaccine
HAV vaccine is indicated for travellers to areas with poor 
hygiene standards. Unvaccinated, three to six visitors per 
1000 per month will develop hepatitis A. Children and 
staff in day‐care centres and their parents, and nurses, 
particularly those working in intensive care units, should 
be vaccinated (Table  20.2). Global control will require 
early mass immunization in childhood (routine aged 1, 
catch‐up aged up to 18 years, according to the 2006 CDC 
recommendations) [54,55].

Food handlers and sewage workers are candidates for 
vaccination. The military should be vaccinated, particu-
larly if they are going to areas where hygiene is poor. In 
light of the recent outbreaks in the USA, it is particularly 
important to immunize men who have sex with men, the 
homeless, and illicit drug users [27a].

HAV infection may result in a higher likelihood of fulmi-
nant hepatitis in patients with chronic liver disease, espe-
cially HCV [8]. The HAV vaccine is effective in patients 
with chronic liver disease, although less so in those with 
cirrhosis, particularly Child–Pugh class B or C [56].

Table 20.2 Groups for which the hepatitis A vaccine is 
recommended by CDC (2006 and 2017)

All children at 1 year of age
Travellers to or those working in endemic areas
Occupational exposure
Men who have sex with men
Homeless persons
Users of injection and non‐injection drugs
Patients with clotting factor disorders
Chronic liver disease (HCV in particular)



Enterically Transmitted Viral Hepatitis: Hepatitis A and Hepatitis E 389

 Hepatitis E virus

Hepatitis E virus (HEV) has been assigned to the Hepeviridae 
family of viruses, under the genus Hepevirus. Viral nucleo-
tide sequences have been obtained from isolates from 
Burma [57], Mexico [58], Pakistan [59], and China [60]. 
There are marked variations in the nucleotide sequence of 
HEV strains isolated from all over the world. There are five 
genotypes of the virus; 1 and 2 are found in humans, 3 and 
4 in humans and swine, and 5 is of avian origin. The mam-
malian genotypes are subdivided into several subtypes, 
each ranging from two to 10 [61]. There is only one recog-
nized serotype in the mammalian viruses (1–4).

The virus is 32–34 nm in diameter, with an outer cap-
sid consisting of a single protein. It lacks an outer lipid 
envelope. The capsid encloses the RNA genome of the 
virus, which contains three ORFs. ORF1 encodes the 
non‐structural proteins of the virus, ORF2 the capsid 
protein, and ORF3 a protein of unknown function 
(Fig. 20.7) [62].

HEV is excreted in the bile [63].
The virus causes sporadic cases and major epidemics 

of viral hepatitis in developing countries [63,64]. Many 
large epidemics of hepatitis, believed to be due to HAV, 
have now been identified as caused by HEV. As in the 
case of HAV, the disease is enterically transmitted, usu-
ally by sewage‐contaminated water.

It is probably a non‐cytopathic infection. Liver damage 
may be immune mediated. Immunity probably wanes 
and the longevity of protective antibody is uncertain.

Clinical features

In general, hepatitis E resembles hepatitis A. It affects 
young adults and is rare in children [66]. It has a self‐ 
limited course. Human volunteer studies have indicated 
an incubation period of 22–46 days [67]. The onset is 
abrupt. The majority of clinical cases are jaundiced and 
there are no extrahepatic features. Chronicity is very rare 
but has been described in immunosuppressed patients.
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translated in the cytoplasm into nonstructural proteins (Step 5). RNA-dependent RNA polymerases replicate the positive-sense genomic 
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ORF2 protein packages the genomic RNA to assemble new virions, while the ORF3 protein may optimize the host cell environment for 
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Epidemic
Infection comes from drinking water contaminated by 
overflow of sewage. Monsoon seasons are associated 
with a high risk of epidemics. The mortality rate is high 
at 1%, and up to 25% in pregnant women.

Fulminant hepatic failure appears to be more common in 
Indian/Asian pregnant women, particularly in the second 
and third trimesters. The more severe maternal and fetal 
outcomes in pregnancy appear to be related to diminished 
cellular immunity and hormonal factors and increased viral 
replication during pregnancy [68]. High virus levels have 
been detected in HEV RNA‐positive pregnant women [69].

Sporadic
This is a common cause of acute viral hepatitis in endemic 
areas. It presents with moderate or severe symptoms, 
including acute liver failure, subacute liver failure, and pro-
longed cholestatic hepatitis [70]. Mortality can be up to 
75% in those with underlying chronic liver disease or mal-
nutrition. Acute HEV may account for some cases of acute 
liver injury initially suspected to be due to drug‐induced or 
idiopathic liver injury [71]. HEV superinfection has been 
implicated as a cause of decompensation and death in 
patients with underlying cirrhosis, with up to 70% mortal-
ity at 1 year [72]. Hepatitis E is a common cause of acute on 
chronic liver failure in endemic areas [73]. Unlike epidemic 
HEV, mortality is not increased in pregnant women [74].

Sporadic cases have been reported in industrialized 
countries in subjects who have not been to endemic areas. 
These infections are associated with genotypes 3 and 4, 
are of swine origin, and therefore represent zoonotic 
infections [63]. The disease is milder than with genotypes 
1 and 2, possibly because of strain attenuation.

In Japan, HEV infection has also been documented 
through consumption of raw or undercooked deer and 
wild boar meat [75]. Contact with infected animals, 
whether wild or domestic, may also be another source of 
infection. More recently, transmission via cow’s milk has 
been reported in China. Transmission via blood transfu-
sions, perinatal transmission, and transmission via 
breastmilk have also been reported [76].

Seroepidemiological studies in Western countries have 
indicated a higher than expected prevalence of anti‐HEV 
in blood donors and the general population. In the USA, 
anti‐HEV was detected in an unexpectedly high percent-
age of men who have sex with men (15.9%) and injection 
drug users (23.0%) [68]. In England, donated blood with 
evidence of hepatitis E viraemia led to HEV infection in 
40% of recipients [77].

Chronic
Chronic hepatitis E is defined as serum or stool HEV 
RNA that persists for more than 6 months. It is charac-
terized by persistently elevated liver tests and evidence 

of chronic viral hepatitis on histology. Chronic infection 
has been observed in solid organ transplantation recipi-
ents, including liver, kidney, and kidney–pancreas recip-
ients, and also other immunosuppressed patients [78]. 
Approximately half of the patients who acquire HEV 
after solid organ transplantation develop chronic infec-
tion and approximately 10% of these patients progress to 
cirrhosis [79]. Chronic HEV is thought to be due to 
impaired HEV‐specific T‐cell responses and has been 
associated with lymphopenia, thrombocytopenia, use of 
tacrolimus, and younger age [80]. Consumption of 
undercooked game meat and pork products has been 
implicated as a risk factor for the development of chronic 
HEV in solid organ transplant recipients [81].

Diagnostic tests

Serum IgM and IgG antibodies are measured by enzyme‐
linked immunosorbent assay (ELISA) using recombinant 
antigens or synthetic peptides prepared from cloned 
HEV [82]. These tests vary greatly in sensitivity and 
specificity, however, making serodiagnosis less reliable 
than for other human hepatitis viruses. HEV RNA can be 
detected by reverse transcriptase PCR in serum, but pri-
marily is found in stool for up to 2 weeks after symptom 
onset, although the test is not readily available [83,84].

IgM anti‐HEV appears with the onset of symptoms and 
disappears in the majority of cases by 6 months. IgG anti‐
HEV appears at about 10–12 days of illness and persists 
for years. The sensitivity and specificity of IgM anti‐HEV 
have been reported to be as high as 93% and >99%, 
respectively, but the performance of assays varies [65]. 
Patients who had recovered from HEV infection remained 
anti‐HEV positive for longer than 14 years, although 
durability of protection is unclear [85]. In immunocom-
promised patients, testing for HEV RNA is preferred if 
available, given the high rate of false‐negative antibody 
tests compared with immunocompetent patients. In non‐
immunocompromised patients, viraemia is transient and 
HEV RNA is undetectable by 3 weeks.

Liver biopsy
Liver biopsy is rarely needed for diagnosis; if performed, it 
shows cholestasis, pseudoglandular formations, balloon-
ing of hepatocytes, and very prominent zone 1 infiltrates 
containing polymorphs (Fig. 20.8). Massive and submas-
sive necrosis is seen in fulminant cases and bridging 
necrosis is the prominent feature of subacute hepatitis.

Prevention

Prevention is based on the provision of clean water, bet-
ter sanitation, and hygiene education and avoidance of 
food from street vendors and of raw or undercooked sea-
food, meat, and vegetables.
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Given reports of transmission via contaminated blood 
products, screening of blood donors has been suggested. 
However, cost‐effectiveness studies have indicated that 
although the cost of screening would not be prohibitive, 
the impact would likely be small as transfusion‐related 
hepatitis E is extremely rare and very few cases would be 
prevented [86].

Studies in rhesus macaques indicated that a recombi-
nant product based on the ORF2‐expressed capsid pro-
tein elicited protective antibodies in immunized animals 
[87]. The capsid protein has been shown to be highly 
immunogenic and to elicit a neutralizing immune 
response that is protective. In addition, it appears to be a 
target of cell‐mediated immunity [88].

A human vaccine based on a truncated form of the 
capsid protein (56 kDa) that retains the conformational 

neutralization epitope was first tested in Nepal and 
found to have a 95.5% antibody response rate after three 
doses given at 0, 1, and 6 months and an 87% efficacy rate 
[89]. It is now available in China, where studies have 
shown that antibodies are maintained for up to 4.5 years 
in 87% of vaccines [90]. Whether the vaccine will become 
commercially available in other countries is dependent 
on its economic viability, since the demand, if any, in 
developed countries will be low.

Treatment of chronic HEV

The goal of treatment is the achievement of a sustained 
virological response (SVR) or eradication of HEV RNA 
12 weeks after cessation of treatment. The first step is 
to reduce immunosuppression, which may result in 
resolution in up to 30% of patients. If HEV RNA per-
sists despite 12 weeks of immunosuppression reduc-
tion, antiviral therapy with ribavirin should be initiated. 
Ribavirin has been shown to inhibit replication of 
HEV  RNA but the exact mechanism remains unclear. 
A  12‐week course of ribavirin monotherapy has been 
shown to be beneficial in case series with up to 80% of 
patients achieving SVR [91]. Stool or serum HEV RNA 
should be determined at the end of treatment and 
3 months later, as a persistently detectable viral load or 
relapse after initial treatment may require an additional 
3–6 months of therapy.
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 Introduction

In 1965, Blumberg et al. found an antibody in two multi-
ply transfused haemophiliac patients that reacted with 
an antigen in a serum sample from an Australian abo-
rigine [1]. Later, this antigen was found in other patients 

with serum hepatitis. Because of its discovery in an 
Australian aboriginal serum, the antigen was initially 
called Australia antigen. The Australia antigen is now 
known to be the envelope of the hepatitis B virus (HBV) 
and has been renamed the hepatitis B surface antigen 
(HBsAg). In 1976, Blumberg was awarded the Nobel 
Prize in Physiology or Medicine for discovering the 
 causative agent of hepatitis B.

HBV infection is a major global public health problem. 
It is estimated that over 2 billion people worldwide had 
been infected and 250 million are chronically infected [2]. 
Chronic HBV infection can progress to cirrhosis, hepatic 
decompensation, and hepatocellular carcinoma (HCC). 
Although most persons with chronic HBV  infection will 
not develop these complications, 15–40% will and 
roughly 600 000 people die from these complications 
each year. The availability of safe and effective  vaccines 
and several approved treatments have made hepatitis B a 
preventable, as well as a treatable, condition.

 Hepatitis B virus

The hepatitis B virus belongs to the family of hepadnavi-
ruses, which also includes the duck hepatitis B virus 
(DHBV), ground squirrel hepatitis virus (GSHV), and 
woodchuck hepatitis virus (WHV). The hepatitis B 
virion (also known as the Dane particle) is a 42 nm particle 
with an outer envelope (HBsAg) surrounding a nucle-
ocapsid that contains a small DNA genome.

The HBV genome is a circular, partially double‐
stranded DNA of approximately 3200 base pairs. HBV 
DNA encodes four overlapping open reading frames 
(Fig. 21.1) [3]. The surface (S) gene codes for the small 
surface protein, HBsAg. The pre‐S1 and pre‐S2 regions 
along with the S gene code for the large and middle 
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LEARNING POINTS

 ● Patients with chronic HBV infection are at risk of devel-
oping cirrhosis, liver failure, and hepatocellular 
carcinoma.

 ● Screening of at‐risk persons is the first step in control-
ling HBV infection.

 ● Hepatitis B vaccines are safe and effective in prevent-
ing HBV infection and have been shown to prevent 
hepatocellular carcinoma.

 ● Persistent presence of HBeAg or persistently high 
serum HBV DNA levels is associated with an increased 
risk of cirrhosis, liver‐related mortality, and hepatocel-
lular carcinoma.

 ● There are eight approved therapies for chronic hepati-
tis B: two formulations of interferon and six nucleos(t)
ide analogues, lamivudine, adefovir dipivoxil, ente-
cavir, telbivudine, tenofovir disoproxil fumarate, and 
tenofovir alafenamide.

 ● Antiviral treatment suppresses but does not eradicate 
HBV; in the absence of HBsAg loss, most patients 
require long‐term treatment.

 ● Antiviral treatment can reverse liver fibrosis and 
decrease but not eliminate the risk of hepatocellular 
carcinoma.

 ● Patients co‐infected with HCV, HDV, or HIV have more 
rapidly progressive liver disease, and treatment of one 
virus can impact the other virus.
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Fig. 21.2 HBV replication cycle. HBV enters the hepatocyte via binding of the pre‐S1 region to the sodium taurocholate cotransporting 
polypeptide (NTCP). After entry of the virus into the hepatocyte, the envelope is shed and the nucleocapsid enters the nucleus where synthesis 
of the second‐strand HBV DNA is completed. The covalently closed circular HBV DNA (cccDNA) is bound to histones and serves as a template 
for the transcription of the pregenomic RNA and also the translation of the core and polymerase proteins. The pregenomic RNA along with the 
core and polymerase proteins are packaged into core particles. Inside the core particle, the pregenomic RNA is reverse transcribed to the first 
(−) strand HBV DNA and then the second (+) strand HBV DNA. The core particle is coated with envelope proteins and secreted before the (+) 
stand HBV DNA synthesis is complete. The core particles can also re‐enter the nucleus to replenish the pool of cccDNA.

 surface proteins. The pre‐S1 region of the large S protein 
binds to the human sodium taurocholate cotransporting 
polypeptide (NTCP), which serves as a receptor for entry 
of HBV into hepatocytes [4]. The core (C) gene codes for 
the hepatitis B core antigen (HBcAg). The polymerase 
(P) gene codes for a DNA polymerase/reverse tran-
scriptase. The X gene codes for the HBx protein, which 
has potent transcriptional transactivating function and 
may play a role in hepatocarcinogenesis. Recent studies 
showed that HBx is required for HBV replication and 
may be a target for antiviral therapy [5]. HBV is unique in 
that it produces a surplus of genome‐free subviral 22 nm 
spheres or filaments. While all three envelope proteins, 
large, middle, and small, are expressed on the surface of 
Dane particles, the subviral particles are mostly com-
prised of small S proteins.

Replication cycle

The replication cycle of HBV is illustrated in Fig. 21.2 [3]. 
HBV enters hepatocytes via binding of the pre‐S1 region 
to NTCP, leading to endocytosis of the receptor. The enve-
lope is shed and the nucleocapsid enters the hepatocyte 
nucleus where synthesis of the incomplete (+) strand HBV 
DNA occurs and the gap is closed, resulting in a fully 
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Fig. 21.1 Organization of the HBV genome showing four 
overlapping open reading frames (ORFs): polymerase (P), surface 
(S), core (C), and X. The P gene encodes the polymerase protein, 
which also functions as a reverse transcriptase. The S gene and the 
preceding pre‐S1 and pre‐S2 regions encode the large, middle, 
and small surface proteins. The C gene and the preceding pre‐C 
region encode the core and e antigen.
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 double‐stranded, covalently closed circular DNA (cccDNA). 
The cccDNA is bound to histones and serves as a template 
for subgenomic viral RNA transcripts, which encode the 
envelope proteins in addition to a greater than full length 
pregenomic RNA. The pregenomic RNA serves as a tem-
plate for the transcription of the polymerase protein and 
the core protein and it is also encapsidated in the imma-
ture cytoplasmic core particles. Inside these immature 
core particles, the first (−) strand HBV DNA is synthe-
sized by reverse transcription of the pregenomic RNA. 
Subsequently, the second (+) strand HBV DNA is repli-
cated from the (−) strand HBV DNA, but this process is 
often incomplete, resulting in the secretion of virions with 
a partially double‐stranded DNA molecule.

The cellular pool of cccDNA is maintained both by 
superinfection of the hepatocyte by additional virions 
and by re‐cycling of nucleocapsids from the hepatocyte 
cytoplasm. Currently approved nucleos(t)ide analogues 
(NAs) for the treatment of hepatitis B have no direct 
inhibitory effect on cccDNA, accounting for the high 
rate of relapse when treatment is stopped. Recent studies 
showed that interferons (IFNs) can induce degradation 
and epigenetic modification of cccDNA [6]. This may 
explain why IFN treatment is associated with higher 
rates of loss of HBeAg and HBsAg than NAs.

HBV serotypes and genotypes

HBV has been classified into serotypes based on anti-
genic determinants on the small S protein. The common 
determinant is ‘a’. In addition, there are two pairs of 
mutually exclusive allelic antigens: ‘y’ versus ‘d’ and ‘w’ 
versus ‘r’. Hence there are four possible major serotypes: 
ayw, ayr, adw, and adr [7,8].

HBV has also been classified into ten genotypes (A–J) 
based on nucleotide sequences with varying distribution 
in different geographical regions (Fig.  21.3) [9]. HBV 
genotypes may play a role in determining the activity and 
risk of progression of liver disease, and also response to 
interferon therapy [7].

HBV variants

HBV genome replicates via reverse transcription of the 
pregenomic RNA. Reverse transcriptase lacks proof‐
reading ability. Therefore, there is a high error rate dur-
ing HBV genome replication and HBV is present as a 
quasi‐species (mixture of viral strains with variations in 
sequences) in chronically infected individuals. The pre-
dominant strain is selected for by endogenous factors 
such as the host immune response and replication fitness 
of the variant and also by exogenous factors such as 

A
B
C
D
E
F
G
H
I
J

Fig. 21.3 Global distribution of HBV genotypes. Source: Shi et al. 2013 [9], Fig. 1. Reproduced with permission of Elsevier.
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 antiviral (NAs) or immune‐based therapies (HBV vac-
cine and hepatitis B immune globulin [HBIG]) [10].

Mutations in the precore and core promoter regions 
are the most common naturally occurring HBV muta-
tions. The precore region is located upstream of the core 
region. The precore protein, which is translated from an 
RNA that includes the precore and core regions, is pro-
cessed to a small soluble antigen, hepatitis B e antigen 
(HBeAg) (Fig. 21.4). The core promoter region upstream 
of the precore and core regions overlaps with the X gene 
and regulates the transcription of the pregenomic RNA 
and the precore mRNA and thereby HBV replication and 
HBeAg production.

The most common precore mutation is a point muta-
tion at nucleotide 1896 of the HBV genome (G1896A) 
[11]. This mutation results in a premature stop codon, 
thus preventing the production of HBeAg (Fig. 21.4). It is 
most frequently found in association with HBV genotype 
D, and to a lesser extent in genotypes B, C, and E, but 
rarely occurs in genotypes A, F, and H. Initially, the 
precore stop codon variant was thought to be associated 
with fulminant hepatitis and severe forms of chronic 
liver disease, but this variant can also be found in those 
who are in an inactive carrier state.

The most common core promoter variant encom-
passes a dual mutation, A1762T and G1764A, which 
downregulate HBeAg production (Fig. 21.4). Core pro-
moter variants can be found in all HBV genotypes, 
although they are most commonly associated with geno-
type C. Core promoter variants have been reported to be 
associated with an increased risk of HCC [12].

 Immune response and mechanisms 
of hepatic injury

In general, HBV is not a cytopathic virus and HBV‐
related liver injury is mainly immune mediated; 
 however, persistently high‐level HBV replication is 
associated with increased risk of adverse clinical out-
comes, indicating the importance of both the virus and 
the host immune response [13]. Although loss of HBsAg 
is often referred to as ‘functional cure’, the rare but well‐
documented re‐emergence of viraemia in patients 
receiving immunosuppressive therapy demonstrates 
that viral clearance may never occur. Quiescent or inac-
tive disease indicates that the virus is suppressed by the 
host immune response. In persons with chronic HBV 
infection, the different phases represent changes in 
 balance between the host immune response and HBV 
replication.

In acute infection that resolves, there is a strong poly-
clonal and multispecific CD8+ T‐cell response [14,15]. 
In chronically infected individuals, the T‐cell responses 
are weak and restricted [15]. HBV‐specific T cells are 
maintained in a dysfunctional or exhausted state but 
not deleted. Increase in HBV‐specific T‐cell respon-
siveness has been observed in patients who undergo 
spontaneous or treatment‐related HBeAg or HBsAg 
loss [16,17]. Although the host immune response in 
patients with chronic HBV infection may be ineffective 
in viral clearance, it can mediate liver damage [18]. 
Hence the immune response can be a double‐edged 
sword.
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Fig. 21.4 Transcription and translation of HBV precore/core gene. The core promoter region regulates the transcription of precore 
messenger RNA (mRNA) and pregenomic RNA. The precore mRNA is translated into precore protein and then processed to the hepatitis B 
e antigen (HBeAg). The pregenomic RNA is reverse transcribed to HBV DNA and also translated to hepatitis B core antigen (HBcAg). HBcAg 
overlaps with HBeAg. The most common precore mutation is G1896A, which results in a change from tryptophan to a stop codon and 
prevents the production of HBeAg. Mutations in the core promoter region, notably A1762T and G1764A, downregulate the transcription 
of precore mRNA, thereby decreasing the production of HBeAg.
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 Epidemiology

HBV is transmitted by parenteral, percutaneous, or sex-
ual contact. The rate of chronic HBV infection varies 
from 0.1 to 20% in different areas of the world (Table 21.1) 
[2]. In low‐prevalence areas such as the USA, Western 
Europe, Australia, and New Zealand, the rate is about 
0.1–2%. In intermediate‐prevalence areas such as the 
Mediterranean countries, Eastern Europe, India, and 
Singapore, the rate is approximately 3–5%. In high‐ 
prevalence areas such as South‐East Asia and sub‐
Saharan Africa, the rate is 10–20%. The success of 
vaccination programmes has converted some countries 
such as China from high‐ to intermediate‐prevalence 
areas. The prevalence of current and past HBV infection 
is estimated to be 5% in the USA and close to 100% among 
adults in some parts of South‐East Asia and Africa. The 
worldwide incidence of HBV infection is decreasing but 
in many developed countries the decrease in incidence of 
acute HBV infection has not been paralleled by a decrease 
in the prevalence of chronic HBV infection owing to 
immigration of carriers from endemic areas.

In many high‐endemic areas and some intermediate‐
endemic areas that used to be highly endemic (e.g. 
China), perinatal transmission is the major mode of 
spread but horizontal spread during the first 2 years of 
life is the predominant mode of transmission in African 
countries. Infection from mother to the neonate occurs 
at the time of birth and during close contact afterwards; 
in utero infection can occur but is uncommon. In areas 
traditionally classified as having intermediate preva-
lence, early childhood infection accounts for most cases 
of chronic infection. Infection probably occurs through 
close contacts within the household, abrasions, cuts, 

sharing of toothbrushes and razors, and contaminated 
needles. In low‐prevalence areas, most infections are 
acquired in adult life through unprotected sexual inter-
course or injection drug use. Infection is more common 
among men who have sex with men and persons with 
multiple sexual partners. The risk of progression to 
chronic infection is inversely related to the age at infec-
tion: approximately 90% for perinatal infection, 25–50% 
for infection among toddlers, and very low (1–2%) for 
infection during adult life.

Modes of transmission

HBV is more easily spread than human immunodefi-
ciency virus (HIV) or hepatitis C virus (HCV). This may 
be related to much higher levels of viraemia in some 
patients with chronic HBV infection (up to 12 log10 IU/mL 
compared with 5–7 log10 IU/mL in patients with HIV 
or HCV infection) in addition to the ability of HBV to 
survive outside the human body for up to 7 days. Blood 
transfusion is rarely a source of HBV infection nowadays. 
In some countries, blood donors are screened not 
only  for  HBsAg but also for hepatitis B core antibody 
(anti‐HBc) and HBV DNA. The risk of transfusion‐
related hepatitis B from blood donors who test negative 
for HBsAg and anti‐HBc is estimated to be 1 in 63 000 
[19]. Addition of nucleic acid testing will detect a small 
number of donor units that may be associated with risk 
of transmitting HBV infection. Addition of mini‐pool 
nucleic acid testing decreased the residual risk of post‐
transfusion hepatitis B to less than 1 in 765 000 in the 
USA [20].

Organ donors are routinely screened for HBsAg. 
Transmission of HBV infection has been reported after 

Table 21.1 Patterns of HBV infection

Characteristic

Prevalence pattern

High Intermediate Low

Carrier rate (%) ≥8 2–7 <2
Geographical distribution South‐East Asia

Pacific Islands
Sub‐Saharan Africa

Middle East
Mediterranean basin
Eastern Europe
Central and south Asia
Japan
China
South America

USA and Canada
Western Europe
Australia
New Zealand

Predominant age at infection Perinatal and early childhood Early childhood
Perinatal*

Adult

Predominant mode of transmission Maternal–infant, percutaneous Percutaneous, sexual
Maternal‐infant*

Sexual, percutaneous

* China was a high‐prevalence area until recently.
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transplantation of non‐hepatic organs such as kidneys 
and avascular tissues such as cornea from HBsAg‐posi-
tive persons. The role of anti‐HBc screening is uncertain 
because of the potential loss of up to 5% of donors in 
low‐endemic areas and more than 50% of donors in high‐
endemic areas. The likelihood of transmission from 
HBsAg‐negative, anti‐HBc‐positive donors is very low 
for recipients of blood or non‐hepatic organs such as 
kidneys, but may be as high as 80% in liver recipients 
[21–23].

The health‐care environment may provide a venue 
for spread of HBV. Transmission generally occurs 
from patient to patient or from patient to health‐care 
personnel via contaminated surgical instruments or 
accidental needle stick; however, transmission from 
surgeons to patients through cuts in gloves has been 
reported [24]. In many countries, proof of immunity is 
required of all surgeons and other medical staff per-
forming invasive procedures and vaccination is offered 
to all staff who might come into contact with patients. 
The US Centers for Disease Control and Prevention 
(CDC) recommends counselling of health‐care work-
ers who perform exposure‐prone procedures on meas-
ures to prevent transmission, antiviral therapy for 
those with high serum HBV DNA levels, and monitor-
ing every 6 months to ensure that HBV DNA levels 
stay below 1000 IU/mL [25]. Improved infection con-
trol, including segregation of HBsAg‐positive patients 
and mandatory vaccination, have greatly reduced the 
incidence of HBV infection among haemodialysis 
patients.

The risk of maternal–infant transmission is related to 
the HBeAg and HBV DNA status of the mother. 
Transmission can occur from highly viraemic mothers 
despite timely administration of HBIG and first dose of 
HBV vaccine and completion of the vaccine series. 
Administration of antiviral therapy in the third trimes-
ter of pregnancy has been shown to be safe and  effective 
in preventing transmission of HBV from highly virae-
mic mothers and is recommended for pregnant women 
with HBV DNA >200 000 IU/mL [26,27]. Caesarean 
section has not been shown to eliminate the risk of per-
inatal HBV infection. Infants born to infected mothers 
may be breastfed if they have been vaccinated. The 
risk of transmission to the fetus during amniocentesis 
is low.

Sexual transmission remains the major mode of spread 
of HBV in developed countries. The risk is increased in 
persons with multiple sexual partners, sexually transmit-
ted diseases, or high‐risk behaviours. Sexual transmis-
sion can be prevented by vaccination of spouses and 
steady sex partners in individuals with monogamous 
partners, and safe sex practice including the use of con-
doms in those with multiple partners.

 Prevention

Prevention of HBV infection is best achieved through edu-
cation, instituting ‘universal precaution’, and vaccination.

Hepatitis B immune globulin

HBIG is a hyperimmune serum globulin with a high hep-
atitis B surface antibody (anti‐HBs) titre. It is effective in 
preventing infection if given before or within hours of 
exposure. HBV vaccine should always be given with 
HBIG, particularly if the subject is at risk of reinfection. 
HBIG is indicated for sexual contacts of persons with 
acute HBV infection, babies born to mothers infected 
with hepatitis B, and victims of parenteral exposure (e.g. 
needle stick) to HBsAg‐positive blood. HBIG is also used 
to prevent HBV reinfection in patients who undergo 
liver transplantation for HBV‐related liver disease, but 
its role has greatly diminished with the availability of 
potent NAs that have high barriers to resistance.

HBV vaccines

Types of vaccines
There are two types of HBV vaccines, plasma‐derived 
and recombinant. Plasma‐derived vaccines are prepared 
by concentrating and purifying plasma from HBsAg car-
riers to produce 22 nm subviral particles that contain 
HBsAg alone. Plasma vaccines have been largely replaced 
by recombinant vaccines because of concerns about the 
potential to transmit blood‐borne infections, although 
there are no data to support these concerns. Recombinant 
vaccines may be derived from yeast or mammalian cells. 
The yeast‐derived vaccines contain small S protein only 
whereas the mammalian cell‐derived vaccines contain 
small S protein with or without large and middle S pro-
teins. The two most widely used HBV vaccines 
(Recombivax and Engerix‐B) are yeast derived and do 
not contain thimerosal, a preservative associated with 
allergic reactions and potential neurological adverse 
effects.

HBV vaccine is also available as combination vaccines 
with hepatitis A vaccine (TWINRIX) and with diphthe-
ria, tetanus, and pertussis (DTP3) with or without 
Haemophilus influenzae type b (Hib) vaccines. These 
combination vaccines have similar efficacy and facilitate 
the incorporation of HBV vaccination into childhood 
immunization.

Indications for HBV vaccine (Table 21.2)
All newborns
Universal vaccination of all newborns regardless of 
maternal HBsAg status is necessary for global eradica-
tion of HBV infection. As of 2015, 96% of countries 
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have introduced HBV vaccine into their national immu-
nization programmes and more than 83% of infants 
have received the third dose of HBV vaccine but only 
39% of infants have received birth dose HBV vaccine [28]. 
Countries that implemented universal HBV vaccination 
programmes early have seen a decline in HBV infec-
tions and also HCC. In Taiwan, vaccination of  newborns 
of mothers infected with hepatitis B was implemented 
in 1984 and universal vaccination of all newborns in 
1986. Thirty years into the programme, the rate of 
chronic HBV infection in those less than 30 years old 
decreased from 9.8% to 0.5% and the risk of HCC and 
liver‐related mortality has decreased by 90% [29,30]. 
HBV vaccine was the first vaccine demonstrated to 
 prevent cancer [31].

Neonates of HBsAg‐positive mothers
This is the most important step towards the eradication 
of chronic HBV infection. These babies should receive 
HBIG and the first dose of vaccine at the same time at 
two different injection sites within 12 h of birth.

Prevaccination screening
The purpose of prevaccination screening is to identify 
individuals who have been exposed to HBV and who do 
not require vaccination. Prevaccination screening is not 
necessary in low‐endemic areas except for persons in 
high‐risk groups, but it should be performed in all adults 
in high‐ or intermediate‐endemic areas. Screening can 
be performed by a single test for anti‐HBc, which will 
detect individuals with past or current infection, or by a 
combination of tests for HBsAg and anti‐HBs. The 
advantage of the latter approach is that it will differenti-
ate persons who are chronically infected from those who 
have immunity.

Dose schedule
HBV vaccine is usually administered in three doses at 0, 
1, and 6 months (Table 21.3). Newborns of HBsAg  carrier 
mothers should receive HBIG and the first dose of HBV 
vaccine within 12 h of birth. For patients on haemodialy-
sis, higher doses of vaccine are needed.

Efficacy
HBV vaccines have been shown to be effective in pre-
venting HBV infection. A protective immune response 
defined as anti‐HBs titre >10 mIU/mL is achieved in 
90–95% of vaccine recipients.

Postvaccination testing
Routine postvaccination testing to document anti‐HBs 
seroconversion is unnecessary except in health‐care 
workers, haemodialysis patients, and persons who are at 
risk for recurrent exposure to HBV, such as the spouse/
sexual partner of an individual with chronic HBV infec-
tion and infants of HBV‐infected mothers. Testing 
should be performed 1–2 months after completion of the 
primary vaccination series. For infants of mothers 
infected with hepatitis B, testing should be performed at 
age 9–15 months. For haemodialysis patients, testing 
should be performed annually.

Management of non‐responders
Table  21.4 summarizes reasons for non‐response. The 
general recommendation for non‐responders is to repeat 
a three‐dose series; 50–75% will respond to the second 
course, and retesting for anti‐HBs should be performed. 
Non‐responders to the second course should be tested 
for HBsAg as some may have undiagnosed chronic HBV 
infection. For haemodialysis patients, response may be 
improved by using double‐dose vaccine.

Table 21.2 Indications for hepatitis B vaccination

All newborns*

All children and adolescents not vaccinated at birth
Adults at high risk of infection:

Health‐care workers
Men who have sex with men
Persons with multiple sexual partners
Injection drug users
Patients on haemodialysis
Institutionalized patients
Public safety workers
Persons with diabetes
Spouse, sexual partners, and household members of HBV 
carriers

Adults at high risk of severe liver injury:
Patients with chronic liver disease
Patients with HIV infection

* For infants born to mothers with chronic HBV infection, hepatitis B 
immune globulin (HBIG) should also be administered at birth.

Table 21.3 Hepatitis B vaccines and dosage recommendations

Vaccine 
brand

Age group 
(years)

Dose 
(µg)

Volume 
(mL)

No. of 
doses

Engerix‐B 0–19 10 0.5 3
≥20 20 1.0 3

Recombivax 
HB

0–19 5 0.5 3

≥20 10 1.0 3
(Optional 
2 doses)

11–15 10 1.0 2

For haemodialysis patients, recommended dose is 40 µg with each 
dose (Engerix ‐B 40 µg per 2.0 mL given at 0, 1, 2, and 6 months and 
Recombivax HB dialysis formulation 40 µg per 1.0 mL given at 0, 1 and 
6 months).
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Duration of protection
Roughly 50% of adolescents vaccinated as infants have 
protective anti‐HBs titre after 20 or more years and 80% 
have anamnestic response to booster vaccination [32]. 
Among persons vaccinated as children or adults, half of 
those who responded to the primary series had detect-
able anti‐HBs 30 years later and roughly 90% had an 
anamnestic response to booster vaccination [33]. Hence, 
although anti‐HBs titres decrease with time, vaccine 
recipients may be protected even after the anti‐HBs titre 
has become undetectable. Breakthrough infections 
appear to occur mostly among those who did not have 
an initial response to vaccination; therefore, a booster 
dose is unnecessary in those with documented response 
after the primary vaccine series and may be adminis-
tered in persons with no documentation of initial 
response.

Safety
HBV vaccine is very safe and can be administered dur-
ing pregnancy. The most common adverse reaction is 
soreness over the injection site. Other adverse reac-
tions include low‐grade fever, malaise, headache, 
arthralgia, and myalgia. Concerns about HBV vaccine 
and demyelinating central nervous system diseases 
including multiple sclerosis and also autism have not 
been substantiated [34].

Vaccine escape mutants
Mutations in the surface protein, most commonly a 
 glycine to arginine substitution at codon 145 (G145R), 
have been found in some children of mothers infected 
with hepatitis B who became infected despite vaccina-
tion [35]. These mutations decrease the binding of 
HBsAg to anti‐HBs and are likely to have been selected 
to escape immune recognition. Although these mutants 
have been found in many parts of the world, the preva-
lence is low and there is no indication that the efficacy of 
HBV  vaccine is declining.

 Diagnosis

Diagnosis of hepatitis B is based on clinical assessment 
and laboratory tests. Serological markers of HBV and 
serum HBV DNA levels are crucial for confirmation of 
the diagnosis of HBV infection and for determination of 
the stage of infection (Table  21.5 and Table  21.6 and 
Fig. 21.5 and Fig. 21.6). Most patients with chronic HBV 
infection do not have symptoms until their liver disease 
is at an advanced stage; therefore, screening of at‐risk 
persons is critical in early diagnosis. Table 21.7 summa-
rizes the CDC recommendations on who should be 
screened for hepatitis B [36, 36a].

Serological diagnosis

HBsAg and anti‐HBs
HBsAg is the serological hallmark of HBV infection. It 
can be detected 1–10 weeks after an acute exposure to 
HBV, approximately 2–6 weeks before the onset of 
 hepatitis symptoms or elevation of alanine aminotrans-
ferase (ALT). In patients who subsequently recover, 
HBsAg usually becomes undetectable after 4–6 months. 
Persistence of HBsAg for more than 6 months implies 
chronic infection. The disappearance of HBsAg is fol-
lowed by the appearance of anti‐HBs, although in some 
patients there may be a window period of several weeks 
to months when neither HBsAg nor anti‐HBs can be 
detected. In most patients who recover from acute HBV 
infection, anti‐HBs persists for life, thus conferring 
long‐term immunity.

Some HBsAg carriers have detectable anti‐HBs; in 
most instances, the antibodies are directed against one 
of the subtypic determinants and not the common ‘a’ 
determinant and are unable to neutralize the circulating 
virions. These persons should be managed similarly to 
other HBsAg‐positive persons who do not have detecta-
ble anti‐HBs.

Table 21.4 Causes of non‐response to HBV vaccine

Host factors
Age >40 years
Obesity
Smoking
Genetics, certain HLA types

Other medical conditions
Diabetes
Cirrhosis
Renal failure
Conditions requiring immunosuppressive therapy

Unrecognized chronic HBV infection
Technical

Subcutaneous administration
Freezing of vaccine

Table 21.5 Interpretation of HBV serological markers

HBsAg HBV infection: acute or chronic
HBeAg High levels of HBV replication and 

infectivity
Anti‐HBe Low levels of HBV replication and 

infectivity
Anti‐HBc (IgM) Recent HBV infection
Anti‐HBc (IgG) Recovered or chronic HBV 

infection
Anti‐HBs Immunity to HBV infection
Anti‐HBc (IgG) + anti‐
HBs

Past HBV infection

Anti‐HBc (IgG) + HBsAg Chronic HBV infection
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HBcAg and anti‐HBc
HBcAg cannot be detected in circulating blood but anti‐
HBc can. IgM anti‐HBc is an indicator of acute HBV 
infection and may be the sole marker during the window 
phase. The IgM anti‐HBc titre decreases during recovery 
whereas the IgG anti‐HBc titre increases. IgM anti‐HBc 
persists at low titre in most patients with chronic HBV 

infection; titres increase during exacerbations of chronic 
hepatitis B, sometimes making it difficult to differentiate 
from acute hepatitis B.

IgG anti‐HBc is present along with anti‐HBs in per-
sons who have recovered from HBV infection and with 

Table 21.6 Diagnosis of HBV infection

Infection HBsAg HBeAg
Anti‐HBc 
(IgM)

Anti‐HBc 
(IgG) Anti‐HBs Anti‐HBe

HBV DNA 
(serum) Interpretation

Acute HBV 
infection

+ + + − − − +++ Early phase
− − + +/− − +/− +/− Window phase
− − − + + + +/− Recovery phase

Chronic HBV 
infection

+ + − + − − +++ HBeAg + chronic hepatitis or 
immune tolerant phase

+ − − + − + +/− Inactive carrier state
+ − − + − + ++ HBeAg − chronic hepatitis

0 2 4

HBV
DNA

HBeAg Anti-HBe

Months Years

Anti-HBs
Anti-HBc

Anti-HBc IgM

ALT

HBsAg

6

Fig. 21.5 Serological profile of acute HBV infection. ALT, alanine 
aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B 
surface antigen; HBc, hepatitis B core.

HBV DNA

HBeAg Anti-HBe

Months Years

Anti-HBc

Anti-HBc IgM

ALT

HBsAg

Fig. 21.6 Serological profile of chronic HBV infection. ALT, alanine 
aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B 
surface antigen; HBc, hepatitis B core.

Table 21.7 Recommendations on who should be 
screened for HBV

Individuals born in areas of higha or intermediate prevalence 
ratesb for HBV including immigrants and adopted childrenc,d

Asia: all countries
Africa: all countries
South Pacific Islands: all countries
Middle East (except Cyprus and Israel)
European Mediterranean: Malta and Spain
The Arctic (indigenous populations of Alaska, Canada, and 
Greenland)
South America: Ecuador, Guyana, Suriname, Venezuela, and 
Amazon regions of Bolivia, Brazil, Colombia, and Peru
Eastern Europe: all countries except Hungary
Caribbean: Antigua and Barbuda, Dominica, Granada, Haiti, 
Jamaica, St Kitts and Nevis, St Lucia, and Turks and Caicos
Central America: Guatemala and Honduras

Other groups recommended for screening
US‐born persons not vaccinated as infants whose parents 
were born in regions with high HBV endemicity (≥8%)
Household and sexual contacts of HBsAg‐positive personsc

Persons who have ever injected drugsc

Persons with multiple sexual partners or history of sexually 
transmitted diseasec

Men who have sex with menc

Inmates of correctional facilitiesc

Individuals with chronic liver diseasec

Individuals infected with HCV or HIVc

Patients undergoing renal dialysis
All pregnant women
Persons needing immunosuppressive therapy
Persons with diabetes
Persons at risk of occupational exposure to HBV
Developmentally disabled persons in long-term care facilities

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
a HBsAg prevalence >8%.
b HBsAg prevalence 2–7%.
c Those who are seronegative should receive hepatitis B vaccine.
d If HBsAg‐positive persons are found in the first generation, 
subsequent generations should be tested.
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HBsAg in those who are chronically infected. The iso-
lated presence of anti‐HBc in the absence of HBsAg and 
anti‐HBs may occur during the window period of acute 
hepatitis B when the anti‐HBc is predominantly IgM 
class, many years after recovery from acute hepatitis B 
when anti‐HBs has fallen to undetectable levels, or after 
many years of chronic HBV infection when the HBsAg 
titre has decreased below the level of detection. In 
endemic countries and in those at high risk for HBV 
infection, the isolated presence of anti‐HBc is most often 
an indication of low‐level or past HBV infection. HBV 
DNA is occasionally detected in serum, usually at low 
levels, but HBV DNA is often present in the liver. 
Transmission of HBV infection has been reported from 
blood and organ donors with isolated anti‐HBc, the risk 
being highest when livers from anti‐HBc‐positive donors 
are transplanted into seronegative recipients [23].

HBeAg and anti‐HBe
HBeAg is a soluble protein derived from the processing 
of the precore protein. It is a marker of HBV replication 
and infectivity. Seroconversion from HBeAg to anti‐HBe 
is usually associated with a marked decrease in serum 
HBV DNA level and remission of liver disease. Some 
anti‐HBe‐positive patients continue to have active hepa-
titis and high serum HBV DNA level; these patients often 
have precore or core promoter HBV variants that  prevent 
or decrease the production of HBeAg [10].

HBV DNA
HBV DNA in serum is a marker of viraemia and infectiv-
ity. Real‐time polymerase chain reaction (PCR) assays 
currently in use have detection limits of 10–20 IU/mL 
and a wide range of linearity, up to 108 IU/mL. Using 
 sensitive PCR assays, HBV DNA may be detected up to 
2–3 weeks before the appearance of HBsAg in persons 
with acute HBV infection and may remain detectable 
after HBsAg seroconversion. HBV DNA levels fluctuate 
during chronic HBV infection; therefore, serial monitor-
ing is important to determine which phase of infection 
the patient is in, to determine when antiviral treatment 
should be initiated, and to monitor for virological 
response during treatment.

Liver biopsy

The purpose of a liver biopsy is to assess the degree of 
necroinflammation and the extent of fibrosis. Sometimes, 
liver biopsies are performed to rule out other causes of 
liver disease. Liver biopsy is most useful in patients with 
chronic HBV infection who do not meet clear‐cut crite-
ria for treatment.

Several studies showed that moderate–severe inflam-
mation and/or advanced fibrosis can be found in patients 

with normal ALT[37–39], mainly in older patients 
(>40 years of age), those with high serum HBV DNA 
 levels, and those who do not have documentation of 
 persistently normal ALT.

Non‐invasive assessment of liver fibrosis

Various non‐invasive methods, including laboratory 
tests and measurement of liver stiffness by elastography, 
have been validated in the assessment of liver fibrosis 
(for details, see Chapter  7). In general, these tests are 
more accurate in determining the presence or absence of 
cirrhosis but less so in differentiating different stages of 
fibrosis. Inflammation plays an important role in disease 
progression and response to antiviral therapy in patients 
with hepatitis B; however, these non‐invasive methods 
do not measure inflammation. In fact, severe inflamma-
tion can lead to falsely high laboratory scores such as the 
aspartate aminotransferase to platelet ratio index (APRI) 
and liver stiffness measurements. Hence these methods 
are most reliable in assessing fibrosis in patients who are 
in the inactive carrier phase and different cutoffs may 
need to be used in patients with active hepatitis [40]. 
Despite these limitations, non‐invasive assessment of 
liver fibrosis can identify patients with advanced fibrosis 
or cirrhosis for initiation of antiviral treatment and HCC 
surveillance [41–43].

 Clinical manifestations

The manifestations vary from subclinical hepatitis, 
anicteric hepatitis, and icteric hepatitis to fulminant 
hepatitis during the acute phase, and from inactive car-
rier state to chronic hepatitis, cirrhosis, hepatic decom-
pensation, and HCC during the chronic phase. Perinatal 
or childhood infection is usually associated with few or 
no symptoms and a high rate of chronicity, whereas 
adult‐acquired infection is often associated with symp-
toms and a low risk of chronicity. Clinical manifesta-
tions, outcomes, and treatment of patients coinfected 
with hepatitis D are discussed in Chapter 22.

Acute HBV infection
Approximately 70% of patients with acute HBV infection 
have subclinical or anicteric hepatitis. The incubation 
period lasts 1–4 months. During the prodromal period, a 
serum sickness‐like syndrome may develop. This is 
 followed by malaise, anorexia, nausea, right upper quad-
rant discomfort, and, in some patients, fever, vomiting, 
and jaundice. Clinical symptoms and jaundice usually 
disappear after 1–3 months but some patients may have 
 persistent fatigue even after ALT levels have returned to 
normal.
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The most common findings on physical examination 
include soft, mildly tender hepatomegaly, jaundice, and 
low‐grade fever. Rarely, splenomegaly and spider nevi 
may be present.

Laboratory tests reveal acute hepatocellular injury 
with marked elevation in aspartate aminotransferase 
(AST) and ALT, with or without an increase in bilirubin. 
A persistent increase in bilirubin and prolongation of 
prothrombin time indicate severe liver injury.

Patients with acute hepatitis B test positive for HBsAg 
and IgM anti‐HBc. During the early phase, HBeAg and 
HBV DNA will also be present. Patients who present late in 
the course of illness may have seroconverted from HBeAg 
to anti‐HBe with undetectable HBV DNA, and in some 
instances may have become HBsAg negative (Table  21.6 
and Fig. 21.5), but will remain IgM anti‐HBc positive.

Chronic HBV infection
Many patients with chronic HBV infection have no 
symptoms whereas others may experience fatigue or 
right upper quadrant discomfort.

Physical examination may be normal or there may be 
stigmata of chronic liver disease and mild hepatomegaly. 
In patients with cirrhosis the liver may be small, the 
spleen may be palpable, and there may be signs of decom-
pensation (ascites, encephalopathy, jaundice).

Laboratory tests can be entirely normal even in patients 
with compensated cirrhosis. Mild to moderate elevation 
of AST and ALT may be the only biochemical abnormal-
ity. ALT levels can be more than 1000 U/L during exacer-
bations and markers of impaired hepatic function 
(decreased albumin, increased bilirubin, and prolonged 
prothrombin time) may be present. α‐Fetoprotein levels 
may be increased during exacerbations and may be as 
high as 5000 ng/mL. IgM anti‐HBc titres are increased 
during exacerbations mimicking acute hepatitis B.

Patients with chronic HBV infection test positive for 
HBsAg and IgG anti‐HBc (Table  21.6 and Fig.  21.6). 
During the early phases of chronic HBV infection, 
HBeAg and high levels of HBV DNA will also be 
present.

Extrahepatic manifestations

Polyarteritis nodosa (PAN)
Approximately 10–30% of patients with PAN are found 
to be HBsAg positive [44]. The decline in HBV infection 
over the past decade has been associated with a decrease 
in frequency of HBV‐related PAN. Immune complexes 
of HBV antigens and antibodies trigger injury of large, 
medium, and small blood vessels. Vasculitis may affect 
cardiovascular, gastrointestinal, musculoskeletal, neuro-
logical, and dermatological systems. The course is varia-
ble and may be fatal.

Glomerulonephritis
HBV‐related glomerulonephritis is rare and more often 
found in children. Membranous glomerulonephritis is 
most common especially among children but mem-
branoproliferative, mesangiocapillary, or focal prolifera-
tive glomerulonephritis, minimal change disease, and 
IgA nephropathy have also been reported [45]. Severity 
of the renal disease does not correlate with HBV replica-
tion or severity of liver disease, although antiviral ther-
apy and HBeAg seroconversion have been associated 
with remission of renal and hepatic disease.

Papular acrodermatitis (Gianotti–Crosti disease)
Papular acrodermatitis is strongly associated with HBs 
antigenaemia in young children. It manifests as symmet-
rical, erythematous, maculopapular, non‐itchy eruptions 
over the face, buttocks, limbs, and occasionally the trunk.

 Natural history

The natural course of HBV infection is determined by 
the interplay between the virus, the host, and the 
environment.

Acute HBV infection

Age at the time of infection and immune status of the 
host are the most important factors determining pro-
gression from acute to chronic HBV infection. Recovery 
from acute HBV infection is signified by loss of HBsAg 
and detection of anti‐HBs. Using sensitive PCR assays, 
HBV DNA can be detected in the liver and sometimes 
also in the serum many years after ‘recovery’ from acute 
HBV infection [46]. It is now recognized that HBV per-
sists at low levels, being held in check by the host immune 
response. This explains why reactivation of HBV replica-
tion can occur in persons with serological markers of 
recovered HBV infection.

Chronic HBV infection

The course of chronic HBV infection consists of four 
phases (Fig.  21.7), although not every patient goes 
through all phases [47]. For example, the immune toler-
ant phase is short or absent in patients with childhood or 
adult acquired HBV infection and many patients may 
never progress to the reactivation phase.

Immune tolerant phase
This phase is characterized by the presence of HBeAg, 
high serum HBV DNA levels, and persistently normal 
ALT. Patients in this phase are typically young Asians 
with perinatally acquired HBV infection. The lack of 
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liver disease despite high levels of HBV replication is 
believed to be due to immune tolerance to HBV, although 
recent studies found that immune response to HBV 
 during this phase, although weak, is not substantially 
 different to that during immune active phases [48].

The immune tolerant phase usually lasts 10–30 years, 
during which there is a very low rate of spontaneous 
HBeAg clearance. Most patients in the immune tolerant 
phase have minimal liver injury and prognosis is favour-
able during short‐term follow‐up, particularly in patients 
who undergo spontaneous HBeAg seroconversion (to 
anti‐HBe) before age 40 years. One study in Taiwan 
found that only 5% of patients progressed to cirrhosis 
and none developed HCC after a mean follow‐up of 
10.5 years [49]. The rate of progression to cirrhosis was 
low (less than 4%) in patients who underwent HBeAg 
seroconversion before age 40 years but increased to 28% 
in those who did so after that age [50].

Immune clearance phase (HBeAg‐positive 
chronic hepatitis)
This phase is characterized by the presence of HBeAg, 
high serum HBV DNA levels, persistent or intermittent 
elevation in ALT, and active inflammation on liver 
biopsy.

A characteristic of the immune clearance phase is ALT 
flares, which are believed to be manifestations of 
immune‐mediated lysis of infected hepatocytes. Most 
ALT flares are asymptomatic but some are accompanied 
by symptoms of acute hepatitis and rarely jaundice and 
liver failure.

An important outcome of the immune clearance phase 
is HBeAg seroconversion. During this phase, spontane-
ous HBeAg seroconversion rate may be as high as 
10–20% per year. HBeAg seroconversion is frequently, 
but not always, accompanied by an ALT flare [51,52]. 
Not all ALT flares result in HBeAg seroconversion. In 
some cases, ALT flares are accompanied by a marked 

decrease in serum HBV DNA but HBeAg remains posi-
tive. ALT flares are more common in men than women 
and may account for the higher rates of cirrhosis and 
HCC in men.

Factors associated with HBeAg seroconversion include 
female gender, older age, higher ALT, lower HBV DNA, 
and non‐Asian races [53]. Studies in Asian countries 
showed that patients with HBV genotype B undergo 
HBeAg seroconversion at an earlier age and are more 
likely to have sustained biochemical and virological 
remission after HBeAg seroconversion than those with 
genotype C [54].

Inactive carrier phase
This phase is characterized by the absence of HBeAg, 
presence of anti‐HBe, persistently normal ALT, and low 
or undetectable serum HBV DNA.

Patients who stay in this phase have a favourable 
prognosis, particularly if they had minimal liver injury 
during the preceding immune clearance phase. A study 
of Italian HBsAg‐positive blood donors found no differ-
ence in mortality compared with uninfected controls 
after 30 years of follow‐up [55]. Another study in 
Taiwan also found no liver‐related mortality in HBeAg‐
negative patients with persistently normal ALT levels 
after a median follow‐up of 13.4 years [56]. However, 
some patients will revert back to HBeAg‐positive 
chronic hepatitis and some will progress to HBeAg‐
negative chronic hepatitis after months, years, or dec-
ades. HCC can develop in a very small percentage of 
inactive carriers. Given the fluctuating course of 
chronic HBV infection, patients should not be classi-
fied as inactive carriers until they have had HBV DNA 
and ALT testing on three or four occasions over a 
 12‐month period documenting inactivity. Low HBsAg 
levels can differentiate inactive carriers from those with 
HBeAg‐negative chronic hepatitis and predict low risk 
of HCC among HBeAg‐negative patients with low HBV 
DNA levels [57,58].

Reactivation phase (HBeAg‐negative chronic 
hepatitis)
This phase is characterized by the absence of HBeAg, 
presence of anti‐HBe, high HBV DNA, intermittent or 
persistently elevated ALT, and continued necroinflamma-
tion. Whereas most patients reach this phase after a vari-
able duration in the inactive carrier phase, some progress 
directly from HBeAg‐positive chronic hepatitis to HBeAg‐
negative chronic hepatitis. Patients in this phase are older 
and have more advanced liver disease because this repre-
sents a later stage in the course of chronic HBV infection.

Most patients have precore or core promoter HBV 
variants that prevent or decrease the production of 
HBeAg.

HBeAg

Anti-HBe

HBV DNA

ALT

Immune
tolerant

Immune
clearance

Inactive
carrier state Reactivation

Fig. 21.7 Different phases of chronic HBV infection. ALT, alanine 
aminotransferase.
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Spontaneous HBsAg clearance
Patients with chronic HBV infection may spontaneously 
clear HBsAg and some will also seroconvert to anti‐HBs. 
The annual rate of HBsAg clearance has been estimated 
to be 1% per year, but HBsAg clearance does not occur at 
a linear rate, being very uncommon during the early 
stages and increasing over time [59].

HBsAg clearance is generally accompanied by unde-
tectable serum HBV DNA, normalization of ALT, and 
improved liver histology [60]. However, low levels of 
HBV DNA may be detectable in some patients, more so 
in the liver than serum. The prognosis of patients who 
cleared HBsAg is excellent; however, the risk of HCC 
remains, particularly if HBsAg is cleared after age 
50 years or after cirrhosis development [61–64].

Occult HBV infection
Occult HBV infection is defined as the detection of HBV 
DNA in the absence of HBsAg in serum [65]. HBV DNA 
is detected in the liver in most cases but HBV DNA is 
undetectable or present at low concentrations in the 
serum. Most of these patients are positive for anti‐HBc, 
indicating that they had prior infection with HBV. Occult 
HBV infection has been found in a higher percentage of 
patients with hepatitis C also with HCC than those who 
do not have HCC, suggesting that past HBV infection or 
persistence of low‐level HBV infection may contribute to 
HCC development.

Clinical outcomes

Clinical outcomes of chronic HBV infection include cir-
rhosis, liver failure, and HCC (Fig. 21.8). Host, viral, and 
environmental factors contribute to the development of 
these outcomes (Table 21.8) [47]. Although HBV is not a 
cytopathic virus, persistently high serum HBV DNA lev-
els, delayed HBeAg seroconversion, and HBV reactiva-
tion are associated with increased risk of cirrhosis, HCC, 
and liver‐related mortality [13,50,66,67]. HBV genotype 
has also been found to be associated with clinical 
 outcomes. Studies in Asia showed that compared with 
genotype B, genotype C is associated with more rapid 
progression to cirrhosis and a higher rate of HCC [68]. 
The more aggressive course of genotype C may be related 
to the delay in HBeAg seroconversion and frequent asso-
ciation with core promoter mutations. The dual muta-
tions A1762T and G1764A in the core promoter region 
are associated with more active hepatitis and have been 
shown to be associated with an increased risk of HCC [12]. 
Coinfection with HIV, HCV, or HDV increases the risk 
of cirrhosis and HCC.

Cirrhosis is the most important predictor of HCC, but 
other viral, host, and environmental factors also play a 
role (Table  21.8). Several prediction models have been 
developed to assess the risk of HCC (Table 21.9) [43,69–73]; 
however, these models have not been widely validated 
and their accuracy in predicting risk of HCC among 
patients on maintenance NAs is unclear.

Chronic HBV infection

Chronic hepatitis B

Compensated
cirrhosis

Decompensated
cirrhosis

Hepatocellular
carcinoma

Death

Inactive carrier state

 20-50%

 <1.0%

 2-3%

 7-8%

 3-5%

 2-6% for HBeAg(+) hepatitis B

 20-50%

<0.2%

 8-10% for HBeAg(-) hepatitis B

Fig. 21.8 Outcomes of chronic HBV infection.
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 Treatment

Currently, there are eight approved drugs for hepatitis B. 
These drugs are effective in suppressing HBV replication 
but they do not eradicate HBV; therefore, most patients 
require long‐term and sometimes lifelong treatment to 
maintain clinical benefit.

Goals of treatment

The aims of hepatitis B treatment are to achieve sus-
tained suppression of HBV replication and remission of 
liver disease. The ultimate goal is to prevent cirrhosis, 
liver failure, and HCC. Parameters used to assess treat-
ment response include decrease in serum HBV DNA, 

loss of HBeAg with or without seroconversion to anti‐
HBe, loss of HBsAg with or without seroconversion to 
anti‐HBs, normalization of serum ALT, and improve-
ment in liver histology (decreased necroinflamma-
tion ± decreased fibrosis), or reversal of liver fibrosis 
determined by non‐invasive methods.

Safety and efficacy of approved treatments

Currently approved therapies include two formulations 
of IFN  –  conventional and pegylated  –  and six 
NAs – lamivudine, adefovir dipivoxil, entecavir, telbivu-
dine, tenofovir disoproxil fumarate, and tenofovir 
alafenamide. Table 21.10 summarizes the response rates 
to these treatments in HBeAg‐positive and ‐negative 
patients.

Interferon (IFN)
Interferon has both antiviral and immunomodulatory 
activity and was the first medication to be approved for 
hepatitis B. Recent studies suggest that it may also inhibit 
pregenomic RNA encapsidation, enhance cccDNA deg-
radation, and exert epigenetic modification of cccDNA [6]. 
Pegylated IFN has superseded conventional IFN because 
of its more convenient dose schedule and improved 
efficacy.

HBeAg‐positive patients
A 1‐year course of pegylated IFN resulted in HBeAg 
seroconversion in roughly 30% of patients when assessed 
24 weeks after cessation of treatment [74,75]. Addition of 
lamivudine led to a greater decrease in serum HBV DNA 
during treatment but had no impact on HBeAg serocon-
version or off‐treatment HBV DNA suppression. Follow‐
up of patients in one trial for a mean of 3.5 years after 
completion of pegylated IFN with or without lamivudine 
found that 37% had lost HBeAg and 11% had lost HBsAg 
[76]. The rate of HBsAg loss was significantly higher in 
patients with genotype A infection, 28%, compared to 
those with non‐A infection, 3% (p <0.001). Among the 
initial responders, 81% had durable HBeAg loss and 30% 
had HBsAg loss.

HBeAg‐negative patients
A 1‐year course of pegylated IFN resulted in undetect-
able serum HBV DNA and normalization of ALT in 15% 
of patients when assessed 24 weeks after cessation of 
treatment [77]. Addition of lamivudine led to a greater 
decline in serum HBV DNA during treatment but did 
not improve the rate of sustained virological response. 
Three years after completion of treatment, serum HBV 
DNA <2000 IU/mL was maintained in 22.6% versus 
9.4%, ALT normalization in 31.3% versus 18.9%, and 
HBsAg loss in 8.7% versus 0% of patients who received 

Table 21.8 Factors associated with increased risk of cirrhosis or 
hepatocellular carcinoma

Viral
Persistent presence of HBeAg
Persistently high HBV DNA
HBV genotype C > B
Core promoter mutations*
HCV, HDV, HIV coinfection

Host
Male gender
Older age
Recurrent exacerbations
Persistently elevated ALT
Cirrhosis*
Diabetes*
Family history of HCC*

Environment
Heavy drinking
Cigarette smoking*
Aflatoxin*

ALT, alanine aminotransferase.
* Increased risk of hepatocellular carcinoma.

Table 21.9 Prediction models for hepatocellular carcinoma

Prediction 
model Variables in model

REACH‐B Age, gender, HBV DNA, ALT, HBeAg
REACH‐B II Age, gender, HBV DNA, ALT, HBeAg, HBV 

genotype, HBsAg level, family history of HCC
CUHK Age, HBV DNA, cirrhosis, albumin, bilirubin
LSM‐HCC Age, albumin, HBV DNA, liver stiffness 

measurement
GAG‐HCC Age, gender, HBV DNA, core promoter 

mutation, cirrhosis
PAGE‐B Age, gender, platelet

ALT, alanine aminotransferase.
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pegylated IFN with or without lamivudine versus lami-
vudine alone, respectively [78].

Predictors of response
The strongest predictor of IFN‐induced HBeAg serocon-
version is elevated pretreatment ALT level [79]. Other 
predictors include high histological activity index and 
low serum HBV DNA level. Genotypes A and B are asso-
ciated with a higher rate of HBeAg seroconversion than 
genotypes C and D and genotype A is associated with a 
higher rate of HBsAg loss [80]. There is no consistent 
baseline predictor of sustained response among HBeAg‐
negative patients. Lack of decline in HBsAg titres after 
12 weeks of pegylated IFN treatment has a high negative 

predictive value for off‐treatment response in both 
HBeAg‐positive and ‐negative patients [81–83].

Side‐effects
The most common side‐effect of IFN is an initial  ‘flu‐
like’ illness. Other common side‐effects include fatigue, 
anorexia, weight loss, mild increase in hair loss, 
 emotional lability (including anxiety, irritability, and 
depression), bone marrow suppression, and unmasking 
or exacerbation of autoimmune illnesses.

IFN is contraindicated in patients with decompensated 
cirrhosis because of the risk of sepsis and worsening of 
liver failure [84]. IFN should also be avoided in patients 
with HBV‐related acute liver failure, severe exacerbations 

Table 21.10 Response rates to approved therapies for HBeAg‐positive and HBeAg‐negative chronic hepatitis B

Response (%)

Lamivudine Adefovir Entecavir Telbivudine

Tenofovir 
disoproxil 
fumarate

Tenofovir 
alafenamide

Pegylated 
interferona

Pegylated 
interferon + 
lamivudinea

HBeAg‐positive patients
At week 48 or 52
Histology improved 49–62 53–68 72 65 74 na 38 41
Undetectable HBV DNA 40–44 21 67 60 67–76 64 25 69
HBeAg seroconversion 16–21 12 21 22 12–21 10 27 24
HBsAg loss <1 0 2 0 <1–3 1 3 3

During extended treatment or follow‐upb

Undetectable
HBV DNA

na 39
(5)

94
(5)

76
(4)

97
(5)

na 13c

(4.5)
26c

(4.5)
HBeAg seroconversion 47

(3)
48
(5)

41
(5)

53
(4)

40
(5)

na 37c

(4.5)
36c

(4.5)
HBsAg loss 0–3

(2–3)
2
(5)

5
(2)

2
(4)

10
(5)

na 8c

(4.5)
15c

(4.5)

HBeAg‐negative patients
At week 48 or 52
Histology improved 60–66 64–69 70 67 72 na 48 38
Undetectable HBV DNA 60–73 51 90 88 93 94 63 87
HBsAg loss <1 na <1 <1 0 0 4 3

During extended treatment or follow‐upb

Undetectable HBV DNA 6 (4) 67 (5) na 86 (4) 99 (5) na 18c (4) 13c (4)
HBsAg loss <1 (4) 5 (5) na <1 (4) 0 (5) na 8c (4) 8c (4)

Histological improvement defined as a ≥2‐point decrease in necroinflammatory score and no worsening of fibrosis score.
na, not available.
a Liver biopsy performed 24 weeks after stopping treatment.
b Time point in which response was assessed in years while on‐treatment for nucleos(t)ide analogues and during off‐treatment follow‐up for 
pegylated interferon.
c Assessment performed off‐treatment.
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of chronic hepatitis B, compensated cirrhosis, and evi-
dence of portal hypertension, and in patients who require 
antiviral prophylaxis while receiving immunosuppres-
sive or cancer chemotherapy. IFN should not be used in 
women who are pregnant or will be pregnant.

Nucleos(t)ide analogues (NAs)
The six approved NAs can be divided into three groups: 
l‐nucleosides  –  lamivudine and telbivudine; acyclic 
nucleoside phosphonates – adefovir dipivoxil, tenofovir 
disoproxil fumarate, and tenofovir alafenamide; and 
deoxyguanosine analogues  – entecavir. Tenofovir 
alafenamide is more stable than tenofovir disoproxil 
fumarate in plasma and delivers the active metabolite to 
hepatocytes more efficiently, allowing a lower dose to be 
used with similar antiviral activity, less systemic expo-
sure, and decreased renal and bone toxicity. NAs act pri-
marily by inhibiting the reverse transcription of the 
pregenomic RNA to HBV DNA. They do not have any 
direct inhibitory effect on cccDNA; therefore, viral 
relapse is common when treatment is withdrawn. NAs 
have minimal effect on HBsAg levels and mathematical 
modelling predicted median duration to HBsAg loss of 
more than 50 years, indicating that lifelong treatment is 
necessary in most patients if the goal is to achieve 
HBsAg loss.

Table  21.10 compares the rates of response to the 
approved HBV NAs. Entecavir, telbivudine, and tenofo-
vir have more potent antiviral activity, and entecavir and 
tenofovir are associated with lower rates of drug 
resistance.

HBeAg‐positive patients
A 1‐year course of NAs resulted in very high rates of 
undetectable serum HBV DNA (21–76%) and histologi-
cal improvement (49–74%), but only 12–22% of patients 
achieved HBeAg seroconversion and only 0–3% lost 
HBsAg [85–91]. Viral suppression was not sustained 
when treatment was stopped, except in patients who lost 
HBeAg. Extending treatment for 12 months after confir-
mation of HBeAg seroconversion consolidates the 
response and reduces the likelihood of HBeAg reversion. 
Continued NA therapy results in 5‐year rates of HBeAg 
seroconversion of 40–50% [92–95].

HBeAg‐negative patients
A 1‐year course of NAs resulted in high rates of unde-
tectable serum HBV DNA (51–97%) and histological 
improvement (60–72%), but less than 1% lost HBsAg 
[89,90,96–98]. Viral suppression was not sustained when 
treatment was stopped. Extending treatment of tenofovir 
disoproxil fumarate to 5 years resulted in a high rate of 
maintained viral suppression (99%) but the rate of HBsAg 
loss remained low (<1%) [95].

Patients with decompensated cirrhosis
Early studies using lamivudine showed that it was safe in 
patients with decompensated cirrhosis and when admin-
istered early was able to stabilize or reverse liver failure, 
allowing some patients to be removed from the liver 
transplant waiting list [99,100]. However, clinical bene-
fits lagged behind virological and biochemical response 
and mortality was high in the first 6 months. Survival 
was improved among patients who survived the first 
6  months but virological breakthrough secondary to 
drug resistance was common during extended treatment 
and in some cases led to severe hepatitis flares, liver fail-
ure, and death. Recent studies demonstrated safety of 
entecavir and tenofovir in patients with decompensated 
cirrhosis and improvement in liver disease, as shown by 
a decrease in Child– Pugh or Model for End‐Stage Liver 
Disease (MELD) score [101,102].

Antiviral drug resistance
Antiviral drug resistance was a major limitation to the 
long‐term use of the early NAs, but entecavir and teno-
fovir have high barriers to resistance [103].

The first manifestation of antiviral resistance is virologi-
cal breakthrough, which is defined as an increase in serum 
HBV DNA by more than 1 log from nadir or the redetec-
tion of HBV DNA in serum after its initial disappearance. 
Serum HBV DNA levels tend to be low initially because 
most antiviral drug‐resistance variants have decreased 
replication fitness compared with the wild‐type virus but 
compensatory mutations that can restore replication 
 fitness frequently emerge during continued treatment, 
leading to a progressive increase in serum HBV DNA lev-
els. Virological breakthrough may be accompanied by 
 biochemical breakthrough (ALT elevation in a patient 
who had normalized ALT), and in some instances hepati-
tis flares and hepatic decompensation. Resistance muta-
tions to one drug may diminish the response to another 
drug and sequential therapy may select for multi‐drug 
resistance mutations [104]. Virological breakthroughs are 
not always a result of antiviral resistance; therefore, coun-
selling on medication adherence and confirmation of 
breakthrough should be performed before instituting 
 rescue therapy unless the patient has decompensated liver 
disease or is experiencing a severe hepatitis flare.

The most important mutation associated with resist-
ance to lamivudine or telbivudine is a substitution of 
methionine for valine or isoleucine (M204V/I). Mutations 
associated with resistance to adefovir include a substitu-
tion of alanine for threonine or valine (rtA181T/V) and a 
substitution of asparagine for threonine (rtN236T). 
Resistance to entecavir appears to occur through a two‐
hit mechanism, with initial selection of M204V/I muta-
tion followed by amino acid substitutions at rtT184, 
rtS202, or rtM250. Mutations associated with resistance 
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to tenofovir have not been fully characterized. 
Substitution of alanine for threonine (rtA194T) had been 
reported to be associated with resistance to tenofovir, 
but this finding has not been confirmed. In vitro studies 
showed that susceptibility of adefovir‐resistant HBV 
with a single mutation to tenofovir is not impaired but 
susceptibility is lower when both rtA18T and N236T 
mutations are present. Clinically, most studies have 
found that tenofovir disoproxil fumarate is effective in 
suppressing adefovir‐resistant HBV and addition of 
emtricitabine did not confer any added benefit [105,106].

The incidence of genotypic resistance to NAs varies 
from 0–25% at 1 year to 0–70% at 5 years [103]. The rates 
of confirmed resistance in NA‐naïve patients is 1% after 
5 years of entecavir treatment and none after 8 years of 
tenofovir disoproxil fumarate treatment [107,108]. 
Among lamivudine‐refractory patients, entecavir resist-
ance was seen in 50% after 5 years of entecavir treatment 
[107], but no resistance was observed after a similar 
duration of tenofovir treatment [109].

Predictors of response
High pretreatment ALT is the strongest predictor of 
response among HBeAg‐positive patients [79,110]. The 
response to NAs across HBV genotypes and racial/ ethnic 
groups is similar.

Side‐effects
NAs are well tolerated. Although NAs can cause lactic 
acidosis, well‐documented cases are extremely rare. 
Severe lactic acidosis had been reported in a case series 
of patients receiving entecavir for advanced cirrhosis 
[111], but symptomatic lactic acidosis was not observed 
in clinical trials enrolling patients with decompensated 
cirrhosis [101,102]. Adefovir and tenofovir disoproxil 
fumarate had been reported to cause Fanconi syndrome, 
renal insufficiency, and decreased bone mineral density 
[112–114]. Two recent trials showed that at 48 weeks, 
tenofovir alafenamide resulted in a smaller reduction in 
glomerular filtration rate and in bone mineral density 
compared with tenofovir disoproxil fumarate [91,98]. 
Telbivudine has been reported to be associated with 
myopathy and peripheral neuropathy, particularly when 
used in combination with pegylated IFN [115].

Combination therapies
Various combination therapies have been evaluated; to 
date, none of the combination therapies has been 
 consistently shown to be superior to monotherapy in 
inducing a higher rate of sustained response.

Pegylated IFN and entecavir
Several studies have examined the effect of adding on or 
switching to pegylated IFN in HBeAg‐positive patients 

who had been receiving entecavir [116–118]. Most 
 studies have not shown an improvement in HBeAg sero-
conversion rates.

Pegylated IFN and tenofovir
One trial including both HBeAg‐positive and ‐negative 
patients found that a combination of pegylated IFN and 
tenofovir disoproxil fumarate for 48 weeks resulted in a 
higher rate of HBsAg loss compared with tenofovir diso-
proxil fumarate or pegylated IFN alone [119]. At week 
72, 9.1% of patients who received combination therapy 
had lost HBsAg compared with 0–2.8% in the other 
groups; however, the benefit of combination therapy was 
mainly observed in patients with HBV genotype A.

Entecavir and tenofovir
One trial of treatment‐naïve patients (70% HBeAg posi-
tive) randomized to entecavir alone or in combination 
with tenofovir disoproxil fumarate showed that at week 
96, the proportion of patients with virological response 
in the two groups was similar, although combination 
therapy resulted in more rapid virological suppression in 
the subset of patients with high viraemia [120].

Long‐term benefits of treatment
Clinical trials comparing liver biopsies taken at baseline 
and again after 1 year of treatment have shown a decrease 
in hepatic necroinflammation but not fibrosis; however, 
regression of fibrosis and reversal of cirrhosis can be 
observed in patients with maintained viral suppression 
after 3–5 years of continuous NA administration 
[121,122]. A study of 348 patients who had liver biopsies 
at baseline and after 240 weeks of tenofovir disoproxil 
fumarate treatment found that 87% had decreased 
inflammation and 51% had decreased fibrosis. 
Importantly, 74% of patients who had cirrhosis at base-
line no longer had cirrhosis [95].

A landmark randomized controlled trial showed that 
lamivudine decreased the risk of disease progression and 
HCC in patients with advanced fibrosis or cirrhosis and 
high viraemia (>140 000 IU/mL) [123]. Long‐term follow‐
up studies and meta‐analyses indicate that IFN and NA 
treatment decreases the incidence of HCC, cirrhosis com-
plications, and mortality [124–128]. It should be noted 
that the incidence of HCC is not eliminated and continued 
surveillance is necessary even in patients who cleared 
HBsAg, particularly those with baseline cirrhosis [129].

Indications for treatment (Table 21.11)

The decision whether to start or to defer treatment 
should balance the activity and stage of liver disease at 
presentation and the predicted risk of cirrhosis and 
HCC, and also the risks of treatment (adverse events, 
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drug resistance, and costs) [130–133]. Patients with life‐
threatening liver disease and those who are predicted to 
have a high risk of cirrhosis and HCC should be initiated 
on treatment whereas patients with mild disease and a 
low predicted risk of cirrhosis and HCC may defer treat-
ment. The latter patients should continue to be moni-
tored so that treatment can be instituted if they develop 
more active disease later on. In general, the indications 
for treatment in adults and children are the same, 
although the threshold for initiating treatment in older 
adults tends to be lower because they have been infected 
for longer and are more likely to have advanced liver 
disease.

When treatment is urgently required
Patients with acute liver failure and those with decom-
pensated cirrhosis should receive immediate antiviral 
therapy because there is much to gain and very little to 
lose. Treatment may stabilize or improve liver disease, 
although clinical improvement may take a few months to 
be apparent [99]. Antiviral therapy can reverse liver fail-
ure and reduce the risk of HBV recurrence in patients 
who proceed to liver transplantation.

Patients with severe exacerbations of chronic hepatitis 
B – ALT elevation accompanied by increase in bilirubin 
and/or prothrombin time – should also receive antiviral 
therapy because these patients are at risk of progression 
to liver failure and treatment has been shown to decrease 
mortality [134,135].

Patients with advanced fibrosis or compensated cir-
rhosis and high serum HBV DNA levels should receive 
antiviral therapy because treatment has been shown to 
prevent disease progression and HCC [123,131].

HBsAg‐positive persons who will be receiving cancer 
chemotherapy or immunosuppressive therapy should 
receive prophylactic antiviral therapy to prevent reactiva-
tion of HBV replication. Reactivation of HBV replication 
may manifest as an increase in serum HBV DNA only, an 
asymptomatic increase in ALT, symptomatic hepatitis, 
liver failure, and death [136]. Prophylactic antiviral 
 therapy can prevent HBV reactivation and HBV‐related 
hepatitis and HBV‐related deaths [137]. Reactivation of 
HBV replication with reappearance of HBsAg can also 
occur in patients with serological evidence of past infec-
tion (HBsAg‐negative, anti‐HBc positive, with or without 
anti‐HBs), but the incidence is lower. Prophylactic antivi-
ral therapy is recommended for these patients if they will 
be receiving high‐risk regimens such as chemotherapy for 
haematological malignancies, ablative therapy prior to 
bone marrow transplantation, and regimens containing 
rituximab or high‐dose steroids [138].

When treatment is recommended
Treatment is recommended for patients who have com-
pensated cirrhosis and low but detectable HBV DNA in 
serum because even low levels of HBV DNA (<2000 IU/
mL) are associated with increased risk of HCC [131].

For patients with no cirrhosis, treatment is recom-
mended for those with persistently high serum HBV 
DNA levels and active liver disease, that is, patients with 
HBeAg‐positive or ‐negative chronic hepatitis [131]. 
Treatment is also recommended for HBeAg‐positive 
patients who do not meet criteria for immune active 
chronic hepatitis if they are over 40 years old or have a 
family history of HCC. Patients with fluctuating or inter-
mediate levels of HBV DNA or ALT should be monitored 
with additional assessment of liver disease by non‐inva-
sive assessment or liver biopsy to determine the need for 
treatment.

Pregnant women with high serum HBV DNA levels 
regardless of HBeAg status and ALT should receive anti-
viral therapy starting in the late second or early third 
 trimester to decrease further the risk of mother‐to‐child 
transmission [27]. A recent randomized controlled trial 
of tenofovir disoproxil fumarate commencing at week 
30–32 in pregnant women with serum HBV DNA >200 
000 IU/mL showed that infection occurred in 0% of 
infants born to treated mothers compared with 7% on 
per‐protocol analysis [26].

When treatment may be deferred
Treatment may be deferred in young HBeAg‐positive 
patients who are in the immune tolerant phase, except 

Table 21.11 Indications for hepatitis B treatment

Treatment urgently required
Acute liver failure
Decompensated cirrhosis and detectable serum HBV DNA 
regardless of HBeAg status or ALT
Compensated cirrhosis and serum HBV DNA >2000 IU/mL 
regardless of HBeAg status or ALT
Severe exacerbations of chronic hepatitis B
HBsAg‐positive requiring immunosuppressive therapy 
regardless of HBV DNA or ALT

Treatment is recommended
Compensated cirrhosis and serum HBV DNA detectable but 
<2000 IU/mL
HBeAg‐positive chronic hepatitis, ALT persistently >2 × ULN 
and HBV DNA >20 000 IU/mL
HBeAg‐negative chronic hepatitis, ALT persistently >2 × ULN 
and HBV DNA >2000 IU/mL
Pregnant women with HBV DNA >200 000 IU/mL

Treatment should be individualized
HBeAg‐positive, ALT 1–2 × ULN, HBV DNA >20 000 IU/mL
HBeAg‐negative, ALT 1–2 × ULN and/or HBV DNA 2000–20 
000 IU/mL

Patients in whom treatment can be deferred
Young patients in the immune tolerance phase or inactive 
carrier state

ALT, alanine aminotransferase; ULN, upper limit of normal.
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for women who are pregnant. Studies showed that most 
of these patients have no or minimal fibrosis on biopsy 
and favourable prognosis after 10 years of follow‐up. 
Furthermore, the likelihood of treatment‐related HBeAg 
seroconversion is low and spontaneous HBeAg serocon-
version can occur in untreated patients. In one trial of 
tenofovir disoproxil fumarate with or without emtricit-
abine, only 3 of 126 patients lost HBeAg and none lost 
HBsAg after 192 weeks of treatment, and virological 
relapse was universal when treatment was stopped [139].

Treatment may also be deferred in patients who are 
truly in the inactive carrier phase as their long‐term 
prognosis is favourable if they remain in this phase [56].

What should be the initial therapy?

The decision regarding NA versus IFN therapy is based 
upon patient characteristics and preference. Table 21.12 
summarizes the advantages and disadvantages of IFN 
and NA therapy. The main advantage of IFN is that it is 
administered for a finite duration. In addition, IFN is 
associated with a higher rate of HBsAg loss, although 
this benefit is mainly seen in patients with genotype A 
infection. IFN‐induced HBeAg seroconversion seems 
more durable than NA‐induced HBeAg seroconversion. 
The main disadvantages of IFN are the need for paren-
teral administration and the side‐effects. NAs are admin-
istered orally and are well tolerated, but viral relapse is 
common when treatment is withdrawn, necessitating 
long durations of treatment. Monotherapy with an NA 
or pegylated IFN is recommended as the initial therapy. 
De novo combination therapy has not been shown to 
provide added benefit.

NAs, not IFN, should be used for patients with acute 
liver failure, severe exacerbations of chronic hepatitis B, 
decompensated cirrhosis, or receiving prophylactic anti-
viral to prevent HBV reactivation or maternal‐infant 
HBV transmission, or patients with contraindications to 
IFN or who are unwilling to take IFN. Among the 
approved NAs, entecavir and tenofovir have the best 

profile regarding antiviral activity and drug resistance. 
Tenofovir alafenamide is preferred to tenofovir diso-
proxil fumarate because it has less renal and bone toxic-
ity. Tenofovir is preferred in pregnant patients and in 
young women who may be contemplating pregnancy, 
because of its demonstrated safety.

Dose regimen

Pegylated IFN is administered for 48 weeks in both 
HBeAg‐positive and ‐negative patients. The approved 
dose of pegylated IFN‐α2a is 180 µg/week. Lower doses 
(90 µg/week) or shorter duration (24 weeks) resulted in 
lower rates of response in HBeAg‐positive patients [83]. 
One small trial suggested that a longer duration 
(96 weeks) of pegylated IFN might increase the rate of 
sustained response in HBeAg‐negative patients [140]. 
Varying doses of pegylated IFN‐α2b were used in clinical 
trials. IFN may be stopped if there is lack of response 
(lack of decline in HBsAg level) after 12 weeks, as the 
likelihood of a sustained response is low.

NAs are administered until the desired endpoint is 
achieved [131–133]. For patients who had decompen-
sated cirrhosis, lifelong treatment is recommended 
because of concerns about fatal flares when treatment is 
withdrawn. For patients who had compensated cirrhosis, 
lifelong treatment is generally recommended, but cessa-
tion of treatment may be considered in patients who 
have confirmed HBsAg loss provided that they are 
closely monitored so that treatment can be promptly 
reinstituted if there is biochemical or clinical relapse.

For HBeAg‐positive patients with no cirrhosis, treat-
ment should be continued until the patient has achieved 
HBeAg seroconversion (HBeAg negative, anti‐HBe posi-
tive, and undetectable serum HBV DNA) and completed 
at least 12 months of consolidation therapy.

For HBeAg‐negative patients with no cirrhosis, the 
therapeutic endpoint is unclear and guidelines recom-
mend indefinite treatment or until HBsAg loss, which 
rarely occurs.

Table 21.12 Advantages and disadvantages of interferon and nucleos(t)ide analogue therapies

Interferon Nucleos(t)ide analogues

Route of administration Parenteral Oral
Duration of treatment Finite, ~12 months Indefinite, years
Antiviral activity Modest, but has immunomodulatory effects Potent: ETV/TDF/TAF/TBV > LAM > ADV
Antiviral resistance None identified Yes: LAM > TBV > ADV > ETV/TDF/TAF
Side‐effects Frequent, may be serious Negligible

ADV/TDF nephrotoxicity, TBV myopathy

ADV, adefovir dipivoxil; ETV, entecavir; LAM, lamivudine; TBV, telbivudine; TDF, tenofovir disoproxil fumarate; TAF, tenofovir alafenamide.
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The recommended dose of entecavir in nucleoside‐
naïve patients with compensated liver disease is 0.5 mg 
orally once daily, but a higher dose of 1.0 mg should be 
used in patients with decompensated cirrhosis. The rec-
ommended dose of tenofovir disoproxil fumarate is 
300 mg orally once daily and of tenofovir alafenamide 
25 mg orally once daily. Dose adjustments for entecavir 
and tenofovir disoproxil fumarate should be made when 
the creatinine clearance is <50 mL/min. Dose adjustment 
of tenofovir alafenamide for patients with creatinine 
clearance >15 mL/min is not necessary.

Management of patients with treatment failure

Management of patients with treatment failure is tai-
lored to the type of treatment failure, the treatment that 
the patient is receiving, the history of prior treatment, 
and the pretreatment characteristics.

Lack of initial response
Pegylated IFN may be discontinued and treatment 
switched to NA if there is minimal or no decline in 
HBsAg level after 12 weeks, as the likelihood of sustained 
virological response is very low. An initial decline in 
serum HBV DNA levels is not predictive of sustained 
response. Entecavir and tenofovir have potent antiviral 
activity and primary non‐response has not been reported.

Virological breakthrough after initial 
response to NA
Virological breakthrough may be a result of antiviral 
resistance or non‐adherence to medication. Patients with 
virological breakthrough should be counselled regarding 
medication adherence and breakthrough confirmed by 
retesting for serum HBV DNA after 1–3 months. Rescue 
therapy should be started immediately in patients with 
decompensated liver disease or severe hepatitis flares and 
after confirmation of virological breakthrough in other 
patients. Tenofovir is the preferred treatment as it is 
effective against HBV variants resistant to lamivudine, 
adefovir, telbivudine, and entecavir. Clinical studies 
showed that tenofovir monotherapy suffices and addition 
of another NA does not confer any added benefit [114].

 HBV and HCV coinfection (also see 
Chapter 23)

Coinfection of HBV and HCV is common in areas where 
both viruses are prevalent and among injecting drug 
users. Acute coinfection with HBV and HCV may 
shorten the duration of HBs antigenaemia and lower the 
peak ALT levels compared with acute HBV infection 
alone [141]. However, acute coinfection of HCV and 

HBV, or acute HCV on pre‐existing chronic HBV, 
increase the risk of severe hepatitis and fulminant hepatic 
failure [142]. Patients with HBV/HCV coinfection have a 
higher risk of cirrhosis and HCC compared with those 
with either infection alone [143,144].

Pegylated IFN has antiviral activity against both HBV 
and HCV. Clinical trials showed that sustained virologi-
cal response (SVR) rates to pegylated IFN and ribavirin 
treatment in patients with HBV/HCV coinfection are 
similar to those in patients with HCV monoinfection 
[145]. Of note, one study in Taiwan observed a cumula-
tive rate of sustained HBsAg clearance of 30% during a 
5‐year follow‐up of 138 patients who achieved SVR, far 
higher than that observed in HBV‐monoinfected patients 
treated with pegylated IFN or NA monotherapy [146]. In 
addition, 53% of patients who had detectable serum HBV 
DNA before treatment had undetectable HBV DNA at 
last follow‐up. Among the patients who had undetecta-
ble serum HBV DNA before treatment, HBV DNA 
became detectable during or following treatment in 62% 
but was sustained in only 18%. None of the patients with 
HBV DNA reappearance experienced hepatitis flares. 
These findings indicate that HCV cure with IFN‐based 
treatment may have a favourable effect on HBV in 
patients coinfected with both viruses.

HCV direct‐acting antivirals (DAAs) have more potent 
antiviral activity against HCV but no effect on HBV. 
Cases of HBV reactivation, including rare cases of liver 
failure and death, during or after DAA therapy have been 
reported in HBV/HCV‐coinfected patients who were not 
already on HBV therapy [147–149]. The incidence of this 
complication is unknown, but given the potentially seri-
ous consequences, screening for HBsAg and anti‐HBc is 
recommended prior to starting HCV DAA therapy. 
Concurrent antiviral therapy for HBV is recommended 
for HBsAg‐positive patients with indications for HBV 
treatment, and close monitoring of HBV DNA and ALT 
during and for 6 months following DAA treatment is rec-
ommended for other HBsAg‐positive patients [150]. HBV 
reactivation had also been reported in HBsAg‐negative/
anti‐HBc‐positive patients. The risk is much lower and 
ALT monitoring during treatment and for 3 months post 
treatment may suffice.

 HBV and HDV coinfection

See Chapter 22.

 HBV and HIV coinfection

Coinfection of HBV and HIV is common owing to shared 
modes of transmission. Worldwide, 5–15% of patients 
with HIV are coinfected with HBV, but the prevalence 
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varies, being much higher in countries where HBV is 
endemic [151]. HIV coinfection increases the risk of pro-
gression from acute to chronic HBV infection. Patients 
with chronic HBV/HIV coinfection have higher levels of 
HBV DNA, lower rates of spontaneous HBeAg serocon-
version, and increased risks of cirrhosis and liver‐related 
mortality.

All HIV‐infected persons should be screened for 
HBV. Those who are serologically negative should be 
vaccinated. Response to HBV vaccine is impaired, 
 particularly when CD4 counts are below 200/μL. 
Double‐dose HBV vaccine is recommended and 
antiretroviral therapy should be initiated first in those 
with low CD4 count [152]. Isolated anti‐HBc is com-
mon and a trial of HBV vaccine beginning with one 
dose to determine if there is anamestic response may 
be attempted. Most  HIV‐infected persons with 
 isolated anti‐HBc have occult HBV infection and reac-
tivation of HBV  replication may occur if they are 
immunosuppressed.

In general, treatment is recommended for all patients 
with HBV/HIV coinfection and the antiviral regimen 
should include two drugs with anti‐HBV activity, tenofo-
vir plus lamivudine or emtricitabine [151]. Hepatitis flares 
may occur during the first few weeks as a result of immune 
reconstitution. For rare patients in whom HBV but not 
HIV treatment is initiated, the recommendation is to use 
drugs that cover both viruses. In rare cases, pegylated IFN 
may be tried, but HBV NAs with anti‐HIV activity  – 
 lamivudine, entecavir, and tenofovir – should not be used 
as monotherapy. Hepatitis flares can occur when the HIV 
regimen is altered and drugs with anti‐HBV activity are 
discontinued. Elevation in ALT can also be due to hepato-
toxicity of HIV drugs or HIV‐related opportunistic infec-
tions. HBV treatment should be continued indefinitely, 
with monitoring of virological response and adverse 
events. Tenofovir alafenamide is approved for HIV in 
combination with emtricitabine with or without other 
HIV drugs, and is preferred to tenofovir disoproxil fuma-
rate because of its improved safety profile.
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 History

Hepatitis D virus (HDV) is one of the most interesting 
and unusual human pathogens, the discovery of which 
originated from a fortuitous observation made by 
Rizzetto and colleagues in Turin, Italy, in 1977 [1]. While 
examining liver biopsies from individuals with chronic 
hepatitis B, they discovered by immunofluorescence a 
new nuclear antigen that they named delta antigen and 
its antibody anti‐delta. Initially thought to be a previ-
ously unrecognized hepatitis B antigen, it was later rec-
ognized as the expression of a novel human pathogen, 
the delta agent [2]. In 1983, the delta agent was renamed 
hepatitis delta virus (HDV) and the disease it causes hep-
atitis D. The association of HDV with hepatitis B virus 
(HBV) stems from the fact that HDV is a hybrid virus 
that incorporates the hepatitis B virus surface antigen 
(HBsAg) as its envelope protein. As a consequence, HDV 
can establish infection only in individuals who simulta-
neously harbour HBV. Infection with HDV is found 
worldwide and is associated with the most severe forms 
of acute, including fulminant, hepatitis and chronic liver 
disease in HBsAg‐positive subjects.

 Hepatitis D virus (Table 22.1)

HDV is a defective RNA virus that requires the helper 
function of HBV for virion assembly, release, and trans-
mission [3]. HDV does not resemble any known trans-
missible agent of animals, but shares similarities with 
plant viroids. Owing to its uniqueness, it has been classi-
fied as the type species of a separate genus, Deltavirus [4]. 
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LEARNING POINTS

 ● HDV is a defective RNA virus that requires the helper 
function of HBV for virion assembly and transmission. 
As a consequence, HDV can only infect individuals 
who harbour HBV. Transmission of HDV occurs through 
the same routes as HBV.

 ● HDV transmission can occur by coinfection with HBV 
or by superinfection of a chronic HBsAg carrier. In coin-
fection, acute hepatitis D is usually self‐limited because 
HDV cannot outlive the transient HBV infection, 
whereas in superinfection, the underlying HBV infec-
tion supports the continuous replication of HDV.

 ● HDV causes acute hepatitis, which may run a fulmi-
nant course as well as a rapidly progressive form of 
chronic viral hepatitis, leading to cirrhosis in 70–80% 
of cases. Cirrhosis may be a stable disease for many 
years but most patients die of liver decompensation or 
hepatocellular carcinoma (HCC) unless they receive 
liver transplantation.

 ● Control of HBV infection brought by vaccination and 
better hygiene has resulted in a dramatic decline in 
HDV incidence in developed countries. However, new 
foci of infection are emerging, especially in developing 
countries, and immigration from endemic areas is 
causing a resurgence of HDV in Europe.

 ● Treatment of chronic hepatitis D is unsatisfactory. 
Interferon‐α (IFN‐α) is the only drug of proven benefit. 
Pegylated IFN should be offered to all patients with 
well‐compensated liver disease, whereas it is contrain-
dicated for patients with advanced cirrhosis, for whom 
liver transplantation is the only valid therapeutic 
choice.
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HDV is the smallest animal virus, 35–37 nm in diameter, 
and the only one to possess a circular RNA genome, 
which contains a single‐stranded negative RNA of about 
1700 nucleotides (Fig.  22.1) [5]. The HDV genome 
encodes a single structural protein, the hepatitis delta 
antigen (HDAg). Within the virus particle is a nucleocap-
sid, a ribonucleoprotein complex formed by the RNA 
genome with the HDAg [3]. There are two related forms 
of HDAg, the short (HDAg‐S; 195 amino acids) and the 
long (HDAg‐L; 214 amino acids). HDAg‐S is essential for 
viral replication, whereas HDAg‐L is required for virus 
assembly and inhibits viral replication [3]. HDAg‐L con-
tains an isoprenylation motif at the C‐terminus that plays 
an essential role in HDV assembly [6]. The virion is 
coated by HBsAg, which is the only helper function pro-
vided by HBV. The HBsAg levels and the sequence of 
natural HBsAg variants influence the assembly and secre-
tion of HDV [7].

The most distinctive aspect of the biology of this 
virus is its replication. Unlike all RNA viruses, HDV 
lacks its own RNA polymerase. Therefore, for replica-
tion HDV exploits a host cellular enzyme, the host RNA 
polymerase (Pol) II, which normally copies double‐
stranded DNA templates. HDV has the unique ability 
to redirect this cellular enzyme to transcribe the HDV 
RNA genome [8]. The only enzymatic activity that is 

inherent to HDV is mediated by RNA elements termed 
ribozymes (RNA enzymes) that cleave the circular RNA 
genome, producing a linear molecule [3]. The HDV 
ribozyme is the only catalytic RNA motif discovered in 
humans.

HDV genotypes

Like all RNA viruses, HDV is characterized by a high 
degree of genetic heterogeneity. Eight genotypes have 
been identified [9,10] that differ in their geographic dis-
tribution (Fig.  22.2). Whereas genotype 1 is detected 
worldwide, genotypes 2, 3, and 4 are more geographically 
restricted. Genotypes 2 and 4 (previously termed IIa and 
IIb) are found primarily in the Far East, and genotype 3 
exclusively in the northern regions of South America. 
Subsequently, four new HDV genotypes (5, 6, 7, and 8) 
were detected in West and Central Africa [9,10]. Evidence 
for a mixed HDV infection and HDV genome recombi-
nation has been described, providing a novel mechanism 
for HDV evolution [10].

 Epidemiology

Transmission

HDV can be transmitted only to individuals who simul-
taneously harbour HBV. Persons with hepatitis B surface 
antibody (anti‐HBs), being immune to HBV infection, 
are not susceptible to HDV. Transmission of HDV and 
HBV may occur simultaneously (coinfection) or HDV 
may infect a chronic HBsAg carrier (superinfection). 
The routes of HDV transmission are the same as for 
HBV, the most important being parenteral exposure to 
blood or blood products either overtly or through the 
inapparent percutaneous route involving interpersonal 
contacts. In developed countries, universal screening of 
blood and its derivatives for HBsAg has led to the virtual 
elimination of hepatitis D transmission through blood 
transfusion [11]. HDV can affect health‐care workers, 
transfusion recipients, and haemophiliacs. Intra‐family 
spread has been documented, both in adults and in 
 children. Sexual transmission may occur, particularly 
among sexually promiscuous groups, but HDV infection 
is infrequent in men who have sex with men. Vertical 
transmission is rare.

Geographic distribution

Infection with HDV has a global distribution with con-
siderable geographic variation (Fig.  22.3). It has been 
estimated that 15 million HBsAg carriers are infected 
with HDV worldwide [11]. Seroepidemiological studies 

Table 22.1 Characteristics of hepatitis D virus (HDV)

Classification Genus Deltavirus

Defective Requires the helper function of HBV
Virion 35–37 nm particle, coated by HBsAg
Genome 1.7 kb single‐stranded, circular RNA, 

negative polarity
Open reading frame One, encoding HDAg
Genotypes Eight
Pathogenicity High, acute and chronic hepatitis
Distribution Worldwide, 15 million HBsAg carriers 

coinfected with HDV

HBsAg

Delta antigen

HDV RNA

35–37 nm

Fig. 22.1 Hepatitis D virus is a small, defective RNA virus coated 
by HBsAg provided by hepatitis B virus.
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performed in the 1980s showed that the prevalence of 
HDV infection is high in the Mediterranean area, the 
Middle East, Central and Northern Asia, East Africa, 
the Amazon Basin, and certain areas of the Pacific, 
whereas it is low in North America and northern Europe, 
South Africa, and eastern Asia (Fig.22.3) [3]. The high 
rate in southern Europe is the result of a mixed epide-
miological pattern characterized by endemic infection 
in the general population and epidemic outbreaks 
among injection drug users, whereas in industrialized 
countries HDV infection is mainly confined to injection 
drug users, although it can affect all groups that are at 
risk for HBV infection [3]. HDV infection remains 
endemic in the Middle East, and recent studies have 
shown that it is highly endemic in Mongolia, Pakistan, 
and Iran [12]. No data are available for many developing 
countries [11].

Epidemics of HDV infection, including outbreaks of 
fulminant hepatitis, have been reported in the Amazon 
Basin, Brazil (Lábrea fever), Ecuador, Colombia (Santa 
Marta hepatitis), Venezuela, and Equatorial Africa [13]. 
In these areas, children of the indigent population are 
affected, and the mortality is high.

Changing epidemiology

Over the past three decades, there has been a significant 
decline in the prevalence of HDV infection, along with 
HBV, particularly in Italy, where the HDV prevalence in 
HBV carriers declined from 25% in 1987 to 8% in 1997 
[11]. Likewise, the incidence of acute hepatitis D in Italy 
decreased from 3.1 to 0.2 per million inhabitants per 
year. This is likely the result of universal HBV vaccina-
tion, improvements in hygiene, and the AIDS campaigns, 
highlighting the dangers of promiscuity and of shared 
syringes and needles [11]. However, in parallel with a 
decline in areas that were previously endemic, new foci 
of HDV infection have emerged in other areas of the 
world, such as south‐eastern Russia, Okinawa, northern 
India, Vietnam, Taiwan, Gabon, and Albania. Sharing of 
contaminated needles and syringes among injection 
drug users and sexual transmission are the most impor-
tant sources of HDV infection. Immigration from 
endemic HDV areas is posing a new threat for HDV 
resurgence in Europe, although domestic populations 
are now protected by the vaccination against HBV 
[11,12]. In industrialized countries, HDV remains a 
major medical problem for injection drug users [11,14].

Anti-HD (HBsAg+) 0-5% 6-20% 21-60% >60%?

Fig. 22.3 Worldwide prevalence of HDV infection as measured by anti‐HD in HBsAg carriers with acute or chronic hepatitis. 
Source: Adapted from Taylor et al. 2013 [3]. Reproduced with permission.
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 Pathogenesis

The liver is the only organ in which HDV can replicate. 
The virus is not directly cytopathic, and there is evidence 
that liver damage is immunologically mediated [3]. The 
peak of HDV replication precedes the peak of histo-
pathological changes. HDV‐specific adaptive immune 
responses have been reported, although their quality and 
quantity seem to be insufficient to contain the infection 
in most patients [15].

The mechanisms whereby HDV causes the most rap-
idly progressive form of liver fibrosis are unknown. It has 
been suggested that the long form of HDAg may play a 
role in HDV pathogenesis by inducing liver fibrosis 
through the regulation of transforming growth factor‐β‐
induced signal activation [16]. This regulation is accom-
plished by isoprenylation of the long HDAg.

The role of HDV genotypes in the pathogenesis of hep-
atitis D remains to be elucidated, although HDV geno-
type has been reported to influence disease severity. 
Genotype 1, the most prevalent worldwide, has been 
associated with a broad spectrum of pathogenicity. In 
Taiwan, patients infected with genotype 1 had a lower 
remission rate and more adverse outcomes than those 
with genotype 2 [17]. Genotypes 2 and 4 have been asso-
ciated with milder forms of acute and chronic hepatitis D 
[18]. Genotype 3 has been associated with outbreaks of 
fulminant hepatitis in South America [19]. It is associ-
ated exclusively with HBV genotype F, and a less 
restricted association with HBV genotypes has been 
documented for the other HDV genotypes [10]. HBV 
genotypes may also play a role in the course of chronic 
hepatitis D. For example, HBV genotype C was associ-
ated with adverse outcome in chronic HDV infection in 
Taiwan compared with genotype B [17]. However, geno-
type C is also associated with worse outcome than geno-
type B in patients without HDV and further studies are 
needed to investigate the biological differences among 

HDV genotypes, the contribution of coinfecting HBV 
genotypes, and the variability of the host immune 
response.

 Modes of infection and 
clinical course

Acute hepatitis D

Coinfection (Fig. 22.4)
The clinical expression of acute hepatitis D acquired by 
coinfection with HBV may range from mild to severe or 
even fulminant hepatitis [20]. In most cases, acute hepa-
titis D is self‐limited as HDV cannot outlive the transient 
HBs antigenaemia. The clinical picture is usually indis-
tinguishable from that of acute hepatitis B. The outcome 
is a complete recovery, and in only 2% of cases does it 
progress to chronicity [21]. The long‐term outcome is 
therefore favourable.

Superinfection (Fig. 22.5)
In the superinfection pattern, pre‐existing HBV infec-
tion provides the ideal background for the full expression 
of HDV. This results in severe acute hepatitis, which may 
run a fulminant course. The acute clinical attack is usu-
ally marked by jaundice. It may present as an exacerba-
tion of a pre‐existing chronic hepatitis B, leading rapidly 
to liver failure, or as a new hepatitis in a previously 
asymptomatic HBsAg carrier. If the HBsAg status is 
unknown, it may be misdiagnosed as acute hepatitis B 
[22]. Therefore, HDV infection should be considered in 
any HBsAg‐positive subject with acute or fulminant hep-
atitis, the latter being more common in hepatitis D than 
in the other types of viral hepatitis [23]. Since the HBsAg‐
carrier state permits the continuous replication of HDV, 
acute hepatitis D acquired by superinfection leads to 
chronic hepatitis D in over 90% of cases.

IgM anti-HBc

IgM anti-HD

IgG anti-HDALT

Exposure

HDV

HBV
Weeks after exposure

HDV RNA

HBV DNA

Fig. 22.4 Simultaneous infection with HBV and 
HDV results in acute hepatitis B with a rise in 
alanine aminotransferase (ALT) and the 
appearance of IgM anti‐hepatitis B core (anti‐HBc). 
HDV infection follows with a second peak of ALT 
and the appearance of IgM anti‐delta (anti‐HD) in 
serum. Clearance of HBV is associated with 
clearance of HDV.
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Chronic hepatitis D

The clinical presentation of chronic hepatitis D varies 
considerably. It may be virtually symptom free and be 
discovered incidentally after a routine medical check, or 
it may present with symptoms. The most common is 
fatigue, but malaise, anorexia, right upper quadrant dis-
comfort, and dark urine can occur, especially if the dis-
ease is severe or advanced. Some may present with 
complications of established cirrhosis such as jaundice, 
encephalopathy, ascites, or portal hypertension. There 
are no specific clinical features, although, at variance 
with chronic hepatitis B, half of the patients with chronic 
hepatitis D report a history of a previous attack of acute 
hepatitis, which represents the time of superinfection 
with HDV. Many exhibit splenomegaly. The disease is 
severe at all ages, including children [24]. Typically, 
patients with chronic hepatitis D have persistently high 
serum aminotransferase levels, which tend to decrease 
as the disease progresses to the late stage of cirrhosis. 
Most patients are hepatitis B e antibody (anti‐HBe) posi-
tive and have undetectable or low levels of serum HBV 
DNA. Chronic hepatitis D should always be suspected in 
HBsAg carriers with active liver disease and undetecta-
ble or low serum HBV DNA level.

Laboratory test abnormalities in chronic hepatitis D 
are similar to those detected in chronic hepatitis B alone, 
with the exception in the former of higher levels of gam-
maglobulins. Patients with chronic hepatitis D may 
develop a variety of autoantibodies. About 5% show 
autoantibodies against the microsomal membrane of the 
liver and kidney (LKM‐3) [20].

Hepatic histology

There are no distinctive histological features that differ-
entiate hepatitis D from the other forms of viral hepatitis, 
except that hepatitis D tends to be more severe. The mor-

phological hepatic changes, consisting of hepatocellular 
necrosis and inflammation, are those typical of acute or 
chronic viral hepatitis. In acute hepatitis D, pathological 
changes are often focal with a prominent intralobular 
infiltration of inflammatory cells, mainly lymphocytes 
and macrophages, and a degenerative cytoplasmic eosin-
ophilia leading to the formation of acidophilic bodies in 
the parenchyma and portal tracts [25]. In the most severe 
cases, including fulminant hepatitis, confluent necrosis 
may involve dropout of most but not all hepatocytes (sub-
massive necrosis) or virtually all hepatocytes (massive 
necrosis). In chronic hepatitis D, the degree of periportal 
necrosis (interface hepatitis) is usually more prominent 
than in other forms of chronic viral hepatitis (Fig. 22.6) 
and is often accompanied by active micronodular and 
macronodular cirrhosis.

A peculiar histological feature observed in epidemics 
of fulminant hepatitis D in the Amazon Basin is 

Fig. 22.6 Chronic hepatitis D showing marked periportal (interface) 
and lobular inflammatory activity. Aggregates of Kupffer cells and 
lymphocytes are seen around hydropic and necrotic hepatocytes. 
(H & E, ×200.) Courtesy of Dr Sugantha Govindarajan.

ALT

HDV

HDV

HBV
Months

IgM anti-HD

IgG anti-HD

HDV RNA

Fig. 22.5 HDV superinfection of a chronic HBsAg 
carrier results in an attack of acute hepatitis with 
the appearance of IgM anti‐delta (anti‐HD) 
followed by IgG anti‐delta (anti‐HD). The pre‐
existing HBV infection provides continuous 
support to HDV replication. This results in acute 
hepatitis progressing to chronicity in over 90% 
of cases.
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microvesicular steatosis of hepatocytes that leads to the 
formation of morula cells (Fig.  22.7) [26]. Similar 
alterations, however, have also been observed in 
severe hepatitis D elsewhere, in Italy and Africa [3].

Recently, non‐invasive fibrosis markers have been 
evaluated to assess the stage of liver fibrosis in chronic 
hepatitis D. However, the diagnostic accuracy of serum 
fibrosis markers is lower in patients with chronic hepati-
tis D than in those with chronic hepatitis B or C. Liver 
biopsy still remains the primary tool to assess liver injury, 
highlighting the need to identify new non‐invasive 
 markers to monitor the progression of liver fibrosis in 
chronic hepatitis D [27].

Detection of HDAg in the liver

Using immunofluorescence or immunoperoxidase, 
HDAg may be shown in the nuclei of hepatocytes 
(Fig. 22.8). The presence of HDAg increases from acute 
to chronic hepatitis, but it decreases as the disease 
 progresses to the late stage of cirrhosis, leading to false‐
negative results in patients with advanced disease.

Course and prognosis

The course of chronic HDV infection varies considera-
bly. Chronic hepatitis D is the least common but most 
severe and rapidly progressive form of viral hepatitis at 

all ages. Cirrhosis develops in 70–80% of cases within 
5–10 years [28], and at a younger age, more than one 
decade earlier, than in HDV‐negative HBV infection 
[29]. The risk of developing cirrhosis is about threefold 
higher in HDV‐infected patients than in those with HBV 
alone. Once established, HDV cirrhosis may be stable for 
many years, but a high proportion of patients die of com-
plications of cirrhosis and hepatocellular carcinoma 
(HCC), unless they receive liver transplantation. The 
mean interval between primary HDV infection and liver 
decompensation is about two decades [30], although 
more rapidly progressive forms have been described 
[28]. The proportion of patients who ultimately develop 
each of these complications is not well defined because 
of the difficulty in recruiting large cohorts of patients 
with chronic hepatitis D followed prospectively at regu-
lar intervals. Most of the data on complication rates have 
been inferred from retrospective studies; however, they 
have provided an overall picture of the natural history of 
chronic hepatitis D. It has been estimated that the annual 
incidence of liver decompensation in patients with HDV 
cirrhosis ranges from 2.6 to 3.6% and that of HCC from 
2.6 to 2.8% [29,31]. Two longitudinal studies, one 
 conducted in Italy [32] and the other in Spain [33], con-
firmed that liver decompensation was the most frequent 
cause of death in HDV cirrhosis. In another longitudinal 
analysis of 200 Western European patients with compen-
sated HBV cirrhosis, including 39 coinfected with HDV, 
the adjusted relative risk of HCC was threefold higher 
and that of decompensation and mortality twofold 
higher in HDV cirrhosis than in HBV cirrhosis during a 
median follow‐up of 6.6 years [29]. The increased risk of 
HCC among patients with HDV was confirmed in a 
Swedish study in which patients with chronic HBV 
monoinfection were used as the reference population 

Fig. 22.7 Fulminant hepatitis D (Labrea hepatitis) in a 3‐year‐old 
girl from northern Brazil who died after 3 days of symptoms. An 
autopsy liver sample shows microvesicular fatty change in large 
hepatocytes with central nucleus (morula, plant‐like cells). 
(Immunoperoxidase, ×500.)

Fig. 22.8 Immunoperoxidase stain showing hepatitis delta 
antigen in the hepatocyte nuclei. (H & E, ×200.) Courtesy of 
Dr Sugantha Govindarajan.
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[34], and also in a large study of US veterans in which 
HDV was independently associated with HCC [14].

In a minority of cases, HDV infection is marked by a 
non‐progressive, benign course, as reported in some 
populations in endemic areas, such as the Greek com-
munity of Archangelos and American Samoa [11]. 
Disease resolution may also occur, and the rate of spon-
taneous HBsAg clearance is higher among HDV‐positive 
than HDV‐negative HBV carriers [32]. However, adverse 
clinical outcomes such as liver decompensation, HCC, or 
death may still occur if HBsAg clearance takes place after 
HDV disease has progressed to advanced stages.

As a consequence of the significant decline in inci-
dence of HDV infection in developed countries, in 
Europe the clinical scenario is now dominated by older 
patients who survived the clinical impact of hepatitis D 
at the time of the HDV epidemic in the 1970s–1980s. 
These patients have been infected for many years and 
have advanced cirrhosis although a minority have non‐
progressive, mild disease [11]. However, as a result of 
immigration from areas where HDV is endemic, there 
has been a resurgence of HDV infection and the number 
of florid HDV cases is on the rise again. Immigrants con-
tribute more than 50% of HDV infections in Greece [35].

HDV can interact with other hepatitis viruses. In most 
studies of patients with triple infection, HDV has a sup-
pressive effect on both HBV and HCV [36,37], but stud-
ies in Taiwan have demonstrated a suppressive role of 
HCV on HDV and HBV [38]. Serum HBV DNA levels 
are significantly lower in patients with triple infection 
than in patients coinfected with HBV and HDV [39]. 
Coinfection with HIV does not seem to modify the 
course of chronic HDV disease [40], except in terms of a 
more elusive or absent antibody response to HDV, due to 
immune suppression in these patients, allowing the 
detection of serum HDAg in some patients [41].

HDV and carcinogenesis

Although HCC develops in a high proportion of patients 
with HDV infection, the molecular mechanisms of HDV‐
induced hepatocarcinogenesis remain elusive. It is unknown 
whether HCC results from the underlying cirrhosis, a 
known risk factor for HCC, a direct oncogenic effect of 
HDV, or a cumulative oncogenic effect of HBV and HDV 
[42]. Because of the vital dependence of HDV on HBV, the 
specific role of HDV in promoting HCC is difficult to dis-
sect. However, several oncogenic pathways have been sug-
gested. The large hepatitis D antigen may promote oxidative 
stress via activation of signal transducer and transcription‐3 
(STAT3) and nuclear factor kappa B (NF‐κB), or by epige-
netic mechanisms such as DNA methylation of tumour 
suppressor gene and histone H3 acetylation of the clusterin 
promoter, leading to increased cell survival [42].

 Diagnosis

Acute hepatitis D

Coinfection (Fig. 22.4, Table 22.2, Table 22.3)
Coinfection is diagnosed by the simultaneous presence 
of serological markers of primary HBV and HDV infec-
tion. The most specific is the finding of serum IgM anti‐
HD in the presence of high‐titre IgM anti‐HBc. The 
latter precedes IgM anti‐HD and appears concomitant 
with the clinical onset of acute hepatitis. IgM anti‐HD 
appears within 1–2 weeks from the clinical onset, is gone 
by 5–6 weeks, but may last up to 12 weeks [43]. When 
serum IgM anti‐HD disappears, serum IgG anti‐HD 
becomes detectable. IgG anti‐HD may appear only dur-
ing convalescence and disappear within months to years 
after recovery [43]. Serum HD‐Ag may be transiently 
detected before the appearance of IgM anti‐HD, espe-
cially in the most severe forms. Loss of IgM anti‐HD 
confirms the resolution of acute HDV infection, whereas 
persistence predicts chronicity. The serological profile of 
primary HBV infection includes the detection of HBsAg 
and IgM anti‐HBc. Anti‐HBs and IgG anti‐HBc become 
detectable later, during convalescence.

Superinfection (Fig. 22.5, Table 22.2, Table 22.3)
Superinfection with HDV almost invariably results in 
persistent HDV infection. The absence or presence of 
IgM anti‐HBc at low titre distinguishes superinfection 
from coinfection [22]. The pre‐existing HBV‐carrier 
state is indicated, in addition to HBsAg, by the finding of 
IgG anti‐HBc and anti‐HBe. HDV superinfection of an 
HBsAg carrier is marked by the early presence of HD 
antigenaemia and HDV RNA, along with increasing 

Table 22.2 Hepatitis D: significance of serological and virological 
markers

Marker Significance

IgM anti‐HDAg Acute or chronic infection with HDV
IgG anti‐HDAg Acute (low titre in coinfection, 

increasingly high titre in superinfection) 
or chronic infection (high titre with 
positive IgM anti‐HD)
Past HDV infection (low titre with 
negative IgM anti‐HD)

HDV RNA Active viral replication
Acute (transient) and chronic infection 
(persistent)

HD‐Ag Active infection
Acute infection (transient for a few days); 
undetectable in chronic infection because 
of immune complexes with anti‐HD (can 
be detected in HIV‐coinfected patients)
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titres of IgM and IgG anti‐HD in parallel with the 
 progression to chronicity. Suppression of markers of 
HBV replication occurs during the acute phase.

Chronic hepatitis D

Chronic hepatitis D is diagnosed by the presence of 
high titres of IgG and IgM anti‐HD in serum. IgM anti‐
HD are pentameric (19S) in primary infection and 
monomeric (7S) during chronic infection [43]. IgM 
anti‐HD is a marker of HDV‐induced liver damage. 
Testing for IgM anti‐HD provides both diagnostic and 
prognostic information. Its persistence predicts chro-
nicity, whereas its decrease and disappearance predict 
impending resolution of chronic HDV disease, either 
spontaneous or induced by interferon (IFN) therapy 
[44]. IgG and IgM anti‐HD persist, as do HDV RNA in 
serum and HDAg in the liver, in chronic hepatitis D. 
The detection of HDAg in serum is not practical during 
the acute and chronic phase owing to antigen seques-
tration in immune complexes with high‐titre circulat-
ing antibodies.

Detection of HDV RNA

Detection of HDV RNA by reverse transcriptase poly-
merase chain reaction (RT‐PCR) in serum is the most 
reliable and sensitive method for the early diagnosis of 
HDV infection, before antibody seroconversion [43]. 
Fairly recently, real‐time RT‐PCR assays to quantify 
HDV RNA have been developed [43,45]. These assays 
are important for investigating the molecular events 
 during acute and chronic hepatitis D, and also for 

 monitoring the efficacy of antiviral therapy. However, a 
major problem is the lack of standardized and commer-
cially available PCR assays [46].

 Treatment

The aim of antiviral treatment is to eradicate HDV and 
HBV and prevent the long‐term sequelae of chronic hep-
atitis D, cirrhosis, and HCC. However, these goals are 
rarely achieved, and treatment of chronic hepatitis D is 
still unsatisfactory [47]. The fact that HDV lacks a spe-
cific viral polymerase, along with its high pathogenic 
potential, makes this virus a difficult target for therapy. 
Several antiviral agents have been tried in chronic hepa-
titis D [48], but only standard or pegylated IFN‐α has 
proven to be beneficial, even though the response rates 
rarely exceed 25%. This limited success has prompted 
the search for novel therapeutic agents that directly 
 target the life cycle of HDV, such as prenylation inhibi-
tors and HBV‐receptor antagonists, which are currently 
under evaluation [49,50].

Acute hepatitis D

There is no effective antiviral therapy for acute hepatitis 
D [48]. Patients should be closely monitored for clinical 
and biochemical parameters of liver function in order to 
diagnose as early as possible progression to fulminant 
hepatic failure, for which liver transplantation is the only 
therapeutic choice. Patients with fulminant hepatic fail-
ure should be promptly transferred to a specialist liver 
unit with the facilities for liver transplantation.

Table 22.3 Diagnosis of acute and chronic hepatitis D

Acute hepatitis

Chronic hepatitisCoinfection Superinfection

HDV (serum)
IgM anti‐HD + + + (high titre)
IgG anti‐HD + + + (high titre)
HDAg + (early, transient) + (early, transient) –*

HDV RNA + (early, transient) + +
HDV (liver)

HDAg + + +
HDV RNA + + +

HBV (serum)
HBsAg + (transient) + +
IgM anti‐HBc + – –

* Undetectable in chronic infection because of immune complexes with anti‐HD.
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Chronic hepatitis D

Interferon‐α (IFN‐α)
IFN‐α, the only licensed drug to treat chronic HDV infec-
tion, was first employed in the mid‐1980s. Its efficacy is 
related to the dose and duration of therapy [51]. Overall, a 
1‐year course of high‐dose standard IFN given three times 
weekly is associated with only a 10–20% chance of sustained 
HDV clearance when a sensitive PCR test is used as the end-
point (Fig.  22.9), and a 10% chance of HBsAg clearance 
[48,52]. Treatment response is poor in patients coinfected 
with HIV [53] or HCV [54]. The results have been disap-
pointing also in children with chronic hepatitis D [55,56].

Studies on the long‐term effects of IFN on the natural 
history of hepatitis D are limited. A prospective con-
trolled trial of 36 patients followed for up to 20 years 
after 1 year of treatment showed significant improve-
ments in the long‐term clinical outcome and survival in 
patients who received high doses of IFN [57]. Reversion 
of advanced hepatic fibrosis occurred in some patients 
with initially active cirrhosis [57].

Strategies to increase the efficacy of standard IFN have 
been explored, including longer duration of treatment 
[58,59] or even continuous therapy for up to 12 years 
[60], but most of the patients still failed to clear HDV and 
the rate of relapse remained high. Moreover, these alter-
natives are poorly tolerated.

Pegylated IFN
The safety and efficacy of pegylated IFN, which can be 
administered only once weekly, were initially evaluated 

in three small studies (Fig. 22.9) [61–63]. A 1‐year course 
of pegylated IFN resulted in sustained virological response 
rates that varied from 17 to 43%, as measured by a sensi-
tive PCR assay, 6 months after the end of treatment [60–
62]. Differences in disease duration and liver histology on 
entry into the trial may have contributed to the different 
rates of response. As seen with standard IFN‐α [48], the 
response to pegylated IFN was better in patients with 
chronic hepatitis than in those with cirrhosis. The efficacy 
of long‐term, high‐dose pegylated interferon was recently 
examined in 12 patients. Despite long‐term treatment, 
clearance of HDV RNA, followed by HBsAg clearance, 
was achieved in only 25% of the patients [64].

Combination therapy with standard or pegylated IFN
The efficacy of standard IFN‐α in combination with riba-
virin [65] or lamivudine [66,67] has been investigated in 
a few small trials (Fig.  22.9). These studies showed no 
significant advantages over IFN monotherapy in chronic 
hepatitis D. Similar results were obtained in the largest 
randomized trial so far conducted, in which the efficacy 
of pegylated IFN monotherapy was compared with its 
combination with adefovir versus adefovir alone [68]. 
Clearance of HDV RNA, 6 months after completion of 
treatment, was observed in 28% of the patients in the two 
pegylated IFN treatment arms, but in none of those who 
received adefovir monotherapy. However, long‐term 
 follow‐up of 75% of these patients over a median period 
of 4.5 years documented that late HDV RNA relapses 
may occur in more than half of the patients (58%) [69]. 
Sequencing analysis showed that the reappearance of 
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viraemia was caused by the original HDV strain, raising 
the question of whether HDV can be definitively cleared 
in patients who remain HBsAg positive. However, a late 
and transient relapse was not associated with the devel-
opment of clinical complications during the observation 
period, indicating that even a transient virological 
response to pegylated IFN can be beneficial in chronic 
hepatitis D [35,69].

Side‐effects of interferon
IFN is often poorly tolerated. Side‐effects are common, 
especially with high doses and a prolonged course of 
therapy. The most common side‐effects include fatigue, 
anorexia, anaemia, thrombocytopenia, and psychiatric 
symptoms [48,62,64]. Continuous monitoring is manda-
tory for the early detection and management of adverse 
effects. If IFN is administered for more than 1 year, the 
dose may need to be tailored according to the individual 
tolerance.

Nucleosid(t)e analogues and other agents
Despite the structural link of HDV with HBV, potent and 
specific inhibitors of HBV replication, such as nucleos(t)
ide analogues, have no or limited effect on HDV replica-
tion [47,48]. This is likely because these inhibitors have 
no effect on the expression of HBsAg.

Monitoring antiviral therapy
In patients with chronic hepatitis D treated with standard 
or pegylated IFN, full blood counts and serum ALT levels 
should be monitored monthly. Serum HDV RNA should 
be quantified at baseline, after 3, 6, 9, and 12 months of 
treatment, and every 6–12 months post‐treatment. The 
major problem is the lack of standardized commercial 
assays for the qualitative and quantitative assessment of 
HDV viraemia. Quantification of serum HBsAg levels 
helps to identify long‐term responders [70].

Predictors of response to therapy
There are no baseline biochemical or virological param-
eters that can predict a sustained virological response. 
Patients without cirrhosis are the most likely to respond, 
highlighting the importance of early diagnosis and treat-
ment in chronic hepatitis D. A negative PCR test for 
serum HDV RNA within 6 months of therapy is the best 
predictor of a sustained virological response [61,63], 
although in a minority of patients late relapse can occur 
[61]. Studies of HDV RNA kinetics might also be of help 
in tailoring the duration of therapy by identifying slow 
responders who might benefit from a longer course of 
therapy. Testing for HDV viraemia at week 24 of treat-
ment with pegylated IFN may predict a long‐term 
response as a decrease in HDV RNA level of less than 1 
log, combined with no decrease in HBsAg level, can 

identify null responders [71]. Several studies have 
pointed to HBsAg clearance as the ultimate goal in the 
treatment of HBV–HDV coinfection, and also to the 
prognostic significance of the HBsAg levels at baseline 
and during therapy [72]. An early HBsAg decline was 
shown to distinguish between responders and non‐
responders, emphasizing the importance of HBsAg test-
ing as a biomarker of early response, although this needs 
to be validated in prospective studies.

Current recommendations
The superior results obtained with pegylated IFN sug-
gest the use of this drug as a first‐choice treatment for 
chronic hepatitis D [47]. Pegylated IFN should be offered 
to all IFN‐naïve patients, and also to previous non‐
responders to standard IFN. Therapy should be contin-
ued for at least 6 months before the patient is considered 
a non‐responder. Better results are obtained in chronic 
hepatitis D than in HDV cirrhosis, which highlights the 
importance of starting treatment as soon as the diagno-
sis is made. The development of a sensitive, standardized 
PCR assay for the detection and quantification of HDV 
viraemia is critical to assess an early response and also to 
decide when treatment should be discontinued and to 
determine which patients with a delayed virological 
response might benefit from a longer course of therapy. 
Quantitative HBsAg and HBV DNA detection is also 
recommended both at baseline and during treatment. 
Continuous clinical monitoring is essential for the early 
management of the side‐effects associated with IFN 
therapy.

Treatment with standard or pegylated IFN is contrain-
dicated in patients with advanced or decompensated 
liver disease, for which liver transplantation is the only 
valid therapeutic choice [48]. The use of lamivudine, 
adefovir, entecavir, and tenofovir before and after liver 
transplantation, with or without the administration of 
hepatitis B immunoglobulins, has virtually abolished the 
risk of HDV reinfection of the graft [3,73] (Chapter 38).

Perspectives

New therapies are needed for the treatment of chronic 
hepatitis D because even with the use of pegylated inter-
feron the overall rate of sustained virological response 
remains low, and most patients relapse after discontinu-
ation of therapy. The mechanisms for the poor response 
to IFN are not known, although in vitro data suggest that 
HDV may impair the IFN‐α‐stimulated JAK‐STAT 
 signalling pathway by blocking Tyk2 activation [74].

Recent insights into the molecular biology of HDV 
have led to the development of novel antiviral agents 
capable of interfering with the life cycle of this unique 
virus. Of great promise is a novel class of antiviral agents, 
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prenylation inhibitors, which block an essential step in 
the HDV assembly. In vitro studies have shown that inhi-
bition of prenylation of HDAg‐L, the only form of HDAg 
that mediates attachment to HBsAg for viral assembly, 
can abolish particle formation in a dose‐dependent man-
ner [75]. Using a novel transgenic mouse model for HBV 
that supports HDV replication, a prenylation inhibitor 
was shown to induce HDV clearance [49]. Clinical trials 
showed that the prenylation inhibitor lonafarnib given 
for 28 days caused a reduction of HDV RNA [76]. 
Viraemia declined rapidly up to 1.54 log in the first phase 
and showed a plateau in the second phase of treatment, 
associated with unchanged HBsAg levels [76]. Further 
studies are needed to confirm the efficacy of lonafarnib 
and to address the side‐effects, which appear to be dose 
related and include nausea, diarrhoea, abdominal bloat-
ing, weight loss, anorexia, and vomiting. Another prom-
ising strategy targets HDV attachment and cell entry by 
inhibition of the HBV receptor, sodium taurocholate 
cotransporting polypeptide [77]. The interim results of a 
pilot trial with myrcludex B monotherapy or with 
pegylated IFN‐α2a showed a significant decline in HDV 
RNA at week 24 in both cohorts; however, HBsAg levels 
remained unchanged [50], raising the question of 

whether this approach will lead to HDV clearance. 
Additional molecular approaches include the use of anti-
sense oligonucleotides, ribozymes, or small‐interfering 
RNA [3,48].

 Prevention

Vaccination against hepatitis B makes the recipient 
immune to HBV infection, thereby protecting against 
HDV infection. Individuals likely to contract HDV infec-
tion such as health‐care workers, haemodialysis patients, 
sexually active homosexual men, injection drug users, 
household and sexual contacts of HBV carriers, and 
immigrants and refugees from areas with highly endemic 
HDV infection should be encouraged to receive the hep-
atitis B vaccine. The most effective measure to prevent 
global HDV infection is universal vaccination of new-
borns against HBV. HBV carriers must be educated 
about the risks of acquiring HDV through injection drug 
use. Counselling should be provided also to HBsAg car-
riers living with HDV‐infected patients to avoid the risk 
of HDV superinfection through sexual or household 
transmission.
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 Introduction

Non‐A, non‐B hepatitis was formerly identified as hepati-
tis occurring after transfusion of blood products or injec-
tion drug use (IDU). Recombinant DNA technological 
analysis of pools of plasma known to contain a relatively 
high titre of the putative agent allowed the molecular 
cloning of the genome of hepatitis C virus (HCV) [1]. 
Antibodies derived from diagnosed non‐A, non‐B hepati-
tis patients were used to identify a cDNA clone encoding 
an immunodominant epitope within HCV non‐structural 
protein. Subsequent research  demonstrated that HCV 
was the principal cause of parenterally transmitted non‐A, 
non‐B hepatitis worldwide.

Considerable progress has been made in our under-
standing of hepatitis C since its discovery in 1989. 

Treatments have also markedly improved, so that more 
than 95% of patients with chronic hepatitis C can be 
cured, without interferon (IFN) or ribavirin.

 Epidemiology

Hepatitis C is one of the 10 leading causes of infectious 
disease deaths worldwide and a leading cause of liver‐
related deaths, causing over 670 000 deaths per annum 
[2,3]. HIV and hepatitis B coinfection add to the burden 
of disease. Population prevalence data are unavailable for 
many countries, but it is believed that 2–3% of the world’s 
population is persistently infected with HCV. Worldwide, 
between 70 and 130 million individuals may be chroni-
cally infected, and are at risk of developing cirrhosis or 
hepatocellular carcinoma (HCC) [4]. Around 3.5 million 
children aged 1–15 years are believed to have chronic 
hepatitis C worldwide. Mother‐to‐child transmission is 
the leading source of HCV infection in children, and 
nosocomial transmission (blood transfusions or unsafe 
injections) and injecting drug use in adolescents account 
for the remainder.

Groups at risk of HCV are summarized in Table 23.1. 
It is estimated that 80% of persons chronically infected 
with HCV reside in 28 countries. Populous countries, 
with a relatively high prevalence, include China, Pakistan, 
India, Egypt, the USA, Nigeria, Brazil, the Democratic 
Republic of Congo, and the Ukraine. There are geo-
graphical differences in prevalence, which range from 0.6 
to 22%, and in the distribution of HCV genotypes. The 
highest prevalence has been reported from Africa 
(Egypt) and Asia, with a somewhat lower prevalence in 
industrialized countries in the West, although in coun-
tries such as Japan (2.3%) and Italy (2.2%) the prevalence 
is relatively high (Fig. 23.1). There are also differences in 
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LEARNING POINTS

 ● Hepatitis C is a curable disease.
 ● The current standard of care for hepatitis C using a 

combination of direct‐acting antiviral agents results in 
sustained virological response rates of ≥95% in most 
patients.

 ● The recent advent of pangenotypic regimens with 
treatment duration limited to 8–12 weeks has greatly 
simplified treatment for hepatitis C.

 ● Antiviral drug resistance may still occur, albeit rarely, 
with current regimens.

 ● Salvage regimens with next‐generation direct‐acting 
antivirals are promising.

 ● Treatment is recommended for all patients with hepa-
titis C. Hepatitis C cure decreases both liver‐related 
and overall mortality.

 ● The risk of hepatocellular carcinoma remains after 
hepatitis C virus cure in patients with cirrhosis.
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1.0% – 1.9%
2.0% – 2.9%
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Not included in a
WHO region Global anti-HCV prevalence 2.2%

130,000,000 positives

Fig. 23.1 Estimated HCV prevalence by region. Source: Perz J et al., unpublished data. Centers for Disease Control, 2002.

prevalence in various groups up to 50% among injection 
drug users in some countries, but less than 0.04% in 
blood donors in the UK, for example [4,5]. Until screen-
ing of blood donors was introduced, hepatitis C 
accounted for most post‐transfusion non‐A, non‐B 

 hepatitis. The incidence of hepatitis C is falling in indus-
trialized countries, although the recent epidemic of her-
oin and prescription opioid use has resulted in a reversal 
of this trend in some countries such as the USA. However, 
it is important to point out that the current burden of 
disease is mostly due to past infection as there is a lag of 
2–4 decades from the time of infection to cirrhosis and 
HCC. Hepatitis C remains a leading indication for liver 
transplantation in Europe and North America; and 
45%  of deaths due to HCC globally are due to HCV 
infection.

There are three routes of transmission: parenterally 
(usually by IDU or blood product transfusion), permu-
cosally (usually sexually, particularly in men who have 
sex with men), or vertically. Perinatal and sexual trans-
mission can occur, and inhaled drug use can also result 
in transmission. In most countries, parenteral transmis-
sion via IDU is the most common route of infection. It is 
now estimated that IDU accounts for 80% of acute HCV 
infections; two‐thirds of people with IDU are infected 
with hepatitis C, totalling 10 million globally, and three 
million in Europe. Reports from African countries, 
including Kenya and Tanzania, suggest that IDU may 
account for many cases in the region. Prisoners sharing 
needles are an important risk group. Acute HCV in HIV‐
positive individuals differs from acute HCV monoinfec-
tion in its epidemiology, natural history, immunology, 

Table 23.1 Groups at risk of HCV infection

In developed and in developing countries, individuals at risk of 
HCV infection include:

Injecting drug users (including past users)
Health‐care workers with needlestick injury (0–10%)
Individuals on haemodialysis, and after nosocomial outbreaks
Those who engage in high‐risk sexual practices
Persons who received blood transfusion or infusion of 
clotting factor concentrates before 1992
HIV‐positive men who have sex with men
Infants born to HCV‐infected mothers (1–5%), particularly in 
mothers with high HCV RNA or HIV–HCV coinfection

In developing countries, additional sources of HCV infection 
include:

Transfusions of unscreened blood
Unsafe injections (including in health‐care settings) or other 
parenteral exposure to blood
Use of blood‐contaminated instruments for circumcision or 
surgery
Traditional scarification
Acupuncture
Tattooing and ear piercing
Injecting drug use
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and virology and is becoming an increasingly significant 
problem in HIV‐infected persons. In contrast to the 
usual transmission of HCV, the majority of individuals in 
the reported HIV‐positive cohorts describe possible 
 permucosal transmission related to high‐risk traumatic 
sexual practices, and perhaps parenteral transmission 
associated with drug use. In the past, in countries such as 
Italy, intrafamilial and sexual transmission of HCV 
undoubtedly contributed to the pool of infection. 
Nosocomial outbreaks of hepatitis C have been reported 
after lapses in infection control practices via unsafe 
injections, in dialysis units, via invasive procedures, and 
more recently by diversion of opioid medications for 
injection. The safety of blood transfusions has increased, 
but not all countries test blood for hepatitis C. In coun-
tries where blood products are effectively screened for 
HCV antibody (anti‐HCV) and HCV RNA (nucleic acid 
testing), the risk of transfusion‐related HCV is close to 
zero. Mother‐to‐child transmission in both monoin-
fected and HIV coinfected mothers can occur in 6–13% 
of children, respectively, reflecting the higher HCV RNA 
concentrations in the latter mothers.

 Virology

HCV is a small, single‐stranded positive‐sense enveloped 
RNA virus [6]. The virus life cycle is completed in the 
hepatocyte cytoplasm. The genome of HCV resembles 
those of Flaviviridae, the Pestivirus and Flavivirus viruses. 
The RNA genome contains around 9400 nucleotides of 
positive‐sense RNA, comprising one long open reading 
frame encoding a polyprotein of 3010–3033 amino acids 
that is cleaved into functionally distinct polypeptides 
during or after translation. The RNA genome is trans-
lated into structural and non‐structural proteins. HCV 
has been designated the prototype of a third genus in the 
family Flaviviridae, Hepacivirus. The nucleocapsid and 
envelope structural proteins are encoded at the 5′ end of 

the genome; the non‐structural elements are downstream 
of this region (Fig. 23.2). Translation is mediated by an 
internal ribosome entry site in the 5′ untranslated region. 
The non‐glycosylated capsid protein complexes with the 
genomic RNA to form the nucleocapsid. Two glycopro-
tein products, E1 or gp35 and E2 or gp70, are found in the 
viral envelope. There are hypervariable regions, particu-
larly in the E1 and E2 domains; these regions may be 
important antigenic sites and their variability may be 
important in persistence of infection and immunopatho-
genesis. Hepatitis C replicates via an error‐prone RNA‐
dependent RNA polymerase. The rapid replication rate 
combined with the poor fidelity of the HCV RNA‐
dependent RNA polymerase, which lacks a proof‐reading 
function, generates a population of viruses with closely 
related, but different, nucleotide sequences, or a ‘quasi‐
species’, in infected persons. Divergence may be enhanced 
by the induction of neutralizing antibodies targeted to the 
envelope proteins.

Cleavage at the carboxyl terminus of E2 generates a 
small protein, p7. The remainder of the non‐structural 
region of the HCV genome is divided into regions NS2 
to NS5 (Fig. 23.2). HCV encodes a protease at the NS2–
NS3 junction that cleaves this site. After cleavage, non‐
structural proteins remain associated with cellular 
membranes (the membranous web), forming a replica-
tion complex. NS3 has two functional domains, a pro-
tease, which is involved in cleavage of the remainder of 
the non‐structural region of the polyprotein, and a heli-
case, which is assumed to be involved in RNA replica-
tion. The HCV protease, using NS4a as a cofactor, is a 
major target of specific protease inhibitors. HCV NS5 
is cleaved to yield NS5a and NS5b. NS5b is a viral RNA‐
dependent RNA polymerase; NS5a also may be involved 
in genome replication and is an important target for 
antiviral therapy [7]. MicroRNA 122 (miR122) the most 
abundant microRNA in the liver, stimulates the transla-
tion of HCV by direct interaction with two target 
regions in the 5′‐UTR of the HCV genome.
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Fig. 23.2 HCV genome organization and 
polyprotein processing. S and NS correspond 
to regions coding for structural and non‐
structural proteins, respectively. Source: 
Reproduced from Penin F, Dubuisson J, Rey 
FA et al. Hepatology 2004; 39: 5–19.
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HCV comprises six major genotypes. A search for 
homologous viruses in small mammals led to the discov-
ery of several new hepaciviruses (HCV‐like viruses) that 
infect wild rodents; however, there is no evidence that 
transmission to humans occurs. Complete genome 
sequences were acquired for a rodent hepacivirus (RHV) 
found in Peromyscus maniculatus [8].

Detailed investigation of HCV was previously ham-
pered by the lack of an appropriate cell culture system 
that supports HCV infection. This hurdle was overcome 
with the development of the subgenomic HCV replicon 
systems; these genomes, coupled to the non‐structural 
region of the HCV genome, are able to replicate when 
transfected into Huh7 cells (derived from a human HCC) 
[9,10]. More recently, the production of infectious virus 
has been reported from full‐length HCV RNA transfec-
tion into Huh‐7 cells, using a JFH‐1 strain isolated from 
a patient with fulminant hepatitis due to HCV genotype 
2a [11]. Progress has been made in cell culture systems 
that allow in vitro infection of primary hepatocytes and 
stem cell‐derived hepatocyte‐like cells allowing increas-
ing insights into HCV biology and pathogenesis [12].

Candidate receptors for HCV have been proposed; 
these include the tetraspannin CD81, the low‐density 
lipoprotein receptor, scavenger receptor class B type I 
(SR‐BI), and heparin. Claudin‐1 (a tight junction compo-
nent) has been shown to be an important coreceptor [13].

 Pathology and pathogenesis

In 15–40% of individuals, the acute disease resolves 
completely, with clearance of HCV RNA from serum, 
within 4 months. Thus, the majority of patients infected 
with HCV progress to chronic infection.

A variety of strategies allow HCV evasion of the host 
innate and adaptive immune response. Interferon‐α 
(IFN‐α) induced by double‐stranded RNA (present dur-
ing viral replication) signalling pathways is a first line of 
defence. IFNs exert their antiviral function by binding to 
the IFN‐α and ‐β receptors on the cell surface. The inter-
action triggers the JAK‐STAT signalling cascade and 
induces expression of IFN‐stimulated genes. The result-
ing innate antiviral response is an early response against 
virus infection. HCV may inhibit the antiviral action of 
IFN‐α and has evolved a mechanism to interfere with 
type 1 IFN induction and signalling. For example, HCV 
proteins E2 and NS3 may inhibit the action of the IFN‐
induced double‐stranded RNA‐activated protein kinase, 
enabling the virus to abrogate the development of the 
adaptive immune response [14].

NS3–4A may block viral sensing and subvert type 1 
IFN signalling. The retinoic acid‐inducible gene I and 
IFN regulatory factor 3 pathway of the innate antiviral 

response within infected hepatocytes is abrogated, thus 
allowing the evasion of innate immune defences within 
the infected cell [15]. Chronic hepatitis C infection is 
associated with lipid accumulation in hepatocytes. There 
is a strong relationship between lipid metabolism and 
HCV replication and proliferation. The virus includes 
lipoprotein fractions in its envelope, a prerequisite for 
infection. HCV uses lipid metabolism to complete the 
viral life cycle. A proportion of patients with chronic 
hepatitis C suffer from diabetes and steatosis [16].

HCV‐specific HLA class I‐restricted cytotoxic T lym-
phocytes (CTLs) that recognize epitopes in variable 
regions of the envelope or of non‐structural proteins 
have been identified. A CD4+ proliferative T‐lymphocyte 
response to recombinant viral antigens has been found 
in infected individuals. There may be a correlation 
between the presence of CD4+ T‐cell responses to HCV 
core and a benign course of infection in viraemic carriers 
with minimal hepatitis. Patients with self‐limited hepati-
tis C display stronger virus‐specific CD4+ IFN‐γ cell 
reactivity. HCV‐specific CD8+ CTLs are thought to play 
a key role in the elimination of HCV since the vigour of 
the HCV‐specific CTL response during the incubation 
phase of acute HCV infection is greater in those who 
resolve infection than in those who progress to chronic 
infection.

There is an effect of viral mutation on T‐cell recogni-
tion so that immune escape mutations may favour per-
sistence of the virus. The role of cell surface inhibitory 
receptors in recognition of HCV and the development of 
antibodies that neutralize HCV infection require further 
study. A downregulated cytotoxic activity of natural 
killer (NK) cells against HCV‐infected liver cells has 
been postulated. The existence of multiple genotypes 
that differ by up to 20% at the amino acid level represents 
a major obstacle for the development of prophylactic 
vaccines for HCV.

Once chronicity is established, HCV‐specific CTLs 
remain weakly detectable, implying that the virus can 
persist despite the presence of these CTLs and that it 
may be resistant to the effects of antiviral cytokines.  
T‐cell exhaustion may be present. Owing to the lack of a 
proofreading mechanism of the viral polymerase, muta-
tions occur frequently in HCV and, if CTLs are unable to 
clear the virus rapidly during early infection, the CTL 
response may select for T‐cell escape mutants. Later, 
when the HCV‐specific CTL response is weaker, there 
may be less selection pressure [17]. Antibody responses 
occur that may neutralize viral proteins but escape 
mutants that evade B‐cell responses can be selected. 
Individuals cured of hepatitis C can also be reinfected.

Fibrosis in chronic hepatitis C infection occurs because of 
the activation of hepatic stellate cells by cytokines and other 
signalling molecules induced by the inflammatory process. 
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These produce and deposit extracellular matrix proteins. 
Fibrosis begins around the portal tracts and gradually 
extends into the lobules towards the central veins. 
Factors shown to accelerate the progression to cirrhosis 
include older age at HCV acquisition, male gender, heavy 
alcohol intake, and coinfection with either HBV or HIV. 
Steatosis may accelerate fibrosis.

There is no DNA intermediate in the replication of the 
HCV genome or integration of viral nucleic acid, and 
viral pathology may contribute to oncogenesis through 
cirrhosis and regeneration of liver cells. HCV infection 
rarely causes acute liver failure.

 Diagnostic tests for hepatitis C

Anti‐HCV

The diagnosis of hepatitis C infection is made by measure-
ment of antibodies to HCV by enzyme‐linked immuno-
sorbent assay (ELISA), chemiluminescence assays, or 
rapid diagnostic tests. Anti‐HCV is an indication of past 
or present infection and may decline or disappear over 
time after resolved infection. A positive antibody does not 
establish that an individual has active infection. Third‐
generation immunoassays include antigens from the 
nucleocapsid (C22) and other non‐structural regions of 
the genome. Most patients with acute HCV infection are 
anti‐HCV positive by the time serum alanine aminotrans-
ferase (ALT) levels peak but anti‐HCV may be undetecta-
ble at presentation. IgM anti‐HCV is not a reliable test for 
acute disease and is not readily available. Diagnosis of 
acute hepatitis C may require documentation of serocon-
version to anti‐HCV in an at‐risk population.

Routine testing of blood donors occurs in most indus-
trialized and many middle‐ or low‐income countries, 
and has greatly reduced the risk of transmission of HCV. 
Any unexplained raised serum aminotransferases, or a 
risk factor for hepatitis C, should prompt a test for anti‐
HCV. Dried blood spot testing for anti‐HCV and new 
platforms for HCV RNA or HCV core antigen facilitate 
screening and point‐of‐care testing [18,19].

Confirmatory HCV testing

Supplemental tests are required to confirm the specific-
ity of an anti‐HCV test in low‐risk populations, includ-
ing blood donors. The presence of HCV RNA establishes 
a definitive diagnosis of persistent HCV infection; gener-
ally, a baseline quantitative measurement of HCV RNA 
is required before treatment. Accurate methods to quan-
tify HCV RNA in serum have been developed and are of 
value in estimating viral concentrations before and 
 during antiviral therapy.

Polymerase chain reaction (PCR) analysis provides a 
sensitive and specific assay for HCV RNA in blood and 
other tissues. Currently, the limit of detection for 
plasma HCV RNA by real time PCR is 5–15 IU/mL. 
HCV RNA has been detected within 1–2 weeks of 
transfusion in patients with hepatitis C. HCV RNA 
usually persists for decades in patients who develop 
chronic disease and there is little advantage in repeat-
edly quantitating HCV RNA in untreated patients, as 
there is generally no correlation with activity or 
 progression of the disease. Biomedical advances have 
provided point‐of‐care sensitive RNA tests that have 
been assessed and validated [20].

Although HCV RNA testing has to date offered greater 
clinical utility to confirm or quantitate viraemia, antigen 
testing may be sufficient in some settings, particularly 
where PCR assays are not available. New tests for HCV 
core antigen are in development [18,21]. HCV core anti-
gen assays are less sensitive than HCV RNA assays (lower 
limit of detection equal to 500–3000 HCV RNA IU/mL). 
Hence the test is useful for monitoring patients on 
 treatment and establishing reinfection but is insuffi-
ciently sensitive for HCV screening, without concurrent 
anti‐HCV testing, or to confirm sustained virological 
response (SVR) after treatment.

Genotyping

Variation in the genome sequence of HCV isolates has 
permitted classification into types and subtypes [22–24]. 
Six major genotypes and about 100 subtypes can be dif-
ferentiated by restriction fragment length polymorphism, 
type‐specific primers in PCR reactions, or hybridization 
with type‐specific probes. The definitive method for viral 
genotype is viral sequencing. Geographic localization of 
these genotypes has been reported. Infections with types 
1b and 1a are relatively common in Europe and the USA; 
infection with type 1b is frequent in southern Europe and 
Asia. Epidemiological differences in age distribution of 
major types and the risk factors associated with particu-
lar genotypes have become apparent. In Europe, type 3a 
and 1a are relatively more common in young individuals 
with a history of IDU whereas type 1b accounts for most 
infections in those aged 50 years or more. Type 4 infec-
tion is the most prevalent infection in Egypt and many 
parts of the Middle East and Africa. Genotype 5 was 
thought to be confined to South Africa but pockets have 
been found in France, Spain, Syria, and Belgium. Type 6 is 
prevalent in South‐East Asia and in Asian Americans and 
Asian Australians. Response to IFN and also initial direct‐
acting antiviral agent (DAA) combination treatment is 
influenced by the infecting genotype, but combination 
DAAs with  pan‐genotypic activity are now available. 
Genotype 3 infection is an independent risk factor for 
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hepatic steatosis and more rapid fibrosis progression, and 
confers a disproportionate risk of HCC [25].

 Acute hepatitis C

The diagnosis of acute hepatitis C can be made with con-
fidence only if seroconversion from anti‐HCV‐negative 
to anti‐HCV‐positive has been documented; there is no 
serological marker to verify that the infection is recently 
acquired. The acute course of HCV infection is clinically 
mild, and typically unrecognized. Acute hepatitis C is 
therefore relatively infrequently diagnosed. The mean 
incubation period of hepatitis C, defined as the time 
from exposure to the onset of symptoms, ranges from 2 
to 12 weeks (average 7 weeks). It is shorter with large 
inoculae (e.g. following administration of factor VIII 
concentrate). The incidence of acute hepatitis C is rising 
in several industrialized countries in men who have sex 
with men and in young persons with IDU or opioid 
addiction. The diagnosis of acute hepatitis C is made by 
testing for anti‐HCV and HCV RNA. HCV RNA 
becomes positive within 2 weeks of exposure. Most 
patients are anti‐HCV positive within 8–10 weeks of 
exposure. Symptoms during the acute phase are non‐
specific and may include fatigue, lethargy, anorexia, and 
right hypochondrial discomfort. Perhaps 25% of cases 
are icteric; patients with jaundice are more likely to clear 
the virus. Female gender and icteric hepatitis are associ-
ated with a higher chance of viral clearance. HIV coin-
fection is associated with viral persistence. Fulminant 
hepatitis is rare, but has been reported. About 25% of 
patients have mildly elevated serum bilirubin. Peak 
serum ALT elevations are less than those encountered in 
acute hepatitis A or B. During the early clinical phase, 
serum ALT levels may fluctuate, and may become nor-
mal or near normal; HCV RNA may be intermittently 
negative during the acute phase, making determination 
of true convalescence somewhat difficult.

Chronic hepatitis C infection is the major complica-
tion of acute hepatitis C. Higher rates of spontaneous 
recovery from acute hepatitis C have been observed in 
individuals with identified single nucleotide polymor-
phisms (SNPs) (rs12979860) on chromosome 19, near 
the interferon lambda 3 (IFN‐λ3) gene (formerly known 
as interleukin 28B). The CC genotype at rs12979860 
strongly enhances resolution of HCV infection among 
individuals of both European and African descent [26].

Pathology

Most patients with well‐documented acute hepatitis C 
do not require a liver biopsy. The pathological features 
that are constant in all types of acute viral hepatitis 

 consist of parenchymal cell necrosis and histiocytic peri-
portal inflammation [27]. The reticulin framework of the 
liver is usually well preserved, except in some cases of 
massive and sub‐massive necrosis.

Management

Early identification of acute hepatitis C is important, but 
may be difficult as the disease is usually silent; 75% of 
patients are not jaundiced and have non‐specific symp-
toms. Management of acute sporadic hepatitis C includes 
conventional supportive treatment or specific antiviral 
therapy. Early spontaneous convalescence can be diffi-
cult to confirm; patients should be retested if HCV RNA 
becomes negative to differentiate transient versus sus-
tained virus clearance. Acute HCV monoinfection is far 
more responsive to IFN treatment than chronic disease, 
and even IFN monotherapy has yielded very high (>90%) 
rates of SVR.

Generally, treatment should be given if the serum ami-
notransferases are elevated, and HCV RNA remains 
detected 2–4 months after first ascertainment, in a 
patient with apparent recent onset, to minimize the risk 
of chronicity. However, asymptomatic patients could be 
treated immediately as they appear to have a higher risk 
of chronic disease than those who present with acute 
symptomatic disease, are infectious, and could be lost to 
follow‐up. Recent studies with DAA therapies indicate 
that monoinfection with genotypes 1, 4, 5, and 6 can be 
treated with shorter courses (6–8 weeks) of sofosbuvir 
and ledipasvir [28]. Acute HCV infection in HIV coin-
fected patients can be similarly treated, but for 12 weeks 
(EASL [European Association for the Study of the Liver] 
recommendations). There needs to be increased surveil-
lance for HCV, both to identify cases and to assess the 
scope of the problem in at‐risk individuals.

 Chronic hepatitis C

Diagnosis

The diagnosis of chronic hepatitis C is based on the 
detection of both anti‐HCV antibodies and HCV RNA. 
HCV core antigen is a surrogate marker of HCV replica-
tion and can be used instead of HCV RNA (although the 
test is less sensitive) to diagnose chronic infection in 
anti‐HCV‐positive persons in countries where PCR 
assays are not available.

Natural history

The onset of chronic hepatitis C is often insidious and 
usually has gone unnoticed by the patient. The diagnosis 
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of chronic hepatitis C is arbitrarily defined as the persis-
tence of HCV RNA in serum for 6 months or longer. Self‐
limited infections may be uncommonly associated with a 
delayed clearance of HCV RNA.

Epidemiological risk factors, for example, a past blood 
transfusion before the introduction of blood donor 
screening, IDU, or sexual risk, can indicate a possible 
aetiology in persons with elevated serum ALT levels. 
Serum ALT concentrations may fluctuate over time, and 
may even be intermittently or consistently normal; peak 
values seldom exceed five times the upper limit of 
normal.

The chronic disease is generally slowly progressive; 
cirrhosis develops within 20 years in about 10–20% of 
patients, but can remain indolent for a prolonged 
period. (Fig. 23.3) [29,30]. Rapidly progressive cirrhosis 
can occur. Variability in rates of progression of the dis-
ease makes the prediction of ultimate outcome diffi-
cult. Several host, viral, and environmental factors 
influence the rate of progression to cirrhosis. A study of 
2313 untreated patients reported that increasing age at 
infection was independently associated with disease 
progression; 2% of those infected before the age of 
20  years developed cirrhosis over a 20‐year period 

compared with 6% of those infected between the ages of 
31 and 40 years, 37% of those infected between the ages 
of 41 and 50 years, and 63% of those infected after the 
age of 50 years [31]. There is no evidence that viral load 
influences the natural history of chronic HCV infec-
tion. Progression to cirrhosis is infrequent in children 
and end‐stage liver disease during childhood is rare 
[32,33].

Older patients are more likely to present with compli-
cations of cirrhosis or HCC. HCC has rarely been 
observed in the absence of cirrhosis, usually in the set-
ting of advanced fibrosis. Aspartate aminotransferase 
(AST) concentrations greater than ALT, a low serum 
albumin, a prolonged prothrombin time, and low platelet 
counts suggest cirrhosis. Low levels of autoantibodies 
may be detected. A subset of patients with chronic hepa-
titis C may test positive for liver kidney microsomal‐1 
antibody.

Anti‐HCV persists for decades in chronic hepatitis C. 
Although most patients with anti‐HCV antibodies and 
raised serum ALT are HCV RNA positive, the converse 
is not always true. A proportion of HCV RNA‐positive 
patients, perhaps 25–50%, may have persistently normal 
serum ALT based on clinical laboratory cutoffs but are 

HCV infection

Fulminant hepatitis
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Clearance of HCV RNA
15–25%

HCC
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Chronic infection
75–85%
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Fig. 23.3 Natural history of hepatitis C infection. 
Source: Reproduced from Chen SL, Morgan TR. 
The natural history of hepatitis C virus (HCV) 
infection. Int J Med Sci 2006; 3: 47–52.
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actually raised relative to healthy individuals. Low‐grade 
hepatitis, and even low‐grade fibrosis may be present but 
fibrosis progression may be less rapid in patients with 
low or normal ALT levels. In patients with ‘normal ALT’ 
who received antiviral therapy, further decline in ALT is 
observed in virological responders [34].

Extrahepatic manifestations

HCV infection can cause systemic disease, and may be 
associated with various extrahepatic complications; 
these include a form of autoimmune hepatitis, cryoglob-
ulinaemia, a vasculitis, lichen planus, porphyria cutanea 
tarda, lymphocytic sialoadenitis, and membranous glo-
merulonephritis. There is an association between non‐
Hodgkin lymphoma and hepatitis C infection [35–37]. 
Mixed cryoglobulinaemia caused by B‐lymphocyte 
expansion may cause a systemic vasculitis and multiple 
organ damage.

Patients with hepatitis C have an increased preva-
lence of insulin resistance and type 2 diabetes mellitus. 
Molecular studies have shown that the HCV core pro-
tein can directly inhibit the insulin signalling pathway 
and increase reactive oxygen species production. 
Hepatitis C is commonly associated with hepatic stea-
tosis. There may be a direct genotype association (stea-
tosis is more common in patients with genotype 3) that 
influences this metabolic effect [38]. Replication of the 
virus is linked to lipid metabolism. Patients with the 
metabolic syndrome and hepatitis C have a poorer 
prognosis. The interaction between steatosis, inflam-
matory processes, insulin resistance, and impaired 
response to IFN may lead to an increased risk of hepatic 
fibrosis.

Pathology

The pathological features of chronic HCV infection are 
quite characteristic, albeit not pathognomonic [39]. 
Typically, patients with chronic hepatitis C have mild 
portal tract inflammation with lymphoid aggregates or 
follicles and mild periportal piecemeal necrosis. 
Parenchymal steatosis, apoptosis, and mild lobular 
inflammation are present and portal fibrosis or portal–
central fibrosis may be present in later stages of disease. 
Although many of the lymphoid follicles are associated 
with bile ducts, ductopenia is not observed. Hepcidin is 
the central regulator of systemic iron homeostasis. A 
positive correlation has been documented between 
serum hepcidin levels and both necroinflammation and 
fibrosis [40]. Others have found hepcidin levels to be 
lower in patients with chronic hepatitis C, suggesting 
that HCV may suppress this hormone, leading to liver 
iron accumulation [41].

Management

Evaluation of liver disease
Treatment of hepatitis C has improved considerably over 
the last 10 years. A substantial proportion of patients 
with chronic hepatitis C can be cured. HCV RNA should 
be quantitated in all patients to confirm viraemia. If the 
test is positive, serum aminotransferases, bilirubin, alka-
line phosphatase, and prothrombin time should be 
measured to assess hepatic function and platelet count 
to assess for portal hypertension. The HCV genotype 
should be ascertained. All patients should also be tested 
for hepatitis B and HIV infection. Because autoimmune 
hepatitis is treated differently and because IFN can 
unmask or exacerbate autoimmune hepatitis, it is advis-
able to exclude this diagnosis by measuring titres of anti‐
smooth muscle and anti‐liver–kidney microsomal 
antibodies, particularly if IFN‐based treatment is used. 
Physicians should vaccinate patients with chronic hepa-
titis C against hepatitis A and B.

Liver biopsy and assessment of fibrosis
A liver biopsy is helpful in grading the degree of inflam-
mation and staging the degree of fibrosis. Earlier guide-
lines recommended antiviral therapy for those patients 
with chronic hepatitis C who have advanced stages of 
fibrosis. Given the high rates of cure with DAA treat-
ment, recent guidelines suggest that all patients with 
hepatitis C are candidates for treatment; a liver biopsy 
can be informative but is not mandatory. Several non‐
invasive methods can be used to assess the stage of 
 disease. The most commonly used blood tests are AST 
to platelet ratio index (APRI) (AST [U/L]/upper limit of 
normal × 100 divided by the platelet count [109/L]) and 
fibrosis based on four markers: FIB‐4 = (age [years] × AST 
[IU/L])/(platelet count [109/L] × {ALT [IU/L]}½). An 
online calculator can be found at http://www.hepatitisc.
uw.edu/page/clinical‐calculators/fib‐4. The Enhanced 
Liver Fibrosis (ELF™, Siemens) panel and Fibrotest 
(Biopredictive) are proprietary tests that utilize algo-
rithms of biochemical tests and extracellular matrix 
components to estimate fibrosis. These indices have 
been validated in identifying patients with advanced 
fibrosis or cirrhosis but they are not accurate in differen-
tiating different stages of fibrosis; some patients fall into 
the indeterminate zone and additional tests are needed 
to determine the stage of disease.

Liver fibrosis can also be assessed by elastography, 
which measures the speed of propagation of a shear wave 
in the liver. Liver elastography can be assessed by mag-
netic resonance, ultrasound, or vibration‐controlled 
transient elastography (VCTE). Elastography measures 
liver stiffness rather than fibrosis. Other factors, such as 
inflammation and congestion in the liver, can contribute 
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to tissue elasticity. The path of signal penetration is 
affected by obesity and ascites. Normal liver stiffness is 
in the range 4–6 kPa and cirrhosis is adjudged at levels of 
12–14 kPa. A strong relationship between liver stiffness 
and the hepatic venous pressure gradient has been 
described [40]. Acoustic radiation force impulse (ARFI) 
technology allows tissue to be compressed by an acoustic 
beam and also induces and tracks the propagation of 
shear waves (transverse waves) for quantification of tis-
sue stiffness. When an acoustic pulse displaces the tissue 
residing in its path, shear waves are generated; an 
increase in shear wave velocity correlates closely with 
increasing tissue stiffness.

Non‐invasive methods can predict cirrhosis with a 
diagnostic accuracy of 85–90%. These markers can 
reduce the need for liver biopsy. The diagnostic perfor-
mance and clinical use of non‐invasive markers of 
hepatic fibrosis have recently been compiled [42]. 
Generally, two tests, a blood test and an elastography 
test, are recommended. If the results are concordant, a 
liver biopsy is not necessary. Non‐invasive tests are 
essential in patients with bleeding disorders (haemo-
philia) and hepatitis C. The markers may allow prag-
matic decision making by clinicians. Tests suggesting 
mild fibrosis may allow a period of ‘watchful waiting’ 
prior to a decision on starting treatment, whereas tests 
suggesting cirrhosis call for immediate treatment and 
surveillance for oesophageal varices and HCC. APRI and 
FIB‐4 are inexpensive tests that correctly predict cirrho-
sis in 80–90% of patients. Elastography is less widely 
available, and more expensive, requiring capital outlay 
and trained operators. Transient elastography is better at 
ruling out cirrhosis than ruling in cirrhosis.

Patients with clinically overt cirrhosis do not require 
biopsy, but rather assessment of portal hypertension, 
including upper gastrointestinal endoscopy for varices 
and ultrasound for HCC surveillance.

General management
Careful clinical monitoring is suggested as an alternative 
to antiviral therapy for patients with mild histological 
changes in whom cirrhosis may not develop; however, if 
resources permit, all patients are candidates for treat-
ment with newer therapies, and should be treated as the 
course of chronic HCV infection cannot be accurately 
predicted and treatment can improve extrahepatic com-
plications and alleviate symptoms and prevent further 
transmission. There is evidence that alcohol and hepati-
tis C may synergistically aggravate hepatic injury, 
although the safe limits of alcohol consumption have not 
been established. Similarly, coinfection with hepatitis B, 
HIV, obesity, hepatic steatosis, diabetes, male gender, 
and older age at the time of acquisition of infection may 
increase the rate of fibrosis progression. Patients with 

hepatitis C should be advised to minimize their intake of 
alcohol and not to donate blood, tissue, or organs. Those 
who are not immune should be vaccinated against hepa-
titis A and B. The risk of sexual transmission in monoga-
mous partners is low. All patients should be counselled 
regarding precautions to prevent transmission.

Indications for treatment
All patients, irrespective of the degree of fibrosis, are 
potential candidates for treatment. IFN‐free DAAs can 
be used in all patients, including those with decompen-
sated cirrhosis, psychiatric illnesses, concomitant 
 autoimmune illnesses, end‐stage renal disease, HIV 
coinfection, or recurrent hepatitis C post‐liver trans-
plantation, thus overcoming the previous limitations of 
IFN therapy. In many countries, the high cost of DAAs 
has restricted the use of these drugs to patients with 
advanced liver disease, although treatment can benefit 
patients with mild fibrosis and studies have shown that 
treatment can be cost‐effective in patients with mild 
fibrosis. In countries where DAAs are not available or 
affordable, IFN–ribavirin (RBV)‐based treatment is 
used; however, competitive access pricing and generic 
DAA therapies are rapidly eliminating the use of inter-
feron. The aim of treatment is to eliminate HCV assessed 
by SVR defined as undetectable HCV RNA 12 weeks 
after completion of treatment. SVR is associated with 
decreased inflammation and fibrosis and both liver‐
related and overall mortality [43]. The risk of a viral 
relapse is largely related to adherence and stage of dis-
ease, but is low (1–5%) if treatment per guidelines is 
applied. Adolescents >12 years or weighing >35 kg can be 
treated with sofosbuvir and ledipasvir.

IFN‐α and RBV treatment
Mechanisms of action
IFNs act via species‐specific, surface target‐cell recep-
tors. The cellular activities of IFN‐α are mediated by the 
products of the IFN‐inducible genes. IFNs interfere with 
several stages of the viral life cycle.

Ribavirin (RBV) is a guanosine nucleoside analogue. 
This agent shows only modest activity against HCV but it 
increases the activity of IFN‐α when the two agents are 
used in combination. The drug exerts its action after 
intracellular phosphorylation to mono‐, di‐, and triphos-
phate nucleotides. The precise mode of action probably 
includes perturbation of intracellular nucleoside triphos-
phate pools, interference with the formation of the 5′ cap 
structure of viral mRNA by competitive inhibition of 
both guanyltransferase and methyltransferase capping 
enzymes, direct inhibition of the viral mRNA polymerase 
complex, and possibly enhancement of macrophage 
 inhibition of viral replication. RBV may also induce muta-
tions in the hepatitis C genome affecting HCV  replication. 
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In clinical practice, the main role of RBV appears to be to 
reduce the rate of relapse after treatment with IFN‐based 
and to some extent DAA regimens.

Pegylated IFNs
Previously, the most widely used treatment of hepatitis C 
was pegylated IFN‐α (PEG‐IFN‐α), given by subcutane-
ous injection once weekly, and oral RBV twice daily. 
Pegylation changes the pharmacokinetics and pharma-
codynamics of IFN‐α. PEG‐IFN‐α2b is administered at a 
dose of 1.5 µg/kg/week by subcutaneous injection. RBV 
is administered according to the body weight of the 
patient, for patients infected with genotypes 1–6. For 
patients weighing <65 kg, between 65 and 85 kg, and 
>85 kg, the dose of RBV is 800, 1000, and 1200 mg/day, 
respectively. PEG‐IFN‐α2a is given at a fixed dose of 
180 µg per week. RBV is given at a dose of 1000 mg/day 
for patients weighing <75 kg or 1200 mg/day for patients 
weighing >75 kg in those with genotype 1 infection. 
However, patients with genotype 2 and 3 are treated with 
a dose of 800 mg/day of RBV.

Patients with genotype 1 or 4 are treated for 12 months 
whereas patients with genotype 2 or 3 are treated for 
6 months. In the subgroup of patients with genotype 1 
who achieved a rapid viral response (negative HCV RNA 
at 1 month) and had low baseline viral loads (<600 
000 IU/mL), SVR rates were comparable between groups 
who received standard treatment and shortened 
(6 months) treatment [44].

The CC‐genotype of IFNλ3 is associated with a 2–3‐
fold increase in SVR rates compared with either the CT 
or TT genotype. SNPs in the interferon lambda 4 (IFNλ4) 
gene are predictors of IFN treatment response in patients 
with HCV infection [45]. For DAA regimens, only weak 
association with IFNλ3 or IFNλ4 SNPs has been 
observed. Paradoxically, the favourable IFNλ3 genotype 
is associated with increased inflammatory response.

Side‐effects of interferon and ribavirin therapy
The major early side‐effects of IFN include influenza‐like 
syndrome, chills, fever, malaise, muscle aches, and head-
aches. These symptoms may be ameliorated by paraceta-
mol (acetaminophen). Headaches, poor appetite, weight 
loss, increased need for sleep, psychological effects (irrita-
bility, anxiety, depression), hair loss, thrombocytopenia, 
and leucopenia are also common side‐effects. Depression 
can be encountered or aggravated in 20–40% of patients 
with hepatitis C during IFN and RBV treatment. Suicidal 
ideation requires appropriate urgent management.

Unusual or severe side‐effects include seizures, acute 
psychosis, bacterial infections, autoimmune reactions, and 
thyroid disease. Hyperthyroidism or thyroiditis is relatively 
common and can be seen in up to 5% of patients, particu-
larly in those with pre‐existing antithyroid antibodies. 

Proteinuria, cardiomyopathy, skin rashes, and IFN antibod-
ies may also occur. There have been reports of patients 
developing interstitial lung disease with IFN‐α, or sarcoido-
sis. A neuroretinitis may occur, particularly in patients with 
diabetes. There are rare reports of bone marrow suppres-
sion resulting in bone marrow aplasia. Idiopathic thrombo-
cytopenia may be induced or activated by IFN.

The major side‐effects of RBV are haemolytic anaemia, 
myalgia, hyperuricaemia, some gastrointestinal upset or 
dyspepsia, cough, and skin rash. Some patients also 
report irritability.

Patients should be appropriately monitored for these 
side‐effects and white cells, haemoglobin, and platelets, 
and AST, ALT, albumin and bilirubin should also be 
measured every 4 weeks. It is necessary to monitor uric 
acid and thyroid function at 1–3‐monthly intervals. 
Patients should be advised of the risk of teratogenicity 
with RBV and the need for contraception (both patient 
and sexual partner) during and up to 6 months after 
completing treatment. It has been shown that genetic 
variants leading to inosine triphosphatase deficiency, a 
clinically unimportant condition, protect against haemo-
lytic anaemia in patients infected with hepatitis C who 
are receiving RBV [46]. Many patients receiving PEG‐
IFN and RBV treatment will experience depressive 
symptoms of at least moderate severity. Incident rates 
are high in the first 4–8 weeks and increase during the 
first 6 months of treatment. Side‐effects frequently 
necessitate dose reductions, and discontinuation of ther-
apy in 14–20% of patients. Dose reductions or early dis-
continuation of treatment decreases SVR rates.

Limitations of the effectiveness of IFN‐α, side‐effects, 
and the increased efficacy of DAA therapies are rapidly 
curtailing its use worldwide. Multiple IFN‐free DAA 
regimens have demonstrated comparable efficacy in 
patients who were non‐responders or relapsers to prior 
IFN‐based therapies.

Direct‐acting antiviral therapy for hepatitis C
Several new DAAs have been approved for the treatment 
of hepatitis C (Table 23.2). These drugs can be classified 
as NS3 protease inhibitors, NS5A inhibitors, and NS5B 
polymerase (nucleoside and non‐nucleoside inhibitors). 
IFN‐free DAA regimens involve a combination of 2–3 
DAAs with or without RBV. Recently approved regimens 
result in SVR rates of ≥95% in most patients after 8–24 
weeks of treatment, with most requiring only 12 weeks 
of treatment.

The potential for drug–drug interactions should be 
considered in all patients undergoing treatment with 
DAAs. This requires a thorough drug history prior to 
starting therapy and before starting other medications 
during DAA treatment. The prescribing information 
for  each DAA contains important information on 



Chapter 23446

 drug–drug interactions. A key web resource is www.
hep‐druginteractions.org, where recommendations are 
regularly updated. Patients require education on the 
importance of adherence to treatment, and on the poten-
tial effect of over‐the‐counter medications. National 
 society guidelines, including those of the American 
Association for the Study of Liver Diseases (AASLD) 
(Recommendations for Testing, Managing, and Treating 
Hepatitis C. http://www.hcvguidelines.org) and the 
European Association for the Study of the Liver (EASL) 
(EASL Recommendations on Treatment of Hepatitis C 
2016; see the relevant footnote in Tables 23.4–23.9), rec-
ommend that all hepatitis C patients should be consid-
ered for treatment. Achievement of HCV elimination will 
require national plans for screening and testing, together 
with lowered drug costs, negotiated discounts, and fore-
casted budgeting to expedite unrestricted access to treat-
ment, as the costs of implementing widespread treatment 
are high. In low‐income countries, approved generic 
DAAs are often used; however, patients frequently have 
to meet the costs of treatment themselves [47].

NS5B polymerase inhibitors
The RNA‐dependent RNA polymerase of HCV (NS5B) 
is an attractive target for antiviral inhibition, as it is a key 
enzyme involved in HCV replication. The NS5B enzyme 

forms a replicase complex with other viral and cellular 
proteins. Two types of HCV polymerase inhibitors have 
been developed: nucleoside and non‐nucleoside. HCV 
nucleoside analogues block HCV replication by acting as 
chain terminators and thus stopping further elongation 
of the nascent RNA strand. Non‐nucleosides interact 
with the polymerase outside the catalytic site, producing 
allosteric changes that compromise its function.

The HCV polymerase structure shares the same 
 general right‐handed configuration of HIV reverse tran-
scriptase, which consists of finger, thumb, and palm 
domains. At least five different sites (named A, B, C, D, 
and E) have been shown to be targeted by non‐nucleoside 
inhibitors. Mutations that confer resistance to an indi-
vidual drug’s binding sites do not cause cross‐resistance 
to other drugs. As non‐nucleoside inhibitors are allos-
teric blockers, different resistance patterns are observed. 
Polymerase inhibitors tend to work across genotypes; 
nucleoside inhibitors have a high barrier to resistance. 
However, 1a versus 1b subtype profiling of polymerase 
inhibitors that bind at the known non‐nucleoside bind-
ing sites has shown that inhibition might vary.

Sofosbuvir
Sofosbuvir is a nucleotide NS5B polymerase inhibitor. 
The dose of sofosbuvir is 400 mg/day. The drug is 

Table 23.2 Approved direct‐acting antivirals in current use

Drug Presentation Posology

Sofosbuvir 400 mg tablet One tablet once daily
Sofosbuvir–ledipasvir Tablet containing 400 mg sofosbuvir and 90 mg 

ledipasvir
One tablet once daily

Sofosbuvir–velpatasvir Tablet containing 400 mg sofosbuvir and 
100 mg velpatasvir

One tablet once daily

Paritaprevir–ombitasvir–
ritonavir

Tablet containing 75 mg paritaprevir, 12.5 mg 
ombitasvir, and 50 mg ritonavir

Two tablets once daily

Dasabuvir Tablet containing 250 mg dasabuvir One tablet twice daily
Paritaprevir–ombitasvir–
ritonavir–dasabuvir

Tablet containing 75 mg paritaprevir, 12.5 mg 
ombitasvir, 50 mg ritonavir, and 250 mg 
dasabuvir

Three tablet once daily

Grazoprevir–elbasvir Tablet containing 100 mg grazoprevir and 
50 mg elbasvir

One tablet once daily

Daclatasvir Tablet containing 60 or 30 mg daclatasvir One tablet once daily
Simeprevir Capsules containing 150 mg simeprevir One capsule daily
Ribavirin Capsules containing 200 mg ribavirin Two capsules in morning and three 

in evening if <75 kg
Three capsules twice daily if >75 kg

Glecaprevir–pibrentasvir Tablet containing 100 mg glecaprevir and 
40 mg pibrentasvir

Three tablets once daily

Sofosbuvir–velpatasvir–
voxilaprevir

Tablet containing 400 mg sofosbuvir, 100 mg 
velpatasvir, and100 mg voxilaprevir

One tablet once daily
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excreted by the kidneys and not recommended for 
patients with an estimated glomerular filtration rate 
(eGFR) of <30 mL/min/1.73 m2 or with end‐stage renal 
disease. Sofosbuvir exposure, however, is not signifi-
cantly changed in patients with liver impairment, and 
has been shown to be safe in patients with Child–Pugh 
class C cirrhosis.

The most common adverse events are fatigue and 
headache. Sofosbuvir is transported across the intestinal 
tract by P‐glycoprotein. Drugs that are potent 
P‐ glycoprotein inducers can reduce sofosbuvir blood 
concentrations and thus potentially lessen the thera-
peutic effect. Sofosbuvir should not be administered 
with inducers of  P‐glycoprotein, such as rifampin, 
 carbamazepine,  phenytoin, or St John’s wort. No sig-
nificant drug–drug interactions have been reported in 
studies with antiretroviral agents, including emtricit-
abine, tenofovir, rilpivirine, efavirenz, darunavir– 
ritonavir, and raltegravir.

Patients should not receive the anti‐arrhythmic 
 amiodarone with sofosbuvir‐based regimens owing to 
the risk of life‐threatening arrhythmias. Because of the 
long half‐life of amiodarone, an interaction can occur 
months after its discontinuation.

Sofosbuvir and ledipasvir
Sofosbuvir and ledipasvir represent a fixed drug combi-
nation of an NS5B polymerase inhibitor and an NS5A 
inhibitor. One tablet containing 400 mg of sofosbuvir and 
90 mg of ledipasvir is taken daily with or without ribavi-
rin. Biliary excretion of unchanged ledipasvir is the 
major route of elimination. Ledipasvir plasma exposure 
is similar in patients with advanced liver disease to those 
with good liver function. The safety of the sofosbuvir–
ledipasvir combination has not been assessed in patients 
with an eGFR of <30 mL/min/1.73 m2. Sofosbuvir– 
ledipasvir has been approved for treatment of patients 
with HCV genotypes 1, 4, 5, and 6, including those with 
decompensated cirrhosis.

The most common side‐effects reported with this 
combination were fatigue and headache, and interac-
tions identified with the individual drugs will also apply 
to the combination [48]. Potent P‐glycoprotein inducers 
will decrease sofosbuvir but also ledipasvir plasma con-
centrations. Coadministration of amiodarone with 
sofosbuvir–ledipasvir is contraindicated. Rosuvastatin is 
also not recommended owing to inhibition of organic 
anion‐transporting polypeptide (OATP) by ledipasvir, 
and interactions with other statins cannot be excluded. 
The solubility of ledipasvir declines as pH increases; 
thus  antacids, H2‐receptor antagonists, and proton 
pump inhibitors can decrease concentrations of ledipas-
vir [49]. Sofosbuvir plus ledipasvir may be given with all 
antiretrovirals.

Sofosbuvir and velpatasvir
Sofosbuvir and velpatasvir are a fixed drug combination 
of the NS5B and a second‐generation NS5A inhibitor. 
One tablet containing 400 mg of sofosbuvir and 100 mg 
of velpatasvir is taken daily. Velpatasvir is metabolized in 
vitro by CYP2B6, CYP2C8, and CYP3A4. The major 
route of elimination is biliary excretion; velpatasvir is 
transported by P‐glycoprotein (P‐gp) and breast cancer 
resistance protein (BCRP) and, to a limited extent, by 
OATP1B1. There is no clinically relevant effect of 
decompensated cirrhosis or severe renal impairment on 
velpatasvir exposure. The combination is approved for 
treatment of all HCV genotypes.

Headache, fatigue, and nausea were the most com-
monly described side‐effects in clinical trials. Potent 
P‐gp or potent CYP inducers (e.g., rifampicin, rifabutin, 
carbamazepine, phenobarbital, phenytoin, St John’s 
wort) are contraindicated.

Sofosbuvir, velpatasvir, and voxilaprevir  
(https://www.medicines.org.uk/emc/medicine/33858)
Voxilaprevir, a protease inhibitor, has low nanomolar 
activity against genotypes 1–6 and is recommended for 
all genotypes. No dose adjustment is required for patients 
with Child–Pugh class A cirrhosis. The combination is 
not recommended for patients with moderate or severe 
hepatic impairment Child–Pugh class B or C. Drugs that 
are moderate P‐gp or moderate CYP inducers, for exam-
ple, oxcarbazepine, rifapentine, modafinil, and favirenz, 
may decrease sofosbuvir, velpatasvir, and/or voxilaprevir 
plasma concentrations. Coadministration is not recom-
mended. Drugs that are strong OATP1B inhibitors (e.g. 
ciclosporin) may substantially increase voxilaprevir 
plasma concentrations, and are not recommended. 
Voxlilaprevir increases tenofovir exposure when used 
together with an HIV regimen containing tenofovir, rito-
navir, or cobicistat.

Velpatasvir and voxilaprevir are inhibitors of the drug 
transporters P‐gp, BCRP, OATP1B1, and OATP1B3. 
Coadministration of voxilaprevir with drugs that are 
substrates of these transporters may increase the expo-
sure of such drugs. Compounds that are sensitive 
 substrates of these transporters are contraindicated. 
Dabigatran etexilate (P‐gp substrate) and rosuvastatin 
(OATP1B and BCRP substrate) are contraindicated.

Sofosbuvir, velpatasvir, and voxilaprevir are substrates 
of the drug transporters P‐gp and BCRP, and velpatasvir 
and voxilaprevir of the drug transporters OATP1B1 and 
OATP1B3. Drugs that are strong inducers of P‐gp or 
strong inducers of CYP2B6, CYP2C8, or CYP3A4 (e.g. 
rifampicin, rifabutin, St John’s wort, carbamazepine, 
phenobarbital, and phenytoin) may decrease plasma 
concentrations of sofosbuvir, velpatasvir, and/or voxil-
aprevir. Medicinal products that are moderate P‐gp 
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inducers or moderate CYP inducers (e.g. oxcarbazepine, 
rifapentine, modafinil, or efavirenz) may decrease 
 sofosbuvir, velpatasvir, and/or voxilaprevir plasma 
concentrations.

The most commonly reported side‐effects reported in 
clinical trials were headache, fatigue, diarrhoea, and nau-
sea. There was an increased incidence of nausea and 
diarrhoea on comparing sofosbuvir, velpatasvir, and vox-
ilaprevir with sofosbuvir plus velpatasvir, or placebo [50].

Ritonavir‐boosted paritaprevir, ombitasvir, and 
dasabuvir (PrOD)
The PrOD combination comprises a tablet containing 
75 mg of paritaprevir, 12.5 mg of ombitasvir, and 50 mg of 
ritonavir, and a tablet containing 250 mg of dasabuvir. 
Two tablets of paritaprevir–ombitasvir–ritonavir are 
taken once daily. One tablet containing 250 mg of 
 dasabuvir is taken twice daily. Paritaprevir–ombitasvir–
itonavir–dasabuvir is recommended for genotype 1 
infection. Paritaprevir–ombitasvir–ritonavir is recom-
mended for the treatment of genotype 4 infection. 
Paritaprevir is an NS3–4A protease inhibitor. The drug 
is metabolized primarily by hepatic CYP3A4 and is 
administered in conjunction with a low dose of the 
CYP3A inhibitor ritonavir to boost concentrations, thus 
enabling once‐per‐day administration. Ombitasvir is an 
NS5A inhibitor dosed in a fixed‐dose tablet with pari-
taprevir–ritonavir. Dasabuvir is a non‐nucleoside NS5B 
polymerase inhibitor. Paritaprevir, ombitasvir, and 
 dasabuvir are excreted predominantly into the faeces.

In patients with Child–Pugh class C cirrhosis, expo-
sure to paritaprevir is increased 9.5‐fold, ombitasvir is 
reduced 54%, and dasabuvir is increased 3.3‐fold. No 
dose adjustment is required for patients with Child–
Pugh class A cirrhosis, but the combination is not 
 recommended for patients with Child–Pugh class B 
 cirrhosis and is contraindicated in patients with Child–
Pugh class C cirrhosis. No dose adjustment is necessary 
for patients with severe renal impairment. The most 
 frequent adverse effects reported were fatigue and 
nausea.

Paritaprevir is metabolized by CYP3A4, dasabuvir is 
metabolized mainly by CYP2C8, and ombitasvir is 
hydrolysed. Transporters are important for the disposi-
tion of these compounds. Therefore, given the addition 
of ritonavir, there is the potential for many drug–drug 
interactions, in particular antiretrovirals for HIV.

Grazoprevir and elbasvir
Grazoprevir (a protease inhibitor) and elbasvir (an NS5A 
inhibitor) are combined in a single fixed‐dose tablet. 
One tablet containing 100 mg of grazoprevir and 50 mg 
of elbasvir is taken once daily with or without ribavirin. 
The combination is indicated for the treatment of geno-

type 1 or 4. Grazoprevir and elbasvir are metabolized in 
part by CYP3A4, with the major route of elimination 
being biliary and faecal. Grazoprevir is transported by 
P‐gp and OATP1B1; elbasvir is a substrate for P‐gp.

A decrease in elbasvir exposure has been observed in 
patients with cirrhosis whereas exposure to grazoprevir 
is increased, particularly in Child–Pugh class B and C 
cirrhosis. Therefore, the combination is contraindicated 
in Child–Pugh class B or C cirrhosis. However, no dose 
adjustment is necessary in severe renal impairment or 
for patients on haemodialysis or peritoneal dialysis. The 
most commonly reported side‐effects in clinical trials 
were fatigue and headache. Rare cases (0.8%) of ALT 
level elevations were reported, and were seen more fre-
quently in female, Asian, and older patients. As elbasvir 
and grazoprevir are substrates of CYP3A and P‐gp, 
inducers of these proteins could result in a substantial 
decrease in plasma exposure of the DAAs and they are 
therefore contraindicated. Strong inhibitors of CYP3A, 
which could elevate plasma concentrations, are also 
not  recommended. Grazoprevir plasma concentrations 
are potentially markedly increased by inhibitors of 
OATP1B1. There is no effect of acid‐lowering agents on 
the absorption of grazoprevir or elbasvir. Caution is 
required when coadministering drugs that use CYP3A 
and P‐gp in their disposition.

Daclatasvir
Daclatasvir is an NS5A inhibitor. The usual dose is 60 mg 
daily. The combination of sofosbuvir and daclatasvir has 
activity against genotypes 1–6. Almost 90% of daclatasvir 
is eliminated in faeces. Hepatic impairment does not have 
a clinically significant effect on drug concentrations of 
daclatasvir. No dose adjustment of daclatasvir is required 
in advanced liver disease or for patients with renal failure. 
The most frequently reported adverse effects with 
daclatasvir were fatigue, headache, and nausea.

Daclatasvir is a substrate of CYP3A4, a substrate and 
inhibitor of P‐gp, and an inhibitor of OATP1B1 and 
BCRP. Administration of daclatasvir with drugs that 
markedly induce CYP3A4 and P‐gp and could reduce 
daclatasvir exposure is contraindicated. The dose of 
daclatasvir should be reduced to 30 mg daily or increased 
to 90 mg daily when used with drugs that increase or 
decrease daclatasvir exposure, respectively.

Simeprevir
Simeprevir is a protease inhibitor, and is highly bound to 
plasma proteins, particularly albumin. The usual dose is 
one capsule containing 150 mg of simeprevir daily, in an 
appropriate combination. Simeprevir is metabolized by 
oxidative metabolism by the hepatic CYP3A system and 
is eliminated largely in bile. Simeprevir exposure is 
increased in patients with Child–Pugh class B or C 
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Table 23.3 Drug–drug interactions with commonly using immunosuppressants

Sofosbuvir 
ledipasvir

Sofosbuvir 
velpatasvir Simeprevir

Paretoprevir/r/ 
ombitasvir  
dasabuvir Daclatasvir

Grazoprevir/
elbasvir SOF–VEL–VOX

Tacrolimus NCS NCS Potential;  
DA

Potential;  
DA

NCS Potential;  
DA

Monitoring of levels 
required

Cyclosporin NCS NCS Do not co‐ 
administer

Potential;  
DA

NCS Do not co‐ 
administer

Do not co-administer

Sirolimus NCS NCS Potential;  
DA

Potential;  
DA

NCS Potential;  
DA

Potential; DA

Mycophenylate NCS NCS NCS Potential; DA NCS NCS NCS
Azathioprine NCS NCS NCS NCS NCS NCS NCS
Everolimus Potential;  

DA
Potential;  
DA

Potential;  
DA

Do not co‐ 
administer

Potential;  
DA

Potential;  
DA

NCS

NCS, not clinically significant; DA, dose adjustments.
Source: http://www.hep‐druginteractions.org/.

 cirrhosis and should not be used in these patients. No 
dose adjustment of simeprevir is necessary in moderate 
renal impairment (safety has not been assessed in 
patients with eGFR <30 mL/min or on haemodialysis). 
The side‐effects reported in clinical trials of simeprevir 
with PEG‐IFN and RBV were rash (including photosen-
sitivity), pruritus, and nausea. Simeprevir is an inhibitor 
of the hepatic transporters OATP1B1 and MRP2. Mild, 
generally short‐lived hyperbilirubinaemia was observed 
in 10% of cases. The key enzyme involved in the metabo-
lism of simeprevir is CYP3A4. Hence coadministration 
of simeprevir with moderate or strong inducers or inhib-
itors of CYP3A4 is not recommended. Caution is 
required with some immunosuppressants (Table  23.3) 
and it not recommended to be used in patients receiving 
ciclosporin.

Pibrentasvir and glecaprevir
Glecaprevir (formerly ABT‐493) is a pangenotypic NS3–4A 
protease inhibitor. Pibrentasvir (formerly ABT‐530) is a 
pangenotypic NS5A inhibitor. The two compounds are 
coformulated and dosed once daily as three 100 mg/40 mg 
pills for a total dose of 300 mg/120 mg. The drugs are 
excreted primarily by biliary excretion. There is minimal 
renal excretion (<1%). Pibrentasvir shows potent activity 
against genotypes 1–6 with low picomolar activity (EC50) in 
replicon cell lines.Similarly, glecaprevir shows low nanomo-
lar EC50 against all genotypes including genotype 3.

The in vitro resistance profile of glecaprevir in major 
HCV genotypes was determined using drug‐resistant 
replicon colony selection. Exposures of both DAAs is 
increased slightly by single‐dose ciclosporin, but unaf-
fected by single‐dose tacrolimus. The drugs did not 
affect ciclosporin exposure, but increased exposure to 
tacrolimus. No dose adjustment is required in subjects 

with Child–Pugh class A cirrhosis. Exposures in Child–
Pugh class B and C subjects were higher, as expected, 
hence the regimen is not recommended in patients with 
Child–Pugh class C cirrhosis. No dose adjustment is 
needed in subjects with mild, moderate, or severe renal 
impairment or end‐stage renal disease.

Treatment of genotype 1–6 HCV
Current evidence‐based recommendations for the treat-
ment of genotype 1 [51–71] and other genotypes [72–81] 
with DAA therapies are summarized in Table  23.4, 
Table  23.5, Table  23.6, Table  23.7, Table  23.8, and 
Table 23.9. Several options are available, based on exten-
sive evaluation of results in clinical trials and analyses in 
real‐world studies. Owing to the rapid pace of develop-
ment in HCV therapies, national and regional guidelines 
provide regular updates via Internet‐based resources. 
There are relatively minor differences in the AASLD-
IDSA guidelines (www.hcvguidelines.org) and EASL 
recommendations, which are beyond the scope of this 
chapter to detail. The results of clinical trials have largely 
been confirmed in real‐world cohorts [82]. Many patient 
populations that were difficult to treat in the IFN era, 
such as African Americans, HIV coinfection, and com-
pensated cirrhosis, respond equally well to DAA thera-
pies. HIV‐coinfected patients can be similarly treated 
with SVR rates comparable to those for HCV‐monoin-
fected patients; however, attention to drug interactions is 
required [83,84] With some regimens, IFN‐experienced 
patients with cirrhosis may benefit from the addition of 
RBV [85,86], which may offset the impact of high‐level 
baseline NS5A‐resistant associated substitutions [87]. 
The need for ribavirin has diminished with second‐gen-
eration regimens, improving patient‐reported outcomes 
[59,88–98]. Several regimens, notably those including 
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  Table 23.4    IFN‐free combination treatment regimens available as options for each HCV genotype  *   

Combination 
regimen SOF+ RBV LDV–SOF ± RBV SOF–VEL ± RBV PrOD ± RBV

OBV–PTV–
RTV ± RBV GZR–EBR ± RBV

 SOF + DCV 
 RBV 

 SOF + SMV 
 ± RBV SOF–VEL–VOX GLE + PIB    

GT1 Not 
recommended

Recommended Recommended Recommended Not 
recommended

Recommended Recommended Suboptimal Recommended Recommended

GT2 Suboptimal Not 
recommended

Recommended Not 
recommended

Not 
recommended

Not 
recommended

Recommended Not 
recommended

Recommended Recommended  

GT3 Suboptimal Not 
recommended

Recommended Not 
recommended

Not 
recommended

Not 
recommended

Recommended Not 
recommended

Recommended Recommended  

GT4 Not 
recommended

Recommended Recommended Not 
recommended

Recommended Recommended Recommended Not 
recommended

Recommended Recommended  

GT5 Not 
recommended

Recommended Recommended Not 
recommended

Not 
recommended

Not 
recommended

Recommended Recommended Recommended Recommended  

GT6 Not 
recommended

Recommended Recommended Not 
recommended

Not 
recommended

Not 
recommended

Recommended Not 
recommended

Recommended Recommended

  SOF, sofosbuvir; LDV, ledipasvir; VEL, velpatasvir; PrOD, paritaprevir/ritonavir/ ombitasvir, dasabuvir; GZR, grazoprevir; EBR, elbasvir; GLE, glecaprevir; PIB, pibrentasvir; DCV, daclatasvir; SMV, simeprevir; 
RBV, ribavirin; VOX, voxalaprevir. 
  *    Approval and use of some regimens may differ in different countries.  
 Source: European Association for the Study of the Liver. EASL recommendations on treatment of hepatitis C 2016.  Journal of Hepatology  2017; 66(1): 153–194.
SOF–VEL–VOX:  https://www.medicines.org.uk/emc/medicine/33858.
www.hcvguidelines.org . 
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protease inhibitors, are not recommended for patients 
with decompensated (Child–Pugh class B or C cirrhosis) 
and SVR rates can be lower in patients with Child–Pugh 
class C cirrhosis. Several DAA combinations, including 
grazoprevir and elbasvir (for genotype 1 or 4) or gle-
caprevir and pibrentasvir (for all genotypes), are safe and 
can be used in patients with end‐stage kidney disease 
[99]. Sofosbuvir is predominantly excreted by the  kidneys 
and is not recommended for use in patients with severe 
renal impairment. Response or HCV cure is now deter-
mined at week 12 post‐treatment. HCV RNA or HCV 
core antigen levels can be used to monitor response or 
treatment failure, and general monitoring can be simpli-
fied. SVR12 rates of 95% or greater are expected. Recent 
integrated analyses verify the efficacy of both sofosbuvir‐ 
and protease‐based regimens [100].

Encouraging results in phase 2 and pivotal phase 3 
studies have been reported for next‐generation antiviral 
drugs, in particular sofosbuvir and velpatasvir, sofosbu-
vir, velpatasvir, and voxilaprevir, and glecaprevir and 
pibrentasvir. Recent data are summarized in Table 23.10. 

Table 23.5 Current treatment options for genotype 1 IFN treatment naïve or experienced patients with or without cirrhosisa

Genotype 1 SOF–LDV SOF–VEL PrOD GZR–EBR SOF–DCV GLE–PIB
SOF– 
VEL–VOX

Patients without cirrhosis
Genotype TN or TE 12 weeks + RBV
1a TN 8–12 weeks 12 weeks 12 weeks if HCV RNA 

<800 000 IU/mL or 
16 weeks + RBVc

12 weeks 8 weeks 8 weeks

TE 12 weeks + RBVb 12 weeks 12 weeks + 
RBV or 24 
weeks

8 weeks 12 weeks

1b TN 8–12 weeks 12 weeks 8–12 weeks 12 weeks 12 weeks 8 weeks 8 weeks
TE 12 weeks 12 weeks 12 weeks 8 weeks 12 weeks

Patients with compensated cirrhosis
TN or TE 24 weeks + RBV

1a TN 12 weeks 12 weeks 12 weeks if HCV RNA 
≤800 000 (5.9 log) IU/
mL or 16 weeks + RBV 
if HCV RNA >800 000 
(5.9 log) IU/mLc

12 weeks 12 weeks 12 weeks
TE 12 weeks + RBV

Or 24 weeksb
12 weeks + 
RBV
or
24 weeks

12 weeks 12 weeks

1b TN 12 weeks 12 weeks 8–12 weeks 12 weeks 12 weeks 12 weeks 12 weeks
TE 12 weeks 12 weeks 12 weeks

TN, IFN naïve; TE, IFN experienced; SOF, sofosbuvir; LDV, ledipasvir; VEL, velpatasvir; PrOD, paritaprevir–ritonavir–ombitasvir, dasabuvir; 
GZR, grazoprevir; EBR, elbasvir; DCV, daclatasvir; SMV, simeprevir; GLE, glecaprevir; PIB, pibrentasvir; VOX, voxilaprevir; RBV ribavirin.
a Approved duration of treatment for some regimens differ in different countries.
b Add ribavirin only in patients with RASs that confer high‐level resistance to NS5A inhibitors at baseline if RAS testing available.
c Prolong to 16 weeks and add ribavirin only in patients with RASs that confer resistance to elbasvir at baseline if RAS testing available.
Source: European Association for the Study of the Liver. EASL recommendations on treatment of hepatitis C 2016. Journal of Hepatology 2017; 
66(1): 153–194, and Gilead Sciences, Electronic Medicines Compendium (eMC), https://www.medicines.org.uk/emc/medicine/33858.

Table 23.6 Current treatment options for genotype 2 IFN 
treatment naïve or experienced patients with or without cirrhosis*

Genotype 2 SOF–RBV SOF–VEL GLE–PIB
SOF–VEL– 
VOX

Patients without cirrhosis
2 TN 12 weeks 12 weeks 8 weeks 8 weeks

TE 8 weeks 12 weeks

Patients with compensated cirrhosis
2 TN 12 weeks 12 weeks 12 weeks

TE 12 weeks 12 weeks

TN, IFN naïve; TE, IFN experienced; SOF, sofosbuvir; VEL, velpatasvir; 
RBV, ribavirin; GLE, glecaprevir; PIB, pibrentasvir; VOX, voxilaprevir.
* Approved duration of treatment for some regimens differ in different 
countries.
Source: European Association for the Study of the Liver. EASL 
recommendations on treatment of hepatitis C 2016. Journal of 
Hepatology 2017; 66(1): 153–194, and Gilead Sciences, Electronic 
Medicines Compendium (eMC), https://www.medicines.org.uk/emc/
medicine/33858.
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Some of these new DAA combinations have also been 
demonstrated to have SVR rates of 95% or higher in 
patients who have failed prior DAA therapies 
[50,59,64,78,88–91,101–110]. The combination of graz-
oprevir, uprifosbuvr, and ruzasvir will not be developed 
further, however [111].

Decompensated cirrhosis (Chapter 38)
PEG‐IFN is contraindicated in patients with decompen-
sated cirrhosis. In contrast, DAA‐based therapies can be 
utilized, although the SVR rates have tended to be lower, 
particularly among patients with Child–Pugh class C 
 cirrhosis, ranging from 74 to 82% for 12 and 24 weeks of 

Table 23.7 Current treatment options for genotype 3 IFN treatment naïve or experienced patients with or without cirrhosisa

Genotype 3 SOF–VEL SOF–DCV GLE–PIB SOF–VEL–VOX

Patients without cirrhosis
3 TN 12 weeks 12 weeks 8 weeks 8 weeks

TE 12 weeks ± RBVb 12 weeks ± RBV 16 weeks 12 weeks
Patients with cirrhosis
3 TN 12 weeks ± RBVb 12 weeks + RBV or 24 weeks 12 weeks 12 weeks(consider 8 weeks)

TE 16 weeks 12 weeks

TN, IFN naïve; TE, IFN experienced; SOF, sofosbuvir; LDV, ledipasvir; VEL, velpatasvir; DCV, daclatasvir; GLE, glecaprevir; PIB, pibrentasvir; 
RBV, ribavirin; VOX, voxilaprevir.
a Approval of some regimens may differ in different countries.
b If no NS5A resistance testing is performed, treatment‐experienced patients without cirrhosis and treatment‐naïve and treatment‐experienced 
patients with compensated cirrhosis should be treated with sofosbuvir–velpatasvir for 12 weeks with daily weight‐based ribavirin (1000 or 
1200 mg in patients <75 kg or ≥75 kg, respectively); or if NS5A resistance testing is performed, treatment‐experienced patients and also treatment‐
naïve and treatment‐experienced patients with cirrhosis, with the NS5A RAS Y93H detectable at baseline, should be treated with sofosbuvir–
velpatasvir for 12 weeks with daily weight‐based ribavirin (1000 or 1200 mg in patients <75 kg or ≥75 kg, respectively).
Source: European Association for the Study of the Liver. EASL recommendations on treatment of hepatitis C 2016. Journal of Hepatology 2017; 
66(1): 153–194, and Gilead Sciences, Electronic Medicines Compendium (eMC), https://www.medicines.org.uk/emc/medicine/33858.

Table 23.8 Current treatment options for genotype 4 IFN treatment naïve or experienced patients with or without cirrhosisa

Genotype 4 TN or TE SOF–LDV SOF–VEL OBV–PTV–RTV GZR–EBR SOF–DCV GLE–PIB
SOF–VEL–
VOX

Patients without cirrhosis
4 TN 12 weeks 12 weeks 12 weeks + RBV 12 weeks 12 weeks 8 weeks 8 weeks

TE 12 weeks + RBV 16 weeks + RBV
if HCV RNA >800 
000 IU/mLc

12 weeks + RBV, 
or 24 weeksd

8 weeks 12 weeks

Patients with cirrhosis
4 TN 12 weeks 12 weeks 12 weeks + RBV 12 weeks 12 weeks 12 weeks 12 weeks

TE 12 weeks + RBV
or 24 weeksb

16 weeks + RBV
if HCV RNA >800 
000 IU/mLc

12 weeks + RBV, 
or 24 weeksd

12 weeks 12 weeks

TN, IFN naïve; TE, IFN experienced; SOF, sofosbuvir; LDV, ledipasvir; VEL, velpatasvir; OBV–PTV–RTV, ombitasvir–paritaprevir–ritonavir; 
GZR, grazoprevir; EBR, elbasvir; DCV, daclatasvir; GLE, glecaprevir; PIB, pibrentasvir; VOX, voxilaprevir.
a Approval of some regimens may differ in different countries.
b Contraindication to ribavirin.
c By analogy with genotype 1.
d Based on data with other combinations.
Source: European Association for the Study of the Liver. EASL recommendations on treatment of hepatitis C 2016. Journal of Hepatology 2017; 
66(1): 153–194, and Gilead Sciences, Electronic Medicines Compendium (eMC), https://www.medicines.org.uk/emc/medicine/33858.
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treatment, respectively, with first‐generation DAAs 
[95,112–120]. Protease inhibitor‐based regimens, for 
example those including voxilaprevir, glecaprevir, sime-
previr, or grazoprevir, are contraindicated in patients 
with decompensated cirrhosis. The possibility of greater 
rates of side‐effects in patients with decompensated 
 cirrhosis, intolerance to ribavirin, the fact that clinical 
improvement in liver function and portal hypertension 
may be delayed or even absent, and the continued risk of 
HCC after SVR requires that patients with cirrhosis are 
closely observed during and after treatment [121].

Liver transplantation is a consideration in such patients. 
The timing of treatment is influenced by many factors, but 
higher MELD (Model for End‐Stage Liver Disease) scores 
can indicate transplantation first for transplant candidates 
and DAA treatment post‐transplant. There is, however, a 
potential benefit of achieving an SVR pre‐transplant, 
namely that any significant improvement in liver function 
can lead to stabilization or even delisting. The EASL rec-
ommendations suggest that patients with decompensated 
cirrhosis without HCC awaiting liver transplantation with 
a MELD score of <18 can be treated prior to liver trans-
plantation. However, prolonged and disadvantageous 
deferment and a lost opportunity for transplantation 
might ensue. Successful treatment, however, will prevent 
the otherwise universal recurrence of HCV infection 
post‐transplant and the need for lifelong immunosuppres-
sive therapy. Results are continually improving and the 
timing of treatment will require continued appraisal. 
Optimal combinations are required. Protease inhibitors 
are contraindicated in patients with Child–Pugh class B 
and C cirrhosis. Ribavirin can be started at a dose of 
600 mg daily and the dose subsequently adjusted depend-
ing on tolerance; if contraindicated, DAA regimens for 24 
weeks without ribavirin are applicable.

Treatment of hepatitis C post‐liver transplantation 
(also see Chapter 38)
Fibrosis progression is more rapid post‐liver transplanta-
tion and one‐third may develop cirrhosis within 5 years. 
Fibrosing cholestatic hepatitis confers a poor prognosis. 
The results of several clinical trials and real‐world analyses 
are promising. Sofosbuvir plus ledispasvir, velpatasvir, or 
daclatasvir have been utilized, as has PrOD. Drug interac-
tions and the need for immunosuppressant drug dose 
adjustments must be considered both before starting treat-
ment and at the end of treatment. Treatment is well toler-
ated and can be initiated early post‐transplant or even 
perioperatively [122]. SVR rates are similar to those for 
non‐transplant patients. An extensive body of data has indi-
cated that post‐transplant hepatitis C can be effectively 
treated with current DAA therapies that are appropriate for 
use in patients with liver or renal disease [118,122–142].

Persons who inject drugs (PWIDs)
Widespread treatment in this group will be critical in 
reducing the prevalence of hepatitis C infection in 
defined geographic regions. HCV treatment for PWIDs 
should be considered on an individualized basis, without 
being restrictive, and, if possible, delivered within a mul-
tidisciplinary team setting: psychiatric liaison and addic-
tion specialist care are important. The anti‐HCV 
regimens that can be used with PWIDs are generally 
same as for non‐PWIDs. They do not require specific 
methadone and buprenorphine dose adjustment. 
Reinfection is an undefined risk; PWIDs should be pro-
vided with clean drug‐injecting equipment and access to 
opioid substitution therapy as part of widespread com-
prehensive harm reduction programmes, including in 
prisons [143–146]. Clinical trials have shown the efficacy 
of treatment in this group [147,148]. A number of 

Table 23.9 Current treatment options for genotype 5 or 6 IFN treatment naïve or experienced patients with or without cirrhosisa

Genotype TN or TE SOF–LDV SOF–VEL SOF–DCV GLE–PIB SOF–VEL–VOX

Patients without cirrhosis
5 or 6 TN 12 weeks 12 weeks 12 weeks 8 weeks 8 weeks

TE 12 weeks + RBV 12 weeks + RBV, or 24 weeksc 8 weeks 12 weeks

Patients with cirrhosis
5 or 6 TN 12 weeks 12 weeks 12 weeks 12 weeks 12 weeks

TE 12 weeks + RBV, or 24 weeksb 12 weeks + RBV, or 24 weeksc 12 weeks 12 weeks

TN, IFN naïve; TE, IFN experienced; SOF, sofosbuvir; LDV, ledipasvir; VEL, velpatasvir; PrOD, paritaprevir–ritonavir–ombitasvir, dasabuvir; 
GZR, grazoprevir; EBR, elbasvir; DCV, daclatasvir; SMV, simeprevir; GLE, glecaprevir; PIB, pibrentasvir; VOX, voxilaprevir.
a Approval of some regimens may differ in different countries.
b Contraindication to ribavirin.
c Based on data with other combinations.
Source: European Association for the Study of the Liver. EASL recommendations on treatment of hepatitis C 2016. Journal of Hepatology 2017; 
66(1): 153–194, and Gilead Sciences, Electronic Medicines Compendium (eMC), https://www.medicines.org.uk/emc/medicine/33858.
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  Table 23.10    Recent clinical trials of second‐generation DAA therapy 

Trial Regimen Type  n Genotype TN/TE
Duration 
(weeks)

Cirrhosis 
included SVR (%) Comments Ref.    

POLARIS 1 SOF VEL VOX/
placebo

 NS5B NS5A 
 PI 

414 1–6 NS5A exp 12 Yes 91–100 Other genotypes no placebo arm   [59]    

POLARIS 2 SOF VEL VOX  NS5B NS5A 
 PI 

451 1, 2, 3, 4, 5, 6 TN/TE (IFN) 8 18% 95  Failed non inferiority 
 Driven by 1a patients 8 weeks 

  [89]    

SOF VEL NS5B NS5A 431 1, 2, 3, 4, 5, 6 TN/TE (IFN) 12 19% 98   
POLARIS 3 SOF VEL VOX  NS5B NS5A 

 PI 
220 3 TN/TE (IFN) 8 Yes 96 No effect of RAS on SVR    [101]   

   [197]   

   [88,91]   

   [88,91]   

   [64]    

POLARIS 4 SOF VEL VOX 
vs SOF VEL

 NS5B NS5A 
 PI 

314 1, 2, 3 TE no NS5A 
inhibitor

12 YES 96   

  
SURVEYOR 1 GLE PIB ± RBV  PI 

 NS5A 
174 1, 4–6 TN TE 8 or 12 Yes CC 83–100 Dose finding  

SURVEYOR 2 GLE PIB ± RBV  PI 
 NS5A 

694 2–6 TN TE 8, 12, or 16 NC G3 CC Genotype 3 inc CC  

SURVEYOR 2, 
Part 4

GLE PIB  PI 
 NS5A 

203 2, 4, 5, 6 TN/TE (IFN) 8 No 97   

SURVEYOR 2, 
Part 3

GLE PIB  PI 
 NS5A 

131 3 TN/TE 12 or 16 Yes CC 91–95 Genotype 3 TN or experienced 
with CC  
  

ENDURANCE 1 GLE PIB  PI 
 NS5A 

351 1 TN/TE/HIV 
inc

12 No 99–100   

GLE PIB  PI 
 NS5A 

352 1 TN/TE/HIV 
inc

8 No 99–100    [106]   

   [103]   ENDURANCE 2 GLE PIB  PI 
 NS5A 

302 2  TN/TE 
 (SOF, PR) 

12 No 99–100   

ENDURANCE 3 GLE PIB vs SOF 
DCV

PI NS5A vs 
NS5B + NS5A

505 3 TN 8–12 No 95–99 GLE PIB 8 weeks not inferior to 
GP 12 weeks? effect baseline RAS

[106]  

ENDURANCE 4 GLE PIB  PI 
 NS5A 

121 4, 5, 6  TN/TE 
 (SOF PR) 

12 No 99   [78]  

  
EXPEDITION 1 GLE PIB  PI 

 NS5A 
146 1, 2, 4, 6 TN TE 12 Yes CC   [90]    

EXPEDITION 2 GLE PIB  PI 
 NS5A 

160 1–6 HIV TN TE 8 or 12 Yes CC 98–99 HIV coinfected   [208]    

EXPEDITION 4 GLE PIB  PI 
 NS5A 

104 1–6 TN TE 12 Yes CC 98–100 Renal impairment   [99]  

MAGELLAN 1 GLE PIB ± RBV  PI 
 NS5A 

141 1, 4–6 DAA exp 12 or 16 Yes CC 86–95  DAA experienced 
 SVR influenced by presence of 
both NS3A and NS5A RAS 
 (MAGELLAN 1 Part 2) 

  [109,196]  

MAGELLAN 2 GLE PIB  PI 
 NS5A 

90 1–6 TN TE 12 No 98–99 Post‐liver and ‐kidney transplant   [209]  

MAGELLAN 3 GLE PIB SOF 
RIBV

 PI 
 NS5A 

40 1–6 Include DAA 12 or 16 Yes CC  Included failure PROD 
 Study start Nov. 2016 

NCT02939989

CREST 1 and 2 
Part B

 MK‐3682 
 GZR 
 MK‐8408 
(ruzasvir) ± RBV 

 NS5B 
 PI 
 NS5A 

664 1, 2, 3  G1,2 TN 
 G3 TN or TE 

 8, 12, or 16 
 No cirrhosis 
in 8 week arm 

Yes 96–98%  No cirrhosis 8 week arm G2/3 
 Short‐duration therapy in G2 
(86%) impaired by L31M; G3 
results affected by Y93H (50–71%) 

  [111]  

C ISLE GZR EBR SOF  NS5B 
 PI 
 NS5A 

100 3 TN TE 8, 12,or 16 Yes CC 91–100   [107]  

  TN, treatment naïve; TE, treatment experienced; GZR, grazoprevir; EBR, elbasvir; GLE, glecaprevir; PIB, pibrentasvir; SOF, sofosbuvir; VEL, velpatasvir; VOX, voxilaprevir; RBV, ribavirin; PI, protease 
inhibitor; PrOD, paritaprevir–ritonavir–ombitasvir, dasabuvir; CC, compensated cirrhosis; RAS, resistance‐associated substitutions.  
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EXPEDITION 4 GLE PIB  PI 
 NS5A 

104 1–6 TN TE 12 Yes CC 98–100 Renal impairment   [99]  

MAGELLAN 1 GLE PIB ± RBV  PI 
 NS5A 

141 1, 4–6 DAA exp 12 or 16 Yes CC 86–95  DAA experienced 
 SVR influenced by presence of 
both NS3A and NS5A RAS 
 (MAGELLAN 1 Part 2) 

  [109,196]  

MAGELLAN 2 GLE PIB  PI 
 NS5A 

90 1–6 TN TE 12 No 98–99 Post‐liver and ‐kidney transplant   [209]  

MAGELLAN 3 GLE PIB SOF 
RIBV

 PI 
 NS5A 

40 1–6 Include DAA 12 or 16 Yes CC  Included failure PROD 
 Study start Nov. 2016 

NCT02939989

CREST 1 and 2 
Part B

 MK‐3682 
 GZR 
 MK‐8408 
(ruzasvir) ± RBV 

 NS5B 
 PI 
 NS5A 

664 1, 2, 3  G1,2 TN 
 G3 TN or TE 

 8, 12, or 16 
 No cirrhosis 
in 8 week arm 

Yes 96–98%  No cirrhosis 8 week arm G2/3 
 Short‐duration therapy in G2 
(86%) impaired by L31M; G3 
results affected by Y93H (50–71%) 

  [111]  

C ISLE GZR EBR SOF  NS5B 
 PI 
 NS5A 

100 3 TN TE 8, 12,or 16 Yes CC 91–100   [107]  

  TN, treatment naïve; TE, treatment experienced; GZR, grazoprevir; EBR, elbasvir; GLE, glecaprevir; PIB, pibrentasvir; SOF, sofosbuvir; VEL, velpatasvir; VOX, voxilaprevir; RBV, ribavirin; PI, protease 
inhibitor; PrOD, paritaprevir–ritonavir–ombitasvir, dasabuvir; CC, compensated cirrhosis; RAS, resistance‐associated substitutions.  
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 modelling studies have indicated the impact of treating 
PWIDs and the need to scale up treatment in this group, 
without which the necessary impact will not occur 
[149,150].

HIV coinfection
The higher risk of hepatic fibrosis progression and 
hepatic decompensation in HIV‐ and HCV‐coinfected 
patients, including those administered effective antiret-
roviral therapy, indicate the need for treatment for this 
group. SVR rates are no different between HCV‐mono-
infected and HIV‐ and HCV‐coinfected persons 
[52,151–157]. Hence current treatment guidelines no 
longer recommend separate strategies for mono‐ versus 
coinfected patients. The choice of DAA combination, 
however, in HIV–HCV coinfection needs to take poten-
tial drug–drug interactions into account before com-
mencing treatment [52,154].

Patients with HCC
Most patients with HCV‐associated HCC have cirrhosis, 
and the HCC requires appropriate treatment. The HCC 
is generally treated first.  Patients with indications for 
liver transplantation should be treated for their hepatitis 
C prior to or after liver transplantation. A number of 
meta‐analyses have suggested that an IFN‐induced SVR 
is associated with a reduction in the risk of HCC [158]. 
Nonetheless there is a persistent risk of HCC in hepatitis 
C patients with cirrhosis, despite a sustained virological 
response. There is clear evidence from large data sets 
that a DAA-induced sustained virological response is 
associated with a reduced risk of de novo, incident hepa-
tocellular carcinoma (HCC). It has been suggested that 
the risk of recurrent HCC is higher after DAA treatment 
than after interferon treatment [159]. Other studies have 
not confirmed the observation [160,161]. However, 
accurate comparison requires statistical adjustment for 
independent risk factors that may explain any observed 
differences, as selection bias may play a role in evaluating 
the incidence of recurrent tumour in cohorts treated 
with DAAs compared to interferon. Until further data 
become available, HCV treatment is generally advised 
for patients with advanced fibrosis and HCC 
[162,163a–c].

All cirrhotic patients should be closely monitored and 
followed after successful antiviral therapy.  Considerable 
loss of life expectancy can be countered by DAA treat-
ment of hepatitis C in those with advanced disease, and 
in those with treated HCC.

Treatment of patients with renal impairment
HCV infection confers an independent risk of renal 
 disease, and renal impairment is a common complica-
tion in patients with chronic hepatitis C [164–167]. The 

prevalence of hepatitis C in patients with renal disease is 
high, ranging from 7 to 44%. Several diverse groups of 
patients with renal impairment require consideration, 
including patients with chronic kidney disease stage 4 or 
5, those on haemodialysis, post‐renal transplant patients, 
patients with cirrhosis and renal impairment (chronic 
renal disease; hepatorenal syndrome; acute kidney 
injury; acute on chronic liver failure with organ damage), 
and post‐liver transplant patients with calcineurin‐
induced renal impairment or, importantly, mixed essen-
tial cryoglobulinaemia with renal damage. IFN and 
ribavirin treatment of patients with hepatitis C and 
chronic renal disease confers greater toxicity and has 
impaired efficacy  compared with DAAs. Dose adjust-
ments are usually not required for DAAs for patients 
with a creatinine clearance >30 mL/min. Simeprevir, 
daclatasvir, PrOD, grazoprevir plus elbasvir, and gle-
caprevir plus pibrentasvir do not require dose adjust-
ments in patients with mild,  moderate, or severe renal 
impairment. Because of the risk of severe anaemia, dose 
adjustments of ribavirin are usually required, and DAA 
combinations not requiring ribavirin are preferred. The 
safety of appropriate  regimens in patients with end‐stage 
renal disease or on dialysis has now been demonstrated 
[99,168–171].

In patients receiving any sofosbuvir‐containing com-
bination, severe renal impairment results in higher 
exposure to a potentially toxic metabolite of sofosbuvir 
if the eGFR is <30 mL/min/1.73 m2. Sofosbuvir use in 
patients with severe renal impairment is not recom-
mended. Appropriate dosing and safety are being stud-
ied in  clinical trials. Several groups have reported safe 
and effective use of sofosbuvir‐based therapies in 
patients with renal failure, but the optimal dose of sofos-
buvir in these settings remains to be determined, and 
the need for sofosbuvir must be carefully weighed 
against the risk; moreover, pan‐genotypic alternatives 
exist [118,172–178]. A summary of current guidelines is 
given in Table 23.11.

Table 23.11 AASLD guidelines on recommendations for patients 
with renal impairment

For patients with CKD stage 1, 2 or 3 (GFR ≥ 30 ml/min), 
no dose adjustment is required when using
1) Fixed dose combinations of (a) sofosbuvir/ledipasvir, 

(b) sofosbuvir/velpatasvir, (c) sofosbuvir/velpatasvir/
voxilaprevir, (d) elbasvir/grazoprevir, or (e) glecaprevir/
pibrentasvir

2) Sofosbuvir 400 mg, daclatasvir 60 mg, or simeprevir 
150 mg.

For patients with CKD stage 4 or 5, recommended regimens 
include fixed dose combination of (a) elbasvir/grazoprevir or 
(b) glecaprevir/pibrentasvir.

Source: www.hcvguidelines.org.
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A substantial number of patients have been success-
fully treated following renal transplantation with DAA 
therapies, thus improving options for care and raising 
the prospect of using HCV‐positive kidneys for renal 
donation [124,179–186].

Coinfection with hepatitis B
SVR rates with DAA therapies are similar in patients 
with HBV coinfection; however, there have been reports 
of HBV reactivation during DAA therapy [187–189]. 
The incidence and risk factors for HBV reactivation are 
unclear. However, given that liver failure and deaths have 
been reported, the AASLD–IDSA (Infectious Diseases 
Society of America) guidance recommends that all 
patients commencing DAA‐based treatment for HCV 
should be tested for HBsAg and anti‐HBc. If HBsAg is 
present, HBV DNA should be tested and patients meet-
ing criteria for HBV treatment should receive a concur-
rent HBV nucleoside/nucleotide analogue as prophylaxis. 
Monitoring of HBV DNA levels in HBsAg‐positive 
patients who do not have indications for HBV treatment 
and monitoring of ALT levels in HBsAg‐negative but 
anti‐HBc‐positive patients during and for 12 weeks after 
completion of DAA therapy are recommended.

Treatment of extrahepatic manifestations
The treatment of mixed cryoglobulinaemia should 
include antiviral therapy and/or immunosuppressive 
therapy. Recent studies suggest that SVR induced by 
IFN‐free regimens is associated with improvement of the 
clinical manifestations of mixed cryoglobulinaemia 
[190,191]. DAA therapy may suffice in some patients 
with mild organ involvement, but immunosuppressive 
therapy may be needed in patients with severe organ 
involvement. Rituximab, an anti‐CD20 monoclonal anti-
body, is most commonly used.

There is a significant association between hepatitis C 
and B‐cell non‐Hodgkin lymphoma. Diffuse large B‐cell 
lymphoma is the most common. The disease is treated 
with standard‐of‐care R‐CHOP regimens; the outcome 
with regimens including rituximab appears to be 
enhanced, albeit that rituximab may enhance HCV repli-
cation. Cases have been reported showing regression of 
low‐grade lymphomas following SVR with an IFN‐free 
regimen [192,193]. Given the short duration of DAA 
therapy, a trial of DAA prior to chemotherapy may be 
attempted in patients with less aggressive lymphoma. 
HCV cure would prevent the risk, albeit low, of HCV 
reactivation caused by chemotherapy.

A range of histopathological lesions has been 
reported in patients with chronic renal disease and 
HCV infection but the most frequent is type I mem-
brano‐proliferative glomerulonephritis, usually in the 
context of type II mixed cryoglobulinaemia. Focal seg-

mental glomerulosclerosis, vasculitic involvement, 
and interstitial nephritis may also occur. Approaches 
to therapy of HCV‐associated renal disease include 
antiviral therapy, rituximab, plasma exchange, corti-
costeroids, and cyclophosphamide. It is possible but 
unproven that the effective and rapid antiviral 
response observed with IFN‐free DAA regimens will 
improve outcome.

Resistance and retreatment after failure 
of an IFN‐free regimen
Resistance‐associated substitutions (RASs) are present 
before treatment, as HCV exists as a mixed population of 
viruses and there is a high error rate during HCV RNA 
replication. Most resistant viruses are relatively unfit 
compared with wild‐type viruses and are undetectable 
with the sensitivity of population sequencing (direct 
sequence analysis). However, RASs in the NS3 and NS5A 
regions may be present before DAA exposure and are 
often selected in patients who failed to achieve SVR after 
treatment with these agents. HCV with RASs in the NS3 
region is generally less fit and these variants revert to 
wild‐type virus within a few months of stopping treat-
ment. In contrast, some RASs in the NS5A region do not 
affect replication fitness and the presence of these NS5A 
RASs at baseline may decrease SVR rates, particularly in 
patients with cirrhosis, or subtype 1a or genotype 3 
[82,165]. Sofosbuvir has a high barrier to resistance and 
clinically important RASs rarely occur [194]. Baseline 
RAS testing in patients who are DAA naïve is generally 
not required except for those with specific genotypes or 
subtypes, such as 1a or 3, and selected regimens, for 
example, elbasvir and grazoprevir for subtype 1a, when 
results of RASs would impact the duration of treatment 
and the need for RBV. Baseline testing complicates treat-
ment, but particular groups could be identifiable in 
whom testing is advantageous [195].

Principles of retreatment
Although DAAs have greatly improved SVR rates, treat-
ment failure can occur, particularly with the initial pro-
tease inhibitors (telaprevir, boceprevir, or simeprevir) 
used with PEG‐IFN‐α and ribavirin. These patients 
respond well to IFN‐free DAA combination therapies, 
including the combination of sofosbuvir and an NS5A 
inhibitor [56,86,96]. Patients with genotype 1 or 4 failing 
sofosbuvir alone or in combination with ribavirin or 
PEG‐IFN and ribavirin can be retreated with a combina-
tion of sofosbuvir plus ledipasvir or daclatasvir, or vel-
patasvir; or PrOD. Patients with  genotype 2 or 3 failing 
sofosbuvir and ribavirin can be retreated with a combi-
nation of sofosbuvir plus daclatasvir or velpatasvir.

Several new DAA combination therapies have been 
shown to result in high SVR rates in patients who failed 
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to respond to prior IFN‐free DAA combination thera-
pies, including glecacprevir and pibrentasvir or sofosbu-
vir, velpatasvir and voxilaprevir (Table 23.10).

The MAGELLAN studies suggest that glecaprevir (an 
NS3–4A inhibitor) and pibrentasvir (an NS5A inhibitor) 
have activity against previously reported resistant NS3A 
and NS5A RASs, although new RASs may emerge 
[108,109]. Response rates were reduced if both NS3A 
and NS5A resistance‐associated substitutions were pre-
sent [196].

Treatment for 12 weeks with sofosbuvir, velpatasvir, 
and voxileprevir (a protease inhibitor) was highly 
effective as a salvage regimen in NS5A inhibitor‐expe-
rienced genotype 1–6 patients in the POLARIS 1 study, 
with overall SVR rates of 96% (99% inpatients without 
and 93% in patients with cirrhosis) [59]. In the 
POLARIS 4 study, sofosbuvir, velpatasvir, and vox-
ileprevir or sofosbuvir plus velpatasvir given for 12 
weeks to DAA‐experienced genotype 1–6 patients 
showed overall SVR rates of 97 and 90% for the three‐
drug versus the two‐drug regimen [197]. However, 
response rates to the two‐drug regimen were lower in 
patients with cirrhosis, and those with genotype 1a 
or 3 [50,89].

High SVR rates have also been reported with the new 
combination of MK‐3682 (a nucleoside NS5B inhibitor), 
grazoprevir, and ruzasvir (a pangenotypic NS5A inhibi-
tor) with or without RBV in DAA‐experienced patients 
[63,102,111,198]. However, the combination will not be 
developed further.

Although new salvage results are promising, the place 
of testing for RASs to guide selection of salvage therapy 
will require further ongoing analyses.

Impact of an SVR
An SVR is usually accompanied by normalization of 
serum aminotransferases and a decrease in histologi-
cal necroinflammation, and over time reversal of 
fibrosis in the liver. Patients with advanced (Child–
Pugh class B or C) cirrhosis have reduced risk of 
decompensation and HCC but the risk is not elimi-
nated. Continued surveillance of patients with cirrho-
sis after an SVR for HCC is mandatory. Older age, 
male gender, patients with more advanced cirrhosis, 
reflected by low platelet and albumin concentrations, 
and patients with diabetes may be at higher risk 
of HCC.

An impact of SVR on health‐related quality of life, 
work productivity, and absenteeism has been docu-
mented, adding value to cure [70,199–201]. Reductions 
in mortality  –  overall, liver‐related and non‐liver‐
related – and also extrahepatic manifestations have also 
been observed [43,202,203].

Prevention and elimination

There are currently no vaccines for the prevention of 
HCV infection, and viral heterogeneity has made devel-
opment of a vaccine a difficult task. A vaccine against 
hepatitis C seemed a remote possibility until recently. 
However, the outlook for hepatitis C vaccine has improved 
with advances in our understanding of the correlates of 
spontaneous immunity. An early CD4 and CD8 T‐cell 
response appears to be important. There are a number of 
intrinsic difficulties; HCV does not always stimulate a 
strong immune response and, until recently, there was 
difficulty in growing HCV in cell culture. Several new 
experimental approaches appear promising. These 
include protein‐based or DNA‐based approaches utiliz-
ing adjuvanted polypeptide to prime neutralizing anti-
body to the envelope glycoproteins or plasma DNA 
encoding envelope core and/or non‐structural proteins. 
It is uncertain whether we can vaccinate to prevent initial 
infection; prophylaxis against chronic disease is a more 
realistic goal. A phase 1 safety and efficacy trial using an 
envelope E1–E2 vaccine has been completed. Hepatitis C 
vaccination would be a significant public health advance 
if the vaccine was available at an affordable price.

Several measures in addition to treatment will be 
required for the control of the disease. (Table  23.12). 
Combinations of harm reduction and measures to 
address at‐risk behaviour are highly effective in prevent-
ing hepatitis C in PWIDs, but access to opioid substitu-
tion and clean needle programmes are inadequate even 
in high‐income countries. In many countries, PWIDs are 
penalized or punitive measures and stigmatization 
 prevent access to treatment. Policy makers require per-
suasion regarding the economic and societal benefits of 
a cure. These inadequacies frequently reflect policy deci-
sions. Access to treatment and retreatment requires 

Table 23.12 Control of hepatitis C

Safe blood transfusion
Safe injections
Education
Preventing injecting drug use
Clean needle programmes
Treatment forms part of attempts to control the disease and to 
prevent transmission
Other co‐morbid conditions or modifiable factors, particularly 
alcohol, obesity, and coinfection with hepatitis B and HIV 
should be addressed
Screening of undiagnosed individuals
Improving the cascade of linkage to care
Future vaccination
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community engagement and active diagnosis and screen-
ing to detect hitherto undiagnosed cases.

The World Health Organization (WHO) has updated 
their guidelines for the screening, care, and treatment 
of persons with chronic hepatitis C infection. The 69th 
World Health Assembly recently endorsed the WHO 
Global Health Sector Strategy for Viral Hepatitis, 
including a goal to eliminate hepatitis infection as a 
public health threat by 2030 [204–207]. These targets 
include a reduction in new infections and liver‐related 
deaths. An increase in harm reduction programmes 
and treatment among populations at risk, including 
PWIDs, men who have sex with men, and prisoners 
(treatment as prevention), is needed to achieve a reduc-
tion in new infections. Avoidance of reused needles and 
parenteral transmission is important in low‐income 
countries. A reduction in liver‐related deaths is now 
feasible owing to the availability of DAAs that are orally 
administered, well tolerated, and result in high SVR 

rates. In many regions of the world, the majority of the 
population is unaware of their infection, and will need 
to be diagnosed before treatment can be considered, 
highlighting the importance of screening programmes 
to find undiagnosed individuals and programmes that 
link them to care. Budgetary considerations require 
addressing. There is an ongoing need for information 
on the incidence of acute hepatitis C and the prevalence 
of chronic HCV infection and health‐care costs relating 
to mortality and morbidity of hepatitis C in many coun-
tries. A considerable upscaling of diagnosis of viraemic 
patients, treatment, and cure coupled with harm reduc-
tion measures will be required to meet WHO targets by 
2030 and to minimize the morbidity of hepatitis C dis-
ease [210]. Competitive market forces, accessible pric-
ing schemes, and the availability of technology transfers 
and generic drug production have improved access in 
middle‐ and low‐income countries, although the costs 
to the individual remain high.
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 Introduction

A review of the US National Electronic Injury Surveillance 
System estimated that more than 700 000 individuals are 
treated in US emergency rooms annually for a variety of 
adverse drug reactions (ADRs), accounting for 2.5% of all 
emergency room visits for unintentional injury [1]. 
Furthermore, ADRs from conventional drugs are reported 
to account for 3–8% of all hospital admissions [2–4] and 
to be responsible for numerous fatalities [5,6]. Although 
ADRs can affect all body systems, the liver is especially 
vulnerable since it is here that most drugs undergo partial 
or complete metabolism and elimination.

Drug‐induced liver injury (DILI) is commonly catego-
rized as either intrinsic (liver injury that is dose depend-
ent and predictable due to the on‐target, pharmacological 
activity of the drug) or idiosyncratic (liver injury that is 
unexpected or not readily anticipated based on pharma-
cological principles alone) [7]. The most common cause 
of intrinsic DILI is acetaminophen (paracetamol), which 
causes liver injury in a dose‐dependent fashion and by a 
well‐described mechanism. In contrast, multiple pre-
scription drugs and herbal and dietary supplement 
(HDS) products can lead to idiosyncratic DILI, which 
affects individual patients in a seemingly sporadic fash-
ion that is often not dose or time dependent. The patho-
physiology of idiosyncratic DILI is largely unknown but 
is believed to involve complex immunological, meta-
bolic, and/or genetic mechanisms [8–12]. The aim of 
this chapter is to review the aetiologies, risk factors, and 
outcomes of patients with idiosyncratic DILI.

 Epidemiology

Since idiosyncratic DILI is largely a clinical diagnosis of 
exclusion that requires a high index of suspicion, the 
exact incidence of DILI is unknown but is likely under‐
reported. Two prospective, population‐based registry 
studies provide the best information regarding the inci-
dence of DILI in Western patients. The first study was 
conducted among 81 000 inhabitants of northern France 
wherein all potential cases of hepatotoxicity were 
referred to a central study team over a 3‐year period 
(1998 to 2001) [13]. The estimated annual incidence of 
DILI was 13.9 episodes per 100 000 population. 
Remarkably similar data were reported in a more recent 
study in Iceland, where all suspected episodes of DILI 
among the 200 000 inhabitants over a 2‐year period 
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LEARNING POINTS

 ● Prospective studies demonstrate that 5–10% of 
patients with idiosyncratic drug‐induced liver injury 
progress to liver failure and up to 15–20% may develop 
persistent liver injury during prolonged follow‐up.

 ● Antibiotics and herbal and dietary supplements are 
the leading causes of hepatotoxicity in Western adults.

 ● The clinical presentation and histological profile of 
children and adults with idiosyncratic drug‐induced 
liver injury vary greatly and may differ among patients 
exposed to the same agent.

 ● Causality assessment requires the exclusion of more 
common causes of liver injury and involves the use of 
numerical scoring systems or expert opinion owing to 
the lack of objective, confirmatory laboratory tests

 ● Environmental factors and variations in host immune 
responses and drug metabolism likely play a role in 
the molecular mechanism(s) of idiosyncratic drug‐
induced liver injury.
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(2010 to 2012) were reviewed [14]. The annual incidence 
of idiosyncratic DILI in the Iceland study was 19.1 per 
100 000 population.

In the French study, the mean age was 51 years and 
the incidence of DILI did not differ substantially by age 
or gender. Antimicrobials were the most commonly 
implicated agents, followed by psychotropic medica-
tions, lipid‐lowering agents, and non‐steroidal anti‐
inflammatory drugs (NSAIDs). Similarly, in the Iceland 
study, the mean age was 55 years and there was no dif-
ference in DILI risk with respect to gender. However, 
there was a strong association between DILI risk and 
patient age, ranging from 9 per 100 000 among those 
aged 10–25 years up to 41 per 100 000 among those 
older than 70 years. Antimicrobials were again the 
most commonly implicated agents, followed by immu-
nosuppressive agents, NSAIDs, and antineoplastic 
agents. Multicentre DILI registry studies have also 
been conducted in the USA, Spain, and Japan [12,14–17] 
(Table  24.1). Antimicrobials are the most com-
monly  implicated agent in all of the studies, likely 
due  in  part to their widespread use in the general 
population.

 Complications of DILI

Despite its low incidence, idiosyncratic DILI can result 
in serious complications. The reported frequencies of 
death or liver transplant among the DILI registry studies 
range from 4 to 11% (Table 24.1). Similarly, the incidence 
of chronic liver disease following a DILI event ranges 
from 7 to 17%.

Idiosyncratic DILI is a common reason for failure of an 
investigational drug to reach the market and for previ-
ously approved drugs to be withdrawn or restricted 
(Table  24.2) [18]. DILI is also a leading cause of acute 
liver failure (ALF). Data from the US Acute Liver Failure 
Study Group (ALFSG) show that acetaminophen and 
idiosyncratic DILI account for nearly 50% and 10% of 
cases, respectively [19]. In contrast to acetaminophen‐
induced ALF, which is associated with spontaneous 
recovery in more than 60% of cases, ALF secondary to 
idiosyncratic DILI tends to be more indolent, more fre-
quently associated with severe jaundice, and linked to a 
much lower frequency of spontaneous recovery (24%). 
With respect to children, DILI is a relatively infrequent 
cause of ALF among infants and toddlers, but becomes 
more frequent in older children and adolescents, 
accounting for approximately 6% of cases among chil-
dren aged 6–10 years and approximately 35% of cases 
among children >10 years of age [20,21]. DILI should 
always be considered in the differential of ALF regardless 
of the age of the patient.

Recent data from the multicentre Drug‐Induced Liver 
Injury Network (DILIN) prospective study have demon-
strated an alarming increase in the proportion of cases 
attributed to HDS products [15]. Specifically, the per-
centage of cases increased from 7% in 2004 to more than 
20% in 2012 [22]. Interestingly, the ALFSG also recently 
reported that 41 of the 253 (16%) DILI ALF cases were 
attributed to HDS products and that there was an 
increase in cases over time [23]. These generally young 
patients with a median age of 41 years had a particularly 
poor prognosis with only a 17% rate of transplant‐free 
survival [23].

 Classification of hepatotoxicity

Direct hepatotoxins typically cause dose‐dependent liver 
damage and zonal hepatocyte necrosis, an effect readily 
reproducible in animals. Examples are carbon tetrachlo-
ride and paracetamol, which cause centrilobular necro-
sis, yellow phosphorus, which causes midzonal injury, 
and allyl alcohol, which causes periportal injury 
(Fig. 24.1) [24–26].

‘Idiosyncrasy’ derives from a Greek word that means ‘a 
mixture of one’s own self ’ [27]. The term is applied to 
drugs that cause injury in a minority of individuals who 
appear uniquely susceptible due to alterations in host 
metabolism, uptake, or processing of the drug. Unlike 
direct hepatotoxins, idiosyncratic hepatotoxicity does 
not present as a single type or pattern of liver injury. 
Generally, idiosyncratic liver injury is diffuse, consisting 
of necrosis, cholestasis, and/or steatosis that involves the 
entire lobule, accompanied by variable inflammatory cell 
infiltrates consisting of lymphocytes, plasma cells, and 
eosinophils.

Idiosyncratic drug‐induced liver injury may present 
with hypersensitivity or immunoallergic features in a 
minority of patients or as an autoimmune form of liver 
disease. The former is characterized by a generally short 
latency to liver injury onset with fever, rash, lymphade-
nopathy, and arthralgias, together with eosinophilia and 
lymphocytosis [28].

 Drug metabolism 
and pharmacokinetics

Hepatic clearance of drugs given orally depends upon 
the efficiency of drug‐metabolizing enzymes, intrinsic 
clearance, liver blood flow, and the extent of plasma 
 protein binding (Fig.  24.2). Drugs vary in their 
 pharmacological effects based on these different 
 pharmacokinetic factors [29].
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  Table 24.1    Prospective registry studies of DILI patients 

Study [reference]  

 DILIN USA 
   [15]   

 Spain 
   [16]   

 Japan 
   [17]   

 Iceland 
   [14]   

 France 
   [13]       

Study design Multicentre, 2004–2013 Multicentre, 1994–2007 Multicentre, 1997–2006 Population‐based, 2010–2012 Population‐based, 1997–2001  
No. of cases 899 650 1676 96 34  
Causality method Expert opinion CIOMS/RUCAM RUCAM RUCAM CIOMS  
Mean age (years) 49 54 55 55 55  
Female (%) 59 49 57 56 65  
 Race: 

 White (%) 79 100 100 (Asian) 100 100  
Black (%) 12   
Other (%) 10   

Liver injury at onset:  
Hepatocellular (%) 54 55 59 42 53  
Mix/cholestatic (%) 23/23 21/25 20/21 26/32 26/21  

Jaundice (%) 70 69 28 27 29  
Hospitalized (%) 54 54 NA 23 12  
Died/liver transplant (%) 10 4 (ALF/OLT only) 4 11 6  
Chronic liver injury (%)  *  17 9 8.4 7 NA  
Suspect drugs  45% antibiotics 

 16% HDS 
 10% CV 
 9% CNS 
 5% antineoplastics 
 4% NSAIDs 

 33% antibiotics 
 15% CNS 
 14% MSK 
 10% CV 
 8% GI 

 14% antibiotics 
 17% HDS 
 10% CNS 
 10% anti‐inflammatory 
 7.5% CV/Resp 
 6% GI 

 37% antibiotics 
 10% immune‐suppression 
 7% CNS 
 6% NSAIDs 
 5% antineoplastics 

 25% antibiotics 
 23% CNS 
 12.5% lipid lowering 
 10% NSAIDs 

  CIOMS, Council for International Organizations of Medical Scientists; RUCAM, Roussel‐Uclaf causality assessment method; NA, not available; ALF, acute liver failure; OLT, orthotopic liver 
transplantation; CV, cardiovascular; CNS, central nervous system; G,= gastrointestinal; HDS, herbal and dietary supplement; MSK, musculoskeletal; NSAID, non‐steroidal anti‐inflammatory 
drug; Resp, respiratory. 
  *    Variable time of determination and definition.  
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 Hepatic drug metabolism

Phase 1

The main drug‐metabolizing system resides in the micro-
somal fraction of the hepatocyte, the smooth endoplasmic 
reticulum. Oxidation or hydroxylation of drugs, most 
 commonly mediated through cytochrome P450s (CYPs), 

improves their solubility. Other drug‐metabolizing reac-
tions, such as conversion of alcohol to acetaldehyde by alco-
hol dehydrogenases, are present in the cytosolic fraction.

CYP enzymes are divided into gene families based 
upon 40% homology using Arabic numbers from 1 to 10; 
subfamilies are designated by a capital letter and specific 
isoforms are sequentially numbered. Currently, three 
CYP gene families (CYP1, CYP2, and CYP3) play a major 
role in drug metabolism (Fig. 24.3) [30]. Inducers of CYP 
metabolic pathways include barbiturates, alcohol, anaes-
thetics, hypoglycaemic and anticonvulsant agents, 
 griseofulvin, and rifampicin.

Phase 2

Conjugation of a drug or its metabolite with a small 
endogenous molecule serves further to enhance solubil-
ity and elimination from the body. The enzymes 
 concerned are usually not confined to the liver but are 
present there in high concentration (e.g. glucuronida-
tion, sulphotransferases, acetyltransferases).

Phase 3

Active transport of drugs typically takes place at the can-
alicular pole of the hepatocyte. Drug transport is energy 
dependent and can be saturated. Multiple factors deter-
mine whether the metabolized drug will be excreted in 
bile, urine, or both. Highly polar parent drugs or metab-
olites and also those with a molecular weight exceeding 
200 Da are typically excreted in the bile. In contrast, the 
urinary route is more important with smaller molecules. 
In humans, the multidrug‐resistant protein (MDR) is 
involved with transport of cationic drugs into bile. In 
addition, the multidrug resistance‐associated proteins 
(MRPs) are involved in drug transport in the liver. The 
bile salt excretory protein (BSEP) and MDR3 are two 
other important canalicular transport proteins involved 
in drug excretion, with a complex system involved in 
their regulation and function (see Chapter 13).

Table 24.2 Recent FDA regulatory actions regarding 
hepatotoxicity of prescription drugs and selective herbal 
and dietary supplement (HDS) products

Withdrawals Not approved Warnings

Iproniazid Ibufenac Acetaminophen
Ticrynafen Perhexiline Leflunomide
Benoxaprofen Dilevalol Nefazodone
Pemoline Tasosartan Nivirapine
Bromfenac Fialuridine Pyrazinamide/rifampin
Trovafloxacin Lumiracoxib Terbinafine
Troglitazone Ximelagatran Valproic acid

Alclofenac Zafirlukast
Saquinavir/rifampin
Interferon‐1α
Infliximab
Diclofenac
Telithromycin
Ketoconazole
Hydroxycut*
Atomoxetine

* HDS product.

Metabolism

Gut

Hepatocyte

Environment Genetics

Response

Fig. 24.2 The response of the liver to drugs depends on the 
interplay between absorption, environmental factors, and 
genetics.

Fig. 24.1 Accidental carbon tetrachloride poisoning. To the right 
of the section, liver cells are necrotic and show hydropic 
degeneration and fatty change. Surviving cells to the left of the 
section show occasional fatty change. The portal zones are 
unaffected.
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The cytochrome P450 system

Each CYP protein is encoded by a unique gene that has 
variable expression among individuals, accounting in 
part for the fourfold or greater difference in drug metab-
olism among healthy persons. Each CYP isoform has a 
unique ‘substrate’ binding site capable of binding some, 
but not all, drugs. Interindividual differences in the 
expression and translation of CYP proteins may deter-
mine idiosyncratic reactions to drugs. An example is the 
poor metabolism of debrisoquine (an antiarrhythmic 
drug) due to abnormal expression of CYP2D6 [31], which 
can be identified by polymerase chain reaction (PCR) 
amplification of parts of the mutant genes of CYP2D6. 
CYP2E1 is involved in the production of electrophilic 
metabolites of paracetamol. CYP3A is involved in the 
metabolism of ciclosporin and many other drugs, includ-
ing erythromycin, statins, and ketaconazole. CYP2C 
polymorphism affects the metabolism of mephenytoin, 
diazepam, and many other drugs.

Enzyme induction and drug interactions
Induction of P450 enzymes may enhance the production 
of toxic metabolites. Ethanol induces CYP2E1 and 
may  increase the toxicity of paracetamol via increased 
generation of N‐acetyl‐p‐benzoquinonimine (NAPQ1), 
a hepatotoxic metabolite of paracetamol. Similarly, 
 paracetamol hepatotoxicity may increase in patients 
treated with isoniazid, which also induces CYP2E1 [32]. 
Ciclosporin, tacrolimus (FK506), erythromycin, and 
ketoconazole compete for binding and metabolism by 
CYP3A4 and ciclosporin levels rise after they are given 
(Fig. 24.3).

 Molecular mechanisms in drug‐
induced liver injury

The clinical manifestations of DILI are a consequence of 
hepatocyte death mediated by either apoptosis or necro-
sis [33]. Apoptosis involves cellular shrinkage and frag-
mentation into discrete bodies that maintain intact 
plasma membranes (Fig.  24.4). These apoptotic bodies 
are rapidly cleared by phagocytosis, leaving little sub-
strate to induce a host immune response. In contrast, 
necrosis involves a profound loss of mitochondrial 
 function with ATP depletion, leading to cellular swelling 
and lysis, which then promotes a local inflammatory 
response.

The disassembly process in apoptosis is executed by 
intracellular caspases (cysteine‐dependent aspartate‐
specific proteases), existing in hepatocytes as zymogens. 
The caspase cascade is activated by initiators and termi-
nated or perpetuated by other intracellular proteins or 
events. Increased mitochondrial permeability may arise 
from extrinsic activation of hepatocytes, which occurs at 
the cellular surface (e.g. extrinsic pathway) or within the 
cell itself (intrinsic pathway). The principal hepatic death 
receptors are tumour necrosis factor‐1 (TNF‐1) and Fas 
[34]. Drugs and their metabolites may either induce TNF 
production by Kupffer cells or natural killer cells of the 
innate immune system or help sensitize hepatocytes to 
the effects of TNF.

Drugs or their metabolites may also act as haptens 
and covalently bind hepatic proteins such as the 
CYP  enzymes. Macrophages can then present these 
peptides on their cell surfaces bound to major 
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Fig. 24.3 Cytochrome P‐450 s (CYPs) 
involved in drug metabolism are members 
of three gene families: CYP1, CYP2, and 
CYP3. Individual CYPs have distinct catalytic 
properties. Cyclosporin (CSA) and 
erythromycin (ERM) bind to and are 
metabolized by isoenzymes in the CYP3 
family.
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 histocompatibility complex (MHC) class II. The adap-
tive immune system consisting of CD4 and CD8 T cells 
then contributes to apoptotic cell death mediated 
through Fas ligand (Fig. 24.5). However, haptenization 
alone may be insufficient to trigger an immune 
response and a concomitant ‘danger’ signal such as 
mild background liver injury or a concomitant infec-
tious or inflammatory condition may be required [35]. 
Important clinical correlates of intrahepatic and sys-
temic danger signals include the increased risk of DILI 
and other adverse drug reactions in patients with 
advanced HIV infection [36].

Non‐inflammatory or bland drug‐induced cholestasis, 
as occurs with oral contraceptives or ciclosporin, may be 
due to inhibition of the bile salt export pump (BSEP) 
[37]. However, most clinically overt cholestatic reactions 
are associated with bile duct injury and a variable amount 
of inflammation. A hypothesis is that toxic drug metabo-
lites undergo canalicular excretion and that exposed 
cholangiocytes are then injured as a result of an immune‐
mediated reaction [38]. Interindividual differences in 
BSEP and MDR3 expression may play a role in drug‐
induced cholestasis [39].

 Non‐genetic risk factors for DILI

Age

There is conflicting evidence as to whether age affects 
overall risk for DILI. In contrast to French registry 
data,  there was an overall increased risk of DILI with 
increasing age reported from Iceland [14]. Nonetheless, 
it is clear that age can impact the risk for DILI in a 
drug‐specific manner. For instance, infants and children 
appear to be more susceptible to liver injury caused by 
valproate and are at risk of Reye syndrome due to aspirin. 
Conversely, older adults are more susceptible to injury 
caused by other agents such as amoxicillin–clavulanate 
and nitrofurantoin [40]. Older age also increases the risk 
of liver injury caused by isoniazid. A study of patients at 
a US tuberculosis clinic reported an age‐specific inci-
dence of isoniazid‐induced liver injury of 20.8 per 1000 
patients in those >50 years of age, compared with 4.4 per 
1000 patients in those age 25–34 years [41]. Age may also 
influence the biochemical pattern of liver injury at DILI 
onset. Data from the US Drug‐Induced Liver Injury 
Network (DILIN) registry suggest that older individuals 
more often present with a cholestatic pattern of liver 
injury compared with younger patients [42].

Gender

There is no clear evidence that gender impacts overall 
risk for DILI. In the French registry, the crude annual 
incidence of DILI was 10.4 per 100 000 among men ver-
sus 17.1 per 100 000 among women, and in the Iceland 
registry the rates were 16.7 and 21.5 per 100 000 among 
men and women, respectively [13,14]. In neither study 
were the differences statistically significant. However, 
patient gender may influence the risk for DILI from spe-
cific agents. For example, women appear to be more 
prone to injury secondary to halothane, flucloxacillin, 
nitrofurantoin, chlorpromazine, and erythromycin, 
whereas men seem to have an increased risk for DILI 
from azathioprine [42].

Daily dose

Recent studies suggest that the daily dose of a drug is a 
risk factor for DILI. One study reviewed US pharmaceu-
tical databases and serious DILI cases reported to the 
Swedish Adverse Drug Reactions Advisory Committee 
and showed that, in the USA, serious complications of 
DILI (liver failure, liver transplantation, death) were 
more likely at higher daily drug doses. Similarly, DILI 
events were much more frequently observed in Sweden 
with drugs prescribed at a dose of >50 mg/day [43]. An 
effect of total daily drug dose was also demonstrated in 
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the Spanish DILI registry, in which agents dosed at 
>50 mg/day accounted for 77% of all DILI cases [16].

Alcohol use

There are reports indicating that the risk of isoniazid 
hepatotoxicity is increased in alcoholics [44]. Also, much 
attention has been focused on determining whether alco-
hol augments acetaminophen hepatotoxicity [45–47]. It 
is plausible that chronic alcohol consumption may 
increase the risk of acetaminophen hepatotoxicity via 
induction of hepatic CYP2E1 or via a reduction in glu-
tathione stores and other essential nutrients [30]. There 
are even reports that alcohol consumption may increase 
the risk of hepatotoxicity from receipt of low doses of 
acetaminophen [47]. Challenging this view are data from 
the ALFSG that showed a similar frequency of alcohol 
use among those with acetaminophen hepatotoxicity 
regardless of whether the drug overdose was intentional 
or unintentional [48]. Data from the DILIN study found 
that higher alcohol consumption was associated with a 
better outcome [15].

Other risk factors

Several other non‐genetic host factors appear to increase 
the risk for DILI in an agent‐specific fashion. For exam-
ple, obesity (methotrexate, halothane), HIV infection 
(co‐trimoxazole), and HIV coinfection with HBV or 
HCV (highly active antiretroviral agents) can increase 
the risk of DILI [42]. However, it is not clear if consump-
tion of multiple drugs may increase the risk of DILI from 
inadvertent drug–drug interactions or other effects on 
host metabolism. Lastly, the presence of chronic liver 
disease may not increase susceptibility to DILI but is 
associated with a lower rate of hepatic recovery [15].

 Diagnosis of DILI

Laboratory profile at DILI onset

Generally, the first indicator of DILI is detection of raised 
serum alanine aminotransferase (ALT) and/or aspartate 
aminotransferase (AST) levels in patients with acute 
hepatocellular injury and of alkaline phosphatase in 
cholestatic injury. The enzyme pattern with hepatocel-
lular drug‐induced liver injury resembles acute viral hep-
atitis, including an ALT increase that usually exceeds the 
AST increase. Alkaline phosphatase is generally only 
slightly elevated in persons with hepatocellular injury, 
but is moderately to markedly increased with cholestatic 
injury. Bilirubin elevation is more common in cholestatic 
than in hepatocellular injury.

An uncertain issue is what the level of ALT or alkaline 
phosphatase elevation should be that triggers withdrawal 
of the potentially offending drug. In hepatocellular injury, 
the level of ALT increase does not necessarily define cur-
rent liver disease severity, nor is it necessarily predictive 
of outcome [49]. A more robust indicator of liver disease 
severity is the addition of hyperbilirubinaemia (total bili-
rubin ≥2.5 mg/dL [42 µmol/L]) in a patient with hepato-
cellular DILI, a combination that has been associated 
with a 10% or greater risk of liver‐related mortality 
[50,51]. The US Food and Drug Administration (FDA) 
refer to this as ‘Hy’s rule’, named after Dr Hyman J. 
Zimmerman, a pioneer in the study of hepatotoxicity 
[52,53]. Bilirubin elevation is more common in choles-
tatic than in hepatocellular injury, but without necessarily 
having the same implications. This presentation, referred 
to as intrahepatic cholestasis, must be distinguished from 
jaundice of extrahepatic obstruction using imaging (e.g. 
ultrasonography) and/or other procedures (e.g. magnetic 
resonance cholangiopancreatography) (see Chapter 13).

Drug‐induced liver disease may also present as mixed 
hepatocellular/cholestatic liver disease, with significant 
increases in the levels of both the aminotransferases and 
the alkaline phosphatase. Characterizing the presenting 
pattern of injury is important because drugs tend to be 
consistent in the type of injury they cause.

The clinical pattern is defined using the R value 
equation [54,55]:

R
ALT ULN of ALT

alkaline phosphatase ULN of alkaline phosphatase

An R value of ≥5 establishes hepatocellular, ≤2 choles-
tatic, and >2 but <5 a mixed pattern of injury.

Other laboratory tests

Other important tests are the prothrombin time (or 
international normalized ratio, INR), the complete blood 
count and differential, and tests for autoantibodies. The 
INR helps define disease severity, peripheral eosinophilia 
helps to establish the injury as immunoallergic, and 
identifying increased levels of antinuclear antibodies 
(ANA) and antismooth muscle antibodies (anti‐SMA) 
helps categorize the injury as being of autoimmune 
 origin. Finding antimitochondrial antibodies (AMA) 
helps distinguish primary biliary cholangitis from drug‐
induced cholestatic liver disease, although transient 
AMA positivity may rarely be seen with hepatotoxicity, 
particularly if fulminant hepatitis develops. Exclusion of 
viral hepatitis via serological and molecular testing for 
hepatitis A, B, C, and E is recommended along with 
exclusion of active cytomegalovirus (CMV) and Epstein–
Barr virus (EBV) (Table 24.3).
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Liver histology

A diagnosis of DILI does not require a liver biopsy but 
the biopsy can be helpful in confirming a clinical suspi-
cion and helping to exclude competing causes [56]. 
A review of 249 consecutive DILIN patients who under-
went liver biopsy has helped to define better the histo-
logical features associated with DILI [57]. In that analysis, 
83% of the cases fell into six major histological patterns 
(acute hepatitis, chronic hepatitis, acute cholestasis, 
chronic cholestasis, zonal necrosis, and cholestatic hepa-
titis). Histological findings of necrosis, fibrosis, and 
microvesicular steatosis were associated with worse 
 clinical outcomes whereas subjects with granulomas and 
eosinophilic infiltrates were associated with better 
 outcomes [58].

Some histological findings are highly suggestive of 
DILI due to a specific agent (Table 24.4). For example, 
microvesicular hepatic steatosis is well reported in 
patients with DILI due to didanosine, valproic acid, and 
tetracyclines. Similarly, a pattern of macro‐ and microste-
atosis is characteristic of liver injury attributed to tamox-
ifen, and oxaliplatin can lead to nodular hepatic fibrosis. 
A liver biopsy is frequently required when sporadic ver-
sus drug‐induced autoimmune hepatitis is being consid-
ered along with monitoring of liver biochemistries and 
autoantibodies after drug discontinuation. The optimal 
time to obtain a liver biopsy in patients with suspected 
DILI is not well established. In the DILIN prospective 
study, 17 of 99 subjects with persistent liver biochemical 
abnormalities at 6 months after DILI onset underwent a 
liver biopsy at a median of 387 days to assess disease 
severity [59]. In that study, nine subjects had chronic 
cholestasis, three had steatohepatitis and three had 
chronic hepatitis. Interestingly, there were 12 patients 
who underwent serial liver biopsies during follow‐up 
and eight of them demonstrated fibrosis progression 
despite drug discontinuation.

Assessing causality

Diagnosing hepatotoxicity with certainty is problematic 
for several reasons. First, hepatotoxicity can simulate vir-
tually every type of liver disease so that, in the absence of 
biomarkers or other specific tests, DILI is at present a 
diagnosis of exclusion [33]. It is therefore mandatory 
when assessing potential hepatotoxicity to exclude other 
competing causes of liver injury that it can mimic. Second, 
having access to all sequential clinical and biochemical 
data related to the injury is key to defining the character-
istics and pattern of the liver injury that aids in its diagno-
sis. Third, because multiple drugs are commonly used, 
synergistic interactions may result in addition to uncer-
tainty about which drug is actually responsible for the 
injury. Finally, locating historical information that sup-
ports the potential for hepatotoxicity of a given drug can 
be challenging for the busy practitioner.

Two primary methods are employed to assess causality 
in drug‐induced liver injury – numerical scoring systems 
and the use of expert opinion [46]. An objective means 
of  assessing causality was proposed by international 
experts at a meeting of the Council for International 
Organizations of Medical Scientists (CIOMS) in 1989 
[54,55]. The result was the development of a structured 
numerical scoring system to grade the likelihood of 
drug‐induced liver injury. The meeting was supported by 
Roussel‐Uclaf Pharmaceuticals, hence the instrument 
was called RUCAM (Roussel‐Uclaf Causality Assessment 
Method). This instrument is now regularly employed by 
field experts in hepatotoxicity, regulatory agencies, and 

Table 24.3 Diagnostic approach to patients with suspected drug‐
induced liver injury

History All drugs and herbals used in past 12 months
Start and stop date(s) for all medications
Past history of hepatotoxicity and use of 
implicated drug
Symptoms at onset (fever, rash, fatigue, 
abdominal pain)
Disease(s) for which medication taken
Other disease(s), particularly cardiovascular
Episode of acute hypotension
Alcohol intake

Physical 
examination

Jaundice, rash, clinical evidence of pruritus
Liver and spleen size
Stigmata of chronic liver disease

Routine 
chemistries

Complete blood count and differential, 
platelets, total protein, albumin/globulin, 
prothrombin time/INR, creatinine

Liver 
chemistries

Alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, 
total/direct bilirubin, γ‐GTP

Serologies IgM anti‐HAV, HBsAg, anti‐HBc IgM, 
anti‐HCV, HCV RNA, anti‐HEV and PCR 
testing for EBV DNA, CMV DNA, HSV 
DNA

Autoantibodies Antinuclear, smooth muscle, and 
antimitochondrial antibody; quantitative 
immunoglobulin levels

Special tests Serum iron, ferritin, caeruloplasmin, 
α1‐antitrypsin

Imaging Ultrasound, CT, MRI (ERCP)
Liver biopsy In selected cases with comparison with other 

bona fide DILI cases

ERCP, endoscopic retrograde cholangiopancreatography; γ‐GTP, 
γ‐glutamyl transpeptidase.
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 pharmaceutical companies to evaluate suspected cases 
of DILI. However, completion of the RUCAM can be dif-
ficult and may not incorporate all pertinent aspects of 
the presentation and several modifications to the 
RUCAM have subsequently been proposed [60].

The RUCAM confers points for clinical, biochemical, 
serological, and radiological characteristics of liver injury 
[54,55]. The seven domains included in this system are as 
follows:

 ● time to onset after starting the drug (1 to 2 points);
 ● course of the liver disease (0 to 2 points);
 ● risk factors (0 to 2 points);
 ● potential for hepatotoxicity of concomitant drugs  

(−3 to 0 points);
 ● exclusion of non‐drug causes of liver injury (−3 to 

2 points);
 ● previous information regarding hepatotoxicity of the 

implicated drug (0 to 2 points);
 ● response to re‐administration (i.e. re‐challenge) (−2 to 

3 points).

Each domain is awarded a positive or negative numerical 
score, the total ranging from −9 to +14. The scoring 
components differ somewhat according to the pattern of 
liver injury (hepatocellular, cholestatic, or mixed).

Because the RUCAM is an objective numerical scoring 
system, there should be little variation in scoring from 
one reviewer to another. However, the contents of some 
of the seven domains are not clearly defined and there-
fore may be variably interpreted, even by expert review-
ers [61]. Moreover, comparison of causality assessment 
between the ‘expert opinion’ approach and RUCAM 
shows a relatively poor correlation, RUCAM appearing 
to skew the results to a lower grade of likelihood [61]. 
Therefore, further efforts are needed to develop an 
improved RUCAM‐like scoring instrument.

The other approach at present is to apply careful 
 clinical judgement regarding whether liver injury is 
linked to the use of a drug or a herbal product. This 
approach to causality assessment is highly subjective, 
and its  accuracy depends upon the expertise of the inter-
viewer and the intensity with which alternative causes 

Table 24.4 Expressions of drug‐induced liver injury

Type of injury Representative responsible drug(s)

Acute liver diseases
Acute hepatocellular injury Numerous drugs such as isoniazid, rifampicin, methyldopa, telithromycin, ketoconazole, 

diclofenac
Fulminant hepatitis/necrosis Paracetamol (acetaminophen), isoniazid
Bland cholestasis Anabolic/androgenic steroids, ciclosporin
Cholestatic hepatitis Chlorpromazine, erythromycin, amoxicillin–clavulanate, clarithromycin

Chronic liver diseases
Chronic hepatitis Methotrexate, lisinopril, trazodone, uracil
Autoimmune hepatitis Nitrofurantoin, minocycline, methyldopa, oxyphenisatin
Macrovesicular steatosis Corticosteroids, methotrexate, asparaginase, alcohol, halothane
Microvesicular steatosis Valproic acid, tetracyclines, cocaine, amiodarone
Steatohepatitis Amiodarone, griseofulvin, perhexilene maleate
Cirrhosis Methotrexate, amiodarone
Granulomatous hepatitis Allopurinol, rosiglitazone, sulphonamide, phenylbutazone, quinidine
Primary biliary cholangitis‐like Chlorpromazine, erythromycin, amoxicillin–clavulanate, haloperidol
Peliosis hepatic Anabolic steroids, oral contraceptives
Portal vein thrombosis Oral contraceptives
Sinusoidal obstructive syndrome Pyrrolizidine alkaloids, adriamycin, floxuridine, oncotherapy
Nodular transformation Anabolic and contraceptive steroids
Adenoma Anabolic and contraceptive steroids
Hepatocellular carcinoma Thorotrast, anabolic and contraceptive steroids
Cholangiocarcinoma Thorotrast
Angiosarcoma Vinyl chloride, inorganic arsenicals
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Table 24.5 The Drug‐Induced Liver Injury Network (DILIN) 
grading system for causality assessment

Causality
Likelihood 
score (%) Description

1 Definite >95 Liver injury typical for drug or 
herbal; causality ‘beyond 
reasonable doubt’

2 Highly likely 75–95 Causality ‘clear and convincing’ 
but not definite

3 Probable 50–74 Causality supported by ‘the 
preponderance of the evidence

4 Possible 25–49 Causality not supported by ‘the 
preponderance of the evidence’

5 Unlikely 0–24 Causality is highly unlikely with 
an alternative cause more likely

Source: Adapted from Fontana et al. 2009 [64].

Table 24.6 The Drug‐Induced Liver Injury Network (DILIN) 
grading system for liver disease severity

Score Grade Definition

1 Mild ALT and/or alkaline phosphatase levels 
increased but total serum bilirubin 
<2.5 mg/dL and INR <1.5

2 Moderate ALT and/or alkaline phosphatase levels 
increased and total serum bilirubin 
≥2.5 mg/dL or INR ≥1.5

3 Moderate–
severe

ALT, alkaline phosphatase, bilirubin and/
or INR increased and patient is 
hospitalized or ongoing hospitalization is 
prolonged because of drug‐induced liver 
injury

4 Severe ALT, alkaline phosphatase and total serum 
bilirubin increased together with at least 
one of the following: (i) hepatic failure 
(INR ≥1.5, ascites, or encephalopathy) or 
(ii) other organ failure due to liver injury

5 Fatal Death or liver transplantation because of 
drug‐induced liver injury

ALT, alanine aminotransferase.
Source: Adapted from Fontana et al. 2009 [64].

are eliminated. Nevertheless, it is generally accepted as 
the ‘gold standard’ diagnostic approach; when under-
taken by groups of experienced clinicians, the assess-
ment is considered to be by ‘expert opinion’.

The adjudication process

The first step in evaluating a suspected case of hepato-
toxicity is to exclude other more common causes of liver 
disease. With hepatocellular injury, conditions requiring 
exclusion are acute viral hepatitis, pre‐existing autoim-
mune hepatitis, alcoholic liver disease, non‐alcoholic 
fatty liver disease, and hepatic ischaemia [40,62]. Virus 
testing must include assays for hepatitis A (IgM anti‐
HAV), hepatitis B (HBsAg or IgM anti‐HBc), and hepati-
tis C (anti‐HCV and HCV RNA), and ideally also for 
hepatitis E, Epstein–Barr virus, and cytomegalovirus 
infections (Table 24.3). Measuring serum globulin levels 
and testing for autoantibodies help exclude autoimmune 
hepatitis, and ultrasonography and cross‐sectional imag-
ing are used to screen for fatty liver and pancreaticobil-
iary disease that may present with obstructive jaundice. 
Finally, complete evaluation requires the exclusion of 
haemochromatosis, Wilson disease and α1‐antitrypsin 
deficiency.

With no alternative explanation for acute liver injury to 
receipt of a drug, the next step is to consider which drug 
might be responsible and to review the circumstances sur-
rounding the liver injury and its features. A careful history 
must be taken of all medications (e.g. prescription, herbal, 
weight loss) received in the preceding 12 months, includ-
ing their precise start and stop dates. Also important is 
whether there had been a previous episode of hepatotox-
icity and, if so, what drug had been implicated.

The LiverTox website at https://livertox.nih.gov is a 
useful online resource to review prior reports of DILI 
attributed to many drugs and herbal and dietary supple-
ment (HDS) products [63]. Defining features of the liver 
injury are helpful in implicating specific medications, 
since most drugs that cause liver injury have a character-
istic ‘signature’. Requirements include establishing the 
time interval between start of the drug and onset of liver 
disease (latency); defining the clinical pattern of the liver 
injury (hepatocellular, cholestatic, mixed); and recording 
the time to recovery after drug discontinuation (de‐chal-
lenge). Also important is to determine whether the drug 
responsible for the current injury had been received in 
the past, thus representing a re‐challenge.

Once a specific drug or HDS product has been identi-
fied as potentially responsible for the liver injury, the next 
steps are to grade its causality likelihood and the severity 
of the liver injury. Various grading systems have been 
devised for this purpose. The US DILIN Study Group has 
developed enhanced grading systems for assessing both 

the likelihood and severity of the liver injury, as shown in 
Table 24.5 and Table 24.6 [64]. The final step is follow the 
course of the liver injury after stopping the suspect agent. 
It is important to follow the affected person to resolution 
of the clinical symptoms and biochemical abnormalities. 
This provides important de‐challenge information and 
also information on whether the injury advanced to 
chronic liver disease or whether an alternative diagnosis 
was established over time [65].
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 Medical management

The primary management approach for patients with 
suspected DILI is immediately to discontinue the offend-
ing medication. In most but not all situations, the liver 
injury will subside. When an autoimmune injury pattern 
persists despite drug discontinuation, corticosteroid 
treatment is commonly used until there is biochemical 
improvement [66,67]. However, two randomized con-
trolled trials failed to demonstrate effectiveness of corti-
costeroid therapy in non‐paracetamol‐induced ALF 
[68,69]. Corticosteroids are also often used for patients 
with drug reaction with hypereosinophilia and systemic 
symptoms (DRESS) syndrome who have prominent fea-
tures of skin involvement. It is thought that treatment 
with steroids speeds recovery from liver injury associ-
ated with DRESS syndrome; however, the efficacy of 
steroids remains unclear since the reported doses and 
durations of steroid use vary widely [70,71].

 Pharmacogenetic risk factors

Like other complex diseases, different genes and envi-
ronmental factors may contribute to both susceptibility 
and outcome in DILI [72]. The genes involved may 
encode proteins with roles in several different pathways 
including drug‐metabolizing enzymes, drug transport-
ers, acquired and innate immune responses, and cellu-
lar repair and regeneration. Traditional studies have 
included candidate gene approaches with arbitrary 
selection of polymorphisms from genes of potential 
interest. For example, the slow acetylator genotype of 

N‐acetyltransferase‐2 (NAT‐2) has been associated 
with an increased risk of isoniazid liver injury in some 
but not all studies [73–75].

Commercial platforms containing probes for up to 
2 million single nucleotide polymorphisms typically pre-
sent in 0.5–5% of the general population have also been 
proposed for genetic association studies of DILI [76]. 
With no specific a priori hypothesis, such extensive 
 genotyping invariably identifies large numbers of asso-
ciations by chance and therefore the threshold for signifi-
cance in these studies is typically set at p = 10−7–10−8. 
Accordingly, it is now common to require duplication of 
a significant association in a second, independent cohort 
[77]. For example, the HLA‐B*5701 haplotype was found 
to confer an 80‐fold increased risk in susceptibility to flu-
cloxacillin hepatotoxicity, a finding replicated in a sec-
ond independent cohort of European patients [78]. 
However, since almost 5% of Caucasians have this haplo-
type, the absolute risk of developing drug‐induced liver 
injury remains low in patients with this genotype (1 in 
500). Nonetheless, knowing the human leucocyte anti-
gen (HLA) genotype could be helpful in establishing a 
diagnosis of flucloxacillin hepatotoxicity.

Other genome‐wide association (GWA) studies have 
identified additional HLA alleles associated with lumira-
coxcib, ximelagatran, and lapatanib hepatotoxicity 
(Table 24.7) [79–82]. Most of these studies were carried 
out amongst patients and controls who had both received 
the suspect drug. More recently, the DILIN Study Group 
and other groups have been collecting DNA from con-
secutive patients with idiosyncratic DILI for pooled 
pharmacogenetic studies. Hypothesizing that DILI sus-
ceptibility may be shared across multiple drugs, a GWA 

Table 24.7 Genome‐wide association studies of DILI susceptibility

Drug
[reference] DILI cases Control Gene

Minor allele 
frequency (%) Odds ratio

Flucloxacillin
(β‐lactam antibiotic)
[78]

51 282 population controls HLA‐B*5701 6 80

Ximelagatran
(thrombin inhibitor)
[80]

74 130 treated controls DRB1*07
DQA1*02

8.5 4.4
4.4

Lumiracoxib
(COX‐2 inhibitor)
[81]

41 176 treated controls DRB1*1501
DQB1*0602

15 5.0

Lapatinib
(kinase inhibitor)
[82]

37 286 treated controls DQA1*02 21 9.0

Amoxicillin‐clavulanate
(antibiotic)
[84]

201 532 population controls DRB1*1501
HLA‐A*0201

16
4

2.8
2.3
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was undertaken in 783 Caucasian individuals who expe-
rienced DILI from over 200 implicated agents [83,84]. 
Unfortunately, no genome‐wide significant associations 
were noted and further stratification of cases according 
to clinical phenotypes such as injury pattern, latency, 
severity, drug class, and patient age did not reveal any 
significant associations. The lack of GWA findings in the 
pooled DILIN cases supports the notion that genetic 
determinants of idiosyncratic DILI risk may be largely 
drug specific or due to rarer genetic variants not assessed 
on the GWA chip [85]. The role of DNA methylation, 
copy number variants, and epigenetics in most forms of 
acute liver injury is largely unknown but also worthy of 
further study.

 Potential immunological 
mechanisms in idiosyncratic DILI

The strong and consistent association of DILI suscepti-
bility with various single nucleotide polymorphisms in 
the HLA region suggests that the host immune response 
plays a key role in DILI pathogenesis. Human leukocyte 
antigens are highly polymorphic proteins that are 
designed to initiate immunity by presenting pathogen‐
derived peptides to T cells. Polymorphisms in HLA 
genes mostly map to the antigen‐binding cleft, which 
allows diversification of the repertoire of self‐derived 
and pathogen‐derived peptide antigens to be presented 
to T cells [86]. A growing number of other immunologi-
cally based ADRs, including dermatological reactions 
and idiosyncratic DILI, are also associating with various 
HLA alleles [87]. In most of these instances, the impli-
cated drug does not directly bind to the antigen‐binding 
cleft of the HLA molecule. Therefore, it is likely that 
other host genetic or intracellular pathways may also be 
required for an ADR to develop. Furthermore, since 
many susceptible individuals with a given HLA haplo-
type do not develop DILI or other ADRs upon drug 
exposure, the role of other intracellular ‘bioactivation’ 
and ‘detoxification’ pathways that may allow for adapta-
tion to occur need to be evaluated. In addition, since 
HLA polymorphisms are ethnically restricted, the 
absence of a genetic association of DILI susceptibility in 
one patient population will not preclude a positive asso-
ciation in another group [88,89].

 Liver injury from specific drugs

Here we briefly highlight features of liver injury second-
ary to commonly used drugs. A searchable, comprehen-
sive, and continuously updated database of hepatotoxicity 

secondary to prescription drugs and HDS products, the 
LiverTox database, is also available online at https://
livertox.nih.gov [63].

Non‐steroidal anti‐inflammatory drugs 
(NSAIDs)

NSAIDs are used by more than 1% of the US population 
each day [90]. Hepatotoxicity has been a leading cause 
for removal of NSAID agents from the market [91]. A 
survey in Denmark found that NSAIDs accounted for 9% 
of all instances of DILI between 1978 and 1987 [92]. This 
is very similar to reported frequencies from recent pro-
spective studies, which range from 4 to 10% of reported 
DILI events.

A recent review of NSAID cases enrolled in the DILIN 
registry from 2004 to 2014 revealed 30 cases of liver 
injury that were found by expert opinion to be definitely, 
very likely, or probably caused by NSAID use. The impli-
cated NSAIDs were diclofenac, celecoxib, meloxicam, 
etodolac, oxaprozin, ibuprofen, sulindac, and valdecoxib. 
The mean age at presentation was 52 years and there was 
a female predominance (80%). Latency ranged from 6 to 
247 days. Diclofenac was the most commonly implicated 
NSAID and all cases presented with a hepatocellular 
injury pattern, some had immunoallergic (fever, rash, 
facial oedema, eosinophilia) or autoimmune features, 
and 50% of cases presented with coagulopathy. No 
patients with NSAID‐induced liver injury developed 
chronic liver disease, and only one patient with 
diclofenac‐induced liver injury died from septicaemia 
related to Stevens–Johnson syndrome [93].

Sulindac
This drug is commonly associated with hepatotoxicity 
[94–96]. A review of 91 cases reported to the FDA by 
1993 revealed a variable pattern of liver injury, 43% pre-
senting as cholestatic, 25% as hepatocellular, and 22% as 
mixed injury [97]. Approximately three‐quarters of 
affected person were female, and most were of advanced 
age. Some cases displayed features of hypersensitivity, 
including Stevens–Johnson syndrome. About 5% died as 
a result of liver disease.

Diclofenac
This frequently prescribed NSAID has been responsible 
both for mild, non‐serious serum aminotransferase 
 elevations and for several hundred instances of severe 
hepatotoxicity, including fatal cases [98,99]. A review 
identified diclofenac as among the top drugs responsible 
for hepatotoxicity worldwide, with an estimated inci-
dence of 6.3 per 100 000 users [95,96,100]. The injury, 
generally occurring 3–6 months after beginning treat-
ment, can present as hepatocellular or cholestatic liver 
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disease or as autoimmune hepatitis [101,102]. 
Withdrawal of the drug leads to complete recovery in 
most instances. Diclofenac metabolism is mediated 
through CYP2C9, but the risk of hepatotoxicity is not 
associated with polymorphisms in this gene [103–105].

Antibacterials

Antimicrobial agents are commonly used in the general 
population for a variety of infectious diseases and are 
also the most commonly implicated agents in consecu-
tive patients with DILI (Table 24.1).

Amoxicillin–clavulanate
This is the most frequently reported antibiotic to cause 
DILI, although its overall rate of hepatotoxicity is esti-
mated as less than 1 case per 100 000 patient exposure 
years [106,107]. Common symptoms at injury onset 
include fatigue, nausea, and abdominal pain, which often 
develop 1–4 weeks after the antibiotic has been given. 
Most patients present with jaundice and a cholestatic pat-
tern of liver injury. However, younger adults and children 
may initially present with a hepatocellular liver injury pat-
tern. The injury is not commonly associated with fever, 
rash, and eosinophilia and typically resolves with drug 
 discontinuation, but a minority may develop ductopenia.

Cephalosporins
Cephalosporins share close structural homology with the 
penicillins and cross‐reactivity of acute hypersensitivity 
reactions are well reported. Despite their widespread 
use,  cephalosporin‐related hepatotoxicity is exceedingly 
uncommon. Typically, the presenting illness is cholestasis 
or granulomatous hepatitis with a latency of 1–4 weeks 
and abrupt onset of liver injury [108]. In most instances, 
recovery has been rapid with no residual liver injury 
[109]. Ceftriaxone, excreted predominantly in bile, has 
been associated with biliary sludge and pseudolithiasis 
due to the precipitation of a calcium salt of the drug [110].

Sulphonamides
A wide spectrum of liver injury due to the sulphona-
mides has been reported [111–113]. The presentation is 
frequently characterized by fever, rash, eosinophilia, 
and/or atypical lymphocytosis and some patients 
have DRESS [71]. Co‐trimoxazole (trimethoprim–sul-
phamethoxazole) typically causes a cholestatic or mixed 
pattern of liver injury and the injury can be prolonged 
and in some cases may progress to ALF.

Macrolides

Macrolide antibiotics such as azithromycin can infre-
quently cause clinically significant liver injury with a 

cholestatic or hepatocellular injury pattern at DILI onset 
even after only 3–5 days of use. This may in part be due 
to the prolonged half‐life, which reaches high concentra-
tions in the liver [114,115]. A recent series of 18 patients 
with azithromycin‐induced liver injury demonstrated 
that 72% were female, most were detected within 2 weeks 
of drug discontinuation, and 55% had a hepatocellular 
injury pattern at presentation. During follow‐up, 22% 
developed persistent liver injury and 11% either died or 
underwent transplantation [115]. Clarithromycin may 
also cause cholestatic liver injury, particularly in older 
individuals [116].

Erythromycin
This commonly used drug is well known to cause symp-
tomatic cholestatic hepatitis with an incidence of 4 cases 
per 100 000 patient years [117]. Erythromycin estolate 
appears more likely than erythromycin succinate to 
cause this syndrome, but progressive or fatal liver injury 
is rare [118,119]. Both ductopenia and vanishing bile 
duct syndrome have been reported [120].

Telithromycin
This semisynthetic macrolide derivative (i.e. ketolide) 
was approved for use in respiratory tract infections in 
2004. Clinical trials demonstrated serum ALT elevations 
in 2% of treated patients and three cases of severe and 
rapid‐onset hepatotoxicity with telethromycin were 
reported in 2006 [121]. In each instance, elevated liver 
chemistries and jaundice developed within 2–7 days and 
two of the patients died or underwent transplantation. A 
series of 42 cases in 2009 confirmed a rapid onset of 
fever, abdominal pain, and jaundice and also the appear-
ance of ascites in some cases which then resolved [122]. 
In 2007, restrictions on the use of this drug were 
implemented.

Nitrofurantoin
Acute, self‐limited hepatocellular, mixed, cholestatic, and 
even granulomatous reactions have been described with 
nitrofurantoin [123]. Most instances of acute hepatotox-
icity occur within 6 weeks of treatment, often accompa-
nied by fever, rash, or eosinophilia. In addition, prolonged 
administration of nitrofurantoin for recurrent infections 
can lead to chronic hepatitis with serological and histo-
logical features simulating autoimmune hepatitis [124]. 
Most patients with the latter phenotype improve with 
drug cessation but some have required corticosteroids or 
even liver transplantation for long‐term survival.

Quinolones

Fluoroquinolones, such as ciprofloxacin and levofloxa-
cin, are generally well tolerated and only rarely linked 
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with hepatotoxicity. However, they have rarely been 
associated with hepatotoxicity that can be rapid in onset 
and potentially fatal [125]. A report from DILIN demon-
strated 12 cases of hepatotoxicity attributed to fluoro-
quinolones [126]. At presentation, seven patients had 
immunoallergic features and three died or underwent 
liver transplantation.

Tetracyclines

Intravenous administration of tetracycline has been 
associated with severe liver injury characterized by 
microvesicular steatosis with minimal or no hepatic 
necrosis. Clinically, mitochondrial toxicity is suspected 
with hypoglycaemia, renal failure, acidosis, and pancre-
atitis [127]. However, this complication is now rare since 
high‐dose intravenous administration has been 
abandoned.

Minocycline
Minocycline is a semisynthetic derivative of tetracycline 
often used for the management of facial acne, and is a com-
mon cause of DILI. It can cause an acute elevation of liver 
enzymes within weeks of initiation, or a chronic hepatitis 
resembling autoimmune hepatitis, which can manifest 
months to years after starting the drug. Patients with the 
acute presentation often have immunoallergic stigmata 
including fever, rash, and eosinophilia. The more subacute 
phenotype can present with acute‐onset jaundice or insidi-
ous onset of fatigue, arthralgias, and jaundice [128–130]. 
These patients almost always have autoantibodies and ele-
vated immunoglobulins. Liver biopsy resembles the histo-
pathology of autoimmune hepatitis. Hepatotoxicity due to 
minocycline typically resolves after stopping the drug, but 
some patients may require corticosteroids or other immu-
nomodulatory agents for long‐term disease control [131]. 
Minocycline was the most commonly implicated agent in a 
review of paediatric cases enrolled into the DILIN registry 
[132]. In contrast, doxycline has rarely been associated 
with severe liver injury [130].

Antituberculosis agents

Drugs to treat tuberculosis can lead to significant liver 
biochemical abnormalities in up to 20% of those treated, 
particularly the elderly [133]. Possible risk factors include 
underlying viral hepatitis, HIV infection, and alcoholism, 
which can also complicate causality assessment [134–136]. 
The use of multidrug therapy poses challenges in identi-
fying the specific offending agent.

Isoniazid
About 10% or more of treated persons develop serum 
enzyme elevations that persist without toxicity or even 

regress despite continued use of the drug, a consequence 
of metabolic adaptation. However, isoniazid causes seri-
ous liver injury or jaundice in 1% of treated subjects. The 
rate of severe hepatotoxicity with isoniazid monotherapy 
for latent tuberculosis in children and young adults is 
probably lower at 1 in 1000 or less [137]. Most patients 
develop acute hepatocellular liver injury with focal 
necrosis and lobular and portal inflammation on biopsy 
[138]. In general, the hepatitis resolves with discontinua-
tion of therapy but some may develop progressive liver 
failure. A recent series demonstrated that failure to 
 discontinue treatment with onset of symptoms was fre-
quently identified in patients with severe hepatitis during 
isoniazid therapy for latent tuberculosis [139].

Rifampicin
Given alone, rifampicin rarely causes hepatotoxicity but 
hyperbilirubinaemia may develop secondary to a drug‐
induced haemolysis. When rifampicin is combined with 
isoniazid, the risk of severe hepatotoxicity markedly 
increases, possibly owing to induction of CYP enzymes 
involved in the metabolism of isoniazid [140,141].

Pyrazinamide
This drug causes dose‐dependent hepatotoxicity. 
However, because it is usually combined with isoniazid 
and rifampicin, assigning causality and assessing the 
incidence have been difficult. Nonetheless, subjects 
receiving pyrazinamide‐containing regimens may be at 
increased risk of hepatotoxicity and more severe liver 
injury [142].

Drugs used for treatment of inflammatory 
bowel disease

Hepatotoxicity has been reported with many of the 
agents used in the treatment of inflammatory bowel 
 disease. Liver injury appears to be very rare with agents 
of the 5‐aminosalicylate (5‐ASA) class, with an estimated 
incidence of 3.2 cases per million prescriptions. 
Sulphasalazine (sulphapyridine joined to 5‐ASA by an 
azo bond) is a much more common cause of liver injury, 
with a hepatotoxicity profile similar to those of other 
 sulphonamides such as co‐trimoxazole (frequently char-
acterized by fever, rash, and eosinophilia), and can cause 
severe liver injury including ALF [143].

Immunomodulators
Azathioprine, a prodrug of mercaptopurine that sup-
presses T‐cell activity, is a commonly used immunomod-
ulatory agent in the treatment of both ulcerative colitis 
and Crohn disease. Mild transaminase elevations can 
occur with the use of azathioprine, which likely reflects a 
direct toxic effect since transaminases typically normalize 
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with stopping the drug or lowering the dose. However, 
clinically apparent liver injury occurs in approximately 1 
in 1000 treated patients. This type of injury is acute 
onset, often presenting with fatigue and jaundice 2–12 
months after starting the drug or increasing the dose, 
and is characterized by low–moderate serum ALT eleva-
tion. The injury usually resolves with stopping the drug 
but it can lead to chronic liver injury [144]. Long‐term 
use of azathioprine has also been linked to veno‐occlu-
sive disease [145].

Methotrexate inhibits dihydrofolate reductase and by 
this mechanism interferes with DNA synthesis, repair, 
and cellular replication. It is widely used in the treatment 
of autoimmune diseases, including inflammatory bowel 
disease. Methotrexate is frequently linked to liver injury 
[146,147]. Transaminase elevations are common with 
use, and with low–moderate doses the elevations are 
often mild and self‐limiting, but can be more severe, par-
ticularly with higher doses. Long‐term use has been 
associated with chronic liver injury and fibrosis, with 
risk for fibrosis dependent upon the cumulative dose. 
Thus, fibrosis risk can be lowered substantially by judi-
cious dosing schemes that limit cumulative exposure to 
the drug.

Anti‐TNF agents
The tumour necrosis factor (TNF) inhibitors such as 
 infliximab can trigger liver injury. A recent review of 
the US DILIN registry identified six patients with an 
expert causality score of probable, very likely, or defi-
nite [148]. Five patients were female (83%) and the 
median time of onset was 16 weeks. The liver injury 
pattern was predominantly hepatocellular with a 
median ALT of 914 U/L. Half of the patients developed 
jaundice. Five patients were treated with steroids and 
all patients eventually recovered. The authors also per-
formed a systematic review of the literature and identi-
fied an additional 28 cases of DILI secondary to TNF‐α 
inhibitors. Twenty‐six of the 28 cases were judged to 
be secondary to infliximab. Approximately 2/two‐
thirds of the combined cohort (US DILIN cases plus 
literature) showed autoimmune features such as posi-
tive autoantibodies and/or liver biopsy histology 
resembling autoimmune hepatitis. Recovery was noted 
with cessation of the offending drug. A fraction of the 
patients were treated with steroids in addition to stop-
ping the drug.

Chemotherapeutic agents

Establishing a diagnosis of DILI in patients receiving 
chemotherapy can be challenging due to the frequent 
use of multiple hepatotoxic agents, liver metastases, 
potential for opportunistic infections in the liver, and 

other co‐morbid medical conditions. That said, chemo-
therapy can induce liver injury, which can range in sever-
ity from mild elevation of transaminases to chronic liver 
injury to ALF.

Data suggest that certain underlying liver diseases may 
increase the risk of liver injury related to chemotherapy 
agents. Specifically, there is a sizable risk for reactivation 
of hepatitis B among HBsAg‐positive patients [149]. This 
can lead to fulminant liver failure or death, and antiviral 
prophylaxis should be provided to these individuals prior 
to initiation of chemotherapy.

Alkylating agents, such as ifosfamide, cyclophospha-
mide, and busulphan are rarely linked to liver injury. 
Cyclophosphamide and ifosfamide are often associated 
with mild, transient elevation of transaminases. Anti‐
metabolites such as azathioprine and 6‐mercaptopurine 
are associated with liver injury and risk for chronic liver 
injury, as previously discussed. Floxuridine, an anti‐
metabolite drug given via infusion into the hepatic artery 
for treatment of colon cancer metastatic to the liver, 
deserves particular mention. It is commonly associated 
with high transaminase elevations and can lead to biliary 
strictures and liver fibrosis. Vinca alkaloids such as vin-
cristine are generally well tolerated [150]. Topoisomerase 
inhibitors such as etoposide and topotecan are often 
used with other potentially liver toxic agents; the true 
incidence and nature of liver injury related to these 
agents are difficult to discern. Irinotecan has been asso-
ciated with development of steatosis. Platinum deriva-
tives have also been associated with steatosis in addition 
to nodular regenerative hyperplasia and veno‐occlusive 
disease [151].

Protein kinase inhibitors
There is growing interest in targeted agents to treat 
high‐risk or relapsed cancers not responsive to tradi-
tional chemotherapy regimens. The tyrosine kinase 
inhibitors are a class of drugs that have frequently been 
linked to liver injury. These agents interfere with phos-
phorylation of protein kinases, a mechanism impor-
tant to intracellular signalling and regulation of cell 
function, including survival and proliferation. Pre‐
approval trials of agents from this class in adults 
showed that hepatotoxicity is common, with rates of 
low‐grade transaminase elevation of about 25–35% 
and of severe elevations of about 2% [152]. A recent 
meta‐analysis of 12 studies demonstrated an increased 
risk of high‐grade elevation of ALT (odds ratio 5.22) 
and bilirubin (odds ratio 1.76) associated with tyrosine 
kinase inhibitors compared with placebo [153]. Serious 
events including liver failure and death are rare but 
have been reported. The mechanisms of liver injury 
related to the various tyrosine kinase inhibitors are 
poorly understood.
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Cardiovascular drugs

Angiotensin‐converting enzyme (ACE) inhibitors
ACE inhibitors rarely cause bona fide hepatotoxicity 
[154]. Captopril is most frequently reported to cause 
liver injury, but all ACE inhibitors can lead to either 
hepatocellular or cholestatic liver injury with symptoms 
of fever, myalgia, and rash [155]. The angiotensin II 
receptor antagonists, also used to treat hypertension, 
infrequently cause cholestatic hepatitis [156,157].

α‐Methyldopa
Use of this antihypertensive agent has declined in recent 
years because of its numerous adverse effects, including 
hepatotoxicity [158]. Liver injury typically presents within 
a few months of starting treatment, but hepatotoxicity 
occurring after many years of continuous treatment has 
also been reported. Such patients often present with 
detectable autoantibodies or a Coombs‐positive haemo-
lytic anaemia [159]. Liver biopsy may display feature of 
autoimmune hepatitis or characteristic pericentral inflam-
mation whereas others may have severe necrosis. Most 
patients improve with drug cessation, although some may 
require steroids or even liver transplantation [160].

Amiodarone
This commonly used antiarrhythmic agent leads to mild 
asymptomatic aminotransferase increases in 15–25% of 
treated patients [161]. Although overt hepatic injury is 
less common, it may be progressive and occasionally 
fatal. An acute hepatitis or cholestatic injury pattern may 
occur even after drug discontinuation. Also, some 
develop a chronic injury pattern with hepatic steatosis, 
fibrosis, and Mallory bodies, simulating alcoholic liver 
disease [162]. Most of these patients have received high 
daily doses and develop a phospholipidosis in hepatic 
lysosomes, presumably due to the prolonged drug half‐
life and lipophilicity (Fig. 24.6) [163]. Resolution of liver 
injury can be slow after drug discontinuation.

Beta‐blockers
An uncommon, under‐recognized side‐effect of 
labetalol, a selective α1‐ and β‐adrenergic receptor, is 
acute hepatitis, which may be severe in some patients 
[164]. Hepatotoxicity with other selective and non‐
selective beta‐blockers is very uncommon [165].

Calcium channel blockers
Nifedipine, verapamil, and diltiazem are generally well 
tolerated, but cases of rapid‐onset liver injury with 
immunoallergic features have been reported [166–168].

Hydralazine
Liver injury with this vasodilatory agent includes hepati-
tis, intrahepatic cholestasis, centrilobular necrosis, and 

granulomatous hepatitis [169,170]. Markedly elevated 
serum aminotransferase levels with increased alkaline 
phosphatase levels and jaundice may develop within 6 
months of starting therapy. Some patients may have 
increases in anticytochrome P450 antibodies. Although 
most patients improve with drug cessation, fatal hepato-
toxicity has been reported [171].

Central nervous system drugs

Anticonvulsants
The frequent use of these drugs in combination 
makes  causality assessment particularly challenging. 
Carbamezapine causes mild increases in serum γ‐gluta-
myl transpeptidase (γ‐GTP), alkaline phosphatase and 
AST levels in up to 60, 15, and 22% of users, respectively, 
through microsomal enzyme induction [172]. Clinically 
significant liver injury, often associated with hypersensi-
tivity features and less frequently with myelotoxicity, 
develops in 16 per 100 000 patient years [173]. Right 
upper quadrant pain resembling cholangitis sometimes 
occurs and many have granulomatous hepatitis on biopsy 
(Fig.  24.7) [174]. Time to liver disease onset is 1–16 
weeks without an obvious relationship to dose or serum 
level. Most patients improve with drug cessation and re‐
challenge is frequently positive [175].

Phenytoin is an aromatic anticonvulsant that fre-
quently causes asymptomatic increases in γ‐GTP and 
alkaline phosphatase levels and, less commonly,  clinically 
significant liver injury [176]. Hepatic injury frequently 
accompanies the hypersensitivity reaction to phenytoin. 
Up to 60% of patients may have splenomegaly or 

Fig. 24.6 Amiodarone hepatotoxicity: electron microscopy of the 
liver showing lysosomal lamellar bodies containing myelin figures 
(arrows).
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 lymphadenopathy, which can mimic infectious mononu-
cleosis [177]. In contrast to carbamazepine hepatitis, 
phenytoin liver injury occurs predominantly in adults 
and may be fatal [178].

Valproic acid is an anticonvulsant increasingly used in 
patients with bipolar disorder and migraine headaches. 
Clinical manifestations of hepatotoxicity may include 
hyperammonaemia and lactic acidosis in infants and 
children and also severe hepatic necrosis and microve-
sicular steatosis [179]. Most liver injury occurs within 6 
months of starting the drug, beginning with symptoms 
of lethargy and nausea and vomiting [180]. Retrospective 
studies indicate that patients under 2 years of age, those 
receiving multiple anticonvulsants, and children with 
underlying developmental disorders and inborn errors of 
metabolism may be at increased risk. The latter observa-
tion suggests that potential inhibition of mitochondrial 
β‐oxidation may explain the apparent improvement with 
l‐carnitine therapy.

Lamotrigine is a broad‐spectrum anticonvulsant asso-
ciated with hypersensitivity skin rashes in 3–10% of 
treated patients, many of whom have mild liver bio-
chemical abnormalities [181]. Additionally, some may 
develop acute liver failure [182].

Antidepressants
Many psychoactive drugs are lipophilic, requiring 
hepatic metabolism. It is therefore not surprising that 
many of them can cause hepatotoxicity. Tricyclic antide-
pressants can induce cholestatic liver injury and even 
prolonged cholestasis, as seen with amitriptyline or 
imipramine or, less frequently, hepatocellular injury 
[183,184]. Serotonin reuptake inhibitors are inhibitors of 
CYP isoenzymes and may lead to drug interactions. In 
addition, fluoxetine has been associated with hepatitis 
[185]. Paroxetine has also been implicated in both acute 
and chronic hepatitis, and liver injury due to sertraline 

and venlaflaxine have been reported [186–188]. 
Duloxetine, which is a selective serotonin and norepi-
nephrine reuptake inhibitor, can cause severe acute 
hepatotoxicity with high serum aminotransferase levels 
leading to jaundice [189].

The monoamine oxidase inhibitors phenelzine and 
trancypromine can also cause hepatotoxicity [190]. 
Nefazodone, which has mixed mechanisms of action, 
has caused subfulminant liver failure in multiple 
patients, prompting a label change and black‐box warn-
ing [191,192]. Trazodone appears to be less hepatotoxic 
but cases of jaundice and chronic hepatitis have been 
reported [193]. Finally, bupropion has been associated 
with hepatitis and an autoimmune‐like hepatitis 
[194,195].

Hypolipidaemics

Fibrates
Administration of these drugs to animals is associated 
with hepatomegaly, peroxisome proliferation, and 
tumours [196]. Mild aminotransferase elevations have 
been reported in humans, but serial liver biopsies have 
failed to demonstrate significant changes in subcellular 
organelles and peroxisomes compared with untreated 
controls [197,198]. However, cases of hepatitis associ-
ated with fenofibrate have been reported [199].

Niacin
Niacin is well known to cause dose‐dependent hepato-
toxicity, particularly with doses exceeding 3 g per day. 
Severe hepatotoxicity and acute liver failure have 
been  reported with the sustained‐release formulation 
[200,201].

Statins
The HMG‐CoA reductase inhibitors or statins are 
among the most commonly prescribed medications 
worldwide, with over 140 million prescriptions each year 
in the USA alone. Up to 3% of patients receiving a statin 
will develop mild serum AST or ALT elevations 
(<3 × upper limit of normal), but most of these elevations 
are asymptomatic and resolve even with continued treat-
ment [202,203]. As a result, the FDA has rescinded the 
recommendation to monitor liver biochemistries after 
starting a statin, but it does advise physicians and patients 
to monitor for symptoms of dose‐dependent myalgias, 
which develop in 10–15% of treated patients. Despite 
their widespread use, statins have rarely been associated 
with clinically apparent DILI. A systematic review of the 
literature in 2009 identified only 40 cases of bona fide 
statin hepatotoxicity [204]. Among 1188 cases of DILI 
seen over an 8‐year period, only 22 cases in DILIN were 
attributed to a statin and the most frequently implicated 

Fig. 24.7 Carbamazepine granulomatous hepatitis.
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statins were atorvastatin, simvastatin, and rosuvastatin, 
which correlated with their overall frequency of use 
[205]. The median age of the patients was 60, 68% were 
female, and the median latency from drug initiation to 
DILI onset was 155 days, but varied from 34 days to 10 
years. Nine of the patients presented with cholestatic 
hepatitis and six had an autoimmune phenotype with 
detectable autoantibodies; the latter were more likely to 
develop chronic liver injury. Nine of the patients required 
hospitalization, four developed ALF, and one died. It is 
unclear if there is cross‐reactivity between the statins in 
terms of DILI susceptibility. These data demonstrate that 
DILI from statins is uncommon but can present with a 
variable biochemical profile, highly variable latency, and 
autoimmune features in some patients.

Herbal and dietary supplement (HDS) 
products

Nearly 50% of Western patients consume an over‐the‐
counter herbal or dietary supplement for a myriad of 
anticipated but unproven health benefits. Although die-
tary supplements are perceived to be safe owing to their 
inclusion of botanical and natural ingredients, there cur-
rently is no requirement by the FDA for manufacturers to 
establish efficacy or safety. Furthermore, the FDA and 
other regulatory bodies can take action against a manu-
facturer only if there is proven adulteration or injury 
attributable to a particular product. However, recent case 
series of severe, life‐threatening hepatotoxicity from vari-
ous products, including green tea extract and OxyElite 
Pro, have underscored the potential for severe ADR with 
some HDS products in the marketplace [206,207].

Among 709 cases of bona fide hepatotoxicity enrolled 
in the DILIN study, 130 (15.5%) were attributed to vari-
ous HDS products [22]. In this cohort, 45 had injury 
attributed to bodybuilding products such as anabolic 

steroids and 85 were due to a variety of products used for 
energy enhancement, weight loss and other touted ben-
efits. Interestingly, the patients with injury from anabolic 
steroids were all male, with a median age of 31 years. The 
median bilirubin level at injury onset was 9.8 and 71% of 
them required hospitalization. During follow‐up, all of 
the patients recovered, although the median time to 
jaundice resolution was 91 days. In contrast, the median 
age of the non‐bodybuilding group was 47 years, 65% 
were female, and 68% were hospitalized. At presentation, 
78% had an acute hepatocellular liver injury profile and 
during follow‐up 13% required liver transplantation and 
4% died of liver failure. Therefore, it is apparent that the 
clinical presentation and outcomes of patients with 
hepatotoxicity from HDS products varies substantially 
(Table 24.8).

Establishing a diagnosis of DILI in patients taking HDS 
products is particularly challenging, since many of the 
products contain multiple ingredients and patients fre-
quently take more than one product at a time (Table 24.9). 
Furthermore, the specific ingredient responsible for liver 
injury in most cases of HDS hepatoxicity is unknown. 
Many have suspected that 17‐alkyl‐substituted steroids 
may be responsible for the bland cholestasis seen with 
bodybuilding products, but confirmatory evidence is 
lacking [208]. An outbreak of hepatotoxicity associated 
with the energy‐enhancing/weight‐loss product OxyElite 
Pro in mid‐ to late‐2013 was associated with over 60 
cases of largely acute hepatocellular liver injury in previ-
ously healthy individuals [209]. A careful epidemiologi-
cal study by the Centers for Disease Control and 
Prevention (CDC) demonstrated a clear temporal asso-
ciation with use of the Super Thermo formulation of 
OxyElite Pro that contained a new ingredient termed 
Aegeline. However, an analysis of the product ingredi-
ents failed to identify the presence of any unexpected 
catechins or hepatotoxic ingredients.

Table 24.8 Clinical features of recent reports of patients with hepatotoxicity from herbal 
and dietary supplement (HDS) products

Group

Bodybuilding 
supplements
(n = 45)

Non‐bodybuilding 
supplements
(n = 85)

OxyElite Pro
(n = 7)

Median age (years) 31 47 36
Female (%) 0 65 86
Hospitalized (%) 71 68 86
Laboratory tests at presentation:

Hepatocellular (%) 42 71 100
Mixed/cholestatic (%) 30/28 17/13 0/0

Died or transplanted (%) 0 17 43

Source: Adapted from Navarro et al. 2014 [22] and Heidemann et al. 2016 [207].
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 Introduction

Matthew Baillie recognized the association of alcohol 
with liver cirrhosis in 1793. National alcohol consump-
tion correlates closely with deaths from cirrhosis and, in 

recent decades, cirrhosis mortality has risen dramati-
cally in the UK [1], where alcohol‐related liver disease 
is now the fourth commonest cause of death in the 
under‐65s. In the USA, alcoholic liver disease contrib-
utes to 25% of cases of cirrhosis, but up to 50% of hospi-
tal admissions with cirrhosis [2].

The pathogenesis of alcohol‐induced liver injury is still 
not well worked out, but is no doubt linked, at least 
partly, to ethanol metabolism. It has never been under-
stood, however, why some individuals can drink heavily 
for many years and not develop significant liver injury. 
Linked to this, and equally unclear, is why some people 
develop liver disease whereas others may develop pan-
creatitis or neurological injury. Further understanding of 
the mechanisms should lead to better treatments and 
preventive strategies.

This chapter focuses first on ethanol metabolism and 
the proposed mechanisms of liver injury. This is followed 
by the common modes of presentation with alcohol‐
induced liver injury and the investigations required. 
Finally, current best treatment of both alcohol depend-
ence and the liver disease, including transplantation, is 
discussed.

 Alcohol metabolism

Absorption and distribution

Alcohol is absorbed from the gastrointestinal tract by 
simple diffusion and peak blood alcohol concentrations 
are reached after 20 min. Most of the absorption occurs 
in the duodenum and upper jejunum. Absorption is less 
and delayed following a meal; it increases in proportion 
to the alcohol concentration of the drink consumed 
(Fig. 25.1).
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LEARNING POINTS

 ● Alcohol is the commonest cause of cirrhosis in the 
Western world.

 ● 80% of heavy drinkers do not develop advanced liver 
disease and the explanation for this is not understood. 
Hepatic disease when it occurs may be fatty liver, alco-
holic hepatitis, cirrhosis, or hepatocellular carcinoma.

 ● Abstinence remains the cornerstone of treatment. 
Patients with severe alcoholic hepatitis may be offered 
corticosteroids, but the benefit is marginal. Improvements 
in the supportive management of sepsis, bleeding, and 
hepatorenal syndrome in patients with alcoholic hepati-
tis have resulted in a significant reduction in mortality 
over the last 30 years.

 ● Patients with at least 3 months of abstinence who still 
have decompensated liver disease are unlikely to 
improve further and should be considered for liver 
transplantation assessment. However, only in excep-
tional circumstances will most liver transplant units list 
patients for transplantation who have been abstinent 
for less than 6 months.

 ● Trials of early transplantation in highly selected 
patients with alcohol‐induced hepatitis with a very 
poor prognosis have shown promise in terms of both 
survival and long‐term abstinence, but this approach 
is controversial.

 ● All patients with alcohol‐induced liver disease require 
support to maintain long‐term abstinence.
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Alcohol distribution is dependent on blood flow, with 
vascular organs such as the brain rapidly equilibrating 
with plasma levels. Alcohol is poorly soluble in lipids, 
possibly explaining the higher plasma concentrations 
found in females compared with males who have con-
sumed the same amount of ethanol.

Alcohol cannot be stored and obligatory oxidation 
must take place, predominantly in the liver. The healthy 
individual cannot metabolize more than 160–180 g/day. 

Alcohol induces enzymes used in its catabolism, and the 
hazardous drinker, at least while the liver is relatively 
unaffected, can metabolize more.

Alcohol to acetaldehyde

Between 80 and 85% of ethanol oxidation is by initial 
conversion to acetaldehyde catabolized by alcohol dehy-
drogenase (ADH) (Fig.  25.2). This takes place in the 
cytosol. The resulting increase in the NADH/NAD ratio, 
which is further increased by acetaldehyde oxidation, is 
partly responsible for the metabolic imbalances that 
occur following alcohol ingestion and has been consid-
ered to play a major role in the initial pathogenesis of 
alcohol‐induced fatty liver.

Most of the remaining ethanol is metabolized by the 
microsomal ethanol‐oxidizing system (MEOS) path-
way, an accessory pathway that principally involves a 
specific alcohol‐inducible form of cytochrome P450, 
designated CYP2E1 [3]. The induction of CYP2E1 in 
hazardous drinkers may explain their increased sus-
ceptibility to hepatotoxicity by other drugs that are 
converted to toxic metabolites by this enzyme system. 
An important example of this phenomenon is the 
increased susceptibility to the toxic effects of paraceta-
mol (acetaminophen), where severe liver damage has 
been reported in dependent drinkers taking therapeu-
tic doses [4].
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Acetaldehyde to acetate

Most of the acetaldehyde formed from ethanol oxidation 
is further oxidized in the liver to acetate by aldehyde 
dehydrogenases (ALDHs). Acetate may be oxidized to 
carbon dioxide and water, or converted by the citric acid 
cycle into other compounds, including fatty acids. The 
inactive form of ALDH (ALDH2*2) is present in about 
50% of Orientals. The accumulation of acetaldehyde may 
account for the flushing seen with alcohol consumption 
in homozygotes.

 Pathogenesis

Rodents given alcohol develop only a fatty liver. They 
cannot match the consumption achieved by humans, 
who may consume 50% of their total calorie intake as 
alcohol. This level can, however, be achieved in the 
baboon, which develops cirrhosis after 2–5 years of high 
alcohol consumption. Evidence for a direct hepatotoxic 
effect of alcohol, as opposed to an indirect effect related 
to the associated nutritional changes, comes from  studies 
in human volunteers who, after 300–600 mL (10–20 oz) 
of 86% US proof alcohol (43% alcohol by volume) daily 
for 8–10 days, developed fatty change and electron 
microscopic abnormalities on liver biopsy [5].

Some of the pathways through which alcohol may 
cause liver injury are described below. Unfortunately, 
progress in the understanding of the mechanisms 
involved has not, to date, led to a significant improve-
ment in the therapy of alcoholic liver disease.

Pathogenesis of steatosis

The accumulation of triglycerides within the liver is an 
early and reversible effect of alcohol consumption. 

Alcohol increases peripheral lipolysis and the altered 
liver redox potential increases fatty acid synthesis. This 
increase in substrate supply (glycerol and free fatty acids) 
enhances the rate of esterification, resulting in triacylg-
lycerol (TAG) accumulation. This is compounded by the 
alcohol‐induced inhibition of the enzyme that controls 
TAG export from the liver, microsomal triglyceride 
transfer protein (MTP) [6] (Fig. 25.3).

Oxidative stress and lipid peroxidation

In alcohol‐related liver disease (ALD), the generation of 
pro‐oxidants overwhelms the endogenous antioxidant 
systems, resulting in lipid peroxidation. These pro‐
oxidants can come directly from ethanol metabolism or 
from activated phagocytes. Liver injury is compounded 
by the depletion of endogenous cellular, particularly 
mitochondrial, antioxidants in hazardous drinkers.

Acetaldehyde

Acetaldehyde is generated by both ADH and the MEOS 
systems and may account for many of the features of 
acute alcoholic hepatitis (Table  25.1). Acetaldehyde is 
extremely reactive and toxic; it binds to phospholipids, 
amino acid residues, and sulphydryl groups. It can pro-
duce altered surface antigens and depolymerize proteins, 
altering their folding. When abnormally folded or 
unfolded proteins build up in the endoplasmic reticulum 
(ER), this results in a phenomenon known as ‘ER stress’ 
[7]. ER stress induces further lipid synthesis, antioxidant 
depletion, and ultimately apoptosis.

Endotoxin and cytokines

A complex relationship exists between endotoxin, 
Kupffer cell activation, and the release of cytokines and 
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Fig. 25.3 The multiple mechanisms through 
which ethanol metabolism can lead to fatty liver. 
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chemokines. Endotoxin is increased in the blood of haz-
ardous drinkers [8]. This is related to increased intesti-
nal bacterial flora, increased gut permeability, and 
reduced endotoxin scavenging by the reticuloendothe-
lial system (Fig. 25.4). Endotoxin results in the release of 
cytokines and reactive oxygen species from Kupffer 
cells. In alcoholic hepatitis, tumour necrosis factor‐α 
(TNF‐α) and interleukin‐8 (IL‐8) production are 
 particularly increased [9,10].

The biological effects of certain cytokines resemble 
the clinical and histological manifestations of ALD. 
TNF‐α can induce steatosis, the production of reactive 
oxygen species (ROS), and hepatocyte apoptosis. IL‐8 
is  involved in the recruitment and activation of 
neutrophils.

Immunological liver damage

Protein adducts, formed from ethanol metabolites and 
host proteins, can act as neoantigens to incite humoral 
B‐cell and cytotoxic T‐cell lymphocyte responses in 
ALD. Antibodies can be shown against acetaldehyde 
protein adduct‐derived epitopes [11] and hydroxyethyl 
radical–CYP2E1 adducts [12]. Antibodies can also be 
seen to native CYP2E1, suggesting that autoimmune 
mechanisms may play a role in alcohol‐related liver 
 disease [13]. The true importance of immunological 
mechanisms is not clear as they may represent an 
 epiphenomenon whereby immune responses are generated 
to proteins released from hepatocytes damaged through 
other mechanisms.

Alcohol and fibrosis

Kupffer cells and hepatocytes can promote the prolifera-
tion and activation of stellate cells in ALD. Kupffer cells 
induce collagen synthesis through the production of 
transforming growth factor‐β (TGF‐β), TNF‐α, and ROS. 
Hepatocytes induce fibrosis through the production of 
ROS or through apoptosis. TGF‐β is produced when 
apoptotic hepatocytes are phagocytosed, and this in turn 
can activate stellate cells [14].

Alcohol and cancer

Alcohol consumption is associated with hepatocellular 
carcinoma and several extrahepatic cancers. These 
include oropharyngeal, laryngeal, oesophageal, colon, 
and breast cancer. The mechanisms are likely to be 
related to lipid peroxidation and DNA mutagenesis, 
reduced DNA methylation, and immunosuppression.

 Susceptibility

Environmental factors

Dose of alcohol
The average intake of alcohol in a large group of male‐
dependent cirrhotic patients was 160 g/day for 8 years. 
The risk of developing ALD begins at 30 g/day of etha-
nol [15], but for most individuals the dose that confers a 
significant risk is greater than 80 g of alcohol daily. The 
duration of consumption is also important. In one study, 
neither cirrhosis nor alcoholic hepatitis were seen in 
patients who consumed an average of 160 g of ethanol 
per day for less than 5 years, whereas 50% of patients 
consuming high levels of alcohol for an average of 21 
years developed cirrhosis [16]. Liver injury appears to 
be largely unrelated to the type of beverage, but there is 
some evidence that wine drinking may be associated 
with a lower risk of developing cirrhosis [17]. Continued 
daily imbibing is more dangerous than intermittent 
 consumption when the liver is given the opportunity to 
recover; it is therefore recommended that individuals 
should have at least two alcohol‐free days per week.

ALD and dependence do not necessarily go together. 
Those who develop alcohol‐related liver damage are 
often not dependent on alcohol. Most dependent patients 
have normal liver function [18].

Diet
Cirrhosis mortality has been linked with diets high in 
pork (high in linoleic acid) and unsaturated fats [19] and 
low in carbohydrate [20]. Obesity and associated hyper-
glycaemia increase the incidence of all stages of ALD in 
heavy drinkers [21,22].

Table 25.1 Possible hepatotoxic effects of acetaldehyde

Induction of steatosis through altering the redox potential
Increasing sensitization to TNF‐α‐mediated hepatocyte necrosis
Binding to host proteins:

Affecting folding and inducing endoplasmic reticular stress
Affecting function (e.g. microtubules)
Forming neoantigens

Endotoxaemia

ActivatedMonocytes
Macrophages

TNF-α
IL1
IL6

Gut permeability RE function

Fig. 25.4 Alcohol, endotoxinaemia, and cytokine production. RE, 
reticuloendothelial; TNF, tumour necrosis factor; IL, interleukin.
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Genetic factors

Gender
Hazardous drinking is increasing among women owing 
to a decline in the social stigma and the increased avail-
ability of alcohol. Alcohol use disorders and alcohol‐
related harms are now as common in women as they are 
in men. Historically, women are less likely to be sus-
pected of alcohol abuse; they present at a later stage, are 
more susceptible to liver injury, and are more likely to 
relapse after treatment [23]. This may be related to the 
reduced volume of distribution of alcohol, or the fact 
that, in animal models at least, oestrogen increases gut 
permeability to endotoxin [24]. Women are more likely 
to progress from alcoholic hepatitis to cirrhosis even if 
they abstain [25].

Non‐gender‐linked genetic factors
Patterns of alcohol drinking are, at least partially, inher-
ited, but no specific genetic variants have been reproduc-
ibly associated with susceptibility in large studies. 
Susceptibility to liver disease also has an inherited compo-
nent. Concordance rates for alcohol‐related cirrhosis are 
three times higher in monozygotic than in dizygotic twin 
pairs [26]. Alcohol‐related liver damage is a  polygenic dis-
order so multiple polymorphisms are likely to contribute. 
They are likely to be in genes controlling fat accumulation, 
oxidative stress, endotoxin‐mediated release of proin-
flammatory cytokines, and immunological damage [27].

One association that has been confirmed is that 
between the variant rs738409 in patatin‐like phospholi-
pase domain‐containing 3 (PNPLA3) and the risk of 
developing alcohol‐related cirrhosis and hepatocellular 
carcinoma (HCC) [28]. In addition, individuals with this 
variant in PNPLA3 who drink excess alcohol appear to 
be at a greater risk of developing severe alcoholic hepati-
tis [29]. Long term survival of such individuals with this 
variant is reduced even if they abstain [29]. Interestingly, 
this polymorphism is also associated with the risk of 
developing non‐alcoholic fatty liver disease (NAFLD). 
The mechanism through which this polymorphism leads 
to more severe or advanced disease has not been eluci-
dated, although animal models suggest that it is through 
lipid accumulation.

 Histological features

Fatty liver

Fat (steatosis) accumulates predominantly in zones 3 and 
2, although in more severely affected people the fatty 
change is diffuse. Typically the fat is in a macrovesicular 
(large droplet) form, although it can also be in a microve-
sicular (small droplet) form.

Large fat droplets appear in hepatocytes within days of 
excess alcohol ingestion. Microvesicular fat probably 
reflects the presence of mitochondrial injury and result-
ing inhibition of fatty acid oxidation. In support, hepatic 
mitochondrial DNA deletion has been reported in 
patients with alcohol‐related fatty liver. Fatty change can 
be quantified according to the proportion of hepatocytes 
that contain fat.

Alcoholic hepatitis

The full histological picture of a florid, acute alcoholic 
hepatitis is relatively rare. Typical features include some 
or all of the following.

Ballooning degeneration. Hepatocytes are swollen 
with granular cytoplasm often dispersed into fine 
strands. The nucleus is small and hyperchromatic. 
The ballooning is due to retention of water and to fail-
ure of the microtubular excretion of  protein from the 
hepatocyte.

Acidophilic bodies. These represent hepatocyte 
apoptosis.

Mallory–Denk bodies. These are seen on haematoxylin 
and eosin‐stained  sections as purplish red intracytoplas-
mic inclusions. They may be more obvious with Masson’s 
trichrome or  chromophobe aniline blue stains. They 
consist of clumped organelles  –  largely intermediate 
 filaments – and may target the hepatocyte for destruction. 
The Mallory‐ containing cell is surrounded by a satellite of 
polymorphs (Fig. 25.5, Fig. 25.6).

Giant mitochondria. These form globular intracytoplasmic 
inclusions seen by light microscopy using a Masson’s 
 trichrome stain.

Fibrosis. Collagen deposition is usually maximal in 
zone 3. The fibres are perisinusoidal and enclose nor-
mal or  ballooned hepatocytes. The pericellular fibro-
sis is like lattice or chicken wire and has been termed 
‘creeping collagenosis’ (Fig. 25.7) [30]. Collagenization 
of the space of Disse is shown by electron microscopy 
(Fig.  25.8) and is associated with a reduction in the 
porosity of the sinusoidal lining [31]. These changes 
interfere with the exchange of substances between 
plasma and the hepatocyte cell membrane and con-
tribute to portal hypertension. Associated lesions in 
 terminal and sublobular veins include lymphocytic 
phlebitis, gradual obliteration, and eventual veno‐
occlusion [32].
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Fig. 25.5 Acute alcoholic hepatitis with 
ballooning degeneration, Mallory–Denk bodies 
and satellitosis (neutrophil polymorph infiltrate 
around hepatocytes). (H & E, ×120.) Courtesy of 
A. D. Burt.

Fig. 25.6 Acute alcoholic hepatitis. Hepatocytes 
are ballooned and contain micro‐ and 
macrovesicular fat and clumps of purplish red 
Mallory’s alcoholic hyaline. (Chromophobe 
aniline blue, ×100.)

Fig. 25.7 Advanced zone 3 collagenosis with fatty 
change. A thickened hepatic vein can be seen 
bottom right. (Chromophobe aniline blue, ×100.)
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Portal zone. Changes in the portal zone are incon-
spicuous and mild chronic inflammation is seen only 
in the advanced case. Zone 1 fibrosis, if present, is not 
now thought to be due to previous pancreatitis 
(Fig. 25.9) [33].

Cholestasis. Cholestasis in bile canaliculi is a feature of 
all types of alcohol‐related liver disease. It is strongly 
associated with decreased survival.

These histological patterns form a spectrum from 
minimal hepatitis to an advanced, probably irreversible, 
picture, where necrosis is more extensive and fibrosis is 
prominent. Alcohol‐related hepatitis is a precursor of 
cirrhosis and in the majority of cases is superimposed on 
established cirrhosis.

An alcoholic hepatitis histology score (AHHS) has 
been proposed to aid the diagnosis and classification of 
patients with alcoholic hepatitis (Table 25.2). Although 
standardization of histological features will be useful, the 
AHHS has not been shown to be superior in predicting 
outcome to any of the clinical‐ and laboratory‐based 
scores in use [34].

Cirrhosis

Classical alcohol‐related cirrhosis is micronodular 
(Fig. 25.10). No normal zonal architecture can be identi-
fied, and zone 3 venules are difficult to find. The forma-
tion of nodules is often slow because of an inhibitory 
effect of alcohol on hepatic regeneration. The amount of 
fat is variable and acute alcoholic hepatitis may coexist. 
With continuing necrosis and replacement by fibrosis, 
the cirrhosis may progress from a micro‐ to a macronod-
ular pattern, and this is usually accompanied by a reduc-
tion in steatosis. When this end‐stage picture is reached, 
the alcohol aetiology may difficult to confirm on histo-
logical grounds. Cirrhosis may follow pericellular fibro-
sis without apparent hepatic necrosis and inflammation.

Fig. 25.8 Electron micrograph of liver in a patient with alcoholic 
liver disease. Note the deposition of collagen fibrils in the space of 
Disse space (arrowed). This could interfere with oxygen and 
metabolite exchange between blood and hepatocytes.

Fig. 25.9 Portal fibrosis in alcoholic liver disease. (Gordon and 
Sweet’s reticulin.) Courtesy of A. D. Burt.

Table 25.2 Alcoholic hepatitis histology score (AHHS) (poor 
prognosis if score >5)

Points

Stage of fibrosis
No fibrosis or portal fibrosis 0
Expansive fibrosis 0
Bridging fibrosis or cirrhosis +3
Bilirubinostasis
No 0
Hepatocellular only 0
Canalicular or ductular +1
Canalicular or ductular plus hepatocellular +2
PMN infiltration
No/mild +2
Severe 0
Megamitochondria
No megamitochondria +2
Megamitochondria 0

Source: Altamirano et al. 2014 [34].
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 Clinical features

History, examination, and early recognition

Early recognition depends on a high index of suspicion. If 
hazardous drinking is suspected, the AUDIT question-
naire should ideally be used (Table 25.3). In practice, abbre-
viated versions of the AUDIT can prove helpful as rapid 
screening tests (FAST, AUDIT‐C). Patients may present 
with non‐specific digestive symptoms such as anorexia, 
nausea, diarrhoea, vague right upper abdominal pain, and 
tenderness or pyrexia. The patient may seek medical advice 
because of the broader effects of alcohol dependence such 
as social disruption, poor work performance, accidents, 
violent behaviour, fits, tremulousness, or depression. The 
diagnosis may be considered when hepatomegaly, a raised 
serum transaminase or γ‐glutamyl transpeptidase (γ‐GT) 
level, or macrocytosis are discovered at a routine examina-
tion, for instance at a life insurance check‐up or during 
investigation of another condition. Physical signs may be 
non‐contributory, although tender hepatomegaly, promi-
nent vascular spiders, and other associated features of 
chronic liver disease may be helpful. The clinical features 
do not reflect the hepatic histology and biochemical tests 
of liver function may be normal.

Laboratory investigations

Biochemical tests
Serum transaminase levels rarely exceed 300 IU/L. 
The  aspartate aminotransferase (AST; serum glutamic 
oxaloacetic transaminase) level is usually higher than that of 
alanine aminotransferase (ALT; serum glutamic pyruvate 
transaminase), with the AST : ALT ratio usually exceeding 

2 : 1. Serum γ‐GT is a widely used screening test for hazard-
ous drinking. The rise results mainly from enzyme induc-
tion, although hepatocellular damage and cholestasis may 
contribute. There are many false positives due to other 
 factors, including enzyme‐inducing drugs and other dis-
eases including non‐alcoholic fatty liver disease.

Serum carbohydrate‐deficient (desialylated) transfer-
rin levels may be a useful marker of excessive alcohol 
intake irrespective of liver disease, but this test is not 
generally available [35].

Serum alkaline phosphatase may be markedly 
increased (greater than four times normal) especially in 
those with severe cholestasis and alcohol‐related hepati-
tis. Serum IgA values may be very high.

Blood and urinary alcohol levels can be used in the 
clinic to refute the individual with suspected ALD who 
denies imbibing. Non‐specific abnormalities found in 
hazardous drinkers include elevations in uric acid, 
 lactate, and  triglyceride and reductions in glucose and 
magnesium. Hypophosphataemia is related to a renal 
tubular defect, independent of liver function impairment 
[36]. Hypophosphataemia can also be a result of the  re‐
feeding syndrome. Low serum triiodothyronine (T3) 
 levels presumably reflect decreased hepatic conversion 
of  thyroxine to T3 as levels correlate inversely with the 
severity of liver disease.

Even sensitive biochemical methods may fail to reveal 
alcohol‐related liver damage and liver biopsy or transient 
elastography may be necessary in cases of doubt.

Haematological changes
Macrocytosis is presumed to be due to a direct effect 
of  alcohol on bone marrow. Deficiencies of folate 
and   vitamin B12 can contribute in the malnourished. 

Fig. 25.10 End‐stage cirrhotic alcoholic liver 
disease. Established micronodular cirrhosis with 
areas of parenchymal extinction. (H & E, ×120.) 
Courtesy of A. D. Burt.
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Table 25.3 Alcohol use disorders identification test (AUDIT) questionnaire

Please circle the answer that is correct for you

1) How often do you have a drink containing alcohol?
 ● Never
 ● Monthly or less
 ● 2–4 times a month
 ● 2–3 times a week
 ● 4 or more times a week

2)  How many standard drinks containing alcohol do you have 
on a typical day when drinking?

 ● 1 or 2
 ● 3 or 4
 ● 5 or 6
 ● 7 to 9
 ● 10 or more

3)  How often do you have six or more drinks on one occasion?
 ● Never
 ● Less than monthly
 ● Monthly
 ● Weekly
 ● Daily or almost daily

4)  During the past year, how often have you found that you 
were not able to stop drinking once you had started?

 ● Never
 ● Less than monthly
 ● Monthly
 ● Weekly
 ● Daily or almost daily

5)  During the past year, how often have you failed to do what 
was normally expected of you because of drinking?

 ● Never
 ● Less than monthly
 ● Monthly
 ● Weekly
 ● Daily or almost daily 

6)  During the past year, how often have you needed a drink in the 
morning to get yourself going after a heavy drinking session?

 ● Never
 ● Less than monthly
 ● Monthly
 ● Weekly
 ● Daily or almost daily

7)    During the past year, how often have you had a feeling of 
guilt or remorse after drinking?

 ● Never
 ● Less than monthly
 ● Monthly
 ● Weekly
 ● Daily or almost daily

8)  During the past year, have you been unable to remember 
what happened the night before because you had  
been drinking?

 ● Never
 ● Less than monthly
 ● Monthly
 ● Weekly
 ● Daily or almost daily

9)  Have you or someone else been injured as a result of your 
drinking?

 ● No
 ● Yes, but not in the past year
 ● Yes, during the past year

10)  Has a relative or friend, doctor, or other health worker 
been concerned about your drinking or suggested you 
cut down?
 ● No
 ● Yes, but not in the past year
 ● Yes, during the past year

Scoring the audit
Scores for each question range from 0 to 4, with the first 
response for each question (e.g. never) scoring 0, the 
second (e.g. less than monthly) scoring 1, the third (e.g. 
monthly) scoring 2, the fourth (e.g. weekly) scoring 3, and 
the last response (e.g. daily or almost daily) scoring 4. For 
questions 9 and 10, which only have three responses, the 
scoring is 0, 2 and 4
A score of 8 or more is associated with harmful or 
hazardous drinking; a score of 13 or more in women and 
15 or more in men is likely to indicate alcohol 
dependence

Source: Saunders JB et al. Development of the alcohol use disorders identification test (AUDIT): WHO collaborative project on early detection of 
persons with harmful alcohol consumption II. Addiction 1993; 88: 791–803. Reproduced with permission of John Wiley & Sons.
Abbreviated versions of AUDIT:
AUDIT‐C: uses the first three questions of the full AUDIT questionnaire. A score of 5 or more suggests a higher risk drinking.
FAST: uses questions 3, 5, 8, and 10 of the full AUDIT questionnaire. No further questions required if the response to question 3 is negative. 
A score of 3 or more suggests a higher risk drinking
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The combination of raised mean cell volume and serum 
γ‐GT will identify 90% of alcohol‐dependent patients.

Imaging

Ultrasound may not detect mild steatohepatitis or early 
fibrosis. Even cirrhosis may be missed on ultrasound. 
Advanced disease can be seen if the liver is shrunken 
with an irregular edge or if there is portal hypertension 
with ascites and splenomegaly.

Computed tomography (CT) and magnetic resonance 
imaging (MRI) scanning are very useful in demonstrat-
ing fatty liver, an irregular liver surface, splenomegaly, 
portal collateral circulation, ascites, and pancreatitis.

Liver stiffness measurement using transient elastogra-
phy is increasingly used to stage alcoholic liver disease 
and has been recommended as a screening test in the UK 
for those at risk [37]. The stiffness may be increased, 
however, by active alcohol consumption and the pres-
ence of alcoholic steatohepatitis, so giving a false‐posi-
tive indication of advanced fibrosis.

Liver biopsy

The diagnosis of alcohol‐related liver injury can usually 
be made from the clinical history and the pattern of 
blood tests after excluding other causes of liver injury 
(Table  25.4). Accurate staging of the liver disease may 
require liver biopsy. This is important from a prognostic 
point of view, with fatty change less likely to progress to 
cirrhosis than alcoholic hepatitis or perivenular fibrosis 
[38]. A diagnosis of cirrhosis, whether by biopsy, non‐
invasive, or clinical criteria should trigger consideration 
of hepatocellular carcinoma and varices surveillance.

 Clinical syndromes

Fatty liver

Patients with fatty liver alone are usually asymptomatic, 
the diagnosis being made when an enlarged, smooth, 

firm liver is discovered on examination or on ultrasonog-
raphy. Liver function tests may be normal or the transam-
inases and alkaline phosphatase slightly increased. If the 
fatty liver is sufficiently severe to merit admission to hos-
pital, the patient has usually been drinking heavily for 
some time and may be anorexic. Symptoms may include 
nausea and vomiting with periumbilical, epigastric, or 
right upper quadrant pain. Clinically, it can be difficult to 
separate the fatty liver patient from one with mild alco-
holic hepatitis or even well‐compensated cirrhosis.

Acute alcoholic hepatitis

Alcoholic hepatitis has a spectrum of disease severity. 
The mildest cases are difficult to differentiate clinically 
from steatosis. Such cases may be asymptomatic with 
only a history of alcohol misuse and abnormal serum 
enzyme tests and/or macrocytosis. Others may complain 
of fatigue and anorexia.

The clinical syndrome of acute alcoholic hepatitis is 
much more florid in presentation. Often, the patient has 
been drinking particularly heavily and not eating. Severe 
hepatic decompensation may be precipitated by vomit-
ing, diarrhoea, an intercurrent infection, or prolonged 
anorexia. The intake of quite modestly supra‐therapeutic 
or even therapeutic doses of paracetamol may precipi-
tate a severe hepatitis in these patients (Fig.  25.11). In 
this situation, transaminase levels are very high and 
 distinct from alcoholic hepatitis alone [4].

Table 25.4 Liver biopsy in alcohol‐related liver disease

Diagnosis:
Rarely required to exclude other causes
May be required to differentiate alcohol‐related hepatitis 
from decompensated cirrhosis

Prognosis/staging:
Useful to determine if steatosis, steatohepatitis, or cirrhosis in 
cases of uncertainty
Gold standard to confirm or refute cirrhosis

Paracetamol

NAPQI
(toxic)

Cysteine and mercapturic acid conjugates
(non-toxic)

Sulphation
(non-toxic)

Glucuronidation
(non-toxic)

CYP2E1

Induces

Glutathione Depletes

Ethanol

Fig. 25.11 The interaction between ethanol and paracetamol. 
Liver injury occurs when paracetamol is metabolized to the toxic 
intermediate N‐acetyl‐p‐benzoquinonimine (NAPQI) by the 
enzyme cytochrome P4502E1 (CYP2E1). This will usually occur 
only when supra‐therapeutic doses are consumed. Liver injury can 
occur at therapeutic doses when toxicity is enhanced by ethanol 
through two mechanisms: (1) the induction of CYP2E1 (green 
arrow) and (2) the depletion of cytoplasmic and mitochondrial 
glutathione (red arrow) with a resulting increase in susceptibility 
to oxidative stress‐mediated hepatocyte apoptosis and necrosis.
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The diagnosis of probable alcoholic hepatitis can be 
made in patients with less than 8 weeks of jaundice with 
a history of alcohol excess less than 60 days before pres-
entation, in the absence of other causes of liver injury 
or  sepsis. The threshold of jaundice is suggested as 
>50 µmol/L (3 mg/dL), although the STOPAH trial used 
a higher threshold of 80 µmol/L [39]. The AST should be 
>50 IU/L with an AST : ALT ratio >1.5 [40]

Alcoholic hepatitis may be associated with pyrexia 
and anorexia. The patient may experience pain over an 
enlarged, tender liver and an arterial hepatic bruit may 
be heard. Vascular spiders are usual and there may be 
signs of associated liver failure such as ascites, enceph-
alopathy, and a bleeding diathesis. The blood pressure 
is usually low with a hyperdynamic circulation. Signs 
of vitamin deficiencies may be found in the malnour-
ished patient. When present, gastrointestinal haemor-
rhage is frequently from a local gastric or duodenal 
lesion, rather than necessarily related to portal 
hypertension.

Cirrhosis

Established cirrhosis can present without acute alcohol‐
related hepatitis and the picture can resemble any end‐
stage liver disease. Points suggesting alcohol as an 
aetiological agent include the history of alcohol abuse 
(which may be denied), the hepatomegaly, and the extra-
hepatic features of hazardous drinking. Splenomegaly is 
a late feature reflecting the development of portal 
hypertension.

Extrahepatic features

Bilaterally enlarged parotids are common and are analo-
gous to those seen with other types of malnutrition. 
Gynaecomastia often appears after treatment with 
spironolactone therapy. The testes atrophy and sexual 
performance in men declines. There may be muscle 
wasting and falls may be complicated by fractures due to 
alcohol‐induced osteoporosis. Dupuytren contracture of 
the palmar fascia is related to alcohol and not to the 
 cirrhosis [41].

Loss of memory and concentration, insomnia, irrita-
bility, hallucinations, convulsions (‘rum fits’), and tremor 
may be signs of dependence. In acute presentations there 
is a risk of Wernicke’s encephalopathy. These must be 
distinguished from early hepatic encephalopathy.

Hepatorenal syndrome seems particularly common in 
advanced liver disease caused by alcohol. Arrhythmias, 
hypertension, cardiomyopathy, and coronary artery dis-
ease are all associated with alcohol consumption. Cancer 
of the oropharynx, oesophagus, colon, and breast are 
more common in hazardous drinkers.

 Prognosis

In ALD, liver histology is a good indicator of prognosis. 
Zone 3 fibrosis, perivenular sclerosis, and alcohol‐related 
hepatitis are all unfavourable histological features as they 
indicate a risk of progressing to cirrhosis [42]. Histological 
cholestasis is a bad prognostic indicator in alcohol‐
related hepatitis. In one study, 50% of patients with hepa-
titis developed cirrhosis after 10–13 years [38].

‘Pure’ fatty liver on biopsy can, however, also have 
 serious implications. In a study of 86 patients followed 
for 10.5 years, nine developed cirrhosis and another 
seven developed fibrosis. A mixed pattern of steatosis, 
giant mitochondria, and continued hazardous drinking 
predicted these serious developments [43]. While giant 
mitochondria appear to confer increased risk in the long 
term with regard to fibrosis development, they also asso-
ciate with a better short‐term prognosis in the acute 
alcoholic hepatitis setting (see Table 25.2).

Clinical and laboratory features with an independently 
poor prognostic significance are encephalopathy, low 
serum albumin, increased prothrombin time, low hae-
moglobin level, and large oesophageal varices [44]. 
Patients with encephalopathy, persistent jaundice, and 
azotaemia are very liable to develop the hepatorenal 
syndrome.

Patients with acute alcoholic hepatitis often deterio-
rate during the first few days in hospital and 15–20% of 
the most severe cases die within 28 days of hospital 
admission. Those with a markedly prolonged prothrom-
bin time unresponsive to vitamin K and with a high 
serum bilirubin have a particularly bad outlook [45]. 
A  variety of prognostic scores have been proposed for 
 alcoholic hepatitis (Fig. 25.12).

Prothrombin time and bilirubin can be used to deter-
mine a discriminant function (DF) to estimate prognosis 
in alcohol‐related hepatitis. This score can then be used 
to inform treatment decisions and has been used to iden-
tify patients for clinical trials [46,47]. In recent years, 
however, the general management of patients with 
 alcoholic hepatitis has improved, with an associated 
improved survival. As a result, the DF has lost specificity 
to determine those with the worst outcome. This, added 
to the fact that the DF depends upon the absolute value 
of prothrombin time, which can vary between laborato-
ries, has resulted in other prognostic scores being 
assessed.

More recent scores used to assess prognosis include 
the Glasgow Alcoholic Hepatitis Score (GAHS), 
the Model for End‐Stage Liver Disease (MELD), and the 
Age, Bilirubin, INR and Creatinine (ABIC) scores. The 
GAHS uses the international normalized ratio (INR), 
bilirubin, white cell count, urea, and age to determine a 
score that is closely linked to survival and may be a better 
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survival predictor than the discriminant function [48]. 
The MELD score is also effective in determining out-
come, although the threshold for determining a particu-
larly poor outcome or the need for intervention is 
unclear, varying between 18 and 25 in published studies. 
The ABIC score stratifies patients into low‐, intermedi-
ate‐ and high‐risk categories [49]. The DF, GAHS, MELD, 

and ABIC scores are sometimes described as ‘static’ 
scores as they refer to variables obtained at a single time 
point and can be used to identify patients for treatment.

The outlook in alcohol‐related cirrhosis is much better 
than that due to other causes. It depends on the ability of 
the patient to abstain, which in turn is related to family 
support, financial resources, and socioeconomic state. 

‘Static’ Scores
Calculation

Discriminant Function DF = 4.6 (PTPATIENT– PTCONTROL) + serum bilirubin (µmol/L)/17.1

DF ≥ 32: poor prognosis

MELD score MELD = .8 × loge(bilirubin, mg/dL) + 11.2 × loge(INR) + 9.6 × loge(creatinine,
 mg/dL)

Threshold for poor prognosis unclear: 18-25

GAHS Score Given 1 2 3

Age(years) <50 ≥50 –

WCC (109/L) <15 ≥15 –

Urea (mmol/L) <5 ≥5 –

PT ratio or INR <1.5 1.5–2.0 >2.0

Bilirubin (µmol/L) <125 125–250 >250

GAHS ≥9: poor prognosis

ABIC Score ABIC = (age× 0.1) + (bilirubin × 0.08) + (creatinine × 0.3) + (INR × 0.8)

Low risk <6.71; intermediate risk; 6.71–9; high risk >9

‘Dynamic’ Scores

Lille Score R = 3.19 – (0.101 × age in years) + (0.147 × albumin day 0 in g/L) + (0.0165 × 
evolution in bilirubin level between day 0 and day 7 in µM) – (0.206 × renal

insufficiency) – (0.0065 × bilirubin day 0 in µM) – (0.0096× INR)  

(Renal insufficiency = creatinine > 115 µM)

Lille Score = exp(–R)/[1+exp(–R)]

Lille ≥ 0.45: poor prognosis (indicates non-response to
corticosteroid treatment)

Fig. 25.12 Prognostic scores in alcoholic hepatitis. ‘Static’ scores are calculated before treatment as an indicator of prognosis. ‘Dynamic’ 
scores are calculated 7 days after corticosteroid initiation and indicate the response to such treatment. (Score calculators available online)
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Women with cirrhosis survive for a shorter time than 
men (Fig.  25.13). In a multicentre Veterans Hospital 
study, predictors of survival in patients with alcohol‐
related hepatitis and cirrhosis were age, grams of alcohol 
consumed, AST : ALT ratio, and the histological and 
clinical severity of disease [50]. Those with poor nutri-
tion were much more likely to die [51].

 Treatment

Harmful drinking and dependence

The most important measure is to ensure total and 
immediate abstinence from alcohol. The development of 
a withdrawal syndrome should be treated medically.

Management of alcohol withdrawal can be challenging 
in patients with advanced alcohol‐related liver disease. 
Symptom‐triggered treatment with shorter‐acting ben-
zodiazepines such as lorazepam are recommended in 
this setting.

Patients with severe physical problems are more likely 
to abstain than those who present with psychological 
issues. In a long‐term follow‐up of men attending a liver 
clinic, severe medical illness was strongly associated 
with the decision to stop drinking [52].

Continued medical care is also essential. Follow‐up of 
patients with ALD treated at the Royal Free Hospital 
between 1975 and 1990 showed that 50% remained absti-
nent, 25% took alcohol but were not abusing it, and 25% 
continued alcohol abuse regardless of therapy.

Some psychological and pharmacological treatments 
are available to help abstinence and prevent relapse 

(Table 25.5). The less severely affected can receive ‘brief 
interventional counselling’ from a doctor, nurse, or allied 
health professional. This results in a 38% treatment 
 benefit, albeit often temporary [53]. The more severely 
dependent patients may benefit from psychiatric refer-
ral. Some patients may benefit from pharmacological 
therapy to help achieve abstinence and prevent relapse. 
Disulfiram, acamprosate, and naltrexone are effective 
but either contraindicated or uninvestigated in severe 
liver disease [54]. Baclofen has been used in dependent 
patients with decompensated cirrhosis [55].

Acute alcohol‐related hepatitis (Table 25.6)

Corticosteroids suppress the hepatic inflammatory 
response and are the most effective therapy. Conflicting 
results came from initial studies that included patients 
with disease of all severities. A meta‐analysis of the five 
largest trials showed a significant survival benefit with 
corticosteroids in patients with a DF of 32 or above [56]. 
The largest reported trial in alcoholic hepatitis, STOPAH, 
indicated a 28‐day survival benefit from prednisolone, 
40 mg/day for 28 days, for patients with a DF greater than 
32; however, this benefit was lost by 90 days [39]. There 
was an increase in infections in treated patients. 
Restriction of corticosteroid treatment to those with 
more severe disease (high GAHS or MELD) may identify 
those more likely to derive a sustained benefit [57].

A failure of the bilirubin level to drop after 7 days of 
corticosteroid treatment identifies steroid non‐responders. 
This can be defined using the Lille score (Fig 25.12). Such 
patients have a particularly poor prognosis [58].
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Fig. 25.13 Percentage survival of males and females with 
alcoholic cirrhosis.

Table 25.5 Treatments for alcohol dependence

Non‐pharmacological:
Brief intervention
Cognitive therapy
Motivational enhancement therapy
Psychotherapy

Pharmacological:
Acamprosate
Naltrexone
Disulfuram
Baclofen

Table 25.6 Treatments for alcohol‐related hepatitis

Abstinence
Corticosteroids
Nutritional support
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Infection developing after corticosteroid treatment is 
more frequently seen in patients who are non‐responders 
to corticosteroid therapy than in responders [59]. It is pos-
sible, therefore, that some corticosteroid ‘non‐response’ 
may not represent a pharmacological inadequacy, but 
rather it may be due to exacerbation of subclinical sepsis. 
Active sepsis and bleeding are  contraindications, but 
 steroids may be considered after these complications have 
been controlled if the clinical picture that remains is 
 consistent with alcoholic hepatitis.

At present, the evidence suggests that corticosteroids 
reduce short‐term mortality, with those showing  evidence 
of improvement in serum bilirubin after 1 week (as quan-
tified by the Lille score) being likely to have a longer‐term 
benefit from continued treatment.

Pentoxifylline was shown to improve survival in severe 
disease by 40% in one study [60]. However, the STOPAH 
study was unable to identify any benefit from pentoxifyl-
line at any time point [39]. This is in keeping with other 
recent studies, which showed no effect of pentoxifylline 
either alone, or in combination with prednisolone, in 
comparison with prednisolone alone [61,62], or as sal-
vage treatment for patients not showing improvement 
with corticosteroids [63]. Hence there is little evidence 
for the continued use of pentoxifylline in the manage-
ment of alcoholic hepatitis even in situations where 
 corticosteroids are thought to be contraindicated.

N‐Acetylcysteine may be a useful adjunctive treatment 
to corticosteroids. One study found a reduction in 
 infections and a reduction in one‐month mortality in 
comparison with corticosteroids alone. However, this 
benefit was not sustained to 6 months [64]. Trials of 
combination antioxidants (including N‐acetylcysteine) 
have been disappointing, with no evidence of survival 
benefit either combined with, or compared with, corti-
costeroids [65,66].

Protein and calorie malnutrition must be corrected. 
Nutritional supplementation may have a role in improv-
ing medium‐ to long‐term survival in patients with 
severe  alcohol‐related hepatitis. Poor enteral nutrition 
(<21.5 kcal/kg/day) is associated with a poor outcome. 
However, implementation of an intensive programme of 
enteral nutritional support is difficult because of poor tol-
erance of nasogastric feeding. It may be that the ability to 
take an adequate nutritional intake is a marker of better 
outcome relative to those who are severely anorexic and/
or intolerant of nasogastric feeding, rather than being due 
to the therapeutic nature of the nutrition itself [67].

Pilot studies of the molecular adsorbents recycling sys-
tem (MARS) have shown promise but more rigorous 
studies have yet to show benefit. Anti‐TNF therapies 
(infliximab and etanercept) have been studied, but infec-
tions were more frequent and survival was reduced in 
the treatment groups [68].

Cirrhosis

While there may be some collagen remodelling with time 
when liver injury has ceased, cirrhosis is essentially irre-
versible and therapy is then directed at the complica-
tions. These include portal hypertension, encephalopathy, 
and ascites. Drug metabolism is impaired and particular 
care must be taken, especially with sedatives.

Transplantation

Alcohol‐related liver disease now accounts for 25–40% 
of all indications for liver transplant in the USA and UK. 
In spite of initial concerns about co‐morbidities, graft 
and patient survival is similar to that for other transplant 
indications. The 5‐year survival is improved with trans-
plantation and the greatest benefit is seen in those with 
the most severe disease [69]. Nevertheless, transplanta-
tion for ALD remains controversial because of the risk of 
recidivism. Around 10–20% of those transplanted will 
drink excessively within the first 5 years, although this 
rarely leads to significant liver disease until 10 years 
post‐transplant [70].

Post‐transplant recidivism is hard to predict. Patients 
should be monitored closely to detect relapse early and 
to treat those who return to hazardous drinking. This is 
imperative to maintain the public’s support for organ 
donation.

Six months’ abstinence from alcohol is usually 
expected by most transplant units and has been found 
to be a predictor of post‐transplant recidivism in some, 
but not all, studies. In some cases, the period of absti-
nence required may be reduced to 3 months if survival is 
unlikely beyond this. One of the main reasons for the 
period of abstinence is that many patients will recover 
during this time and then not need transplantation. If 
recovery is not seen by 3 months’ abstinence, it is unlikely 
to occur [71].

Liver transplantation for corticosteroid‐unresponsive 
alcoholic hepatitis has been advocated. However, it has 
yet to be seen whether this is an effective or appropriate 
use of what is a limited resource.

 Conclusions

In contrast to almost every other disease in the UK, the 
national mortality from alcoholic liver disease is increas-
ing owing to the increased incidence, which is due in 
turn to increased alcohol consumption. New treatments 
for alcohol‐related liver injury have failed to materialize 
and, in fact, some options used in the past have been 
removed or their efficacy downgraded. Mortality from 
acute severe alcoholic hepatitis, however, has improved 
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over the last 30 years due to better supportive care. Liver 
transplantation remains a very effective therapy for end‐
stage liver disease. The most effective measures to 
 control mortality will inevitably focus on reducing 

 consumption. Public health measures controlling the 
price, availability, and promotion of alcohol should, if 
adopted, have a dramatic effect on the impact of this 
disease.
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The causes of iron overload can be broadly separated 
into those with a clear genetic mechanism, those associ-
ated with another pathology, and a small group of inter-
mediate conditions where there appears to be an 
interplay between genetic and acquired mechanisms 
(Table 26.1, Table 26.2). In recent years, there has been a 
remarkable wealth of new data on classical genetic 
haemochromatosis (previously termed idiopathic or 
 primary), which is now known to be due to a mutation in 
the HFE gene in most affected patients. These data have 
added much to the understanding of iron absorption 
from the intestine, to the identification of patients and 
family screening, and to the recognition of atypical 
patients. Inherited non‐HFE‐related iron overload is 
much less common than HFE‐related genetic 
haemochromatosis.

Iron overload as a result of liver or haematological 
 disease is common and genotyping for HFE mutations 
now allows these to be clearly separated from genetic 
haemochromatosis.

 Normal iron physiology

Absorption

The normal daily diet contains about 10–20 mg of iron 
(90% free; 10% bound in haem). Of this, 1–1.5 mg is 
absorbed. This amount depends on body stores and 
demands of the erythroid progenitors, more being 
absorbed if stores are reduced and as the need increases. 
The absorption process, sited in the duodenum and 
upper small intestine, is active and capable of transport-
ing iron against a gradient.

The study of iron absorption and transport, although 
not fully understood, has gained much from the discov-
ery of (1) the HFE gene [1]; (2) the divalent metal trans-
porter‐1 (DMT‐1); (3) the intracellular mechanisms for 
controlling the expression of transport and storage 
 proteins, in particular iron regulatory proteins (IRPs); (4) 
the basolateral iron transporter (called IREG‐1 or ferro-
portin); and (5) hepcidin, a polypeptide that plays a 
 pivotal role in iron regulation [2].

In the intestinal lumen, ferric iron is reduced to ferrous 
iron by ferrireductase or ascorbic acid, following which 
the iron is transported by DMT‐1 into the enterocytes of 
the villus. Expression of DMT‐1 within these cells is 
 regulated by the level of intracellular iron through an 
interaction between IRP‐1 and the iron regulatory ele-
ment (IRE) of DMT‐1. The iron concentration within 
enterocytes is therefore important in determining the 
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LEARNING POINTS

 ● Iron overload may be due to a wide range of condi-
tions, genetic (in particular HFE related), haematologi-
cal, and hepatic.

 ● Hepcidin, a circulating polypeptide, plays a central 
role in iron homeostasis.

 ● HFE haemochromatosis is a common genetic disease, 
which can usually be diagnosed with transferrin satu-
ration, serum ferritin, and genetic testing.

 ● Not all HFE C282Y homozygotes will have biochemical 
evidence of iron overload.

 ● Not all C282Y homozygotes will demonstrate a pro-
gressive increase in total body iron overload over time.

 ● Phlebotomy therapy is effective in preventing liver 
damage and is well tolerated in most patients with 
HFE haemochromatosis.
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  Table 26.1    Causes of inherited hepatic iron overload 

Condition (type) Gene involved Inheritance Age of onset Phenotype (heterogeneous) Tf sat. Mechanism    

Genetic 
haemochromatosis

  HFE ‐associated 
 haemochromatosis 
(HC) 
 (type 1) 

 Non‐ HFE ‐HC 
 (type 3) 

 Juvenile HC 
 (type 2) 

  HFE  

  TfR2  

  BMP6  

  HAMP ,  HJV  

 Autosomal 
recessive 

 Autosomal 
recessive 

 Dominant 

 Autosomal 
recessive 

 Adult 

 Young adult 

 Adult 

 Teenage/
young adult 

 None to hepatic fibrosis/cirrhosis, 
arthropathy, diabetes mellitus, 
hypogonadism 

 Similar to type 1 above 

 Mild/moderate hepatic siderosis 
 

Severe cardiomyopathy, 
hypopituitarism, hypogonadism, 
arthropathy, hepatic fibrosis, 
diabetes 

 ↑ 

 ↑ 

 N/↑ 

 ↑ 

 Relative hepcidin deficiency 

 Relative hepcidin deficiency 

 Signalling defect in pathway for 
regulation of hepcidin synthesis 
(low hepcidin) 

 Severe hepcidin deficiency   

Inherited hepatic 
and/or splenic iron

 Ferroportin disease 
 (type 4) 

 Acaeruloplasminaemia 

  SLC40A1  
 (ferroportin) 

 Caeruloplasmin 

 Autosomal 
dominant 

 Autosomal 
recessive 

 Adult 

 Adult 

 Hepatic/splenic siderosis, low risk 
fibrosis 

 Hepatic siderosis (no fibrosis), 
retinopathy, diabetes mellitus 

 ↓ or ↑ 

 ↓ 

 Loss of ferroportin function (4A) 
or hepcidin resistance (4B) 

 Defective hepatocellular iron 
export (2 o  lack of caeruloplasmin 
ferroxidase) 
 Low hepcidin 
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amount of iron absorbed from the intestinal lumen. 
Hypoxia inducible factor (HIF) plays a central role [3].

Ferroportin on the basolateral membrane of the 
enterocyte is responsible for the exit of iron from the cell. 
Once across the membrane, the iron has to be oxidized 
from ferrous to ferric to be available to bind and be car-
ried by transferrin. Hephaestin and interestingly caeru-
loplasmin subserve this oxidation. Dysfunction of 
ferroportin and also caeruloplasmin lead to iron accu-
mulation in other cells where these proteins take part in 
iron transport.

Intestinal absorption of dietary haem iron is independ-
ent of DMT‐1. The folate transporter HCP1 has been 
implicated in the absorption of haem, but the molecular 
details of this pathway are still elusive.

The regulation of iron absorption appears to depend 
predominantly on changes in HIF and hepcidin (see 
later), which associates with ferroportin resulting in its 
intracellular degradation and loss of function.

Regulation

Regulation of iron uptake is essential for iron homeosta-
sis, because humans lack a regulated mode of iron excre-
tion. Iron overload in patients with haemochromatosis 
results from dietary iron absorption in excess of unregu-
lated iron losses. This notion explains the lower preva-
lence and later age of onset of haemochromatosis in 

females, where menstrual blood loss and pregnancies 
provide a natural but unregulated process for iron loss 
that partially or totally balances the increased iron 
absorption.

In addition to body iron balance, which is maintained 
at the level of iron absorption, plasma iron homeostasis 
requires controlled iron release from splenic mac-
rophages and Kupffer cells, derived from the haemoglo-
bin of senescent red blood cells, so as to provide iron for 
normal erythropoiesis and cellular metabolism.

Iron release from duodenal and upper intestinal 
 epithelial cells and from macrophages is mediated by the 
iron exporter ferroportin (IREG‐1). The iron export 
activity of ferroportin is controlled by the polypeptide 
hormone hepcidin, which is produced in the liver. 
Hepcidin binds to and induces the degradation of ferro-
portin [2]. Thus levels of hepcidin are inversely related to 
iron absorption: low hepcidin, increased absorption; 
high hepcidin, reduced absorption. Indeed. iron absorp-
tion is exquisitely sensitive to hepcidin levels. Hepcidin 
holds a central pathogenic place in haemochromatosis, 
similar to that of insulin in diabetes [4].

A unifying pathogenic feature of HFE‐associated and 
juvenile haemochromatosis is that they are associated 
with inappropriately low hepcidin concentrations for 
the level of circulating iron present (Table  26.1). This 
results in greater iron absorption from the intestine 
and greater iron release from macrophages than are 

Table 26.2 Causes of hepatic iron overload from haematological, hepatic, and other sources

Condition
Gene 
involved Inheritance

Age of 
onset

Phenotype 
(heterogeneous) Tf sat. Mechanism

Anaemias 
(without 
transfusion)

See footnote Known 
mutations

Autosomal 
recessive

Children/
young 
adults

Anaemia, hepatic 
siderosis and fibrosis, 
heart failure, 
hypopituitarism, 
hypogonadism

↑ Anaemia triggers bone 
marrow signals (e.g. 
erythroferrone,) which 
actively suppress hepcidin 
synthesis resulting in 
increased dietary iron 
absorption

Exogenous 
(iatrogenic) 
hepatic iron 
overload

Thalassaemia major

Parenteral iron 
therapy (dialysis 
patients)

Multiple

n/a

Autosomal 
recessive

n/a

Children/
young 
adults

Any age

Anaemia, hepatic 
siderosis and fibrosis, 
heart failure, 
hypopituitarism, 
hypogonadism
Hepatic and splenic 
siderosis without 
fibrosis

↑

N/↑

Transfusional iron overload

Parenteral iron overload

Hepatic iron 
overload with 
CLD

Alcohol, hepatitis C, 
advanced chronic 
liver disease, 
porphyria cutanea 
tarda

Polygenic Generally 
n/a

Adult Signs of liver disease; 
positive history or 
diagnostic tests

N/↑ Reduced hepcidin synthesis, 
impaired hepatocellular 
function

Iron loading anaemias include atransferrinaemia, congenital dysethryropoietic anaemia, hypochromic microcytic anaemia with iron overload, 
sideroblastic anaemia, thalassaemia intermedia, and haemolytic anaemias. CLD, chronic liver disease; N, normal; n/a, not applicable.
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appropriate for the iron levels present. Both processes 
contribute to increased saturation of transferrin with 
iron. Regulation of hepcidin synthesis is therefore key to 
the understanding of the pathogenesis of haemochroma-
tosis [5].

The most potent known regulators of hepcidin synthe-
sis are certain bone morphogenetic proteins (BMPs) [6] 
that act through transforming growth factor‐β (TGF‐β) 
signalling. Ligand binding of BMPs to a specific BMP 
type II receptor dimer induces hetero‐tetramerization 
with a BMP type I receptor dimer and activates classical 
BMP signal transduction through the Smad 1/5/8 
pathway.

BMP signal transduction and hepcidin transcription 
are also controlled at the cell surface by specific corecep-
tors. Among these coreceptors are HFE and haemojuve-
lin. Hepcidin production is also controlled by iron 
concentrations, hypoxia, anaemia, and inflammatory 
cytokines, especially interleukin‐6 (Fig. 26.1).

Emerging data suggest that hepcidin transcription can 
also be controlled by other BMPs. BMP6 is a paracrine 
signalling molecule produced by hepatocytes in response 
to cellular iron loading and activates the classical BMP 
signalling network after binding to BMP receptors at the 
cell surface. BMP2 appears to be produced by endothe-
lial cells, possibly in response to increased transferrin 
saturation, and binds to haemojuvelin (HJV) at the cell 
surface, where it activates a different signalling network 
after endocytosis of the receptor ligand complex [7]. 
Both of these BMP‐related signalling networks are likely 
to play a key role in maintaining hepatic and systemic 
iron balance [8]. In addition to mutations in the hepcidin 
gene itself, defects in BMP6 and haemojuvelin are asso-
ciated with human haemochromatosis, being important 

components of the BMP signalling pathway and thus 
hepcidin transcription.

The mechanism by which the haemochromatosis 
genes HFE and TfR2 influence iron balance is still 
unclear, despite the years of study since their discovery 
in 1996 and 2000, respectively. Studies have shown that 
the HFE protein interacts with transferrin receptor 
(TfR), but the data conflict regarding its interaction with 
TfR2, the homologue expressed in the liver. A model has 
been proposed that integrates the function of HFE 
with  BMP signalling. In this model, HFE is displaced 
from its  low‐affinity complex with TfR or TfR2 by difer-
ric  holo‐transferrin. Increasing concentrations of holo‐
transferrin gradually release more HFE from its complex 
with TfR (or TfR2) and allow HFE to act as a BMP core-
ceptor, enhancing hepcidin production as a physiologi-
cal response to the increase in transferrin saturation [9].
Thus HFE is important for iron regulation. In HFE 
haemochromatosis, the characteristic mutation, C282Y, 
disrupts its binding to β2‐microglobulin (because of loss 
of a disulphide bond) (Fig 26.2) and, as a result of this, 
the passage of HFE to the cell surface to take part in 
regulatory processes for iron.

The concept that hepcidin deficiency can cause over-
load is also useful in understanding iron overload in 
patients with chronic advanced liver disease, hepatitis C, 
or alcoholic liver disease (Table  26.2), where reduced 
hepatocyte mass or active downregulation of hepcidin 
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Fig. 26.2 Hypothetical model of the HFE protein based on 
homology with MHC molecules. The extracellular component has 
three α‐domains, one of which binds to β2‐microglobulin, a 
membrane‐spanning region, and a short cytoplasmic tail. The 
C282Y mutation disrupts the disulphide bond in the α3‐domain 
through the substitution of tyrosine for cysteine. The H63D 
mutation is in the α1‐domain. Source: Modified from Feder et al. 
[1]. Reproduced with permission of Nature Publishing.
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production by viruses or toxins causes hepcidin 
deficiency.

Likewise, mild and moderate disorders of erythropoie-
sis, for example, thalassaemia intermedia or mild haemo-
lytic anaemias (e.g. pyruvate kinase deficiency), are 
associated with hepcidin deficiency, which leads to 
increased absorption of iron and, eventually, hepatocel-
lular iron overload. In these conditions, the bone 
 marrow‐derived protein erythroferrone (FAM 123B) 
actively suppresses hepcidin production [10].

The unifying picture of all hepcidin‐deficient condi-
tions is that in the early stages of iron overload, transfer-
rin saturation is increased, iron storage is restricted to 
hepatocytes, and, on magnetic resonance imaging (MRI) 
scanning, iron overload affects the liver but not the 
spleen.

However, one exception to this pattern is the rare 
 condition of acaeruloplasminaemia (Table 26.1). In this 
condition, hepcidin levels are low, there is hepatocellular 
iron overload, but the transferrin saturation is notori-
ously low. Also in this condition, iron release from hepat-
ocytes is impaired because of the lack of caeruloplasmin 
acting as a ferroxidase [11]. The only genetic iron over-
load condition to date without hepcidin deficiency is fer-
roportin disease type A (loss of function). Here, iron 
overload is associated with a low transferrin saturation 
and predominant iron storage in macrophages of the 
spleen, liver, and bone marrow. The defect is in ferropor-
tin, and the levels of hepcidin are normal or high [5,12].

Thus much has been learnt about the regulation of 
iron metabolism since the identification of HFE, but 
more awaits discovery through the study of cell systems, 
human iron overload, and animal models.

Circulating iron

In the plasma, iron is bound to transferrin, a glycopro-
tein largely synthesized in the liver. Transferrin can 
bind two ferric iron molecules, and is responsible for 
the ‘total iron‐binding capacity’ of serum of 250–
370 µg/dL. This is normally around 15–45% saturated 
with iron. Physiological entry of iron into reticulocytes 
and hepatocytes depends upon transferrin receptors 
(TfRs) at the cell surface, which preferentially bind 
transferrin carrying iron. The receptor–iron transferrin 
complex is internalized and the iron released. This pro-
cess is saturable. TfRs are downregulated as the cell 
becomes replete with iron.

When serum transferrin is fully saturated, as in overt 
haemochromatosis, iron circulates also in ‘non‐transfer-
rin‐bound’ forms, associated with low molecular weight 
chelators. Iron in this form readily enters hepatocytes, 
cardiomyocytes, and renal and pancreatic cells by a non‐
saturable process.

Storage of iron

Iron is mainly stored in the liver. In cells, iron is stored in 
ferritin, a combination of the protein apoferritin (H and 
L subunits) and iron. High concentrations of iron stimu-
late apoferritin synthesis. Up to 4500 atoms of iron can 
be stored within a single ferritin molecule. Aggregates of 
degraded ferritin molecules make up haemosiderin, 
which stains as blue granules with ferrocyanide. 
Lipofuscin, a yellow–brown material, may accumulate in 
association with iron overload, but does not contain iron.

Iron contained in cells as ferritin or haemosiderin is 
available for mobilization. The normal total body con-
tent of iron is about 4 g, of which 3 g is present in haemo-
globin, myoglobin, catalase, and other respiratory 
enzymes. Storage iron comprises 0.5 g; of this, 0.3 g is in 
the liver but is not seen with the usual histological stains 
for iron. The liver is the predominant site for storage of 
iron absorbed from the intestine. When its capacity is 
exceeded, iron is deposited in other parenchymal cells, 
including the acinar cells of the pancreas, and the cells of 
the anterior pituitary gland. The reticuloendothelial 
 system plays only a limited part in iron storage unless 
this is the result of transfusion or parenteral iron therapy, 
when it is concentrated particularly in the spleen.

 Iron overload and liver damage

Fibrosis and hepatocellular damage in many patients are 
directly related to the iron content of the liver cells. In 
patients with iron‐induced liver damage, the severity of 
fibrosis is maximal in periportal areas where iron is 
 particularly deposited.

When iron deposition is low, it is stored as ferritin. As 
the load increases, more is present as haemosiderin.

Removal of iron by venesection or chelation leads to 
clinical and biochemical improvement with reduction or 
prevention of hepatic fibrosis [13,14].

There are several processes by which iron can damage 
the liver. There is enhanced oxidative stress in patients 
with iron overload and this is associated with increased 
TGF‐β1 expression. Oxidative stress causes lipid peroxi-
dation of membranes of organelles, leading to functional 
defects of lysosomes, mitochondria, and microsomes. 
Mitochondrial cytochrome c oxidase activity is reduced. 
There is lysosomal membrane fragility and release of 
hydrolytic enzymes into the cytosol.

Hepatic stellate cells (lipocytes) are activated in genetic 
haemochromatosis and activation is reversed by iron 
removal. Stellate cell activation appears to be related to 
the release of cytokines and other substances from 
neighbouring cells rather than oxidant stress within 
 stellate cells [15].
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Fig. 26.3 The liver in genetic haemochromatosis. Cirrhosis is seen 
and hepatocytes are filled with blue‐staining iron pigment. 
Fibrous tissue is also infiltrated with iron. The arrows indicate 
portal tracts. (Perls stain, ×13.)

It is possible to have very high liver iron concentrations 
without hepatic fibrosis as often occurs with acaerulo-
plasminaemia, presumably because of the molecular 
state or storage of the iron.

 Genetic haemochromatosis

In 1865, Trousseau described the clinical syndrome of 
skin pigmentation, cirrhosis, and diabetes now recog-
nized as characteristic of late‐stage genetic haemochro-
matosis. The term haemochromatosis was first coined 
by von Recklinghausen in 1889 and in 1975 Marcel 
Simon showed that this is an autosomal recessive meta-
bolic disorder.

Molecular genetics

Sheldon, in his classic monograph, described idiopathic 
haemochromatosis as an inborn error of metabolism 
[16]. The discovery of genetic linkage of haemochroma-
tosis to the HLA serotype allowed the inheritance to be 
defined as autosomal recessive, and placed the gene on 
chromosome 6.

In 1996, a positional cloning approach was successful 
in identifying the HFE gene approximately 6 megabases 
telomeric to the HLA‐A locus on chromosome 6 [1] 
(Fig. 26.2). Some 85% of chromosomes from haemochro-
matosis patients contained a single mutation (C282Y, 
also designated Cys282Tyr) in the HFE gene compared 
with 3% of control chromosomes. In most populations of 
northern European origin, over 90% of haemochromato-
sis patients have been found to be homozygous for this 
mutation [17]. In southern European populations, the 
frequency of C282Y homozygosity is lower (65%). The 
high frequency of this mutation in genetic haemochro-
matosis points to individuals being descended from a 
single family or community (probably Celtic) in which 
the mutation initially occurred [18]. A second mutation 
described at the time of the discovery of the HFE gene 
(H63D; also known as His63Asp) is common in the nor-
mal population.

The frequency of C282Y homozygosity found in 
population screening studies of individuals of northern 
European ancestry is 1 in 227 [19]. This frequency, 
however, does not correspond to the frequency of clin-
ically recognized haemochromatosis. Although bio-
chemical penetrance (raised ferritin, transferrin 
saturation) is found in 50–80% of susceptible individu-
als, disease penetrance (i.e. symptoms, hepatic fibro-
sis/cirrhosis) is low. Thus only about 28% of male 
C282Y homozygotes, but only 1% of female C282Y 
homozygotes, may have a haemochromatosis‐related 
symptom [20].

The contribution of the H63D mutation to iron over-
load is unclear and the effect, if any, appears to have a low 
penetrance. Focus has mainly been on compound hete-
rozygotes (C282Y/H63D) and H63D homozygotes, 
where it has been estimated that approximately 1.5% will 
develop significant iron overload [19].

Heterozygotes

The frequency of heterozygosity for the C282Y mutation 
in populations of northern European origin is approxi-
mately 10%. Although heterozygotes have mean serum 
iron and transferrin saturation values higher than in 
 normal subjects, significant iron overload is extremely 
rare. However, since the individuals concerned may have 
slight increases in intracellular iron, it has been ques-
tioned whether this would enhance damage from other 
diseases. Hepatic fibrosis/cirrhosis due to hepatitis C or 
alcohol, however, has not been found to be worsened by 
heterozygosity for C282Y [21].

Pathology

The liver in the early stages may show only portal zone 
fibrosis with deposition of iron in the periportal liver 
cells and, to a lesser extent, in the Kupffer cells. Fibrous 
septa then surround groups of lobules and irregularly 
shaped nodules (holly leaf appearance). There is partial 
preservation of the architecture, although ultimately a 
macronodular cirrhosis develops (Fig. 26.3). Fatty change 
is unusual and the glycogen content of the liver cells is 
normal.
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Patients with cirrhosis with iron‐free foci have a higher 
risk of developing hepatocellular carcinoma [22].

Iron deposition in organs beyond the liver is only seen 
with severe iron overload.

The pancreas may show fibrosis and parenchymal 
degeneration with iron deposition in acinar cells, mac-
rophages, islets of Langerhans and fibrous tissue.

Heart muscle may be involved, muscle fibres being 
replaced by a mass of iron pigment within the sheath. 
Degeneration of the fibres is rare.

The spleen, bone marrow, and duodenal epithelium do 
not show the iron overload seen elsewhere. The brain 
and nervous tissue are also usually free of iron.

Epidermal atrophy may reduce the skin to a flattened 
sheet. Hair follicles and sebaceous glands are inconspic-
uous. Characteristically, the melanin content of the basal 
layer is increased. Iron is usually absent from the epider-
mis but can often be seen deeper, especially in the basal 
layer.

Endocrine glands, including adrenal cortex, anterior 
lobe of pituitary, and thyroid, may show varying amounts 
of iron and fibrosis.

The testes are small and soft with atrophy of the germi-
nal epithelium without iron overload. There may be 
interstitial fibrosis and iron is found in the walls of 
capillaries.

Relation to alcoholism

In an experimental model of alcoholic liver disease, the 
addition of iron to the diet results in cirrhosis. In patients, 
the combination of haemochromatosis and excess alco-
hol intake results in more advanced liver disease [23]. 
Hepatic iron deposition is recognized in alcoholic liver 
disease (and also other end‐stage liver disease) and may 
be due to increased intestinal iron absorption in chronic 
alcohol abusers. Ethanol decreases hepcidin expression 
in both in vitro cellular studies and in vivo models [24], 
and this would be expected to increase iron absorption.

Clinical features

The classical picture is of a lethargic, middle‐aged man 
with pigmentation, hepatomegaly, diminished sexual 
activity, loss of body hair, and arthralgia; diabetes is com-
mon. This picture is seen in a minority of C282Y homozy-
gotes. An asymptomatic patient is the most common 
scenario.

Diagnosis depends on a high degree of suspicion and 
should be considered in any patient with symptomless 
hepatomegaly and virtually normal biochemical tests of 
liver function [25]. In view of the C282Y homozygote 
frequency found in the community, the condition must 
be considerably more frequent than is recognized. There 

is a mean delay of 5–8 years between presentation and 
diagnosis [25].

Overt haemochromatosis is 10 times more frequent in 
males than females [26]. Women are spared by iron loss 
with menstruation and pregnancy. Female patients with 
haemochromatosis usually, but not always, have absent 
or scanty menstruation, have had a hysterectomy, or are 
many years postmenopausal.

Haemochromatosis is rarely diagnosed before the age 
of 20 years, and the peak incidence period is between 40 
and 60 years of age.

The slate grey pigmentation when present is maximal 
in the axillae, groins, genitalia, old scars, and exposed 
parts. It can occur in the mouth. The colour, due to 
increased melanin in the basal layer, appears through the 
atrophied, superficial epidermis. The skin is shiny, thin, 
and dry.

Hepatic changes
The liver may be enlarged and firm. Abdominal pain, 
usually a dull ache with hepatic tenderness, is noted in 
56% of cases [26].

Signs of hepatocellular failure are usually absent and 
ascites rare. The spleen may be palpable but rarely large. 
Bleeding from oesophageal varices is unusual.

Primary liver cancer develops in 15–30% of cirrhotic 
patients [27]. It may be the mode of presentation, par-
ticularly in the elderly. It should be suspected if the 
patient shows clinical deterioration with rapid liver 
enlargement, abdominal pain, and ascites. Serum α‐feto-
protein may be increased.

Endocrine changes
At diagnosis, about 70% of patients with cirrhosis, but 
only 17% of those without, have clinical diabetes [28]. 
This may be complicated by nephropathy, neuropathy, 
peripheral vascular disease, and proliferative retinopa-
thy. The diabetes may be easy to control or may be resist-
ant to large doses of insulin. It could be related to a family 
history of diabetes, to cirrhosis of the liver that impairs 
glucose tolerance, or to direct damage to the pancreas by 
iron deposition. In population screening studies of 
asymptomatic C282Y homozygotes, the prevalence of 
diabetes did not differ from that in the control population 
[19,29].

Loss of libido or potency occurs in approximately 35% 
of patients and amenorrhoea in 15% of women [28]. 
Hypogonadism may be due to hypothalamic, pituitary, 
or gonadal dysfunction or a combination of all three.

Pituitary function is impaired to a variable extent in 
about two‐thirds of patients. This is related to iron deposi-
tion in the anterior pituitary. Gonadotrophin‐producing 
cells are selectively affected. Hypogonadotrophic testicu-
lar failure is shown by impotence, loss of libido, testicular 
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Fig. 26.5 Genetic haemochromatosis. Radiograph of the knee 
joint shows chondrocalcinosis in menisci and articular cartilage. 
Courtesy of M. Barry.

atrophy, skin atrophy, and loss of secondary sexual hair. 
Plasma testosterone levels are subnormal. Testosterone 
levels increase following administration of gonadotro-
phins, suggesting that the testes are capable of 
responding.

Osteoporosis is seen particularly when hypogonadism 
is present [30].

Panhypopituitarism with hypothyroidism and adrenal 
corticodeficiency are rarer. Endocrine abnormalities are 
more common with haemojuvelin disease (juvenile 
haemochromatosis).

Cardiac changes
Changes on ECG are reported in 35% of patients pre-
senting with haemochromatosis [28]. Echocardiographic 
abnormalities are also seen, are related to the degree of 
iron overload, and improve with venesection [31]. 
Presentation with heart failure, particularly in younger 
subjects, is seen but is unusual. The picture is of progres-
sive right‐sided heart failure, sometimes with sudden 
death. The ‘iron heart’ is a weak one. Dysrhythmias are 
also seen.

Cardiac complications are presumably related to iron 
deposits in the myocardium and conducting system. 
They are often the presenting complaint in juvenile 
haemochromatosis.

Arthropathy
In about two‐thirds of patients, a specific arthropathy 
starts in the metacarpophalangeal joints (Fig. 26.4) [32]. 
The wrists, hips, and ankles may also be affected. It may 
be a presenting feature. Radiologically there is a hyper-
trophic osteoarthritis. Chondrocalcinosis is seen in the 
menisci and articular cartilage (Fig. 26.5). It is related to 
an acute crystal synovitis with calcium pyrophosphate. 
Joint replacement of the hip and knee is more common 
in patients with haemochromatosis.

Arthralgia is often the most difficult long‐term clinical 
problem as it is resistant to conventional anti‐inflamma-
tory agents. It is present in 45% of patients at diagnosis. 

After depletion of body iron, 30% improve but in 20% 
symptoms worsen [28].

Special investigations

Transferrin saturation
In HFE‐related haemochromatosis, the serum iron is 
increased and the transferrin concentration/total iron 
binding capacity is reduced, giving a high transferrin 
saturation. In those with increased serum ferritin, this 
may be up to 100%. Normal transferrin saturation in the 
presence of high serum ferritin should lead to considera-
tion of other causes of hyperferritinaemia, such as 
inflammation, metabolic syndrome with hepatic 
 steatosis, alcohol excess, and, rarely, non‐HFE‐inherited 
iron overload, in particular ferroportin disease.

Serum ferritin
Ferritin is the major cellular iron storage protein. The 
form present in normal serum contains little iron. Its 
function there is uncertain. The serum concentration 
is  proportional to body iron stores. It is of value in 

Fig. 26.4 Classical arthropathy of the first and second 
metacarpophalangeal joints in the hand.



Iron Overload States 519

assessing body iron stores [33], but can be unreliable in 
early diagnosis at the precirrhotic stage, and in patients 
with hepatic inflammation and raised transaminase. It is 
useful in following treatment.

With hepatocellular necrosis, the level of serum ferri-
tin increases as it is released from liver cells. High serum 
ferritin levels are also seen with inflammatory condi-
tions, such as hepatitis, alcohol excess, fatty liver, and 
some cancers.

Needle liver biopsy
Since the introduction of mutation analysis for the HFE 
gene, the indication for needle liver biopsy has changed. 
Previously, hepatic histology and iron quantification 
were important for diagnosis, giving an indication of the 
severity and pattern of iron deposition. Measurement of 
liver iron was important for calculation of the liver iron 
index (the liver iron concentration divided by the age of 
the patient), which was of diagnostic value in genetic 
haemochromatosis. Since HFE mutation analysis con-
firms the diagnosis in the majority of cases, liver biopsy 
is only necessary in C282Y homozygotes to assess 
whether there is severe fibrosis or cirrhosis (see Fig. 26.3), 
which determines the protocol for subsequent follow‐up. 
Analysis of risk factors has shown that cirrhosis is 
unlikely in patients without hepatomegaly, with normal 
alanine transaminase, and a serum ferritin level of 
<1000 µg/L [34]. The current recommendation is that in 
the absence of these features, liver biopsy is not neces-
sary. If any of these features are present, then liver biopsy 
is recommended since there is an approximately 50% 
chance of severe fibrosis or cirrhosis [34,35]. Hepatic 
elastography is a useful tool for the non‐invasive assess-
ment of cirrhosis [36].

The liver section is stained with Perls reagent. Visual 
scoring of the iron load (0–4+) depends on the percent-
age of parenchymal cells with positive staining (0–100%). 
Chemical measurement of iron can be performed, 
although it is recognized that the iron concentration var-
ies between different samples from the same patient. 
Iron can be measured on tissue extracted from the paraf-
fin block if fresh tissue was not provided.

If mutation analysis does not show homozygosity for 
C282Y, then liver biopsy is usually necessary to show 
whether or not there is iron overload and also the pattern of 
iron deposition, which may give an indication of the cause.

Liver biopsy is not necessary to follow de‐ironing 
 during treatment. Serum iron indices are sufficient. 
Follow‐up liver biopsies have demonstrated a reduction 
in liver fibrosis [13,14].

Imaging
MRI detects iron, which is a naturally occurring para-
magnetic contrast agent. In overload states, marked 

decreases in T2 relaxation time are shown. Using special 
sequences (T2*), it is now possible to obtain a measure-
ment of hepatic iron concentration non‐invasively 
[37,38], which may be useful in selected patients such as 
the compound heterozygote (C282Y/H63D). Although 
magnetic resonance also allows one to determine the 
degree of liver fibrosis by magnetic resonance elastogra-
phy (MRE), in patients with severe iron overload MRE 
could be technically impossible [39].

Differential diagnosis

Differentiation between classical genetic haemochroma-
tosis and other causes of iron overload has been simplified 
by the introduction of genotyping for the C282Y mutation 
in the HFE gene. The differential diagnosis is usually with 
other chronic liver diseases associated with iron accumu-
lation, haematological disease (not related to transfusion 
overload), and, more rarely, inherited but non‐HFE‐
related iron overload. These include juvenile haemochro-
matosis and ferroportin disease. Acaeruloplasminaemia is 
exceptionally rare. African iron overload and neonatal 
haemochromatosis are specific to particular groups.

Serum iron and transferrin saturation, and also serum 
ferritin, are sometimes increased in cirrhosis due to 
causes other than genetic haemochromatosis, including 
alcohol and hepatitis C. The clinical picture may  confuse, 
since the association of diabetes mellitus and cirrhosis is 
not uncommon, and patients with cirrhosis may become 
impotent and hairless and develop skin pigmentation. 
Hepatocellular failure, however, is unusual in haemo-
chromatosis. The degree of iron overload with end‐stage 
liver disease and juvenile haemochromatosis can be 
within the range of that seen in HFE‐related haemochro-
matosis. Both are unrelated to mutations in HFE. A 
family history and the clinical picture should make dif-
ferentiation straightforward.

Hyperferritinaemia, without a raised transferrin satu-
ration, is a common finding in patients in the hepatol-
ogy clinic and routine medical practice. About 90% of 
such patients do not have iron overload. In these 
patients, the clinician should be alert for factors that are 
known to raise the ferritin level (including inflamma-
tion, chronic alcohol consumption, cell damage, cancer, 
or metabolic abnormalities such as obesity), and also 
clues that this could be an unusual iron‐ or ferritin‐
related disorder (family history, liver, renal or haemato-
logical problem, history of juvenile cataracts). 
Hyperferritinaemia is recognized as a finding in around 
30% of patients with fatty liver.

If a high ferritin level is documented, then other basic 
laboratory tests will have been done, including haema-
tology, inflammatory markers, liver function tests, and 
enzymes. These should signpost diagnostic possibilities. 
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A liver ultrasound may show steatosis. Whether or not a 
more specific search is made for iron will depend upon 
the clinical scenario and the consistency of the ferritin 
readings after measures (such as abstinence) have been 
instituted. A trial of clinical observation is an option 
[40,41]. To try to rule out iron overload, routine MRI is 
valuable (depending on the level of ferritin) in potentially 
demonstrating splenic and/or hepatic iron (ferroportin 
disease, haematological issues). Quantitative hepatic 
MRI may be useful [37,38]. In some patients, there may 
be an argument for liver biopsy, for example if the liver 
enzymes are abnormal and the database unhelpful, but in 
the absence of this indication, biopsy simply to see if 
there is iron and in which cells, would need careful 
thought and a high threshold.

Prognosis

Much depends upon the amount and duration of iron 
overload. Early diagnosis and treatment are central 
to  improving prognosis. Those treated in the 
 precirrhotic stage and before diabetes mellitus has 
 developed, and who subsequently have normal iron 
levels maintained by phlebotomy, have a normal life 
expectancy [28,42]. This is important for patients 
applying for life insurance [43].

Hepatic failure and bleeding oesophageal varices are 
rare terminal features.

The outlook is better than that for cirrhosis in alcohol-
ics who stop drinking. However, the patient with haemo-
chromatosis who also abuses alcohol does worse than 
the abstinent patient.

The risk of developing hepatocellular carcinoma in 
patients with haemochromatosis with cirrhosis is 
increased and is not reduced by de‐ironing. As in other 
cirrhotic groups, screening by ultrasound and α‐fetopro-
tein at 6‐monthly intervals is recommended without 
strong clinical trial evidence. A minority (approximately 
15%) of hepatocellular carcinomas develop in non‐ 
cirrhotic haemochromatotic livers  –  as is found for 
hepatocellular carcinoma associated with other 
aetiologies.

Treatment

Iron can be removed by venesection and can be mobi-
lized from tissue stores at rates as high as 130 mg/day. 
Blood regeneration is extraordinarily rapid, with haemo-
globin production increasing to six or seven times 
 normal. Large quantities of blood may need to be 
removed, as 500 mL removes only 250 mg of iron, 
whereas the tissues may contain up to 200 times this 
amount. Depending on the initial iron stores, the amount 
necessary to reduce them to normal varies from 2 to 45 g. 

The rate of iron mobilization is faster in patients with 
cirrhosis than in those without [44]. Venesections of 
500 mL are carried out weekly, or even twice weekly in 
particularly cooperative patients, and are continued until 
the serum ferritin level falls into the low normal range. 
Transferrin saturation may remain elevated until the 
patient is on the verge of iron deficiency. Other end-
points have been the development of anaemia and a 
reduction in the mean cellular volume (MCV).

In an early study of the outcome of venesection in 
referred patients with advanced disease, comparison 
of a venesection‐treated with an untreated group 
showed a 5‐year survival of 66% compared with 18% 
[45]. Venesection treatment results in increased well‐
being and gain in weight. Pigmentation and hepatos-
plenomegaly decrease. Control of diabetes improves 
in some patients [28,46]. The arthropathy is usually 
unaffected. Hypogonadism may lessen in men aged 
less than 40 years at diagnosis. Cardiac function 
improves depending on the severity of cardiac damage 
before venesection.

Hepatic fibrosis can improve following venesection 
but hepatic cirrhosis is generally regarded as being irre-
versible. Guidelines for the initiation and monitoring of 
treatment have been published by the AASLD and EASL 
[47,48]. A randomized trial of iron removed by erythro-
cytapheresis versus plasmapheresis without iron removal 
has been completed [49].

After de‐ironing, venesection of 500 mL of blood every 
3–6 months can prevent iron re‐accumulation. However, 
many patients will not show rapid iron re‐accumulation 
[50] and maintenance therapy can be tailored to the 
patient based on monitoring of post‐treatment ferritin 
levels. One study based on the analysis of patients with 
persistent symptoms has raised the question of whether 
transferrin saturation levels should also be taken into 
account in such patients [51].

A low iron diet is difficult to achieve and most patients 
remain on a normal diet with intermittent venesection.

Gonadal atrophy may be treated by replacement ther-
apy with testosterone. Human chorionic gonadotrophin 
(HCG) injections will increase testicular volume and 
sperm count.

Diabetes should be treated by diet, oral hypoglycaemic 
agents, and, if necessary, insulin.

Transplantation

The survival of patients with genetic haemochromatosis 
after liver transplant may be less than that of other recip-
ients (53 versus 81% survival at 25 months) [52,53]. The 
lower survival is related to cardiac complications and 
sepsis, emphasizing the need for early diagnosis and 
treatment to remove iron.
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Approximately one‐third of patients undergoing liver 
transplantation unrelated to genetic haemochromatosis 
have hepatic iron deposition, and 10% have hepatic 
siderosis in the range of that seen in genetic haemochro-
matosis. HFE gene mutations are rare in this group. 
Patient survival after transplantation is significantly 
lower in those with hepatic iron overload [54]. 
Transplantation of the liver from a C282Y heterozygote 
is safe.

Whereas previous reports of the transplantation of a 
haemochromatotic liver into a normal recipient have not 
shown evidence of subsequent iron accumulation, this 
has been reported where the donor intestine in addition 
to liver was derived from a C282Y homozygote [55].

Screening for early haemochromatosis 
in relatives

It is important to screen siblings of patients with haemo-
chromatosis, since there is a one in four chance of them 
being genetically susceptible or affected. There are two 
ways of screening: biochemical tests for iron overload and 
mutation analysis (genotyping). Ideally, both are carried 
out since the results are complementary. If biochemical 
screening (transferrin saturation and serum ferritin) 
shows evidence of iron overload, then genotyping for the 
C282Y mutation is performed to show whether the indi-
vidual is homozygous or heterozygous. If heterozygosity 
for C282Y is shown, H63D analysis is needed to detect 
the compound heterozygote (C282Y/H63D).

If the transferrin saturation and ferritin levels are very 
high in a Caucasian patient, then it is likely that the indi-
vidual is homozygous for C282Y.

There had been concern that genetic testing may lead 
to insurance or employment discrimination, but this has 
rarely been documented and did not occur in the 
Hemochromatosis and Iron Overload Screening (HEIRS) 
study [43].

It is difficult at present to advise a C282Y homozygote 
who has no evidence of iron overload of the risk of devel-
oping iron overload (phenotypic penetrance) or disease 
(disease penetrance). There have been several studies in 
which a large cohort of healthy patients were followed 
for many years and had genetic testing for haemochro-
matosis 25 years later. In these studies, it has become 
apparent that not all C282Y homozygotes will have a 
progressive rise in ferritin and in many cases levels are 
not rising but even decreasing. These studies have pro-
vided a fascinating glimpse into the natural history of 
disease without treatment [56–58] (Table 26.3).

Children of a patient with genetic haemochromatosis 
should also be screened because of the 1 in 10 chance in 
northern European populations of the spouse being a 
carrier for the C282Y mutation. This would give a 1 in 20 

chance of the child being affected. Screening (as for sib-
lings) could be done, but for young children below the 
age of consent this is not practical. An alternative 
approach is to perform mutation analysis in the spouse 
(C282Y and H63D) [59]. This would then give an indica-
tion of the possible genotypes in children and the need 
for later screening.

It is usually recommended that parents are also 
screened because of the possibility of unrecognized 
genetic haemochromatosis.

 Other iron storage diseases 
(see Tables 26.1 and 26.2)

Non‐HFE‐related inherited iron overload

Not all patients with haemochromatosis have mutations 
in the HFE gene. These inherited non‐HFE‐related iron 
overload conditions are rare, but need to be considered 
based on clinical data.

Juvenile haemochromatosis
Patients present at an earlier age (second to fourth 
 decade) with iron overload and cardiac and endocrine 
problems in particular. Cardiac disease may be life threat-
ening. The male to female ratio is equal. The condition is 
not linked to chromosome 6. These patients have been 
demonstrated to have mutations in the haemojuvelin or 
hepcidin genes [61]. Treatment is by venesection, 
although in patients with severe cardiac disease chelation 
therapy with desferrioxamine has also been used.

Table 26.3 Lessons from the Haemochromatosis and Iron 
Overload Screening (HEIRS) study [60]

Population screening as performed in the HEIRS study is not 
recommended
Genetic testing is well accepted with minimal risk of 
discrimination
An elevated serum ferritin level is very common, particularly in 
Asians; in the absence of C282Y homozygosity, this finding 
usually does not represent an increase of iron stores of >4 g
Transferrin saturation has high biological variability, which 
limits its role as a screening test
Symptoms attributable to C282Y homozygosity are uncommon 
in individuals identified by population screening
Mild increases in body iron stores in the range 2–3 g were 
common in non‐HFE‐C282Y homozygotes, but iron overload 
defined as iron stores >4 g was most common in C282Y 
homozygous men
There may be a role for focused screening in a Caucasian 
population, with some debate about whether this should be 
genotyping followed by phenotyping or phenotyping followed 
by genotyping
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Ferroportin disease
This is autosomal dominant. Some patients have raised 
ferritin but normal transferrin saturation, with reticu-
loendothelial cell accumulation of iron and poor toler-
ance of venesection. Others are phenotypically closer to 
the picture of HFE haemochromatosis [5,12]. These 
 differences probably relate to the mutation responsible 
 giving a loss or gain in protein function.

Acaeruloplasminaemia
This very rare syndrome, due to a mutation in the caeru-
loplasmin gene, is associated with excessive iron deposi-
tion, mainly in the brain, liver, and pancreas. Serum 
ferritin is increased, but there is also anaemia and low 
serum iron and transferrin saturation. The liver copper 
concentration is normal, but iron concentrations are 
increased. Patients show extrapyramidal disorders, cer-
ebellar ataxia, and diabetes mellitus [62]. Venesection is 
not tolerated, but iron chelators have been used.

Others
These include iron overload due to mutations in the TfR 
type 2 gene [63]; mutations in BMP6 have also been 
associated with hepatic iron overload [64]. The latter are 
autosomal dominant. Transferrin deficiency has been 
found in patients with iron overload. The haematological 
picture was of severe iron deficiency although the tissues 
were loaded with iron. A syndrome associated with con-
genital cataracts, high ferritin but without iron overload, 
has been associated with mutations in the FTL gene [65].

Dysmetabolic syndrome

Mild iron overload may be associated with diabetes, obe-
sity, hyperlipidaemia, and hypertension. There is an ele-
vated serum ferritin level but normal or elevated 
transferrin saturation. The condition does not appear to 
be familial and, although some patients have HFE muta-
tions, there is no clear relationship. Phlebotomy has not 
been shown to be beneficial in these patients [66].

Erythropoietic siderosis

Siderosis is associated with extremely high rates of eryth-
ropoiesis. The hyperplastic bone marrow may in some 
way direct the intestinal mucosa to take in excessive 
quantities of iron. Recent studies have identified 
FAM123B (erythroferrone) as an important erythroid 
progenitor‐derived protein, which suppresses hepcidin 
[10]. This continues even in the presence of increased 
iron stores. The iron is deposited first in the macrophages 
of the reticuloendothelial system and later in parenchy-
mal cells of the liver, pancreas, and other organs.

Siderosis can therefore be expected in chronic haemo-
lytic states, especially β‐thalassaemia, sickle cell disease, 

congenital spherocytosis, hereditary dyserythropoietic 
anaemia, Diamond–Blackfan anaemia, and myelodys-
plastic syndrome. Iron overload may develop in mild 
sideroblastic anaemia without severe anaemia or trans-
fusions. In individuals with haematological disease, the 
degree of iron overload seems to be related more to the 
underlying disorder than HFE mutations.

The siderosis is enhanced by blood transfusions as the 
iron given with the blood cannot be lost from the body. 
More than 100 units must have been transfused before 
siderosis is clinically recognizable. Misdirected iron 
therapy enhances the siderosis.

The siderosis is recognized clinically by increasing skin 
pigmentation and by hepatomegaly. Children fail to grow 
and to develop secondary sexual characteristics. Liver 
failure and frank portal hypertension are rare. The fast-
ing blood glucose is raised, but clinical diabetes is exceed-
ingly rare.

Although the amount of iron deposited in the heart is 
relatively small, myocardial damage is a major factor 
determining prognosis, especially in younger children. 
MRI scanning is valuable in assessing cardiac iron levels. 
In children, symptoms arise when body iron reaches 20 g 
(100 units of blood transfused); death from heart failure 
is likely when 60 g is reached.

Treatment is difficult. Splenectomy may reduce trans-
fusion needs. A well‐balanced, low‐iron diet is virtually 
impossible. Twelve‐hour overnight subcutaneous infu-
sion of 2–4 g of desferrioxamine given with a small 
syringe pump into the anterior abdominal wall is effec-
tive. Oral iron chelators such as deferasirox and defer-
iprone are also now used in these patients [67].

Neonatal haemochromatosis/Gestational 
alloimmune liver disease (see also Chapter 31)

This very rare and often fatal disorder is characterized by 
liver failure that starts in utero, together with hepatic and 
extrahepatic parenchymal iron overload that spares the 
reticuloendothelial system. In most cases, it seems to be 
a disease associated with maternal–fetal alloimmunity 
and can be prevented in subsequent pregnancies with 
high doses of immunoglobulin [68]. Liver transplanta-
tion, if successful, is curative.

The expression of hepcidin in liver tissue from infants 
with neonatal haemochromatosis has been found to be 
<20% of that in normal neonatal tissue [69], suggesting 
that the iron overload is due to an acquired hepcidin 
deficiency due to immune damage to the hepatocytes 
and reduced synthesis.

African iron overload (Bantu siderosis)

This condition is seen in South African black people 
whose diet consists of porridge fermented in iron pots at 
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an acidic pH. Absorption is facilitated by the acidic diet 
and by malnutrition. Traditional beer brewed in steel 
drums continues to cause iron overload in rural sub‐
Saharan Africa. Hepatic iron was considerably elevated 
(>180 µg/g) in 5% of a study population [70]. The condi-
tion is not associated with mutations in HFE, but studies 
suggest that both genetic and environmental factors 
affect the degree of iron overload [71], although data 
from studies do not give a clear genetic relationship [72].

Porphyria cutanea tarda (see Chapter 32)

Increased iron, one of the triggers for clinical expres-
sion, is associated with a high frequency of homozygo-
sity and heterozygosity for the C282Y and also the 
H63D mutation of HFE, although not in all populations 
[73]. Patients with evidence of iron overload are treated 
by venesection to remove the stimulus for attacks of 
photosensitivity.

 References

 1 Feder JN, Gnirke A, Thomas W et al. A novel MHC 
class I‐like gene is mutated in patients with hereditary 
hemochromatosis. Nat. Genet 1996; 13: 399–408.

 2 Nemeth E, Ganz T. The role of hepcidin in iron 
metabolism. Acta Haematol 2009; 122: 78–86.

 3 Simpson RJ, McKie AT. Regulation of intestinal iron 
absorption: the mucosa takes control? Cell Metabol 
2009; 10: 84–87.

 4 Pietrangelo A. Hemochromatosis: an endocrine liver 
disease. Hepatology 2007; 46: 1291–1301.

 5 Pietrangelo A. Genetics, genetic testing, and 
management of hemochromatosis: 15 years since 
hepcidin. Gastroenterology 2015; 149: 1240–1251.

 6 Meynard D, Kautz L, Darnaud V et al. Lack of the bone 
morphogenetic protein BMP6 induces massive iron 
overload. Nat Genet 2009; 41: 478–481.

 7 Koch PS, Oisavszky V, Ulbrich F et al. Angiocrine 
Bmp2 signaling in murine liver controls normal iron 
homeostasis. Blood 2017; 129: 415–419.

 8 Latour C, Besson‐Fourner C, Meynard D et al. 
Differing impact of the deletion of hemochromatosis‐
associated molecules HFE and transferrin receptor‐2 
on the iron phenotype of mice lacking bone 
morphogenetic protein 6 or hemojuvelin. Hepatology 
2015; 63: 126–137.

 9 Ganz T, Nemeth E. Hepcidin and iron homeostasis. 
Biochim Biophys Acta 2012; 1823: 1431–1443.

 10 Kautz L, Jung G, Valore EV et al. Identification of 
erythroferrone as an erythroid regulator of iron 
metabolism. Nat Genet 2014; 46: 678–684.

 11 Lindner U, Schuppan D, Schleithoff L et al. 
Aceruloplasminaemia: a family with a novel mutation 
and long‐term therapy with deferasirox. Horm Metab 
Res 2015; 47: 303–308.

 12 Mayr R, Janecke ER, Schranz M et al. Ferroportin 
disease: a systematic meta‐analysis of clinical and 
molecular findings. J Hepatol 2010; 53: 941–949.

 13 Falize L, Guillygomarch A, Perrin M et al. Reversibility 
of hepatic fibrosis in treated genetic hemochromatosis: 
a study of 36 cases. Hepatology 2006; 44: 472–477.

 14 Powell LW, Dixon JL, Ramm GA et al. Screening for 
hemochromatosis in asymptomatic subjects with or 

without a family history. Arch Int Med 2006; 166: 
294–301.

 15 Ramm G, Ruddell R. Hepatotoxicity of iron overload: 
mechanisms of iron‐induced hepatic fibrogenesis. 
Semin Liver Dis 2005; 25: 433–449.

 16 Sheldon JH. Haemochromatosis. Oxford: Oxford 
Medical Publications, 1935, pp. 164–340.

 17 Bacon B, Powell LW, Adams PC et al. Molecular 
medicine and hemochromatosis: at the crossroads. 
Gastroenterology 1998; 116: 193–207.

 18 Distante S, Robson K, Graham‐Campbell J et al. The 
origin and spread of the HFE‐C282Y 
haemochromatosis mutation. Hum Genet 2004; 115: 
269–279.

 19 Adams PC, Reboussin DM, Barton JC et al. 
Hemochromatosis and iron‐overload screening in a 
racially diverse population. N Engl J Med 2005; 352: 
1769–1778.

 20 Allen KJ, Gurrin LC, Constantine CC et al. Iron‐
overload‐related disease in HFE hereditary 
hemochromatosis. N Engl J Med 2008; 358: 221–230.

 21 Bataller R, North K, Brenner D. Genetic 
polymorphisms and the progression of liver fibrosis: a 
critical appraisal. Hepatology 2003; 37: 493–503.

 22 Deugnier YM, Charalambous P, Le Quilleuc D et al. 
Preneoplastic significance of hepatic iron‐free foci in 
genetic hemochromatosis: a study of 185 patients. 
Hepatology 1993; 18: 1363–1369.

 23 Fletcher L, Dixon J, Purdie D et al. Excess alcohol 
greatly increases the prevalence of cirrhosis in 
hereditary hemochromatosis. Gastroenterology 2002; 
122: 563–565.

 24 Harrison‐Findik DD, Klein E, Crist C et al. Iron‐
mediated regulation of liver hepcidin expression in rats 
and mice is abolished by alcohol. Hepatology 2007; 46: 
1979–1985.

 25 Adams PC, Kertesz AE, Valberg LS. Clinical 
presentation of hemochromatosis: a changing scene. 
Am J Med 1991; 90: 445–449.

 26 Moirand R, Adams PC, Bicheler V et al. Clinical 
features of genetic hemochromatosis in women 
compared to men. Ann Int Med 1997; 127: 105–110.



Chapter 26524

 27 Adams PC. Hepatocellular carcinoma in hereditary 
hemochromatosis. Can J Gastroenterol 1993; 7: 37–41.

 28 Niederau C, Fischer R, Purschel A et al. Long‐term 
survival in patients with hereditary hemochromatosis. 
Gastroenterology 1996; 110: 1107–1119.

 29 Acton RT, Barton JC, Passmore LV et al. Relationships 
of serum ferritin, transferrin saturation, and HFE 
mutations and self‐reported diabetes in the 
Hemochromatosis and Iron Overload Screening 
(HEIRS) study. Diabetes Care 2006; 29: 2084–2089.

 30 Valenti L, Varenna M, Fracanzani AL et al. Association 
between iron overload and osteoporosis in patients 
with hereditary hemochromatosis. Osteoporos Int 2009; 
20: 549–555.

 31 Cecchetti G, Binda A, Piperno A et al. Cardiac 
alterations in 36 consecutive patients with idiopathic 
hemochromatosis – polygraphic and 
echocardiographic evaluation. Eur Heart J 1991; 12: 
224–230.

 32 Valenti L, Fracanzani AL, Rossi V et al. The hand 
arthropathy of hereditary hemochromatosis is strongly 
associated with iron overload. J Rheumatol 2008; 35: 
153–158.

 33 Brissot P, Bourel M, Herry D et al. Assessment of liver 
iron content in 271 patients: a reevaluation of direct 
and indirect methods. Gastroenterology 1981; 80: 
557–565.

 34 Guyader D, Jacquelinet C, Moirand R et al. Non‐
invasive prediction of fibrosis in C282Y homozygous 
hemochromatosis. Gastroenterology 1998; 115: 
929–936.

 35 Beaton M, Guyader D, Deugnier Y et al. Non‐invasive 
prediction of cirrhosis in C282Y‐linked 
hemochromatosis. Hepatology 2002; 36: 673–678.

 36 Legros L, Bardou‐Jacquet E, Latournerie M et al. 
Non‐invasive assessment of liver fibrosis in C282Y 
homozygous HFE haemochromatosis. Liver Int 2015; 
35: 1731–1738.

 37 Gandon Y, Olivie D, Guyader D et al. Non‐invasive 
assessment of hepatic iron stores by MRI. Lancet 2004; 
363: 357–360.

 38 St Pierre TG, Clark PR, Chua‐anusorn W et al. 
Noninvasive measurement and imaging of liver iron 
concentrations using proton magnetic resonance. Blood 
2005; 105: 855–861.

 39 Taouli B, Ehman RL, Reeder SB. Advanced MRI 
methods for assessment of chronic liver disease. AJR 
Am J Roentgenol 2009; 193: 14–27.

 40 Adams PC, Barton JC. A diagnostic approach to 
hyperferritinemia with a non‐elevated transferrin 
saturation. J Hepatol 2011; 55: 453–456.

 41 Ong S, Nicoll A, Delatycki M. How should 
hyperferritinemia be investigated and managed? Eur J 
Intern Med 2016; 33: 21–27.

 42 Wojcik J, Speechley M, Kertesz A et al. Natural history 
of C282Y homozygotes for haemochromatosis. Can J 
Gastroenterol 2002; 16: 297–302.

 43 Hall MA, Barton JC, Adams PC et al. Genetic screening 
for iron overload: no evidence of discrimination at one 
year. J Fam Practice 2007; 56: 829–833.

 44 Adams PC. Factors affecting rate of iron mobilization 
during venesection therapy for hereditary 
hemochromatosis. Am J Hematol 1998; 58: 16–19.

 45 Bomford A, Williams R. Long term results of 
venesection therapy in idiopathic haemochromatosis. 
Q J Med 1976; 45: 611–623.

 46 McClain D, Abraham D, Rogers J et al. High prevalence 
of abnormal glucose homeostasis secondary to 
decreased insulin secretion in individuals with 
hereditary haemochromatosis. Diabetologia 2006; 49: 
1661–1669.

 47 Bacon BR, Adams, PC, Kowdley K et al. Diagnosis and 
management of hemochromatosis: 2011 practice 
guideline by the American Association for the Study of 
Liver Diseases. Hepatology 2011; 54: 328–443.

 48 European Association for the Study of the Liver. EASL 
clinical practice guidelines for HFE hemochromatosis. 
J Hepatol 2010; 53: 3–22.

 49 Ong SY, Gurrin LC, Dolling L et al. Reduction of body 
iron in HFE-related haemochromatosis and moderate 
iron overload (Mi-Iron): a multicentre, participant-
blinded, randomised controlled trial. Lancet Haematol 
2017; 4: e607–e614.

 50 Adams PC, Kertesz AE, Valberg LS. Rate of iron 
reaccumulation following iron depletion in hereditary 
hemochromatosis. Implications for venesection 
therapy. J Clin Gastroenterol 1993; 16: 207–210.

 51 Bardou‐Jacquet E, Lainé F, Guggenbuhl P et al. Worse 
outcomes of patients with HFE hemochromatosis with 
persistent increases in transferrin saturation during 
maintenance therapy. Clin Gastroenterol Hepatol 2017; 
15: 1620–1627.

 52 Kowdley K, Brandhagen D, Gish R et al. Survival after 
liver transplantation in patients with hepatic iron 
overload: the national hemochromatosis transplant 
registry. Gastroenterology 2005; 129: 494–503.

 53 Crawford D, Fletcher L, Hubscher S et al. Patient and 
graft survival after liver transplantation for hereditary 
hemochromatosis: implications for pathogenesis. 
Hepatology 2004; 39: 1655–1662.

 54 Brandhagen D, Alvarez W, Therneau T et al. Iron 
overload in cirrhosis‐HFE genotypes and outcome after 
liver transplantation. Hepatology 2000; 31: 456–460.

 55 Adams PC, Alanen K, Preshaw R et al. Transplantation 
of haemochromatosis liver and intestine into a normal 
recipient. Gut 1999; 45: 783.

 56 Gurrin LC, Osborne NJ, Constantine CC et al. The 
natural history of serum iron indices for HFE C282Y 



Iron Overload States 525

homozygosity associated with hereditary 
hemochromatosis. Gastroenterology 2008; 135: 
1945–1952.

 57 Pankow JS, Boerwinkle E, Adams PC et al. HFE C282Y 
homozygotes have reduced low‐density lipoprotein 
cholesterol: the Atherosclerosis Risk in Communities 
(ARIC) study. Transl Res 2008; 152: 3–10.

 58 Andersen RV, Tybjaerg‐Hansen A, Appleyard M et al. 
Hemochromatosis mutations in the general population: 
iron overload progression rate. Blood 2004; 103: 
2914–2919.

 59 Adams PC. Implications of genotyping of spouses to 
limit investigation of children in genetic 
hemochromatosis. Clin Genet 1998; 53: 176–178.

 60 Adams P, Barton JC, McLaren GD et al. Screening for 
iron overload: lessons from the Hemochromatosis and 
Iron Overload Screening (HEIRS) study. Can J 
Gastroenterol 2009; 23: 769–772.

 61 Papanikolaou G, Samuels M, Ludwig E et al. Mutations 
in HFE2 cause iron overload in chromosome 1q‐linked 
juvenile hemochromatosis. Nat Genet 2004; 36: 77–82.

 62 Xu X, Pin S, Gathinji M et al. Aceruloplasminemia: an 
inherited neurodegenerative disease with impairment 
of iron homeostasis. Ann. N Y Acad. Sci 2004; 1012: 
299–305.

 63 Camaschella C, Roetto A, Cali A et al. The gene TFR2 
is mutated in a new type of haemochromatosis 
mapping to 7q22. Nat Genet 2000; 25: 14–15.

 64 Daher R, Kannengieser C, Houamel D, et al. 
Heterozygous mutations in BMP6 pro‐peptide lead to 
inappropriate hepcidin synthesis and moderate iron 
overload in humans. Gastroenterology 2016; 150: 
672–683.

 65 Yin D, Kulhali V, Walker AP. Raised serum ferritin 
concentration in hereditary hyperferritinemia cataract 
syndrome is not a marker for iron overload. Hepatology 
2014; 59: 1204–1206.

 66 Laine F, Ruvard M, Loustaud V et al. Metabolic and 
hepatic effects of blood letting in dysmetabolic iron 
overload syndrome: a randomized controlled study in 
274 patients. Hepatology 2017; 65: 465–474.

 67 Kwiatowski JL. Current recommendations for chelation 
for transfusion‐dependent thalassemia. Ann N Y Acad 
Sci 2016; 1368: 107–114.

 68 Feldman AG, Whitington PF. Neonatal 
hemochromatosis. J Clin Exp Hepatol 2013; 3: 
313–320.

 69 Bonilla S, Prozialeck JD, Malladi P et al. Neonatal iron 
overload and tissue siderosis due to gestational 
alloimmune liver disease. J Hepatol 2012; 56: 
1351–1355.

 70 Gangaidzo IT, Moyo VM, Saungweme T et al. Iron 
overload in urban Africans in the 1990s. Gut 1999; 45: 
278–283.

 71 Gordeuk V, Caleffi A, Corradini E et al. Iron overload 
in Africans and African‐Americans and a common 
mutation in the SCL40A1 (ferroportin 1) gene. Blood 
Cells Mol Dis 2003; 31: 299–304.

 72 McNamara L, Gordeuk VR, MacPhail AP. Ferroportin 
(Q248H) mutations in African families with dietary 
iron overload. J Gastroenterol Hepatol 2005; 20: 
1855–1858.

 73 Ellervik C, Birgens H, Tybjaerg‐Hansen A et al. 
Hemochromatosis genotypes and risk of 31 disease 
end‐points: meta‐analyses including 66,000 cases and 
226,000 controls. Hepatology 2007; 46: 1071–1080.



Chapter No.: 1 Title Name: <TITLENAME> c27.indd
Comp. by: <USER> Date: 02 May 2018 Time: 02:36:36 PM Stage: <STAGE> WorkFlow:<WORKFLOW> Page Number: 526

526

Sherlock’s Diseases of the Liver and Biliary System, Thirteenth Edition. Edited by James S. Dooley, Anna S. F. Lok,  
Guadalupe Garcia-Tsao and Massimo Pinzani. 
© 2018 John Wiley & Sons Ltd. Published 2018 by John Wiley & Sons Ltd. 
Companion website: www.wiley.com/go/sherlock/liver13e

This autosomal recessive disorder of copper metabolism 
is characterized mainly by liver and neurological disease. 
It is caused by mutations in the gene ATP7B, which 
encodes an intracellular copper‐transporting P‐type 
ATPase. In affected individuals copper accumulates in 
the liver, due to deficient holocaeruloplasmin synthesis 
and a marked reduction in biliary copper excretion.

Kinnier Wilson [1] first defined this condition, which 
he identified as familial and involving progressive neuro‑
logical disease and cirrhosis. Copper deposited in the 
 tissues is responsible for the hepatic and neurological 
changes, the greenish brown pigmented rings in the 
periphery of the cornea (Kayser–Fleischer rings), and 

lesions in the kidneys and other organs. Tissue damage 
leads to cirrhosis of the liver and bilateral degeneration 
of the basal ganglia of the brain.

The typical daily dietary intake of copper is 2–5 mg, 
most of which is excreted in bile to maintain overall 
balance. Dietary uptake is not regulated and excretion 
is therefore critically important. In Wilson disease, 
daily copper excretion into bile is decreased by 80–90% 
and hepatic copper overload develops. Excess copper 
leaches into the plasma and consequently to other 
tissues.

Despite the tissue overload, in the affected individual 
the serum copper level is almost always low. Most cop‑
per in the plasma compartment is found incorporated 
within caeruloplasmin. In Wilson disease, copper is not 
incorporated into apocaeruloplasmin in the Golgi com‑
plex of the hepatocyte. Therefore, serum copper levels 
are low; additionally, serum caeruloplasmin levels are 
lower because apocaeruloplasmin turns over faster 
than copper‐bearing holocaeruloplasmin. Urinary cop‑
per excretion is increased, reflecting increased concen‑
trations of non‐caeruloplasmin‐bound copper in the 
plasma. This pool of copper is loosely bound to albu‑
min and certain amino acids, such as histidine. It is not 
‘free’ copper. When serum copper levels are normal or 
elevated in Wilson disease, it implies that plasma con‑
centrations of non‐caeruloplasmin‐bound copper are 
exceedingly high.

Wilson disease is found worldwide. The average preva‑
lence is approximately 1 in 30 000, with a carrier 
 frequency of approximately 1 in 90 [2]. The prevalence in 
some populations is distinctly higher. Ongoing genetic 
studies may reveal that the carrier frequency is greater 
than has been thought [3].
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LEARNING POINTS

 ● Wilson disease is a genetic disorder of copper han-
dling that affects mainly the liver but also the brain, 
eyes, and kidneys.

 ● Inheritance of Wilson disease is autosomal recessive. 
Wilson disease occurs in individuals who have disease‐
causing mutations in both copies of the gene ATP7B; 
carriers have a mutation in only one copy.

 ● Wilson disease can present as liver disease (hepatic 
form) or neuropsychiatric disease (neurological form).

 ● Anyone with Wilson disease, whether symptomatic or 
not, requires lifelong treatment; carriers do not require 
treatment.

 ● The mainstay of initial treatment is with a chelator  
(d‐penicillamine or trientine); zinc salts may be most 
suitable for maintenance therapy; liver transplantation is 
reserved for the acute liver failure presentation or for 
treatment failures.
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 Molecular genetics: pathogenesis

The gene abnormal in Wilson disease, ATP7B, is on the 
long arm of chromosome 13. It is a large gene with 21 
exons: its coding region is distributed over 80 kb of 
genomic DNA. The ATP7B gene is expressed mainly in 
the liver [4]. Its gene product is a copper‐transporting 
P‐type ATPase, the ‘Wilson ATPase’, which has six cop‑
per‐binding units near the amino end of the protein. 
Both the gene [5–7] and the Wilson ATPase [8–10] have 
been characterized extensively.

The Wilson ATPase is multifunctional. In normal 
hepatocytes, the Wilson ATPase is predominantly 
located in the trans‐Golgi network, into which it trans‑
ports copper for incorporation into apocaeruloplasmin 
to produce enzymatically active holocaeruloplasmin 
(Fig.  27.1). When intracellular copper concentrations 
are increased, the Wilson ATPase redistributes to a 
vesicular compartment close to the bile canalicular 
membrane [11,12]. This is likely a very dynamic process. 
Mutations in the Wilson ATPase may interfere with 
some or all of its complex functions in hepatocytes. 
Some mutations result in failure to produce any Wilson 
ATPase protein whereas others produce a misfolded or 
only partially competent ATPase. This may account for 
a dissociation between holocaeruloplasmin production 
and biliary excretion of copper such that some patients 

with Wilson disease have a normal or near‐normal 
serum caeruloplasmin.

More than 500 different mutations of ATP7B in Wilson 
disease have been identified (http://www.wilsondisease.
med.ualberta.ca/database.asp). Most are point or mis‑
sense mutations in the transmembrane and ATPase 
regions. Ideally, alterations in ATP7B must be shown to 
cause protein dysfunction to be counted as disease‐caus‑
ing mutations. The numerous mutations make mutation 
analysis somewhat impractical as a routine diagnostic 
test, except in areas where one or two mutations pre‑
dominate, such as Eastern Europe, Sardinia, Iceland, and 
the Canary Islands.

There are no simple correlations between a specific 
genotype of ATP7B and a specific clinical phenotype of 
Wilson disease. Homozygosity for the most common 
mutation in European populations (H1069G) may be 
associated with onset of the neurological form in young 
adulthood, but this statistically significant association 
may not be biologically significant [13]. More generally, 
gene changes that result in failure to produce intact 
Wilson ATPase are associated with earlier onset of 
severe, usually hepatic, disease [14–16]. Phenotypic 
 variation within families carrying the same mutation 
may be due to genetic modifiers of ATP7B, variations in 
other proteins involved in the hepatocellular handling 
of  copper, compensatory cytoprotective mechanisms, 
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Fig. 27.1 Role of Wilson ATPase (ATP7B) in the hepatocellular disposition of copper. A doublet of hepatocytes is shown, with, on the right, 
the specialized bile canaliculus (BC) membrane located between two tight junctions (TJ). Starting at the left side of the diagram, copper 
(small red dots) is taken up across the sinusoidal plasma membrane by CTR1 (purple square), picked up and carried by ATOX1 (blue square) 
to the Wilson ATPase (yellow oval with arrowhead) in the trans‐Golgi network. The Wilson ATPase either directs copper to production of 
caeruloplasmin or to excretion into bile. Biliary excretion of copper may also involve COMMD1. When intracellular copper concentrations 
are low or normal, the Wilson ATPase participates in the production of holocaeruloplasmin (white square containing copper) in the Golgi 
apparatus; holocaeruloplasmin is then secreted into the blood. When intracellular copper concentrations are elevated, the Wilson ATPase 
expedites biliary excretion of copper. Glutathione (GSH) (blue half circle) mediates other intracellular transfer, including incorporation into 
metallothionein and biliary excretion via MRP2. Source: Modified from Roberts EA, Sarkar B. Am J Clin Nutr 2008; 88: 851S–854S.
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or environmental factors affecting copper availability. 
In one report, onset of symptoms was significantly 
delayed in patients with the wild‐type ApoEε 3/3 poly‑
morphism [17]; a further report suggested that the 
ApoEε 4 polymorphism was associated with somewhat 
earlier onset of clinical symptoms than ApoEε 3/3 [18]. 
Biological females may be at risk for more severe 
disease.

Several animal models for Wilson disease exist. In 
mice, spontaneous point mutations in the murine Atp7b 
gene cause liver disease resembling human Wilson dis‑
ease [19]; an Atp7b knockout mouse has more severe 
liver disease [20]. The Long–Evans Cinnamon (LEC) rat 
has a large deletion in the rat ATP7B. Rats homozygous 
for this gene alteration show marked hepatic copper 
accumulation in the first few months of life with low 
serum caeruloplasmin, and they develop severe acute 
hepatitis. Surviving rats progress to chronic hepatitis 
and hepatocellular carcinoma [21]. d‐penicillamine 
 protects against these changes [22].

Because it is redox active, copper can cause oxidative 
injury in cells [23]. Toxic levels of copper in the liver in 
Wilson disease cause structural [24] and functional 
changes in hepatocellular mitochondria, notably to com‑
plex IV of the oxidative phosphorylation (OX‐PHOS) 
chain [19]. In rats lacking the Wilson ATPase, similar 
changes were found [25]. Oxidative damage to mito‑
chondria can be limited experimentally by vitamin E 
administration [26].

 Pathology

Liver

The liver shows a spectrum of histopathological find‑
ings varying from simple steatosis to macronodular 
 cirrhosis. With acute liver failure in Wilson disease, 
submassive necrosis occurs, typically superimposed on 
cirrhosis.

Hepatocytes are ballooned; they may show multiple 
nuclei, clumped glycogen and glycogenated nuclei 
(Fig. 27.2). Fatty change is usual. In some patients, a par‑
ticularly florid picture is seen with Mallory–Denk bod‑
ies, simulating acute alcoholic hepatitis. Alternatively, 
histological changes are consistent with chronic hepati‑
tis and may sometimes resemble the histological features 
of autoimmune hepatitis (Fig. 27.3). Hepatic histology is 
not diagnostic, but in a young person with cirrhosis such 
findings should always raise the possibility of Wilson 
disease.

Rubeanic acid or rhodanine stains may show copper 
but are unreliable. In early disease, when copper is mainly 
in the cytoplasm, these stains do not detect any copper. 

Failure to stain copper on liver biopsy does not exclude 
the diagnosis of Wilson disease.

In cirrhosis, some nodules are positive whereas 
 others are not. Detected copper is usually periportal, 
associated with atypical lipofuscin deposits. It must be 
distinguished from copper accumulation due to 
cholestasis.

Electron microscopy

Mitochondria are increased in number, large, and pleio‑
morphic. They may contain ‘dark bodies’. The most strik‑
ing change is cystic dilation of the tips of the mitochondrial 
cristae. Mitochondria may be abnormal even in asymp‑
tomatic patients.

Other organs

The Kayser–Fleischer ring (Fig. 27.4) is a greenish brown 
corneal ring appearing near the periphery of the iris. It is 
due to a copper‐containing pigment deposited in 
Descemet’s membrane at the periphery of the posterior 
surface of the cornea. The upper pole is first affected. 
Expert slit‐lamp examination is almost always necessary 
to show it. It is usually present in patients with neuro‑
logical disease but may be absent in 40–60% of those 
with a hepatic form.

Rarely, the posterior layer of the capsule of the lens 
may show greyish brown ‘sunflower’ cataracts, which 
resemble those due to copper‐containing foreign 
bodies.

The kidney shows fatty and hydropic change with cop‑
per deposition in the proximal convoluted tubules.

Fig. 27.2 Hepatolenticular degeneration (Wilson disease). Liver 
cells adjoining a fibrous tissue band display large vacuoles in their 
nuclei (nuclear glycogenosis) and fatty change. (H & E, × 65.)
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 Clinical picture

Clinical presentation is highly variable. It differs with age 
(Fig.  27.5). Most children present with liver disease 
(hepatic form). Later on, neuropsychiatric changes 
become increasingly predominant (neurological form). 
Patients presenting after 20 years of age typically have 
neurological symptoms [27,28]. The two forms  frequently 
overlap. Most patients have developed symptoms or 
have been diagnosed when between 5 and 40 years old. 
Numerous reports, however, indicate that some patients 

are diagnosed in very early childhood or in their 50s–60s 
or later [15,29,30].

The diagnostic challenges associated with the clinical 
variability of Wilson disease are well‐illustrated by a 
series of patients from Gran Canaria Island [31]. Their 
family histories disclosed a very high prevalence of 
Wilsonian acute  liver failure. Among 19 patients with 
a  complete genetic diagnosis, the average age at 

Fig. 27.4 Kayser–Fleischer ring. A brownish deposit is evident at 
the periphery of the cornea. In most patients this deposit is not 
obvious and requires slit‐lamp examination to reveal it.
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Fig. 27.5 Type of symptom complex at onset by age in 142 British 
and Chinese patients with Wilson disease [27].

Fig. 27.3 Autoimmune hepatitis‐like Wilson disease. In this example, there is interface hepatitis and lymphocytic infiltration, as in 
autoimmune hepatitis. Note the hepatocellular swelling due to small‐droplet macrosteatosis; nuclei appeared vacuolated due to 
glycogenosis. (H & E, × 350.)
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 diagnosis was 16 years (range: 7–26 years); 10 were male. 
Six of 12 homozygotes for the mutation L708P presented 
with neurological disease; three had hepatic Wilson dis‑
ease and three were asymptomatic, found on family 
screening. Kayser–Fleischer rings were not found in two 
individuals with a neurological presentation. Serum 
ceruloplasmin was <0.10 g/L in 18 patients, but in one it 
was close to normal at 0.190 g/L. Basal 24 h urinary cop‑
per excretion did not exceed the conventional diagnostic 
cut‐off of 100 µg/day (1.6 µmol/day) in 7 of 18 patients 
reported, but it was >40 µg/day (>0.6 µmol/day), the pre‑
ferred cut‐off, in all 18. Hepatic parenchymal copper, 
measured in nine patients, was elevated in eight (average 
716 µg/g dry weight, range 336–2018 µg/g dry weight) 
but was only 30 µg/g dry weight (normal <50 µg/g dry 
weight) in the ninth patient.

Hepatic forms

Acute liver failure
Classically, this features progressive jaundice, ascites, 
and hepatic and renal failure, with supervening hepatic 
coma, usually in a child or young adult. It occurs more 
often in females than in males. Hepatocyte destruction 
appears to be mainly due to rampant apoptosis, presum‑
ably related to accumulation of copper [32,33]. Virtually 
all patients are already cirrhotic. Acute Coombs‐nega‑
tive intravascular haemolysis is due to destruction of 
erythrocytes by a sudden flux of copper from leaky 
hepatocytes. Haemolysis of similar type has been 
reported in sheep with copper intoxication, and in 
humans in accidental copper poisoning.

Kayser–Fleischer rings may be absent. Urinary and 
serum copper levels are very high. Serum caeruloplasmin 
is usually low. However, it may be normal or raised since 
caeruloplasmin is an acute‐phase reactant, increased in 
active liver disease. Serum aminotransferases are inap‑
propriately low for fulminant viral hepatitis, and serum 
alkaline phosphatase may be very low [34]. The Korman 
index employs conventional American units. A low 
 alkaline phosphatase to total bilirubin ratio (AP/TB) of 
<4 points toward Wilson disease, more so when associ‑
ated with an aspartate aminotransferase to alanine 
 aminotransferase ratio (AST/ALT) >2.2 [35].

Steatosis
In children, and possibly in adults, with Wilson disease 
hepatic steatosis may be found by hepatic sonography or 
by liver biopsy [36,37]. The findings may be highly sug‑
gestive of non‐alcoholic fatty liver disease. Histological 
findings vary from simple steatosis to steatohepatitis. 
Differentiation from the much more common disorder 
associated with disordered insulin action may be diffi‑
cult. Insulin resistance is not associated with Wilson 

 disease; the mechanism for developing fatty liver remains 
undetermined. In non‐alcoholic fatty liver disease, 
hepatic copper is typically low [38]. Identifying Wilson 
disease in an individual at risk for non‐alcoholic fatty 
liver disease remains an unsolved diagnostic challenge.

Autoimmune hepatitis‐like
Wilson disease may present at 10–30 years of age as 
an  acute or chronic hepatitis with jaundice, elevated 
serum  aminotransferases, and hypergammaglobuli‑
naemia (Fig.  27.6) [39]. More recent observations 
 indicate that non‐specific autoantibodies are detectable 
[40]. Typically the pattern is type 1 (anti‐smooth muscle 
antibodies  present), but type 2 (anti‐liver/kidney micro‑
somal antibodies detected) may occur. Very rarely, Wilson 
disease and autoimmune hepatitis are coincidental. Any 
patient presenting with apparent autoimmune hepatitis 
requires investigation for Wilson disease. Additionally, 
approximately 20% of patients with Wilson disease have 
elevated serum titres of antinuclear antibodies without 
concomitant autoimmune liver disease [41].

Cirrhosis
The patient may present with cirrhosis, typically well 
compensated, which has developed insidiously. Clinical 
features include vascular spider angiomas, splenomeg‑
aly, ascites, and portal hypertension. Severe disease can 
exist without any neurological signs. Those showing evi‑
dence of hepatic decompensation may still respond well 
to medical treatment for Wilson disease. Liver biopsy 
with measurement of hepatic copper concentration may 
be useful for diagnosis.
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Fig. 27.6 Biochemical tests in 17 patients with Wilson disease 
(presenting as hepatitis with clinical or histological features of 
autoimmune hepatitis). Horizontal lines indicate mean values. 
Normal ranges are denoted by hatching (serum bilirubin 
0.2–0.8 mg/dL; aspartate aminotransferase 4–15 IU/L; γ‐globulin 
0.7–1.8 g/dL) [39].



Wilson Disease 531

All children and younger adult patients with chronic 
liver disease should be evaluated for Wilson disease. 
Those showing any deterioration in school or work per‑
formance, slurring of the speech, change in handwriting, 
early ascites, or transient haemolysis require extensive 
investigation. Any with a family history of cirrhosis 
should also be screened.

Hepatocellular carcinoma
This occurs infrequently compared with other chronic 
liver diseases [42–44] but it has been reported even in 
childhood. Induction of hepatic metallothionein by cop‑
per may be protective [45]. Cholangiocarcinoma, typi‑
cally intrahepatic, can also occur. Consequently, despite 
the relative rarity of these cancers, hepatic nodules 
require appropriate evaluation such as contrast‐
enhanced ultrasonography (CEUS) and magnetic reso‑
nance imaging (MRI).

Neuropsychiatric forms

These broadly form subgroups according to the predom‑
inant features, and in order of incidence are parkinso‑
nian, pseudosclerotic, dystonic (dyskinetic), and choreic 
[46,47]. The neurological presentation may be acute and 
rapidly progressive. Early changes include a flexion–
extension tremor of the wrists, grimacing, difficulty in 
writing, slurred speech, and drooling. The limbs show a 
fluctuating rigidity. The intellect is fairly well preserved 
although patients with psychiatric disturbance usually 
present with depression or a slow deterioration of the 
personality. Approximately 15% of all patients present 
with psychiatric disturbance only [48].

Often the neurological changes are chronic. Onset is in 
early adult life with tremor, which is marked and of a 
wing‐beating type, and exaggerated by voluntary move‑
ment. Sensory loss and pyramidal tract signs are absent. 
The expression is vacant. Severely dystonic patients have 
a worse prognosis than other groups [49]. Among 
patients with neurological forms, 20% may only have 
minimal changes or steatosis on liver biopsy.

The electroencephalogram shows generalized non‐
specific changes that may also be seen in asymptomatic 
siblings. Presentation as a seizure disorder is rare. A few 
patients present with autonomic dysregulation.

Renal changes

Aminoaciduria, glycosuria, phosphaturia, and uricosuria 
reflect renal tubular changes. These are presumably due 
to copper deposition in the proximal renal tubules. 
Serum uric acid may consequently be subnormal.

Renal tubular acidosis occurs and may be related to 
stone formation.

Other changes

Isolated episodes of haemolysis may occur; these can be 
triggered by concomitant viral infections and in most cases 
resolve spontaneously. Occasionally they may be accompa‑
nied by transient hepatic decompensation (Fig. 27.7) [50]. 
Gallstones are related to haemolysis. Rarely, the lunulae of 
the nails appear lavender due to increased copper. Skeletal 
changes include demineralization, premature osteoarthri‑
tis, subarticular cysts, and fragmentation of bone about the 
joints [51]. Presenting symptoms may occasionally be lim‑
ited to arthralgias and muscle weakness. This ‘osseomus‑
cular’ presentation is particularly common in India. 
Hypoparathyroidism is a rare association. Cardiac disease, 
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in particular dysrhythmias, has been reported. Decreased 
fertility in women or repeated spontaneous abortions may 
occur. In some women, this obstetric history may be the 
first clue to Wilson disease.

 Laboratory tests

Tests relating to copper disposition are informative 
(Figure 27.8). Serum caeruloplasmin and copper levels are 
typically low [52–54]. Current routine automated immu‑
nological methods do not measure enzymatically active 
caeruloplasmin. Levels <0.14 g/L are consistent with the 
diagnosis [55]. Other causes of low serum caeruloplasmin 
include the genetic disorder acaeruloplasminaemia [56] 
and advanced liver disease with synthetic failure and 
severe malnutrition. The caeruloplasmin level may be 
raised by inflammation, biliary obstruction, oestrogen 
administration, oral contraceptive drugs, or pregnancy.

Basal 24 h urinary copper excretion is almost always 
increased (>0.6 µmol/24 h). For diagnostic purposes, this 
revised threshold is preferable to the conventional level 
of >1.6 µmol/24 h (100 µg/24 h). This highly informative 
test requires some attention to methodology. Plastic 
 bottles are suitable. Ease of collection is important. 
Simultaneous measurement of urinary creatinine output 
validates completeness of collection. Up to three sepa‑

rate collections should be performed. It is unreliable 
mainly in children 4 years old or younger [57].

Incorporation of orally administered radio‐copper into 
caeruloplasmin is no longer used for diagnosis.

Liver biopsy

Histological findings may be non‐specific. The copper 
content should be measured, although concentrations 
vary widely within a cirrhotic liver [58]. The biopsy can 
be extracted from the paraffin block for copper measure‑
ment [59]. Normal is less than 50 µg/g dry liver weight, 
and concentrations >250 µg/g dry weight are typical in 
Wilson disease. Some observations suggest that lower 
values, in excess of 75–100 µg/g dry weight, may be diag‑
nostic in Wilson disease [38]. Elevated hepatic parenchy‑
mal copper concentrations may be found in those with a 
relatively normal hepatic histology. Elevated values are 
also found with long‐standing cholestasis and Indian 
childhood cirrhosis, but not in NAFLD [38].

Imaging

Cranial computed tomography scanning may show 
changes, including ventricular enlargement, before neu‑
rological changes appear. MRI is preferred, as it is more 
sensitive [60,61]. Dilation of the third ventricle, focal 
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 thalamic lesions, and focal lesions in the putamen and 
pallidum may bear a relationship to clinical subgroups of 
bradykinesia/rigidity, ataxia/tremor, and dyskinesia/ 
dysarthria, respectively [62].

 Genetic strategies

Haplotype analysis (analysis of the alleles of microsatel‑
lite markers surrounding ATP7B) was an important 
strategy for cloning the gene abnormal in Wilson disease. 
This technique retains some utility for diagnosing 
 siblings of patients with Wilson disease (as affected, 
 heterozygote, or normal) when the mutation(s) cannot 
be identified in the affected proband [63]. More recently 
developed, high‐throughput techniques permit sequenc‑
ing of the entire ATP7B gene and thus are suitable for 
primary genetic diagnosis. Identifying the patient as 
 having two copies of a single disease‐causing gene altera‑
tion or, alternatively, as having one copy of each of two 
different disease‐causing gene alterations, fully estab‑
lishes the diagnosis. Since 80% of affected individuals 
are  compound heterozygotes, genetic diagnosis is not 
straightforward.

These molecular techniques are expensive and not 
universally available, and they require expert interpreta‑
tion by a knowledgeable geneticist.

 Diagnostic difficulties

The combination of very low serum caeruloplasmin 
(<0.05 g/L) and the presence of Kayser–Fleischer rings in 
a patient with hepatic or neurological disease establishes 
the diagnosis of Wilson disease. However, many patients 
presenting with liver disease lack these characteristic 
features [53,54]. The need to pursue the diagnosis in 
patients where there is any clinical suspicion of Wilson 
disease based on clinical, hepatic, or neurological fea‑
tures must be emphasized. Basal 24 h urinary copper 
excretion should be measured. Urinary copper excretion 
after penicillamine challenge may be informative in 
 children and adults with active disease, but it is less 
informative in asymptomatic patients [64,65]. Genetic 
diagnosis is absolute. Genotyping for mutation(s) known 
to be common in an isolated local population can be 
helpful. Liver biopsy with estimation of liver copper 
 concentration remains the cornerstone for clinical diag‑
nosis, although sampling error or too small a specimen 
may give a misleading result. Furthermore, significant 
elevated hepatic copper levels are common when severe 
cholestasis is present, caused by the impairment of 
 biliary (copper) excretion.

A diagnostic scoring system has been devised based on 
key clinical and laboratory features [66]. It has been 
 subjected to preliminary validation in children [67]; 
however, in this age bracket it depends heavily on genetic 
diagnosis.

Detection of symptom‐free affected 
individuals

All first‐degree relatives of individuals with Wilson 
 disease must be screened with physical examination, 
liver biochemistries, serum copper and caeruloplasmin, 
and a basal 24 h urinary copper measurement. Slit‐lamp 
examination for Kayser–Fleischer rings is worthwhile 
despite being somewhat insensitive. Patients not yet 
symptomatic may appear entirely normal or have  features 
such as hepatomegaly, splenomegaly, or vascular spider 
angiomas, and a slight rise in serum aminotransferase 
values. Kayser–Fleischer rings may be seen. Serum 
 caeruloplasmin will usually, but not invariably, be sub‑
stantially less than 0.20 g/L. Basal 24 h urinary copper 
excretion is  elevated at >0.6 µmol/24 h. Liver biopsy with 
copper analysis is confirmatory.

Alternatively, if the mutation(s) of the index case are 
known, genetic diagnosis is the most efficient test in the 
siblings, although less cost‐effective for investigating 
their parents or offspring. Hepatic and neurological 
function needs to be investigated in first‐degree relatives 
identified as affected. Every affected individual must be 
treated, even if symptom free. Heterozygotes (carrying 
only one mutation) do not require treatment.

Treatment (Table 27.1)

Early diagnosis is best, and treatment is lifelong. For the 
patient with symptomatic hepatic disease, chelation 
therapy is given. For patients with neurological disease, 
treatment options are more complicated. Chelators or 
zinc can be effective. In patients with the neurological 
form, treatment with an oral chelator, especially with  
d‐penicillamine, may provoke worsening of the neurological 
symptoms. Zinc may have a role as primary treatment 
[68]; emerging treatment modalities may address this 
problem more effectively.

The initial phase of therapy is aimed at clinical 
improvement or stabilization. The front‐line agents are 
d‐penicillamine and trientine. d‐Penicillamine has been 
the mainstay of treatment since its therapeutic value was 
described by Walshe over 60 years ago. Despite its proven 
efficacy, it can have severe side‐effects. Trientine, devel‑
oped for patients intolerant of d‐penicillamine, is effec‑
tive in such patients, and it is also an excellent first‐line 
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therapy. It has fewer reported side effects than d‐penicil‑
lamine. As initial treatment, zinc has a limited role: in 
the neurological form and possibly in the presympto‑
matic patient.

After successful initial treatment, options for mainte‑
nance treatment include a reduction in the dose of chela‑
tor, or its substitution by zinc. Liver transplantation is 
indicated for acute liver failure, especially when classic 
with acute intravascular haemolysis, and for severe liver 
disease unresponsive to optimal medical management.

An important aspect of all treatments is the absolute 
need for adherence, which is often a problem in patients 
constrained to take lifelong regular medication despite 
feeling perfectly well.

d‐Penicillamine chelates copper and increases urinary 
excretion to as much as 15–45 µmol daily. Treatment in 
adults is started with 1–1.5 g of d‐penicillamine daily by 
mouth in three to four divided doses, taken 1 h before 
meals. In children, the regimen is 20 mg/kg divided into 
two daily doses. Many patients tolerate d‐penicillamine 
better if it is started incrementally, starting at 250 mg 
once daily and increasing by 250 mg every 4–7 days until 
the full daily dose is achieved [69]. Improvement is slow 
and at least 6 months of continuous therapy should be 
given at this dose. Of patients with neurological disease, 
approximately 22% experience deterioration of their 
neurological status on d‐penicillamine before improve‑
ment is seen [49]. Improvement is marked by disappear‑
ance of the Kayser–Fleischer rings. Speech is clearer; 
tremor and rigidity lessen. Handwriting and the patient‐
reported part of the UWDRS (Unified Wilson Disease 
Rating Scale) [70] are good tests of progress. Liver 

 function improves. Liver biopsy, although not necessary 
clinically for follow‐up, shows reversion to inactive 
 cirrhosis. In some cases cirrhosis may regress. Failure 
to  improve implies either that irreparable tissue dam‑
age was present before treatment started or that there is 
a lack of compliance with treatment. Unless outright 
liver failure develops, treatment failure should not be 
declared until optimal therapy for 1–2 years has been 
achieved.

Success during this initial period of d‐penicillamine 
therapy is judged by improvement in hepatic synthetic 
function. A brisk cupruria is expected. Serum non‐caer‑
uloplasmin‐bound copper should return to normal but 
has not been validated as a clinical criterion [71]. 
Whether the liver copper level returns to normal is con‑
troversial, but if it does, it takes many years of treatment. 
If the expected improvement occurs after the initial 
period of treatment, the dose of d‐penicillamine should 
be reduced to 750–1000 mg/day in adults. Close follow‐
up is necessary to ensure continued improvement or 
 stability and to monitor compliance. Evidence of excessive 
de‐coppering is sought by measuring 24 h urinary cop‑
per output. A rapidly progressive hepatic deterioration 
may follow non‐compliance of treatment in a previously 
well‐controlled patient [72,73]. Patients on long‐term  
d‐penicillamine treatment require regular monitoring of 
bone marrow (complete/full blood count) and renal 
function (urinalysis, serum creatinine) as long as they are 
taking this drug.

Adverse reactions to d‐penicillamine occur in approx‑
imately 30% of patients with Wilson disease [74,75]. 
Hypersensitivity reactions may occur within the first 
few  weeks of treatment: fever and rash, leucopenia, 
thrombocytopenia, lymphadenopathy, and proteinuria. 
This reaction usually resolves when d‐penicillamine is 
stopped. Treatment can be recommenced with slowly 
increasing doses of d‐penicillamine along with pred‑
nisone or prednisolone; however, switching to trientine 
is currently the more usual practice. d‐Penicillamine 
may also cause proteinuria and a systemic lupus erythe‑
matosus (SLE)‐like syndrome. It can cause aplastic anae‑
mia. With chronic usage, skin changes include elastosis 
perforans serpiginosa and cutis laxa (progeric wrinkling). 
Because the latter is dose related, long‐term treatment 
with doses over 1 g/day is not recommended. In the 
event of any serious or unremitting adverse effect of d‐
penicillamine, it should be discontinued; however, an 
alternative treatment must be substituted. In general, 
 trientine is substituted.

During the first 2 months of d‐penicillamine treat‑
ment, white cell and platelet counts are performed at 
least weekly, then monthly up to 6 months, and thereaf‑
ter at least annually. Urinalysis for proteinuria should 
be  checked on these occasions. Clinical pyridoxine 

Table 27.1 Treatment of Wilson disease

Treatment Indications Side‐effects

Liver 
transplantation

Acute liver failure
Primary treatment 
failure
Non‐adherence 
leading to hepatic 
decompensation

Chapter 37

Chelators
d‐Penicillamine Initial therapy/

maintenance
++

Trientine Initial therapy/
maintenance

+/±

Tetrathiomolybdate (Investigational – 
see text)

Zinc (acetate, 
gluconate, sulphate)

Maintenance/
presymptomatic?*

±

* Choice debatable, see text.
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 deficiency, a theoretical possibility, is exceedingly rare, 
but supplements of pyridoxine 25 mg daily have been 
routinely used.

Trientine is a copper chelator initially introduced to 
treat patients intolerant of d‐penicillamine [72,76]. It is 
very different chemically from d‐penicillamine, which 
is perhaps why it can be used as an alternative treatment 
if d‐penicillamine is not tolerated. Despite lower cupriu‑
retic potency than d‐penicillamine, it is clinically effec‑
tive. The typical dose in adults is 1000–1200 mg daily, 
depending on the formulation, divided into two doses, 
but the total daily dose can be as high as 1500–1800 mg. 
It can be a satisfactory first line of treatment for 
Wilson disease [77–79]. Trientine has few side‐effects. 
Hypersensitivity reactions have not been reported, 
although fixed drug reactions may occur. Pancytopenia 
has rarely been reported. Neurological deterioration in 
Wilson disease patients has been reported but seems to 
be rare. Trientine should be stored in a refrigerator to 
prevent degradation, and ideally it should be taken (as 
for d‐penicillamine) on an empty stomach, preferably at 
least 1 h before eating, to avoid compromising efficacy.

Zinc inhibits gastrointestinal absorption of copper 
through the induction of intestinal metallothionein [80]. 
The dose for adults is 50 mg of elemental zinc by mouth 
three times daily, on an empty stomach; the particular 
salt does not matter. Acetate and gluconate salts are 
somewhat easier on the stomach than sulphate. Most 
long‐term experience is in asymptomatic patients or 
those with neurological presentation. Its important 
advantage for treating the neurological form is that neu‑
rological deterioration seldom occurs [81]. Its efficacy as 
initial treatment in symptomatic patients remains 
 disputed despite supportive data [36,82,83]. Early hepatic 
decompensation has rarely been reported. Zinc is 
increasingly used for maintenance therapy in patients 
who have stabilized after initial treatment with chelators 
[80]. Emerging experience indicates that hepatic deterio‑
ration may occur late during long‐term zinc therapy 
[84,85]. Zinc seems to have few adverse side‐effects, 
apart from nausea or gastric irritation [86]. As with other 
treatments, compliance is essential: it may prove difficult 
with dosing three times per day.

Tetrathiomolybdate is an investigational agent that has 
potent effects on copper disposition. In the intestine it 
prevents the absorption of copper. The absorbed drug 
complexes copper with albumin in the blood and thus 
interferes with copper damage to tissues. In initial treat‑
ment of patients with neurological disease, ammonium 
tetrathiomolybdate was infrequently associated with 
worsening of neurological symptoms as may occur with 
d‐penicillamine [87]; a comparative study in the neuro‑
logical presentation showed that tetrathiomolybdate plus 
zinc was more effective than trientine plus zinc [88]. 

Bis‑choline tetrathiomolybdate (WTX101) is an ana‑
logue of tetrathiomolybdate currently undergoing clinical 
development [89]. This salt appears to be substantially 
more stable than the ammonium salt.

Combination therapy (chelator plus zinc), if used, 
should be reserved for patients with decompensated 
hepatic disease or a severe neurological form, under spe‑
cialist advice. The chelator dose (usually trientine 500 mg, 
in adults) is alternated with the zinc dose (50 mg elemen‑
tal, in adults) throughout the day, with usually 5–6 h 
between administering either drug. Thus chelator is given 
at 6 a.m. and again 12 h later (first and third doses), and 
zinc is given at noon and midnight (second and fourth 
doses of the day). This regimen requires a high degree of 
commitment from the patient and/or the patient’s family. 
If the treatment is successful, the patient can be switched 
to monotherapy (chelator or zinc) after 2–3 months. 
Patients with hepatic Wilson disease who fail this regi‑
men typically require liver transplantation; accordingly, 
they should be assessed for transplant when this regimen 
is initiated. Although there are encouraging preliminary 
reports, this strategy remains investigational [90,91].

Physiotherapy is valuable for improving the patient’s 
gait, writing, and movement generally.

A low‐copper diet is of no value as sole treatment, but 
copper‐containing foods (liver, shellfish, nuts, choco‑
late, and mushrooms) should be avoided during treat‑
ment initiation. Alcoholic beverages should generally 
be  excluded. Vegetarians with Wilson disease require 
supervision by a dietician.

Pregnancy in women with Wilson disease is safe. 
Treatment is continued through pregnancy, typically 
with the patient’s normal medication. Prolonged inter‑
ruption of treatment carries a major risk of hepatic insuf‑
ficiency and possible death. Continued treatment with 
d‐penicillamine [92], trientine [92], or zinc [93] has been 
well tolerated by mothers. It is difficult to quantify the 
potential risk to the infant; however, d‐penicillamine is 
classified as a teratogen [94]. A daily dose of 750–1000 mg 
of either d‐penicillamine or trientine, in well‐controlled 
patients, has been used during the first two trimesters of 
pregnancy with reduction to 500 mg/day during the last 
trimester [92].

Hepatic transplantation may be indicated for Wilsonian 
acute liver failure (which is otherwise usually fatal), for the 
patient with cirrhosis with decompensated liver disease 
who fails to improve after 2–3 months of optimal medical 
treatment, or for the patient who develops liver failure 
after unwisely stopping therapy. Survival at 5 years is 
79–87% [95–98]. The hepatic metabolic defect is cor‑
rected [99]. Although neurological features show improve‑
ment in some patients [100], this is not always the case. 
Liver transplantation as treatment for neurological Wilson 
disease remains highly controversial [101].
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A patient presenting with Wilsonian acute liver failure 
almost always requires liver transplantation. Before 
transplant, renal failure and haemolytic anaemia may be 
treated by therapeutic plasma exchange, albumin dialy‑
sis, or similar interventions [102].

 Prognosis

Untreated Wilson disease is progressive and fatal. The 
great danger is that the patient remains undiagnosed and 
dies untreated. This unfortunate outcome is likely in 
patients presenting with exclusively psychiatric symp‑
toms, in whom a positive family history or personal 
 history of jaundice must be sought.

Liver transplantation is life‐saving in patients with 
the acute liver failure presentation of Wilson disease. 
It can be difficult to differentiate some of those patients 
from others who have decompensated liver disease 
potentially responsive to medical treatment. Prognostic 
scores have been devised to assist with determining 
whether liver transplantation is required. The original 
Nazer score is obsolete [103]. In children, a score com‑
posed of total serum bilirubin, AST, albumin, interna‑
tional normalized ratio (INR), and total white cell 
count appears to have good predictive value for identi‑
fying a need for urgent liver transplantation [90]. 

Problematic exceptions have been reported [104]. 
Diagnostic scoring systems aimed at detecting 
Wilsonian acute liver failure can also influence man‑
agement decisions. The Korman index based on simple 
liver biochemistries is applicable for adults and children 
[35]; a similar French prognostic score is applicable to 
 children [105].

Prognosticating the neurological form of Wilson dis‑
ease can be difficult. The acute form associated with 
cystic changes in the basal ganglia appears to be irrevers‑
ible. Chronic forms are more tractable to treatment 
when diagnosis is not delayed [27]. The final prognosis 
also depends on the response to 6 months of continuous 
chelator treatment. Dystonia carries a poor prognosis, 
being little affected by chelation therapy.

Otherwise death is from chronic liver failure, variceal 
bleeding, or intercurrent infections in those bedridden 
from neurological disability.

Patients diagnosed early in the disease course who 
adhere to their medical regimen faultlessly have a good 
prognosis and can be expected to enjoy a normal 
lifespan.

Non-Wilsonian copper-related cirrhosis

See Chapter 31.
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 Introduction

Non‐alcoholic fatty liver disease (NAFLD) is the com-
monest cause of liver dysfunction in the Western world 
and comprises a clinical spectrum from steatosis (tria-
cylglycerol [TAG] infiltration in >5% of hepatocytes), 
fatty infiltration plus inflammation, and hepatocellular 
ballooning degeneration (non‐alcoholic steatohepatitis 
[NASH]), to fibrosis and ultimately cirrhosis, in the 
absence of excessive alcohol consumption (a typical 
threshold being <30 g per day for men and <20 g per day 

for women) [1]. A strong association between NAFLD 
and features including obesity, insulin resistance or type 
2 diabetes mellitus (T2DM), and dyslipidaemia, suggests 
that NAFLD is the hepatic manifestation of the meta-
bolic syndrome [2]. NAFLD patients have an increased 
mortality compared with the general population, with an 
increased risk of cardiovascular disease (hazard ratio 
[HR] 1.55, 95% confidence interval [CI) 1.11–2.15, 
p = 0.01), hepatocellular carcinoma (HR 6.55, 95% CI 
2.14–20.03, p = 0.001), and cirrhosis (HR 3.2, 95% CI 
1.05–9.81, p = 0.041) [3]. According to the US adult liver 
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LEARNING POINTS

 ● Non‐alcoholic fatty liver disease (NAFLD) is closely asso-
ciated with obesity, insulin resistance, and dyslipidaemia, 
and comprises non‐alcoholic fatty liver (NAFL) and, 
less  commonly, non‐alcoholic steatohepatitis (NASH), 
which can  progress to fibrosis, cirrhosis, and hepatocel-
lular carcinoma.

 ● The prevalence of NAFLD and NASH is significantly influ-
enced by genetic factors such as PNPLA3 and TM6SF2; 
epigenetic factors are beginning to be elucidated.

 ● Patients with NASH have an increased risk of death from 
 cardiovascular disease, non‐hepatic malignancies, and 
cirrhosis, which may be complicated by hepatocellular 
cancer.

 ● Excessive accumulation of hepatic triacylglycerol (TAG) 
stores (steatosis) results from a combination of increased 
delivery of non‐esterified fatty acids from uncontrolled 
lipolysis in adipose tissue, increased de novo lipogenesis 
from carbohydrates, and increased delivery of diet‐
derived free fatty acids (FFAs).

 ● Increased FFA flux to the liver promotes hepatocyte 
 lipotoxicity, increased oxidative stress secondary to free 

 radicals produced during β‐oxidation and ω‐FFA oxida-
tion, and endoplasmic reticulum (ER) stress.

 ● Steatosis is a histologically apparent epiphenomenon 
reflecting these metabolic changes, partitioning poten-
tially lipotoxic FFAs into inert intracellular TAG for stor-
age. Ultimately, these insults combine with the additive 
effects of endotoxin–Toll‐like receptor 4 (TLR4)‐induced 
cytokine release by Kupffer cells, and immune‐medi-
ated hepatocellular injury to induce cellular damage 
and activate cell death pathways. When these processes 
persist, collagen‐producing stellate cells activate, liver 
progenitors overgrow, and hepatic fibrosis progression 
occurs.

 ● Weight loss through diet and exercise remains the 
 cornerstone of optimal management.

 ● For patients who cannot institute lifestyle changes or 
with biopsy‐proven NASH, liver‐directed pharmacother-
apy may be appropriate to decrease the risks of 
 progression; vitamin E and pioglitazone may be used in 
selected patients. Promising therapies such as obeticholic 
acid and elafibrinor are now entering phase 3 trials.
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transplant (LT) databases, the number of adults awaiting 
LT has nearly tripled over the last 9 years to 2013; these 
patients are less likely to undergo LT, and have a lower 
90‐day survival than patients with transplants for hepati-
tis C virus (HCV) and alcohol‐related liver disease [4].

 Further definitions, terminology, 
and diagnosis

The diagnosis of NAFLD can be made by imaging,  provided 
that other diseases are excluded, such as viral hepatitis, 
autoimmune liver disease, Wilson disease, haemochroma-
tosis, and α1‐antitrypsin deficiency. Secondary causes such 
as drug‐induced liver injury (tamoxifen, amiodarone) 
should be sought and excluded; steatosis and steatohepati-
tis may coexist with these and other disorders.

Ultrasonography (US) is the most widely used first‐line 
investigation for confirming NAFLD in patients with 
 suspected disease (Fig.  28.1), and provides qualitative 
assessment of fatty infiltration. However, it can be unreli-
able in patients with <33% steatotic hepatocytes; indeed, 
a normal US result does not rule out mild steatosis. The 
more sensitive (but resource‐intensive and expensive) 
non‐invasive modalities, such as computed tomography 
(CT), proton nuclear magnetic resonance spectroscopy 
(1H‐NMR), and magnetic resonance imaging (MRI), give 
quantitative assessment of hepatic  triglyceride (TG) con-
tent, but are not used in everyday clinical practice [5].

The other key feature required to make the diagnosis of 
NAFLD is the exclusion of ethanol exposure as a  significant 
factor. This remains controversial, with little agreement 

between studies as to whether this means total abstinence 
or consumption below a partially arbitrary threshold level. 
In general, daily consumption of less than 20 g in women 
and 30 g in men results in a low risk for the development 
of alcoholic liver injury, although this leaves a grey area for 
those with less  modest daily consumption, but still below 
the ranges associated with alcohol‐induced liver disease. 
The effect on steatosis of metabolic risk factors appears to 
be greater than that of alcohol in these patients [6].

 Liver biopsy, classification of NAFLD, and 
non‐invasive markers of NASH and fibrosis

The definitive investigation for NAFLD remains a liver 
biopsy; the key histological parameters include steatosis 
(usually mixed macro‐ and microvesicular), cellular bal-
looning, inflammation, and fibrosis, which ranges from 
slight perisinusoidal fibrosis to bridging and cirrhosis [7]. 
Histological examination reveals two distinct conditions 
with different prognoses; NASH requires the joint presence 
of hepatocyte ballooning degeneration, lobular inflamma-
tion, and steatosis and is associated with a poor prognosis, 
whereas non‐alcoholic fatty liver (NAFL) describes a gener-
ally benign pathology with no ballooning and either no or 
only mild lobular inflammation. (Table 28.1, Fig. 28.2).

Table 28.1 The spectrum of NAFLD

Pathology Other diseasesb

NAFLa: steatosis ± mild 
lobular inflammation

Lipodystrophies
Primary mitochondrial diseases
Weber–Christian disease
Wilson disease
Bariatric surgery (weight‐loss surgery)
Jejunoileal bypass (no longer used)
Nutrition‐related disorders
Total parenteral nutrition
Kwashiorkor
Coeliac sprue
Medications
Amiodarone
Methotrexate
Nucleoside analogues (HAART, 
chemotherapy agents)
Tamoxifen
AFLD
Drug‐induced fatty liver disease
Hepatitis C virus‐associated fatty liver 
(genotype 3)

NASH ± fibrosis or 
cirrhosis
Hepatocellular 
carcinoma

AFLD, alcoholic fatty liver disease; HAART, highly active 
antiretroviral therapy.
a Primary NAFLD: associated with metabolic risk factors.
b Secondary NAFLD: may co‐exist with primary NAFLD.

Fig. 28.1 Ultrasonographic image of a steatotic liver. The 
‘brightness’ of the parenchyma (whitish shadowing) is 
characteristic of fatty liver. With permission from Dr Stuart 
McPherson.
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The histological features of NAFLD have been incor-
porated into a score known as the NAFLD Activity 
Score (NAS) and a staging system for fibrosis [8]. The 
NAS is derived from single scores for steatosis, lobular 
inflammation, and hepatocyte ballooning, and quanti-
fies disease activity. More recently, the Fatty Liver 
Inhibition of Progression (FLIP) Consortium devised a 
simplified score and algorithm with the intention 
of  improving pathologist inter‐observer variability 
(Fig. 28.3) [9]. The SAF score (encompassing an assess-
ment of steatosis [S], activity [A] and fibrosis [F]) disso-
ciates steatosis from activity. Thus, a score for steatosis 
(S = 0–3), activity (A = 0–4), combining lobular inflam-
mation and ballooning, and fibrosis (F = 0–4) is derived, 

and has been shown to identify NASH more accurately 
and increase concordance between different patholo-
gists [9,10].

Liver biopsy is the only procedure that reliably distin-
guishes NAFL from NASH, but there are practical 
 limitations, including costs and risks. Importantly, sam-
pling error is well recognized, and longer cores are 
needed for accurate fibrosis staging [11]. Cytokeratin‐18 
(CK‐18) fragments generated through cell death and 
apoptosis (M30 fragments) are only modestly accurate in 
diagnosing NASH with a sensitivity and specificity of 
58%  (51–65%) and 68% (59–76%), respectively [12]. 
Currently, there are no validated non‐invasive tests to 
diagnose NASH.

(a) (b)

(c)

MDB

Fig. 28.2 Fat droplet accumulation and cytoskeletal injury in human non‐alcoholic steatohepatitis (NASH). Serial images of (a) 
haematoxylin and eosin (H & E), (b) Oil Red O, and (c) keratin 18 immunohistochemical (IHC) staining in human NASH. Arrows indicate 
ballooned cells detected by H & E and then by a fat stain using Oil Red O, showing accumulation of fat droplets, and then by IHC for 
cytokeratin 18 showing a deficiency of K18 and highlighting of a Mallory–Denk body (MDB), indicating significant cytoskeletal injury. 
Lipid peroxidation is thought to underlie these processes.
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The presence of fibrosis is the most important prog-
nostic factor in NAFLD and is associated with increased 
liver‐related events and mortality (Fig  28.4) [3,13]. 
Several simple scoring systems that incorporate routine 
clinical and biochemical markers have been validated in 
different ethnic populations. The NAFLD Fibrosis Score 
comprises six routinely used parameters and reliably 
excludes advanced fibrosis (negative predictive value 
[NPV] 93%) [14]. Other externally validated scores 
include the FIB‐4 score and Enhanced Liver Fibrosis 
(ELF) test. All scores can predict overall mortality and 
liver‐related mortality [15]. Non‐invasive tests can be 
used to exclude advanced fibrosis due to their high NPV, 
but generally require further investigation to confirm a 
positive result for advanced fibrosis. Finally, the clinical 
utility of liver stiffness measurement (LSM) by either 
transient elastography or acoustic radiation force 
impulse (ARFI) has been assessed in a number of recent 
studies [16,17] and both are useful in excluding advanced 
fibrosis, but have high false‐positive rates. LSM readings 
are less reliable in patients with a high body mass index 
(BMI), which can be improved with an XL probe, 
although the failure rate is still 35% [16]. Magnetic reso-
nance‐based elastography is currently the most accurate 
non‐invasive method for assessing fibrosis but is too 
expensive for routine use.

 Clinical features

The presence of metabolic risk factors (Table 28.2) such as 
hypertension, dyslipidaemia, type 2 diabetes, and obesity, 
in the presence of abnormal liver function tests, raises the 
suspicion of NAFLD. Sometimes the initial suspicion 
may be that the abnormal liver enzymes are due to  drug‐
induced liver disease due to antihypertensives or 

 antidiabetic or antihyperlipidaemic agents, when the 
patient actually has NASH. The most common presenta-
tion of NAFLD is the detection of mildly abnormal 
 aminotransferases during a routine clinical evaluation. 
However, there is a tendency for these levels to decline 
with progressive disease in parallel with decreasing steato-
sis, as fibrosis worsens. Hence it is important to examine 
the patient closely for stigmata of cirrhosis, including a 
firm, palpable liver and cutaneous signs such as palmar 
erythema and spider angiomata, in addition to laboratory 
tests such as thrombocytopenia. Because NASH is often 
clinically silent during the early stages, it is not uncom-
mon to make a diagnosis of cirrhosis ‘by chance’, for exam-
ple during gall bladder surgery. Patients may also present 
with complications of portal hypertension, and occasion-
ally with acutely decompensated, but previously unrecog-
nized, disease [18]. Gastrointestinal bleeding from gastric 
antral vascular ectasia (GAVE) is sometimes seen. Other 
physical findings include acanthosis nigricans (pigmenta-
tion and skin thickening in the axillae and posterior neck), 
which is more common in children and is usually associ-
ated with severe insulin resistance. A prominent dorsal fat 
pad (buffalo hump) is common and has been associated 
with more severe histological disease [19]. Evidence of 
lipodystrophy should also be sought (see later).

The average age at which NASH patients present is 
40–50 years, and for NASH‐related cirrhosis it is 50–60 
years. However, the emerging obesity epidemic has 
resulted in increasing numbers of children with this dis-
ease, sometimes presenting with advanced fibrosis [20]. 
About 20% of patients report a family history of unex-
plained liver disease. Other common associations 
include polycystic ovary syndrome, sleep apnoea, and 
small bowel bacterial overgrowth [21]. The last may 
explain, at least in part, the frequent association of vague 
abdominal symptoms seen in these patients.

Steatosis
(0,1,2,3)

Ballooning
(0,1,2)

Lobular 
Inflammation

(0,1,2)

Diagnosis

1,2,3

1

2

0

1

2

0

1

2

NAFLD

NASH

NASH

NAFLD

NASH

NASH

Fig. 28.3 A modified diagnostic Fatty Liver 
Inhibition of Progression (FLIP) Consortium 
algorithm using the SAF (steatosis–activity–
fibrosis) score, A. An A < 2 excludes non‐alcoholic 
steatohepatitis (NASH). Source: Hardy et al. 2016 
[1], Fig. 1, modified from Bedossa et al., Hepatology 
2014; 60(2): 565–575. Reprinted, with permission, 
from the Annual Review of Pathology, Volume 11 © 
2016 by Annual Reviews, http://www.
annualreviews.org.
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Finally, recent studies clearly demonstrate that 
patients with NAFLD are a subset of the general popula-
tion who are at high risk of cardiovascular disease 
[22,23]; recent European clinical practice guidelines 
have recommended screening of the cardiovascular 
 system in all patients with NAFLD by detailed risk  factor 
assessment [24].

 Laboratory testing

Raised serum aspartate aminotransferase (AST) and 
 alanine aminotransferase (ALT) are usually less than 
twice normal. Aminotransferase patterns may be helpful 

in staging NASH, as an AST : ALT ratio >1 suggests 
 progression to more advanced fibrosis [25]. However, 
this pattern appears to be less reliable in patients on 
 thiazolidinediones or statins. Serum levels of IgA are fre-
quently elevated and may reflect more advanced disease 
[26]. Hyperuricaemia is common and thought to result 
from abnormalities in ATP metabolism resulting in ADP 
accumulation and excessive purine breakdown disposal. 
Antinuclear antibodies are detected in 25–30% of NASH 
patients. The mechanism for their development is not 
well understood. Disorders of the thyroid have also been 
associated with NAFLD.

Other laboratory abnormalities include abnormal 
 lipoprotein profiles and markers of insulin resistance or 

(a)(a) (b)

(c) (d)

Fig. 28.4 Progression of non‐alcoholic steatohepatitis (NASH) to cirrhosis. (a, b) Biopsies from 2004 from a 36‐year‐old female with obesity 
and type 2 diabetes who presented for evaluation with mild but persistent abnormal liver enzymes. The patient’s mother previously 
passed away from cryptogenic cirrhosis. (c, d) Biopsy from the same patient in 2009. Note the overall loss of macrosteatosis (c) but the 
persistence of mild steatosis and ballooning in some cirrhotic nodules (d). This patient has progressed from NASH to a picture of 
‘cryptogenic cirrhosis’ over 5 years. The strong family history is also characteristic of this disorder. Courtesy of Prof. Stephen Caldwell.
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diabetes. There are no consistent patterns of dyslipidae-
mia, although hypertriglyceridaemia is usually found. 
Insulin resistance can be measured by the QUICKI test 
(quantitative insulin sensitivity check index) or the 
HOMA test (homeostasis model assessment), both of 
which are derived from the euglycaemic hyperinsulinae-
mic clamp test with mathematical modelling of fasting 
insulin and glucose levels. A modification of the QUICKI 
test can also be used as a measure of insulin resistance in 
adipose tissue.

 Epidemiology

Estimates of the prevalence of NAFLD vary depending on 
the criteria and sensitivity of the diagnostic test used and 
the population studied (e.g. ethnicity, sex, co‐morbidities) 
[27]. Studies using liver biochemistry consistently report 
a lower prevalence of NAFLD (3–12%) than imaging‐ or 
biopsy‐based studies [28]. A community‐based study in 
the UK showed that NAFLD detected by US was the most 
common aetiology for asymptomatic abnormal liver 
 biochemistry, accounting for 26.4% of cases [29].

A recent systematic review reported the global preva-
lence of NAFLD by pooled imaging studies to be 25.2% 
(95% CI 22.1–28.6), with the highest prevalence reported 
in South America and the Middle East [30]. Metabolic 
co‐morbidities were, as anticipated, more prevalent in 
patients with NAFLD; obesity, T2DM, and the metabolic 
syndrome were present in 51, 23, and 41% respectively 
[30]. Finally, histological studies in apparently healthy 
candidates for living liver donation reported a preva-
lence of NAFLD of 12–18% in Europe [31,32] and 
27–38% in the USA [33,34].

The prevalence of NASH is more difficult to determine 
owing to the need for liver biopsy for diagnosis. A 2015 
systematic review estimated the global prevalence of 
NASH to be between 1.5 and 6.45%; similarly, obesity, 
T2DM, and the metabolic syndrome were highly preva-
lent in NASH patients at 82, 47, and 71%, respectively 
[30]. An earlier Canadian autopsy study estimated the 
prevalence of NASH at 6% [35]. Data from healthy living 
liver donors estimated the prevalence of NASH to be 
6–15% [31,33]. A well‐conducted US outpatient study 
reported the prevalence of NASH to be 12.2%, and 30% 
in patients with an ultrasound consistent with fatty liver 
[36]. Finally, the prevalence of NASH in overweight/
obese diabetic patients with normal liver biochemistry 
has been reported to be as high as 56% [37].

NAFLD is well documented in children. A US autopsy 
study of 742 children reported a prevalence of 9.6% [38], 
more common in boys than girls (2 : 1). Consistent 
with  a strong inherited component, there is a high 
 prevalence of NAFLD among the adult relatives of 
affected children [39].

 Ethnic variation in NAFLD

The relationship between obesity, diabetes, hyperlipi-
daemia, and NAFLD is influenced by ethnicity. People of 
African American descent have significantly less hepatic 
steatosis in spite of a relatively high prevalence of obesity 
and diabetes. In contrast, people of Hispanic American 
descent have a higher prevalence, and those of primarily 
northern European and Asian American descent have an 
intermediate prevalence of steatosis [36]. A possible 
genetic basis for this ethnic variation has been identified 
based on studies of polymorphisms of a liver‐expressed 
transmembrane phospholipase, PNPLA3 (patatin‐like 
phospholipase domain‐containing protein 3) [40].

 Pathogenesis of NASH

The mechanism of hepatocellular injury in NASH 
involves the combined effects of several fundamental 
biochemical and immunological processes acting at the 
same time (Fig. 28.5), rather than a strict adherence to 
the sequential two‐hit hypothesis [1]. Indeed, an elegant 
study showed that inhibition of triglyceride formation 
exacerbated liver injury and fibrosis in a dietary model of 
fatty liver disease [41]. Injury to hepatocytes by free fatty 
acids (FFAs) (hepatic lipotoxicity) develops when such 
adaptive mechanisms are overwhelmed, leading to the 
generation of reactive oxygen species (ROS), endoplas-
mic reticulum (ER) stress, and cellular dysfunction. Also, 
inflammatory cytokines released from adipose tissue 

Table 28.2 National Cholesterol Education Program: Adult 
Treatment Program III (NCEP ATP‐III) Guidelines – metabolic 
syndrome components

Risk factor Defining level

Abdominal obesity Waist circumference
Men >102 cm (>40 in)
Women >88 cm (>35 in)

Triglycerides ≥150 mg/dL
HDL cholesterol

Men <40 mg/dL
Women <50 mg/dL

Blood pressure ≥130/≥85 mmHg
Fasting blood glucose ≥110 mg/dL

Reaching the defining level for any three of the parameters satisfies 
the clinically applicable definition of metabolic syndrome.
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(adipokines) and endotoxin–Toll‐like receptor 4 (TLR4)‐
induced cytokine release by Kupffer cells further fuel the 
inflammatory milieu [1]. Ultimately, cellular damage 
triggers a mixture of immune‐mediated hepatocellular 
injury and both necrotic and apoptotic cell death path-
ways; once these persist, stellate cell activation, fibrogen-
esis, and disease progression ensue [1].

Mechanisms of steatosis

Steatosis, the accumulation of lipid in the liver present in 
both NAFL and NASH, results from an imbalance 
between overall calorie intake and systemic calorie 
 utilization characteristic of the metabolic syndrome. 
Hepatic fat results from several possible mechanisms, 
including the synthesis of new fatty acids, especially 
from carbohydrate precursors (de novo lipogenesis), 

uptake of circulating FFAs (non‐esterified fatty acids 
[NEFAs]) derived from adipose tissue lipolysis, uptake of 
diet‐derived  chylomicron remnants, and uptake of very 
low‐density lipoprotein (VLDL)‐derived low‐density 
lipoprotein (LDL) remnants. Liver fat can be disposed of 
by either oxidation or lipoprotein secretion, especially as 
VLDL. NAFLD appears to be driven especially by NEFA 
uptake, de novo lipogenesis, and altered lipid export.

Regulation of lipid synthesis

Within the hepatocyte, lipid stores are primarily regu-
lated by two main transcription factors: sterol regulatory 
element binding protein (SREBP), governed by insulin 
and dietary FFAs, and carbohydrate response element 
binding protein (CREBP), governed by ambient glu-
cose  levels [42]. SREBP and CREBP stimulate nuclear 
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Fig. 28.5 A schematic synthesizing non‐alcoholic steatohepatitis (NASH) pathogenesis and integrating lipotoxicity, diet, obesity, insulin 
resistance (IR), endoplasmic reticulum (ER) stress, autophagy, apoptosis, and ultimately hepatic stellate cell (HSC) activation and 
fibrogenesis. Microbiota and genetics (light‐blue areas) are modifiers of these processes. FFAs, free fatty acids; FXR, farnesoid X receptor; 
GCKR, glucokinase regulator; Il‐6, interleukin 6; JNK, c‐Jun N‐terminal kinase; LPS, lipopolysaccharide; NF‐κB, nuclear factor kappa B; 
PNPLA3, patatin‐like phospholipase domain containing 3; PPAR, peroxisome proliferator‐activated receptor; ROS, reactive oxygen species; 
TCDD, 2,3,7,8‐tetrachlorodibenzodioxin; TGFβ, transforming growth factor beta; TLR4, Toll‐like receptor 4; TM6SF2, transmembrane 6 
superfamily 2; TNF‐α, tumour necrosis factor‐α. Source: Hardy et al. 2016 [1]. Reprinted, with permission, from the Annual Review of 
Pathology, Volume 11 © 2016 by Annual Reviews, http://www.annualreviews.org.
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transcription of the enzymes responsible for fatty acid 
synthesis, and subsequently their esterification into 
 triglycerides, stored as TAG within cytosolic fat droplets, 
or exported as VLDL.

Steatosis in humans

Based on studies using radiolabelled precursors, 59% of 
triglyceride synthesis in human NAFLD results from 
uptake of adipose‐derived NEFA, and de novo lipogene-
sis (driven by SREBP and CREBP) accounts for about 
26% and dietary sources account for 15% [43]. The high 
burden of NEFA appears to derive predominantly from 
visceral fat, and represents the failure of insulin to 
 suppress lipolysis of fat in adipose stores. Incorporation 
of NEFA into triglycerides and their contribution to stea-
tosis appear from experimental work to depend on the 
activity of acyl‐CoA : diacylglycerol acyltransferase 
1 (Dgat1) [44].

Lipid composition in NAFLD

Both macro‐ and microvesicular fat droplets are present 
in NAFLD, although smaller droplets are often less evi-
dent by conventional light microscopy without either 
specific fat stains (such as Oil Red O) or by osmium‐fixed 
specimens for electron microscopy. Lipidomic analysis 
of liver tissue in human NAFLD has shown significant 
differences in NASH versus NAFL [45]. Stepwise 
increases in both triacylglycerol : diacylglycerol and free 
cholesterol : phosphatidylcholine ratios were noted from 
normal to NAFL to NASH subjects. Polyunsaturated 
fatty acids, such as eicosapentanoic acid and docosahex-
anoic acid, were relatively lower in NASH, leading to an 
elevated n‐6 : n‐3 ratio, suggesting a relative excess of 
proinflammatory n‐6 fatty acids such as arachidonic 
acid. Increased ceramide, a potentially toxic intermedi-
ate in sphingolipid metabolism, in peripheral white 
 adipose tissue has been detected in obese patients with 
fatty liver versus those without [46]. It is therefore clear 
that the progression of NAFL to NASH involves the 
accumulation of specific types of fatty acids.

Lipid peroxidation and mitochondrial 
dysfunction in NASH

Ample evidence in humans indicates that cellular injury 
in a lipid‐loaded hepatocyte (lipotoxicity) is initiated by 
impaired control of aerobic metabolism resulting in oxi-
dative stress and lipid peroxidation [47]. Mitochondrial 
and peroxisomal fatty acid oxidation contribute to free 
radical formation, principally in the form of superoxide 
anions. Once formed, they are metabolized via superox-
ide dismutase to hydrogen peroxide. Hydroxyl radicals 

result from decay of hydrogen peroxide, in the presence 
of Fe2+ via the Fenton or Haber–Weiss reactions. Unless 
detoxified by glutathione, hydroxyl radicals damage 
other cellular constituents, including membrane fatty 
acids, proteins, and DNA, through direct binding [48]. 
This effect on fatty acids produces lipid peroxidation – a 
branching, chain reaction stimulated by a free radical 
attack on unsaturated fatty acids, which produces 
another free radical and a lipid hydroperoxide. The latter 
degrades in a reaction catalysed by iron to form a second 
lipid‐based free radical, thus amplifying the process [48]. 
The accumulation of lipids in the liver is associated with 
an energy‐deficient state evidenced by diminished ATP 
content [49]. Deficient hepatic ATP synthesis following 
intravenous fructose challenge in human NAFLD using 
31P NMR spectroscopy has been shown [49]. The 
 mitochondria appear to be both a target and a source of 
 pro‐oxidant free radicals, the effects of which are key dis-
tinguishing features of NASH, as opposed to NAFL [50]. 
Mitochondrial morphological changes are readily 
 evident in human NASH and include swelling and 
intramitochondrial crystals. The crystalline structures 
appear to be phase transitions of cristae phospholipid 
bilayers (Fig 28.6) [51].

Extreme depolarization of mitochondrial membranes 
leads to impaired function of the mitochondrial electron 
transport chain, due in part to over‐expression of uncou-
pling protein and to dysfunction of components of the 
electron transport chain [52]. Electron transport chain 
activity is reduced to 40–70% of normal in all of the major 
complexes (I–V) in human NASH [52]. Although impair-
ment of oxidative phosphorylation is evident, it is uncer-
tain whether or not overall net fatty acid oxidation is 
decreased or increased – some studies have  documented 
a surprising net increase in mitochondrial β‐oxidation 
[53]. A clearer consensus exists regarding changes in 
mitochondrial permeability, leading to release of mito-
chondrial cytochrome c and apoptosis signalling, as dis-
cussed later [54].

Endoplastic reticulum stress

Accumulation of FFAs and impaired function of endo-
plasmic reticulum (ER)‐associated ApoB100 (an essen-
tial lipoprotein in ER‐based VLDL synthesis) contribute 
to ER stress with an accumulation of misfolded proteins 
within the ER [55]. ER stress, along with accumulation of 
FFAs and cell death, induces proinflammatory cytokines 
such as interleukin‐8, through activation of transcription 
factors such as nuclear factor kappa B (NF‐κB) and c‐Jun 
N‐terminal kinase (JNK) [56]. Importantly, this pathway 
appears to be active in human forms of the disease; the 
degree of activation of JNK related to ER stress distin-
guishes NASH from NAFL in human studies [57].
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Hepatocyte injury and cell death in NASH

FFAs alter lysosomal permeability leading to release of 
cathepsins (lysosomal proteases), which are associated 
with changes in mitochondrial permeability [58]. In cell 
culture models, this contributes to release of mitochon-
drial cytochrome c, which activates caspases, leading to 
further activation of apoptosis pathways, which are 
 evident in human NASH [59]. Another form of pro-
grammed cell death, termed necroptosis, may also play a 
role in NASH. Necroptosis shares upstream mediators 
with receptor‐induced apoptosis but results in caspase‐
independent organelle and cellular swelling. A recent 
study showed that NASH livers express high levels of 
receptor‐interacting protein (RIP)‐3, which, along with 
RIP‐1, forms complexes known as the necrosome, a 
 critical transducer of the necroptotic signal [60].

Disposal of accumulated and presumably injured fat 
droplets involves the process of lysosome‐mediated 
autophagy (Fig.  28.7) [61). Inhibition of autophagy in 
hepatocytes cultured in MCD medium (medium defi-
cient in methionine and choline) leads to increased levels 
of triacylglycerols (TAGs) [62]. Autophagy may protect 
against cell death by clearance of dysfunctional mito-
chondria via mitophagy [63]. Finally, in vitro data suggest 
that certain FFAs such as palmitic acid suppress 
autophagy, whereas other FFAs such as oleic acid pro-
mote autophagy [61].

Fibrosis and disease progression

Ultimately, activity in these pathways leads to accumula-
tion of inflammatory infiltrates and activation of the 
dominant source of collagen‐producing cells known as 

hepatic stellate cells, characterized by transition from a 
vitamin A‐rich quiescent cell to a proliferating myofibro-
blast [64]. Activation of stellate cells is mediated, at least 
in part, by activation of the TLR4 by LPS and free 
 cholesterol [65,66]. Progression of fibrosis depends on a 
dysregulated repair process with hepatocyte senescence 
[67] and increased activity of hepatic progenitor cells 
leading to a ductular reaction in the portal tracts [7]. 
Important developments include the role of the hedgehog 
pathway in NASH fibrosis progression. Sonic hedgehog 
(Shh) is a distress signal released from ballooned hepato-
cytes, and regulates proliferation and differentiation of 
cells that express the Shh receptor, patched‐1 [68]. 
Hepatic stellate cells (HSCs) are Hh responsive, and Hh 

(a) (b)

Fig. 28.6 Mitochondrial crystals in human non‐alcoholic steatohepatitis (NASH). (a) Transmission electron microscopy of human NASH 
showing enlarged mitochondria containing intra‐mitochondrial crystals (closed arrows) and dilated endoplasmic reticulum (open arrows). 
(b) Closer view of a mitochondrion containing intra‐mitochondrial crystals (see text). Courtesy of Prof. Stephen Caldwell.

Fig. 28.7 Autophagosomes (arrows) containing ingested small fat 
droplets (sFD) in human NASH. N, nucleus. Courtesy of Prof. 
Stephen Caldwell.
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ligands and responsive cells increase and correlate with 
fibrosis stage in humans [68].

Role of adipose tissue in NAFLD 
pathogenesis: adipokines

Ectopic fat (at sites such as omentum in obesity) is consid-
ered dysfunctional and secretes inflammatory cytokines 
such as tumour necrosis factor‐α (TNF‐α), interleukin‐6 
(IL‐6), monocyte chemoattractant protein 1 (MCP‐1), 
resistin, and plasminogen activator inhibitor 1, all of which 
blunt adipocyte insulin sensitivity. Conversely, ectopic fat 
secretes less of the adipokines that repress insulin resist-
ance and steatosis; adiponectin acts to modulate lipid 
metabolism and decrease inflammation via AMP‐acti-
vated protein kinase (AMPK) and peroxisome proliferator‐
activated receptor (PPARα) pathways [69]; it is also insulin 
sensitizing as a result of mitogen‐activated protein kinase 
(MAPK)‐mediated improvement in fatty acid oxidation 
and decreased liver gluconeogenesis [70]. Patients with 
NAFLD have been reported to have low adiponectin levels 
[71]. Finally,  leptin is an adipocytokine that is purported to 
have a role in hepatic steatosis and fibrosis; patients have a 
fatty liver despite high levels of leptin, suggesting resist-
ance  to  leptin‐mediated overexpression of suppressor of 
cytokine signalling 3, a molecule that inhibits leptin 
 signalling, leading to reduced AMPK activation [72].

Modifiers of NAFLD/NASH

Although the fundamental mechanisms governing dis-
ease progression are shared between individual patients, 
there is inter‐individual variation of progression of 

 disease. This may be due to the patient’s genetic back-
ground and effects of the gut microbiome, both of which 
can modulate clinical phenotypes.

Genetics

Evidence from twin studies, familial aggregation, and dif-
ferent ethnic susceptibility, combined with clear variabil-
ity in prognosis, suggest a heritable component to NAFLD 
[39,73]. Complex traits such as NAFLD result from the 
interaction between environmental exposure and a sus-
ceptible polygenic background and comprise multiple 
independent modifiers. The number of robustly validated 
genes in large, independent cohorts with mechanistic 
studies includes only patatin‐like phospholipase domain‐
containing protein 3 (PNPLA3), glucokinase regulator 
(GCKR), and the recently discovered transmembrane 6 
superfamily 2 (TM6SF2) (Fig  28.8) [74]. Each of these 
genes has been associated not only with variations in 
hepatic TG content, but also hepatic fibrogenesis [74]. 
Emerging evidence suggests that  epigenetics, that is, the 
study of modifiers of gene expression other than sequence 
alteration, may play a further modifying role in disease 
progression. A recent paper showed that patients who 
had advanced fibrotic NASH had lower levels of DNA 
methylation at fibrosis modifier gene promoters, with 
corresponding increased transcription suggesting a regu-
latory role in NAFLD disease progression [75]. Non‐ 
coding RNAs have also been implicated in NASH 
pathogenesis; the best studied is miR‐122, the most abun-
dant microRNA in the liver [76]. MicroRNA profiles have 
also been investigated in NAFLD plasma and can distin-
guish discordant NAFLD in twin studies [76].
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Fig. 28.8 TM6SF2 as the master regulator of end‐
organ function. Increased hepatic fatty acid flux 
due to obesity, diet, and insulin resistance. 
TM6SF2 T allele causes decreased very low‐
density lipoprotein (VLDL) secretion. Fatty acids 
are retained in the liver, leading to hepatic 
steatosis and progression of non‐alcoholic 
steatohepatitis (NASH). TM6SF2 C allele causes 
increased hepatic VLDL secretion and export 
from the liver, ultimately leading to 
atherogenesis. Source: Hardy et al. 2016 [1]. 
Reprinted, with permission, from the Annual 
Review of Pathology, Volume 11 © 2016 by Annual 
Reviews, http://www.annualreviews.org.
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The microbiome

There is increasing evidence that the microbiome can 
modify the progression of NAFLD. Patients with NAFLD 
have significantly increased intestinal permeability and 
alterations in tight junctions, allowing microbial  products 
to enter the portal circulation and cause inflammation; a 
study of 35 biopsy‐proven patients with NASH had 
increased gut permeability compared with controls as 
measured by 51Cr ethylenediaminetetraacetate (51Cr‐
EDTA) testing [21]. Mice deficient in components of the 
NLRP3 and NLRP6 inflammasomes have overrepresenta-
tion of the strict anaerobes Prevotellaceae and  members 
of the uncultivated bacterial division TM [77]; 
Lactobacillus was also reduced. Importantly, these mice 
had an increased susceptibility to liver injury when 
exposed to an MCD diet. Antibiotic treatment both 
reduced the severity of NASH in inflammasome‐ deficient 
mice and abrogated the transmissible phenotype effect on 
wild‐type mice [77]. Thus, dysbiosis can induce colonic 
inflammation and bacterial translocation, influencing 
progression from hepatic steatosis to NASH. Finally, an 
association between gut dysbiosis and NAFLD severity 
was examined in 57 patients with biopsy‐proven NAFLD. 
Bacteroides was identified as independently associated 
with NASH and Ruminococcus with >F2 fibrosis, suggesting 
that information about gut microbiota can be added to 
standard predictors of NAFLD  progression [78].

Endotoxin (lipopolysaccharide [LPS]), present in the 
outer wall of Gram‐negative bacteria, plays a central role 
in the innate immune response, activating pattern recog-
nition receptors known as Toll‐like receptors (TLRs), 
located on the liver tissue macrophages, Kupffer cells. 
Once activated, TLRs require coreceptors and ultimately 
activate proinflammatory cytokines such as JNK and 
NF‐κB [79]. A steatohepatitic phenotype was observed 
in mice subjected to a metabolic endotoxaemia by  low‐
dose LPS infusions [80]. Other TLRs have also been 
implicated in NASH, such as TLR9 and more recently 
TLR2 [81,82]. LPS, saturated fatty acids, and HMGB1 
stimulate TLRs on Kupffer cells and HSCs to produce 
CCL2 (chemokine ligand 2), recruiting CCL2+Ly6C+ 
monocytes into the liver [83]. Inhibiting this recruitment 
by CCL2 or CCR2 inhibitors ameliorates NASH and 
fibrosis [84].

Natural history of NAFLD (Fig 28.9)

High‐quality prospective data on the progression of 
NAFLD are limited, especially in primary care. Available 
data are limited to tertiary centres, which naturally may 
not be reflective of the general population. However, 
a  meta‐analysis demonstrated that NAFLD increases 

 all‐cause mortality [28]. Patients with steatosis with no 
additional features of liver injury may follow a generally 
benign course, with mortality similar to that of age‐ and 
sex‐matched controls [85]. In another cohort study, 
NASH was associated with >10‐fold increased risk of 
liver‐related death (2.8 versus 0.2%) and death from 
 cardiovascular disease over a mean follow‐up period of 
13.7 years [86].

Fibrosis is the key histological determinant 
of prognosis

Several recent longitudinal studies have indicated that 
the presence of fibrosis is the key histological determi-
nant of overall and liver‐specific mortality in NASH 
(Table  28.3). The largest study, including 619 patients 
with histology followed for a median duration of 
12.6 years (range 0.3–35.1 years), demonstrated that 
fibrosis stage was the only feature associated with death 
and liver transplantation [13]. Fibrosis stage 1 was 
 associated with a 1.82‐fold higher risk, stage 2 with a 
1.91‐fold higher risk, stage 3 with a 1.90‐fold higher risk, 
and stage 4 with a 6.35‐fold higher risk, regardless of the 
presence of steatohepatitis or NAFLD activity score [13]. 
Fibrosis stage was associated with a higher risk of devel-
oping liver‐related complications, such as oesophageal 
varices, ascites, or encephalopathy [13]. Finally, patients 
with fibrosis had shorter survival free of liver transplan-
tation, independent of NAS score or the presence of 
NASH [13]. Another smaller study confirmed these 
observations, demonstrating that fibrosis stage 3 or 4, 
and not NAS, was predictive of higher mortality in 229 
patients followed up for a mean of 26.4 years [3]. Both 
studies demonstrated cardiovascular disease as the main 
cause of death, followed by malignancy and liver‐related 
disease [3,87]. Non‐invasive scoring systems, designed to 
assess the degree of liver fibrosis, predict liver‐related 
events, death, and transplantation, supporting the 
 conclusions of both studies [15].

Paired‐biopsy studies

Allowing for potential selection bias of tertiary centre 
care, paired‐biopsy studies offer the best data regarding 
the natural history of NAFLD. A recent meta‐analysis of 
11 studies, including a total of 411 patients and 2145.5 
person‐years of follow‐up, found that 33.6% showed 
fibrosis progression, 43.1% had stable disease, and 22.3% 
had some regression of fibrosis [88]. Simple steatosis only 
progressed on average one stage of fibrosis in 14.3 years 
(95% CI 9.1–50.0) and patients with NASH progressed 
one stage in 7.1 years (95% CI 4.8–14.3) [88]. The propor-
tion of rapid fibrosis progressors (stage 0 to stage 3/4) 
was identical in the two histological subgroups (17% of 
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steatosis and 18% of NASH patients) [88]. There was no 
association between the severity of necroinflammation 
and risk of progressive fibrosis. Importantly, patients 
with steatosis tended to have lower levels of fibrosis than 
patients with NASH (steatosis, 90% F0–1, 10% F2, versus 
NASH, 61% F1, 21% F2, 18% F3–4), a finding suggesting 
that the greater liver‐related mortality in patients with 
NASH compared with those with steatosis may be attrib-
uted to the generally higher degree of fibrosis found in 
patients with NASH. These findings were supported by a 

recent single‐centre UK study [89]. In that study, it is 
important to note that all patients with steatosis who had 
fibrosis progression all had NASH, and 80% had devel-
oped T2DM by the time of the follow‐up biopsy [89].

Taken together, fibrosis progression in NAFLD is slow. 
However, there exists a subset of patients characterized 
by rapid fibrosis progression, in the order of three to four 
stages in 2–6 years, with little impact from the presence 
(or absence) of NASH on index biopsy. A higher stage of 
fibrosis in NASH patients fundamentally reflects the 
longer overall disease duration, NASH, and stellate cell 
activation (Fig. 28.9).

 NAFLD and hepatocellular 
carcinoma (HCC)

In NAFLD, the prevalence of HCC is estimated to be 
0.5%, but it increases to 2.8% in patients with NASH [90]. 
In a prospective study of patients with NASH cirrhosis, 
the annual incidence of HCC in NAFLD was 2.6% (ver-
sus 4% in chronic hepatitis C) [91]. A recent systematic 

Table 28.3 Fibrosis staging in non‐alcoholic steatohepatitis

Stage 1: Pericentral vein or sinusoidal fibrosis (Zone 3)
Stage 2: Sinusoidal (Zone 3) and periportal fibrosis (Zone 1)
Stage 3: Bridging fibrosis between Zone 3 and Zone 1
Stage 4: Cirrhosis

NASH with cirrhosis
Cirrhosis with features suggestive of NASH
Non‐specific (cryptogenic) cirrhosis

NASH, non‐alcoholic steatohepatitis.

Death/OLT/
complications

Slow
progressors

Rapid
progressors

 ?5–6yrs?7yrs

Steatosis + 
lobular

inflammation

NASH +/– portal
inflammation

Early
fibrosis

Advanced
fibrosis

(cirrhosis)

Simple
steatosis

Fig. 28.9 Natural history of non‐alcoholic fatty liver disease (NAFLD). Susceptible patients cycle through steatosis, mild lobular 
inflammation (LI), and full‐blown non‐alcoholic steatohepatitis (NASH), with the duration of LI/NASH increasing with age as anti‐
inflammatory mechanisms fail. Inflammation/NASH triggers fibrosis in those who are susceptible, eventually leading to cirrhosis, hepatic 
carcinoma, or death. Source: Hardy et al. 2016 [1]. Reprinted, with permission, from the Annual Review of Pathology, Volume 11 © 2016 by 
Annual Reviews, http://www.annualreviews.org.
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review reported a prevalence of HCC in NASH varying 
from 0 to 3% in a follow‐up period between 5.6 and 
21 years [92]. In NAFLD cirrhosis, the cumulative HCC 
incidence increased, ranging between 2.4% with a 
median follow‐up of 7.2 years and 12.8% with a median 
follow‐up of 3.2 years [92].

Data from the north‐east of England showed that the 
number of cases of NASH‐related HCC increased more 
than 10‐fold and accounted for 34 · 8% of all cases of 
HCC. Worryingly, 22.8% of cases of HCC in NAFLD 
involved non‐cirrhotic patients [93]. This is particu-
larly interesting as obesity is a well‐recognized inde-
pendent risk factor for primary liver cancer and a wide 
range of cancers (including breast and colon) outside 
the liver [94].

 Therapy for non‐alcoholic fatty 
liver disease

It is both striking and worrisome that NAFLD as yet has 
no approved pharmacotherapy. The mainstay of treat-
ment remains diet and lifestyle change to promote weight 
loss; in patients in whom this is either unattainable or 
not maintainable, pharmacotherapy is warranted. Several 
emerging treatments are now entering phase 3 trials, and 
therapy for each aspect of dysregulation in NAFLD 
 progression is now being trialled.

Exercise, calorie reduction, and weight loss

Lifestyle modification is still recommended as the initial 
treatment for the management of NASH, with efficacy 
demonstrated in some small clinical studies. Although 
medications such as orlistat may help achieve weight loss 
[95], their benefit beyond that of weight loss is unclear. 
Thus, weight loss is achieved by diet and lifestyle modifi-
cation in the first instance. The most recent randomized 
controlled trial (RCT) using paired biopsies of 261 
patients with NASH found that in those undergoing life-
style changes for 52 weeks, 72 (25%) achieved resolution 
of steatohepatitis, 138 (47%) had reductions in NAFLD 
activity score (NAS), and 56 (19%) had regression of 
fibrosis [96]. The degree of weight loss correlated inde-
pendently with all NASH histological parameters, such 
that of those achieving ≥10% weight loss, 90% had reso-
lution of NASH and 45% had regression of fibrosis [96]. 
This trial did not answer whether histological improve-
ment was maintained after 12 months’ weight loss, and 
further studies in this area are important. Finally, a prior, 
well‐conducted study demonstrated similar improve-
ment in histology after >7% weight loss during a 48‐week 
intensive lifestyle change regimen [97].

Dietary composition

Some changes in dietary composition can be achieved 
with relatively little effort. For example, elimination of 
the high‐fructose corn syrup in sweetened beverages 
may be of benefit, as this sweetener in equal calorie 
amounts predisposes to accumulation of triglyceride in 
the liver of animals and humans [98,99]. Dietary histo-
ries in NASH patients suggest a deficit of the omega‐3 
fatty acids, and human lipidomic data have shown a high 
n‐6 : n‐3 ratio in NASH liver samples, suggesting that 
supplementation with omega‐3 fatty acids may be of 
benefit [45], although a large trial testing two doses of 
ethyleicosapentaenoic acid in patients with NAFLD did 
not show any histological efficacy [100].

Pharmacological intervention

There is an urgent need for appropriately designed RCTs 
with robust endpoints; currently, liver biopsy remains 
the recommended method of assessment of disease stage 
in phase 2 and 3 clinical trials [101]. The resolution of the 
histological lesions defining NASH is now accepted as a 
surrogate endpoint, particularly in clinical trials [24]. 
Non‐invasive biomarkers for diagnosis, fibrosis staging, 
and treatment response are still lacking in NAFLD, but 
novel markers are currently under development, and will 
help drive forward future clinical trials. Recent European 
Association for the Study of the Liver (EASL) guidelines 
suggest that pharmacotherapy should be considered for 
patients with NASH and/or fibrosis to halt or reverse 
disease progression, and to prevent the development of 
end‐stage liver disease. It should also be considered for 
early‐stage NASH with increased risk of fibrosis pro-
gression (age >50 years; diabetes, MetS, increased ALT) 
[85] or active NASH with high necroinflammatory 
 activity [24,102].

Agents with potential benefit.

Vitamin E
Vitamin E consists of eight tocopherols, of which  
α‐tocopherol is the most active. Its presence in the 
phospholipid bilayer of cell membranes allows preven-
tion of the non‐enzymatic oxidation of cell constituents 
by free radicals. In preclinical models, vitamin E reduces 
hepatic  inflammation and lipid peroxidation [103]. 
Downregulation of the hedgehog pathway has been 
described in patients with NASH with histological 
response to vitamin E [104]. The best evidence for the 
efficacy of vitamin E in NASH comes from the 
Pioglitazone versus Vitamin E versus Placebo trial for 
the Treatment of Nondiabetic Patients with Nonalcoholic 
Steatohepatitis (PIVENS trial, the largest RCT testing 
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vitamin E to date) [105]. In this trial, 247 non‐diabetic, 
non‐cirrhotic patients with biopsy‐proven NASH 
received pioglitazone (30 mg/day), vitamin E (800 IU/
day), or placebo for 96 weeks. Attainment of the primary 
outcome required an improvement by one or more 
points in the hepatocellular ballooning score, no 
increase in the fibrosis score, and either a decrease in 
the activity score for non‐alcoholic fatty liver disease to 
a score of 3 or less, or a decrease in the activity score of 
at least two points, with at least a one‐point decrease in 
either the lobular inflammation or steatosis score [105]. 
Serum alanine and aspartate aminotransferase levels 
were reduced with vitamin E, as compared with placebo 
(p < 0.001 for both comparisons), and there were reduc-
tions in hepatic steatosis (p = 0.005 for vitamin E) and 
lobular inflammation (p = 0.02 for vitamin E) [105], but 
importantly, no improvement in fibrosis scores (p = 0.24 
for vitamin E). Finally, debate is ongoing regarding the 
safety risks of long‐term vitamin E and its proposed 
association with increased mortality, prostate cancer, 
and haemorrhagic stroke [106]. Despite this, vitamin E 
can be used in non‐diabetic, non‐cirrhotic patients, but 
more studies are needed until firmer recommendations 
can be made.

Thiazolidinediones
Thiazolidinediones (TZDs) ameliorate insulin resistance, 
promote fatty acid uptake peripherally, increase adi-
ponectin levels, and have anti‐inflammatory effects [107]. 
They also activate the master adipocyte differentiation 
regulator, peroxisome proliferator‐activated receptor 
(PPARγ), allowing transdifferentiation of pre‐adipocytes 
into insulin‐sensitive, fat‐storing adipocytes [108,109]. 

Both rosiglitazone and pioglitazone have PPARγ agonist 
effects, but pioglitazone additionally has a PPARα agonist 
effect. In the PIVENS trial described earlier, pioglitazone 
failed to achieve a statistically significant effect compared 
with placebo [105]. However, it did significantly improve 
each individual component of the NAS score (steatosis, 
lobular inflammation, and ballooning). TZD‐mediated 
effects seem to be abrogated upon treatment discontinu-
ation; at 3 months, alanine transaminase (ALT), homeo-
static model assessment (HOMA), adiponectin, and 
steatosis return to baseline. In seven out of nine patients 
who discontinued medication, recurrent NASH was seen 
at a 48‐week post‐therapy biopsy [110]. Concerns regard-
ing the safety profile of rosiglitazone (cardiovascular 
 disease safety) and weight gain associated with TZD use 
have limited the widespread use of these agents in clinical 
practice.

Agents with no or unclear benefit

A number of agents, having showed promising preclinical 
data and early efficacy in small trials, have not been 
licensed for the treatment of NASH, either due to nega-
tive RCTs or simply they had not been tested rigorously. 
Agents consigned to this category include statins 
(although eminently safe to prescribe in NAFLD), 
 metformin, ursodeoxycholic acid, pentoxyfylline, angio-
tensin receptor blockers, and polyunsaturated fatty acids.

Emerging therapies

Novel therapies for the treatment of NASH are detailed 
in Table 28.4.

Table 28.4 Emerging therapies for the treatment of NASH

Agent Mechanism of action Phase of trial Effect on NAFLD histology

Obeticholic acid FXR ligand 3 Yes
Elafibranor PPAR‐α and ‐δ agonist 3 Yes (post hoc analysis)
BMS‐986036 FGF 21 analogue 2 Yes in animal models only
Exenatide and liraglutide GLP‐1 agonists 2 Yes
Cysteamine Glutathione precursor 2 Biochemical
Cenicriviroc CCR2/CCR5 antagonist 2b Ongoing
Aramchol SCD inhibitor 2b Ongoing
Emricasan Caspase inhibitors 2b Ongoing
GS‐4997 ASK1 inhibitor 2 Ongoing
Simtuzumab LOXL2 antagonist 2 Ongoing
GR‐MD‐02 Galactin 3 inhibitor 2 Ongoing

FXR, farnesoid X receptor; PPAR, peroxisome proliferator‐activated receptor; FGF 21, fibroblast growth factor receptor; GLP‐1, glucagon‐like 
peptide; CCR, C‐C chemokine receptor; SCD, stearoyl‐CoA desaturase; ASK1, apoptosis signal‐regulating kinase 1; LOXL2, lysyl oxidase‐like.
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Obeticholic acid
Obeticholic acid (OCA) is a very potent, semisynthetic 
bile acid with selective agonism of the nuclear receptor 
farnesoid X receptor (FXR). Its effects include inhibition 
of hepatic de novo lipogenesis, hepatic gluconeogenesis 
and glycogenolysis, and improvements in insulin 
 sensitivity. Preclinical studies have demonstrated anti‐
inflammatory actions, partly by inhibiting NF‐κB [111], 
and a protective effect against liver inflammation and 
fibrosis in the methionine–choline‐deficient model of 
NASH [112]. Human efficacy was studied in a small pilot 
trial of 23 diabetic patients with NAFLD. Patients 
received 6 weeks of the study drug at either 25 or 50 mg 
daily or placebo. Patients on the study drug lost weight, 
with improved insulin sensitivity, and had an associated 
fall in serum ALT and an improvement in the non‐ 
invasive enhanced liver fibrosis panel more often than in 
the  placebo group [113].

A 72‐week trial (farnesoid X receptor ligand obet-
icholic acid in NASH treatment [FLINT]) of 273 patients 
with non‐cirrhotic NASH randomized to 25 mg of OCA 
or placebo has recently reported evidence of significant 
reductions in histologically defined endpoints, including 
degree of steatosis, grade of inflammation/ballooning 
degeneration, and stage of fibrosis [114]. A significantly 
higher number of subjects achieved the primary study 
outcome on OCA compared with placebo (45 vs 21%; 
relative risk [RR] 1.9, 95% CI 1.3–2.8; p = 0.0002) [114]. 
Resolution of NASH was observed more frequently with 
OCA than placebo (22 vs 13%), but this did not reach 
statistical significance (p = 0.08) These changes were 
accompanied by mild weight loss and improved clinical 
biochemistry parameters, also consistent with reduced 
liver injury. However, a rise in total cholesterol and a 
 disadvantageous change in high‐density lipoprotein : 
low‐density lipoprotein ratio were also observed with 
OCA treatment [114]. Despite this, the agent remains 
one of the first in which robust, beneficial changes in 
liver  histology have been identified, and it is now in 
phase 3 trials.

Elafibranor (GFT‐505)
Elafibranor is a dual PPARα and PPARδ agonist that 
improves insulin sensitivity and has been shown to 
reduce steatosis, inflammation, and pro‐inflammatory 
gene expression in dietary‐induced NASH in animals. 
Interestingly, GFT‐505 has also demonstrated antifi-
brotic properties, independent of metabolic changes 
[115]. Human studies have shown that GFT‐505 
improves liver function tests, dyslipidaemia, and insulin 
sensitivity in obese, insulin‐resistant patients [116,117]. 
A recent phase II multicentre randomized clinical trial 
(a  multicentre, randomized, double blind, placebo‐ 
controlled study to evaluate the efficacy and safety of 

GFT505 once daily on steatohepatitis in patients with 
non‐alcoholic steatohepatitis [GOLDEN‐505]) [118] 
assessed the effectiveness of elafibranor (80 or 120 mg/
day) or placebo for 1 year to treat biopsy‐proven NASH. 
Biopsy‐proven non‐cirrhotic NASH patients (n = 276) 
were included. The primary endpoint of the study was 
histological resolution of NASH without worsening of 
fibrosis. This was achieved by 23 and 21% of patients in 
the 80 and 120 mg/day groups, respectively, and in 17% 
of control subjects. The difference between the groups 
was not statistically significant [118]. However, post hoc 
analyses of patients with higher baseline NAS (>4) did 
demonstrate superiority of 120 mg/day elafibranor ver-
sus placebo (20 vs 11%; p =0.018) [118]. As with OCA, 
elafibranor is now entering phase 3 trials.

Bariatric surgery

Various forms of weight‐reduction surgery ameliorate 
parameters of the metabolic syndrome, including NASH 
[119]. Surgery is usually reserved for severe obesity (BMI 
>40) or the presence of co‐morbidities such as sleep 
apnoea with BMI >35. Portal hypertension in late‐stage 
NASH (stage 3–4) increases operative risk, as does 
advancing age, so the use of surgery requires an individ-
ual assessment of the risk–benefit balance.

Liver transplantation

The outcome of liver transplantation for NASH‐related 
liver disease is complex. Several earlier studies have 
 documented increased morbidity especially related to 
co‐morbidities such as obesity and diabetes [120]. 
Notwithstanding, the most recent study showed that a 
high proportion of patients receiving a liver for NASH‐
associated cirrhosis survived for 1 year (87.6%), 3 years 
(82.2%), and 5 years (76.7%), comparable to other indica-
tions for transplant [121]. This was confirmed by a 
 systematic review in 2014 [122]. Recurrence of NAFLD 
and NASH following transplantation for NASH cirrhosis 
is well documented, but no cases of cirrhosis have been 
reported [123].

 Other forms of NAFLD

NAFLD can be seen in a number of conditions where 
other mechanisms are involved, although overlap with 
metabolic syndrome may be seen [124]. For example, 
liver disease with steatosis is one of the most common 
and potentially severe side‐effects of total parenteral 
nutrition [125]. The amount and composition of the lipid 
infusion are related to the development of liver disease in 
this setting [125]. At the opposite end of the spectrum, 
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severe fatty liver due to impaired lipoprotein synthesis is 
seen in the protein malnutrition of kwashiorkor [126].

Drug‐induced forms of fatty liver disease are also well 
known. Liver toxicity due to methotrexate has many 
 histological features in common with NASH and may 
represent an exacerbation of an underlying NASH‐like 
process [127]. An acquired lipodystrophy with insulin 
resistance and potentially progressive steatohepatitis can 
also be seen in HIV‐infected subjects in association with 
drug therapy (especially with stavudine and didanosine) 
[128]. Mitochondrial toxicity appears to play a significant 
role in this disorder [129]. Industrial substances have also 
been implicated in a form of toxin‐associated steatohepa-
titis, which may be progressive and is reported to be 
 independent of insulin resistance in some cases [130].

Steatosis can also be seen in a variety of inherited met-
abolic diseases, including Wilson disease (often with 
 features of steatohepatitis), and childhood disorders (see 

Chapter 32) such as glycogen storage diseases, galactos-
aemia, tyrosinaemia, hypobetalipoproteinaemia, abetali-
poproteinaemia, and lipid storage diseases such as 
lysosomal acid lipase (LAL) deficiency, an autosomal 
recessive genetic disorder. This enzyme is involved in the 
breakdown of cholesterol esters and triglycerides; 
 deficiency in the active enzyme results in fat buildup in 
the liver, and also ectopic fat elsewhere. In 2015, recom-
binant LAL (sebelipase alfa) was approved for treatment. 
Other storage disorders include Niemann–Pick, Tay–
Sachs and Gaucher diseases, which reveal excessive fatty 
infiltration of the liver with cholesterol esters, sphin-
golipids, phospholipids, sphingomyelin, gangliosides, or 
glucocerebrosides (see Chapter 32). The distribution of 
fat (predominantly in reticuloendothelial cells) and typi-
cal presentation in infancy (although not exclusively so) 
distinguish the lipid storage disorders from NAFLD/
NASH.
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 Introduction

The liver plays a central role in energy disposal and is 
involved in protein, carbohydrate, and fat metabolism, 
therefore nutritional status can be profoundly affected in 
patients with chronic liver disease.

As defined by the World Health Organization, malnu-
trition refers to ‘deficiencies, excess or imbalances in a 
person’s intake of energy and/or nutrients’. The term 
malnutrition, therefore, covers two main groups of con-
ditions: undernutrition and overnutrition. In the present 
chapter we will utilize the term malnutrition for under-
nutrition, while for overnutrition the terms overweight 
or obesity will be used.

Malnutrition is commonly encountered in patients 
with cirrhosis. Its pathogenesis is multifactorial and the 
causes are not limited to a reduced nutrient intake, but 
also to alterations in nutrient absorption and in nutrient 
handling through the different metabolic pathways. The 
coexistence of metabolic alterations and chronic inflam-
mation is a further stimulus for a generalized catabolic 
condition similar to that occurring in other chronic 
illnesses.

Malnutrition is not only a consequence of progressive 
liver insufficiency, but it is also a condition that may in 
itself affect the natural history of cirrhosis, thus influenc-
ing patient outcome and survival. Recently a great deal of 
attention has been focused on the loss of skeletal muscle 
mass (i.e. sarcopenia) in patients with advanced liver 
 disease, suggesting that muscle wasting could be the 
main detrimental alteration affecting prognosis.

In the last decades overweight and obesity have also 
been reported in patients with cirrhosis, particularly given 
the rise in cirrhosis due to non‐alcoholic fatty liver disease 
(NAFLD). In spite of the excess of body fat, even these 
patients may experience muscle loss with negative effects.

In spite of the great relevance of malnutrition, its diag-
nosis can be troublesome in patients with cirrhosis and 
may go unrecognized.

Due to its complex pathogenesis and a lack of exact 
knowledge regarding the molecular mechanisms asso-
ciated with malnutrition and sarcopenia in cirrhosis, 
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LEARNING POINTS

 ● Malnutrition is a common event in chronic liver dis-
ease. Overnutrition and obesity can also be observed 
mainly in patients with NAFLD cirrhosis. Sarcopenia 
(loss of muscle mass) is the main finding in these 
patients.

 ● Reduced dietary intake, metabolic alterations and 
modifications in the disposal of energy sources are 
among the causes of malnutrition. Recent studies 
have increased our knowledge of the molecular mech-
anism involved in muscle wasting in liver cirrhosis.

 ● Nutritional problems are frequently disregarded in liver 
diseases and an ideal tool for their diagnosis is missing. 
Composite scores try to overcome this difficulty. The 
presence of sarcopenia is evaluated by measuring the 
muscle area on CT scan at the level of the third lumbar 
vertebra.

 ● Malnutrition and sarcopenia are indicators of a worse 
outcome and a lower survival in cirrhosis.

 ● Treatment of malnutrition starts from its recognition, 
patient education, dietary assessment and intake of 
30–40 kcal/kg/daily and 1.2–1.5 g/protein/daily in mul-
tiple meals to shorten periods of starvation. Nutritional 
supplements (multivitamins, microelements, branched 
chain amino acids, leucine) can be considered when-
ever needed.
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treatment is mainly tailored to increasing energy intake, 
reducing protein breakdown, and improving protein 
synthesis. However, reversal of protein energy malnu-
trition is slow and strongly influenced by the occur-
rence of complications of cirrhosis (encephalopathy, 
ascites, sepsis) and many controlled studies have failed 
to demonstrate a definite improvement in nutritional 
status or survival despite the administration of nutri-
tional supplementation.

New treatment approaches will derive from an improved 
knowledge of the pathogenesis of this syndrome.

 Epidemiology and general 
characteristics

The prevalence of malnutrition in cirrhosis ranges 
between 60% and 90% [1,2]. This variability is due to the 
methods used for the assessment of malnutrition and 
patient selection. In general, it is expected that the more 
severe the liver impairment, the more severe the nutri-
tional wasting. This was shown in a large prospective 
Italian study that included 1402 patients with cirrhosis, of 
whom 30% were malnourished; malnutrition was more 
frequent (50%) in Child class C patients and less frequent 
(20%) in those belonging to Child class A [1]. Muscle loss 
is more severe in males, while females more frequently 
experience a decrease in fat deposits. Therefore, muscle 
wasting is a less sensitive parameter of malnutrition in 
women with cirrhosis. The aetiology of liver disease, 
alcoholic versus non‐alcoholic, does not greatly influence 
the degree of malnutrition. However, active alcoholism 
causes malnutrition per se and patients continuing 
 alcohol abuse are at higher risk for nutritional failure.

Malnutrition may affect different body compartments 
(fat mass or body cell mass) and may cause micronutri-
ent depletion, osteopenia, and osteoporosis. The main 
focus has recently concentrated on the depletion of mus-
cle mass [3,4]. Muscle tissue accounts for most of the 
protein stores in the human body; it plays a crucial role 
in limb mobility and body activity, it is involved in heart 
and respiratory functions and represents the largest 
store of amino acids mobilizable in catabolic conditions. 
Muscle loss, also referred to as sarcopenia, is character-
ized by a loss of muscle mass and decreased muscle 
strength and physical performance. Sarcopenia has been 
primarily defined as a phenomenon occurring in ageing 
[5]. Skeletal muscle decreases approximately 1% yearly 
after the age of 50. Secondary sarcopenia has been shown 
to occur also in chronic diseases, such as chronic renal 
insufficiency, chronic obstructive pulmonary disease, 
heart failure, or neoplastic diseases. In advanced liver 
disease specific metabolic alterations affect muscle 

growth and favour atrophic responses. These have been 
reported in experimental models of cirrhosis and in a 
few high‐quality studies based on patients’ muscle 
 biopsies [6].

The prevalence of sarcopenia in patients with cirrhosis 
ranges from 40% to 70% and depends on the methodol-
ogy used in its assessment (see later) [3,4,7–9]. Among 
the different methodologies, CT is considered the gold 
standard although appropriate normal values remain to 
be defined. Sarcopenia contributes to frailty and inactiv-
ity, which further induce muscle atrophy. Sarcopenia, as 
will be discussed later, is associated with higher compli-
cation and mortality rates in cirrhosis.

The epidemic of obesity and the rapid increase in the 
number of patients with cirrhosis due to non‐alcoholic 
steatohepatitis in the setting of obesity have led to a rise 
in the number of patients with cirrhosis who may present 
with overnutrition. At present there are fewer studies in 
this field as it is a recently identified phenomenon [10].

 Causes of malnutrition

Multiple factors contribute to malnutrition in cirrhosis 
(Fig. 29.1). The diet of a majority of patients with cirrhosis 
is inadequate/unbalanced and is sometimes influenced by 
unnecessary self‐restrictions or by a superficial approach 
to the problem by their physician. In advanced liver dis-
ease appetite is decreased either due to dysgeusia (altered 
taste sensation), early satiety, or dyspepsia. Hospital 
admission is frequently a further cause of starvation due 
to changes in eating habits or the need for fasting prior to 
diagnostic and/or therapeutic procedures. In this setting, 
attention to dietary intake is generally disregarded. In the 
presence of ascites, indication of a salt‐restricted diet 
makes food unpalatable and tense ascites causes a reduc-
tion in stomach compliance  contributing to rapid satiety. 
Alcohol is a caloric substance, but calories from alcohol 
enter futile cycles, which dissipate energy; furthermore, 
alcohol intake may induce anorexia. In addition to dietary 
intake, nutrient absorption is obviously crucial and this is 
frequently compromised by the coexistence of multiple 
factors, such as portal hypertension, bacterial overgrowth, 
or pancreatitis in alcoholic cirrhosis.

Due to alterations in energy disposal, starvation is 
 particularly harmful in patients with cirrhosis. Frequent 
meals, including a late evening snack to shorten starva-
tion during the night, are highly recommended to reduce 
catabolism [11]. Glucose intolerance and insulin resist-
ance are almost universal in cirrhosis, even in the absence 
of overt diabetes. This is mainly caused by impaired 
 glucose storage in glycogen either in the fibrotic liver or 
in the muscle, while glucose oxidation might be normal. 
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To provide adequate glucose production by the liver, glu-
coneogenesis is activated in the post‐absorptive state 
and both muscle amino acids and fat triglycerides are 
mobilized from tissue deposits. These metabolic changes 
are known to take place also in healthy subjects after 
prolonged fasting, but the transition to starvation occurs 
much earlier in patients with cirrhosis [12].

In patients with cirrhosis, increased lipid turnover and 
enhanced utilization of lipids as energy sources are already 
present with only 12 hours of fasting [13], as also shown by 
a decreased respiratory quotient, a known measure of fuel 
utilization [14]. Protein breakdown is also increased and 
amino acids are mobilized to be used as energy sources in 
muscle (branched‐chain amino acids) or to reach the liver 

for glucose production (alanine) (Fig. 29.2). All these pro-
cesses cause progressive depletion of fat deposits and 
muscle tissue contributing to malnutrition.

Since the recognition of the prognostic importance of 
sarcopenia in cirrhosis, studies have explored the molec-
ular causes of muscle wasting in this setting. The main 
alterations that have been demonstrated in humans are 
increased myostatin, and enhanced muscle autophagy. 
The contribution of a reduction in myosatellite cell turn-
over has been shown only in animal models [15]. 
Myostatin can be enhanced by hyperammonaemia 
[6,16]. At the same time ammonia is known to be taken 
up in muscle through its combination with glutamate 
to  synthetize glutamine [17] (see also Chapter  10). 

Loss of appetite (dysgeusia, unpalatable diet, cytokines)
Early satiety (ascites)
GI symptoms (dyspepsia, bloating, nausea)
Alcohol abuse
Dietary restrictions (correct or incorrect)
Recurrent hepatic encephalopathy
Starvation during diagnostic or therapeutic procedures

Portal hypertension
Alterations in gut motility
Bacterial overgrowth
Cholestatic liver diseases
Pancreatic insufficiency in alcoholism
Chronic lactulose treatment with frequent 
diarrhoea

Glucose intolerance
Insulin resistance
Reduced glycogen synthesis
Increased lipid turnover
Increased protein turnover
Reduced protein synthesis
Early transition to starvation
Decreased micronutrient storage 
Impaired vitamin activation and transport

Chronic inflammation 
High cytokine levels
Ascites
Hepatocellular carcinoma
Sepsis

Inadequate dietary intake Impaired digestion and absorption

Metabolic alterations Hypermetabolism and increased energy 
requirements 

Fig. 29.1 Causes of malnutrition in patients with cirrhosis. The four main mechanisms of malnutrition in cirrhosis are shown. These 
mechanisms may coexist in decompensated patients and act synergistically to further aggravate malnutrition.
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Fat tissue
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Triglycerides

FFA
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Gluconeogenesis

Decreased mass and function

Glycogen disposal
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Fig. 29.2 Metabolic alterations occurring in patients 
with cirrhosis. The figure summarizes the main changes 
of energy metabolism in cirrhosis. Due to liver fibrosis 
and insulin resistance the ingested glucose cannot be 
stored and utilized efficiently as hepatic glycogen. 
Reduced glucose utilization accelerates the transition to 
a ‘fasting metabolism’. During fasting, glucose is derived 
from lipids and proteins through gluconeogenesis to 
partially fulfil the need for glucose. Triglycerides stored 
in fat droplets are split to glycerol (utilized for 
gluconeogenesis) and free fatty acids (FFA) (utilized as 
an alternative energy source). Proteins are also 
mobilized from muscle tissue and alanine can be 
converted to glucose in the liver.
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These  changes are of particular interest as they could 
represent a target for future therapeutic approaches to 
stimulate muscle protein synthesis and/or reduce pro-
tein breakdown.

Micronutrient metabolism is also affected in cirrhosis. 
Liver dysfunction leads to reduced storage capacity of 
vitamins and alterations in vitamin activation and trans-
port by carriers. Trace elements, such as iron, magne-
sium, copper, and zinc, may also be affected. Serum 
copper can be slightly increased mainly in cholestatic 
disease, but zinc and magnesium are generally decreased. 
Unfortunately, blood determination of these metals may 
be misleading and underscore the need for supplementa-
tion. Iron may be decreased secondary to acute or 
chronic losses, but ferritin is sometimes increased due to 
chronic inflammation.

 Consequences of malnutrition

Nutritional status was among the five parameters of the 
original Child–Turcotte score, utilized as prognostic 
index for cirrhotic patients undergoing surgery, in 1964 
[18]. Later on, as nutritional assessment was found be 
too subjective and difficult to quantitate, it was substi-
tuted by the international normalized ratio (INR) in the 
Child–Pugh prognostic scoring system, in 1973 [19].

In the last decade, multiple studies have, once again, 
focused on the consequences of nutritional depletion in 
cirrhosis, showing that malnutrition is associated with 
worse outcomes and increased mortality (Table  29.1). 
The effect of malnutrition on a poor survival has been 
demonstrated in studies in which the diagnosis of mal-
nutrition has been established using different methods: 
the Subjective Global nutritional Assessment (SGA), 
anthropometry, the Nutritional Index, dual energy X‐ray 
absorptiometry, CT, MR [3,20,21]. The best and simplest 
nutritional parameter as a prognostic indicator is still a 
matter of controversy. Furthermore, the majority of these 
studies have been performed in decompensated patients 
and therefore information on the impact of malnutrition 
in compensated cirrhosis is scarce with only 10–25% of 
patients included in prognostic studies belonging to 
Child class A [3,20,21].

Malnutrition also correlates with a higher rate of com-
plications in cirrhosis, such as hepatic encephalopathy 
and bacterial infections [22–24]. Surgical risk is higher in 
patients with cirrhosis, but more so in those with con-
comitant malnutrition [25]. Malnutrition also increases 
treatment complications in patients with HCC and con-
sequently decreases their survival [26].

The main confounder in these prognostic studies is the 
strong correlation between malnutrition and more 
advanced liver disease, which frequently hampers the 

demonstration of an independent role of nutritional 
depletion.

Overall it seems that a deteriorated nutritional status 
compromises the patient’s ability to withstand complica-
tions. Moreover, complications frequently cause 
increased energy expenditure and lower energy intake, 
leading to further deterioration of the patient’s nutri-
tional balance, thereby establishing a vicious cycle. 
Unfortunately, the importance of nutrition in the man-
agement of critically ill patients with cirrhosis is often 
overlooked as became obvious in a recent consensus 
conference on the topic [27].

A specific setting in which nutrition plays a major role 
is in the evaluation for liver transplantation. Although 
malnutrition is not considered a contraindication, many 
studies have shown that the presence of malnutrition 
and muscle wasting can influence the outcome of these 
patients by increasing waitlist mortality, enhancing 
costs of intervention due to longer hospitalization and 
ICU stay, a higher rate of infection, and longer intuba-
tion time when compared to non‐malnourished patients 
[28,29]. Whether muscle wasting may also affect sur-
vival after liver transplantation remains controversial 
[4,29,30].

While overweight (BMI >25 but <30) has been found 
to be even protective of death in patients with cirrhosis 
[20], obesity (BMI >30), with its associated metabolic 
syndrome and increased cardiovascular risk, are all con-
sidered negative prognostic indicators. A recent study 

Table 29.1 Consequences of malnutrition, sarcopenia, 
and overnutrition in advanced liver disease

Malnutrition and/or sarcopenia
Higher rate of encephalopathy (both overt and covert)
Higher rate of bacterial infections
Increased development of complications of cirrhosis
Decreased survival (in outpatients and in hospitalized patients 
with cirrhosis)
Decreased survival on the waiting list for liver transplantation
Higher surgical risk
More resources required after liver transplantation (longer stay 
in the intensive care unit and in the hospital)
Lower survival after transplantation (controversial)
Higher rate of complications during treatment of hepatocellular 
carcinoma
Lower survival in patients with hepatocellular carcinoma
Overnutrition
Decreased survival at transplantation with BMI >40
Decreased survival in sarcopenic obese patients
Higher rate of decompensation in obese patients with cirrhosis
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found that obesity is a condition which may increase the 
rate of decompensation in cirrhosis of any aetiology [31]. 
Furthermore, sarcopenic obesity (loss of muscle mass in 
the presence of increased adipose tissue) has been shown 
to share the same negative prognostic role as sarcopenia 
[32]. The effect of morbid obesity has been carefully 
evaluated in the setting of liver transplantation and it has 
been shown that a BMI >35 decreases life expectancy 
after transplantation [33]. Indeed, a BMI >40 constitutes 
a relative contraindication to liver transplantation [34].

 Diagnosis and assessment

While malnutrition is easily recognized in cachectic 
patients with decompensated cirrhosis, it might be more 
difficult to identify in the early stages. There are, how-
ever, many reasons why attention should be drawn to 
nutritional status at earlier stages: (1) to make patients 
aware of the importance of his/her nutritional status and 
to discuss how to remove possible obstacles to a correct 
nutritional regime as a preventive intervention; (2) to 
make an early diagnosis, because it is much easier to 
intervene when nutritional impairment is mild or the 
patient is at ‘risk of malnutrition’; (3) to monitor the 
course of nutritional status, independent of whether 
nutritional treatment is initiated or not; and (4) to obtain 
additional relevant information regarding prognosis and 
transplant candidacy.

Unfortunately, there is no accepted gold standard for 
the assessment of nutritional status in cirrhosis, because 
of the many significant drawbacks encountered with the 
use of standard nutritional parameters (Table 29.2). It is 
universally recognized that, due to water retention, 
peripheral oedema and ascites, body weight (and formu-
las including body weight such as body mass index 
[BMI]) may be misleading in patients with cirrhosis. 
Some studies have utilized BMI only in non‐ascitic 
patients and others have recommended the use of esti-
mated body dry‐weight with various formulas which, 
however, may not be sufficiently accurate. The second 
limitation concerns the inability to use plasma protein 
concentrations as nutritional markers in cirrhosis as they 
are mainly influenced by liver insufficiency and decreased 
protein synthesis rather than malnutrition.

A nutritional approach needs to be tailored to the set-
ting where the health provider encounters the patient (e.g. 
outpatient clinic, hospital ward) as this will determine the 
time and tools available. Body weight, as previously dis-
cussed, is meaningless in patients with ascites and/or 
oedema. It may also be difficult to evaluate recent changes 
in body weight if the patient has started diuretic therapy 
which causes weight loss due to water elimination. In non‐
ascitic patients, body weight, BMI, and  percentage weight 

loss can be tentatively considered, but they need to be 
accurately scrutinized for confounders. Furthermore, 
these parameters give only a crude global evaluation, 
without providing information about the different body 
compartments. An easy evaluation of fat deposits and 
muscle mass can be made with simple anthropometric 
measurements (mid‐arm muscle circumference [MAMC] 
and triceps skinfold [TSF]) performed at bedside or dur-
ing an outpatient visit. The ESPEN guidelines for nutrition 
in liver disease have suggested that anthropometry is 
 reliable [35]. All that is needed is a measuring tape and a 
skinfold calliper, in addition to adequate knowledge and 
experience on how to perform these measurements 
(https://www.youtube.com/watch?v=x‐YrCiyd9Mk). 
There are normal values available for sex and age‐matched 
populations. However, measurements may be affected by 
marked peripheral oedema, although fluid retention rarely 
affects upper extremities.

As previously reported MAMC has been shown to 
correlate with survival in a large multicenter study [17]. 
This parameter is more sensitive for men in whom 
 muscle wasting is likely to be more accelerated due to a 
larger decrease in muscle mass and testosterone levels 
during illness.

A more complete sophisticated evaluation can be 
 provided by DEXA, which can measure fat, fat‐free mass, 
and bone compartment. DEXA has shown a good cor-
relation with anthropometry and is very accurate for fat 
mass and bone mineral content [36] (Fig. 29.3). Fat‐free 
mass may, however, be influenced by the overall water 
content if increased.

Bioelectric impedance analysis (BIA) has been evalu-
ated in patients with cirrhosis with controversial results. 
Some studies have shown that the phase angle measure-
ment can provide a good estimate of body cell mass [37], 
but uncertainties arise when dealing with patients with 
ascites and advanced liver disease, who are the very ones 
that are more frequently malnourished and in need of 
nutritional evaluation.

The recent focus on muscle wasting as a predictor of 
the development of complications and death in patients 
with cirrhosis has led to the strategy of measuring the 
muscle area at the 3rd lumbar vertebra level in a CT or 
MR scan. Multiple muscles are easily identified at this 
level and the most relevant is the psoas muscle (Fig. 29.4). 
These muscles have the advantage of being unaffected by 
physical activity in the same way as the dominant upper 
limbs, and their measurement is unaffected by water 
retention. Furthermore, it has been shown recently that 
the quality of the muscle on CT can also estimate fat 
infiltration (myosteatosis) [32], adding to the evaluation 
of muscle tissue efficiency.

While assessment of multiple muscle areas can be 
cumbersome, recent studies have found that psoas area 
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at L3 correlates significantly with the assessment of all 
muscle areas. This observation, if confirmed, could fur-
ther simplify the measurement of sarcopenia [9].

The main concerns about the use of this procedure are 
cost and radiation exposure. However, it is also true that 
many patients with cirrhosis undergo an abdominal CT 
scan during their illness for other reasons, such as HCC 
screening and staging or pre‐transplantation screening. 
This means that the exam is frequently available and only 
requires an additional measurement of sarcopenia in 
already acquired images. MRI may provide analogous 
possibilities avoiding radiation exposure [38]. However, 

because healthy individuals seldom undergo a CT scan 
or an MRI, there are still limitations regarding the nor-
mal values for muscle areas of individuals of different age 
groups, gender, and race. At present many studies have 
utilized values derived from cancer patients while some 
epidemiologic studies have been recently performed in 
Asian healthy populations [9].

A CT scan can identify a certain degree of muscle atro-
phy, which is considered a requisite for the diagnosis of 
sarcopenia. Sarcopenia has been found in 30–70% of 
patients with liver diseases and may even be encountered 
in obese individuals who are consequently defined as 

Table 29.2 Nutritional assessment in patients with cirrhosis

Parameter Accuracy Training Advantages Disadvantages

Body weight
Body mass index (BMI)

Low Not needed Easy and inexpensive Not reliable due to water retention, 
oedema, or ascites.
Can be utilized to assess obesity

Visceral proteins
(albumin, transferrin, 
retinol binding protein)

Low Not needed None Influenced more by liver function than 
nutritional status

Anthropometry to 
evaluate muscle (AMC) 
and fat (TSF)

Moderate Initial training 
required

Easy, rapid, bedside 
evaluation.
Low cost

Severe water retention may affect 
measurements

Dual energy X‐ray 
Absorptiometry (DEXA)

Moderate Performed by 
a radiologist

Informs about body 
composition. Regional 
analysis
possible

Measures body fat, fat‐free mass, and 
bone mineral density. Low‐dose 
radiation. Influenced by hydration

Bioelectrical impedence 
analysis (BIA)

Moderate Required Bedside tool moderately 
expensive

Unreliable in patients with ascites and 
oedema.
Phase angle measurements have been 
utilized in cirrhotic patients

CT or MRI High Performed by 
a radiologist

Frequently CT scan is 
already available, not 
influenced by muscle 
activity and water retention

High costs and X‐ray exposure if CT is 
not available

Handgrip strength Moderate Initial training 
required

Easy, rapid, bedside 
evaluation.
Low cost

Patient may be unable or uncooperative 
to perform
the task

6 minutes’ walk test Moderate Initial training 
required

Inexpensive
functional evaluation

Patient may be unable or uncooperative 
to perform the task.
Need for dedicated space

Dietary assessment Moderate Better 
performed by 
a dietitian

Inexpensive Needs time and patient cooperation and 
reliability

Subjective global 
nutritional assessment 
(SGA)*

Moderate Some 
experience 
required

Inexpensive Large experience in the literature but not 
liver‐specific. May be difficult to 
categorize many different parameters

Royal Free Hospital 
(RFH)‐SGA*

Moderate Some 
experience 
required

Inexpensive.
Liver‐specific.
Rapid

Includes many assumptions and 
corrections as BMI is inaccurate and 
dietary intake may be variable in time. 
Verified in a small number of studies

AMC, arm muscle circumference; TSF, triceps skinfold; CT, computed tomography; MRI, magnetic resonance imaging.
* See Table 29.3 for components.
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sarcopenic obese. Sarcopenia has been shown to be a 
strong predictor of bad outcomes, particularly in patients 
with end-stage liver disease, but may also be relevant in 
those at initial stages.

The assessment of muscle function is also of great help 
in the nutritional evaluation of patients. In this regard 
the measurement of handgrip strength is an easy and 
cost‐effective method for rapid evaluation and can be 
performed even in the outpatient setting. Handgrip 
strength is measured using a handgrip dynamometer on 
the non‐dominant and dominant hand (https://www.
youtube.com/watch?v=frcNPiLnWRo). A few measure-
ments are generally averaged and the mean value is uti-
lized. Handgrip strength has been utilized in patients 
with cirrhosis and has been proposed as an early marker 
of malnutrition in patients with mild disease, even before 

muscle atrophy occurs [35]. The sensitivity and specific-
ity of this measurement is, however, still controversial in 
end‐stage liver disease when a patient can be non‐ 
compliant even with this simple tool. Normal values are 
available for age and sex.

Other functional tests have also been proposed involving 
patients’ global performances, such as the 6‐minute walk 
or the “get up and go” test. Although promising because, 
unlike the handgrip test, they explore a non‐limited muscle 
function, these tests cannot be performed in severely ill 
patients, require cognitive cooperation and may therefore 
be affected by hepatic encephalopathy. Normal values for a 
comparable population are not always available.

Dietary assessment is also extremely useful to evaluate 
both risk for and presence of malnutrition. A complete 
evaluation of dietary intake is obviously better  performed 
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by a registered dietitian. It takes time and often requires 
the participation of caregivers. Basic information that 
can be considered in the clinician’s assessment are: an 
overall evaluation on whether food intake has changed, 
whether it has decreased below a certain amount and, if 
so, for how long. It is also relevant to investigate the 
length of fasting periods between meals and whether 
snacks or nutritional supplements are utilized. Problems 
in diet palatability, due to excess sodium restriction or 
inappropriate counselling, should be explored. This pre-
liminary screening, even if superficial, is important to 
alert the patient about the need to take care of his/her 
diet and to avoid possible risky nutritional behaviours 
that may go unrecognized [39].

The most frequent global comprehensive nutritional 
assessment used in patients with cirrhosis is the 
Subjective Global nutritional Assessment (SGA) 
(Table 29.2 and Table 29.3) that considers weight loss, an 
estimate of dietary intake, fat and muscle deposits, and 
clinical symptoms interfering with nutrition, such as 
diarrhoea, vomiting, and metabolic stress. However, 
SGA is not liver‐specific. Body weight, a parameter 
included in the SGA, can be misleading and may, in some 
cases, underestimate the presence of sarcopenia. 
Furthermore, some experience is needed in the perfor-
mance of the SGA. Finally, its ability to predict clinical 
outcomes in cirrhosis is controversial [40].

Another more liver‐specific global nutritional evalua-
tion has also been proposed (Royal Free Hospital 
Subjective Global Assessment: RFH‐SGA) (Tables  29.2 
and 29.3) [41]. One study found that RHF‐SGA corre-
lated with survival [42]; however, further confirmation is 
needed before it can be widely accepted.

Nutritional assessment in overweight obese cirrhosis 
is generally easy to perform. Fat abundance is evident 
and BMI can be calculated. Care should be taken regard-
ing muscle assessment, which may eventually lead to a 
diagnosis of sarcopenic obesity. MRI or CT scans are 
helpful in these cases.

 Treatment and management

Guidelines and consensus documents have tentatively 
proposed the best nutritional approaches in patients 
with cirrhosis based on the knowledge of their needs and 
metabolic alterations (Table  29.4). The relevance of an 
adequate dietary intake has been stressed since 1997 
when the first European guidelines for parenteral and 
enteral nutrition were established [43]. A daily caloric 

(B)

(A)

Fig. 29.4 Computed tomography (CT) for the evaluation of 
sarcopenia. Section at lumbar site L3. Muscle area is evidenced in 
blue, visceral adipose fat in green, and subcutaneous adipose 
tissue in red. Results need to be corrected for height and 
evaluated according to a validated cut‐off. (A) Non‐sarcopenic 
patient; (B) sarcopenic patient.

Table 29.3 Parameters included in Subjective Global nutritional 
Assessment (SGA) and in Royal Free Hospital Subjective Global 
nutritional Assessment (RFH‐SGA)

SGA RFH‐SGA

Weight change Body mass index
Loss of fat and muscle wasting Muscle wasting
Changes in dietary intake Amount of calorie intake
Gastrointestinal symptoms 
(nausea, vomiting, diarrhoea)
Functional capacity
Disease severity
Oedema
Ascites
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intake of 35–40 kcal/kg body weight and daily protein 
intake of 1.2–1.5 g/kg body weight is recommended. An 
eating pattern with 4–7 meals including a late evening 
snack is utilized to reduce periods of fasting [44].

In patients with compensated cirrhosis who are 
 overweight or obese, moderate caloric restriction 
 (20–25 kcal/kg body weight) is recommended, as obesity 
is an independent risk factor for clinical decompensation 
in  cirrhosis of all aetiologies [28] and lifestyle changes 
(diet and exercise) leading to weight loss as low as 10% 
from baseline have been shown to decrease portal pres-
sure in obese patients with compensated cirrhosis [45]. 
During caloric restriction, protein depletion should be 

avoided and protein intake should therefore be increased 
(to at least 1.2 g/kg body weight); this is particularly 
important in patients with decompensated cirrhosis 
in  whom weight‐losing strategies should be aimed at 
reducing dietary carbohydrate and fat content while 
maintaining a high protein intake.

A moderately low sodium diet (2 g or 88 mmol/day) 
should be recommended when needed for ascites treat-
ment, as excessive restriction may cause unpalatable 
diets. Multivitamin complexes should be provided and 
specific dietary deficiencies (iron, vitamin D, zinc) must 
be corrected when documented.

The primary goal of the nutritional approach in 
patients with cirrhosis and nutritional depletion is to 
restore the balance between energy intake and energy 
expenditure; however, this is not always achievable. 
Energy expenditure can be derived from formulas, but 
measurement by indirect calorimetry is sometimes use-
ful in hospitalized patients. If the patient is unable to 
reach the required amounts through diet, dietary supple-
ments may be of help with high calories and  protein 
concentrations.

Chronic inflammation and supervening complica-
tions, such as bacterial infections, encephalopathy, or 
variceal bleeding, which are frequently encountered in 
hospitalized patients, represent a phase of further loss 
during which nutritional care is disregarded and any 
small advantage obtained is rapidly lost. When an oral 
diet is insufficient, enteral or parenteral nutrition admin-
istration is considered and may improve some patients’ 
outcomes [46,47]. After bleeding and endoscopic 
 treatments for oesophageal varices dietary restrictions 
are often required, therefore adequate hydration and a 
minimum of parenteral caloric supplement is advisable.

A number of studies have examined whether nutri-
tional therapy can ameliorate nutritional parameters and 
improve survival. While improvement in some nutri-
tional parameters has been documented, effects on out-
comes and survival are more controversial, even in 
meta‐analyses, given the high heterogeneity of the stud-
ies [48–50]. These studies do not deny the importance of 
a nutritional approach, but suggest that we are still in 
search of an effective strategy for these patients.

Recent studies are now exploring the effect of nutrition 
intervention on sarcopenia. Adequate dietary protein (at 
least 1.3–1.5 g/kg/day) and moderate isometric exercise 
has been proposed to improve muscle mass [51]. In the 
short term, however, results have not been satisfactory 
and the way to improve protein synthesis in muscle is 
more likely to result from recent knowledge regarding 
the molecular mechanism of muscle loss. In the long 
term, oral branched‐chain amino acid (BCAA) supple-
mentation has been shown to improve different out-
comes (yearly hospital admission, rate of decompensation, 

Table 29.4 Standard nutritional approach in a patient 
with cirrhosis

First step
Consider composite approaches (SGA and RFH‐SGA) 
accounting for ascites and water retention
Evaluate fat deposits (anthropometry)
Evaluate muscle wasting (psoas muscle area evaluation on CT or 
MR at the level of the 3rd lumbar vertebra) (when available), 
anthropometry, handgrip strength
Explore dietary habits and recent dietary changes
Consider severity of the disease
Consider degree of inflammation
Second step
Education regarding the importance of nutrition
Education regarding caloric and protein need
Suggest multiple meals and a late evening snack
Sodium restriction in patients with ascites
Micronutrient supplementation to correct deficiency
Counselling with a registered dietitian when nutritional 
alterations are evidenced
Further suggestions in specific conditions
If evidence of malnutrition and sarcopenia:

 ● Encourage increased oral intake
 ● Introduce oral supplementation if needed to reach the 

recommended caloric and protein intake
 ● Supplementation with oral branched‐chain amino acids

If unable to eat enough by mouth for more than 48 h:

 ● Enteral nutrition and, if not feasible, parenteral nutrition 
(during hepatic coma, acute chronic liver disease, after 
surgery)

If hepatic encephalopathy (see Chapter 10)

 ● Adopt therapy for hepatic encephalopathy (lactulose, 
rifaximin, etc.)

 ● Maintain normal protein intake
 ● Consider BCAA supplementation

SGA, Subjective Global nutritional Assessment; RFH‐SGA, Royal Free 
Hospital Subjective Global nutritional Assessment.
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etc.) [52,53], and even survival [54]. However, a strong 
limitation to their use is the high cost. In the ESPEN 
guidelines BCAA are recommended as a supplement to 
oral diet in patients who do not tolerate/reach an ade-
quate amount of protein intake. A promising alternative 

is to support these patients with leucine‐enriched amino 
acids as this approach has been shown to be effective in 
reverting muscle protein catabolism and in improving 
protein synthesis in patients with cirrhosis, at a lower 
cost [55].
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 Introduction

Gestational liver diseases affect up to 3% of pregnant 
women and are the most frequent cause of liver dysfunc
tion in pregnancy. When severe they are associated with 
significant morbidity and mortality for both mother and 
infant. A rapid evaluation to distinguish them from non‐
pregnancy‐related liver dysfunction is essential, in order 

to facilitate appropriate timely management. Liver dis
ease unrelated to pregnancy can present de novo in preg
nancy or pregnancy can occur in women with pre‐existing 
liver pathology (Table  30.1). Research and subsequent 
advances in medical care have resulted in improved but 
still not satisfactory maternal and fetal outcomes. When 
assessing a pregnant women with abnormal liver func
tion pathology should be considered in three categories: 
(1) the pregnancy‐specific liver disorders; (2) the preg
nant women with pre‐existing liver disease; and (3) liver 
disease coincidently occurring with pregnancy. In this 
chapter we provide an overview of the liver diseases spe
cific to the pregnant state and an update on their patho
genesis, treatment, and outcomes. The risks of pregnancy 
in women with pre‐existent liver pathology are discussed 
and specific de novo liver disease in pregnancy is detailed.

 Normal physiology in pregnancy

In a normal pregnancy, many physiological and hormonal 
changes occur within the human body, some of which can 
mimic those seen in women with advanced chronic liver 
disease. In the second and third trimesters a maternal 
hyperdynamic circulation develops with expansion of cir
culating blood volume, an increased cardiac output, a 
reduction in peripheral vascular resistance, and a hyper‐
oestrogenic state, as is common in patients with cirrhosis. 
These physiological similarities are characterized by clin
ical signs, including palmar erythema and spider naevi, 
which are physiological, not pathological, in pregnancy 
[3]. Blood flow to the liver remains constant during preg
nancy and it remains impalpable as it is displaced upwards 
into the thoracic cavity due to the expanding uterus. 
Gallbladder motility decreases resulting in an increased 
risk of developing gallstones. Biliary sludge, seen on 
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LEARNING POINTS

 ● Abnormal liver function in pregnancy should be con-
sidered in three categories: the pregnancy‐specific 
liver disorders, the pregnant women with pre‐existing 
liver disease, and liver disease coincidentally occurring 
in pregnancy.

 ● In intrahepatic cholestasis of pregnancy bile acids 
exceeding 40 µmol/L are associated with an increased 
risk of adverse pregnancy outcome including prema-
turity, neonatal distress, and an elevated stillbirth rate.

 ● The presence of a serum lactate >2.8 mg/dL and any 
grade of hepatic encephalopathy indicates poor prog-
nosis in both acute fatty liver of pregnancy (AFLP) and 
haemolysis, elevated liver enzymes, and low platelet 
(HELLP) syndrome, and should be a trigger to consider 
liver transplantation.

 ● The leading cause of death in pregnant women with 
cirrhosis is variceal haemorrhage [1,2]. Maternal out-
comes may be predicted prior to conception based on 
the severity of the maternal liver disease as defined by 
the MELD and UKELD scores.

 ● During pregnancy, immunosuppressive treatment for 
autoimmune hepatitis and following liver transplanta-
tion should be continued, with the exception being 
mycophenolate mofetil.
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ultrasound examination is a common asymptomatic find
ing, which often resolves following delivery.

The results of biochemical and haematological blood 
tests need to be interpreted with reference to the normal 
ranges that pregnancy defines [4]. Maternal alkaline 
phosphatase (ALP) increases in the third trimester, as 
ALP is produced both from the placenta and as a result 
of fetal bone development; a biliary source can be 
excluded by a normal gamma‐glutamyl transpeptidase 
(gGT) concentration [4].

The alpha fetoprotein (AFP) level increases in preg
nancy as AFP is produced by the fetal liver. Pregnancy is 
a pro‐coagulant state with an increase in fibrinogen and 
factors II, VIII, IX, and XII. Raised transaminases, biliru
bin, or prothrombin time are always pathological and 
require further rapid and focused evaluation. The 
remainder of results remain mostly unchanged or slightly 
reduced due to haemodilution [4].

Liver biopsy is rarely indicated in pregnancy, but if 
performed does not carry additional risks. Liver histol
ogy is essentially normal in the pregnant women, 
although electron microscopy shows some increase in 
the endoplasmic reticulum [5].

 Pregnancy‐related liver diseases

Liver diseases specific to the pregnant state include 
hyperemesis gravidarum (HG), acute fatty liver of preg
nancy (AFLP), pre‐eclampsia with hepatic involve
ment including haemolysis, elevated liver enzymes, low 

 platelet (HELLP) syndrome, liver rupture/infarction, and 
intrahepatic cholestasis of pregnancy. The main features 
of each pathology are given in Table  30.2 and are dis
cussed in the following sections. All women presenting 
with suspected pregnancy‐related liver dysfunction 
require complete investigation for de novo viral, autoim
mune, vascular and biliary disorders alongside examina
tions for pre‐existent underlying chronic liver disease.

Hyperemesis gravidarum

Hyperemesis gravidarum (HG) is a clinical entity charac
terized by intractable nausea and vomiting, dehydration, 
ketogenesis, and weight loss (>5%) complicating up to 2% 
of pregnancies. It is the most severe illness within the 
spectrum of nausea and vomiting of pregnancy. The 
 aetiology is unclear, with evidence for genetic, hormonal, 
cultural, and psychological aspects [6–8]. It classically 
occurs before 9 weeks of gestation. Biochemical abnor
malities include renal dysfunction secondary to dehydra
tion,  electrolyte abnormalities including hypokalaemia, 
hyponatraemia, and hypomagnesaemia secondary to 
vomiting and reduced oral intake. Abnormalities in ami
notransferases occur in 50% of patients hospitalized for 
HG and tend to occur in the most severe cases [9]. 
Although biochemical thyrotoxicosis may occur in women 
with HG, this is usually a marker of disease severity that 
resolves with successful treatment of the underlying disor
der, and clinical hyperthyroidism is very rarely seen. 
Thiamine deficiency may occur and without treatment 
this can result in serious neurological impairment.

The management of HG consists of antiemetics, thia
mine, intravenous fluids, electrolyte correction, and 
thromboprophylaxis [10]. The severity of HG should not 
be underestimated with rare complications being oesoph
ageal rupture, Wernicke encephalopathy, central pontine 
myelinolysis, and spontaneous pneumo‐mediastinum. 
HG still accounts for approximately one maternal death 
per annum. First‐line antiemetics include dopamine 
antagonists (metoclopramide), phenothiazines (chlor
promazine, prochlorperazine), anticholinergics (dicyclo
mine (not available in the United Kingdom)), or 
antihistamine H1‐receptor antagonists (promethazine, 
cyclizine) [10–12]. For cases that fail to respond to the 
above therapies ondansetron or glucocorticoids can be 
tried [12–14]. HG is a fully reversible condition and ele
vation in aminotransferases should return to normal with 
correction of dehydration and resolution of symptoms.

Intrahepatic cholestasis of pregnancy

Intrahepatic cholestasis of pregnancy (ICP) is the most 
common of the pregnancy‐related liver diseases with an 
incidence of up to 4% worldwide and 0.7% in the United 

Table 30.1 Classification of liver disease and pregnancy

Pregnancy‐related liver disease
 ● Hyperemesis gravidarum
 ● Intrahepatic cholestasis of pregnancy
 ● Hypertension‐related liver diseases

 – Pre‐eclampsia/eclampsia
 – HELLP syndrome
 – Liver infarction/liver rupture

 ● Acute fatty liver of pregnancy

Non pregnancy‐related liver disease
Pre‐existing liver disease:

 ● Cirrhosis and portal hypertension
 ● Chronic viral hepatitis (hepatitis B and C)
 ● Autoimmune
 ● Chronic cholestatic disorders
 ● Post liver transplantation

Coincidentally with pregnancy:
 ● Autoimmune
 ● Acute viral infection (hepatitis A, B, C, E, and HSV)
 ● Vascular (Budd–Chiari)
 ● Drug‐induced hepatotoxicity
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  Table 30.2    Characteristic features and laboratory indices in the pregnancy‐specific liver disorders 

Disease
Gestation
Weeks Symptoms

Investigations   

Amino‐transferase Bilirubin
Other associated 
abnormalities Differential diagnosis    

  Hyperemesis 
gravidarum  

<12 Vomiting, nausea  Abnormalities in 50% 
 2–5× upper limit of 
normal 

Normal  ↑ Thyroxine 
 ↓↓ TSH 
 ↓ Na, ↓K, ↓Mg 

Hyperthyroidism, peptic ulcer 
disease, DKA, viral hepatitis  

  Intrahepatic 
cholestasis of 
pregnancy  

 Usually 3rd 
trimester; 
 reports as early 
as 7 weeks 

Pruritus 1.5–8× upper limit of 
normal

Normal  ↑ Serum bile acids 
 ↑ Prothrombin time 

Cholelithiasis, viral hepatitis, 
primary biliary cirrhosis  

  Pre‐eclampsia with 
hepatic impairment  

 > 20 Epigastric pain, 
headache, nausea, 
vomiting

2–5× upper limit of 
normal

Normal  ↓ PLT 
 Proteinuria 
 Hypertension 

HELLP syndrome, viral 
hepatitis, cholelithiasis  

  HELLP syndrome  >20 Epigastric pain, 
headache, nausea, 
vomiting

2–30× upper limit of 
normal

1.5–10× upper 
limit of normal

 Hypertension 
 Proteinuria 
 ↑Creatinine ↑LDH 
 ↓PLT 

AFLP, TTP/HUS, ITP, surgical 
abdomen, sepsis, hepatic 
haemorrhage  

  Acute fatty liver of 
pregnancy  

>30  Epigastric pain, 
nausea, vomiting, 
 jaundice, confusion 

3–15× upper limit of 
normal

 4–15× upper 
limit of normal; 
 90% conjugated 

 ↓Glucose ↑Lactate 
↑Ammonia 
 ↑ Prothrombin time 
 ↓ PLT 
 ↑ WCC 
 ↑ Creatinine 

 HELLP syndrome, 
 acute liver failure (viral, 
ischaemic, autoimmune, 
drug), hepatic haemorrhage, 
HUS/TTP   

 Hepatic infarction/ 
rupture 

>20 Abdominal pain, 
pyrexia, shock

Significant increase, 
no upper limit

Increased, no 
upper limit

 ↓Glucose ↑Lactate 
↑Ammonia 
 ↑Prothrombin time 
 ↑Creatinine 

HELLP, AFLP, acute liver 
failure (viral, ischaemic, 
autoimmune, drug)
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Kingdom; it is rarely reported in African countries [15]. 
ICP classically affects women in the third trimester of 
pregnancy but has been reported as early as at 7 weeks’ 
gestation. It is defined as a reversible form of cholestasis 
with intense pruritus, elevated serum ALT levels and 
serum bile acids with spontaneous relief of signs and 
symptoms within 6 weeks of delivery [16]. It has a high 
recurrence rate in subsequent pregnancies. The present
ing symptom of ICP is usually pruritus, typically worse 
on the palms and soles, but can affect any part of the 
body. The only associated rash is secondary to excoria
tions from scratching (Fig. 30.1).

The pathogenesis is complex and, like HG, is multifac
torial with genetic, endocrine, and environmental compo
nents. It is likely that elevated oestrogen and progesterone 
metabolites in pregnancy unmask the disease in geneti
cally susceptible women [17,18]. Genetic anomalies have 
been reported in the hepatocanalicular transport proteins, 
ABCB11 (a bile salt export pump), ABCB4 (phosphatidyl
choline floppase), ABCC2 (conjugated organic anion 
transporter), ATP8B1 (FIC1) and their regulators. 
Farnesoid X receptors mutations have been documented 
in approximately 15% of cases [19–22].

The biochemical changes include raised serum bile 
acids (BA) and transaminases (1.5‐ to 8‐fold). A raised 
bilirubin is unusual and should prompt investigations 
for an alternative diagnosis [4]. The main risk of ICP is 
to the fetus. Prospective cohort studies of perinatal out
comes in ICP suggest that serum bile acid measure
ments exceeding 40 µmol/L are associated with an 
increased risk of adverse pregnancy outcome including 
prematurity, neonatal distress, and an elevated stillbirth 

rate [23–25]. Conversely in cases of ICP where the 
maternal bile acid level is below 40 µmol/L adverse out
comes are rarely reported [25].

Treatment is focused on reducing maternal pruritus 
and fetal complications. The first‐line treatment for ICP 
is 10–15 mg/kg of ursodeoxycholic acid (UDCA), which 
improves pruritus, reduces serum BA, aminotrans
ferases, and premature delivery rate [24]. In those 
patients who fail to respond to UDCA (i.e. reduction in 
BA <40 µmol/L), rifampicin (a potent pregnane X recep
tor (PXR) agonist) in combination with UDCA has been 
shown to further reduce serum bile acid concentration 
[26]. Given favourable safety data for the use of rifampicin 
in the third trimester, its use as a second‐line agent in 
women who fail to respond to UDCA would appear rea
sonable. Vitamin K (IV) should be administered to 
women who have elevation in prothrombin time (sec
ondary to cholestasis and subsequent impaired absorp
tion of fat‐soluble vitamins) to reduce the risk of 
peripartum and neonatal haemorrhage. Women with 
severe disease or steatorrhoea can also be treated with 
oral Vitamin K replacement. Aqueous cream with 1–2% 
menthol and sedating antihistamines may provide addi
tional relief of pruritus for the mother.

Women with ICP should be counselled about a high 
recurrence rate in subsequent pregnancies and an 
increased risk of pruritus or cholestatic impairment 
when taking the oral contraceptive pill. Moreover, data 
are emerging detailing an increased risk of gallstones, 
hepatobiliary malignancies, and immune‐mediated and 
cardiovascular diseases in later life [27,28]. A high preva
lence of infection with HCV in women with ICP has 
been reported [29]. Finally repeat liver function tests are 
essential post‐delivery to ensure resolution of abnormal
ities. Ongoing symptoms or biochemical impairment 
beyond 3 months postpartum should prompt further 
investigations for alternative/concurrent diagnoses.

Pre‐eclampsia/eclampsia/HELLP syndrome

Pre‐eclampsia is a multisystem manifestation of abnor
mal placentation and placental insufficiency in preg
nancy characterized typically by hypertension (>140/90) 
and proteinuria (>300 mg/day) after 20 weeks of gesta
tion. The disorder may be characterized by renal, hepatic, 
neurological, or haematological dysfunction [30]. Pre‐
eclampsia affects 3–5% of pregnancies between 20 
weeks’ gestation to 2 weeks postpartum and it occurs 
more commonly in women who are primiparous, those 
with multiple pregnancies, and at both extremes of child‐
bearing age [31]. Presentation is non‐specific with 
abdominal pain, headache, visual disturbance, nausea, 
and vomiting, and thus a high index of suspicion is 
needed for further evaluation. Peripheral oedema and 

A

B

Fig. 30.1 Skin changes in a woman with intrahepatic cholestasis 
of pregnancy. Appearance of the back in a woman with severe 
cholestasis‐associated pruritus and no other dermatological 
disorder. (A) scratch marks; (B) skin lesions secondary to 
prolonged scratching and related excoriations.
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hyper‐reflexia are common findings on clinical examina
tion. If hypertensive control and delivery is not achieved, 
women are at risk of progressive renal dysfunction, cer
ebral haemorrhage, hepatic infarction, haematomas, or 
rupture with a consequent markedly increased perinatal 
morbidity and mortality [31].

The HELLP (haemolysis, elevated liver enzymes, and 
low platelets) syndrome represents a severe form of pre‐
eclampsia and complicates up to 20% of cases. 
Hypertension is evident in up to 85% and proteinuria is 
common [32]. However, it is important to recognize that 
HELLP syndrome can occur in the absence of hyperten
sion and proteinuria, reflecting the multisystem nature of 
pre‐eclampsia and related disorders. Previous pre‐eclamp
sia or HELLP, advanced maternal age, multiparity, obesity, 
chronic hypertension, diabetes, and molar pregnancies 
are risk factors for HELLP syndrome. It typically presents 
between 28 to 36 weeks of gestation, but can develop up to 
1 week postpartum in 30% of cases. The diagnosis is based 
mainly on clinical features [33]. The presenting symptoms 
are varied and include right upper quadrant or epigastric 
pain (approx. 65% of cases), nausea and vomiting (35% of 
cases), headache (30% of cases), and rarely, bleeding and 
jaundice. A significant number of patients are asympto
matic. Laboratory parameters typically show aminotrans
ferases 2–5 times the upper limit of normal with a normal 
bilirubin in pre‐eclamptic liver involvement; in HELLP 
syndrome, aminotransferases can be significantly elevated 
(2–30× upper limit of normal) with a raised bilirubin 
(1.5–10× upper limit of normal) [4].

The aetiology of pre‐eclampsia, eclampsia, and HELLP 
syndrome is incompletely understood and is likely to be 
multifactorial with evidence for immunological, genetic, 
abnormal trophoblast invasion, and vascular mechanisms 
[34]. It is postulated that trophoblast fails to adequately 
invade the uterine lining resulting in defective arterial per
fusion, which worsens as the pregnancy progresses [35]. 
Nitric oxide, prostaglandins, and endothelin are released 
from inadequately perfused placental tissue which results 
in an inappropriate activation of the coagulation cascade. 
The formation of microcirculatory fibrin crosslinked net
works, a microangiopathic haemolytic anaemia, and a 
consumptive thrombocytopaenia ensues. Hepatic ischae
mia follows microvascular thrombosis in the sinusoids 
resulting in elevated aminotransferases and a dissemi
nated intravascular coagulopathy can occur with evidence 
of raised fibrin degradation products, low fibrinogen, and 
a secondary increase in the prothrombin time. It is the 
combination of hepatic sinusoidal obstruction and ischae
mia that results in subcapsular haematomas, parenchymal 
haemorrhage, and ultimately hepatic rupture.

Imaging of the abdomen should be considered in all 
women with pre‐eclampsia, eclampsia, and HELLP syn
drome and is imperative in those with abdominal pain, 
shoulder tip pain, or hypotension to investigate for the 
life‐threatening complications of hepatic haemorrhage, 
rupture, and infarction [36]. Liver biopsy is not indicated 
as the diagnosis is based on clinical criteria and due to 
the risks of haemorrhage in association with coexistent 
thrombocytopenia (Fig. 30.2).

Necrosis Haemorrhage

IschaemiaThrombocytopenia

Platelet deposition Fibrin deposition

Vascular endothelial damage

Arteriolar constriction

(a) (b)

Fig. 30.2 Liver changes in eclampsia. (a) Pathogenesis. Hepatocellular necrosis and haemorrhage follow ischaemia related to vascular 
endothelial damage. (b) Hepatic histology. Focal periportal necrosis of liver cells; the lesion contains fibrin. (Mallory’s phosphotungstic 
acid, ×80.)
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The only treatment for pre‐eclampsia and HELLP syn
drome is delivery of the placenta and this needs to be 
undertaken as a clinical emergency. Hypertension should 
be treated with nifedipine, labetalol, methyldopa, or 
hydralazine [37,38]. Magnesium sulphate should be 
given to prevent maternal seizures and glucocorticoids 
to promote fetal lung maturity if gestation is less than 34 
weeks [39]. Coagulation support may be required. 
Following delivery, maternal features of pre‐eclampsia/
HELLP resolve within 48 h in the majority. Women 
should be monitored in a high dependence setting due to 
the small but recognized risk postpartum of worsening 
maternal symptoms.

Maternal outcomes at the severe end of the spectrum 
are difficult to predict. Perinatal mortality rates between 
7–20% are reported [40,41]. Neonatal outcome is more 
strongly associated with gestational age and birth weight 
than severity of HELLP syndrome. Women with pre‐
eclampsia and eclampsia are recognized to have double 
the baseline risk of heart and cerebral vascular disease 
later in life although the pathophysiological mechanism 
remains undefined [42].

Acute fatty liver of pregnancy

AFLP is a rare but serious complication of pregnancy, 
affecting 1 in 20 000 pregnancies [43]. It is a medical and 
obstetric emergency and can be fatal for both the mother 
and baby without early recognition and appropriate 
management. AFLP can be regarded as a mitochondrial 
cytopathy, with the pathogenesis thought to be second
ary to inherited fetal defects of mitochondrial beta‐ 
oxidation resulting in the accumulation of unmetabolized 
long‐chain fatty acids in the fetal and subsequent mater
nal circulation [44,45]. The fatty acids ultimately accu
mulate in the maternal liver and this manifests as 
maternal liver disease. Approximately 20% of neonates 
born to mothers with AFLP have been shown to have 
defects in beta‐oxidation and to be deficient in long‐
chain 3‐hydroxyacyl coenzyme A dehydrogenase 
(LCHAD) due to mutation on one or both alleles of the α 
subunit of the trifunctional protein [45]. Moreover, 
mothers of neonates with LCHAD deficiency have been 
shown to have a 79% chance of developing AFLP or 
HELLP syndrome [44].

AFLP usually presents between the 30th and 38th 
gestational week with earlier presentations being 
exceptional. Therefore, in cases presenting earlier than 
30  weeks’ gestation an alternative diagnosis should be 
sought [43]. AFLP most commonly presents before 
delivery, but about 20% of cases are diagnosed, or pre
sent postpartum. The symptoms are, like pre‐eclampsia 
and HELLP syndrome, non‐specific and include nausea 
and/or vomiting, abdominal pain, malaise, and anorexia, 

with jaundice and encephalopathy in the more severely 
affected [46]. Pre‐eclampsia is present in about 50% of 
cases. Common laboratory changes include hyperbiliru
binaema, variable serum transaminase rises (up to 
500 IU/L), acute renal dysfunction, leucocytosis above 
normal pregnancy levels, and thrombocytopaenia [4]. 
Coagulopathy in AFLP can be due to synthetic hepatic 
impairment and/or the presence of DIC (which affects 
up to 10% of cases). Hepatic synthetic failure manifests 
additionally with hypoglycaemia, lactic acidosis, raised 
serum ammonia levels, and clinical encephalopathy. 
Such patients need urgent transfer to a liver transplant 
centre [41]. Ultrasound or CT is useful in excluding 
other differential diagnoses such as a hepatic haematoma 
and often reveals fatty infiltration, which can be useful 
retrospectively when compared to imaging postpartum; 
however, a normal US or CT does not exclude the 
diagnosis.

A definitive diagnosis of AFLP was classically made on 
liver histology demonstrating the presence of microve
sicular fatty infiltration of hepatocytes on an Oil Red O 
stain (Fig.  30.3). Liver biopsy is, however, rarely per
formed due to clinical need for stabilization and rapid 
delivery of affected women. Moreover, in the absence of 
confounding aetiology, clinical diagnostic  criteria 
(Swansea criteria) have been developed and  validated for 
AFLP (Table 30.3) [46].

Management at the severe end of the spectrum involves 
early recognition, resuscitation of the mother and rapid 
delivery of the fetus regardless of gestational age. 
Maternal resuscitation involves correction of hypogly
caemia, hypovolaemia, and aggressive reversal of coagu
lopathy with blood products to reduce bleeding 
complications during and following delivery. Sepsis is 

Fig. 30.3 Acute fatty liver of pregnancy. Hepatocytes have a 
foamy appearance with a central dense nucleus. (H & E, ×20.)
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common and should be treated aggressively [41]. The 
use of plasma exchange following delivery has resulted in 
improved clinical outcomes including reduced maternal 
mortality in non‐randomized clinical trials [47,48]. 
Consequently, maternal mortality has improved from 
92% in the 1970s when originally described to less than 
10% in 2008. Successful liver transplantation has been 
sporadically reported; however, the indications for liver 
transplantation in this unique cohort (and, indeed, 
HELLP syndrome) remain thus far undefined and the 
majority of cases have a full recovery with supportive 
treatment [41]. The presence of a serum lactate >2.8 mg/
dL and any grade of hepatic encephalopathy indicates 
poor prognosis in both AFLP and HELLP and should be 
a trigger to consider liver transplantation [41]. In mild 
forms of the disease, depending on the gestational age, 
careful observation of the mother and fetus in hospital is 
appropriate with delivery if the mother’s clinical or bio
chemical status deteriorates (intractable vomiting, 
increased jaundice, and features of a coagulopathy).

Hepatic rupture, infarction, and haematoma

Hepatic haemorrhage and rupture can complicate pre‐
eclampsia, eclampsia, HELLP syndrome, and AFLP and 
is associated with a 50% mortality [49]. Patients present 
with abdominal pain, pyrexia and, if severe, hypovolae
mic shock and cardiovascular collapse. Laboratory inves
tigations show transaminases in the thousands, 
leucocytosis, and anaemia. Imaging in the form of 
 computed tomography or magnetic resonance is the 
investigation of choice [50]. Contained haematomas can 
be managed conservatively with aggressive coagulation 
support, prophylactic antibiotics, and transfusion as 

required. If there is any evidence of haemodynamic 
instability, then urgent angiography with hepatic artery 
embolization and/or surgical intervention is warranted. 
Surgical intervention includes packing of the liver, 
hepatic artery ligation, and resection [36,50]. In the 
majority of cases the liver recovers, but if there are areas 
of extensive infarct, death from multiorgan failure or 
hepatic rupture can ensue.

 Pre‐existing liver diseases 
and pregnancy

Cirrhosis and portal hypertension

In women with cirrhosis, fertility is reduced and preg
nancy is rare, secondary to metabolic, endocrine, nutri
tional, and sexual dysfunction [51,52]. A reduction in 
follicle‐stimulating hormone and luteinizing hormone 
release in conjunction with disturbed oestrogen metabo
lism leads to anovulation, amenorrhoea, and infertility 
[51,53]. However, pregnancies do occur in women with 
cirrhosis and are associated with a significantly increased 
risk for both the mother and fetus (Table 30.4) [2]. For 
the fetus there is an increased rate of spontaneous preg
nancy loss, intrauterine growth retardation, preterm 

Table 30.3 Swansea diagnostic criteria for the diagnosis of acute 
fatty liver of pregnancy

Six or more of features below in the absence of other identified 
aetiology:

 ● Vomiting
 ● Abdominal pain
 ● Polydipsia/polyuria
 ● Encephalopathy
 ● Bilirubin (>14 µmol/L)
 ● Hypoglycaemia (<4 mmol/L)
 ● Leucocytosis (>11 × 106/L)
 ● Elevated uric acid (>340 µmol/L)
 ● Elevated ammonia (>42 IU/L)
 ● Ascites or bright liver on US
 ● Elevated transaminases (>42 IU/L)
 ● Renal impairment (creatinine > 150 µmol/L)
 ● Coagulopathy (PT >14 s or APTT >34 s)
 ● Microvesicular steatosis on biopsy

Table 30.4 Adverse outcomes in pregnant women with cirrhosis

Reported rates Reference

Maternal:
Decompensation 10–63% Rasheed et al.

Westbrook et al.
Shabeen et al.

Variceal 
Haemorrhage

5–74% Rasheed et al.

Encephalopathy 2–20% Rasheed et al.
Ascites 3–7% Rasheed et al.

Westbrook et al.
Jaundice 17% Rasheed et al.
Death 1.6–7.8% Rasheed et al.

Westbrook et al.
Shabeen et al.

Fetal:
Miscarriage 19% Westbrook et al.
Still birth/IUD 4.7–6% Rasheed et al. 

Westbrook et al.
IUGR 22% Rasheed et al.
Prematurity 26–64% Rasheed et al.

Westbrook et al.
SCBU 30% Westbrook et al.
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labour, need for neonatal support, and perinatal death 
[1,2,54–56]. For the mother there is a risk of worsening 
liver synthetic function and hepatic decompensation 
including the development of ascites, variceal haemor
rhage, and encephalopathy [1,2,54–56]. Combining the 
three case series published before 2000, maternal mor
tality was reported at 10%, hepatic decompensation at 
50% with a live birth rate of approximately 65%. This 
resulted historically in women with cirrhosis being 
advised against pregnancy [55–57]. Larger and more 
recent case series combined with database reports have 
reported maternal mortality rates as low as 1.6% and 
decompensation rates of 10% [1,2,54]. The leading cause 
of death remains variceal haemorrhage [1,2]. Moreover, 
it is emerging that outcomes may be predictable prior to 
conception based on the severity of the maternal liver 
disease as defined by the MELD and UKELD scores [2]. 
Specifically, this study reported an overall 10% hepatic 
decompensation rate in pregnant cirrhotic women; a 
preconception MELD score ≥10 had an 83% sensitivity 
and specificity for predicting hepatic decompensation. 
Conversely, no women with a preconception MELD ≤6 
developed a hepatological complication [2].

Variceal haemorrhage is the leading cause of hepatic 
decompensation and maternal mortality in pregnant 
patients with underlying cirrhosis [1,2]. Large variations in 
variceal haemorrhage rates during pregnancy and associ
ated mortality exist between published case series, and 
perhaps reflect the variation in treatment of portal hyper
tension and variceal haemorrhage worldwide in pregnancy 
[1,2,54]. Prognosis is significantly better in those women 
who bleed secondary to non‐cirrhotic portal hypertension 
with mortality rates of between 2% and 6% [58].

The optimal management of portal hypertension dur
ing pregnancy remains undefined. The absolute need for 
variceal screening during the second trimester, primary 
prophylaxis against variceal haemorrhage, mode of 
delivery, and the management of a variceal haemorrhage 
during pregnancy is based on expert opinion and data 
are extrapolated from a non‐pregnant cohort. In a patient 
with ‘at‐risk’ varices who is enquiring about pregnancy, 
prophylactic endoscopic band ligation would be a sensi
ble strategy (although not proven) and women with cir
rhosis should have a screening endoscopy in the second 
trimester to help guide physicians and obstetricians on 
the need for endoscopic band ligation and delivery 
options. Beta‐blockers are generally considered safe in 
pregnancy. Although propranolol has been associated 
with fetal bradycardia, growth retardation and neonatal 
hypoglycaemia, these are rarely seen in clinical practice. 
In women with cirrhosis, the benefits of treatment are 
likely to outweigh the risks, and therefore beta‐blockers 
should be continued following preconception counsel
ling and commenced when clinical need dictates. In 

women with varices it is preferable to avoid excessive 
straining during labour and a shortened second stage of 
labour is recommended, with forceps or ventouse‐
assisted delivery if needed. The presence of varices are 
not an indication for caesarean section.

The treatment of an acute variceal bleed in pregnancy 
is the same as a non‐pregnant patient with volume resus
citation, antibiotic prophylaxis, and safe and timely 
endoscopic therapy. Caution with vasopressin or 
 synthetic analogues is advised because of their vasocon
strictive effects and associated uterine ischaemia. 
Portosystemic shunts, via radiological or surgical routes, 
have been used as emergency salvage therapy when 
endoscopic techniques have failed [55,59,60].

(Chronic) hepatitis B virus infection 
and pregnancy

All pregnant women should be tested for HBsAg early in 
pregnancy as definitive measures can now be taken to 
 minimize transmission to the neonate. Pregnancy itself has 
not been shown to have a major impact on the long‐term 
prognosis of the maternal liver in women with chronic 
hepatitis B [61]. Flares in serum aminotransferases in the 
gestational and postpartum period can occur but are usu
ally self‐limiting and adverse outcomes are rare [62–65].

Neonates born to HBsAg‐positive mothers have a high 
risk of chronic hepatitis B infection and chronic liver 
 disease. It is highly recommended that all infants born to 
HBsAg‐positive mothers should receive hepatitis B vac
cination, ideally within 24 h of birth, followed by two or 
three subsequent doses at monthly intervals. This inter
vention alone has up to a 95% success rate in protecting 
the neonate from hepatitis B. Despite this, birth dose 
 vaccination in babies born to HBsAg mothers is not uni
versal. Also in mothers who have high circulating levels of 
HBV DNA (>107 IU/mL) vaccine prophylaxis alone may 
be inadequate to prevent transmission [66,67]. In this 
situation nucleoside analogue therapy should be given to 
the mother during the third trimester and immunoglobu
lin should be given to the neonate at birth in addition to 
birth dose vaccination [68,69]. The nucleoside analogue 
can then be discontinued postpartum (between 1 and 
3 months) in those women who have no additional indi
cation for ongoing therapy [70]. Most safety data is avail
able for lamivudine, tenofovir, and telbivudine [71–75]. 
Mode of delivery is not associated with an increased risk 
of transmission and should be decided based on obstetric 
indications in the absence of cirrhosis.

Chronic hepatitis C infection and pregnancy

There is no universal consensus regarding the benefit 
of  screening pregnant women for hepatitis C virus 
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 infection in pregnancy. Pregnancy confers little or no 
increased risk to the mother in the context of chronic 
hepatitis C infection (in the absence if cirrhosis), nor 
does it impact on her long‐term prognosis regarding 
hepatitis C. However, seropositive women more com
monly develop ICP. Transmission of hepatitis C RNA to 
the neonate occurs in 3–5%. Coinfection with HIV 
increases the risk of neonatal transmission [76]. A meta‐
analysis suggested that maternal HCV infection is sig
nificantly associated with risk of pre‐term delivery [77]. 
Mode of delivery does not influence the risk of vertical 
transmission, and breast feeding is not contraindicated 
in women with HCV infection.

Autoimmune hepatitis and pregnancy

Pregnancy in women with autoimmune hepatitis results 
in a live birth rate of between 71% and 86%, which is 
comparable to patients with other autoimmune condi
tions but remains lower than the general population 
[78–83]. The most common maternal complication is a 
flare in autoimmune disease activity either during the 
gestational (7–21% incidence reported) or more com
monly in the postpartum period (11–81% incidence 
reported) [79–82]. Flares in autoimmune activity are 
more common in women who have not achieved  disease 
remission for at least 12 months prior to conception 
and the absence of immunosuppressive therapy [79]. In 
the majority of patients a flare can be controlled by aug
mentation of immunosuppressive therapy, but in rare 
cases, a flare can lead to hepatic decompensation with 
the potential need for liver transplantation (LT) or 
death of the patient and/or fetus [78,81]. Women 
with  autoimmune hepatitis should be monitored for 
flares in disease activity throughout pregnancy and the 
postpartum period, and immunosuppression aug
mented accordingly. To date, no data exist to support 
pre‐emptive immunosuppression augmentation 
 postpartum given the high incidence of disease flares 
during this time.

It is accepted that continuation of immunosuppressive 
therapy, and thus maintaining maternal health, offers the 
best outcome for both the mother and child in the con
text of pregnancy. Azathioprine has good safety data for 
its use in pregnancy and lactation, both in autoimmune 
hepatitis and a wide variety of other chronic diseases 
[84,85]. Experience and confidence in using azathioprine 
safely and without increased fetal risk in pregnancy has 
grown dramatically over the last two decades. 
Lymphopenia, hypogammaglobulinaemia, and thymic 
hypoplasia have all been reported in children born to 
mothers on azathioprine; however. all changes were 
reversible after birth with no long‐term effects on the 
child [86].

Cholestatic liver disease and pregnancy

Reports of pregnancy in women with primary sclerosing 
cholangitis (PSC) are sparse [87–89]. Maternal pruritus 
and biochemical markers of cholestasis can worsen, and 
exacerbation of pruritus is reported to effect approxi
mately 50% of pregnant women with PSC. Worsening of 
baseline tests of liver function (greater than twice base
line) can occur during the gestational period and in the 
postpartum period (30%) [88]. The exacerbation of 
cholestasis in pregnant women with PSC is likely to 
relate to elevated serum concentrations of oestrogens 
and progesterone sulphates impairing bile acid homeo
stasis, as occurs in women who are genetically predis
posed to ICP [18]. UDCA treatment can be tried in 
affected women. Pregnancy has not been shown to alter 
the natural history of PSC. The largest study to date (229 
cases) investigated the Swedish Medical Register and 
reported that pregnant women with PSC are at increased 
risk of preterm delivery and caesarean delivery. The 
number of cases in this study were too small to evaluate 
most adverse outcomes, for example stillbirth, neonatal 
death, or congenital malformations. Coexisting inflam
matory bowel disease did not influence pregnancy 
 outcomes [89].

Data regarding pregnancy in women with primary 
 biliary cholangitis (PBC) is also sparse. Several case 
reports have suggested that there is an increased risk of 
adverse perinatal outcomes in women with PBC, includ
ing intrauterine fetal death. However, the numbers of 
women in the studies are too small to be conclusive 
[90–93]. In the absence of cirrhosis, maternal outcomes 
appear to be favourable. It is noteworthy that many 
recently reported cases receive treatment with UDCA 
during pregnancy. Pruritus may appear de novo or 
worsen in pregnant women with PBC. Interestingly 
mitochondrial antibody titres have been shown to fall 
during the gestational period, perhaps reflecting the 
immunotolerance that pregnancy confers [92]. In the 
postpartum period cholestatic parameters can worsen; 
however, over longer term follow‐up all subsequently 
returned to preconception values [92,94].

 Liver transplantation and pregnancy

Survival following liver transplantation (LT) is now 
expected in the majority of patients and women of child
bearing age often express the desire to start a family [95]. 
Pregnancy has been reported as early as early as 1 month 
following LT; however, fertility can take up to 12 months 
to return depending on the mothers pre‐transplant health 
[95]. There are several case series highlighting largely 
favourable outcomes of pregnancy post LT [96–103].
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Specifically, a live birth can be expected in over 70% of 
conceptions. Significant complications can occur, which 
include acute cellular rejection, pre‐eclampsia (14–23%), 
infection (27%), and diabetes (5%) in the mother [96–99,104]. 
In the gestational period acute cellular rejection 
(ACR)  complicates between 10% and 17% of patients 
[97–100,105], and 3% and 12% of patients in the postpar
tum period; the majority of cases can be controlled by 
augmentation of baseline immunosuppression therapy, 
including reports of IV methylprednisolone [97–99]. 
Acute cellular rejection is more common in the first year 
following LT and thus it is recommended that pregnancy 
is delayed for 1 year following liver transplantation 
[96,103]. Delaying conception for 1 year postpartum 
allows the patient to establish stable immunosuppres
sion, and for the mother there is a reduced risk of oppor
tunistic infections; hence this is now universally 
recommended [106]. Two recent publications have high
lighted a potential link between an episode of biopsy‐
proven rejection in association with pregnancy and 
recurrent rejection and graft loss long term [96,103]. 
Although these findings have not been confirmed pro
spectively they perhaps suggest that an episode of acute 
cellular rejection during pregnancy may identify those 
women who are already at an increased risk of graft loss 
due to poor graft tolerance and may benefit from aug
mented baseline immunosuppression.

For the fetus there is an increased risk of prematurity 
(30%) and low birth weight which may in part be iatro
genic given the high incidence of pre‐eclampsia.

Immunosuppressive therapy is generally safe and any 
small risk to the fetus from the medication is far out
weighed by the risk of rejection and graft failure from 
discontinuation and hence should be continued through
out the pregnancy [107]. Mycophenolate is the exception 
and is associated with embryopathies, including external 
ear and other facial malformations such as cleft lip and 
palate; ideally this medication should be discontinued in 
both males and females with a 6‐month washout prior 
to  conception and alternative immunosuppression 
considered.

 Liver disease coincidentally 
arising with pregnancy

Acute viral infections and pregnancy

Acute viral hepatitis is the commonest cause of jaundice 
occurring in pregnancy worldwide [108]. Hepatitis A 
virus infection in pregnancy from a maternal aspect has 
a clinical course similar to the non‐pregnant population. 
Spontaneous recovery with supportive treatment is the 
expected outcome and acute liver failure is fortunately 

rare [109]. Infection of the fetus in utero has been associ
ated with meconium peritonitis, neonatal cholestasis, 
and pre‐term labour [110–112], and it is thus appropri
ate that women at increased risk of hepatitis A are 
 vaccinated pre‐conception.

Acute hepatitis E infection (genotype 1 and 2) in preg
nant women confers an increased maternal mortality of 
up to 50%. This increased mortality may account for his
torical reports of outbreaks of jaundice and death in 
pregnant women in Europe [109,113–115]. Maternal 
infection with HEV impacts on fetal outcomes with a 
higher risk of obstetric complications including antepar
tum haemorrhage, intrauterine fetal death, and prematu
rity and stillbirth [116]. In animal models it has been 
shown that HEV can be vertically transmitted with 
 replication of HEV in the placenta and this may explain 
the associated adverse neonatal outcomes [117]. 
Management is supportive. Ribavirin use is contraindi
cated because of teratogenic effects [118–120]. Liver 
transplantation for fulminant hepatic failure due to HEV 
in a pregnant woman has been published [121].

Pregnancy increases the maternal severity of herpes 
simplex viral hepatitis (type 1 and 2). The clinical pic
ture is an acute elevation of serum transaminases and 
coagulopathy usually in the absence of jaundice; muco‐
cutaneous lesions are evident in 50% [122,123]. 
Treatment with acyclovir should not be delayed if her
pes simplex infection is suspected [124]. Histology is 
characteristic, and CT shows multiple sub 1 cm hypo
vascular infarcted areas [122] (Fig. 30.4).

Pregnancy and thrombosis

Pregnancy is a pro‐coagulant state with an increase in 
clotting factors (I, II, V, VII, X, and XII) and fibrinogen 
levels alongside a physiological reduction in protein C 
concentrations. Increased susceptibility to venous 
thrombosis is well recognized in pregnant women, and 
in the context of the liver, Budd–Chiari syndrome (BCS) 
and hepatic microthrombi can present de novo in preg
nancy or pregnancy can result in thrombus extension 
with an acute‐on‐chronic presentation [125–128]. There 
is often an underlying procoagulant tendency and thus 
procoagulant search is imperative [127,129]. Historically, 
reports of BCS presenting in pregnancy were associated 
with poor maternal outcomes, death from hepatic failure 
or portal hypertension being common [126,130–133]. 
Mirroring the evolvement of the treatment of BCS, 5‐
year survival rates of BCS in pregnancy have improved 
from 50% to 90% [128,129]. Young women with pre‐
existing BCS may express a desire for pregnancy once 
their underlying condition has improved. In a recent 
series, 24 pregnancies were reported in 16 women previ
ously diagnosed and treated for BCS. Symptomatic 
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thrombosis re‐occurred in two patients and there were 
seven fetal losses [128].

 Conclusion

The gestational‐specific liver diseases are the most fre
quent cause of liver dysfunction in pregnancy, can be 
unpredictable, and are associated with a significant mor

bidity and mortality; delivery of the fetus arrests the dis
ease process and a multidisciplinary team discussion 
regarding risk versus benefit of delivery needs to be eval
uated in each case. Pregnancy in women with pre‐exist
ent liver disease is generally associated with favourable 
outcomes; the importance of pre‐conception counselling 
and a multidisciplinary approach providing individual
ized care is critically important to maximize the chance 
of a successful outcome for both mother and fetus.
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 Investigation of liver disease 
in children

The systematic approach to the child with liver disease is 
based on accurate clinical history, a thorough physical 
examination, and multimodal investigations involving 

clinical chemistry, haematology, radiology, histopathol
ogy, and microbiology. It is essential to recognize the 
effects of hepatic dysfunction on other body systems [1].

Biochemical tests

Biochemical liver tests reflect the severity of hepatic 
 dysfunction but rarely provide diagnostic information on 
individual diseases. Conjugated bilirubin is nearly always 
elevated in liver disease. Thus the most important inves
tigation in neonates is fractionation of serum bilirubin 
into unconjugated and conjugated bilirubin, in order to 
differentiate between physiological or breast‐milk jaun
dice and liver disease. Studies of normal neonates show 
that conjugated bilirubin should be less than 20 µmol/L 
and less than 20% of total bilirubin [2]. Significantly 
 elevated unconjugated bilirubin (>300 µmol/L in term 
babies) may be associated with kernicterus.

Aminotransferases are intracellular enzymes present in 
liver, heart, and skeletal muscle. These enzymes reflect 
non‐specific hepatic damage and may be normal in com
pensated cirrhosis. Elevated aspartate and/or alanine 
aminotransferase (AST, ALT) are also found in muscular 
dystrophy, which should be excluded if other signs of 
liver disease are absent.

Serum alkaline phosphatase (ALP) concentrations are 
higher in normal infants and children compared to adults. 
In paediatric liver disease, increased levels above normal 
indicate biliary epithelial damage, malignant infiltration, 
cirrhosis, or osteopenia secondary to  vitamin D deficiency.

Serum γ‐glutamyl transpeptidase (γ‐GT) levels are 
useful as indicators of bile duct damage and in diagnos
ing familial intrahepatic cholestasis.

Extremely high levels of serum cholesterol may be 
found in prolonged cholestasis, particularly in Alagille 
syndrome.

Chapter 31

The Liver in the Neonate, in Infancy, and Childhood
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LEARNING POINTS

 ● Two‐thirds of children with liver disease present in the 
neonatal period. Infants who develop severe or persis-
tent jaundice should be investigated to exclude hae-
molysis, sepsis, or underlying liver disease. Neonatal 
jaundice, which persists beyond 14 or 21 days, should 
always be investigated even in breast‐fed babies.

 ● Biliary atresia is the single commonest cause of 
 neonatal liver disease and the main indication for liver 
transplantation in children under the age of 5 years. 
Palliative surgery performed before 8 weeks of age 
significantly improves survival with the child’s 
native liver.

 ● Acute liver failure is a rare but fatal disease, with mortality 
of 70% without transplantation. The commonest causes 
are viral hepatitis or inherited metabolic liver disease. 
Referral to a specialist unit, supportive management, and 
consideration for liver transplantation is essential.

 ● The commonest causes of chronic liver failure are 
extrahepatic biliary atresia or inherited metabolic liver 
disease in neonates, and autoimmune hepatitis and 
cystic fibrosis in older children. Nutritional support 
and management of hepatic complications have 
improved short‐term outcome.

 ● Liver transplantation for acute or chronic liver failure 
achieves good quality of life in over 80% of children 
long term.
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As in adults, serum albumin concentration and coagu-
lation time reflect hepatic dysfunction. Low albumin 
indicates chronicity of liver disease, while abnormal 
coagulation indicates significant acute or chronic liver 
dysfunction. Fasting hypoglycaemia in the absence of 
other causes (e.g. hypopituitarism or hyperinsulinism) 
indicates poor hepatic function or metabolic disease and 
reflects prognosis in acute liver failure.

Bile acid metabolism

Bile acid metabolism evolves during the final trimester of 
pregnancy and neonatal period. Immature conjugation 
and excretion during the first 3 months of life leads to 
reduced bile flow and pool size. Intestinal bile acid reab
sorption is also reduced. Serum bile acids are increased. 
A primitive pathway for fetal bile acid synthesis may be 
responsible for excretion of atypical cholestatic bile acids 
[3]. The main bile acid in neonates is glycocholate. After 
1–3 months, glycochenodeoxycholate predominates. 
This picture of ‘physiological cholestasis’ is enhanced in 
premature infants. Other contributing factors include 
infection and prolonged parenteral nutrition.

Radiology

Abdominal ultrasonography provides information on 
liver and spleen size and echogenicity, gallbladder size, 
and presence of gallstones. It may identify tumours, hae
mangiomas, abscesses or cysts within the liver, and 
allows targeted biopsy or aspiration. The gallbladder is 
best visualized after a 4 to 6‐hour fast. In fasted neo
nates, a small or absent gallbladder suggests either severe 
intrahepatic cholestasis or biliary atresia.

Radioisotope scanning is helpful in differentiating neo
natal hepatitis (patchy uptake but good excretion) and 
biliary atresia (poor or absent excretion). Hepatocyte 
uptake of technetium trimethyl 1‐bromoiminodiacetic 
acid (TEBIDA) occurs despite elevated bilirubin levels. 
Pretreatment with phenobarbitone (5 mg/kg) for 3–5 
days improves hepatic uptake of isotope [1].

Liver size

Liver span in infants and children is measured by percus
sion of the upper border and percussion/palpation of the 
lower border (Table 31.1) [4].

Circulatory factors and hepatic necrosis

The portal vein largely supplies the right lobe of the fetal 
liver whereas the left receives highly oxygenated, placen
tal blood, leading to heterogeneity in metabolic enzyme 
expression and haemopoesis [5]. This lobar heterogeneity 

disappears as the adult pattern of liver circulation devel
ops. At the time of birth, loss of placental blood can be 
followed by atrophy of the left lobe.

Right‐sided hepatic necrosis may be seen in postma
ture infants (born after 42 weeks’ gestation) dying around 
the time of birth. This is related to poor placental blood 
supply and anoxia at the time of delivery.

Disseminated midzonal necrosis is found with congen
ital cardiac defects. This may be due to a decrease in total 
hepatic blood flow. In others, perivenous changes of con
gestive heart failure may be seen. Cholestasis in the first 
week can be related to congenital cardiac defects and 
‘shock’.

Copper is increased in the fetal liver, more so in the left 
lobe than the right.

Localized liver necrosis may be due to herniation 
through anterior abdominal wall defects.

 Neonatal jaundice

Almost two‐thirds of children who have liver disease 
present with prolonged neonatal jaundice. Although 
physiological jaundice is common, infants who develop 
severe or persistent jaundice should be investigated to 
exclude haemolysis, sepsis, or underlying liver disease. 
Neonatal jaundice that persists beyond 14 or 21 days 
always warrants investigation, even in breast‐fed 
babies.

 Neonatal unconjugated 
hyperbilirubinaemia (Tables 31.2, 31.3)

The commonest causes of unconjugated hyperbilirubi
naemia are physiological and breast‐milk jaundice, 
although systemic disease, haemolysis, and sepsis must 
be excluded.

Table 31.1 Approximate mean liver span of infants and children 
based on four studies on 470 subjects [4]

Age Span (cm)

Birth 5.6–5.9
2 months 5
1 year 6
2 years 6.5
3 years 7
4 years 7.5
5 years 8
12 years 9
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Physiological jaundice

Jaundice, peaking within 2–5 days of birth and disap
pearing by 2 weeks, is common in normal infants. This is 
a benign self‐limited process although it is exaggerated 
in premature and low‐birthweight infants where it may 
persist for as long as 2 weeks. Urine contains both uro
bilinogen and bilirubin, and stools are paler than normal. 
Factors contributing to prolonged physiological jaundice 
include delayed hepatic conjugation and bilirubin trans
port, increased intestinal bilirubin absorption, reduced 
albumin‐bound bilirubin, particularly in premature 
infants, and other factors that depress liver function 
including hypoxia and hypoglycaemia. Drugs such as 
water‐soluble vitamin K analogues add to the jaundice.

Serum bilirubin levels may be lower in infants with cir
culatory failure, asphyxia, and sepsis. Bilirubin may be a 
physiological antioxidant, providing protection against 
perinatal ischaemia–reperfusion tissue injury [6].

In term infants, hyperbilirubinaemia is not physio
logical if the level exceeds 85 µmol/L (5 mg/dL) on the 
first day, 170 µmol/L (10 mg/dL) on the second day, or 
205–220 µmol/L (12–13 mg/dL) at any time.

Unconjugated hyperbilirubinaemia in the neonatal 
period may be complicated by kernicterus (see later).

Management
Phototherapy. Unconjugated hyperbilirubinaemia may be 
prevented or controlled by exposure of the infant to blue‐
green light (450–490 nm wavelength). This results in pho
tochemical conversion of bilirubin IXα to water‐soluble 
isomers, permitting biliary and urinary excretion. In full‐
term infants, phototherapy is used if the total serum 
 bilirubin equals or exceeds 290 µmol/L (17 mg/dL) during 
the first 48 h of life. It is discontinued after the serum bili
rubin has decreased by more than 35 µmol (2 mg) or has 
fallen to 220 µmol (13 mg) or less. The threshold for treat
ing premature and low‐birthweight infants is lower due to 
their increased vulnerability to bilirubin neurotoxicity [7].

Exchange transfusion. This may be necessary in pre
mature infants or those with haemolysis. It is indicated if 
the total serum bilirubin exceeds 340 µmol/L (20 mg/dL), 
or rises rapidly (>17 µmol/L or >1 mg/dL per hour) 
despite phototherapy [8].

Breast‐milk jaundice

Severe unconjugated hyperbilirubinaemia (>205 µmol/L) 
associated with breast feeding is common, occurring in 
0.5–2% of healthy neonates. Jaundice may develop after 
the fourth day of life (early pattern) or towards the end of 
the first week of life (late pattern) and usually peaks 
around the end of the second week of life. Jaundice may 
be protracted and last 1–2 months. The aetiology is 
unknown. Boys and infants with Gilbert syndrome may be 
at greater risk [9]. The diagnosis is clinical: an exclusively 
breast‐fed infant with unconjugated hyperbilirubinaemia, 
normal conjugated bilirubin, haemoglobin and reticulo
cyte counts, no maternal blood group incompatibility, and 
a normal physical examination except for jaundice.

Haemolytic disease of the newborn

Fetal–maternal incompatibility usually concerns rhesus 
antigens and rarely ABO or other blood antigens. The 
prevalence is falling with common use of prophylactic 
anti‐D immunoglobulin.

Characteristically, the first‐born is unaffected unless 
maternal sensitization with prior Rh‐positive blood 
transfusion has occurred. The infant is jaundiced during 
the first 2 days of life. Serum unconjugated bilirubin is 
increased. The critical period is in the first few days 
when deeply jaundiced infants may develop kernicterus.

Table 31.2 Investigations of the jaundiced newborn

Total and direct serum bilirubin
Blood group
Rhesus status
Coombs test
Haematocrit
Blood smear for morphology
Blood culture
Blood glucose
Coagulation
Urine culture

Table 31.3 Unconjugated hyperbilirubinaemia in neonates 
related to time of onset

Birth to 2 days
Haemolytic disease

3–7 days
Physiological ± prematurity

Hypoxia
Acidosis

1–8 weeks
Congenital haemolytic disorders
Breast‐milk jaundice
Hypopituitarism
Crigler–Najjar syndrome
Hypothyroidism
Perinatal complications: haemorrhage, sepsis
Upper gastrointestinal obstruction
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Diagnosis may be suspected by antenatal examination 
of maternal blood for specific antibodies and confirmed 
by a positive Coombs test in the infant and blood typing 
of mother and child.

The risk of mental or physical impairment is low until 
the serum bilirubin increases well above 340 µmol/L 
(20 mg/dL) in term infants.

Kernicterus
This grave condition complicates severe unconjugated 
hyperbilirubinaemia especially in prematurity, haemo
lytic disease, or Crigler–Najjar syndrome. Management 
with phototherapy, exchange transfusion, and phenobar
bital has improved outcomes. Daily transcutaneous 
 bilirubin estimations are valuable in management.

Kernicterus is related to circulating free bilirubin 
crossing the blood–brain barrier. Reduction of serum 
bilirubin–albumin binding may play a part and indeed 
albumin infusions have been used therapeutically.

Mechanisms of bilirubin toxicity and neuronal damage 
are unknown. Kernicterus is potentiated by hypoxia, 
metabolic acidosis, and septicaemia [10]. Organic ani
ons, which compete for bilirubin binding sites on albu
min, increase kernicterus although the serum bilirubin 
level falls. Such anions include salicylates, sulphona
mides, free fatty acids, and haematin.

Congenital haemolytic disorders

These can lead to unconjugated hyperbilirubinaemia in 
the first 2 days of life. They include red cell enzyme defi
ciencies (glucose‐6‐phosphate dehydrogenase and pyru
vate kinase), congenital spherocytosis, and pyknocytosis.

Glucose‐6‐phosphate dehydrogenase deficiency is an  
X‐linked inherited condition. Male infants develop jaun
dice, usually on the second or third day of life. Precipitating 
haemolytic agents include salicylate or sulphonamides 
transmitted in maternal breast milk. This condition is 
common in Mediterranean areas, Southeast Asia, and 
sub‐Saharan Africa [11].

Crigler–Najjar syndrome type I and II 
(see also Chapter 13)

Crigler–Najjar syndromes type I and II are autosomal 
recessive conditions, which lead to unconjugated hyper
bilirubinaemia due to a deficiency of bilirubin uridine 
diphosphate glucuronosyl transferase (UDPGT). In 
Crigler–Najjar type I, there is effectively no UDPGT pre
sent; in type II, the defect is partial. They present in the 
first few days of life.

Type I is treated with either phototherapy or exchange 
transfusion with the aim to maintain bilirubin levels 
low  enough (<300 µmol/L) to prevent kernicterus (see 

earlier). Phototherapy may be required up to 15 hours a 
day [12]. Intercurrent infections with rapid increases in 
bilirubin should be managed with plasmapheresis or 
exchange transfusions.

Liver transplantation, including auxiliary transplanta
tion, is a long‐term option if neurological damage has 
been avoided and may improve quality of life. It is the 
only effective method for preventing kernicterus. 
Hepatocyte transplantation has limited success [13].

In type II, treatment with phenobarbitone (5–10 mg/kg 
per day) may provide cosmetic improvement, but treat
ment is not usually required since kernicterus is rare.

Perinatal complications

Haemorrhage provides a bilirubin load which may exacer
bate jaundice, particularly in premature infants. Anaemia 
depresses hepatocellular function. Cephalohaematoma is 
a common association. The prothrombin time should be 
measured and vitamin K given.

Sepsis leads to unconjugated hyperbilirubinaemia in 
the first few days of life. Blood, urine and, if necessary, 
cerebrospinal fluid are cultured and appropriate antimi
crobials given.

Upper gastrointestinal obstruction

About 10% of infants with congenital pyloric stenosis 
are jaundiced due to unconjugated bilirubin. The mech
anism may be similar to that postulated for increased 
jaundice when patients with Gilbert syndrome are 
fasted.

 Neonatal liver disease (conjugated 
hyperbilirubinaemia)

Conjugated hyperbilirubinaemia in the second week of 
life is a specific and sensitive marker of liver disease [14]. 
It may be due to neonatal hepatitis syndrome, intrahe
patic cholestasis, or biliary atresia.

The neonatal liver responds in a similar way to differ
ent insults. Proliferation of giant cells is a common 
response and may reflect increased regenerative ability 
(Fig. 31.1a). It is usually associated with extramedullary 
haemopoiesis. Giant cells may be found in most causes 
of neonatal liver disease including viral infection and 
metabolic disease. Familial cholestatic syndromes may 
be associated with giant cell hepatitis but biliary obstruc
tion is usually associated with ductular proliferation and 
bile canalicular plugging with or without a giant cell 
reaction (Fig. 31.1b). In all these conditions, conjugated 
bilirubin exceeds 20% of the total.
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It is important to differentiate between diseases that 
are self‐limiting, respond to therapy, or require early sur
gery such as biliary atresia.

Clinical features and diagnosis (Table 31.4) [15]

Conjugated hyperbilirubinaemia may present at any 
time after birth. If it is detected in the first 24 h of life, 
sepsis must be excluded. Most causes of neonatal liver 
disease have a similar presentation. The clinical history 
should include:

 ● Pregnancy details (drugs, alcohol, smoking, intercur
rent illnesses, intrahepatic cholestasis of pregnancy, 
hepatitis status, and risk factors, e.g. drug abuse);

 ● Birth weight and gestational age;

 ● Vitamin K administration;
 ● Family history and consanguinity.

History of the present illness:

 ● Onset of jaundice
 ● Colour of stools and urine
 ● Drug history, particularly parenteral nutrition
 ● Bleeding
 ● Petechiae or bruising
 ● Feeding history and weight gain
 ● Diarrhoea and vomiting.

The clinical features include:

 ● Jaundice, dark urine, pale yellow stools, failure to 
thrive or poor feeding;

(a) (b)

(c)

Fig. 31.1 Neonatal liver disease: histological appearances. (a) Development of giant cells (arrow) is a common response and may indicate 
regeneration. It is seen in most causes of neonatal liver disease such as viral infection and metabolic disease. Often there is extramedullary 
haemopoiesis. (b) With biliary obstruction, ductular proliferation (arrow) and bile canalicular plugging are usually seen, and fibrosis as in this 
biopsy from a child with biliary atresia. (c) Cholestasis due to parenteral nutrition. There are features of biliary obstruction, fibrous expansion 
of portal tracts, bile plugs with surrounding cholestatic rosettes of liver cells (arrowed in lower left insert), and a giant cell reaction.
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 ● Infants may be small for gestational age, especially 
those with Alagille syndrome, metabolic liver disease 
and intrauterine infection;

 ● Dysmorphic features in trisomy 18, trisomy 21, Alagille 
syndrome, Zellweger syndrome, and with certain con
genital infections;

 ● Hypoglycaemia in metabolic liver disease, hypopitui
tarism or severe liver disease;

 ● Hypogonadism (in males) and optic dysplasia in 
hypopituitarism;

 ● Hepatomegaly with or without splenomegaly;
 ● Ascites is rare except in metabolic liver disease;
 ● Bleeding from vitamin K deficiency (particularly if 

breast fed) or thrombocytopenia.

Investigations

Typical biochemical findings in neonatal liver disease:

 ● Conjugated serum bilirubin exceeds 20 µmol/L 
(1.2 mg/dL);

 ● Serum aminotransferases typically elevated 2–4 times 
normal. Higher elevations suggest infection;

 ● Serum ALP normal or only mildly elevated. High lev
els may indicate biliary obstruction or rickets;

 ● Serum γ‐GT usually elevated. Normal or low γ‐GT 
suggests certain subtypes of progressive familial intra
hepatic cholestasis;

 ● Serum albumin normal unless severe prenatal disease;
 ● Serum cholesterol usually elevated with severe choles

tasis (e.g. Alagille syndrome or biliary atresia);
 ● Prothrombin and partial thromboplastin times usually 

normal unless associated with vitamin K deficiency 
(haemorrhagic disease of the newborn) or severe liver 
disease.

Serology for TORCH screen. Serology for herpes simplex, 
rubella, Toxoplasma, cytomegalovirus, adenovirus, 
Coxsackie virus, and syphilis is done in both baby and 
mother. The serum is usually tested for hepatitis B sur
face antigen (HBsAg), IgM antihepatitis B core antigen 
(anti‐HBcAg), IgM antihepatitis A virus (anti‐HAV), 
antibody to hepatitis C virus (anti‐HCV) and HCV RNA, 
but these rarely cause neonatal liver disease.

Urine tests. Cultures are taken for Gram‐negative 
organisms and cytomegalovirus. Aminoaciduria is 
noted. Reducing substances are sought if galactosaemia 
is suspected.

Metabolic tests. These include urinary reducing sub
stances; the red cell enzyme galactose‐1‐phosphate 
 uridyl transferase, urine and plasma amino acids, and 
organic acids.

Endocrine tests. These include thyroid function tests 
and a 09.00 h cortisol level.

Bile salts. Urinary bile salts for assessment by fast atom 
bombardment mass spectrometry may be required to 
identify primary bile salt deficiencies.

Other specific tests. These include measurement of car
nitine and acyl carnitine in fatty acid oxidation disorders, 
and serum α1‐antitrypsin level and phenotype for α1‐
antitrypsin deficiency.

Abdominal ultrasound scan. This may be performed 
after 4‐h fast to detect gallbladder size, which may be 
small or absent in severe intrahepatic cholestasis or 
 biliary atresia. Ultrasound can also diagnose choledochal 
cyst.

Radioisotope scan. This may be used to demonstrate 
hepatic uptake and biliary excretion (which may be 
delayed more than 4–6 h in neonatal hepatitis syndrome 
if there is severe cholestasis, and more than 24 h in bil
iary atresia).

Liver biopsy. Needle biopsy of the liver is well toler
ated in neonates, infants, and children. It is required to 
determine the severity of hepatocellular injury, extent 
of fibrosis, evidence for infiltrative or storage disease, 
and to differentiate intrahepatic cholestasis from 

Table 31.4 Conjugated hyperbilirubinaemia in neonates

Infection
Viruses (cytomegalovirus, rubella, Coxsackie, herpes simplex) 
Syphilis
Toxoplasmosis
Bacteria (Escherichia coli)

Metabolic
Galactosaemia
α1‐Antitrypsin deficiency
Tyrosinaemia type 1
Cystic fibrosis
Hereditary fructose intolerance
Total parenteral nutrition
Niemann–Pick C disease
Progressive familial intrahepatic cholestasis (PFIC) types 1, 2, 3, 4
Neonatal sclerosing cholangitis
Alagille syndrome

Endocrine
Hypopituitarism
Hypothyroidism

Biliary atresia
Choledochal cyst
Miscellaneous

Inspissated bile syndrome (erythroblastosis with cholestasis)
Vascular causes

‘shock’
congenital heart disease
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 extrahepatic obstruction. Periportal bile duct prolifera
tion and fibrosis are usually present in extrahepatic 
 biliary atresia (Fig. 31.1b). A relative paucity of portal 
zone bile ducts supports the diagnosis of intrahepatic 
cholestasis. PAS‐positive globules of α1‐antitrypsin 
deficiency may be seen after 2 months. Electron micros
copy is essential if metabolic disease is suspected.

Percutaneous and endoscopic cholangiography. The 
percutaneous technique is valuable when liver biopsy 
findings are equivocal and the TeBIDA suggests biliary 
atresia. Endoscopic cholangiography is employed using 
suitably sized instruments [16].

Genetic studies. These are necessary to distinguish 
neonatal liver diseases with similar clinical presentations 
and histopathological features. Improvements in DNA 
sequencing technology have recently led to more rapid, 
accurate, and cost‐effective genetic testing for some neo
natal liver diseases. Using whole exome sequencing, 
inherited cholestasis panels can simultaneously analyse 
multiple genes, promptly identifying specific diagnoses 
such as types of intrahepatic cholestasis and Alagille 
syndrome.

 Neonatal hepatitis

This may be due to: (1) intrauterine infections, (2) endo
crine causes such as hypothyroidism, or (3) inherited 
diseases including chromosomal abnormalities.

Intrauterine infection

Immunity is reduced in the neonate, and virus infections 
are frequent and very liable to persist. Chronic hepatitis 
and cirrhosis may follow. Similarly, older children with 
immunodeficiency such as agammaglobulinemia or who 
are receiving immunosuppressive therapy are at risk.

Toxoplasmosis, rubella, cytomegalovirus, herpes 
simplex (TORCH) infections
Congenital infections grouped under the acronym TORCH 
have similar clinical features: hepatosplenomegaly, jaun
dice, pneumonitis, petechial or purpuric rash, prematurity, 
or poor intrauterine growth. Presentation with acute liver 
failure may occur with  herpes simplex infection.

Cytomegalovirus
This is the commonest cause of intrauterine infection. It 
is usually acquired via the placenta or breast milk from an 
asymptomatic mother, or from blood products. Many 
congenital infections are asymptomatic.

The disease may be fulminant with intense jaundice, 
purpura, hepatosplenomegaly, chorioretinitis, cataracts, 
and pulmonary defects. Survivors may run a long course 

with persistent jaundice, hepatomegaly, and disappear
ing bile ducts. The prognosis is good although 30% will 
develop cirrhosis and require liver transplantation.

Intranuclear viral inclusions are seen in biliary epithe
lium and rarely in hepatocytes. Diagnosis is made on 
urine or tissue in situ using PCR.

Herpes simplex
Liver involvement may occur with fulminating viraemia, 
contracted at birth from maternal genital herpes. 
Jaundice is due to hepatic necrosis with little or no 
inflammation. Giant cells may be absent, but inclusion 
bodies may be found.

Treatment with intravenous aciclovir is essential [17]. Liver 
transplantation is usually contraindicated if there is multior
gan failure. Mortality is 30% even with treatment [18].

Congenital rubella syndrome
If contracted in the first trimester of pregnancy, rubella 
may cause fetal malformations. It may also persist 
through the neonatal period and into later life. The liver, 
brain, lung, heart, and other organs may be involved. 
Jaundice develops within the first 2 days with hepatos
plenomegaly, cholestasis, and slightly elevated serum 
transaminase levels.

Hepatic histology shows giant cell hepatitis, bile in 
swollen Kupffer cells and ductules, focal hepatocellular 
necrosis, and portal fibrosis. Extramedullary haemopoie
sis is relatively increased. The virus can be identified 
from the liver at necropsy or biopsy. Usually the hepatitis 
resolves completely.

Intrauterine parvovirus B19 can cause severe neonatal 
giant cell hepatitis, fulminant liver failure, or aplastic 
anaemia [19].

Congenital toxoplasmosis
Congenital toxoplasmosis is rare and results from mater
nal infection in the third trimester. Neonatal hepatitis is 
associated with neurological involvement with chorioret
initis, cerebral calcifications, hydrocephaly, or micro
cephaly. The liver shows periportal mononuclear cell 
infiltration, extramedullary haemopoiesis with increased 
stainable iron, and histiocytes containing Toxoplasma. It 
is diagnosed by finding Toxoplasma IgM antibodies and 
treated with pyrimethamine and sulfadiazine.

Congenital syphilis
Congenital syphilis is increasing again in frequency [20]. 
It causes a multisystem illness, with intrauterine growth 
retardation, failure to thrive, severe anaemia, thrombo
cytopenia, nephrotic syndrome, periostitis, nasal 
 discharge (‘snuffles’), skin rash, diffuse lymphadenopa
thy, and hepatomegaly. Jaundice may be severe. Central 
nervous system involvement occurs in up to 30% of 
infants. Diagnosis involves serological testing, including 
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the Venereal Disease Research Laboratory (VDRL) test 
and confirmatory testing for specific anti‐treponemal 
antibodies. Treatment is with penicillin.

Varicella
Varicella may occur in newborn infants if maternal infec
tion occurs within 14 days of delivery. It is characterized 
by jaundice, extensive skin and multisystem involvement, 
especially pneumonia. In severe or fatal cases hepatic 
parenchymal involvement can be demonstrated [21]. 
Treatment is with aciclovir and zoster immunoglobulin.

Human immunodeficiency virus (HIV) infection
Congenital HIV infection may present clinically as hepa
titis with jaundice, although typically at approximately 6 
months of age [22]. Older children have a similar picture 
to adults with the same spectrum of infections, primary 
lymphoma, and Kaposi sarcoma. Hepatic histology 
shows more giant cell transformation and fewer granulo
mas [23]. Diffuse, lymphoplasmocytic infiltration is 
associated with lymphoid interstitial pneumonia.

Hepatitis A, B, and C
Infections with these viruses in the neonate do not cause 
jaundice or neonatal hepatitis unless there is acute liver 
failure or severe hepatitis (see later).

Bacterial infection outside the liver
In the neonate, an immature reticuloendothelial system 
with decreased complement and opsonins impair the 
ability of leucocytes to phagocytose bacteria. Conjugated 
hyperbilirubinaemia may occur with sepsis or localized 
extrahepatic infection, such as urinary infection [24]. 
Serum aminotransferases may be slightly elevated, but 
hepatosplenomegaly is uncommon. Jaundice may also 
occur with streptococcal, staphylococcal, and Gram‐
negative bacterial septicaemia.

Endocrine disorders

Hypothyroidism
Hypothyroidism is usually associated with an unconju
gated hyperbilirubinaemia or the neonatal hepatitis syn
drome and should be excluded in every patient. It is 
more common in girls than boys. Mild anaemia is com
mon and the infant is sluggish. The diagnosis is con
firmed by finding low serum thyroxine and 
triiodothyronine levels with high thyroid‐stimulating 
hormone, and by observing the effects of therapy. The 
mechanism of the jaundice is unknown.

Hypopituitarism
Pituitary–adrenal dysfunction is associated with neona
tal hepatitis syndrome in 30–70% of patients [25]. 

Clinical features associated with hypopituitarism include 
conjugated hyperbilirubinaemia, hypoglycaemia, septo‐
optic dysplasia [26], and optic nerve hypoplasia. There 
may also be midline facial abnormalities, nystagmus and 
microgenitalia in boys.

The diagnosis is made by identifying a low thyroid‐
stimulating hormone and free thyroxine level, with low 
early‐morning cortisol. It resolves with hormone replace
ment, thyroxine, and hydrocortisone.

Chromosomal disorders

Trisomy 18
Trisomy 18 is associated with growth retardation, skele
tal abnormalities, and complex congenital heart disease. 
Giant‐cell hepatitis has been reported.

Trisomy 21
The association between trisomy 21 and neonatal chol
estasis or extrahepatic biliary atresia is reported. The 
neonatal hepatitis resolves spontaneously.

Idiopathic neonatal hepatitis

This is diagnosed after exclusion of known causes. The 
number of cases have diminished with developments in 
molecular and genetic technology.

Neonatal hepatitis in preterm infants

Neonatal hepatitis is an increasingly common referral 
due to improved survival of premature infants. Most are 
associated with risk factors for cholestasis including 
 parenteral nutrition and sepsis. It is important to differ
entiate this from other causes of cholestasis including 
biliary atresia, which may have an atypical presentation 
in this age group. Examination of stool colour and fasting 
ultrasound examination for gallbladder size are useful 
investigations to exclude biliary atresia. Liver biopsy is 
only indicated if there is persistent conjugated hyperbili
rubinemia and/or abnormal liver biochemistry. The 
prognosis is good.

Prolonged parenteral nutrition

The aetiology of parenteral nutrition‐related liver disease 
is complex and is associated with prematurity, low birth 
weight, and recurrent sepsis [27]. It is related to  difficulties 
in enteral feeding, impaired enterohepatic circulation of 
bile acids and consequently reduced bile formation, bil
iary stasis, and sludging. Infants have a gradual increase 
in serum conjugated bilirubin associated with elevation 
of transaminases, ALP, and γ‐GT. Liver biopsy shows 
non‐specific changes with features of extrahepatic biliary 
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obstruction and bile in canaliculi (Fig.  31.1c). Biliary 
sludge and gallstones may develop. The disease is revers
ible if parenteral nutrition can be discontinued. However, 
infants with intestinal failure may require combined liver 
and bowel transplantation [27].

 Inherited disease in the neonate

α1‐Antitrypsin deficiency

α1‐Antitrypsin is synthesized in the rough endoplasmic 
reticulum of the liver. It comprises 80–90% of serum  
α1‐globulin, and inhibits trypsin and other proteases. 
Deficiency results in the unopposed action of these 
enzymes, particularly neutrophil elastase, which leads to 
pulmonary alveolar damage and emphysema [28].

The gene for α1‐antitrypsin, SERPINA1, is on chromo
some 14. There are about 75 different alleles at this locus, 
which can be distinguished by isoelectric focusing at 
acidic pH, or by PCR analysis. M is the common, normal 
allele. Z and S are the most frequent abnormal alleles, 
which put an individual at risk of disease. One gene is 
derived from each parent. The combination results in 
normal, intermediate, low, or zero serum α1‐antitrypsin 
levels. Protease inhibitor (Pi) MM gives a normal circu
lating α1‐antitrypsin level (20–53 µmol/L). PiZZ results 
in low concentration (2.5–7 µmol/L) and PiNull‐Null 
gives zero levels. Both confer a high risk of emphysema. 
PiSS and PiMZ give levels 50–60% of normal with no 
increased risk of lung disease. PiSZ gives α1‐antitrypsin 
levels of 8–19 µmol/L with mildly increased risk [29].

Mutations of SERPINA1 lead to deficiency of circulat
ing α1‐antitrypsin by several mechanisms. Liver disease, 
however, only occurs with mutations where α1‐anti
trypsin accumulates in hepatocytes. The classical type is 
PiZZ but the Mmalton and Mduarte variants may do the 
same.

Pathogenesis of liver disease [28]
Only the PiZZ phenotype has been clearly associated 
with liver disease. This is not due to deficient circulating 
α1‐antitrypsin levels, since other phenotypes with low 
circulating levels do not develop hepatic damage. Studies 
of the molecular structure have shown that ZZ mutant 
proteins form polymers with aberrant intracellular reten
tion (Fig. 31.2) [28]. Accumulation of ZZ polymers in the 
endoplasmic reticulum is thought to be responsible for 
liver damage but the mechanism is still unclear.

Polymerization of ZZ protein occurs spontaneously or 
following minor perturbations such as increased tem
perature. However, mutation of the α1‐antitrypsin pro
tein is not the only reason for its retention. Cells from 
individuals with α1‐antitrypsin liver disease also have a 

reduction in the autophagy and endoplasmic reticulum 
associated degradatory pathways [30]. Genetic or envi
ronmental modifiers that affect these pathways may 
explain an individual’s susceptibility to liver disease, as 
only a small proportion of individuals with PiZZ muta
tion develop liver disease [31]. These modifiers may pro
vide targets for therapeutic intervention, for example 
autophagy enhancers demonstrated efficacy against liver 
disease in animal models and are currently undergoing 
clinical trial [28].

Clinical picture
α1‐Antitrypsin deficiency is the commonest inborn error 
of metabolism to present with persistent neonatal 
 jaundice. Its incidence is 1 in 7000 live births worldwide. 
Infants may present with intrauterine growth retarda
tion, cholestasis, failure to thrive, hepatomegaly, or 

Polymerization

Mutant ZZ

Normal

Insertion of reactive loop
into parent A-sheet
Interaction with reactive
enzymes

Reactive loop cannot
hinge and inserts into 
neigbouring sheet

Reactive
loop

A-sheet with 
5 β helices

Fig. 31.2 Proposed mechanism of polymerization of ZZ  
α1‐antitrypsin. Normally, the reactive loop swings in between the 
β‐helices of the so‐called A‐sheet of the protein, where it interacts 
with elastase and other enzymes. In the ZZ mutant protein, the 
reactive loop cannot do this. It remains on the outside and is then 
available to insert into the A‐sheet of an adjacent ZZ unit. 
Polymerization prevents cellular export of most of the protein.
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 vitamin K‐responsive coagulopathy. The latter is more 
likely in breast‐fed infants or those not given prophylac
tic vitamin K at birth.

Investigations
A mixed hepatitic/cholestatic picture with elevated 
transaminases, alkaline phosphatase, and γ‐GT is seen. 
A contracted gallbladder on a fasting ultrasound and 
delayed or absent radioisotope excretion on hepatobil
iary scanning may indicate severe intrahepatic cholestasis. 
The diagnosis is confirmed by detection of low α1‐antit
rypsin level (<14 µmol/L or 0.9 g/L).

Liver histology demonstrates giant‐cell hepatitis with 
characteristic periodic acid–Schiff (PAS) positive, 
 diastase resistant granules of α1‐antitrypsin in hepato
cytes, evident by 6–8 weeks of age.

Management
This consists of nutritional support, fat‐soluble vitamin 
supplementation and treatment of pruritus and choles
tasis. Patients and parents should not smoke, and PiZZ 
individuals should be protected from passive smoking.

Parents are obligate heterozygotes with 25% chance of 
each subsequent fetus being affected. Antenatal diagno
sis by chorionic villus sampling is available using allele‐
specific oligonucleotide hybridization of M and Z alleles 
or by restriction fragment length polymorphism [32].

Prognosis
The prognosis is variable. The long‐term outlook for many 
affected infants is good: in approximately 50% liver disease 
resolves; 25% develop chronic liver disease [33], while the 
remainder require liver transplantation in the first year of 
life. Poor prognostic factors are prolonged jaundice, higher 
AST at presentation and histology with severe bile duct 
proliferation, severe bridging fibrosis, and cirrhosis [34].

The few children with α1‐antitrypsin deficiency who 
present in late infancy or childhood with hepatomegaly, 
but without neonatal jaundice, usually are cirrhotic and 
have a poor prognosis.

Associations in later life
The incidence of liver disease in PiZZ individuals at age 
50 years is about 15%, more frequent in males. Usually 
changes in liver function are subtle, but patients may 
present with complications of portal hypertension or 
ascites. Hepatocellular carcinoma may complicate 
cirrhosis.

Cystic fibrosis

Abnormalities of liver function tests or hepatic pathol
ogy are found in one‐third of infants with cystic fibrosis. 
The spectrum of hepatic disorder is highly variable, but 

the clinical presentation is with jaundice, hepatomegaly, 
failure to thrive, and meconium ileus. Some infants have 
a giant‐cell hepatitis. Extrahepatic biliary obstruction 
may be due to inspissated bile plugging the common bile 
duct [35], which can be removed by choledochotomy. 
Occurrence of neonatal hepatitis in cystic fibrosis does 
not predict early development of cirrhosis.

Alagille syndrome (arteriohepatic dysplasia) [36]

This is an autosomal dominant condition with an inci
dence of 1 : 100 000 live births worldwide. This multisys
tem disorder is associated with cardiac, facial, renal, 
ocular, and skeletal abnormalities. In the majority, it is 
related to a mutation of JAG1 on the short arm of  
chromosome 20. JAG1 encodes a ligand of Notch 1, a 
transmembrane receptor important for embryonal 
development [37]. Less than 1% have a mutation in the 
Notch 2 gene on chromosome 1 [38]. Mutations are pre
dominately sporadic.

Infants present with persistent cholestasis, severe 
 pruritus, hepatomegaly, and failure to thrive. The char
acteristic facial features are difficult to identify in infancy, 
but become prominent later in childhood. They include 
a triangular face with high forehead and frontal bossing, 
deep widely‐spaced eyes, saddle‐shaped nasal bridge, 
and pointed chin (Fig.  31.3). Cardiac abnormalities 
include peripheral pulmonary stenosis, pulmonary 
and  aortic valve stenosis, and tetralogy of Fallot [39]. 
Hepatosplenomegaly is unusual unless there is progres
sive fibrosis, which is rare.

Skeletal abnormalities include ‘butterfly’ vertebrae 
and curvature of the 5th fingers. Ocular abnormalities 
include optic disc anomalies and papilloedema sec
ondary to intracranial hypertension, while posterior 
embryotoxon, an anterior chamber abnormality, is 
detected in 90% of patients by slit‐lamp examination 
[40,41]. Renal disease varies from mild renal tubular 
acidosis to severe glomerulonephritis. Severe failure 
to thrive, complicated by gastrointestinal reflux 
and  severe fat malabsorption or pancreatic insuffi
ciency, is difficult to treat. Xanthomas occur due to 
hypercholesterolemia.

Liver biochemistry indicates severe cholestasis: conju
gated bilirubin above 100 µmol/L (6 mg/dL); raised alka
line phosphatase above 600 IU/L; γ‐GT above 200 IU/L; 
raised transaminases; and plasma cholesterol above 
6 mmol/L with normal triglycerides 0.4–2 mmol/L.

Tests of hepatic synthetic function including albumin 
and coagulation are usually normal. Liver histology may 
be non‐specific. Paucity of interlobular bile ducts is often 
difficult to identify in the neonatal period, particularly if 
cholestasis and giant cell hepatitis are also present. 
The  histological appearance differs from biliary atresia 
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because of absence of portal fibrosis and bile duct 
proliferation.

Management
Intensive nutritional support is essential and pancreatic 
supplements may be required. Pruritus may be intracta
ble and an indication for liver transplantation, although 
recent experience with the molecular reabsorbent 

 recirculating system (MARS) have produced relief for 
6–12 months [42].

Prognosis is dependent on the extent of liver, car
diac, or renal disease. Approximately 50% of children 
may regain normal liver function by adolescence while 
others require liver transplantation in childhood [36]. 
Factors predicting progression to severe liver disease 
and liver transplantation including jaundice between 
age 1 and 2  years, and early development of fibrosis 
and xanthomas [43]. The indications for liver trans
plantation are cirrhosis and portal hypertension, 
intractable pruritus, and severe decompensated growth 
failure. Pretransplant  cardiac surgery or balloon dila
tion may be indicated for severe pulmonary stenosis. 
Long‐term issues in adulthood include renal and 
 cardiac failure, hepatocellular carcinoma, and vascular 
anomalies [44].

 Genetic cholestatic syndromes

These diseases are related to defects in members of  
ATP‐binding cassette (ABC) transporter superfamily 
(Table 31.5) (see Chapter 13), concerned with secretion 
of bile and its components among other functions. The 
spectrum of disease caused by these defects is therefore 
diverse. Although usually familial with autosomal reces
sive inheritance, sporadic forms are identified.

Progressive familial intrahepatic 
cholestasis type 1

Progressive familial intrahepatic cholestasis type 1 (PFIC 1) 
was formerly called Byler’s disease, eponymously named 
after an affected Amish kindred in Pennsylvania. The 
defect is now described from many parts of the world, 
including the Netherlands, Sweden, and in Arab popula

Fig. 31.3 In Alagille syndrome, the characteristic facial features are 
difficult to identify in infancy, but become prominent later in 
childhood or in adult life (as in the father). They include a triangular 
face with high forehead and frontal bossing, deep widely spaced 
eyes, saddle‐shaped nasal bridge, and pointed chin.

Table 31.5 Genetic cholestatic syndromes

Disorder Clinical γ‐GT Chromosome Genetic disorder

PFIC 1 Progressive Normal 18q21–q22 P‐type ATPase
PFIC 2 Progressive Normal 2q24 Canalicular bile acid transport (BSEP)
BRIC Recurrent jaundice, pruritus Normal 18q21–q22, 2q24 P‐type ATPase and BSEP
PFIC 3 Low phospholipids

Bile ductular proliferation
High 7q21 Canalicular phospholipid transport (MDR3)

PFIC 4 Progressive Normal 9q13–q21 Tight junction protein (TJP2)
ARC Renal dysfunction, cholestasis Low 15q26, 14q24 Snare trafficking defect
Dubin–Johnson Conjugated hyperbilirubinaemia Normal 10q23–q24 cMOAT (MRP2)

PFIC, progressive familial intrahepatic cholestasis; BSEP, bile salt export pump; BRIC, benign recurrent intrahepatic cholestasis; γ‐GT, γ‐glutamyl 
transferase; MDR3, multiple drug resistance 3; MRP2, multidrug resistance protein 2; TJP2, tight junction protein 2; ARC, arthrogryphosis, renal 
dysfunction, and cholestasis; cMOAT, canalicular multispecific organic anion transporter.



The Liver in the Neonate, in Infancy, and Childhood 599

tions. Inheritance is autosomal recessive. It  presents with 
cholestasis, eventually progressing to  biliary cirrhosis. 
Extrahepatic manifestations include sensorineural hear
ing loss, pancreatitis, and chronic diarrhoea [45]. 
Characteristically, serum γ‐GT is low whereas alkaline 
phosphatase and serum primary bile acids are increased. 
Biliary bile acids are reduced.

The genetic defect has been mapped to the FIC1 gene, 
encoding a P‐type ATPase (ATP8B1) involved in ami
nophospholipid transport between membrane leaflets 
[46]. There is defective canalicular bile acid transport.

Liver transplantation is inevitable usually in the first 
decade, but post‐transplant diarrhoea and graft steatosis 
are significant problems.

Progressive familial intrahepatic 
cholestasis type 2

This cholestatic disease is due to mutations in ABCB11 
on chromosome 2q24, which encodes the bile salt export 
pump (BSEP) [47]. The primary defect is in canalicular 
bile acid transport.

Patients present with cholestasis, giant‐cell hepatitis, fat 
malabsorption, and pruritus. Serum γ‐GT is normal and 
bile ductular proliferation is not seen. The disease has a 
variable progression to cirrhosis and liver transplantation.

Benign recurrent intrahepatic cholestasis

This presents with recurrent episodes of jaundice and 
pruritus, particularly in girls taking combined oral con
traceptive pills [48]. Serum γ‐GT is not elevated. The 
gene defects have been mapped to FIC1 and ABCB11, 
the same loci as PFIC 1 and PFIC 2, respectively.

Progressive familial intrahepatic 
cholestasis type 3

This is marked by elevated serum γ‐GT and bile ductular 
proliferation. There is a mutation in the multiple drug‐
resistant gene (MDR3 or ABCB4) on chromosome 7q21 
(Table  31.5). This moves phospholipid from the inner 
leaflet of the canalicular membrane to the outer leaflet, 
which faces the canalicular lumen [49]. Biliary phospho
lipid is low. Bile acid transport is unimpaired as is bile 
flow, but in the absence of phospholipid, bile acids prove 
toxic to cholangiocytes and hepatocytes.

Progressive familial intrahepatic 
cholestasis type 4

This recently described severe, progressive cholestatic 
disease is characteristically similar to PFIC 1. Extrahepatic 
manifestations have been reported [50]. There are 

 mutations in the tight junction protein 2 gene (TJP2) 
[51], which leads to disrupted tight junctions between 
adjacent hepatocytes and cholangiocytes, which are 
important for maintaining canalicular and cholangio
cytic membrane integrity and protecting adjacent struc
tures from toxic bile constituents [50].

Treatment and outcome

Routine interventions for chronic cholestatic liver 
 disease are required for all forms. Treatment with 
ursodeoxycholic acid (20 mg/kg/day) may be helpful. 
Partial biliary diversion surgery is sometimes used suc
cessfully for PFIC 1 and 2 [52]. Although variability in 
the  disease course is evident, liver damage usually pro
gresses and many require liver transplantation during 
childhood. Early development of hepatocellular carci
noma in the first 5 years of life has been reported with 
PFIC 2 and 4 [53,54].

Abnormal bile acid synthesis

Defective synthesis of primary bile acids can cause 
decreased bile flow, abnormal transport, and cholestasis.

Bile acid synthesis defects are rare genetic disorders 
with distinct characteristics that distinguish them from 
other cholestatic disorders: normal or low serum γ‐GT, 
normal or minimally elevated serum bile acids, and lack 
of pruritus. Several inherited defects have been identi
fied including 3β‐hydroxy‐C27‐steroid dehydrogenase‐
isomerase deficiency, Δ4‐3‐oxosteroid‐5β‐reductase deficiency, 
oxysterol 7α‐hydroxylase deficiency, alpha methylacyl‐CoA 
racemase deficiency, and mutations in ABCD3, a peroxisomal 
transporter of branched fatty acids and C27‐bile acids 
[55–58].

Cerebrotendinous xanthomatosis is another primary 
bile acid synthesis defect, resulting from sterol 27‐
hydroxylase deficiency. It is a neurological disorder with 
xanthomas and low plasma cholesterol, without choles
tasis [59].

Coprostanic acidaemia results from a defect in the 
conversion of coprostanic to varinic acid. It is associ
ated with progressive cholestasis and death by 2 years 
of age.

Zellweger cerebrohepatorenal syndrome is a fatal auto
somal‐recessive cholestatic condition, related to defi
cient peroxisomal biogenesis and disrupted β‐oxidation.

Treatment. Toxic intermediates cause cholestasis 
by  interacting with hepatic bile acid transport. 
Replacement of exogenous bile acids results in bile 
acid‐dependent flow and reduced toxic bile salts. The 
administration of chenodeoxycholic acid and cholic 
acid [60,61] effectively reduce transaminases and serum 
bilirubin levels.
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Dubin–Johnson syndrome (see also 
Chapter 13)

This is marked by elevated conjugated bilirubin, but not 
cholestasis. It is caused by a mutation of the canalicular 
multispecific organic anion transporter (cMOAT) [62].

Symptomatic treatment of cholestatic 
syndromes

The mainstay of treatment is intensive nutrition with ade
quate fat‐soluble vitamin supplementation. Nutritional 
support is given by an increased energy intake of 120–
150% of the estimated average, composed of 30–50% 
medium‐chain triglyceride and high carbohydrate supple
ments. In severely malnourished infants, overnight or 
continuous nasogastric feeding may be required.

Fat‐soluble vitamins are replaced orally by vitamin A 
5000–15 000 IU/day, vitamin D (α‐calcidol) 50 ng/kg/day, 
vitamin K 2.5–5 mg/day, and vitamin E 50–200 mg/day.

Pruritus is managed by a combination of ursodeoxy
cholic acid (20–30 mg/kg/day), rifampicin (3 mg/kg), by 
cholestyramine flavoured with apple purée or tomato 
juice and μ‐opioid antagonist, naltrexone [63].

Other causes of cholestatic jaundice

Neonatal lupus erythematosus syndrome
This presents as neonatal cholestasis and hepatitis [64]. 
Cutaneous lupus erythematosus and congenital heart 
block are associated.

Arthrogryphosis, cholestasis, renal tubular 
dysfunction (ARC)
This rare autosomal recessive disorder presents with 
cholestasis, biliary hypoplasia, renal dysfunction, and 
a low γ‐GT. It is usually fatal and infants die of liver 
and renal failure within 12 months. Defects have been 
identified in VPS33B and VIPAR genes, which encode 
proteins involved in SNARE‐dependent intracellular 
vesicular trafficking, membrane fusion, and regula
tion of cellular polarity in the liver and kidney [65,66]. 
In addition to liver and renal dysfunction, severe 
platelet dysfunction is also reported. A bleeding diath
esis is associated with marked reduction in platelet α‐
granules, abnormal platelet morphology, but normal 
platelet counts [67]. Organ biopsies are contraindi
cated due to high risk of fatal haemorrhage. It is the 
first genetic disease involving the regulation of 
SNARE‐mediated membrane tether and fusion, and 
may lead to further understanding of the pathophysi
ology of biliary disorders [68].

Neonatal sclerosing cholangitis
This cholangiopathy presents in early infancy with chole
static jaundice, pale stools, and hepatosplenomegaly. 

The  aetiology is unknown but gene mutations have 
been identified in CLDN1 causing NISCH syndrome 
in which infants also present with icthyosis, and dental 
anomalies [69], and DCDC2 encoding a cholangiocyte 
cilia protein [70]. It is also reported in Kabuki syn
drome [71].

Laboratory investigations show a conjugated hyper
bilirubinaemia with elevated γ‐GT. Endoscopic or 
 percutaneous cholangiography demonstrates beaded 
irregularity of medium to large intrahepatic bile ducts 
in all patients, and in extrahepatic ducts in 80%. Liver 
histology shows portal fibrosis with ductal prolifera
tion, developing into biliary cirrhosis. Surgical treat
ment is not indicated, but supportive management 
with  nutrition is required. Most children require liver 
transplantation.

 Structural abnormalities: biliary 
atresia and choledochal cyst

The commonest causes of extrahepatic or structural 
 biliary obstruction in neonates are biliary atresia or 
choledochal cysts.

Biliary atresia

Extrahepatic biliary atresia is a disease of unknown 
 aetiology with no proven genetic basis [72]. It is a rare 
disease with an incidence of 1 : 15 000 live births [73]. 
It affects both intra‐ and extrahepatic ducts with pro
gressive destruction leading to cholestasis, fibrosis, 
and cirrhosis. It is classified according to the extent of 
biliary damage. Type I biliary atresia affects the 
 common bile duct with a cystic proximal bile duct; 
type II affects the common hepatic duct; type III is 
most common and affects the entire extrahepatic 
 biliary tree.

There appear to be two clinical phenotypes. A syndro
mic or embryonic form accounts for 10–20% of cases 
and is distinguished by other congenital anomalies 
including polysplenia, situs inversus, cardiac anomalies 
(e.g. atrial and ventricular septal defects), and absence of 
the inferior cava (biliary atresia splenic malformation 
syndrome) [74]. The perinatal form represents 80–90% 
of cases.

Developmental aspects
Biliary passages may fail to develop from the primitive 
foregut bud (see Chapter  1). The gallbladder may be 
absent or the biliary tract represented only by a gallblad
der connecting directly with the duodenum. The more 
usual defect is failure of vacuolation of the solid biliary 
bud. This is usually partial and rarely extends throughout 
the biliary tree.
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Pathogenesis
The underlying pathogenesis is unknown, but is likely to 
be multifactorial based on the interaction of genetic and 
environmental factors. Research to date has focused on 
defects in morphogenesis, immunological dysregulation, 
viral infection such as reovirus or cytomegalovirus, or 
toxin exposure [75].

Pathology
The ducts may be absent or replaced by fibrous strands. 
Bile is absent from the extrahepatic biliary system includ
ing the gallbladder.

Clinical features
There are more females than males, and all races are 
affected. Infants are full term with a normal birth weight 
and present with persisting jaundice from the second day 
of life. Other features include pale stools, dark urine, fail
ure to thrive, and hepatomegaly. Splenomegaly is a late 
feature and implies significant hepatic fibrosis and early 
cirrhosis. Occasionally, infants present with bleeding 
from vitamin K‐responsive coagulopathy, especially 
breast‐fed infants who did not receive vitamin K perina
tally. About 5% of infants will have had an abnormal 
antenatal ultrasound. A cyst within the otherwise 
 obliterated biliary tree is detectable from 22 weeks of 
gestation.

The diagnosis is suggested by conjugated hyperbiliru
binaemia exceeding 100 µmol/L (5 mg/dL), ALP exceed
ing 600 IU/L, γ‐GT exceeding 100 IU/L. ALT and AST 
are between 100 and 200 IU/L. Fasting ultrasound shows 
an absent or contracted gallbladder. Biliary scintigraphy 
with 99mTc‐TEBIDA shows no isotope excretion into 
bowel 24 h after administration. Liver histology shows 
fibrosis, cholestasis, and bile ductular proliferation with 
variable numbers of giant cells.

The diagnosis is usually confirmed at laparotomy with 
or without cholangiography to define the atretic biliary 
tree. It is usual to carry out palliative surgery, the Kasai 
portoenterostomy. Some infants who present late 
(>100 days) with established cirrhosis may be candidates 
for liver transplantation as a primary procedure. Without 
medical or surgical treatment, most children die within 
2 years from end‐stage liver failure.

Surgical management
The Kasai portoenterostomy involves excision of the 
obliterated biliary tree to expose communicating biliary 
channels and anastomosis of a Roux loop, created from 
proximal jejunum, to the cut liver surface [76]. Restoration 
of biliary flow is considered the measure of success but 
depends on age at surgery, surgical expertise, and extent 
of fibrosis at operation [77]. Success is defined as normal
ization of serum bilirubin within 6 months of the proce
dure. In a recent UK report, this was achieved in 55% [78].

Age at surgery. Many studies report improved out
comes defined by clearance of jaundice and native liver 
survival, the earlier the portoenterostomy is performed. 
Although the age at operation is an important factor, it 
may be a proxy for the extent of liver damage. Although 
initial results suggested that children operated before 
40 days of age did not show a significant survival advan
tage [79], data from Japan [80] suggest a clear advantage 
for those infants operated earlier than 30 days of age, no 
 difference in outcome in those operated on between 
30 and 90 days, and a significant disadvantage for those 
operated later than 90 days.

Surgical expertise. The most important variable is the 
experience of the surgeon and the surgical centre. 
European and UK studies clearly demonstrated that short‐ 
and long‐term outcomes are closely related to the experi
ence of the surgeon and the centre [77,81,82]. These data 
led to the UK Department of Health directive to centralize 
surgery for all infants with suspected biliary atresia, which 
has been shown to improve the outcome [83].

Histology. Although it has been suggested that the 
extent of histological abnormality at operation [84] or 
the extrahepatic biliary remnant morphology influence 
both short‐ and long‐term outcome, this has not been 
consistently found [85].

Medical management
Postsurgical management aims to prevent complications, 
and provide nutritional and family support, using a multi
disciplinary approach. This includes prevention of 
 cholangitis, initially with intravenous antibiotics and sub
sequently with prophylactic low‐dose oral antibiotics, 
which can be rotated at 8 or 12‐week intervals (e.g. amox
ycillin 125 mg/day, cephalexin 125 mg/day, trimethoprim 
120 mg/day) for 12 months as a minimum. Ursodeoxycholic 
acid (30 mg/kg/day) may also be effective in encouraging 
bile flow and bile drainage. Nutritional support is essential 
to prevent malnutrition, overcome fat malabsorption, and 
prevent sequelae from excess catabolism. Fat‐soluble 
 vitamin supplementation is required (see earlier).

The role of corticosteroids in improving biliary drain
age is controversial. A number of small retrospective 
studies suggest beneficial effects on bile drainage and 
native liver survival [76] but a prospective randomized 
placebo‐controlled single‐centre study of 153 infants 
who underwent portoenterostomy prior to 70 days of 
age found a significant effect on jaundice clearance rates 
at 6 months, but no significant effect on either patient or 
native liver survival at 4 years [86].

Prognosis
Immediate complications include biliary leaks, exacerba
tion of ascites, and ascending cholangitis. Longer‐term 
complications include fat malabsorption, malnutrition, 
and fat‐soluble vitamin deficiency.
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As the disease is progressive, all children will develop 
portal fibrosis, cirrhosis, and portal hypertension, even if 
bile drainage has been established, but especially if there 
is recurrent cholangitis. However, 80% of children who 
have had a successful portoenterostomy are likely to sur
vive more than 10 years with their native liver and 
achieve good quality of life [76,87]. Biliary atresia is the 
commonest indication for liver transplant in children. 
Currently, 71% of children under the age of 2 years who 
require transplantation have biliary atresia. The 15‐year 
post‐transplant survival is more than 80% [88].

Choledochal cyst (see also Chapter 16)

Choledochal cyst is a congenital bile duct malformation, 
which may be identified by antenatal ultrasound [89].

Clinical features and diagnosis
Choledochal cysts present with jaundice, abdominal mass 
and pain with acholic stools, but this is an unusual presenta
tion in the neonatal period. There is a female predominance 
(female : male is 5 : 1). The diagnosis is made by identifying 
the choledochal cyst by liver  ultrasound and confirmed by 
magnetic resonance  cholangiopancreatography (MRCP) or 
endoscopic cholangiography. Liver function tests are 
 consistent with  biliary obstruction and liver biopsy may 
demonstrate large bile duct obstruction and fibrosis, which 
is reversible after surgery.

Surgical treatment includes excision of all the affected 
ducts and re‐establishment of biliary drainage by form
ing a hepaticojejunostomy. Drainage of the cyst into 
adjacent duodenum or jejunum is contraindicated, 
because of potential malignant transformation. The 
results of surgery are excellent; cholangitis is an occa
sional complication, and there is a 2.5% risk of malig
nancy in the residual biliary tree in adulthood [90].

Spontaneous perforation of the bile ducts

This is a rare complication in which perforation occurs 
at the junction of the cystic and common hepatic ducts, 
perhaps due to a congenital weakness, inspissated bile, or 
gallstones. Infants may present between 2 and 24 weeks 
of age with abdominal distension, ascites, jaundice, and 
pale stools. Biliary peritonitis, with bile in hydroceles, 
hernial sacs, and umbilicus may be obvious.

The diagnosis is confirmed by abdominal ultrasound, 
showing free intraperitoneal fluid and dilated intrahe
patic ducts. Liver function tests may demonstrate conju
gated hyperbilirubinaemia and raised ALP and γ‐GT. If 
the biliary leak is large, liver tests may be normal. 
Cholangiography shows the blocked cystic duct with 
hepatic duct leak. Hepatobiliary scanning demonstrates 
intraperitoneal isotope excretion. Treatment includes 

peritoneal drainage followed by repair of the perforation 
with generally good outcomes.

Inspissated bile syndrome and cholelithiasis

Inspissated bile causing biliary obstruction may be sec
ondary to total parenteral nutrition, prolonged haemoly
sis, and dehydration, and occurs more commonly in 
premature babies or those undergoing major surgery. 
The clinical picture is of biliary obstruction with pale 
stools, dark urine, and abnormal liver function tests. The 
diagnosis is made by ultrasound, demonstrating intra‐ 
and extrahepatic duct dilation with biliary sludge. 
Percutaneous transhepatic cholangiography will outline 
the anatomy and may permit therapeutic bile duct lav
age, but laparotomy and decompression of the biliary tree 
may be required. Ursodeoxycholic acid (20 mg/kg/day) 
and cholecystokinin may prevent the need for either sur
gical or radiological intervention.

Cholecystitis may occur in infants in association with gall
stones from haemolysis or total parenteral nutrition, while 
acalculus cholecystitis may occur as part of generalized sep
sis. Open cholecystectomy (rather than laparoscopic) is the 
treatment of choice for symptomatic cholecystitis associ
ated with gallstones in this young age group [91].

In older children, cholecystitis and gallstones may be asso
ciated with blood dyscrasias or congenital anomalies of the 
biliary tract, such as choledochal cysts or biliary atresia.

 Acute liver failure in infancy

Acute liver failure in infancy usually presents with multisys
tem involvement. The diagnosis may initially be difficult as 
jaundice may be a late feature. Infants are usually small for 
gestational age, with hypotonia, severe coagulopathy, and 
encephalopathy. Neurological problems, such as nystagmus 
and convulsions, may be secondary to cerebral disease or 
encephalopathy. Renal tubular acidosis is common. 
Investigations include a search for multiorgan disease.

Galactosaemia

This rare, recessively inherited disorder with a frequency 
of 1 in 10 000–60 000, is due to a deficiency of galac
tose‐1‐phosphate uridyltransferase (GALT), essential for 
galactose metabolism in the liver and red blood cells. 
More than 230 mutations of GALT are reported [92]; this 
genetic heterogeneity contributes to the wide pheno
typic heterogeneity.

Clinical picture
Acute illness results from the accumulation of galactose‐1‐
phosphate (gal‐1‐P) following the introduction of milk 
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feeds [93]. Infants present with collapse, sepsis, hypo
glycaemia, and encephalopathy in the first few days of 
life or with progressive jaundice and liver failure. 
Ascites and hepatosplenomegaly may be noted. 
Cataracts are present. The disease may be complicated 
by Gram‐negative sepsis, which stimulates life‐threaten
ing coagulopathy.

The condition should be considered in all young 
patients with cirrhosis and even in adults if there are 
 suggestive features such as cataract.

Hepatic changes
Hepatic pathology demonstrates fatty change, periportal 
bile duct proliferation, pseudoglandular formation, and 
iron deposition with extramedullary haemopoiesis. 
Giant cells may be numerous (Fig.  31.1a). If galactose 
ingestion persists, hepatic fibrosis and cirrhosis may 
develop or be present at birth [94].

Diagnosis
Biochemical changes include galactosaemia, galactosu
ria, hyperchloraemic acidosis, albuminuria, and ami
noaciduria. The diagnosis is established by detecting 
urinary reducing substances without glycosuria, and 
confirmed by reduced GALT enzyme activity in 
erythrocytes.

Prognosis and treatment
Liver function improves following exclusion of galactose 
from the diet unless liver failure or cirrhosis has devel
oped. Galactose elimination is lifelong, but efficacy may 
be limited by endogenous synthesis of gal‐1‐P, explaining 
the persistence of galactose metabolites despite compli
ance with dietary restriction [95].

The long‐term outcome is disappointing. Learning dif
ficulties and growth disturbance are described and are 
more common in girls, 75% of whom also develop ovar
ian failure.

Detection of galactosaemia in a neonatal screening 
program will lead to early detection, except for infants 
who present with fulminant hepatitis. Antenatal diagno
sis is possible by chorionic villi sampling.

Gestational alloimmune liver disease (GALD)

This is the commonest cause of neonatal acute liver 
 failure and was previously referred to as neonatal haemo
chromatosis. It is characterized by severe fetal liver 
injury associated with extrahepatic siderosis. It is an 
 alloimmune disorder in which maternal exposure and 
sensitization to a fetal antigen induces an immune attack 
targeting fetal hepatocytes. Due to liver injury, key pro
teins regulating materno–fetal iron flux are reduced, 
causing fetal iron overload [96].

There is no association with genes for hereditary 
haemochromatosis or juvenile haemochromatosis [97]. 
GALD is extremely rare in first pregnancies. However, 
once one affected child has been born, the risk of recur
rence in subsequent pregnancies is 80%, but recurrence 
has never been reported in children born to the same 
father with different mothers.

Clinical features include intrauterine growth retarda
tion, prematurity, hypoglycaemia, jaundice, and coagu
lopathy within the first 2 weeks. The outcome is fatal 
without treatment.

Liver biochemistry demonstrates elevated bilirubin 
with reduced transaminases and albumin. Serum iron 
binding capacity is low and hypersaturated (90–100%), 
with a grossly elevated ferritin level (>1000 µg/L). 
Diagnostic liver biopsy is not feasible because of coagu
lopathy, but extrahepatic siderosis is found in minor 
 salivary glands obtained by lip biopsy. Magnetic reso
nance imaging may confirm excess extrahepatic iron.

Post‐mortem liver histology shows pericellular fibro
sis, giant cell transformation, ductular proliferation, and 
regenerative nodules. The distribution of siderosis is 
similar to hereditary haemochromatosis, with hepato
cellular and extrahepatic parenchymal deposition and 
sparing of the reticuloendothelial system.

Medical management includes supportive therapy 
for acute liver failure and a combination of double‐vol
ume exchange transfusion, followed by intravenous 
immunoglobulin (IVIG 1 g/kg) [98]. Seventy‐five to 80 
per cent of children respond to this regimen. Sepsis 
and other catastrophic events including intracranial 
haemorrhage are associated with treatment failure. 
Liver transplantation may be considered when medical 
management fails. Extrahepatic iron is mobilized fol
lowing successful liver transplantation and does not 
recur [99].

Antenatal diagnosis is not possible, but it may be 
 suspected by detection of non‐specific abnormalities 
such as hydrops fetalis or intrauterine growth retarda
tion. Prenatal iron accumulation may be detected by 
MRI, but the sensitivity is unknown. Treatment with 
immunoglobulin infusion from 14 weeks’ gestation 
 prevents recurrence in the majority [96].

Disorders of mitochondrial energy 
metabolism

This group of disorders includes varied clinical pheno
types with multiple modes of inheritance: autosomal 
recessive, autosomal dominant, or transmission through 
maternal DNA. Many defects involving the electron trans
port chain result in cellular ATP deficiency, impaired fat 
oxidation, and generation of toxic free radicals. Clinical 
symptoms vary, depending on the nature of the primary 
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defect, and the importance of aerobic metabolism in the 
affected tissue. The constituent proteins of the electron 
transport chain are encoded in either nuclear DNA or 
maternally inherited, mitochondrial DNA (mtDNA). In 
the context of liver failure, isolated deficiencies of the 
electron transport chain enzymes, mtDNA depletion 
syndromes, and Alpers syndrome are relevant [100].

Deficiencies of the electron transport 
chain enzymes
The most common isolated defects involve deficiencies 
in complexes 4 and 1. Infants present with multisystem 
involvement with hypotonia, cardiomyopathy, proximal 
renal tubulopathy, and severe metabolic acidosis. 
Relevant diagnostic indicators include elevated blood 
lactate, lactate/pyruvate ratio more than 20, increased 
3‐OH‐butyrate/acetoacetate ratio above 2, and, follow
ing an oral glucose load (2 g/kg), the detection of specific 
organic acids including urinary 3‐methyl‐glutaconic acid 
or other Krebs cycle intermediates. Coagulopathy is usu
ally extreme, and may preclude liver or muscle biopsy, or 
cerebrospinal fluid examination. The diagnosis is based 
on demonstrating biochemical dysfunction of electron 
chain function in liver or muscle by immunohistochem
istry or enzyme analysis in fresh tissue. Demonstration 
of an elevated cerebrospinal fluid to plasma lactate ratio 
indicates neurological involvement [101].

Supportive management is usually the only option. 
Liver transplantation is only successful if the defect is 
confined to the liver, but is contraindicated if multisys
tem involvement is present as neurologic deterioration 
persists or may develop post‐transplant.

Antenatal diagnosis is rarely possible as the underlying 
gene defects are unknown.

Mitochondrial DNA depletion syndromes
Mitochondria normally contain more than one copy of 
mtDNA and replication is regulated by mitochondrial 
enzymes encoded by nuclear genes. These include DNA 
polymerase‐γ [102], thymidine kinase, deoxyguanosine 
kinase, and succinyl CoA‐ligase [101]. Mutations in these 
genes lead to reduced mtDNA copy numbers resulting in 
mitochondrial depletion.

The clinical presentation and biochemical findings are 
similar to isolated electron transport chain deficiencies. 
Treatment is supportive as liver transplantation is con
traindicated [102]. Antenatal diagnosis is possible if the 
mutation is known.

Alpers syndrome. This autosomal recessive, develop
mental mtDNA depletion disorder is characterized by 
degenerative brain and liver disease, which may be pre
cipitated by valproate treatment [103]. Focal seizures 
usually precede liver disease. The clinical presentation is 
varied. Neurological features, lethargy, and hypotonia 

are prominent. Hypertrophic cardiomyopathy and renal 
tubulopathy may develop. Hepatic involvement is unpre
dictable and includes isolated hepatomegaly, neonatal 
cholestasis, and acute liver failure with coagulopathy.

The diagnosis is based on an elevated blood lactate, 
but this may be intermittent. Elevated cerebrospinal 
fluid/plasma lactate ratio or elevated cerebrospinal fluid 
protein suggests central neurological involvement.

Hepatic pathology is characterized by both micro‐ and 
macrovesicular steatosis, with hepatocyte degeneration 
and micronodular cirrhosis. Electron microscopy may 
reveal abnormal structure or number of mitochondria. 
Muscle histology may show increased lipid droplets. The 
presence of ragged red fibres on Gomori stain are 
strongly suggestive of mtDNA abnormalities.

The definitive diagnosis is based on demonstrating 
dysfunction of electron transport chain function in 
affected tissue by immunohistochemistry and measure
ment of enzyme activity combined with demonstrating 
reduced mtDNA copy number (<35% of control), usually 
in muscle [102].

Supportive management for acute liver failure is required 
with discontinuation of valproate. Transplantation is con
traindicated if multisystem involvement is demonstrated. 
Antenatal diagnosis is occasionally possible if the underly
ing mutation is known.

Tyrosinaemia type I

Tyrosinaemia type I is an autosomal recessive disorder 
due to deficiency of fumarylacetoacetate hydrolase 
(FAH), the terminal enzyme in tyrosine metabolism. The 
FAH gene is on the short arm of chromosome 15 with 
more than 40 mutations described to date [104], although 
in some populations a single mutation may be prevalent. 
There is a high lifetime risk of developing hepatocellular 
carcinoma, which historically is 40% [105].

Intermediate metabolites such as maleyl‐ and fumaryl‐
acetoacetate are highly reactive and hepatotoxic, while 
the secondary metabolite succinylacetone has both local 
and systemic effects, including cardiac, renal, and neuro
logical disease, and inhibition of porphobilinogen 
 synthase causing neurological symptoms.

Clinical features are heterogeneous, even within the 
same family. Infants, less than 6 months of age, commonly 
present with acute liver failure with mild jaundice, coagu
lopathy, encephalopathy, and ascites. Hypoglycaemia is 
common, either due to liver dysfunction or hyperinsulin
ism from pancreatic islet cell hyperplasia.

In older infants, failure to thrive, coagulopathy, hepato
splenomegaly, hypotonia, and rickets are common. Older 
children may present with chronic liver disease, a hyper
trophic cardiomyopathy, renal failure, or a porphyria‐like 
syndrome with self‐mutilation (e.g. tongue biting). Renal 
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tubular dysfunction and hypophosphataemic rickets may 
occur at any age.

Biochemical liver function tests show an elevated 
 bilirubin, transaminases, alkaline phosphatase, and a 
reduced albumin. There is a threefold increase in plasma 
tyrosine, phenylalanine, and methionine with grossly 
elevated α‐fetoprotein levels. Elevated urinary succiny
lacetone is a pathognomonic but not an invariable find
ing. Proximal tubular dysfunction is demonstrated by 
phosphaturia and aminoaciduria, and confirmed by 
reduced renal tubular phosphate reabsorption (<80%).

Hepatic histology is non‐specific with steatosis, siderosis, 
and cirrhosis, which may be present in infancy. 
Hepatocyte dysplasia is associated with a risk of hepato
cellular carcinoma.

Initial management is with a phenylalanine and 
 tyrosine‐restricted diet, which may improve overall 
nutritional status and renal tubular function but does 
not affect progression of liver disease. The discovery of 
2‐(2‐nitro‐4‐trifluoromethylbenzoyl)‐1,3‐cyclohexane
dione (NTBC) or nitisinone, which prevents the forma
tion of toxic metabolites, has altered the natural history 
of this disease in childhood. There is rapid reduction of 
toxic metabolites, normalization of tubular function, 
prevention of porphyria‐like crises, and improvement in 
both nutritional status and liver function, particularly in 
those who have acute liver failure [106].

The long‐term outcome of children treated with 
nitisinone is unknown. These children require long‐term 
monitoring and follow‐up with 6‐monthly abdominal 
ultrasound, CT scans, or MRI, and α‐fetoprotein estima
tion for early detection of hepatocellular carcinoma. 
Liver transplantation is now only indicated for acute or 
chronic liver failure unresponsive to NTBC, or suspicion 
of hepatocellular carcinoma.

Antenatal diagnosis is possible either by chorionic 
 villus sampling to detect FAH mutation, or measurement 
of succinylacetone in amniotic fluid. Asymptomatic 
affected siblings may benefit from pre‐emptive NTBC 
therapy [107].

 Liver disease in older children

Liver disease in children older than 6 months may be 
acute or chronic. As in infancy, there is a predominance 
of inherited disorders.

Acute viral hepatitis

All forms of acute viral hepatitis occur in children and 
include hepatitis A virus (HAV), hepatitis B virus (HBV), 
hepatitis C virus (HCV), hepatitis E virus (HEV), 
Epstein–Barr virus (EBV), and cytomegalovirus (CMV). 

In contrast to many adults, most children have subclini
cal hepatitis and are asymptomatic and anicteric.

Uncomplicated acute hepatitis is managed at home. 
Hospital admission is required only if the child has severe 
vomiting, dehydration, abdominal pain, or lethargy, or if 
coagulopathy or persistently raised transaminases are 
present. Fulminant hepatitis is a complication in less 
than 5% of paediatric cases. The main differential diag
noses are metabolic liver disease (e.g. Wilson disease) or 
drug‐induced liver disease.

Chronic liver disease

HBV and HCV are the commonest forms of viral hepati
tis in childhood, but do not lead to serious liver disease 
until adolescence or adult life.

Hepatitis B virus infection [108]
Children are infected in childhood by: vertical transmis
sion from a carrier mother; horizontal transmission from 
family members; by infected blood products; sexual 
abuse; or, intravenous drug abuse. Perinatal transmission 
occurs by contact with infected maternal fluid, mainly 
through placental tears and trauma during delivery. 
Intrauterine transmission may occur. HBe antigen posi
tive, HBV‐infected mothers, have the highest infectivity 
with a 70–90% risk of transmission. Infants of HBe anti
gen negative, HBe antibody positive mothers may also 
acquire infection, but are particularly at risk of develop
ing fulminant liver failure, secondary to mutant HBV. 
Seventy per cent of infants infected perinatally will 
become chronic carriers unless immunized at birth.

Chronic carriers should be reviewed annually for evi
dence of seroconversion, progressive liver disease, and/
or hepatocellular carcinoma.

The indications for treatment in childhood are persis
tently raised serum aminotransferases, presence of HBe 
antigen with detectable serum HBV DNA, and chronic 
hepatitis on liver biopsy. There are no proven effective 
treatments. Subcutaneous interferon‐α (5–10 million 
units/m2 thrice weekly) for 6 months has a sustained clear
ance rate of 40–50%. Children who have active histology, 
low HBV DNA levels (<1000 pg/mL), high serum ami
notransferase enzymes, and horizontal transmission are 
more likely to respond to interferon. Lamivudine, adefovir, 
and entecavir have similar results in children and adults 
with approximately 26% seroconversion after 12 months’ 
treatment. Viral resistance is less prevalent with entecavir, 
which is now licensed for use in children [109], than with 
lamivudine. Other antivirals including telbivudine and 
 tenofovir are under evaluation [110] (see Chapter 21).

The most important strategy to prevent HBV transmis
sion in childhood includes routine antenatal screening 
during all pregnancies with immunization of at‐risk 
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infants, or universal immunization of all infants. Protection 
persists for 10 years after vaccination in infancy [111].

Hepatitis C virus infection [112]
The importance of HCV in children lies in later develop
ment of chronic liver disease. Children are infected with 
HCV either parenterally or vertically. Vertical transmis
sion is the commonest mode and occurs in 2–10% of 
 offspring born to HCV‐RNA‐positive mothers. The risk 
of transmission is increased up to 48% by coexisting 
maternal HIV infection, and with high maternal HCV 
RNA titres. Breast feeding is not contraindicated.

At‐risk children need to be screened at 12 weeks of 
age. Serum aminotransferases are typically normal or 
slightly elevated, anti‐HCV antibodies and HCV RNA 
are positive. Spontaneous seroconversion occurs in 20% 
of children who have received blood products, and 
slightly less in perinatally infected children.

Children with persistently detectable HCV RNA and 
evidence of liver disease should be selected for therapy, 
which is best tolerated in younger children (3–5 years). 
The combination of pegylated interferon and ribavirin 
given for 12 months has a sustained viral response rate of 
45% in genotype 1, and 90% with genotypes 2 and 3 when 
given for 6 months [113]. However, side‐effects to inter
feron including flu‐like symptoms and bone  marrow sup
pression are well reported. Interferon‐free regimens using 
nucleoside inhibitors in combination with ribavirin have 
demonstrated improved rates of HCV clearance in adults 
across all genotypes, and are generally well tolerated. 
These regimens are under evaluation in children [114].

Autoimmune hepatitis [115]

Autoimmune hepatitis is a chronic inflammatory disorder 
affecting the liver with a 3 : 1 female preponderance. It may 
affect children of any age from 6 months onwards. Both 
forms of autoimmune hepatitis (type I: antinuclear anti
bodies and smooth muscle antibodies; and type II: liver, 
kidney microsomal antibodies) present in childhood.

Clinical features.
In type I autoimmune hepatitis, the median age of onset is 
10 years and clinical presentation varies from acute hepa
titis with autoimmune features to the insidious develop
ment of cirrhosis, portal hypertension, and malnutrition. 
The association of other autoimmune phenomena is 
higher in type I with autoimmune thyroiditis, coeliac dis
ease, inflammatory bowel disease, haemolytic anaemia, 
and glomerulonephritis being the most common.

Type II autoimmune hepatitis has a younger age of onset 
(median age 7.4 years); the clinical presentation is more 
likely to be acute, with fulminant hepatic failure in 11%. The 
diagnosis is made in the same way as in adults (Chapter 19).

Both forms of autoimmune hepatitis respond to immu
nosuppression with prednisolone 2 mg/kg/day (max. 
60 mg) in combination with azathioprine 0.5–2 mg/kg/
day. About 90% of children will respond to the above 
regimen, but ciclosporin (2–4 mg/kg/day), tacrolimus 
(1–2 mg/day), or mycophenolate mofetil (20 mg/kg/day) 
may aid induction or maintenance of remission. 
Discontinuation of corticosteroids and/or azathioprine 
may be considered if liver function tests have been nor
mal for at least 1 year, but up to 80% relapse [115]. Liver 
transplantation is required in 20% of children but relapse 
occurs in about 25% unless steroids are maintained [116].

Sclerosing cholangitis may be secondary to ulcerative 
colitis, autoimmune hepatitis, histiocytosis X, and 
immune deficiencies (Chapter 18).

Non‐alcoholic fatty liver disease (NAFLD) 
(see also Chapter 28)

The increase in childhood obesity and the recognition of 
insulin resistance in several inherited disorders have led 
to the diagnosis of this disorder in childhood. It is the 
most common form of chronic liver disease in children 
[117]. As in adults, children may have simple steatosis or 
steatohepatitis, which may progress to cirrhosis. The 
main difference is the frequent association with inher
ited syndromes associated with insulin resistance such as 
Alström syndrome. NAFLD also occurs after hypotha
lamic surgery, perhaps due to hyperphagia.

Evaluation includes a careful diagnostic work‐up to 
exclude other important and treatable causes of hepatic 
steatosis including Wilson disease and drug toxicities, 
screening and management of co‐morbidities, and 
assessment of liver fibrosis [118]. The long‐term out
come is not determined, but it may respond to weight 
reduction and exercise. Therapeutic trials with met
formin and other drugs have not demonstrated efficacy 
in children and adolescents [119].

Congenital hepatic fibrosis (see Chapter 16)

This is a spectrum of disease that includes simple hepatic 
cysts, Caroli syndrome and is associated with autosomal 
dominant and recessive polycystic renal disease. The 
main hepatic manifestations are cholangitis and portal 
hypertension. Liver transplantation is only required if 
hepatic decompensation develops or in association with 
renal transplantation.

Drug‐induced liver disease

The mechanisms leading to drug‐induced liver damage 
are similar in adults and children (see Chapter  24), 
although there is less risk of adverse drug reactions in 
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younger children. However, there is a specific increased 
risk of valproate hepatotoxicity in children under 3 years 
of age (see earlier) [120].

Paracetamol (acetaminophen) poisoning
Paracetamol toxicity is the most common cause of drug‐
induced fulminant liver failure. It leads to a direct dose‐
dependent hepatotoxic effect. In childhood, paracetamol 
toxicity may develop either by deliberate paracetamol 
poisoning by carers, long‐term chronic ingestion, or 
deliberate overdose in adolescents. Children have a lower 
incidence of liver failure with paracetamol overdose than 
adults (unless taken with alcohol), perhaps because of a 
higher glutathione re‐synthesis rate. Treatment with  
N‐acetylcysteine is essential.

Aspirin
Aspirin gives rise to dose‐dependent hepatotoxicity that 
is usually mild, asymptomatic, and reversible. Adverse 
effects are associated with levels exceeding 15 mg/dL in 
90%, which may occur in children treated for juvenile 
chronic arthritis. Hepatic features include an asympto
matic elevation in transaminases with normal bilirubin 
level, which usually occurs 6 days after initiation of 
 treatment. In less than 5% of children, severe hepatocel
lular injury may ensue with prompt recovery on 
 withdrawal of treatment. Reye syndrome, a severe 
encephalopathy with liver injury, may occur in associa
tion with aspirin ingestion in susceptible children.

 Metabolic disease in older children

Metabolic disease in older children presents with hepa
tomegaly often without jaundice, with or without 
 splenomegaly or neurological involvement. The main 
causes of metabolic liver disease in older children include 
α1‐antitrypsin deficiency (see earlier), cystic fibrosis, 
Gaucher disease, tyrosinaemia type I, glycogen storage 
diseases, hereditary fructose intolerance, and Wilson 
disease.

Wilson disease (see Chapter 27)

Wilson disease is an autosomal recessive disorder with 
an incidence of 1 : 30 000. Mutations occur in ATP7B on 
chromosome 13, which encodes an intracellular copper 
transporter (see Chapter 27).

Clinical features in childhood include hepatic dysfunc
tion (40%) and psychiatric symptoms (35%). The hepatic 
presentation of Wilson disease is similar to adults with 
hepatomegaly, vague gastrointestinal symptoms, sub
acute or acute liver failure, and chronic hepatitis or 
 cirrhosis. Neurological symptoms may be non‐specific. 

Children may present with deteriorating school 
 performance, abnormal behaviour, lack of coordination, 
and dysarthria. Renal tubular abnormalities, renal cal
culi, and haemolytic anaemia are associated features. 
The characteristic Kayser–Fleischer rings are rare before 
the age of 7 years and may be absent in up to 80% of older 
children.

Liver biochemistry indicates chronic liver disease with 
low albumin (<35 g/L), minimal transaminitis, and a low 
alkaline phosphatase (<200 U/L). The diagnosis is estab
lished by detecting low serum copper (<10 µmol/L), low 
serum caeruloplasmin (<200 mg/L), excess urine copper 
(>1 µmol/24 h), particularly after penicillamine treat
ment (20 mg/kg/day), and an elevated hepatic copper 
(>250 mg/g dry weight of liver). Approximately 25% of 
children may have a normal or borderline low caerulo
plasmin since it is an acute phase protein.

Histological features of Wilson disease depend on 
the clinical presentation. There may be microvesicular 
steatosis, chronic hepatitis, hepatocellular necrosis, 
multinucleated hepatocytes and Mallory’s hyaline, 
hepatic fibrosis and cirrhosis. In fulminant hepatitis, 
severe hepatocellular necrosis with cirrhosis is 
observed.

Management consists of low‐copper diet and penicil
lamine (20 mg/kg/day), or trientine (25 mg/kg/day). Oral 
zinc may be used under particular circumstances (see 
Chapter 27). Asymptomatic children or those with mini
mal hepatic dysfunction have an excellent prognosis, 
although acute liver failure with haemolysis may occur if 
treatment is discontinued. Liver transplantation is essen
tial for children who present with subacute or acute liver 
failure and in children with advanced  cirrhosis and por
tal hypertension.

Siblings should be screened in order to treat asympto
matic patients and to detect heterozygotes. Mutation 
analysis is now more reliable than measurement of serum 
copper and caeruloplasmin if the mutations in the 
proband are known.

Non‐Wilsonian copper‐related cirrhosis 
in childhood
Several rare copper toxicoses present with progressive 
fatal liver disease caused by excessive copper ingestion. 
These are now scarce due to changes in cooking tech
niques. They include: Indian childhood cirrhosis, in 
which copper was acquired from milk heated in brass 
utensils [121]; Tyrolean childhood cirrhosis, in which 
copper was acquired from diluted sweetened milk boiled 
in copper utensils, although an underlying genetic defect 
has also been described [122]; and sporadic childhood 
copper‐related cirrhosis, in which copper was acquired 
from water used to make up infant feeds, usually from 
private wells.
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Cystic fibrosis liver disease

Cystic fibrosis is a common autosomal recessive disease, 
with an incidence of approximately 1 in every 3000 live 
births worldwide [123]. The gene responsible encodes the 
cystic fibrosis transmembrane regulator (CFTR), a chlo
ride ion channel that is expressed on the apical membrane 
of cholangiocytes [123]. Although the main clinical mani
festations are lung or pancreatic disease, liver disease is 
recognized in 4.5–20%, depending on age and definition. 
Despite advances in the understanding of the genetic 
defects in cystic fibrosis, no definite genetic mutation has 
been associated with development of liver disease.

Clinical features
Most children with cystic fibrosis‐related liver disease 
are asymptomatic in the early stages. In infants, choles
tatic neonatal hepatitis may be a presenting feature (see 
earlier), but more commonly the presentation is with 
hepatosplenomegaly or complications of portal hyper
tension. Biliary disease may be asymptomatic.

Early detection of liver disease is unsatisfactory. There 
are transient abnormalities of alkaline phosphatase in up 
to 50% of patients (increases in γ‐GT in 30% of males and 
60% of females) while bilirubin levels and coagulation 
times are normal until late in the disease. Ultrasonography 
detects increased echogenicity in 41% of patients, but 
does not differentiate fatty infiltration from fibrosis. 
Microgallbladder with or without gallstones is detected 
in 25% [124]. Biliary strictures are uncommon [125].

Liver histology includes steatosis, focal biliary cirrho
sis, and multilobular cirrhosis. Non‐specific mild peri
portal inflammation is found in association with 
chemical cholangitis (granular eosinophilic secretions in 
bile ducts in association with ductal proliferation of bile 
ducts). Periportal fibrosis may progress to portal–portal 
bridging and eventually cirrhosis. Cholestasis is rarely 
identified. Liver biopsy should be performed to establish 
the extent and severity of liver disease and is indicated 
when there is persistent transaminitis, hepatic echo
genicity on ultrasound, hepatomegaly and/or spleno
megaly, or evidence of hepatic dysfunction [126].

Treatment consists of intensive nutritional support, 
and prevention and management of hepatic complica
tions. Nutritional support includes: an energy intake to 
150% of average requirements by carbohydrate supple
ments, such as glucose polymer, or by increasing the 
 percentage of fat; increasing the proportion of medium‐
chain triglycerides to 50% of total fat intake; and supple
mentation with fat‐soluble vitamins including vitamin 
A (5–15 000 IU/day), vitamin E (100–500 mg/day), vita
min D (50 ng/kg), and vitamin K (1–10 mg/day).

The use of ursodeoxycholic acid (10–20 mg/kg) is 
accepted despite the absence of clinical trials. There is 

some evidence that treatment with ursodeoxycholic acid 
improves the biochemical indices of liver function, and 
may prevent progression if prescribed before the devel
opment of significant liver disease [126].

The main hepatic complication is portal hypertension 
and bleeding oesophageal varices. Prophylactic therapy 
is not recommended, but band ligation is effective if 
variceal haemorrhage develops. A useful alternative is 
the insertion of a transjugular intrahepatic portal 
 systemic shunt (TIPS), which can be performed in 
 children more than 10 kg.

Cystic fibrosis liver disease usually progresses to 
 cirrhosis and portal hypertension. Indications for liver 
transplantation include the development of end‐stage 
liver failure with jaundice, ascites, and coagulopathy, or 
intractable portal hypertension. It is important to con
sider transplantation before significant pulmonary dete
rioration (<50% of normal function) in order to prevent 
the necessity for heart, lung, and liver transplantation. 
Preoperative pulmonary DNAse treatment is recom
mended. Perioperative antibiotics should be based on 
the sensitivity of colonized pulmonary bacteria. The out
come following liver transplantation is similar to that in 
children transplanted for other indications. Lung func
tion may improve or stabilize after transplantation [127].

Glycogen storage disease [129,130]

The hepatic glycogen storage disorders (GSDs) are a 
group of inherited disorders affecting glycogen synthesis 
and metabolism leading to excessive and/or abnormal 
glycogen in tissues (Fig. 31.4). The frequency is approxi
mately 1 in 25 000 live births. There are many variants 
with different enzymatic or structural defects 
(Table  31.6). Hepatic forms present in early childhood 
with hypoglycaemia, massive hepatomegaly, short stat
ure, increased fat deposition, particularly in the cheeks, 
and biochemical abnormalities.

The critical abnormality is usually insufficient glucose 
production by the liver (Fig. 31.4) which results in hypo
glycaemia when blood glucose levels are not supported 
by intestinal glucose ingestion. The other abnormalities 
follow from this and from the metabolic reactions to 
hypoglycaemia.

The diagnosis is now based on identifying the genetic 
defect. Antenatal diagnosis is available. All are autoso
mal recessive, except for X‐linked phosphorylase kinase 
α‐subunit deficiency.

Glycogen storage disease type I
Glycogen storage disease type I (GSD I) is due to defec
tive breakdown of glucose‐6‐phosphate, resulting in 
decreased hepatic gluconeogenesis and accumulation of 
glycogen in liver, kidney, and intestine. There are two 
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Table 31.6 The hepatic glycogen storage diseases

Type Enzyme defect
Chromosomal 
location of gene Tissues involved

Ia Glucose‐6‐phosphatase 17q21 Liver, kidney
l non‐a Glucose‐6‐phosphatase translocase 11q23 Liver
III Amylo‐1,6‐glucosidase (debranching enzyme) 1p21 Liver, muscle, white blood cells
IV Amylo‐1,4‐ to 1,6‐trans‐ glucosidase 

(branching enzyme)
3p12 Generalized

VI Liver phosphorylase 14q21–22 Liver, white blood cells
IXa, IXb, IXc Phosphorylase kinase (α‐, β‐, γ‐subunits, 

respectively)
Xp22, 16p12, 16p11 Liver, white blood cells, red 

blood cells
XI GLUT‐2 transporter 3q26.1, 3q26.3, 3q34 Liver, kidney, pancreas

Glycogen

Glycogen
phosphorylase

Debranching
enzyme

Branching
enzyme

Phosphoglucomutase

G-6-phosphatase

(I)

Hexokinase

Glucokinase

Gluco-
neogenesis

Glycolysis

Glycogenin

Glycogen
synthase

(III)

(VI)

(IV)

Glucose 6-P

Glucose 1-P

UDP-glucose

Amylopectin

Limit
dextran

Pyruvate

GlucoseGlucose

LactateAlanine

Tricarboxylic
acid cycle

Acetyl Co-A Fatty acids

Fig. 31.4 Metabolic pathways in glycogen metabolism. Roman numerals indicate the defect in glycogen storage diseases. 
Source: Modified from Wolfsdorf et al. 1999 [128].
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subtypes: GSD Ia, due to glucose‐6‐phosphatase defi
ciency, and GSD type I non‐a (previously Ib, Ic, Id) due to 
defective glucose‐6‐phosphatase translocase.

Glycogen storage disease type Ia: glucose‐6‐
phosphatase deficiency, Von Gierke disease
Autosomal recessively inherited GSD Ia is caused by 
 glucose‐6‐phosphatase gene mutations; over 70 have 
been identified [130].

Infants usually present with hypoglycaemic seizures, 
hepatomegaly, and failure to thrive. Biochemical investi
gations show fasting hypoglycaemia (<1.5 g/L) with lactic 
acidosis (>5 mmol/L), hyperlipidaemia (cholesterol 
>6 mmol/L and triglycerides >3 mmol/L), and hyperuri
caemia. Hepatic transaminases are usually normal or 
mildly elevated.

Hepatic changes. Liver histology of formalin‐fixed tissue 
reveals a mosaic pattern of pale, swollen hepatocytes and 
steatosis. Pericellular zone 3 fibrosis and Mallory bodies 
have been described [129]. Histochemical stains for 
 glucose‐6‐phosphatase are negative and enzyme activity is 
undetectable in liver. Cirrhosis does not develop.

Treatment. In infants, this is based on maintaining 
normoglycaemia by frequent day‐time feeding, use of 
oral (slow‐release) uncooked corn starch, or continuous 
nocturnal enteral glucose feeds. In older children, 
 frequent calorie supplements and the use of corn starch 
is usually sufficient. If dietary control is effective, normal 
growth and development can be expected, although 
hepatomegaly and hyperlipidaemia persist [131].

Long‐term complications include hypoglycaemic brain 
damage, poor growth, osteoporosis, renal dysfunction, 
calculi, and hepatic adenoma, and rarely, carcinomas 
develop late [132]. Puberty may be delayed and females 
have ultrasound evidence of polycystic ovaries [133]. 
Liver transplantation corrects the metabolic defect, but is 
not indicated for metabolic control. Chronic renal  failure 
occurs in older patients whose disease has been ineffec
tively treated. Type I glycogenosis can present in adults as 
hypoglycaemic symptoms and/or hepatomegaly [134].

Glycogen storage disease type I non‐a (previously 
known as Ib, Ic, Id)
In this disorder glucose‐6‐phophatase is normal, but 
dysfunctional, due to defective glucose‐6‐phosphate 
microsomal transport [135].

The clinical and biochemical features are similar to 
GSD type Ia, but neutropenia with recurrent infections 
and inflammatory bowel disease occur. Management of 
GSD I non‐a patients is the same as in GSD Ia except 
that  G‐CSF (granulocyte colony‐stimulating factor) or 
GM‐CSF (granulocyte‐macrophage colony‐stimulating 
factor) is required to correct neutropenia and improve 
chronic inflammatory bowel disease [136].

Glycogen storage disease type III (Cori disease)
The inheritance of GSD III is autosomal recessive, and is 
due to deficiency of amylo‐1‐6‐glucosidase (debrancher 
enzyme), which is expressed in liver and muscle. 
The metabolic defect is mild as other routes of gluconeo
genesis are intact and there is no renal involvement.

The clinical presentation is similar to type I, without 
renal involvement but with peripheral myopathy and 
cardiomyopathy. Patients with muscle involvement may 
develop progressive skeletal myopathy and wasting later 
in life. As the abnormally structured glycogen is fibro
genic, hepatic fibrosis occurs; there are few reports of 
cirrhosis [137].

Liver histology is similar to GSD I apart from the 
 presence of fibrosis and little steatosis. Diagnosis is 
 confirmed by DNA analysis.

Dietary treatment is similar to that of type I, but a higher 
protein intake is recommended due to the demand of glu
coneogenic amino acids. Most metabolic abnormalities 
diminish at puberty. Long‐term outcome is determined by 
development of myopathy, cardiomyopathy, or cirrhosis. 
Hepatic adenomas have been reported in 25% of patients, 
less often than that found in type I [132].

Glycogen storage disease type IV 
(Andersen disease)
This rare disease is due to a defect in the glycogen 
branching enzyme, amylo‐1,4 to 1,6 transglucosidase. 
Multisystemic glycogen accumulation occurs in liver, 
heart, muscle, skin, intestine, brain, and peripheral nerv
ous system.

It usually presents with evidence of severe liver disease 
in late infancy but there may be cardiac, muscle, and 
neurological involvement. Hypoglycaemia is rare except 
as a feature of liver failure.

Hepatic histology shows cirrhosis and accumulation of 
abnormally shaped glycogen that is diastase resistant. 
Dietary treatment is as for other forms of GSD. Cirrhosis 
develops rapidly necessitating liver transplantation in 
the first 5 years of life. Progression of extrahepatic  disease 
has been reported post‐transplantation [138].

Glycogen storage disease types VI and IX
These variants are due to defects in hepatic phosphory
lase and phosphorylase kinase, respectively. The genetics 
of the phosphorylase kinase system is complex as the 
enzyme consists of four subunits encoded on different 
genes, which are differentially expressed in different 
 tissues. The clinical expression of individual enzyme 
deficiencies and isoforms is variable and depends on the 
severity and distribution of the enzyme defect [139].

The phenotypes of both types VI and IX are milder 
than GSD I. Children present with hepatomegaly and 
growth failure, but hypoglycaemia is rare. Hyperlipidaemia 
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and ketosis may occur. Hepatic transaminases are often 
slightly raised, but progression to cirrhosis is unusual, 
except for a subset with GSD type IXc [139].

Liver histology reveals distension of hepatocytes with 
fibrosis and small fat droplets.

Dietary treatment other than nocturnal corn starch is 
rarely necessary and spontaneous catch‐up growth 
occurs before puberty. Cardiomyopathy and myopathy 
are uncommon, and the long‐term outlook is excellent.

Glycogen storage disease type XI  
(Fanconi–Bickel syndrome)
This rare disorder is associated with glycogen accumula
tion in liver and kidney, fasting hypoglycaemia, post
prandial hyperglycaemia, and hypergalactosaemia. It is 
due to defective function of the GLUT‐2 transporter in 
hepatocytes, pancreatic β cells, enterocytes, and renal 
tubular cells, leading to impaired transport of glucose 
and galactose in affected tissues. Hypoglycaemia occurs 
secondary to reduction in glucose transport from the 
liver and defective renal reabsorption of glucose and 
galactose. Hepatic and renal glycogen accumulation lead 
to impaired tubular function, Fanconi nephropathy, and 
rickets.

The main clinical features are hepatomegaly and renal 
tubular dysfunction. Infants present with vomiting, 
fever, failure to thrive, and hypophosphataemic rickets. 
Older children have short stature, protuberant abdomen, 
hepatomegaly, moon‐shaped faces, and fat deposition 
around the shoulders and abdomen. Fasting hypoglycae
mia is common. Chronic diarrhoea due to carbohydrate 
malabsorption may occur. Rickets and osteoporosis lead 
to pathological fractures. Mild abnormalities of liver 
function are common but hepatic tumours have not 
been reported.

The diagnosis is confirmed by DNA mutation analysis. 
Antenatal diagnosis has not been reported.

Treatment is supportive, and includes replacement of 
water and electrolytes, alkalinization with Shohl’s or 
bicarbonate solutions, vitamin D and phosphate supple
mentation, galactose restriction, and frequent small 
meals. Fructose is an alternative carbohydrate source as 
its absorption is not mediated by GLUT‐2.

The prognosis is good, with stabilization in adult life.

Hereditary fructose intolerance (HFI)

This autosomal recessive disorder is due to deficiency of 
fructose‐1‐phosphate aldolase B in liver, kidneys, and 
small intestine. The incidence is 1 : 23 000 live births 
[140]. The gene is mapped to chromosome 9q22.3 with 
about 20 known mutations.

Ingestion of fructose or sucrose leads to vomiting, 
 failure to thrive, hepatomegaly, and coagulopathy. 

Occasionally, infants may present with acute liver failure 
with jaundice, encephalopathy, and renal failure. Older 
children demonstrate aversion to fructose‐containing 
food.

Liver biochemistry shows raised hepatic transami
nases, hypoalbuminaemia, and hyperbilirubinaemia. 
Plasma amino acids may be elevated secondary to liver 
dysfunction and there may be hyperuricemia and hypo
glycaemia. Haematological abnormalities such as anae
mia, acanthocytosis, and thrombocytosis are associated. 
Urinary investigations show fructosuria, proteinuria, 
amino aciduria, organic aciduria, and reduced tubular 
phosphate reabsorption. Diagnosis is suggested by uri
nary reducing substances and confirmed by a reduction 
or absence of enzymatic activity in liver or intestinal 
mucosal biopsy, or by mutation analysis. Hepatic pathol
ogy varies from complete hepatic necrosis to diffuse 
steatosis and periportal intralobular fibrosis, which may 
progress to cirrhosis if fructose is continued.

Dietary fructose elimination reverses hepatic and renal 
dysfunction. Growth and development are normal if 
diagnosed early enough. Acute liver failure may 
develop on reintroduction of fructose, sucrose, or sorbi
tol. Hepatoma has been reported [141]. Antenatal 
 diagnosis is possible by chorionic villus sampling.

Fructose‐1,6‐bisphosphatase deficiency

Fructose‐1,6‐bisphosphatase deficiency is an autosomal 
recessive disorder resulting in impaired gluconeogenesis 
from all precursors including fructose. Liver and muscle 
express distinct enzymes. The liver enzyme has been 
mapped to chromosome 9q22.2‐22.3, and several muta
tions have been described [142]. Hypoglycaemia occurs 
with lactic acidosis, but there is no liver disease.

Glutaric aciduria type II

This disturbance of organic acid metabolism presents in 
infants or adults as recurrent hypoglycaemia with ele
vated serum free fatty acid. There may be hepatomegaly. 
The liver often shows fatty change. Periportal fibrosis 
and hypoplastic extrahepatic ducts are reported [143].

Lysosomal storage disorders (see also 
Chapter 32)

Lysosomal storage disorders are due to specific enzyme 
deficiencies resulting in abnormal storage of partially 
degraded macromolecules in lysosomes. The clinical 
spectrum ranges from prenatal hydrops fetalis to mild 
disease in adulthood [144]. The liver and spleen are 
important sites for abnormal lysosomal storage, hence 
hepatosplenomegaly is a frequent finding. Most are 
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 associated with neurological deterioration, but Gaucher 
disease, Niemann–Pick disease, Wolman disease, and 
cholesterol ester disease have significant liver disease.

Gaucher disease
Gaucher disease is the most frequent lysosomal storage 
disorder, and is commoner in Ashkenazi Jews (see 
Chapter 32). This autosomal recessive disorder is second
ary to a deficiency of glucosyl‐ceramide‐β‐glucosidase in 
leucocytes, hepatocytes, and amniocytes. The gene has 
been localized to chromosome 1q21.

It may present in infancy with acute liver failure, but 
 typically presentations occur in late childhood with hepato
splenomegaly, and respiratory, neurological, and bone dis
ease. Identification of large multinucleated Gaucher cells in 
bone marrow aspirate and liver suggests the diagnosis (see 
Chapter 32, Fig. 32.12). Confirmation is by enzyme assay. 
Hepatic fibrosis may be severe leading to cirrhosis.

Therapy for Gaucher disease includes recombinant 
enzyme replacement, substrate deprivation (non‐ 
neuronopathic form), bone marrow or liver transplan
tation [145,146].

Niemann–Pick diseases
These are lysosomal storage disorders associated with 
sphingomyelin, glycosphingolipid and cholesterol accu
mulation. There are three forms: types A, B, and C [147].

Types A and B disease (NPA and NPB) are autosomal 
recessive disorders caused by deficiency of sphingomy
elinase. The gene has been localized to chromosome 
11p15.4, and about 20 mutations are known. NPA is 
associated with infantile neurodegeneration, failure to 
thrive, and multiorgan involvement, whereas NPB has 
no neurological involvement, but presents with hepatos
plenomegaly with survival into adulthood.

Niemann–Pick disease type C is due to defective intra
cellular lipid trafficking and is clinically, biochemically, 
and genetically distinct from NPA and NPB. The defec
tive genes (NPC1 & 2) have been localized to chromo
some 18q11‐12 and are autosomal recessively inherited 
[148]. Over 100 mutations are described. The disease 
presents with neonatal cholestasis, hepatosplenomegaly, 
and neurological deterioration. Supranuclear vertical 
gaze palsy is pathognomonic. Death is in early adoles
cence with dementia and respiratory problems [148].

Occasionally, the disease presents with acute liver 
 failure in infancy, but liver transplantation is contraindi
cated as the neurological disease persists. Inhibition of 
glycosphingolipid synthesis with miglustat may prevent 
neurological progression [149].

Lysosomal acid lipase deficiency (LAL‐D)
Deficiency of lysosomal acid lipase is a rare and reces
sively inherited condition, in which increased cholesterol 

synthesis, upregulation of LDL‐receptor gene expression 
and increased lipoprotein production result in accumu
lation of cholesterol esters and triglycerides in most body 
tissues. There are two distinct phenotypes: a severe 
highly lethal infantile form, known as Wolman disease, 
and cholesteryl ester storage disease, a less severe, later‐
onset form which presents with variable and progressive 
liver dysfunction.

The gene has been localized to chromosome 
10q22.2‐22.3, and over 20 mutations described [150]. 
Diagnosis is made using dried blood spot tests to meas
ure enzyme activity [151]. Antenatal diagnosis is also 
possible by direct enzyme assay in chorion villus cells or 
by mutation analysis. Liver histology reveals vacuolated 
hepatocytes and Kupffer cells, and foamy histiocytes 
[152]. Periportal fibrosis and cirrhosis may be evident. 
Foam cells are also seen in bone marrow aspirates, 
spleen, and lymph nodes. In Wolman disease, small 
intestinal biopsy demonstrates infiltration of the lamina 
propria with foamy histiocytes.

Wolman disease. Patients present in the first few weeks 
of life with vomiting and diarrhoea, malabsorption, fail
ure to thrive, and hepatosplenomegaly [153]. Jaundice, 
low‐grade pyrexia, anaemia, abdominal distension, and 
leucopenia may be present. Adrenal calcification is seen 
on X‐ray; other diagnostic features are vacuolated lym
phocytes in peripheral blood films and foam cells in 
bone marrow aspirates. Treatment with intravenous 
nutrition, plasma infusion, corticosteroids, and dietary 
supplements is ineffective [152]. Bone marrow trans
plantation may play a role [154]. Most patients die before 
6 months of age.

Cholesteryl ester storage disease. The clinical features 
are less severe. Hepatomegaly may be present from 
childhood or diagnosed in adulthood. Liver dysfunction, 
splenomegaly, hyperlipidaemia, and xanthelesma are 
often present. Liver failure may occur. Treatment with 
HMG CoA reductase inhibitors, cholestyramine, a low 
cholesterol diet, and fat‐soluble vitamin supplements are 
helpful [155], while successful liver transplantation has 
been reported [156].

Recent clinical trials of enzyme replacement therapy, 
sebelipase alpha, resulted in improved lipid profile and 
reduced transaminases [157]; long‐term outcomes are 
awaited.

Mucopolysaccharidoses
These are due to deficiencies of enzymes involved in 
degradation of glycosaminoglycans. Many variants are 
described and although hepatosplenomegaly is a feature, 
liver disease is not associated.

Hurler syndrome (gargoylism) has autosomal recessive 
inheritance and is characterized by deficiency of α‐l‐idu
ronidase, a lysosomal degradation enzyme. Key features 
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include coarse facial features, dwarfism, limitation of 
joint movement, deafness, abdominal hernias, hepatos
plenomegaly, cardiac abnormalities, and mental 
retardation.

The liver is large and firm. Microscopically, hepato
cytes and Kupffer cells accumulate glycosaminoglycan. 
Electron microscopy shows characteristic membrane‐
bound inclusions in hepatocytes and Kupffer cells. This 
lysosomal storage material disappears in the majority of 
patients after bone marrow transplantation [158].

Diagnosis may be made by finding increased urinary 
glycosaminoglycans and confirmed by enzyme activity 
assays in serum, leukocytes, and cultured skin fibroblasts.

Familial hypercholesterolaemia

This autosomal dominant disease is due to mutations of 
the LDL receptor gene [159]. The liver contains 60% of 
LDL receptors. Heterozygous children are usually identi
fied as part of family screening. Homozygotes have 
increased plasma total cholesterol and LDL from birth, 
cutaneous xanthomas develop early, and untreated 
patients die from coronary artery disease before the age 
of 30 years.

Hypercholesterolaemia is controlled by reduction in 
dietary saturated fats and administration of bile acid 
sequestrants such as cholestyramine or apheresis [160]. 
Statins are now routine even for children [161]. Pre‐emp
tive liver transplant prior to the onset of severe vascular 
disease may be curative for homozygotes [162].

Transplantation of autologous, gene‐modified hepato
cytes that express LDL receptors, has been successful, 
although allogeneic hepatocyte transplantation is also a 
possibility [163].

 Cirrhosis and portal hypertension

Any form of paediatric chronic or metabolic liver disease 
may lead to cirrhosis and portal hypertension. Cardiac 
cirrhosis is unusual in childhood unless secondary to 
constrictive pericarditis.

Hepatic decompensation is marked by diminished 
hepatic synthetic function and complications such as 
malnutrition, bleeding oesophageal varices, ascites, 
encephalopathy, and hepatorenal failure. The clinical 
features include palmar and plantar erythema, telangiec
tasia, malnutrition, hypotonia, and hepatosplenomegaly 
with ascites. Jaundice may be absent.

Management includes nutritional support (see ear
lier) and prevention of complications. Metabolic bone 
disease may be severe with pathological fractures. 
Treatment with infusions of bisphosphonates are 
beneficial.

Oesophageal or rectal varices develop inevitably with 
increasing hepatic fibrosis and portal hypertension. 
Variceal haemorrhage is managed in a similar way to 
adults; resuscitation with albumin, fresh frozen plasma, 
red cell transfusions; H2 blockers or proton pump inhibi
tors; intravenous octreotide (3–5 µg/kg/hour) and/or 
terlipressin (0.3–1 unit/kg/hour) or vasopressin (0.2–0.4 
unit/kg/hour); therapeutic sclerotherapy or band liga
tion as required.

In children, intractable variceal haemorrhage may be 
controlled by insertion of a transhepatic portal vein stent 
(TIPS). The success rate is 80–100% and may control 
bleeding and allow time for consideration for transplan
tation. Complications include stent occlusion, infection, 
and encephalopathy [164].

The use of TIPS to control portal hypertension in 
 children with compensated liver disease such as cystic 
fibrosis is an increasing indication for this procedure 
[164]. The use of propranolol or band ligation as prophy
lactic therapy remains unproven in children.

Sepsis is common and may precipitate encephalopa
thy. Treatment with appropriate broad‐spectrum antibi
otics, such as piperacillin with clavulanic acid (60 mg/kg 
tds), are useful first‐line drugs until bacterial cultures are 
positive.

Salt and water retention leading to ascites and cardiac 
failure should be effectively managed with diuretics and 
salt and water restriction.

Chronic encephalopathy is difficult to detect in chil
dren, but may present with regression in school work, lack 
of energy, and drowsiness. It is best treated with lactulose 
and non‐absorbable antibiotics including rifaximin.

 Liver transplantation

Indications

The indications for liver transplantation include acute or 
chronic liver failure, metabolic liver disease or inborn 
errors of metabolism with extrahepatic sequelae, and 
unresectable liver tumours. Over the last 20 years, the 
success of paediatric liver transplantation has altered the 
prognosis for many infants and children. The main fac
tors in improving survival in childhood include advances 
in preoperative management such as treatment of com
plications and nutritional support. The developments in 
innovative surgical techniques to expand the donor pool 
have extended liver transplantation to the neonatal age 
group, while improvements in postoperative manage
ment including immunosuppression have led to 
increased survival and improved quality of life.

As in adults, most children are transplanted for chronic 
liver failure. Biliary atresia remains the commonest 
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 indication under the age of 5 years [88]. The indications 
for liver transplantation for children with acute liver 
 failure depend on the aetiology and multisystemic 
involvement. Poor prognosis is associated with seroneg
ative hepatitis, rapid progression to grade III or IV 
hepatic coma, diminishing liver size, and falling serum 
transaminases associated with increasing bilirubin 
(>300 µmol/L (>18 mg/dL)) and persistent coagulopathy 
(prothrombin time >50 s). Liver transplantation is con
traindicated for children who have evidence of multisys
tem involvement (e.g. mitochondrial disease) or 
irreversible brain damage from cerebral oedema or 
hypoglycaemia [165].

Inborn errors of metabolism
Liver transplantation is indicated for inborn errors of 
metabolism if the hepatic enzyme deficiency leads to 
irreversible liver disease, liver failure and/or hepatoma 
(e.g. tyrosinaemia type I, Wilson disease) or severe extra
hepatic disease (e.g. primary oxalosis or Crigler–Najjar 
syndrome) [166].

Indications for transplantation for liver tumours 
include either unresectable benign tumours causing 
hepatic dysfunction or unresectable malignant tumours 
without evidence of extrahepatic metastases [167].

Surgical approach, immunosuppressive 
regimens, and outcome

Due to organ donor shortage, most children will receive 
a split liver transplant or live related graft. Postoperative 
management and immunosuppression are similar to 
adults (Chapter  37). Most children now receive induc
tion immunosuppression with monoclonal antibodies 
against the interleukin‐2 receptor, tacrolimus with or 
without steroids, and mycophenolate mofetil.

Postoperative complications are also similar, but chil
dren have a low rate of rejection (<30%), a higher rate of 
hepatic artery thrombosis (10%), and are more likely to 
develop primary EBV infections; 65% of children are 
EBV‐negative at transplant. It is important to diagnose 
primary EBV infection as early as possible so that immu
nosuppression may be reduced to prevent progression to 
lymphoproliferative disease.

Side effects of immunosuppression are similar in 
 children and adults. The major difference is the effect of 
corticosteroids on linear growth. Hirsutism and gingival 
hyperplasia, which are well‐known side effects of ciclo
sporin, have an important effect on quality of life, par
ticularly in adolescents. The prevention of nephrotoxicity 
from calcineurin inhibitors needs careful monitoring of 
immunosuppressive  levels to minimize this long‐term 
effect, and transfer to renal‐sparing agents such as siroli
mus or mycophenolate mofetil [168].

Recent European Liver Transplant Registry data indi
cate that 1‐year survival after paediatric liver transplan
tation is 90%, while long‐term survival rates (10–15 
years) are more than 80% [88].

Children who survive the initial 3‐month post‐trans
plant period without major complications should achieve 
a normal lifestyle, despite the necessity for continuous 
immunosuppressive monitoring. Prospective studies 
have indicated a rapid return to normal nutritional status 
in over 80% of children within 1 year post‐transplant. 
Linear growth may be delayed between 6 and 24 months 
post‐transplant, which is directly related to corticoster
oid dosage and pre‐operative malnutrition.

Early studies of neuropsychological development dem
onstrated that the rate of improvement post‐transplant 
is related to the extent of motor or psychological devel
opmental delay pre‐transplant, thus highlighting the 
necessity for early transplantation, particularly for 
infants with chronic liver disease [169]. Prospective 
studies show an initial deterioration in psychosocial 
development post‐transplant, which may be related to 
prolonged hospitalization, and stress of the transplant 
operation [170]. Long‐term studies have shown that chil
dren surviving liver transplantation enter puberty nor
mally, girls will develop menarche, and both boys and 
girls will have pubertal growth spurts. Successful preg
nancies have been reported. Non‐compliance with 
immunosuppressive therapy is a significant problem in 
adolescents and a major cause of graft loss [171].

 Tumours of the liver (see also  
Chapters 35 and 36)

Primary tumours in infants and children are rare; two‐
thirds are diagnosed before the second year of life. They 
may arise from parenchymal and/or non‐parenchymal 
liver cells. Secondary tumours are extremely rare and are 
usually associated with neuroblastoma of the adrenals.

Diagnosis

Biochemical tests may be normal. The most usual abnor
mality is an increase in serum γ‐GT levels. Serum α‐ 
fetoprotein may be increased. The site and extent of 
tumour must be defined by cross‐sectional imaging and, 
if necessary, angiography. Guided diagnostic liver biopsy 
is usually safe.

Hamartomas

These benign, congenital lesions present as an abdomi
nal mass in the first 2 years of life. They may be an 
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 incidental finding at autopsy and must be distinguished 
from malignant tumours. They consist of abnormal 
arrangements of all the cells of the normal liver, particu
larly bile ducts and fibroblasts. They contain central 
veins and are nearly always cystic. They require no 
treatment.

Mesenchymal hamartoma

This is a rare developmental anomaly, largely of bile 
ducts, seen in children less than 2 years old. It is 
treated conservatively, or if necessary by surgical 
excision.

Malignant mesenchymoma (undifferentiated 
sarcoma)

This is seen in older children (6–12 years). Histology is 
that of sarcoma with PAS‐positive intra‐cytoplasmic 
globules. The tumour should be resected surgically with 
subsequent chemotherapy.

Adenomas

These tumours consist of sheets of liver cells with a 
fibrous capsule. They are generally regarded as benign 
and may even regress over years. They should be treated 
conservatively but require monitoring as a small subset 
become malignant.

Hepatoblastoma

This is the commonest tumour in children under 3 years 
of age. Tumours are classified as: fetal, embryonal, mac
rotrabecular, and small‐cell undifferentiated. Children 
usually present with an enlarged liver and a grossly ele
vated α‐fetoprotein. Other associations include: hemihy
pertrophy, Wilms tumour, precocious puberty, and 

familial adenomatous polyposis. The prognosis is now 
excellent with a combination of chemotherapy, surgery, 
or liver transplantation [167].

Hepatocellular carcinoma

This is rare in childhood, but is associated with tyrosi
naemia type 1, hepatitis B or C, and PFIC 2 [53]. Males 
are more frequently affected than females. The tumours 
are often single, large and metastasize late. Cirrhosis may 
be absent.

The patients present with weight loss, abdominal 
swelling in the right upper quadrant, pain, ascites, and 
jaundice. Calcification in the tumour may be noted.  
α‐Fetoprotein is usually negative.

Treatment. Complete surgical resection is rarely pos
sible. However, following lobectomy, growth and devel
opment are normal. Chemotherapy may be useful in 
reducing tumour size before resection. The fibro‐lamel
lar form has a much better prognosis and is often resect
able [172]. Transplantation is sometimes indicated in 
small tumours with no extrahepatic spread.

Infantile haemangioendothelioma

This, usually benign, vascular tumour of infancy con
sists of endothelium‐lined channels of capillary size. 
Skin haemangiomas may be present. It presents before 
6 months of age as an abdominal mass. Cardiac failure 
is a consequence of arteriovenous shunts within the 
tumour. A systolic bruit may be heard in the epigas
trium. Severe anaemia and thrombocytopenia have 
been attributed to intralesional microangiopathic hae
molysis [173].

The diagnosis is made by CT and MRI [173]. Treatment 
includes managing cardiac failure, and hepatic arterial 
embolization for refractory heart failure. The prognosis 
is usually good [174].
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The liver may be involved in a wide range of systemic 
 diseases including infections (see also Chapter  33), 
 collagen‐vascular and autoimmune disorders, amyloido
sis, inherited metabolic diseases, endocrine disorders, 
haematological conditions, and myeloproliferative dis
eases. Although abnormal liver tests can be related to the 
specific disorder, it is important to recognize drug‐related 
abnormalities and the presence of other underlying liver 
disease as possibilities. Hepatic involvement varies from 
florid to asymptomatic, although in the latter instance 
investigations such as liver biopsy prompted by abnormal 
liver tests can be a valuable diagnostic approach.

 Collagen‐vascular and autoimmune 
disorders

Systemic lupus erythematosus

The clinical manifestations of systemic lupus erythe
matosus (SLE) are most commonly in joints, skin, kidney, 
and central nervous system. Diagnosis is confirmed  
by a characteristic autoantibody pattern, notably anti‐
double‐stranded DNA (dsDNA), which may overlap with 
the autoantibody profile seen in autoimmune hepatitis. 
However, whilst liver test abnormalities are common in 
SLE (∼60%) [1], only in one‐third do the tests fluctuate 
with disease activity. Typically, these biochemical changes 
are mild disturbances in serum alkaline phosphatase and 
transaminases. Drug therapy for SLE,  particularly non‐
steroidals, including aspirin, often explains these abnor
mal tests [1,2]. Fatty liver is often present. Corticosteroid 
therapy and other immunosuppressive drugs used for 
SLE and other collagen‐vascular diseases may reactivate 
HBV, leading to overt HBV‐associated liver disease. 
Prophylactic antivirals can prevent this (see Chapter 21).

Clinical manifestations are very rare, apart from mild 
hepatomegaly. Significant histopathological findings 
have been reported in 8–20% of patients, including a few 
patients with advanced fibrosis or cirrhosis, fatty change, 
and granulomas, but these may often be chance associa
tions [3,4]. Both reactive hepatitis and mild centrilobular 
necrosis, however, seem to be associated with SLE, and, 
as with other collagen‐vascular diseases, there are a few 
patients with nodular regenerative hyperplasia [5] (see 
Chapter  35). The term ‘lupoid hepatitis’ was coined to 
refer to patients with florid autoimmune hepatitis, not 
patients with SLE, and should be discontinued. Whilst in 
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LEARNING POINTS

 ● In many systemic diseases there are minor alterations 
in liver tests that fluctuate with disease activity.

 ● Drugs for treating systemic and haematological dis-
eases often alter the results of liver tests.

 ● Granulomatous liver disease, diagnosed on histology, 
often prompted by an elevated serum alkaline phos-
phatase level, is a manifestation of many different 
immunological and infectious processes.

 ● Acute hepatic porphyrias, presenting with neurologi-
cal symptoms including severe abdominal pain, may 
be difficult to diagnose; urine testing for porphyrins in 
the acute state is vitally important.

 ● The liver may be involved in haematological diseases and 
bone marrow transplantation. Investigation and diagno-
sis may be complex, and management challenging.

 ● Infiltration of the liver by conditions such as amyloido-
sis and Gaucher disease may have significant hepatic 
pathology, but this is unusual.

*This chapter contains revised text from chapters in the previous edition by Professors Humphrey Hodgson, Pramod Mistry, and Dhanpat Jain.
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children there is a clinical association between SLE and 
autoimmune hepatitis, this is rare in adults [6].

Anticardiolipin syndrome

This syndrome, with antiphospholipid antibodies and/or 
lupus anticoagulant in the serum, may occur as a pri
mary disorder or associated with autoimmune disorders 
(not only SLE). Amongst the systemic manifestations 
(arterial and venous thromboembolism, recurrent 
 abortions, livedo reticularis, migraine, and thrombocy
topenia), the liver may be involved with Budd–Chiari 
syndrome, nodular regenerative hyperplasia, focal 
ischaemia, portal hypertension attributed to microvas
cular thrombosis, and possibly autoimmune cholangio
pathy [7]. Long‐term anticoagulation may be required. 
A few patients have come to liver transplantation.

Rheumatoid arthritis and Felty syndrome

Usually, liver involvement is asymptomatic in rheuma
toid arthritis, although minor changes in liver tests, 
 particularly alkaline phosphatase, are common – up to 
50% of cases  –  and may mirror disease activity [8]. 
Changes in γ‐glutamyl transpeptidase (γ‐GT) are less 
frequent, and some serum alkaline phosphatase is 
derived from bone. Liver histology appearances are 
 generally non‐specific, such as mild fatty infiltration, 
focal necroses, sinusoidal dilation, or complicating 
 amyloidosis. Nodular regenerative hyperplasia is a clear 
association, and in some patients (generally with florid 
arthritis and extra‐articular manifestations) criteria for 
Felty syndrome (rheumatoid arthritis, splenomegaly, and 
leucopenia) are fulfilled [9]. Drug therapy may affect 
liver tests (e.g. non‐steroidals [10], steatosis with corti
costeroid therapy, cholestasis with gold, and more 
recently hepatitis with anti‐TNF and other biologicals 
[11]). Methotrexate therapy is a particular issue due to its 
fibrotic potential when the cumulative dose exceeds 1.5 g 
[12,13]. Excess alcohol intake and pre‐existing liver dis
ease appear to increase the risk. In patients without these 
risk factors, transient elastography may be valuable in 
monitoring development of hepatic fibrosis [13].

Sjögren syndrome

Primary Sjögren’s (keratoconjunctivitis sicca, xerosto
mia, salivary gland enlargement), as well as secondary 
(associated with rheumatoid arthritis) are often associ
ated with non‐specific changes in liver tests. Ten per 
cent of patients with primary Sjögren’s and up to 40% 
with secondary may have serum antimitochondrial anti
bodies [14], and the latter patients if biopsied are likely to 
show histopathology characteristic for primary biliary 

cholangitis (PBC) (generally stage 1) [15]. An apparent 
association of Sjögren syndrome and HCV infection may 
well represent extrahepatic manifestations of HCV [16].

Scleroderma

In the limited form of scleroderma – characteristically the 
CREST syndrome (subcutaneous calcinosis, Raynaud’s, 
oesophageal dysmotility, sclerodactyly, and telangiectasia) – 
the liver is usually unaffected. In systemic sclerosis, 
 prospective studies have reported a low incidence of 
 significant liver involvement, but there is undoubtedly 
overlap with PBC [17]; 25% of patients with scleroderma 
have antimitochondrial antibodies, and 25% of patients 
with PBC have the anticentromere antibodies characteris
tic of scleroderma; 5–10% of PBC patients have clinical 
manifestations of scleroderma in some series [17].

Polyarteritis nodosa and other vasculitides

Polyarteritis nodosa involving medium or large arteries (and 
portal vein) may in extreme cases lead to hepatic infarction 
and massive necrosis [18]. HBV infection may be present in 
10–20% of cases, and the immunosuppression required to 
control the vasculitis should be  combined with antiviral 
therapy (see Chapter 21). Other medium‐ and small‐vessel 
vasculitides, including microscopic polyarteritis, Churg–
Strauss syndrome, giant‐cell arteritis, and polymyalgia rheu
matica, are often associated with abnormal liver tests during 
disease activity, but usually do not affect the liver clinically 
[19]. The vasculitis of Behçet’s  disease may initiate hepatic 
venous occlusion and Budd–Chiari syndrome.

Systemic vasculitides including polyarteritis nodosa 
may be associated rarely with calculous and acalculous 
cholecystitis [20].

Coeliac disease

Raised transaminases are found in around 50% of patients 
presenting with classic features of coeliac disease [21]; 
conversely around 9% of patients with unexplained 
chronic hypertransaminasaemia may have coeliac  disease. 
Guidelines recommend screening for coeliac disease in 
this group [22]. These changes are usually subclinical but 
in epidemiological studies patients with  coeliac disease 
have a two‐ to sixfold increased risk of liver disease, and 
eightfold risk of cirrhosis during follow‐up [23]. There is 
a well‐established association between coeliac disease 
and autoimmune chronic liver disorders [21].

In most patients the initial high transaminases respond 
well to a gluten‐free diet; if they do not after 12 months, 
coexisting liver disease should be sought [24]. Guidelines 
recommend routine liver tests during the follow‐up of 
patients with coeliac disease [23].
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 Hepatic granulomas

Hepatic granulomas are aggregates of macrophages, often 
transformed to an epithelioid appearance, in the liver 
parenchyma. Their significance varies from a non‐spe
cific, asymptomatic, incidental finding in a liver biopsy, to 
the hallmark of a disease, generally infectious or immune 
in nature. There are many causes (Table  32.1) [25–27]. 
Granulomas are found in 2–10% of needle liver biopsies. 
Such a finding initiates a diagnostic path [28] (Table 32.1), 
but does not necessarily lead to definition of a condition 
requiring treatment. In approximately 10% no cause is 
found even after full histological characterization, staining 
for possible causative organisms, and culture [25,27].

In published series the distribution of causes reflects 
the geographical setting. In Europe and North America 
PBC and sarcoidosis are more frequent [28–31] while in 
India tuberculosis predominates [32].

Pathogenesis

Granulomas usually represent a response to antigenic 
stimuli. The liver is particularly involved because of the 
large number of sinusoidal cells, including Kupffer 
cells (resident macrophages) endocytosing old cells, for
eign particles, tumour cells, and micro‐organisms, and 
 presenting antigens to lymphocytes. Endothelial cells 
also clear macromolecules and small particles by recep
tor‐mediated endocytosis. The antigenic stimuli fall into 
common categories: drugs, infections, chemicals, and a 
group where the antigen has not yet been recognized, 
including sarcoidosis, PBC, and granulomatous 
hepatitis.

Granulomas are of varying size, between 50 and 
300 µm in diameter, occurring anywhere in the liver, 
but most frequently near portal tracts. They are sharply 
defined and do not disturb the normal pattern of the 
liver. Classically, they consist of pale‐staining, epithe
lioid cells with surrounding lymphocytes (Fig.  32.1). 
Giant cells, central caseation, and necrosis may be 
 present. Older lesions may be surrounded by a fibrous 
capsule and healing is accompanied by hyaline change 
(Fig. 32.2).

Table 32.1 Diagnostic tests for some diseases with hepatic granulomas

Disease Diagnostic aids

Sarcoidosis Chest X‐ray/CT scan, serum angiotensin‐converting enzyme, bronchoalveolar lavage
Tuberculosis Tuberculin skin test, bronchoalveolar lavage, isolation of organism, acid‐fast staining, interferon‐

gamma release assays (IGRA), PCR
Brucellosis Prolonged blood culture, serology test
Syphilis ELISA IgM/IgG, Treponemal tests
Leprosy Skin biopsy (AAFB), culture, PCR
Histoplasmosis Complement fixation test, chest X‐ray
Infectious mononucleosis Blood film, monospot, IgM EBV antibodies
Advanced HIV infection Poorly formed granulomas, acid‐fast and fungal stains
PBC Mitochondrial antibody
Lymphomas Chest X‐ray, lymph node biopsy, FDG‐PET CT scan
Drug reaction History
Berylliosis Industrial exposure, chest X‐ray

Fig. 32.1 Liver biopsy showing multiple granulomata around the 
portal zone, with pale staining epithelioid cells, and the occasional 
giant cell (arrowed) (H & E, ×20). Courtesy of Dr Tu Vinh Luong.



The Liver in Systemic Diseases 625

There are some subtypes of granulomas with sugges
tive diagnostic features:

 ● Sarcoid‐type granulomas are small, well formed, and 
discrete. Multinucleated giant cells may be present 
(see Fig. 32.1), and occasionally a central area of eosin
ophilic necrosis. Caseation is absent.

 ● Necrotizing or caseating granulomas are small to large, 
well formed with a necrotic centre. The histiocytic rim 
may have a palisade pattern and fibrosis is variable. 
They are associated with fungal infections and rarely 
with tuberculosis or Hodgkin lymphoma.

 ● Lipogranulomas comprise poorly formed perivenular 
aggregates of histiocytes and macrophages, some con
taining fat. They are often associated with fatty liver. 
They are due to deposition of mineral oils used in the 
food industry.

 ● Microgranulomas consist only of a cluster of six or less 
histiocytes. They have many associations and probably 
represent a non‐specific reaction to cell necrosis.

 ● Fibrin‐ring granulomas are typical of Q fever, but are 
also seen in drug reactions (e.g. carbamazepine, allopu
rinol). They are also described with acute hepatitis A.

In addition to the routine haematoxylin and eosin and 
reticulin staining of liver biopsies to assess liver architec
ture, finding granulomas may prompt further specific 
staining, for example Ziehl–Neelsen and diastase–PAS 
for acid‐fast bacilli and fungi. Positive findings with these 
are very helpful, but negative findings do not exclude the 
infections.

Clinical syndrome of hepatic granulomas

Granulomas are usually asymptomatic. The liver is pal
pable in only 20% of patients. Very rarely the picture is of 
active liver disease with marked functional disturbance 
and liver cell destruction and fibrosis on liver biopsy. 

There may be changes of related liver disease (e.g. PBC).
Serum alkaline phosphatase elevations are the common
est  biochemical abnormality and bilirubin levels usually 
normal. Serum angiotensin‐converting enzyme is 
increased, a finding not specific for sarcoidosis.

Table  32.1 shows the investigations that are likely to 
establish the aetiology when granulomas have been found 
on biopsy; the precise diagnostic path will be modified by 
clinical acumen and epidemiological probabilities.

Specific causes and syndromes

Infections
Granulomas can occur with almost all types of infection 
and the morphology of the granuloma may provide a clue 
as to the diagnosis [25]. The most frequent is tuberculosis, 
with brucellosis, toxoplasmosis, atypical mycobacteriosis, 
fungal diseases, syphilis, leishmaniasis, schistosomiasis, 
and toxocariasis being other candidates (Table  32.2). In 
many instances, the granulomas are ill formed.

Mycobacteria
Liver biopsies in patients with tuberculosis have shown 
positive results in about 25%, providing a useful diagnos
tic tool in tuberculous meningitis or miliary tuberculosis 
when other diagnostic tests are negative. In such cases 
Ziehl–Neelsen stains should be performed, an unfixed 
portion of the biopsy cultured for tubercle bacilli, and 
PCR analysis for mycobacterial DNA is advocated. 

Fig. 32.2 Reticulin formation around two healing hepatic sarcoid 
granulomas. (Modified silver, ×90.)

Table 32.2 Hepatic granulomas associated with infections

Mycobacteria M. tuberculosis complex
M. avium‐intracellulare
M. leprae

Bacteria Brucella spp.
Tropheryma whippelii (Whipple’s disease)
Francisella tularensis (Tularemia)
Bartonella spp. (Cat scratch fever)

Spirochaetes Treponema pallidum
Fungi Histoplasma capsulatum

Coccidioides spp.
Blastomyces dermatitis

Protozoa Toxoplasma gondii
Helminths Schistosoma spp.

Toxocara canis
Fasciola hepatica
Ascaris lumbricoides

Rickettsiae Q fever
Viruses Hepatitis A, B, and C

Epstein–Barr and cytomegalovirus
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Importantly, the Ziehl–Neelsen technique is insensitive – 
although specific – and a negative result does not rule 
out mycobacterial infection.

Hepatic granulomas in the patient 
with advanced HIV infection
In advanced HIV infection, liver granulomas are  frequent 
and have multiple causes (Table 32.3) [33,34], and these 
vary geographically and with the concurrent use of anti‐
retroviral agents. Liver biopsy is particularly helpful in 
showing M. tuberculosis or M. avium‐intracellulare. The 
granulomas tend to be poorly formed without lympho
cyte cupping, giant cells, or central caseation. Acid‐fast 
bacilli are present in large numbers in clusters of foamy 
histiocytes or within Kupffer cells.

Fungal infections may include Cryptococcus neoformans, 
histoplasmosis, coccidiomycosis, and Candida albicans.

Granulomas may also be related to drug therapy, 
with  trimethoprim–sulfamethoxazole being a common 
offender. Anti‐retroviral drugs can also cause granulo
mas in the liver [35].

 Sarcoidosis

Sarcoidosis is a disease of unknown aetiology, character
ized by granulomatous lesions involving most organs. 
Involvement of lungs, lymph nodes, eyes, skin, and the 
neurological system may be associated with well‐recog
nized clinical features, although this is not always so. The 
liver is frequently affected, although granulomas are 
often asymptomatic.

Hepatic histology

Classical sarcoid granulomas (see Fig  32.1) are repeti
tively monotonous, all being at the same stage of devel
opment; though small they may coalesce. As the 

granuloma heals, reticulin fibres are deposited and it is 
replaced or surrounded by a fibrous reaction. Eventually, 
the granuloma may disappear or only be seen as a nodule 
of collagen (Fig.  32.2) or an acellular mass of hyaline 
material with a fibrous capsule.

Since the hepatic lesions are focal, and fibrosis is restricted 
to healing lesions, sarcoidosis does not  produce the diffuse 
fibrosis and nodular regeneration of cirrhosis. An associa
tion with jaundice and hepatic  failure is very rare.

Clinical features

Overt liver disease is rare. The liver is palpable in only 
20% of patients. Occasionally, there is active liver disease 
with marked hepatic functional abnormalities and liver 
cell destruction, and fibrosis on liver biopsy [36,37]. 
Typically, however, the evidence of hepatic involvement 
arises not from the clinical picture but from the result of 
liver biopsy. This shows typical features in about 60% of 
patients with sarcoid manifestations elsewhere [38,39]. 
Liver biopsy is indicated as a diagnostic approach when 
another more accessible tissue, such as lymph gland or 
skin, is not appropriate.

Features of portal hypertension may be present in 
symptomatic patients in the absence of cirrhosis [37]. 
Some advocate the transjugular approach for biopsy so 
that hepatic wedge pressure can be measured [40].

Biochemical changes  –  an elevated alkaline phos
phatase is the most characteristic liver test abnormality. 
Serum angiotensin‐converting enzyme is increased but 
not diagnostic.

CT scanning shows discrete upper abdominal lymph 
node enlargement in about 60% of patients with sarcoido
sis. Hepatic CT changes are found only in around 40% of 
those with known hepatic involvement with  multiple, 
small low‐attenuation areas on contrast‐enhanced scans.

MRI shows multiple, diffuse, densely packed islands of 
isointense or slightly hyperintense parenchyma on 
 proton density images and corresponding foci of hypoin
tensity on T2‐weighted images  –  contrasting with the 
hyperintense T2‐weighted images characteristic of 
 metastatic or inflammatory disease.

PET and gallium‐67 scanning may be informative but 
are not routinely recommended [40].

If there is significant liver disease the following clinical 
patterns are recognized [40]:

Portal hypertension. This is more common in young, 
black people of either sex. Portal hypertension may be 
presinusoidal due to portal (zone 1) granulomas or 
fibrosis [37]. Sinusoidal block may be superimposed due 
to fibrosis [41]. Rarely, variceal bleeding is a problem. 
These patients tolerate portal‐systemic shunts well. 
Corticosteroids do not prevent portal hypertension.

Budd–Chiari syndrome. Sarcoidosis has been reported 
in association with hepatic vein occlusion [42].

Table 32.3 Hepatic granulomas in patients with advanced HIV 
infection

Infections Mycobacterium avium‐intracellulare
Mycobacterium tuberculosis complex
Cytomegalovirus, Herpes simplex
Histoplasma capsulatum
Toxoplasma gondii
Cryptococcosis

Neoplasms Hodgkin and non‐Hodgkin lymphoma
Drugs Sulfonamides

Antibiotics
Antifungals
Isoniazid
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Cholestasis. Rarely patients with sarcoidosis, usually 
male and black, show features of chronic intrahepatic 
cholestasis. They present with fever, malaise, weight loss, 
jaundice, and usually pruritus. Serum alkaline phos
phatase levels are very high and transaminases increased 
about two to five times. Hepatosplenomegaly is usual. 
Liver biopsy usually shows granulomas. Portal areas 
show damaged or even absence of bile ducts [43] 
(Fig. 32.3). Sequential liver biopsies show relentless pro
gression of fibrosis and bile duct loss. The prognosis is 
poor. The patients usually die within 2–18 years from the 
onset. Corticosteroids are not helpful. Ursodeoxycholic 
acid may be used to control pruritus. Liver transplanta
tion may be necessary. However, post‐transplant multi
ple hepatic granulomas can recur, generally without 
clinical deterioration [44].

Extrahepatic cholestasis due to bile duct inflammation 
or portal hilar lymphadenopathy, and diffuse stricturing 
resembling primary sclerosing cholangitis or an overlap 
syndrome may also occur [45].

Treatment

In most cases the hepatic involvement does not require 
treatment – and in any case the response to corticoster
oid therapy is poor with little improvement in liver tests 
[46]. Indication for treatment is mainly driven by symp
tomatic involvement of other organs or systemic symp
toms such as fatigue. In patients with significant fibrosis 
some recommend avoiding methotrexate because of the 

difficulty in differentiating fibrosis progression due to 
the sarcoidosis from that related to methotrexate [40].

Granulomatous drug reactions (see Chapter 24)

Drugs are rare causes of hepatic granulomas, but identi
fication of a granuloma in a liver biopsy should always 
raise the possibility that it is drug related. Typically such 
granulomas are part of a general hypersensitivity reac
tion, developing 10 days to 4 months after starting the 
drug. They may be associated with fever, rash, lymphad
enopathy, and arthritis.

Serum biochemistry shows increases in alkaline phos
phatase and γ‐GT. Transaminases may be modestly 
increased. A rise in serum bilirubin is unusual with a 
simple granulomatous reaction.

Liver histology shows predominant granulomas. 
Caseation is absent. Tissue eosinophilia is found in about 
70%. Fatty change, portal zone inflammation, and bile 
duct injury are occasionally present. The lesion heals 
without concentric fibrosis. Such findings with cholesta
sis should always suggest a drug reaction.

Prognosis is usually excellent with recovery within 
6 weeks of withdrawing the drug. Rarely, severe reactions 
may lead to consideration of corticosteroid therapy.

Drugs that can cause a predominantly granulomatous 
reaction are listed in Table 32.4. Allopurinol, carbamaz
epine, glibenclamide, and sulphonamides are the most 
common culprits. Tumour necrosis factor receptor 
blockers have been added to the list [47]. They are all 

Fig. 32.3 Chronic cholestasis in sarcoidosis. 
A damaged bile duct is surrounded by an 
inflammatory infiltrate including lymphocytes. 
(H & E, ×160.)
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rare reactions but can be fatal. In all, the histological 
 picture is mixed granulomatous, hepatocellular, cholan
gitic, and vasculitic elements. Carbamazepine and 
allopurinol are associated with fibrin‐ring granulomas.

Non‐specific reticuloendothelial 
proliferations: ‘reactive hepatitis’

Focal accumulations of mononuclear and epithelioid cells 
are found in many diseases – perhaps most frequent in viral 
infections. Occasionally, they are noted in  pyogenic infec
tions and septicaemias where polymorphonuclear leuco
cytes are also present. Their distinction from small sarcoid 
granulomas may be difficult. If such an accumulation of 
cells is found in a liver biopsy section, the whole block 
should be sectioned serially to identify typical granulomas.

Generalized proliferation of Kupffer cells is another 
frequent finding occurring in infections and in malig
nant disease.

 The liver in endocrine disorders

Diabetes mellitus

Clinical features
Type 1 diabetes
Hepatomegaly is present in around 10% of well‐ controlled 
diabetics and in 60% of uncontrolled diabetics. The 
enlargement is due to increased glycogen. Insulin therapy 
in the presence of a very high blood sugar level augments 
the glycogen content of the liver and, in the initial stages 
of treatment, hepatomegaly may increase.

Type 2 diabetes
The liver may be enlarged due to steatosis. Type 2 diabe
tes is a key feature of the metabolic syndrome that 
 predisposes to non‐alcoholic steatohepatitis (NASH) and 
non‐alcoholic fatty liver disease (NAFLD) (Chapter 28).

Biochemistry
In well‐controlled diabetics, routine tests are usually normal. 
Acidosis may produce mild changes including hyperglob
ulinaemia and a slightly raised serum bilirubin level, return

ing to normal with diabetic control. Eighty per cent of 
diabetics with fatty liver have abnormal serum  biochemical 
tests  –  such as transaminases, alkaline phosphatase, and  
γ‐GT. Hepatomegaly, whether due to increased amounts of 
glycogen in type 1 diabetes or to fatty change in type 2, does 
not correlate with the results of the liver tests.

Sulphonylurea therapy can be complicated by choles
tatic or granulomatous liver disease.

Hepatic histology
In type 1 diabetes, histopathology shows normal or 
increased glycogen in the livers of severe untreated dia
betes. Glycogenic infiltration of the liver cell nuclei 
(Fig. 32.4) appears as vacuolization.

The histological appearances in type 2 diabetes are 
those of NAFLD and NASH, the latter leading to fibrosis 
and cirrhosis (Chapter 28).

Thyroid

The liver plays an important part in the transport, storage, 
activation, and metabolism of thyroid hormones [48]. 
It synthesizes the proteins that transport thyroxine (T4) 
in the circulation. The liver contains 10–30% of the 
body’s exchangeable T4, excluding the thyroid, and is the 
major site for conversion of T4 to the biologically active 
tri‐iodothyronine (T3). The liver also removes reverse 
T3, the biological inactive product of T4. Finally, around 
25% of the daily T4 secreted by the thyroid is metabo
lized by oxidative deamination, or excreted into bile after 
glucuronidation and sulphation. There is also enterohe
patic circulation of unmetabolized T4 excreted in bile.

Most patients with liver disease are clinically euthyroid, 
although standard thyroid tests may give misleading results. 

Fig. 32.4 Glycogenated nuclei. Patient with diabetes mellitus 
showing many hepatocyte nuclei with distinct clear vacuolation 
(arrows), markedly prominent in places (H&E × 20). Courtesy of 
Dr Tu Vinh Luong.

Table 32.4 Important causes of granulomatous drug reactions

Allopurinol
Carbamazepine
Diltiazem
Glibenclamide
Hydralazine
Quinidine/quinine
Sulfonamides
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Serum total T4 may be raised or decreased in association 
with varying levels of thyroid hormone binding proteins. 
The free T4 index is usually normal. A low T4 variant of 
‘sick euthyroid syndrome’ is reported in 30% of patients 
with cirrhosis and is associated with reduced short‐ and 
long‐term survival. In alcoholic liver disease raised serum 
levels of thyrotrophin (TSH) and free T4 are associated 
with normal or low T3 values. In PBC and autoimmune 
hepatitis T4‐binding globulins are increased but free hor
mone concentrations are reduced, probably because of 
decreased thyroid function associated with the high inci
dence of thyroiditis in these patients.

Hypo‐ and hyperthyroidism may cause liver disease (see 
later) [48], and influence the severity of liver injury [49]. 
Thyroid disease is also associated with some liver diseases, 
for example autoimmune hepatitis and haemochromatosis.

Thyrotoxicosis
Minor abnormalities of liver biochemistries are seen in 
hyperthyroidism, typically a slight increase in alkaline 
phosphatase returning to normal after treatment [50,51]. 
However, jaundice in thyrotoxic patients may be due to 
heart failure. In addition, thyrotoxicosis may cause 
severe cholestasis in patients without heart failure [52]. 
Thyrotoxicosis may also aggravate an underlying 
defect  in serum bilirubin metabolism, such as Gilbert 
syndrome, by decreasing bilirubin UDP–glucuronosyl 
transferase activity.

Myxoedema
Ascites without congestive heart failure occurs rarely in 
patients with myxoedema and has been attributed to 
centrizonal congestion and fibrosis [53]. The pathogenesis 
is unknown. It disappears on giving thyroxine. There is a 
high ascitic protein content, more than 25 g/L.

Jaundice may be related to neonatal thyroid deficiency.

Adrenal

Undiagnosed Addison disease can be associated with 
mild elevation of transaminase levels [54]. These return 
to normal after treatment with corticosteroids.

Liver and growth hormone

The liver and kidney degrade growth hormone. Basal 
and stimulated growth hormone concentrations are 
 elevated in patients with cirrhosis and correlate with the 
degree of liver dysfunction. These increased levels may 
contribute to insulin resistance and glucose intolerance 
in cirrhosis. Acromegaly does not develop despite the 
chronic elevation of growth hormone in cirrhosis; 
 however, in acromegaly the liver enlarges in line with 
other viscera.

 Amyloidosis

Amyloidosis describes a group of conditions linked by a 
common feature, the extracellular deposition of a pro
tein in an abnormal fibrillar form. It is called amyloid 
because the waxy infiltration of organs resembles starch 
(Latin: amylum) in its staining. It may be hereditary or 
acquired, systemic or localized, an incidental finding or 
cause death. Clinical features develop because of the 
 disruption of normal function in kidney, heart, and other 
organs by the deposition of amyloid fibrils.

Classification of the amyloidoses is based on the pro
tein involved (Table 32.5) [55]. Those of particular inter
est to the hepatologist are AL and AA because of the 

Table 32.5 Classification of amyloidosis of particular hepatic relevance

Type* Fibril Syndrome

AA Serum amyloid A protein Reactive (secondary) amyloid
acquired (e.g. rheumatoid)
hereditary (FMF)

AL Monoclonal immunoglobulin Primary amyloid
light chain myeloma associated

no association
ATTR Abnormal transthyretin (TTR) Familial amyloidotic polyneuropathy
ALys Abnormal lysozyme Hereditary systemic non‐neuronopathic

amyloid

FMF, familial Mediterranean fever.
* Other types: Wild‐type TTR (cardiac), AFib (renal + hepatic), ALect2 (renal/hepatic), AApoA1 (renal/hepatic), AGel (cranial neuropathy), Aβ2M 
(renal failure dialysis), Aβ (Alzheimer’s disease).
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clinical features, and ATTR because of the role of liver 
transplantation. Other proteins responsible for amyloi
dosis include apolipoprotein A1 (AApoA1), fibrinogen 
(AFib), Lect2 (ALect2), and lysozyme (ALys) [55].

The common biochemical feature is that the proteins 
involved can exist in two stable structures, a normal 
 soluble form and an abnormal fibril. Fibrils form by auto
aggregation. This may be related to overproduction of 
the soluble form, or an inherited or acquired inherently 
less stable and amyloidogenic molecule, but why some 
individuals develop amyloid and others do not is unclear. 
All amyloid fibrils share a similar core ultrastructure and 
many physicochemical properties. All amyloid deposits 
contain the normal plasma protein serum amyloid 
P  (SAP) component, and this is the basis for radiola
belled SAP scanning used in specialist centres to show 
the distribution and amount of amyloid.

In collected series, AL amyloid is the most common 
type, and in the UK referrals with this type have remained 
stable (67% over recent decades). There has been a 
decrease in AA amyloidosis in the UK (1987–1995: 32%; 
2009–2012: 6.8%) [55] perhaps due to better treatment of 
inflammatory arthropathies. Cardiomyopathy due to 
wild‐type TTR is being increasingly recognized due to 
advances in diagnostics particularly cardiac MRI [55].

Clinical features

AL amyloid (formerly primary amyloid) is caused by 
deposition of fibrils from all or part of a monoclonal 
immunoglobulin light chain, more commonly lambda 
than kappa, which usually can be detected in serum or 
urine. Most patients have a subtle monoclonal gammop
athy. Multiple myeloma is diagnosed in only 10–20% of 
cases. In about 15% of patients a gammopathy cannot be 
demonstrated by electrophoresis or immunofixation. 
The common clinical presentations are nephrotic syn
drome, cardiomyopathy, carpal tunnel syndrome, and a 
sensory–motor neuropathy. Hepatomegaly is found in 
25%. Intestinal involvement includes motility distur
bances and malabsorption. Macroglossia or periorbital 
purpura suggest AL amyloidosis.

AA amyloid (formerly secondary amyloid) is caused by 
fibrils of AA protein derived from the circulating acute 
phase reactant serum amyloid A protein (SAA) by 
 proteolytic cleavage. SAA is synthesized by hepatocytes, 
transcriptionally regulated by cytokines, and is an apoli
poprotein. Elevated SAA is a prerequisite for the develop
ment of AA amyloidosis, but not every patient with 
elevated SAA will develop the disease. Juvenile and 
adult rheumatoid arthritis are the commonest underlying 
inflammatory conditions, although chronic sepsis, tuber
culosis, Crohn’s disease, and malignant neoplasms may 
be responsible. Presentation is usually with proteinuria, 

nephrotic syndrome, or renal failure, which is the cause of 
death in half of cases. The spleen is affected early and may 
be enlarged. Liver involvement, seen in around 25% of 
patients, is a sign of extensive disease.

The autosomal recessive disorder familial Mediterranean 
fever (FMF), characterized by acute attacks of fever with 
sterile peritonitis, pleurisy, or synovitis, carries an 
extremely high risk of AA amyloid [56]. FMF primarily 
affects non‐Ashkenazi Jewish, Armenian, Turkish, and 
Middle‐East Arab populations. The abnormality reflects 
mutations in a neutrophil protein called pyrin or 
marenostrin, but diagnosis remains clinical rather than by 
genotype [57]. Family studies have identified rare instances 
with autosomal dominant inheritance. The usual manifes
tation of amyloidosis in FMF is renal, progressing to end‐
stage disease. Liver, spleen, and gastrointestinal tract may 
be involved.

Familial amyloidotic polyneuropathy (FAP) is caused 
by the deposition of variant transthyretin (TTR) [58]. 
Normal TTR is mainly produced by the liver and transports 
thyroid hormones and vitamin A. Over 120 mutations 
have been found in the TTR gene. FAP is characterized 
by progressive peripheral and autonomic neuropathy as 
a variant TTR is deposited in nerves, and spleen, heart, 
eyes, thyroid, and adrenals. The liver is generally spared 
(see domino transplantation later).

Other forms of hereditary systemic amyloidosis are 
extremely rare  –  amongst them apolipoprotein A‐I, 
apolipoprotein A‐II, fibrinogen α chain, and lysozyme 
amyloidosis are most often associated with clinical liver 
involvement. Hereditary lysozyme amyloidosis may 
require liver transplantation sometimes for spontaneous 
hepatic rupture [59].

Hepatic involvement

Using SAP scintigraphy (available only in specialized 
centres), identifying sites of amyloid deposition and 
importantly allowing quantification, hepatic amyloidosis 
was shown in 54% of patients with AL amyloid and 18% 
of those with AA [60]. The quantity of amyloid seen on 
scanning correlates poorly with the degree of organ dys
function [55]. A major advantage of the availability of 
SAP scanning is that it can be used to quantify the load 
of amyloid deposition and monitor response to therapy, 
as it is now clear that with appropriate therapy in some 
cases the burden of amyloid deposition can be reversed.

On clinical examination, hepatomegaly in a patient 
with amyloidosis suggests hepatic involvement [61,62], 
although occasionally the liver may not be enlarged. An 
enlarged spleen infiltrated with amyloid may be found. 
The serum alkaline phosphatase may be raised, but levels 
overlap between patients (both AA and AL) with and 
without liver involvement.
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If available, hepatic histology in systemic amyloidosis 
may show vascular deposition and variable interstitial 
amyloid, but the pattern is not diagnostically helpful. 
The amyloid is shown as homogeneous, amorphous, 
eosinophilic material (Fig  32.5). It stains with alkaline 
alcoholic Congo Red or Methyl Violet. Polarization 
microscopy of Congo Red stained sections shows apple‐
green birefringent fibrils. The amyloid is deposited 
between the columns of liver cells and the sinusoidal wall 
in the space of Disse. The liver cells are not themselves 
involved but are compressed to a variable extent. The 
midzone and portal areas are most heavily infiltrated. 
Occasionally, in AL amyloid the amyloid is found only in 
the portal tracts in the walls of hepatic arterioles. 
Electron microscopy confirms fibrils 10 nm long that do 
not branch.

However, percutaneous liver biopsy causes haemor
rhage in 4–5% of patients with amyloid [63]. Whether 
the historical reports of a significant risk of fracturing 
the waxy liver with amyloid are relevant with current 
techniques is unclear, but liver biopsy is not the preferred 
diagnostic path.

Clinical features of hepatic involvement
Hepatocellular failure is rare as is portal hypertension, 
which when present is of the sinusoidal type and has a 
poor prognosis [64,65]. Severe intrahepatic cholestasis 
may rarely complicate AL amyloidosis, presumably due 
to interference with bile passage into canaliculi and small 
bile ducts – the prognosis is poor [66].

Diagnostic approach

Clinical suspicion of amyloidosis leads to consideration 
of the best site of biopsy (see later) to obtain tissue for 
appropriate staining, and a search for evidence of the 
cause. This may be suggested by a history of chronic 
inflammation (AA) or a family history (FAP). To identify 
AL amyloidosis, immunoelectrophoresis of serum and 
urine for monoclonal protein, and bone marrow biopsy 
with immunohistochemical staining of plasma cells for 
light chains, are required. In FAP, isoelectric focusing of 
serum will show bands of variant and wild‐type tran
sthyretin, and genomic DNA analysis may show a mutant 
TTR gene.

Although biopsy of the affected tissue (heart, kidney) 
is likely to be diagnostic, it is generally safer to sample 
other areas  –  subcutaneous abdominal fat pad, rectal 
mucosa, and labial salivary gland give a positive result in 
up to 75–80% of cases. Immunohistochemistry can type 
the amyloid but is not always diagnostic; the use of laser 
dissection and mass spectroscopy on fixed sections can 
be very helpful in identifying the fibril type.

Prognosis

This varies according to the type of amyloidosis, the 
degree of organ damage and the response to therapy of 
the underlying condition. The overall survival of patients 
with AL amyloidosis has improved over the last 10 years 
although the early mortality due to disease‐related com
plications remains around 25% [55]. Survival is not 
affected by liver involvement, though it is by sympto
matic heart disease.

The prognosis for AA amyloidosis is affected by the 
underlying chronic disease. The 5‐year survival in those 
with liver deposits is reduced compared with those with
out liver involvement (43 vs 72%). Survival is significantly 
improved when serum amyloid A level can be main
tained in the reference range [67].

Patients with FAP may survive for up to 15 years after 
clinical presentation. Patients with transthyretin muta
tions associated with a younger age at disease onset have 
a more rapid progression of neurological and cardiac 
 disease and a shorter survival [58].

Treatment

AA amyloid is treated by controlling the underlying 
 disease – by eradicating infections such as tuberculosis, 
occasionally by surgery to remove an infectious focus, or 
by intensive anti‐inflammatory/immunosuppressive and 
in some instances anticytokine (TNF‐α, IL‐β, or IL‐6 
blockade) therapy. Prophylactic colchicine prevents the 
development of amyloidosis in FMF.

Fig. 32.5 Amyloid is shown as amorphous eosinophilic material 
between the liver cells and sinusoids. The atrophic liver cell plates 
are compressed by the amyloid (thick arrow), which is also seen in 
the walls of portal arterioles (fine arrow) (H & E × 20). Courtesy of 
Dr Tu Vinh Luong.



Chapter 32632

Patients with AL amyloid are risk stratified to guide 
treatment. Options include chemotherapeutic regimens 
(single or in combination), autologous stem cell 
 transplantation, proteasome inhibitors, and immu
nomodulators [55].

Liver transplantation remains the definitive treatment 
for selected patients with FAP with a 75% 5‐year survival 
[68,69]; novel TTR stabilizers and RNA targeted thera
pies are in development [70]. Liver transplantation 
results in disappearance of the variant TTR from plasma, 
and some regression of neurological disease, if per
formed early. Recovery from autonomic neuropathy is 
greater than from peripheral neuropathy. Furthermore, 
the explanted liver from patients with FAP can be trans
planted into selected recipients (domino transplanta
tion), on the basis that these livers may be structurally 
and functionally normal apart from the production of 
variant transthyretin, having only been removed to arrest 
the build‐up of further amyloid and clinical progression 
of polyneuropathy. Follow‐up of recipients of FAP livers 
has shown the anticipated propensity for the development 
of neuropathy within 8–10 years, so recipient selection 
(ideally older) is important.

 Porphyrias

Porphyrias are clinical syndromes caused by defects 
in  the pathway of biosynthesis of haem (Fig.  32.6). 
Porphyrins accumulate as they are not converted to 
haem, and this may reflect a number of specific enzyme 
defects in the metabolic pathway. In addition, the lack of 
haem production results in increased activity of a key 
porphyrin synthesizing enzyme δ‐aminolaevulinic acid 
(ALA)‐synthetase, due to loss of normal regulatory 
 negative feedback. Haem is an important component of 
both haemoglobin and enzymes such as the cytochrome 
P450 oxidase system so porphyrin production is most 
pronounced in hepatic cells and erythrocytes, giving one 
broad classification of porphyrias as hepatic or erythro
poietic (Table 32.6).

There are two broad clinical patterns [71,72]:

 ● Neurological, due to accumulation of early precursors 
in the pathway (ALA/porphobilinogen [PBG]) with 
the acute attacks including abdominal pain, peripheral 
neuropathy, autonomic dysfunction, tachycardia, 
hypertension, hyponatraemia, and psychosis.

 ● Cutaneous, in particular photosensitivity due to accu
mulation of substrates later in the pathway.

Some types of porphyria give rise to both neurological 
and cutaneous features.

Most porphyrias are inherited as autosomal dominant 
conditions, but there is low penetrance. The majority of 
carriers have latent porphyria, and attacks may then be 

Haem Haemoglobin

Glycine + Succinyl-CoA

δ-Aminolaevulinic acid (ALA)

Porphobilinogen (PBG)
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Uroporphyrinogen III

Coproporphyrinogen III

Protoporphyrinogen IX

Protoporphyrin IX

2

3

4
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Fig. 32.6 Porphyria and the biosynthesis of porphyrins. Numbers 
indicate site of enzyme defect leading to:

1) Acute intermittent porphyria
2) Congenital erythropoietic porphyria
3) Porphyria cutanea tarda and hepatoerythropoietic porphyria
4) Hereditary coproporphyria
5) Variegate porphyria
6)  Erythropoietic protoporphyria (see text for enzyme deficiency 

responsible).

Table 32.6 Types of porphyria

Acute hepatic
neuroporphyria Acute intermittent porphyria

ALA dehydratase porphyria
neurocutaneous Hereditary coproporphyria

Variegate porphyria
Non‐acute hepatic Porphyria cutanea tarda
Erythropoietic Erythropoietic protoporphyria

Congenital erythropoietic porphyria
X‐linked protoporphyria
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precipitated by drugs, hormonal factors, and endoge
nous metabolic changes – but in perhaps 80% of carriers 
there are never any manifestations.

Differentiation between the various porphyrias 
depends upon analysis of porphyrin metabolites in urine, 
faeces, and erythrocytes [71]. These diagnostic tests may 
only yield definitive results during acute attacks.

Hepatic porphyrias

The acute hepatic porphyrias are acute intermittent 
porphyria, hereditary coproporphyria, variegate por
phyria, and the very rare 5‐ALA dehydratase porphyria 
[71]. A prevalence of 5 per 100 000 has been estimated 
but there are wide geographic variations reflecting 
founder effects (e.g. South African white people). Acute 
hepatic porphyrias are marked by neuropsychiatric 
attacks with vomiting, abdominal colic, constipation, 
hypertension, and peripheral neuropathy, typically 
 lasting several days. During these attacks, large amounts 
of the porphyrin precursors, PBG and ALA, are excreted 
in the urine. All hepatic porphyrias are exacerbated by 
countless enzyme‐inducing drugs including barbitu
rates, sulfonamides, oestrogens, oral contraceptives, 
griseofulvin, chloroquine, severely reduced caloric 
intake, and possibly  alcohol [72,73]. Hormones are 
important inducers and women develop attacks in preg
nancy and premenstrually.

A clinical picture similar to acute hepatic porphyria 
can occur in severe lead poisoning when ALA dehy
dratase is markedly reduced.

Acute intermittent porphyria
The basic deficiency is in hepatic PBG deaminase. 
Around 90% of genetically susceptible individuals never 
experience an acute attack. Acute attacks are as 
described earlier and may be difficult to diagnose; pho
tosensitivity is absent. In acute attacks the urine darkens 
on standing. Diagnosis depends on a high index of sus
picion on first presentation, and is often not made for 
many years in some patients [71]. The key investigation 
is the documentation of increased porphobilinogen in 
urine in the acute attack, but the rare availability of a 
rapid/urgent urinary PBG analysis is a problem [71]. 
Between attacks, or after haem therapy, the levels may 
be normal.

In acute hepatic porphyrias once a diagnosis is made 
biochemically, genetic testing is recommended to 
 identify the mutation and the specific diagnosis [74].

If mild, acute attacks may respond adequately to 
 glucose loading, but infusions of haematin or haem 
arginate, which repress or inhibit hepatic ALA syn
thetase, are now recommended for all but the mildest 
attacks. Intensive care may be warranted, particularly if 
the neuropathy affects respiratory function.

Long‐term management involves avoidance of pre
cipitating factors, particularly medications. Lists of 
drugs considered safe or hazardous are maintained by 
the American Porphyria Foundation (APF) and the 
European Porphyria Network (EPNET) [71]. General 
anaesthesia can be performed safely in known patients 
with appropriate choice of drugs; the danger is in the 
unknown. Suppression of menstruation may be appro
priate (e.g. by a gonadotrophin‐releasing hormone 
 analogue) in women with repeated monthly attacks. 
Rarely, orthotopic liver transplantation has been per
formed and cures the metabolic defect. However, a high 
incidence of post‐transplant hepatic artery thrombosis 
has been reported [75].

Gene therapy with adeno‐associated vector expressing 
PBG deaminase has been reported and awaits further 
study [76].

The risk of hepatocellular carcinoma is increased in 
acute hepatic porphyrias [77,78] – without confounding 
factors such as alcoholism or HBV/HCV infection. 
Recent surveillance recommendations are 6–12‐monthly 
liver imaging for patients with recurrent attacks or past 
symptoms, after the age of 50 [74]. Measurement of 
alpha‐fetoprotein, and vaccination against viral hepatitis, 
are also recommended [74].

Hereditary coproporphyria [79]
The deficiency is in coproporphyrinogen oxidase. 
Attacks may be neurological or cutaneous with lesions as 
in porphyria cutanea tarda (see later). Faecal and urinary 
coproporphyrin are increased with a corresponding 
increase in protoporphyrin. Acute attacks are treated as 
for acute intermittent porphyria.

Variegate porphyria
The defect is in protoporphyrinogen oxidase. This vari
ant is frequently encountered in South Africa and New 
England. The features are intermediate between acute 
intermittent porphyria and hereditary coproporphyria. 
Protoporphyrin and porphyrins may be increased in the 
stool between attacks. Acute attacks are treated as for 
acute intermittent porphyria.

Porphyria cutanea tarda
The fourth type of hepatic porphyria, porphyria cutanea 
tarda, may be associated with hepatocellular disease. It is 
not exacerbated by barbiturates and acute neurological 
attacks are not seen. It is the commonest porphyria and 
is usually latent and the patient symptom‐free [72]. It is 
due to a reduction in uroporphyrinogen decarboxylase 
(UROD) activity. Two forms are described: familial (25% 
of patients), with point mutations in the UROD gene, 
and sporadic (75%), where there is a UROD defect 
restricted to the liver perhaps due to an inhibitor rather 
than mutation. In both types a background of liver iron 
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overload appears necessary for clinical expression and 
there is usually evidence of liver dysfunction.

When symptomatic the condition is characterized by 
photosensitive skin, blistering and scarring, pigmentation 
and hypertrichosis. Uroporphyrin is increased in the urine. 
Sensitivity to drugs such as barbiturates is absent, but 
exposure to alcohol and oestrogens may  precipitate attacks.

Deterioration of liver function from any cause may 
exacerbate symptoms, as when the liver is healthy the 
porphyrin is excreted harmlessly into the bile; when 
the liver is diseased, porphyrins are diverted into the 
blood – coincidentally increasing urine excretion – and 
initiating cutaneous symptoms, particularly in response 
to light. The porphyrin itself may also be hepatotoxic.

Liver biopsy usually shows an abnormality, most 
 frequently siderosis, mild steatosis, focal necrosis, and 
portal fibrosis with some inflammation [80]. Less than 
15% have cirrhosis. The excess hepatic iron is highly 
 significant and venesection/phlebotomy is recom
mended and has a good therapeutic effect [72]. The iron 
excess may reflect carriage of the C282Y mutation in the 
HFE (haemochromatosis) gene, being present in over 
40% (homozygosity plus heterozygosity) in one study 
[81], but may also reflect alcohol intake and in some 
cases HCV infection. A high prevalence of hepatitis C is 
often reported in porphyria cutanea tarda, but it varies 
greatly (8–80%) between different countries.

The incidence of hepatocellular carcinoma is increased; 
this appears to be related to the presence of chronic liver 
disease (HCV, alcoholic or haemochromatotic) than a 
direct aetiological association of the metabolic defect [82]. 
Screening for HCV and standard HCC surveillance for 
those with HCV and/or alcoholic liver disease, and 
advanced fibrosis/cirrhosis would be recommended.

Erythropoietic porphyrias

The erythropoietic porphyrias are erythropoietic proto
porphyria (dominant) and congenital erythropoietic 
porphyria (autosomal recessive) and hepatoerythropoi
etic porphyria (autosomal recessive).

Erythropoietic protoporphyria
The enzyme ferrochelatase is deficient with accumula
tion of protoporphyrin IX. Inheritance is dominant with 
variable penetrance [83]. Protoporphyrin is increased in 
tissues and urine. The major manifestation is skin photo
sensitivity. Liver biopsies show focal deposits of pigment 
containing ‘Maltese‐cross’ protoporphyrin crystals by 
fluorescence. Electron microscopy shows abnormalities 
of nuclei, endoplasmic reticulum and membranes, 
despite normal light microscopy.

The spectrum of liver involvement ranges from 
 normal liver function (20%) to mild abnormalities of 
liver tests, to chronic liver disease and cirrhosis (5–10%) 

[84]. Complications include gallstones containing 
 protoporphyrin. In end‐stage protoporphyric liver dis
ease,  neurotoxicity has been reported.

The rarest but most serious picture is rapidly progress
ing photosensitivity, cholestasis, and haemolysis. There 
is severe upper abdominal pain and splenomegaly with 
rapid deterioration. Emergency treatment includes 
 haematin infusion and red cell transfusions to reduce 
porphyrin and red cell production. Plasmapheresis or 
albumin dialysis may reduce free protoporphyrin. The 
enterohepatic circulation of protoporphyrin may be 
blocked by oral cholestyramine or charcoal [72].

Liver transplantation has been successful for severe 
liver disease [84] although precautions should be taken 
to reduce the risk of cutaneous reactions during surgery. 
The metabolic defect, residing in bone marrow, is 
not  corrected by liver transplantation so there may be 
recurrent liver damage. Since the red cell is the source of 
protoporphyrin, bone marrow transplantation is a 
potential therapeutic approach [85].

X‐linked erythropoietic protoporphyria
This more recently described porphyria is due to increased 
activity of aminolevulinic acid synthase 2 (ALAS2) (due to 
a gain of function mutation) and the clinical presentation is 
similar to erythropoietic protoporphyria [72].

Congenital erythropoietic porphyria
The enzyme uroporphyrinogen III synthase is deficient [72]. 
The major clinical problem in this rare type is photosen
sitivity. Neurological symptoms do not occur. The liver 
may be enlarged and contain excess iron.

Hepatoerythropoietic porphyria
This very rare type of familial porphyria cutanea tarda, 
presenting within the first year of life with red urine and 
skin disease, is due to homozygous or compound 
 heterozygous deficiency of UROD. It is marked by hepat
osplenomegaly and cirrhosis. Liver biopsies fluoresce 
but there is no iron excess.

Secondary coproporphyrias

Heavy metal intoxication, especially with lead, causes 
 porphyria with ALA and coproporphyrin in the urine. 
Erythrocyte protoporphyrins are increased. Copropor
phyrinuria may also be seen with sideroblastic anaemia, 
various liver diseases, Dubin–Johnson  syndrome 
(Chapter 13), and as a complication of drug therapy.

 The liver in haemolytic anaemias

The hepatologist may be involved with patients with 
haemolytic anaemias either as the primary referral point, 
or after referral from a haematologist.
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Primary hepatological input occurs for hyperbilirubi
naemia (unconjugated), and anaemia with or without 
underlying liver disease. Thus haemolysis has to be 
 considered in patients referred with isolated hyperbiliru
binaemia, although this is often due to Gilbert syndrome 
(Chapter 13). Those with autoimmune liver disease may 
have an autoimmune haemolytic process; anaemia 
 during ribavirin treatment may represent haemolysis 
(see Chapter  23). Occasionally patients with isolated 
transaminitis (aspartate transaminase) have haemolysis 
rather than liver disease.

Referral from haematologists, however, for advice on 
underlying or potential hepatic involvement is the more 
frequent scenario when there is sickle cell disease and 
thalassemia, both of which may have hepatic sequelae.

Bilirubin handling (see also Chapter 13)

During haemolysis haemoglobin is released in excessive 
amounts, increasing from the normal of 6.25 g to as 
much as 45 g daily. Consequently, there is an increase in 
serum bilirubin, 85% of which is unconjugated. The rise 
in conjugated bilirubin is probably due to bilirubin 
refluxed from hepatocytes.

Even if bilirubin production reaches its maximum of 
1500 mg daily (six times normal), serum bilirubin rises only 
to about 2–3 mg/100 dL (35–50 µmol/L). This is because of 
the great capacity of the liver to metabolize bilirubin and 
secrete it into bile. If patients with haemolytic jaundice 
show serum bilirubin values greater than 70–85 µmol/L 
there is probably the additional factor of Gilbert syndrome, 
or hepatocellular or renal dysfunction.

Unconjugated bilirubin is not water soluble and does 
not pass into the urine. A little bilirubin may be detected 
in the urine by sensitive tests if the conjugated level in 
the blood rises to values that are unusually high for 
haemolysis.

Bile pigment excretion in the stools is greatly increased 
and large quantities of stercobilinogen are found.

Pathological changes

The breakdown of haemoglobin yields iron. Tissue 
siderosis is a feature of most types of haemolytic 
anaemia.

Hepatic histology shows iron in the Kupffer cells, large 
macrophages of the portal tracts and, to a lesser extent, 
in hepatocytes (Fig. 32.7). In advanced stages, the accu
mulation in the hepatocytes increases and the appear
ance may become indistinguishable from genetic 
haemochromatosis (see Chapter  26). In the severely 
anaemic, there is centrizonal sinusoidal distension with 
fatty change. Because of increased biliary bilirubin, 
 calcium bilirubinate pigment stones are found in one‐
half to two‐thirds of patients.

The spleen is enlarged and packed with erythrocytes.
The bone marrow shows increased red cell precursors 

(erythroid hyperplasia) and increased iron stores.

Clinical features

The severity of anaemia depends on the rate of destruc
tion compared with regeneration of red blood cells. It 
may be severe following intravascular haemolysis with 
accompanying pains in the abdomen and limbs, fever, 
and headache.

Jaundice is usually mild. Bilirubin pigment gallstones 
are common. Stones in the common bile duct may cause 
obstructive jaundice, and the coexistence of two types of 
jaundice may give a confusing clinical picture. Gallstones 
in children always suggest a haemolytic aetiology.

Splenomegaly may or may not be present.

Faeces and urine
The faeces are dark and stercobilinogen is increased. 
Urobilinogen is increased in the urine. When red cell 
destruction is rapid, free haemoglobin may be found in 
the urine and microscopy reveals pigmented casts.

Haematological changes
Anaemia is variable and the peripheral blood shows a 
reticulocytosis, which is an important diagnostic clue.

In some hereditary anaemias iron overload may occur 
without transfusion especially when there is a high degree 
of ineffective erythropoiesis, for example in  thalassaemia 
intermedia. Rarely, concurrent presence of mutations in 
the HFE gene may accentuate iron deposition.

Serum biochemistry
Serum unconjugated bilirubin levels are raised but con
jugated bilirubin is only slightly increased. Other liver 

Fig. 32.7 Hepatic siderosis due to haematological disease. 
Increased amounts of iron (stained blue) are seen in the larger 
Kupffer cells and portal macrophages and, to a lesser extent, as 
granular staining in hepatocytes. (Perls’ stain.)
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tests are normal though aspartate transaminase may be 
slightly increased. Serum ferritin may be increased. 
Serum haptoglobins are diminished.

If haemolysis is particularly acute, methaemalbumin can 
be detected in the serum. Free haemoglobin may be present.

Differential diagnosis

The differentiation of haemolytic from other forms of 
jaundice is usually easy. The absence of pain and pruri
tus, the dark colour of the stools, prominent anaemia, 
and a normal alkaline phosphatase are points of differ
ence from cholestatic jaundice. The absence of stigmata 
of hepatocellular disease and normal liver biochemistries 
distinguish it from hepatocellular jaundice.

Distinction from the congenital unconjugated hyper
bilirubinaemias may be difficult, particularly as many 
patients with Gilbert disease show a decreased erythro
cyte survival.

Hereditary spherocytosis [86]

The main signs are jaundice, anaemia, splenomegaly, and 
gallstones, but the spectrum of disease is wide, from no 
clinical expression to death in utero. Inheritance is 
 dominant or recessive. In 70% of cases the molecular 
defect is a mutation in ankyrin, one of the components of 
the red cell skeleton.

Jaundice is rarely noticed before school age or adoles
cence. The mean serum bilirubin level is 35 µmol/L 
(2 mg/dL) (range 10–100 µmol/L). Deep jaundice is rare. 
This may develop in the neonatal period and be associ
ated with incipient kernicterus.

Gallstones are related to age and are rare before 
10 years of age. They are symptomatic in about half of 
the patients. The gallbladder with stones is usually 
removed at the time of splenectomy.

Hereditary elliptocytosis, another genetic defect due to 
a mutation in a protein within the red cell membrane 
skeleton, is usually a harmless trait, the haemolysis being 
compensated. It may occasionally develop into active 
decompensated haemolytic anaemia.

Enzyme defects

Many of the hereditary non‐spherocytic anaemias are 
now known to be due to various defects in the metabo
lism of the red cells. They include deficiency of pyruvate 
kinase or triose phosphate isomerase, or deficiency in the 
pentose phosphate pathway such as glucose‐6‐phosphate 
dehydrogenase (G6PD). These conditions may be of par
ticular importance in the aetiology of neonatal jaundice.

The gene responsible for G6PD deficiency has now 
been cloned and a wide range of mutations recognized. 

These are beginning to explain the wide spectrum of 
clinical pictures seen in this condition ranging from hae
molysis during the neonatal period, after infection or 
after the ingestion of certain drugs, to chronic anaemia 
irrespective of any of these factors. Variants of the gene 
are now recognized where there is no significant reduc
tion in enzyme activity in red cells [87].

Viral hepatitis can precipitate destruction of G6PD‐
deficient cells and so cause acute haemolytic anaemia 
and very high serum bilirubin concentrations.

Sickle cell disease [88,89]

This autosomal recessive condition is due to a mutation 
affecting the β‐globin chain of haemoglobin. The abnormal 
haemoglobin crystallizes in the erythrocytes when the 
 oxygen tension is reduced. This results in accelerated red 
cell destruction and microvascular occlusion often with 
acute attacks of severe pain. The liver can be affected in 
several ways:

 ● chronic elevation of transaminases and/or alkaline 
phosphatase

 ● acute sickling crises
 ● acute fulminant liver failure
 ● intrahepatic cholestasis
 ● viral hepatitis – rare due to screening of blood prod

ucts for hepatitis B and C
 ● iron overload
 ● gallstones.

Hepatic histology
The classic findings are of intra‐sinusoidal sickling, Kupffer 
cell erythrophagocytosis, and ischaemic necrosis. It is diffi
cult to explain the severe liver dysfunction on these histo
logical findings, which have been reported largely on autopsy 
specimens. Superimposed complications such as septicae
mia or viral hepatitis complicate the histological findings.

Active and healed areas of necrosis may have followed 
anoxia due to vascular obstruction by impacted sickle 
cells, or by Kupffer cells swollen with phagocytosed 
erythrocytes following intrahepatic sickling. The wid
ened sinusoids show a foam‐like fibrin reticulum within 
their lumen. This intra‐sinusoidal fibrin may later result 
in fibre deposition in the space of Disse and narrowed 
sinusoids. Bile plugs are prominent. Multiple transfu
sions lead to hepatic siderosis.

Clinical features
Asymptomatic patients commonly have raised serum 
transaminases and hepatomegaly. There may be chronic 
elevation of transaminases and/or alkaline phosphatase.

Several factors have been implicated including micro
vascular stasis, with recurrent ischaemic episodes, and 
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transfusion‐related disease (iron overload and viral 
 hepatitis B and C).

Acute sickling crises may affect the liver. There is right 
upper quadrant pain, fever, and increased jaundice, 
together with the other systemic and laboratory features 
of sickling, and elevation of serum transaminases. These 
crises may last 2–3 weeks.

Percutaneous liver biopsy is reported to have a high 
complication rate in patients with acute sickle cell 
hepatopathy, which is a potential contraindication to this 
procedure [90].

Acute liver failure, usually with cholestasis, is rare 
[91]. Jaundice is very deep with a markedly increased 
 prothrombin time and encephalopathy but with only 
modestly increased serum transaminases. Liver biopsy 
shows the changes of sickle cell disease with marked 
zone 2 necrosis and cholestasis. The diagnosis of hepatic 
sickle crisis from viral hepatitis is difficult. In general, in 
viral hepatitis pain is less, jaundice deeper, and transam
inase elevations more prolonged. Liver biopsy (see note 
earlier regarding risk) and hepatitis viral markers usu
ally help to make the distinction. Exchange transfusion 
has been successful [91]. Liver transplantation has been 
done in carefully selected patients but there are mor
bidities in this group of patients that need careful man
agement [92].

Intrahepatic cholestasis, as a distinct clinical picture, is 
also recognized but is unusual [93]. Histologically there 
is intracanalicular cholestasis, sinusoidal dilation, pack
ing of the sinusoids by sickled erythrocytes, Kupffer cell 
hyperplasia, and erythrophagocytosis. Prolonged intra
hepatic cholestasis associated with sickle cell anaemia 
has responded to exchange transfusion [93].

Gallstones are found in 25% of children and 50–70% of 
adults with homozygous sickle cell disease. They are 
usually in the gallbladder; bile duct calculi are rare. In 
two‐thirds of adults the stones are asymptomatic. Acute 
cholecystitis and choledocholithiasis may simulate 
hepatic crisis or viral hepatitis. Magnetic resonance 
cholangiography is an important investigation to look for 
bile duct stones and/or biliary obstruction.

Complications after cholecystectomy are common, 
and this intervention is indicated only where symptoms 
are clearly related to gallbladder disease or if there is 
great difficulty in making a distinction from abdominal 
crisis. Careful preoperative assessment and considera
tion of exchange transfusion is essential to reduce the 
risk of perioperative complications; elective cholecys
tectomy may be hazardous and precipitate a sickle 
 crisis [88].

Jaundice accompanying sickle cell disease is always 
deep, the high serum bilirubin levels being related to the 
combination of haemolysis and impaired hepatocellular 
function. Depth of jaundice per se should not be regarded 

as an indication of severity. Concomitant viral hepatitis 
or obstructed bile ducts lead to exceptionally high serum 
bilirubin values.

General features of sickle cell disease include leg ulcers, 
which are frequent. The upper jaw is protuberant and 
hypertrophied. The fingers are clubbed. Bone deformi
ties seen radiologically include rarefaction and narrow
ing of the cortex of the long bones and a ‘hair‐on‐end’ 
appearance in the skull.

Management of sickle cell disease includes blood 
transfusions, exchange transfusions, iron‐chelating 
agents, and hydroxycarbamide (which increases HbF 
levels). Liver and allogeneic stem cell transplantation 
have been reported [92,94].

Prognosis. Although long‐term survival is reduced in 
patients with sickle cell disease, this has improved with 
advances in management. Hepatic fibrosis may be found, 
as is portal hypertension. Generally, however, liver dys
function is mild, but may be sufficient to impair the 
reserve to withstand systemic events such as infections. 
Serum ferritin (likely relating to transfusional iron over
load) and a direct bilirubin (suggesting impaired liver 
function) are reported to be independently associated 
with mortality [95].

Thalassaemia

Crises of red cell destruction and fever and the reac
tionary changes in bone in patients with severe 
forms of thalassemia are similar to those seen in sickle 
cell  disease. The liver shows siderosis and sometimes 
fibrosis. Iron accumulation occurs in both transfusion‐
dependent, and non‐transfusion‐dependent thalas
semia. The haemosiderosis may progress to an actual 
haemochromatosis and requires chelation therapy 
using desferrioxamine or oral chelation therapy (see 
Chapter 26). The stainable iron in the liver cells may 
be greater in those who have undergone splenectomy 
(usually performed to reduce blood transfusion 
requirements).

Transfusion‐acquired hepatitis B and C may lead to 
chronic liver disease.

Episodes of intrahepatic cholestasis of uncertain nature 
can also develop. Gallstones may be a complication.

Hepatocellular carcinoma (HCC) is a risk, and bi‐
annual screening for HCC has been recommended not 
only for those with cirrhosis, but also for patients with 
HCV and/or HBV, or a raised serum ferritin (>1000 ng/mL) 
or a liver iron concentration (measured on MRI) above a 
threshold according to whether the patient is transfu
sion‐ or non‐transfusion‐dependent [96].

Previously, the commonest cause of death in thalassae
mia major was heart failure but the clinical course of the 
disease has changed with improved therapy including, in 
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particular, iron chelation, given to prevent or treat 
hepatic iron overload [96].

Treatment
This may include folic acid, blood transfusion, iron 
chelation therapy, antiviral treatment for those with hep
atitis B or C, and occasionally splenectomy. Bone  marrow 
transplantation may be considered but the survival is 
worse in those with liver disease [97].

Paroxysmal nocturnal haemoglobinuria [98]

In this rare acquired disease, there is intravascular, com
plement‐mediated haemolysis. The defect is due to 
mutation of the PIGA gene on chromosome X which 
results in deficient biosynthesis of the glycosylphos
phatidylinositol anchor protein (GPI‐AP). This leads to 
an absence of certain proteins on the red cell surface. 
The cells are sensitive to lysis when the pH of the blood 
becomes more acid during sleep. During an episode of 
haemolysis the urine passed in the morning may be 
brown or reddish‐brown due to haemoglobinuria. 
Diagnosis is made by flow cytometry to detect cells 
 deficient in GPI‐APs [99].

Acutely, the patients show a dusky, reddish jaundice 
and the liver enlarges. Aspartate transaminase may be 
increased (due to haemolysis) and serum studies show 
iron deficiency (due to urinary loss of haemoglobin).

Hepatic vein thrombosis presenting as Budd–Chiari 
syndrome may be a complication. Liver histology 
shows centrizonal haemorrhagic necrosis and some 
siderosis. Bile duct changes similar to primary scleros
ing cholangitis, perhaps due to ischaemia, have also 
been reported [100]. Treatment is with eculizumab 
which is a monoclonal antibody to the C5 complement 
protein [101].

Acquired haemolytic anaemia

This group of conditions frequently results from 
immune‐mediated destruction of red cells. Complement 
or immunoglobulin bound to the red cell membrane is 
removed, mainly in the spleen. This loss of membrane 
results in smaller red cells that have lost their bi‐concave 
shape and become spherocytes.

The patient is often jaundiced. The increased bilirubin 
is unconjugated, but in severe cases conjugated bilirubin 
increases and appears in the urine. This may be related 
to bilirubin overload in the presence of liver damage. 
Blood transfusion accentuates the jaundice, for trans
fused cells survive poorly.

The haemolysis may be idiopathic but may also com
plicate other diseases, especially haematological and 
other malignancies. A search for these should always be 

undertaken in patients with autoimmune haemolytic 
anaemia.

The direct antiglobulin test (DAT; also called Coombs 
test) is usually positive in patients with this type of anae
mia; it uses antisera to identify patient red cells coated 
with complement or immunoglobulin.

Autoimmune haemolytic anaemia is a rare complica
tion of autoimmune hepatitis and PBC.

Wilson disease (Chapter 27) may present as a haemo
lytic crisis with a negative direct antiglobulin test.

Haemolytic disease of the newborn

See Chapter 31.

 The liver in myelo‐ and 
lymphoproliferative disease [102]

The liver can be affected by almost all malignant haema
tological diseases, usually in association with systemic 
disease, but occasionally as a primary hepatic disease. 
Reduced haemopoietic activity in the marrow is often 
followed by extramedullary haemopoiesis in the liver – 
the return of an embryonic function.

Infiltration of the liver by leukaemic or lymphoprolif
erative disease can be diffuse or focal, and may localize to 
portal areas, sinusoids, or both. There may be little effect 
on liver function but liver enzymes are frequently abnor
mal. Liver biopsies may be helpful for diagnosis [103]. 
If  scanning shows a focal lesion, guided biopsy is 
worthwhile.

Rarely, fulminant liver failure complicates the pri
mary disease, due to replacement of hepatocytes with 
malignant cells. This is reported in acute lymphoblas
tic  leukaemia [104] and non‐Hodgkin lymphoma [105]. 
It is important to differentiate these from liver failure 
due to viral or drug‐induced hepatitis, since liver 
 transplantation is contraindicated when there is under
lying haematological malignancy, although one suc
cessful case with combination chemotherapy has been 
reported [106].

Acute and chronic abnormalities of liver tests may be 
due to treatment. Drugs given including chemotherapy 
should be reviewed. Multiple blood transfusions were a 
frequent cause of viral hepatitis in the past. Hepatitis B 
may be reactivated during cytotoxic or immunosuppres
sive therapy and may result in hepatitis flare and fulmi
nant hepatic failure [107,108]. Appropriate antiviral 
prophylaxis must be given to prevent this.

There may be portal hypertension and variceal bleed
ing due to hepatic, portal, or splenic vein thrombosis 
related to a hypercoagulable state. A latent myeloprolif
erative disorder (MPD) should be considered in all 
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patients with an unexplained abdominal vein thrombosis. 
Molecular testing for these conditions is now readily 
available. Evidence for a myeloproliferative disorder is 
found in 30–40% of those with non‐tumour‐related 
Budd–Chiari syndrome and portal vein thrombosis [109].

Hepatic histology

Myeloid [102]
Microscopically both portal tracts and sinusoids are 
infiltrated with immature and mature cells of the  myeloid 
series. The immature cells lie outside the sinusoidal wall.

The portal tracts are enlarged with myelocytes and 
polymorphs, both neutrophil and eosinophil; round cells 
are also conspicuous. The liver cell cords are compressed 
by the leukaemic deposits.

Lymphoid
Infiltration involves mostly the portal tracts, but may 
also involve the sinusoids. The portal areas are enlarged 
and contain both mature and immature cells of the lym
phatic series. The sinusoids are not affected. The liver 
cells are normal.

 Bone marrow transplantation

Liver abnormalities occur at some time in the majority of 
patients in the first 12 months following allogeneic bone 
marrow transplantation [110]. The changes range from 
abnormal liver tests alone, to coagulation abnormalities, 
ascites, and liver failure. There are many possible causes 
(Table 32.7); more than one may be responsible at any 
one time. Pre‐existing liver disease increases the risk.

In the first 15 weeks, the most common causes of liver 
abnormality are acute graft‐versus‐host disease (GVHD), 
intrahepatic veno‐occlusive disease (also known as sinu
soidal obstruction syndrome), drug‐induced reactions, 
and infection.

Jaundice and abnormal liver enzyme tests accompany 
the systemic manifestations of acute GVHD – rash and 
diarrhoea. This usually begins 3–8 weeks post‐trans
plant. The hepatic changes may persist to cholestatic 
chronic GVHD with intrahepatic bile duct damage. 
Chronic GVHD may also develop de novo.

The development of jaundice, painful hepatomegaly, 
weight gain, and ascites in the first weeks after bone 
marrow transplantation suggests a diagnosis of veno‐
occlusive disease. This is an important condition to 
 recognize; mortality in severely affected individuals is 
high around 50%. The incidence varies, ranging from 
less than 5% to over 60%, probably reflecting different 
patient groups, conditioning regimens, and diagnostic 
criteria. However, there has been a decrease in the 

 incidence in recent years, related to reduced‐intensity 
and less toxic conditioning regimens, the use of periph
eral blood stem cells, and better patient selection [110]. 
There is controversy over whether histological evidence 
of venular occlusion is needed for diagnosis. A percuta
neous liver biopsy is often contraindicated by a low 
platelet count, coagulopathy, and ascites. A transjugular 
liver biopsy should be used [111,112]. This route also 
allows the wedged hepatic venous pressure to be meas
ured [111], which helps to evaluate prognosis; when the 
hepatic venous pressure gradient is 20 mmHg or more 
the prognosis is grave. The histological changes include 
marked centrizonal haemorrhagic necrosis and oblite
ration of the central venules, often by fibrin thrombi. It 
has now been shown that the primary abnormality is the 
injury to the perivenular sinusoidal endothelium and 
injury to the central vein is not an essential component; 
hence the proposed new name ‘sinusoidal obstruction 

Table 32.7 Hepatobiliary disease and bone marrow 
transplantation

Problem Related to

Pre‐existing
Fungal Granulocytopenia
Viral (hepatitis type B, C) Blood products
Drug Medication
Biliary Stones
Post‐transplantation
Early neutropenic phase (up to 
4 weeks)

acute graft‐versus‐host disease Donor marrow
veno‐occlusive disease/sinusoidal 
obstruction syndrome

Cytoreductive therapy

nodular regenerative hyperplasia
drug induced Including total parenteral 

nutrition
 extrahepatic bacterial sepsis Bacteria/endotoxin

 fungal
 biliary disease Sludge

Intermediate (4–15 weeks)*
 viral Cytomegalovirus

Hepatitis type B, C, E
Late (>15 weeks)

chronic graft‐versus‐host disease Multiorgan disease
chronic viral infection
fungal Immunosuppression
tumour recurrence

* As well as continuing early problems.
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syndrome’. Four histological abnormalities correlate 
with the clinical severity of disease: occluded hepatic 
venules, eccentric luminal narrowing/phlebosclerosis, 
hepatocyte necrosis, and sinusoidal fibrosis [113]. 
Studies suggest that ursodeoxycholic acid and defibrot
ide may be useful in the prevention or treatment of 
sinusoidal obstruction syndrome [114].

Opportunistic fungal and bacterial infections occur 
during neutropenic periods and may cause abnormal 
liver tests; viral infections occur later.

Hepatitis E (HEV) infection has been reported in 2.4% 
of patients having haemopoietic stem cell transplants; 
importantly chronic HEV infection occurred in around 
60% of these individuals due to immunosuppression 
[115] (see Chapter 20). HEV RNA screening has been 
proposed but this test is not readily available [116].

Helpful data to identify the cause of the hepatic abnor
mality include: (1) the timing of the changes related to 
drugs, chemotherapy, radiation, and bone marrow infu
sion; (2) the dose of cytoreductive (conditioning)  therapy; 
(3) the source of donor marrow; (4) pretreatment viral 
serology; (5) the degree of immunosuppression; and (6) 
evidence of systemic disease. Bacteriological and viro
logical data are important. Often more than one  process 
is involved. In one series transjugular liver biopsy 
 provided useful data for patient management in over 
80% of cases [111].

 Lymphoma

The liver is frequently involved by lymphoma. Improved 
sensitivity for the detection of lymphoma using functional 
imaging, such as that provided by positron‐ emission 
tomography (PET) allows for detection of lymphoma in 
the liver before anatomical abnormalities are detectable 
on conventional anatomical imaging (Fig. 32.8) [117].

In Hodgkin lymphoma, the infiltrate composed of 
mature lymphocytes, large pale epithelioid cells, eosino
phils, plasma cells, and classic Reed–Sternberg cells, is 
seen spreading out from the portal tracts (Fig. 32.9).

Identification of Reed–Sternberg cells is facilitated by 
use of immunohistochemical markers (PAX5, CD30, 
and CD15).

In patients with known extrahepatic Hodgkin lym
phoma but without obvious Reed–Sternberg cells in 
 sections of the liver, hepatic involvement is suggested by 
portal infiltrates larger than 1 mm in diameter, changes 
of acute cholangitis, portal oedema, and portal infiltrates 
with predominance of plasma cells, eosinophils, and a 
few atypical mononuclear Hodgkin cells [118]. However, 
the application of immunohistochemistry is required for 
confirmation.

Liver can be secondarily involved in virtually all types 
of non‐Hodgkin lymphoma and most often, the portal 
areas show the infiltrate. In small lymphocytic  lymphoma 

Fig. 32.8 Functional imaging with FDG‐PET CT in a patient with primary hepatic lymphoma. (a) Scout‐view demonstrating extensive 
replacement of the liver parenchyma by lymphoma. (b) Coronal view showing intense tracer‐avidity within the liver. Note the uptake in 
the region of the kidney and bladder is physiological. Courtesy of Dr Thomas Wagner, Nuclear Medicine Physician, The Royal Free London 
NHS Foundation Trust.
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(SLL/CLL), a dense, monotonous proliferation of nor
mal‐appearing lymphocytes is seen, which may also be 
seen in the sinusoids. The more aggressive lymphomas 
tend to form tumour masses with destruction of under
lying hepatic parenchyma. The liver may also be involved 
in angioimmunoblastic T‐cell lymphoma (formerly 
called angioimmunoblastic lymphadenopathy), which 
resembles Hodgkin disease without the presence of 
Reed–Sternberg cells.

Liver granulomas with or without tumorous infiltrate 
can be found in some lymphomas. Caseation without 
evidence of tuberculosis has also been reported [119].

Paraproteinaemia and amyloidosis may be a complica
tion of any lymphoma.

Diagnosis of hepatic involvement

Hepatic involvement confers an adverse prognosis in 
lymphoma patients. While hepatomegaly suggests liver 
involvement, its absence does not exclude it. Fever, jaun
dice, and splenomegaly increase the likelihood. Increases 
in serum γ‐glutamyl transpeptidase (γ‐GT) and transam
inase values are suggestive, although often non‐specific.

Focal defects may be shown by ultrasound, CT, and 
MRI. Enlarged abdominal lymph nodes may also be seen. 
Scanning with PET combined with a low‐dose, contrast‐
enhanced CT scan has transformed the diagnosis of 
extranodal lymphomas, and should be considered in all 
cases where hepatic lymphoma is contemplated. Liver 
histology may show diffuse infiltrates, increased portal 
tract cellularity, sinusoidal infiltrates, granulomatous 
reaction, or simply lymphoid aggregates (Fig. 32.10).

Presentation as jaundice may provide great diagnostic 
difficulties (Table  32.8). Lymphoma should always be 
considered in patients with jaundice, fever, and weight 
loss. Rarely, lymphomatous infiltration presents as acute 
liver failure [105,120].

Jaundice in lymphoma (Table 32.8)

Hepatic infiltrates may be massive and present as space‐
occupying lesions. Histological evidence is essential for 
diagnosis.

Biliary obstruction is more frequent with non‐Hodgkin 
lymphoma than with Hodgkin lymphoma [121]. It is 
 usually due to hilar lymph nodes.

Rarely, an idiopathic intrahepatic, usually cholestatic, 
jaundice may be seen in lymphoma [122]. It is unrelated 
to deposits in the liver or bile duct compression. Hepatic 
histology shows canalicular cholestasis and in some 
instances loss of intrahepatic bile ducts [123].

Chemotherapy may cause jaundice. Almost all the 
 cytotoxic drugs can be incriminated if given in sufficient 
dose. Common culprits include methotrexate, 6‐mercap
topurine, cytosine arabinoside, procarbazine, and vincris
tine. Hepatic irradiation may also lead to jaundice though 
this is less likely to be encountered with modern tech
niques that are able to target specific lesions in the liver.

Post‐transfusion viral hepatitis B, C, or non‐A, non‐B, 
non‐C, may affect the immunocompromised patient. 
Opportunist infections are also encountered. Rituximab, 
which is often included in chemotherapy regimens for 
lymphomas, is associated with very high rates of HBV 
reactivation including patients who are HBsAg‐negative, 
anti‐HBc‐positive (see Chapter 21).

Primary hepatic lymphoma

Primary hepatic lymphoma is rare and virtually all histo
logical types have been reported. It may present as  multiple 
masses in around 55%, a solitary mass in 35%, and diffuse 
disease in 5–10% [124]. Most are B‐cell lymphomas, and 
less frequently of T‐cell type. Amongst primary B‐cell 
lymphomas, low‐grade mucosa‐associated lymphoid tis
sue (MALT) has also been reported [125]. Another unique 
primary hepatic lymphoma is hepatosplenic γδ T‐cell 
lymphoma [126], which is very aggressive, and clinically 
and histologically mimics acute hepatitis. Presentation of 
hepatic lymphomas otherwise is mainly with pain, hepa
tomegaly, a palpable mass, and elevated alkaline phos
phatase and bilirubin. Fever, night sweats, and weight loss 
occur in 50% of cases. There is no lymphadenopathy, 
which is unusual in all but this type of lymphoma.

Ultrasound and CT show a non‐specific space‐occupying 
lesion in the liver in the majority but there may be diffuse 
hepatomegaly without a focal lesion. PET generally shows 
diffuse positivity (Fig. 32.8). Diagnosis is by liver biopsy. 
Sometimes histology may initially be  confusing, suggesting 
poorly differentiated carcinoma or hepatitis, or showing 
extensive haemorrhagic necrosis suggesting Budd–Chiari 
syndrome. Immunohistochemical markers and molecular 
tests to identify the clonal B‐ or T‐cell nature of the 
 infiltrate helps establish the diagnosis.

Fig. 32.9 Infiltration of portal zones by Hodgkin’s cells including 
large Reed–Sternberg‐like cells (arrow) (H & E).
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Primary lymphoma of the liver may be found inci
dentally or complicating advanced HIV infection or 
other immunosuppressed states, for example organ 
transplantation. Patients with pre‐existing cirrhosis 
have a poor prognosis. Negative α‐fetoprotein and car
cinoembryonic antigen with a high LDH level in a 
patient with a liver mass should raise the possibility of 
lymphoma.

Treatment of hepatic lymphoma
The treatment depends on the histological type of 
 lymphoma. Combination chemotherapy coupled with 
targeted treatment with rituximab in CD20‐positive  
B‐cell lymphomas has considerably improved the prog
nosis of intrahepatic Hodgkin lymphoma. Irradiation 
therapy is sometimes used in patients with refractory 
disease and jaundice.

Extrahepatic biliary obstruction is treated by external 
radiation and, if necessary, the insertion of temporary 
internal stents by the endoscopic or percutaneous route.

Plasma cell myeloma

The liver may be involved in plasma cell myeloma, the 
portal tracts and sinusoids being filled with plasma cells. 
Solitary primary hepatic or extramedullary plasmacy
toma have also been reported. Associated amyloidosis 
may involve the hepatic arterioles.

 Extramedullary haemopoiesis

The pluripotent haematopoetic stem cells or endothe
lial‐derived stem cells in the liver are capable of giving 
rise to mature adult erythrocytes, leucocytes, or plate
lets. If the stimulus for blood regeneration is sufficiently 
strong, this function can be resumed. This is rare in the 
adult but can occur with bone marrow replacement or 
infiltration, and especially in association with secondary 
carcinoma of bone, myelofibrosis, plasma cell myeloma, 
and the marble bone disease of Albers‐Schonberg.

(a) (b)

(c) (d)

Fig. 32.10 Patterns of hepatic histology in lymphoma. (a) Low power showing dense portal cellular infiltrates (arrows) (H & E). (b) Higher 
power of portal area showing intermediate and large mononuclear cells. (c) Immunohistochemistry showing that the cells have a B‐cell 
phenotype (stained brown with antibody to CD20). Bile ducts are not stained. (d) Sinusoidal pattern of infiltration by lymphoma cells. 
Occasional atypical mononuclear cells are seen within the hepatic sinusoids (arrows).
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Fig. 32.11 Extra‐medullary haemopoiesis – megakaryocytes 
(arrows), erythroblasts, normoblasts, and polymorphs are seen in 
the hepatic sinusoids (H & E).

The condition is well exemplified by primary myelofi
brosis, where the liver is enlarged. The spleen is mark
edly enlarged, and its removal may result in even greater 
enlargement of the liver. The mortality after splenec
tomy is 10–20%, some caused by hepatic dysfunction 
due to the increase in extramedullary haemopoiesis.

Ascites occurs in a small percentage of patients with 
extramedullary haemopoiesis, and may be due to portal 
hypertension, or, after splenectomy, peritoneal deposits 
of extramedullary haemopoiesis.

Portal hypertension may be due to portal vein throm
bosis or, rarely, extensive sinusoidal infiltration with 
 haemopoietic cells. Disse’s space fibrosis contributes. 
Nodular regenerative hyperplasia (Chapter 35) may also 
cause portal hypertension.

Microscopic features

The conspicuous abnormality is marked increase in the 
cellular content, both in the portal tracts and in the dis
tended sinusoids (Fig.  32.11). The haemopoietic tissue 
may form discrete foci in the sinusoids. Rarely, larger foci 
may be seen on CT or MRI scanning [127].

Electron microscopy shows haematological cells in the 
sinusoids with transformation of perisinusoidal cells into 
fibroblasts and myofibroblast‐like cells.

 Rare haematological disorders that 
may involve the liver

Systemic mastocytosis refers to a haematological malig
nancy where tissues and organs of the body are infil
trated by abnormal mast cells. The liver may be involved 
and patients may present with hepatomegaly [128].

Langerhans’ cell histiocytosis is a rare condition char
acterized by proliferation of Langerhans’ cells. Liver 
disease is present in one‐third of patients. Cholestasis 
is due to sclerosing cholangitis affecting intrahepatic 
ducts or proliferating histiocytic cells in periportal 
areas [129]. Portal hypertension and variceal haemor
rhage may develop. Liver failure due to biliary cirrhosis 
is unusual.

Haemophagocytic lymphohistiocytosis is a rare and 
often fatal disease of overactive histiocytes and lympho
cytes, usually presenting in children under 2 years of age 
but also in adults [130]. The liver is affected by infiltra
tion of both lymphocytes and histiocytes, biochemically 
mimicking a hepatitis, with haemophagocytosis, which 
is a hallmark of the disease.

 Lipid storage diseases

The lipidoses are disorders in which abnormal amounts 
of lipids are stored in the cells of the reticuloendothe
lial system. They may be classified according to 
the  lipid stored: Lysosomal acid lipase deficiency 
 (cholesteryl esters and triglycerides); Gaucher disease 

Table 32.8 Features of jaundice in lymphoma

Feature Comment

Related to lymphoma
Hepatic infiltrates
Multiple lesions Scans

tumour mass Liver biopsy
Biliary obstruction Usually hilar

Magnetic resonance scan, ± 
endoscopic or percutaneous 
cholangiography
Non‐Hodgkin’s usually

Intrahepatic cholestasis Rare
Liver biopsy

‘pure’ cholestasis
loss of bile ducts

Usually Hodgkin’s
Haemolysis Autoimmune haemolytic anaemia

Positive DAT test
Related to therapy
Chemotherapy High dose can cause fulminant 

liver failure
Hepatic irradiation More than 35 Gy (3500 rad)
Post‐transfusion Hepatitis C (now rare)
Hepatitis B reactivation (Chapter 21)
Opportunist infections (Chapter 33)
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(glucocerebroside); Niemann–Pick disease type A and 
B (sphingomyelin) or Niemann–Pick disease type C 
(lysosomal cholesterol).

Lysosomal acid lipase deficiency (LAL‐D) 
[131,132]

This rare autosomal recessive disease is due to a defi
ciency of lysosomal acid lipase/cholesteryl ester hydro
lase. It can present in infancy with a severe lethal form 
(Wolman disease; see Chapter 31) through to childhood 
and adult life with symptomless hepatomegaly and 
 elevated transaminases.

In the later onset form (also known as cholesteryl ester 
storage disease) it may be difficult to distinguish from 
non‐alcoholic fatty liver disease and not recognized 
[131]. The liver test and lipid profile may be the same, 
but clinical suspicion of LAL‐D is raised in a younger 
adult, non‐obese patient with fatty liver and advanced 
fibrosis and/or cirrhosis. LAL activity if available can be 
measured. The liver is orange‐yellow in colour and 
hepatocytes contain excess cholesteryl ester and triglyc
eride. There is microvesicular steatosis. Septate fibrosis 
may progress to cirrhosis and liver failure with the need 
for liver transplantation. Patients may have early cardio
vascular disease.

A trial of enzyme replacement therapy has shown 
 benefit in reducing serum transaminase levels, lipid 
abnormalities, and hepatic fat [133].

Gaucher disease [134]

This rare, autosomal recessive disease was first described 
in 1882. It is the commonest lysosomal storage disorder. 
It is due to a deficiency of lysosomal acid β‐glucosidase 
so that glucosylceramide, derived from membrane 
 glycosphingolipids of time‐expired white and red blood 
cells, accumulates in the reticuloendothelial system 
throughout the body, particularly in the liver, bone 
 marrow, and spleen. Three types are recognized:

 ● Type 1 (adult, chronic, non‐neuronopathic) is the 
mildest and most common form of Gaucher disease. 
It occurs rarely in all ethnic groups (non‐Jewish: 1 in 
40 000) but is most common in Ashkenazi Jews (1 in 
850). The central nervous system is spared.

 ● Type 2 (infantile, acute, neuronopathic) is rare. In 
addition to the visceral involvement there is mas
sive, fatal neurological involvement, with death in 
infancy.

 ● Type 3 (juvenile, subacute, neuronopathic) is rare and 
seen in all ethnic groups. There is gradual and hetero
geneous neurological involvement.

The various forms represent different mutations in the 
structural gene for acid β‐glucosidase on chromosome 1, 

although there is a variability in severity of disease within 
a specific genotype [135]. Four mutations account for over 
95% of disease alleles in Ashkenazi patients, but only 75% 
of non‐Jewish patients. Patients homozygous for the 
L444P mutation are at high risk of neurological disease, 
whereas the presence of at least one allele with N370S pre
cludes this form of disease [135]. Variation in tissue dam
age within each genotype is probably due to individual 
differences in the macrophage response to glucosylcera
mide accumulation, but the mechanisms are unknown.

The characteristic Gaucher cell is approximately 
70–80 µm in diameter, oval or polygonal in shape, and 
with pale cytoplasm. It contains two or more peripherally 
placed hyperchromatic nuclei between which fibrils pass 
parallel to each other (Fig. 32.12). These cells accumulate 
in the perisinusoidal space and can form large aggregates. 
Associated fibrosis is variable and can be severe  resem
bling cirrhosis. The Gaucher cell is quite different from the 
foamy cell of xanthomatosis or Niemann–Pick disease.

Electron microscopy. The accumulated glycolipid formed 
from degraded cell membranes precipitates within the 
 lysosomes and forms long (20–40 nm),  rod‐like tubules.

Chronic adult form (type 1)
This is the most common type. It is chronic, of variable 
severity and age of onset (any age), but usually comes on 
insidiously before the age of 30 years.

The mode of presentation is variable, with unexplained 
hepatosplenomegaly (especially in children), avascular 
osteonecrosis, fragility fractures, or bone pain. 
Additionally, there may be a bleeding diathesis, with 
non‐specific anaemia, and/or thrombocytopenia.

The clinical features include pigmentation, which may 
be generalized or a patchy, brownish tan. The lower legs 
may have a symmetrical pigmentation, leaden grey in 
colour and containing melanin. The eyes show yellow 
pingueculae.

Fig. 32.12 Gaucher’s disease. Smears of sternal bone marrow 
show large pale Gaucher cells with fibrillary cytoplasm and 
eccentric hyperchromatic nuclei. Courtesy of Dr Atul Mehta.
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The spleen is enormous and the liver is moderately 
enlarged, smooth and firm. Superficial lymph glands are 
not usually involved.

Peripheral blood changes. With diffuse bone marrow 
involvement, a leucoerythroblastic picture may be seen. 
Alternatively, leucopenia and thrombocytopenia with 
prolonged bleeding time may be associated with only a 
moderate hypochromic microcytic anaemia [136].

Hepatic involvement is often associated with fibrosis 
and abnormal liver tests. Serum alkaline phosphatase is 
usually increased, sometimes with a rise in transami
nase. Severe fibrosis may develop but cirrhosis and 
 life‐threatening liver disease are rare [137]. Portal 
hypertension may occur due to increase portal blood 
flow due to splenomegaly, rather than cirrhosis. Other 
hepatic manifestations include high incidence of choles
terol gallstone disease [138] and frequently hyperferri
tinaemia (with a normal transferrin saturation) [139]. 
The latter is thought to be related to chronic low‐grade 
inflammation but may be associated with iron overload 
in some patients.

Bone X‐rays. The long bones exhibit failure of bone 
remodelling, reflected by expansion of the lower ends of 
the femora, so that the waist normally seen above the 
condyles disappears.

Diagnosis
Gold standard for diagnosis is the measurement of 
acid β‐glucosidase activity in peripheral blood leuco
cytes; screening for common GBA1 (the gene 
that  encodes acid β‐glucosidase) mutations may be 
helpful [134].

If done as part of investigation for the cause of a hae
matological disorder bone marrow shows the diagnostic 
Gaucher cells (Fig.  32.12). There is no role for liver 
biopsy.

Treatment
The current recommended treatment is enzyme replace
ment therapy [140]. It is given by intravenous infusion. 
Several treatment regimens have been shown to be effec
tive. After endogenous enzymatic deglycosylation, exog
enous enzyme is taken up by mannose receptors on 
macrophages, in the liver, spleen, and skeleton, where it 
is highly effective in reversing the haematological and 
visceral (liver, spleen) features. Skeletal disease is slow to 
respond.

Substrate reduction therapy via inhibitors of glucosyl
ceramide synthase is now an alternative approach to 
treatment [140]. Pharmacological chaperone therapy is 
being investigated, as is the use of induced pluripotent 
stem cells (iPSCs) [140].

Liver transplantation for decompensated cirrhosis has 
been done [141,142]. This does not correct the metabolic 
defect, and enzyme replacement therapy remains necessary. 

Bone marrow transplantation has been performed, but 
while curative, the risks are prohibitive in comparison with 
enzyme replacement therapy.

With the use of enzyme replacement therapy, splenec
tomy, which used to be followed by accentuation of skel
etal and visceral disease, is now rarely necessary.

Acute infantile Gaucher disease (type 2)
This acute form of the disease presents within the first 6 
months of life and is usually fatal before 2 years. The 
child appears normal at birth. There is cerebral involve
ment, progressive cachexia, and mental deterioration. 
The liver and spleen are enlarged and superficial lymph 
nodes may also be palpable.

Autopsy shows Gaucher cells throughout the reticu
loendothelial system. They are, however, not found in 
the brain. The pathogenesis of the cerebral disease is not 
understood but probably involves direct toxicity of 
 accumulating lipids on the neuronal cells.

Niemann–Pick diseases [143]

Niemann–Pick disease type A and type B are inherited 
as autosomal recessive deficiency of the enzyme sphin
gomyelinase in the lysosomes of the reticuloendothelial 
system. This results in the lysosomal storage of sphin
gomyelin. The liver and spleen are predominantly 
involved.

The characteristic cell is pale, ovoid or round, 
20–40 µm in diameter. In the unfixed state it is loaded 
with granules; when fixed in fat solvents the granules are 
dissolved, giving a vacuolated and foamy appearance. 
There are usually only one or two nuclei. Electron 
microscopy shows lysosomes as laminated myelin‐like 
figures. These contain the abnormal lipid.

Niemann–Pick disease type A (acute, neuronopathic 
form) occurs in infants, who die before the age of 2 years. 
The condition starts in the first 3 months, with anorexia, 
weight loss, and retardation of growth. The liver and 
spleen enlarge, the skin becomes waxy and acquires a 
 yellowish‐brown coloration on exposed parts. The super
ficial lymph nodes are enlarged. There are pulmonary 
infiltrates. The patient is blind, deaf, and mentally retarded.

The fundus may show a cherry‐red spot due to retinal 
degeneration at the macula.

The peripheral blood shows a microcytic anaemia and 
in the later stages the foamy Niemann–Pick cell may be 
found.

Niemann‐Pick Type B disease (chronic, non‐neurono
pathic form) is associated with neonatal cholestasis which 
resolves. Cirrhosis develops slowly and may lead to por
tal hypertension, ascites, and liver failure [144]. The two 
most frequent causes of death in one series were pulmo
nary disease and liver disease [145]. Liver transplanta
tion for hepatic failure has been  successful [142].
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Diagnosis is made by marrow puncture, which reveals 
characteristic Niemann–Pick cells, or by finding a low 
level of sphingomyelinase in leucocytes.

Bone marrow transplant has been done for patients 
with early severe liver disease [146].

Niemann–Pick type C and D disease is due to genetic 
mutations in one of two genes, NPC1 or NPC2, which 
code for a transporter of cholesterol in lysosomal mem
brane. Thus cholesterol‐laden lysosomes accumulate 
with secondary accumulation of other lipids [147]. 
Definitive diagnosis may be difficult despite a range of 
tests [148]. Affected infants may present with neonatal 
cholestasis and severe liver involvement and there is pro
gressive neurodegenerative disease. Occasionally, adults 
may present with hepatomegaly and neurodegenerative 
disease. Other than cholesterol, glycosphingolipids accu

mulate which form the rationale for use of substrate 
inhibitors of glucocerebroside synthesis. One such 
 inhibitor, miglustat, has shown promising results in a 
randomized controlled trial [149].

 Non‐metastatic complications 
of malignancy

Renal cell carcinomas may be associated with abnormal 
liver tests, due to production of variant alkaline phosphatase 
by the neoplasm or increased release of alkaline phos
phatase and γ‐GT from the liver as a paraneoplastic effect 
mediated by cytokines released from the tumour [150,151]. 
Lymphomas may induce hepatic granulomas and abnormal 
liver biochemistry in the absence of liver infiltration.
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 Introduction

The liver may be affected either directly or indirectly by 
many agents of infection. The consequences of bacterial, 
fungal, and parasitic infections will be considered in this 
chapter, while viral infections are dealt with in Chapters 
20 to 23.

 Jaundice of infections

Bacteraemia and septic shock

Liver function abnormalities, including modest increases 
in serum alkaline phosphatase, transaminases, and 

 bilirubin, are not uncommon in patients with severe 
infections,  bacteraemia, toxic shock, and endotoxaemia 
[1,2]. In two‐thirds, jaundice is a feature and, if it persists, 
carries a bad prognosis. Jaundice is an unusual complica-
tion of pneumonia. It is, however, still frequent in Africans, 
where it may be  related partly to haemolysis in those 
deficient in  glucose‐6‐phosphate dehydrogenase [3].

Hepatic histology shows non‐specific changes or a 
non‐specific hepatitis, including midzonal and periph-
eral necrosis. Increased numbers of hepatic stellate cells 
are seen during the acute stage. Cholestasis may be 
marked and in severe cases is shown as inspissated bile 
within dilated and proliferated portal and periportal bile 
ductules [4]. Cultures of the liver are sterile.

The causes are multifactorial. Hepatic hypoperfusion 
plays a part. The cholangiolar lesions might be related to 
interference with canalicular exchange of water and elec-
trolytes, to endotoxaemia, or to a number of exotoxins 
produced by Staphylococcal spp. [5], Streptococci, and 
Pseudomonas aeruginosa, or to interference with the peri-
biliary vascular plexus as a result of shock [2]. TNF‐α may 
mediate endotoxin‐induced cholestasis [6]. Endotoxin 
interferes with bile acid transport, downregulating baso-
lateral uptake and canalicular export systems [7].

The syndrome of jaundice associated with extrahe-
patic infection is functional and reversible once the 
infection is controlled.

 Pyogenic liver abscess

Over the past 50 years there has been a marked change 
in the aetiology of pyogenic liver abscess [8]. Abscesses 
 secondary to biliary disease, particularly malignant, 
 continue to increase. Because of the greater number of 
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LEARNING POINTS

 ● The management of bacterial infections, including 
liver abscesses, requires careful choice of antibiotics. 
The increasing incidence of resistance means that 
every attempt should be made to isolate the 
microorganism(s) responsible.

 ● Discussion with infectious disease physicians and 
microbiologists is advised when treating all but the 
most straightforward infections. HIV testing should be 
considered especially when the infection is caused by 
mycobacteria or less usual pathogens.

 ● In the UK and Europe, the majority of fungal infections 
of the liver are opportunistic. In the USA and rest of the 
world, the liver may be affected by endemic fungi.

 ● The management of hydatid disease has been refined 
to include surgical and non‐surgical approaches.

 ● Liver complications of schistosomiasis are at least par-
tially reversible even in advanced disease if the patient 
is treated with praziquantel.

* This chapter is an update of the chapter by Professor Christopher Kibbler in the previous edition.
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immunosuppressed patients, the proportion with 
abscesses from opportunistic infections has risen.

Earlier diagnosis is now possible because of the routine 
availability of ultrasound and cross‐sectional imaging for 
suspected liver disease.

Spread of infection into the liver leading to abscess for-
mation can either happen via the systemic circulation, 
the biliary tract, the portal circulation, or via contiguous 
spread from neighbouring tissues or organs.

Aetiology

Underlying biliary disease is the most frequent cause, 
being present in approximately 40–50% of cases [8–10]. 
Septic cholangitis can complicate any form of biliary 
obstruction, especially if partial. More cases are related 
to surgical, endoscopic, or radiological treatment of 
hepatobiliary disease despite the use of prophylactic 
antibiotics. Biliary stenting for malignant biliary and 
pancreatic disease is a particular association. Abscess 
may occur in sclerosing cholangitis and congenital  biliary 
anomalies, especially Caroli disease.

Portal pyaemia may follow pelvic or gastrointestinal 
infection, resulting in portal pylephlebitis or septic 
emboli. It can follow appendicitis, empyema of the 
 gallbladder, diverticulitis, regional enteritis [11], 
Yersinia ileitis [12], perforated gastric or colonic ulcers, 
leaking anastomoses, pancreatitis [13], or infected 
haemorrhoids.

Neonatal umbilical sepsis may spread to the portal 
vein with subsequent liver abscesses.

Injury to the hepatic arterial system may lead to liver 
abscesses. This can follow cholecystectomy. In liver 
transplant patients, abscesses may develop 2 weeks 
 postoperatively associated with technical complica-
tions, particularly hepatic arterial thrombosis. 
Abscesses may follow local treatment of liver tumours 
by transhepatic arterial chemoembolization or percuta-
neous tumour injection [14]. They may follow thera-
peutic hepatic arterial catheterization with or without 
embolization to treat metastases [15].

Increase in the incidence of liver abscesses may also be 
related to the number of severely immunosuppressed 
patients. These include those post‐transplant, and 
those  with haematological malignancies receiving 
 chemotherapy [16].

Traumatic causes include penetrating wounds or blunt 
trauma from road traffic accidents.

A solitary liver abscess may follow direct spread 
from an adjacent septic focus such as a perinephric 
abscess.

Diabetes is present in up to 40% of cases and is more 
commonly associated with abscesses due to Klebsiella 
pneumoniae [8,17]. There is an association with the K1 

capsular serotype and hypermucoviscosity phenotypes 
of K. pneumoniae [17].

Infecting agents

The causative bacteria (Table  33.1) depend upon the 
source of initial infection. Those causing abscesses asso-
ciated with biliary disease and intra‐abdominal sepsis are 
derived from the gut and include Escherichia coli, 
Streptococcus faecalis, K. pneumoniae, and Proteus 
 vulgaris. Such abscesses are frequently polymicrobial 
and often include anaerobes. Liver abscesses associated 
with biliary stents may contain resistant Klebsiella, 
Enterobacter, and Pseudomonas species.

Systemic bacteraemia usually causes single‐organism 
abscesses, which are often multiple. Organisms include the 
Streptococcus milleri group, which are microaerophilic 
organisms, Staphylococcus aureus and K. pneumoniae [10].

Rare causes include Yersinia enterocolitica [12], 
Brucella spp., and Norcardia spp.

Table 33.1 Organisms commonly isolated from pyogenic liver 
abscesses

Aerobes
Escherichia coli
Klebsiella pneumoniae
Enterobacter spp.
Pseudomonas spp.
Staphylococcus aureus
Streptococci:

Group D
Streptococcus anginosus group (‘milleri’ group)
Microaerophilic

Burkholderia pseudomallei
Enterococcus spp.
Yersinia enterocolitica
Listeria monocytogenes
Salmonella spp.
Gardnerella vaginalis

Anaerobes
Bacteroides fragilis
Bacteroides spp.
Fusobacterium spp.
Clostridium perfringens
Clostridium septicum
Peptococcus spp.
Actinomyces spp.

Yeasts
Mycobacteria spp.
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The abscess may be sterile, but this is usually due to 
previous antibiotic therapy or to inadequate, particularly 
anaerobic, culture techniques.

Pathology

The enlarged liver may contain multiple yellow abscesses, 
of variable size, or a single abscess encased in fibrous 
 tissue and usually found in the right lobe. With pylephle-
bitis, the portal vein and its branches contain pus and 
may be thrombosed. There may be perihepatitis or 
 adhesion formation. A chronic liver abscess may persist 
for as long as 2 years before death or diagnosis. In biliary‐
associated cases, multiple foci correspond to the intrahe-
patic bile duct system.

Small pyaemic abscesses may also be found in lung, 
kidney, brain, or spleen. Direct extension from the liver 
may lead to subphrenic or pleuropulmonary suppura-
tion. Extension to the peritoneum or rupture of a sinus 
pointing under the skin are rare. A small amount of 
ascites may be present.

Histologically, areas remote from the abscess show 
portal zone inflammation and surrounding disintegrat-
ing hepatocytes being infiltrated by polymorphs.

Clinical features

Features such as diabetes, biliary disease, malignancy, or 
immunosuppressive states are important co‐morbidities.

Presentation is with abdominal pain and fever with 
features of a space‐occupying lesion in the liver.

The onset may be insidious (particularly with a single 
abscess) and the diagnosis often delayed. Multiple 
abscesses are more acute and the cause is more often 
identified. Subdiaphragmatic irritation or pleuropulmo-
nary spread leads to right shoulder tip pain and to an 
irritable cough. The liver is enlarged and tender and the 
pain is accentuated by percussion over the lower ribs.

Jaundice is late unless there is biliary disease. However, 
it is more common with pyogenic than with amoebic 
abscess.

Recovery may be followed by portal hypertension due 
to thrombosis of the portal vein.

A neutrophil leucocytosis is usual and C‐reactive pro-
tein and serum alkaline phosphatase are usually raised.

Blood cultures may grow the causative organism or 
organisms [18].

Localization of the abscess

Ultrasound distinguishes a solid from a fluid‐filled lesion 
(Fig. 33.1). Computed tomography (CT) scanning is par-
ticularly valuable (Fig. 33.2) although false negatives can 
be due to lesions being near the dome of the liver, and to 

microabscesses. Multiple small abscesses may aggregate, 
suggesting the beginning of coalescence into single larger 
abscesses (cluster sign) [19].

Magnetic resonance imaging (MRI) shows a lesion with 
sharp borders, hypointense on T1‐weighting, and hyper-
intense on a T2‐weighted image. Appearances are not 
specific or diagnostic of a biliary or haematogenous 
 origin [20].

MR or endoscopic cholangiography may be used to 
diagnose cholangitic abscesses.

Blood cultures are positive in at least 30% of cases. 
Aspirates of liver abscess pus should be cultured aerobically, 

Fig. 33.1 Ultrasound of a pyogenic liver abscess shows a low‐
density lesion containing echogenic material which is pus and 
necrotic tissue. Acoustic enhancement beyond the lesion is 
characteristic.

Fig. 33.2 CT scan shows a low attenuation defect in the right lobe 
of the liver. Note gas in bile ducts (arrow).
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anaerobically, and in a carbon dioxide‐enriched atmos-
phere for the Streptococcus milleri group. Organisms in 
 culture‐negative pus may be identifiable using 16S PCR and 
sequencing of the product. Rarely, aseptic abscesses occur 
in patients with inflammatory bowel disease (usually in 
association with splenic abscesses) and these appear to be 
non‐infective in origin [21].

Treatment

Management has been revolutionized by the widespread 
use of imaging, especially ultrasound, allowing localiza-
tion and easy aspiration for both diagnostic and thera-
peutic purposes (Fig.  33.3). The majority of abscesses 
can be managed by systemic antibiotics and aspiration, 
which may need to be repeated [22]. Drainage is indi-
cated if signs of sepsis persist. Open surgical drainage is 
rarely indicated [23]. However, solitary left‐sided abscess 
may require surgical drainage, especially in children [24].

With multiple abscesses, the largest is aspirated and the 
smaller lesions usually resolve with antibiotics. Occasionally, 
percutaneous drainage of each is necessary.

Every attempt should be made to make a microbiologi-
cal diagnosis as this will influence the choice of antimi-
crobial therapy. Thus management should always be 
guided by antibiotic susceptibility and in conjunction 
with the microbiology and infectious disease specialists. 
Therapy is likely to be required for at least 4 weeks. 
Intravenous therapy for 2 weeks, followed by 4 weeks of 
oral treatment has been shown to be effective [25,26].

Biliary obstruction must be relieved, usually by endo-
scopic retrograde cholangiopancreatography (ERCP), 
papillotomy, and stone removal. If necessary, a biliary 

stent is inserted (Chapter 14). Even with eventual cure, 
fever may continue for 1–2 weeks [18].

Prognosis

Needle aspiration and antibiotic therapy have lowered 
the mortality in recent years [16,26]. The prognosis is 
 better for a unilocular abscess in the right lobe where sur-
vival is around 90%. The outcome for multiple abscesses, 
especially if biliary in origin, is very poor. The prognosis 
is worsened by delay in diagnosis, associated disease, 
 particularly malignancy [27], hyperbilirubinaemia, 
hypoalbuminaemia, pleural effusion, and older age [28].

 Hepatic amoebiasis

A number of species of Entamoeba are found in the 
human gastrointestinal tract including E. histolytica, 
E.  dispar, E. moshkovkii, E. hartmann, E. coli, E. nana, 
and E. bustchlii. Of these, E. histolytica is probably the 
only cause of invasive disease [29].

Entamoeba histolytica exists in a vegetative form and 
as cysts, which survive outside the body, often for several 
months, and are highly infectious. The cystic form passes 
unharmed through the stomach and small intestine and 
excysts into the vegetative, trophozoite form in the colon. 
Here, after a variable period of time, which may be many 
years, it invades the mucosa, forming typical flask‐
shaped ulcers. Only 10% of those harbouring the parasite 
develop invasive amoebiasis.

Amoebae are carried to the liver in the portal venous 
system. Rarely, they pass through the hepatic sinusoids 
into the systemic circulation with the production of 
abscesses in lungs and brain.

Amoebae multiply and block small intrahepatic portal 
radicles with consequent focal infarction of liver cells. 
They produce a number of proteolytic enzymes which 
destroy the liver parenchyma. The resultant inflamma-
tion and necrosis lead to recruitment of neutrophils and 
the formation of microabscesses which coalesce. The 
lesions produced are usually single in more than 60% of 
cases and of variable size.

The most frequent site of an amoebic liver abscess is in 
the right lobe, often supero-anteriorly, just below the 
 diaphragm. The centre consists of a large necrotic area 
which has liquefied into thick, reddish‐brown pus. This 
has been likened to anchovy or chocolate sauce. It is 
 produced by lysis of liver cells. Fragments of liver tissue 
may be recognized in it. Initially, the abscess has no well‐
defined wall, but merely shreds of shaggy, necrotic liver 
tissue.

Histologically, the necrotic areas consist of degenerate 
liver cells, leucocytes, red blood cells, connective tissue 

Fig. 33.3 Same patient as in Fig. 33.2 after directed puncture and 
drainage. The abscess is smaller and with antibiotic treatment 
resolved.
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strands, and debris. Amoebae may be identified in the 
abscess wall. Hepatocyte death is by apoptosis, with 
 evidence of activation of both extrinsic and intrinsic 
pathways [30].

Small lesions heal with scars, but larger abscesses show 
a chronic wall of connective tissue of varying age.

The lesion is focal and liver away from the abscess or 
microabscesses is normal.

Secondary bacterial infection of the abscess with 
E. coli or Klebsiella may sometimes occur, causing a 
more severe illness.

Epidemiology

Colonic amoebae have a worldwide distribution, but 
hepatic amoebiasis is a disease of the tropics and 
 subtropics. Endemic areas are Africa, Southeast Asia, 
Mexico, Venezuela, and Colombia. The majority of 
abscess cases occur in young adult males.

In temperate climates, symptomless carriers of toxic 
strains are often found without colonic ulcers. They are 
frequent commensals in men who have sex with men, 
although invasive disease is being increasingly described 
in this population [31,32].

The latent period between the intestinal infection and 
hepatic involvement has not been explained.

Clinical features

A history of travel or residence in tropical or subtropical 
areas is usually elicited. Amoebic dysentery is  associated 
in only 10% and cysts in the stool in only 15%. Past his-
tory of dysentery is rare. Hepatic amoebiasis has been 
recorded as long as 30 years after the  primary infection.

The onset is usually subacute with symptoms lasting 
up to 6 months. Rarely, it may be acute with rigors and 
sweating and a duration of less than 10 days. Fever is 
variously intermittent, remittent, or even absent unless 
an abscess becomes secondarily infected; it rarely 
exceeds 40 °C. Deep abscesses may present simply as 
fever without signs referable to the liver.

Jaundice is unusual and, if present, mild. Bile duct 
compression is rare.

The patient looks ill, with a peculiar sallowness of the 
skin, like faded suntan.

Pain in the liver area may start as a dull ache, later 
becoming sharp and stabbing. If the abscess is near the 
diaphragm, there may be referred shoulder pain accentu-
ated by deep breathing or coughing. Alcohol makes the 
pain worse, as do postural changes. The patient tends to 
lean to the left side; this opens up the right intercostal 
spaces and diminishes the tension on the liver capsule. 
The pain increases at night.

A swelling may be visible in the epigastrium or bulging 
the intercostal spaces. Hepatic tenderness is virtually 
constant. It may be elicited over a palpable liver edge or 
by percussion over the lower right chest wall. The spleen 
is not enlarged.

The lungs may show consolidation of the right 
lower zone or an effusion. Pleural fluid may be blood 
stained.

Cysts and vegetative forms are rare on examination of 
the faeces.

Diagnostic tests

Antigen tests for E. histolytica in faeces and serum are 
commercially available. However, due to the high car-
riage rate of E. histolytica worldwide they have a low 
specificity for diagnosis of an amoebic liver abscess. 
Nucleic acid testing using PCR‐based assays are available 
but not routinely used.

There are a number of test formats for detecting serum 
anti‐Entamoeba antibodies, the commonest being 
enzyme immunoassay (EIA) and fluorescent antibody 
assays. IgG antibodies remain positive for some time 
after clinical cure. The sensitivity of serological assays is 
above 90% at presentation [33].

Biochemical tests

In chronic cases, serum alkaline phosphatase values are 
usually about twice normal. Increases in transaminases are 
found only in those who are acutely ill or with severe com-
plications. A rise in serum bilirubin is unusual except in 
those with superinfection or rupture into the peritoneum.

Radiological features

Chest X‐ray may show a high right diaphragm, oblitera-
tion of the costophrenic and cardiophrenic angles by 
adhesions, pleural effusion or right basal pneumonia. 
A right lateral abscess may cause widening of the inter-
costal spaces. The liver shadow may be enlarged with a 
raised immobile right diaphragm. The abscess com-
monly causes a bulge in the anteromedial part of the 
right diaphragm.

An abscess in the left lobe of the liver may produce a 
crescentic deformity of the lesser curve of the stomach.

Ultrasound scan is the most useful for large abscesses 
and for follow‐up. CT shows the abscess with a somewhat 
irregular edge and low attenuation (Fig. 33.4). It is more 
sensitive than ultrasound for small abscesses. It may show 
extrahepatic involvement, for example in the lung [34].

MRI can also be used for diagnosis and to follow treat-
ment [35]. Liquefaction of the cavity may be shown as 
early as 4 days after starting treatment [35].
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Diagnostic criteria

There should be a high index of suspicion in the follow-
ing circumstances:

 ● History of exposure in an endemic area;
 ● An enlarged, tender liver in a young male;
 ● Neutrophil leucocytosis without anaemia in those 

with a short history, and less marked leucocytosis and 
anaemia with a long history;

 ● Suggestive posteroanterior and lateral chest X‐ray;
 ● Liver scanning showing a filling defect;
 ● A positive amoebic fluorescent antibody test.

These together with response to antiprotozoal therapy 
over 5–7 days in an area of high endemicity obviates the 
need for aspiration in the vast majority. When aspiration 
is required, the classical chocolate‐coloured fluid resem-
bling anchovy paste and absence of bacteria on Gram 
stain and cultures is virtually diagnostic. However, aspi-
ration may be indicated for investigation of a bacterial 
cause in areas of lower endemicity

Complications

Rupture into the lungs or pleura causes empyema, hepa-
tobronchial fistula, or pulmonary abscess. The patient 
coughs up pus, develops pneumonitis or lung abscess or 
a pleural effusion.

Rupture into the pericardium is a complication of 
amoebic abscess in the left lobe.

Intraperitoneal rupture results in acute peritonitis. If 
the patient survives the initial event, long‐term results 
are good. Abscesses of the left lobe may perforate into 
the lesser sac.

Rupture into the portal vein, bile ducts, or gastrointes-
tinal tract is rare.

Secondary infection should be suspected if prostration 
is particularly great, and fever and leucocytosis high. 
Aspiration reveals yellowish, often fetid, pus and culture 
reveals the causative organism.

Treatment

Anti‐protozoal therapy with metronidazole, 750 mg 
three times a day or tinidazole 2 g once a day for 5–10 
days, has a 95% success rate. The time to defervescence is 
3–5 days. Failures may be related to the persistence of 
intestinal amoebiasis, drug resistance, or inadequate 
absorption.

The time taken for the abscess to disappear depends 
on its size and varies from 10 to 300 days [36].

Aspiration is rarely necessary even with very large 
abscesses [37]. It should be done under ultrasound or CT 
guidance. A tense abscess in the left lobe that is likely to 
rupture into the peritoneum or pericardium demands 
aspiration. Other indications are failure to respond after 
4–5 days’ treatment and secondary bacterial infection 
[29]. The mortality from amoebic liver abscess should 
be zero.

A course of oral amoebocide, such as diloxanide furo-
ate, paramomycin, or diiodohydroxyquin should be 
given to eliminate cysts persisting in the gut.

 Tuberculosis of the liver

Abdominal tuberculosis is more common in 
 immigrants from developing countries and also 
increasingly seen in patients with advanced HIV 
 infection [38].

The liver may be involved as part of miliary tuberculo-
sis or as local tuberculosis where evidence of  extrahepatic 
disease is not obvious. Rarely, hepatic tuberculosis can 
cause fulminant liver failure [39].

The basic lesion is the granuloma, which is very 
 frequent in the liver in both pulmonary and extrapulmo-
nary tuberculosis (Fig.  33.5). The lesions usually heal 
without scarring but sometimes with focal fibrosis and 
calcification.

Pseudotumoral hepatic tuberculomas are rare [40]. 
There may be no evidence of extrahepatic tuberculosis 
[41]. The tuberculomas may be multiple, consisting of 
a  white, irregular, caseous abscess surrounded by a 
fibrous capsule (Fig. 33.6). The distinction from Hodgkin 
 disease, secondary carcinoma, or actinomycosis by 
naked‐eye appearance may be difficult. Occasionally, the 
necrotic area calcifies.

Fig. 33.4 CT scan of the liver in a 21‐year‐old man with fever and 
right upper quadrant pain. Ultrasound scan had not shown a 
definite abnormality, presumably due to the echogenicity of the 
pus being close to normal liver. The CT shows a large space‐
occupying lesion from which 1 litre of pus was drained. This was 
an infected amoebic abscess.
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Tuberculous cholangitis is extremely rare, resulting 
from spread of caseous material from the portal tracts 
into the bile ducts.

Biliary stricture is a rare complication [42].
Tuberculous pylephlebitis results from rupture of 

 caseous material. It is usually rapidly fatal although 
chronic portal hypertension can result [43].

Tuberculous glands at the hilum may lead rarely to 
 biliary obstruction.

Clinical features

These may be few or absent. The condition may present 
as a pyrexia of unknown origin, together with the typical 
features of tuberculosis: night sweats and weight 
loss.  Jaundice may appear in overwhelming miliary 

tuberculosis. Rarely, multiple caseating granulomas lead 
to massive hepatosplenomegaly and death in liver 
failure [39].

Biochemical tests

Serum globulin is increased so that the albumin/globulin 
ratio is reduced. Alkaline phosphatase is disproportion-
ately elevated [41].

Diagnosis

Initial diagnosis may be difficult, with few features 
pointing to hepatic involvement in many cases. 
Tuberculomas in liver and spleen are difficult to differ-
entiate from lymphoma. Liver biopsy is essential. The 
indications are unexplained fever and weight loss with 
hepatomegaly or hepatosplenomegaly. A portion of the 
biopsy should be stained for acid‐fast bacilli and cul-
tured. Culture is positive in about 50%. The diagnosis 
may be expedited by the use of PCR. A positive tubercu-
lin or interferon‐γ release test cannot differentiate 
between latent and active TB, and although providing 
supportive evidence, they are not adequately sensitive 
or specific enough for diagnosis [44].

A plain X‐ray of the abdomen may reveal hepatic 
 calcification. This may be multiple and confluent in 
tuberculoma, discrete and scattered and of uniform size, 
or large and chalky adjoining a stricture in the common 
bile duct [45].

CT may show a lobulated mass or multiple filling 
defects in liver and spleen (Fig.  33.6). Extrahepatic 
 features of tuberculosis may not be obvious.

Treatment is that for extrapulmonary tuberculosis, 
with four agents for the first 2 months (usually rifampicin, 
isoniazid, pyrazinamide, and ethambutol) followed by 
two agents (isoniazid and ridampicin) for at least a 
 further 4 months if the tuberculosis is sensitive to first‐
line agents. Drug‐resistant tuberculosis requires expert 
treatment modification [46].

The effect on the liver of tuberculosis 
elsewhere

Amyloidosis may complicate chronic tuberculosis. 
Fatty change is due to wasting and toxaemia. Drug‐
induced liver injury may occur, especially with isoniazid, 
rifampicin, and pyrazinamide, and may result in fulmi-
nant hepatic failure.

Other mycobacteria

Atypical mycobacteria can produce a granulomatous 
hepatitis, particularly in immunocompromised patients. 

Fig. 33.5 Miliary tuberculosis: a caseating granuloma contains 
lymphocytes, epithelial cells and numerous giant cells (arrow). 
There is central caseation.

Fig. 33.6 Hepatosplenic tuberculosis. CT scan showing scattered 
filling defects in the liver and spleen. Aspirate showed acid‐fast 
bacilli and the culture was positive.
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Non‐tuberculous mycobacteria can cause a granuloma-
tous hepatitis in solid‐organ transplant recipients [47] 
characterized by a rise in alkaline phosphatase, tired-
ness, and low‐grade fever. Isolation of the organism 
requires liver biopsy and culture. Treatment is usually 
with non‐standard regimens and depends upon suscep-
tibility results.

 Hepatic actinomycosis

Hepatic involvement due to Actinomyces species is usu-
ally a sequel to intestinal actinomycosis, especially of the 
caecum and appendix, occurring in 15% of cases of 
abdominal actinomycosis [48]. It spreads by direct exten-
sion or, more often, via the portal vein, but can be  primary. 
Large greyish‐white masses, superficially resembling 
malignant metastases, soften and form  collections of pus, 
separated by fibrous tissue bands, simulating a honey-
comb. The liver becomes adherent to adjacent viscera 
and to the abdominal wall, with the  formation of sinuses. 
These lesions contain the characteristic ‘sulphur gran-
ules’, which consist of branching, Gram‐positive filaments 
with eosinophilic, clubbed ends. It should be noted that 
the infection is mixed  (particularly with other anaerobes) 
in more than 30% of cases [49].

Clinical features

The patient is often toxic, febrile, sweating, wasted, and 
anaemic. There is local, sometimes irregular, enlarge-
ment of the liver with tenderness of one or both lobes. 
The overlying skin may have the livid, dusky hue seen 
over a taut abscess that is about to rupture. Multiple, 
irregular sinus tracks develop. Similar sinuses may 
develop from the ileocaecal site or from the chest wall if 
there is pleuropulmonary extension.

Diagnosis

The diagnosis should be suspected in patients develop-
ing sinus tracts, and the organism can be isolated from 
the pus. If actinomycosis is suspected before this stage, 
percutaneous liver biopsy may reveal sulphur granules 
with typical organisms [50].

Early presentation is as pyrexia, hepatosplenomegaly, 
and anaemia. It may be months before multiple abscesses 
are detected, often by ultrasound, CT [51], or MRI [52]. 
Anaerobic blood cultures may be positive.

Treatment

Intravenous penicillin in high doses is the mainstay of 
treatment. Alternative agents are doxycycline and 

 clindamycin. Therapy is usually needed for at least 
4  weeks and continuation with oral therapy after this 
time may be appropriate [49]. However, additional, or 
alternative agents may be needed to cover other bacteria 
in those with mixed infections, at least for the initial 
period. Surgical resection may be necessary [53].

 Syphilis of the liver

The incidence of syphilis is increasing in Western 
Europe. It often occurs in association with other sexu-
ally‐transmitted infections and acute HCV, amongst 
men who have sex with men, engaging in mucosal trau-
matic sex. This group may often also use recreational 
drugs [54].

Congenital

The fetal liver is heavily infected by any transplacental 
infection. It is firm, enlarged and swarming with 
 spirochaetes. Initially, there is a diffuse hepatitis, but 
gradually fibrous tissue is laid down between the liver 
cells and in the portal zones, and this leads to a pericel-
lular cirrhosis.

Since hepatic involvement is but incidental in a wide-
spread spirochaetal septicaemia, the clinical features are 
seldom those of the liver disease. The fetus may be 
 stillborn or die soon after birth. If the infant survives, 
other manifestations of congenital syphilis including 
involvement of the CNS (developmental delay, deafness), 
eyes (corneal clouding), and kidneys (nephrotic syn-
drome) are obvious, apart from hepatosplenomegaly and 
mild jaundice.

In older children who have survived without this florid 
neonatal picture, the hepatic lesion may be a gumma.

Diagnosis can be confirmed by blood serology, which 
is always positive.

Secondary

In the secondary septicaemic stage, spirochaetes pro-
duce miliary granulomas.

Fifty per cent of sufferers have raised serum enzyme 
 levels [55], although clinical hepatitis is rare. However, 
sometimes the picture is of severe cholestatic jaundice [56].

Serology is positive with raised reagin (VDRL or RPR 
assays) and syphilis‐specific antibody titres. Serum alka-
line phosphatase levels are high. The M1 cardiolipin 
 fluorescent antimitochondrial antibody is positive and 
becomes normal with recovery [56].

Liver biopsy shows non‐specific changes with moder-
ate infiltration with polymorphs and lymphocytes, and 
some hepatocellular disarray, but cholestasis is absent or 
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mild except in the severely cholestatic patients [56]. 
Portal‐to‐central zone necrosis can be seen. Spirochaetes 
are sometimes detected in the liver biopsy if special 
stains are used.

Tertiary

Gummas may be single or multiple. They are usually in 
the right lobe. They consist of a caseous mass with a 
fibrous capsule. Healing is followed by deep scars and 
coarse lobulation (hepar lobatum).

Hepatic gummas are usually diagnosed incidentally, by 
ultrasound or CT, at surgery or at autopsy. Ultrasound‐
guided biopsy of a nodule shows aseptic necrosis, granu-
lomas, and spirochaetes [57]. Serology is positive. 
Antibiotic treatment is successful.

Treatment

All cases of syphilis should be managed in conjunction 
with a genitourinary or infectious diseases physician. 
First‐line treatment remains penicillin in the form of ben-
zathine or procaine penicillin (or benzylpenicillin in the 
case of congenital syphilis). Alternative agents include 
other beta‐lactams, doxycycline, and macrolides [58].

Jaundice complicating treatment
Jaundice, chills and fever, often with a rash (erythema of 
Milan), may occur about 9 days after starting therapy. 
This is part of the Herxheimer reaction. The mechanism 
of the jaundice is unclear.

 Perihepatitis

This upper abdominal peritonitis is associated with geni-
tal infections, particularly those due to Chlamydia 
 trachomatis and less often, Neisseria gonorrhoeae [59]. It 
affects young, sexually active women and simulates 
 biliary tract disease. Diagnosis is by laparoscopy. The 
liver surface shows white plaques, tiny haemorrhagic 
spots, and ‘violin string’ adhesions.

CT may also show ‘violin string’ adhesions (Fig. 33.7) 
[60]. Treatment is as for pelvic inflammatory disease, 
usually with a combination of a third‐generation cepha-
losporin and doxycycline together with metronidazole 
or azithromycin [61].

 Leptospirosis

Pathogenic Leptospira related to human disease can be 
classified by DNA typing into 250 serovars belonging 
to  24 serogroups [62]. The disease due to Leptospira 

icterohaemorrhagiae was described by Weil in 1886 [63]. 
It is a severe infection spread by the urine of infected 
rats. The whole group of leptospiral infections should be 
designated leptospirosis.

Weil disease

Mode of infection
Living Leptospira are continually excreted in the urine of 
infected rats and survive for months in pools, canals, 
flood water, or damp soil. The patient is infected by con-
taminated water or by direct occupational contact with 
infected rats. Those affected include participants in 
water sports, agricultural and sewer workers, and fish 
cutters. Cities in Europe, South and Central America, 
and Asia (such as the favelas of Brazil), where rat popula-
tions are expanding, provide a source of infection [64]. 
The disease is most prevalent in late summer and autumn 
in temperate regions.

Pathology
Histopathological changes are slight in relation to the 
marked functional impairment of kidneys and liver. The 
damage is at a subcellular level. Non‐esterified fatty acids 
from the cell wall of the spirochaetes have been suggested 
to play an important role in the development of acute 
tubular necrosis, and outer membrane protein extracts 
have been shown to stimulate a proinflammatory cytokine 
response via TLR2 receptors in the renal tubules [65]. 
Plasma tumour necrosis factor‐α (TNF‐α) levels have 
been related to the severity of organ involvement [66].

Liver necrosis is minimal and focal [67]. Zone 3 necro-
sis is absent. Active hepatocellular regeneration, shown 
by mitoses and nuclear polyploidy, is out of proportion 
to cell damage. Swollen Kupffer cells contain leptospiral 

Fig. 33.7 CT in chlamydial perihepatitis shows ‘violin string’ 
adhesions between liver and anterior abdominal wall (arrowed) 
and ascites.
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debris. Leucocyte infiltration and bile thrombi are prom-
inent in the deeply jaundiced. Cirrhosis is not a sequel.

The kidneys show tubular necrosis and interstitial 
nephritis.

Skeletal muscle shows punctate haemorrhages and 
focal necrosis.

The heart may show haemorrhages in all layers.
Haemorrhage into tissues, especially skin and lungs, is 

due to capillary injury and thrombocytopenia.
Jaundice is related to hepatocyte dysfunction aug-

mented by renal failure impairing urinary bilirubin 
excretion. Tissue haemorrhages and haemolysis increase 
the bilirubin load on the liver. Hypotension with dimin-
ished hepatic blood flow contributes.

Clinical features (Fig. 33.8)
The clinical picture is not pathognomonic and the 
 disease is heavily underdiagnosed. It is more often anict-
eric than icteric. The incubation period is 2–14 days [68]. 
The course may be divided into three stages: the first or 
septicaemic phase lasts for about 7 days, the second or 

toxic stage for a similar period, and the third or convales-
cent period begins in the third week.

The first or febrile stage is marked by the presence of 
the spirochaete in the circulating blood.

The onset is abrupt, with prostration, high fever, and 
even rigors. The temperature rises rapidly to 39.5–40.5 °C 
and falls by lysis within 3–10 days.

Abdominal pain, nausea, and vomiting may simulate 
an acute abdominal emergency, and severe muscular 
pains, especially in the back or calves, are common.

Central nervous system involvement is shown by 
severe headache, mental confusion, and sometimes 
meningism. The cerebrospinal fluid confirms menin-
geal involvement. If jaundice is present, there is 
xanthochromia.

The eyes show a characteristic suffusion.
In those with severe disease, bleeding may occur from 

nose, gut or lung, with skin petechiae or ecchymoses.
Pneumonitis with cough, sore throat, and rhonchi 

occurs in 40% of sufferers and in some cases this may 
progress to haemorrhagic pulmonary disease (severe 
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Fig. 33.8 The clinical course of a patient with Weil disease.
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pulmonary haemorrhage syndrome) or adult respiratory 
distress syndrome (ARDS).

Jaundice appears between the fourth and seventh day 
in 80% of patients. It is a grave sign, for the disease is 
never fatal in the absence of jaundice. The liver is 
enlarged, but not the spleen.

The urine shows protein and bile pigment. The stools 
are well coloured.

There is a leucocytosis of 10–30 × 109/L with a relative 
increase in polymorphs. Thrombocytopenia may be pro-
found and other clotting abnormalities may be present, 
such as a prolonged prothrombin time [69].

The second or icteric stage in the second week is char-
acterized by a normal temperature but without clinical 
improvement. This is the stage of deepening jaundice, 
with increasing renal and myocardial failure. Proteinuria 
persists, there is a rising blood urea, and oliguria may 
proceed to anuria. Death may be due to renal failure. 
A  markedly elevated creatinine phosphokinase level 
reflects myositis.

Severe prostration is accompanied by a low blood 
pressure and a dilated heart. There may be transient 
 cardiac dysrhythmias and electrocardiograms may show 
a prolonged P–R or Q–T interval, with T‐wave changes. 
Death may be due to circulatory failure.

During this stage, the Leptospira can be found in the 
urine, and rising antibody titres demonstrated in the 
serum.

The third or convalescent stage starts at the beginning 
of the third week. Clinical improvement is shown by a 
brightening of the mental state, fading of the jaundice, a 
rise in blood pressure and an increased urinary volume, 

with a drop in the blood urea concentration. Proteinuria 
is slow to resolve.

Temperature may rise during the third week (Fig. 33.8), 
associated with muscle pains. Such relapses occur in 20% 
of cases.

There is great variation in the clinical course ranging 
from a mild illness, clinically indistinguishable from 
influenza, to a prostrating, fatal disease with anuria.

Diagnosis
Before the appearance of antibodies, PCR demonstra-
tion of Leptospira is the best method of diagnosis [70].

Rising titres of antibodies are sought by Dot‐enzyme‐
linked immunosorbent assay (ELISA) [71] or immuno-
fluorescence [72]. The microscopic agglutination test is 
considered the gold standard assay and is usually 
 performed by reference laboratories [73].

Leptospira may be cultured from blood during the first 
10 days. Urine cultures are positive during the second 
week and persist for several months. Culture is laborious 
and less sensitive than molecular methods, but allows 
serovar identification; that is serological typing using 
serum‐containing antibodies against different antigens.

Liver tests are non‐contributory.

Differential diagnosis
In the early stages, Weil disease may be confused with 
septicaemic bacterial infections or typhus fever. When 
jaundice is evident acute viral hepatitis must be excluded 
(Table  33.2). Important distinguishing points are the 
sudden‐onset, increased polymorph count and proteinu-
ria of Weil disease.

Spirochaetal jaundice would be diagnosed more often 
if blood samples for antibodies were taken from patients 
with obscure icterus and fever.

Prognosis
Mortality varies from less than 1% to more than 20% [73]. 
This depends on the depth of jaundice, renal, and myocar-
dial involvement, and the extent of haemorrhages. Death 
is usually due to renal failure. The mortality is negligible in 
non‐icteric patients, and is lower in those under 30 years 
old. Since many mild infections are probably unrecog-
nized, the overall mortality may be considerably less.

Although transient relapses in the third and fourth 
weeks are common, final recovery is complete.

Treatment
Early, mild leptospirosis may be treated by doxycycline 
(100 mg by mouth) twice daily for 1 week. More seriously 
ill patients, particularly with vomiting, may be treated 
with high‐dose benzylpenicillin or cephalosporins for 1 
week [74,75]. Aminoglycosides and macrolides have also 
been successfully used [73].

Table 33.2 The differential diagnosis of Weil disease from viral 
hepatitis during the first week of illness

Weil disease Viral hepatitis

Onset Sudden Gradual
Headache Constant Occasional
Muscle pains Severe Mild
Conjunctival injection Present Absent
Prostration Great Mild
Disorientation Common Rare
Haemorrhagic diathesis Common Rare
Nausea and vomiting Present Present
Abdominal discomfort Common Common
Bronchitis Common Rare
Albuminuria Present Absent
Leucocyte count Polymorph 

leucocytosis
Leucopenia with 
lymphocytosis
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Prognosis is improving with earlier diagnosis, atten-
tion to fluid and electrolyte balance, renal dialysis, 
 antibiotics, and circulatory support.

Other types of leptospirosis

In general, these infections are less severe than those due 
to L. icterohaemorrhagiae. L. canicola infection, for 
example, is characterized by headache, meningitis, and 
conjunctival suffusion. Proteinuria is only found in 40%, 
and jaundice in only 18% of patients. The frequent 
 presentation is that of ‘benign aseptic meningitis’. The 
disease affects young adults who have usually been in 
close contact with an infected dog. Fatalities in humans 
are virtually unknown.

Diagnosis is confirmed in a similar way to Weil disease. 
The spinal fluid shows a lymphocytic picture in most 
cases.

 Relapsing fever

This arthropod‐borne infection is caused by spirochaetes 
of the genus Borrelia.

Borrelia recurrentis is the cause of louse‐borne relaps-
ing fever. This is mainly a disease of the developing 
world, but has been reported recently in refugees in 
Europe from North Africa and the Middle East [76]. 
Tick‐borne relapsing fever, on the other hand, is caused 
by at least 15 different Borrelia species around the world, 
and is reported from North and South America, Africa, 
Asia, and Europe.

The Borrelia multiply in the liver, invading liver cells 
and causing focal necrosis. Just before the crisis, the 
Borrelia roll up and are ingested by reticuloendothelial 
cells. Surviving Borrelia remain in the liver, spleen, 
brain, and bone marrow until the next relapse. 
Subsequent immune ‘escape’ is due to vmp antigenic 
variation [77].

Clinical features [78]

The incubation period is 4–14 days. The onset is acute 
with chills, a continuous high temperature, headache, 
muscle pains, and profound prostration. The patient is 
flushed, sometimes with injected conjunctivae, and 
epistaxes. In severe attacks, tender hepatosplenomegaly 
and jaundice develop. The jaundice is similar to that of 
Weil disease. Sometimes a rash develops on the trunk. 
There may be bronchitis.

These symptoms continue for 4–9 days and then the 
temperature falls, often with collapse of the patient. 
This may be fatal, but more usually the symptoms and 
signs then rapidly abate, the patient remains afebrile for 

about 1 week, when there is a relapse. There may be a 
second or even a third milder relapse before the disease 
ends.

Diagnosis

Spirochaetes can rarely be found in thick blood films 
and molecular methods are increasingly being used 
[79]. Serological tests are available. Organisms may be 
identified by lymph node aspiration, or from the insect 
bite site.

Treatment

Tetracyclines and streptomycin are more effective than 
penicillin. Erythromycin and ceftriaxone are also effec-
tive [77]. Mortality is 2–5% without treatment.

 Lyme disease

This is due to a tick‐borne spirochaete, Borrelia burg-
dorferi. It has been reported to cause hepatitis with 
numerous liver cell mitoses [80] and also granuloma-
tous hepatitis [81]. Mild liver function test abnormali-
ties are frequent in the early erythema migrans stage, 
but these resolve with antibiotic treatment [82]. Lyme 
disease does not seem to cause permanent hepatic 
sequelae.

 Rickettsial infections

Q fever

This disease usually has predominantly pulmonary 
 manifestations. Although frank jaundice is uncommon, 
hepatomegaly and elevated aminotransferases are 
 common and clinical features may mimic anicteric viral 
hepatitis [83–85].

The liver shows a granulomatous hepatitis. Portal 
areas contain abundant lymphocytes and the limiting 
plate is destroyed. Kupffer cells are hypertrophied. The 
granulomas have a characteristic ring of fibrinoid 
necrosis surrounded by lymphocytes and histiocytes. 
In the centre of the granuloma is a clear space giving a 
‘doughnut’ appearance (Fig.  33.9). The diagnosis is 
made by showing a rising titre of antibodies to Coxiella 
burnetii 2–3 weeks after the infection. Indirect immu-
nofluorescence is the reference method for antibody 
detection, but ELISA and complement fixation tests are 
also used.

Treatment of the acute disease is with doxycycline, 
macrolides, or fluoroquinolones.
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Rocky mountain spotted fever

This is a tick‐borne infection caused by Rickettsia rick-
ettsii, an obligate intracellular bacterium with a tropism 
for vascular endothelial cells. Jaundice and rises in serum 
enzymes sometimes occur. Liver histology shows por-
tal  zone inflammation with large mononuclear cells. 
Hepatocellular necrosis is inconspicuous but eryth-
rophagocytosis is marked. Rickettsiae may be demon-
strated in the portal zones by immunofluorescence 
microscopy [86].

Diagnosis is usually by means of serology, usually with 
the indirect immunofluorescent test; however, IgM and 
IgG antibodies typically appear 7–10 days after onset of 
symptoms. PCR assays appear less sensitive for blood 
samples. Treatment is with tetracyclines or chloram-
phenicol [87].

Infection with Bartonella henselae

This is a bacterium related to the rickettsia and is the 
cause of cat scratch disease. It also causes peliosis hepa-
tis, the hepatic form of bacillary angiomatosis, a prolif-
erative vascular condition. The disease is characterized 
by hepatic nodules, biopsy of which reveals neovascular 
proliferative lesions containing the organism [88]. The 
infection is typically seen in the HIV population or other 
immunosuppressed patients such as organ transplant 
recipients or those with malignancies. The condition 
typically presents with fever, weight loss, abdominal 
pain, hepatosplenomegaly, and occasionally jaundice.

CT shows focal hepatic defects and mediastinal and 
periportal lymphadenopathy. The disease may be diag-
nosed by the detection of antibodies by immunofluores-
cent assay (IFA).

The recommended treatment is with doxycycline plus 
either erythromycin or rifampicin. Alternative agents 
include clarithromycin and ciprofloxacin [89].

 Fungal infections

Opportunistic fungal infections

These usually affect the immunocompromised, includ-
ing patients with advanced HIV infection, acute leukae-
mia [90], cancer [91], and following transplantation.

The liver may be involved in disseminated infection, 
together with other organs, particularly kidney, spleen, 
heart, lungs, and brain. Fever with a raised serum 
transaminase or alkaline phosphatase indicates the need 
to consider liver biopsy.

Ultrasound shows multiple hypoechoic areas through-
out the liver and spleen, often with a target (bull’s eye) 
configuration [92]. CT shows multiple, non‐enhancing, 
low‐attenuation lesions [90]. The scanning appearances 
are not diagnostic.

The histological picture is usually granulomatous and 
a fungal aetiology may be identified by appropriate stains 
and cultures, so allowing selection of appropriate 
 antifungal treatment [93,94].

Candidiasis. The liver is affected in up to three‐ 
quarters of those with disseminated Candida albicans 
infection who come to autopsy [94]. Hepatic granulomas 
and microabscesses are the commonest histological 
lesions. Candida can be demonstrated in the liver on 
microscopy but are difficult to culture in this disease 
[95]. Two forms of disseminated candidiasis are 
described: acute (ADC) and chronic (CDC). Acute dis-
ease is usually characterized by an accompanying rash 
and CDC is typically seen in a patient undergoing an 
allogenic haematopoietic stem cell transplant on engraft-
ment. The treatment for either form is with fluconazole. 
Alternative agents include lipid‐associated amphotericin 
B, a different triazole, for example voriconazole, or an 
echinocandin, such as caspofungin.

Disseminated aspergillosis may affect the severely 
immunocompromised patient, usually following an initial 
respiratory tract infection [96]. Mortality in some of these 
patient groups is greater than 50% [97]. Treatment is with 
an extended spectrum triazole, such as voriconazole, 
lipid‐associated amphotericin B, or an echinocandin [98].

Hepatic cryptococcosis usually affects the immuno-
compromised but sometimes it may be seen in the other-
wise apparently normal host. Liver biopsy shows 
granulomas with yeast‐like (usually encapsulated) organ-
isms. The picture may resemble sclerosing cholangitis 
when bile is positive for the fungus. Treatment is usually 

Fig. 33.9 Liver biopsy in Q fever showing a granuloma with fibrin 
rings having a clear centre. (Martius scarlet blue, ×350.)
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with a formulation of amphotericin B plus flucytosine, at 
least initially, followed by fluconazole.

Pathogenic/endemic fungal infections

These infections can occur in the apparently normal 
host who has been exposed where the disease is endemic. 
Some patients may suffer onset of disease following 
latent infection acquired previously in an endemic area. 
Diagnosis may be made on culture of the causative 
organism from affected tissue or by means of serology.

Histoplasmosis may disseminate from a primary lung 
infection and cause a granulomatous infection of the 
liver. Other affected organs include the adrenals, kid-
neys, and spleen. The organism may be detected in blood 
cultures and there is a specific urinary antigen assay. 
Treatment is with itraconazole or an amphotericin B for-
mulation and adrenal support may be necessary in the 
initial phases [99].

Disseminated coccidioidomycosis may involve the liver 
in the severely immunocompromised [100].

Blastomyces dermatitidis may cause cholangitis in the 
elderly or immunocompromised [101].

These latter two diseases are treated with itraconazole 
or amphotericin B.

 Schistosomiasis (bilharzia)

Hepatic schistosomiasis is usually a complication of the 
intestinal disease, since Schistosoma ova reach the liver 
from the intestines via the mesenteric veins. S. mansoni, 
S. japonicum, and S. mekongi affect the liver. S. haemato-
bium typically involves the bladder and urinary tract but 
can sometimes involve the liver.

Schistosomiasis affects more than 200 million people 
in 74 countries. S. japonicum is prevalent in Japan, 
China, Indonesia, and the Philippines. S. mansoni is 
found in Africa, the Middle East, the Caribbean, and 
Brazil [102].

Pathogenesis

Eggs, excreted in the faeces, hatch out in water to release 
free‐swimming embryos which enter snails and develop 
into cercariae. These re‐enter human skin in contact 
with infected water, provoking an IgE‐mediated dermati-
tis. After haematogenous dissemination they mature 
into adult worms in the mesenteric and genito-urinary 
venous plexuses where they produce eggs. Katayama 
syndrome is the immune‐complex‐mediated reaction to 
early egg deposition. Some eggs enter and lodge in portal 
venous radicles stimulating an inflammatory response.

The extent and severity of chronic liver disease corre-
lates with the intensity and duration of egg production 
and hence with the number of eggs excreted. Adult male 
and female worms can exist for about 5 years, producing 
300–3000 eggs daily in portal venules. If liver disease is 
advanced, faecal egg counts may fall because of senes-
cence of adult worms or previous therapy.

S. japonicum is more pathogenic than S. mansoni (each 
adult worm pair produces 10 times as many eggs) and 
produces hepatosplenic schistosomiasis more often and 
faster.

In the liver, the ova penetrate and obstruct the portal 
branches and are deposited either in the large radicles, 
producing the coarser type of bilharzial hepatic fibrosis, 
or in the small portal tracts, producing the fine diffuse 
form.

The granulomatous reaction to the Schistosoma ovum 
is of delayed hypersensitivity type, related to antigen 
released by the egg. Th2‐type helper lymphocytes play 
an important role in granuloma formation, producing 
IL‐4 and IL‐13, which determine the size of granulomas 
and initiate the fibrotic process [103].

Portal fibrosis is related to the adult worm load. The 
classic, clay‐pipestem cirrhosis is due to fibrotic bands 
originating from the granulomas. Fibrosis may be slowly 
reversible with treatment.

Wide, irregular, thin‐walled arteriolar spaces are found 
in 85% of cases in the thickened portal tracts. These 
angiomatoids are useful in distinguishing the bilharzial 
liver from other forms of hepatic fibrosis. Remnants of 
ova are also diagnostic. There is little or no bile duct pro-
liferation. Nodular regeneration and disturbance of the 
hepatic architecture is not sufficient to justify the term 
‘cirrhosis’.

In areas where schistosomiasis, hepatitis virus B and C 
coexist, a mixed picture of schistosomal fibrosis with 
 cirrhosis may be seen.

Splenic enlargement is mainly due to portal venous 
hypertension and reticuloendothelial hyperplasia. Very 
few ova are found in the spleen. Portal–systemic collat-
eral channels are numerous.

There are associated bilharzial lesions in the intestines 
and elsewhere. Fifty per cent of patients with rectal 
schistosomiasis have granulomas in the liver.

Clinical features

Schistosomiasis shows three stages. Itching follows the 
entry of the cercariae through the skin. This is followed 
by a stage of fever, urticarial, and eosinophilia, 4–6 weeks 
later, the so‐called Katayama fever. Finally, the third stage 
of deposition of ova results in intestinal, urinary, and 
hepatic involvement.
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Initially, the liver and spleen are firm, smooth, and eas-
ily palpable. This is followed by hepatic fibrosis and 
eventually portal hypertension, which may appear years 
after the original infection. Oesophageal varices develop. 
Bleeding episodes are recurrent but rarely fatal.

The liver shrinks in size and the spleen becomes much 
larger. Dilated abdominal wall veins and a venous hum 
over the liver are indications of the portal venous 
obstruction. Ascites and oedema may develop. The 
blood shows leucopenia and anaemia. The faeces at this 
stage contain few, if any, parasites.

Patients tolerate blood loss well and hepatic encepha-
lopathy is unusual. Hepatocellular function remains 
good although there is a large portosystemic collateral 
circulation.

Aspiration liver biopsy (Fig. 33.10). Eggs or their rem-
nants are seen in 94% of livers from those with faecal 
eggs. Remnants of ova may be seen but appearances are 
not usually diagnostic and the liver biopsy mainly 
excludes other types of liver disease.

Diagnostic tests

Detection of ova in urine, stool, or rectal mucosal biopsy 
(rectal ‘snip’) is still the accepted method of diagnosing 
active infection (Fig. 33.11). Bleeding may be a complica-
tion of rectal biopsy in those with portal hypertension. 
Serological antibody tests indicate past exposure and 
antibodies may persist after parasitological cure.

Detection of circulating schistosomal antigen indicates 
active disease. An ELISA for detecting circulating solu-
ble egg antigens in serum correlates with egg output 
[104,105].

CT shows dense bands following the portal vein to the 
liver edge; these enhance with contrast [106,107]. 
Ultrasound shows greatly thickened portal veins 

(Fig. 33.12). It may be used to grade fibrosis [108]. Liver, 
spleen, periportal and pancreatic lymph nodes are dif-
fusely enlarged without evidence of portal hypertension.

Colour Doppler shows an increase in blood flow 
 velocity in the portal and superior mesenteric varices 
and the development of collaterals [109].

Portal hypertension

This is presinusoidal and related to the portal granulo-
mas. As the portal venous blood flow falls, hepatic arte-
rial blood flow increases so that total hepatic blood flow 
is not significantly reduced. Retrograde flow develops in 
the portal vein [110].

At the stage of haemorrhage from varices the granu-
lomatous reaction may have subsided and the picture is 
predominantly that of fibrosis.

Fig. 33.10 Bilharzial liver. An ovum of S. mansoni has lodged in a 
portal tract which shows a granulomatous reaction. (H & E, ×64.)

Fig. 33.11 Rectal (‘snip’) biopsy in schistosomiasis. A ‘squash’ 
preparation in glycerol reveals the ova of S. mansoni.

Fig. 33.12 Schistosomiasis: ultrasound shows bright portal tracts 
and a portal vein with a greatly thickened wall (arrow).
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Biochemical changes

Serum alkaline phosphatase may be raised. Hypoalbumi-
naemia can be related to poor nutrition and to the effects 
of repeated gastrointestinal haemorrhages. Serum 
transaminases are virtually normal.

Disease association

The prognosis is worsened by concomitant hepatitis B or 
hepatitis C infection.

When associated with an immunosuppressed state, 
granuloma formation is reduced.

Treatment

Chemotherapy aims to relieve symptoms and prevent 
further deposition of the eggs, which will produce  further 
fibrosis. If egg excretion is stopped, the life cycle of the 
parasite is blocked. Chemotherapy reduces community 
transmission of disease.

Praziquantel has high therapeutic activity against all 
species of Schistosoma and is the mainstay of treatment. 
It is safe and non‐toxic in a single dose of 40–75 mg/kg 
orally. The drug paralyses the worm and damages its 
membrane, invoking a host response to the parasite 
 antigens. It also decreases messenger RNA levels of the 
major proteins associated with fibrosis [111]. Cure rates 
of 60–90% are obtained and patients who continue to 
excrete eggs are usually cured by a second course of 
treatment [105].

Disease control

This is by health education and reducing contamina-
tion of water. Attacks on the snails are limited by cost, 
the need for this to be repeated over long periods, and 
the effects on fish.

Mass treatment by drugs such as praziquantel is lim-
ited by cost.

Schistosomal antigens have been identified and used 
as the basis of vaccines, but so far none has progressed 
beyond phase II trials [112].

Bleeding oesophageal varices

A single bleed is rarely fatal although bleeding is the 
 primary cause of death in these patients. It is usually con-
trolled by variceal banding or sclerotherapy and may be 
reduced by propranolol prophylaxis (Chapter  11). In 
terms of surgical procedures, gastro‐oesophageal devas-
cularization with splenectomy may be the procedure of 
choice [110] as it has a low mortality and encephalopathy 
rate. A transjugular intrahepatic portosystemic shunt 

(TIPS) may be a satisfactory alternative, but post‐shunt 
jaundice is enhanced.

 Malaria [113]

Although the liver is involved in malaria and severely ill 
patients may become jaundiced, there is no direct or 
 specific liver pathology. In the erythrocytic stage, the par-
asite is engulfed by reticuloendothelial cells. The liver 
suffers from the general effects of the toxaemia and 
pyrexia [114].

In the pre‐erythrocytic (exoerythrocytic) stage, schiz-
ogony takes place in the liver without obvious effect on 
its function. The hepatocyte is invaded by the sporozo-
ite through the formation of the parasitophorous vacu-
ole. The nucleus divides many times and, at last (in 
about 6–12 days), a spherical or irregular body con-
taining thousands of ripe merozoites is formed. This 
schizont bursts and the merozoites are discharged into 
the sinusoids and invade erythrocytes. In quartan or 
benign  tertian malaria, a few merozoites return to the 
liver cells to initiate the exoerythrocytic or relapse 
cycle. In malignant tertian, this does not happen and 
there are no true relapses. The tissue stage of human 
malaria is confined to the liver cells. The infection of 
both liver cells and erythrocytes appears to be gov-
erned by haem‐oxygenase‐1, which is upregulated dur-
ing initial invasion. Absence or downregulation results 
in proinflammatory cytokine release and termination 
of infection [115].

Pathology

The liver shows sinusoidal dilation and congestion, 
 portal infiltration, and Kupffer cells proliferation. Focal, 
non‐specific granulomas may be seen in the sinusoids. 
Brown ‘malarial’ pigment (iron and haemofuscin) is seen 
in Kupffer cells. Malarial parasites are not shown. 
Hepatocyte damage is slight with nuclei of variable size 
and shape and increased mitoses.

In P. falciparum malaria sinusoids may contain para-
sitized, clumped erythrocytes.

Reaction to the malarial parasite is reticuloendothelial, 
with minor effects on the liver cells and no fibrosis. The 
high incidence of cirrhosis in malarial areas is due to 
other factors.

Clinical features

There are usually no specific hepatic features. Occasionally, 
in acute malignant malaria, there may be mild jaundice, 
hepatomegaly, and tenderness over the liver. Increases in 
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serum bilirubin are rarely above 50 µmol/L (3 mg/dL). 
Serum transaminases increase slightly and serum globulin 
concentrations rise.

 Kala‐azar (visceral leishmaniasis)

Visceral leishmaniasis is primarily a reticuloendothelial 
disease, involving lymph nodes, liver, spleen, and bone 
marrow. Periportal cellular infiltrations and macrophage 
accumulations are scattered throughout the liver and 
within them the Leishman–Donovan bodies may be 
identified (Fig.  33.13). Mature granuloma formation 
seems to correlate with resolving infection in the liver 
[116]. Some portal zone fibrosis has been seen in some 
cases [117]. The picture is similar in the American, 
Mediterranean, and Oriental types.

Kala‐azar presents with fever, splenomegaly, a firm, 
tender liver, pancytopenia, anaemia, and very high serum 
globulins. The disease may be self‐resolving but usually 
runs a chronic course without treatment. Death in 
advanced disease usually occurs as a result of bacterial 
sepsis. HIV coinfection is common in endemic areas and 
relapse after full treatment occurs in more than 50% of 
such cases. The disease has occurred in liver transplant 
recipients, but appears uncommon, occurring at a rate of 
1 in 800 in patients from an endemic area of Spain [118].

Diagnosis is usually by means of microscopic identifi-
cation of amastigotes in tissue aspirates or biopsies. 
Aspiration of the bone marrow is positive in more than 
50%. The Leishmania direct agglutination antibody test 
is positive in more than 70% of cases, although sensitivity 
is much reduced in HIV coinfected cases. The recombi-
nant kinesin antigen (rK39) is a useful target in ELISA 
assays that has been adapted for use in immunochroma-
tographic strip format as a ‘near‐patient’ rapid test.

Treatment choices lie between pentavalent antimony 
compounds and liposomal amphotericin B [119]. 
Miltefosine is an orally active drug which appears to have 
efficacy approaching that of amphotericin B [120]. 
Paromomycin is another alternative drug [121]. Long‐
term suppressive therapy, until immune‐reconstitution 
has occurred, may be required in HIV‐infected patients.

 Echinococcosis (hydatid disease)

Hydatid disease is due to the larval or cyst stage of infec-
tion by the tapeworm, Echinococcus granulosus, which 
lives in dogs. Humans, sheep, and cattle are intermediate 
hosts. There are three other species of Echinococcus: 
E. multilocularis, E. vogeli, and E. oligarthrus. The latter 
two cause cystic disease in South America, whereas 
E.  granulosus is the commonest form of disease in the 
UK and the Northern Hemisphere.

Biology (Fig. 33.14)

Humans are infected by the excreta of dogs, often during 
childhood. The dog is infected by eating the viscera of 
sheep, which contain hydatid cysts. Scolices, contained 
in the cysts, adhere to the small intestine of the dog and 
become adult worms which attach to the intestinal wall. 
Each worm sheds 500 ova into the bowel. The infected 
faeces of the dog contaminate grass and farmland, and 
the contained ova are ingested by sheep, pigs, camels, or 
humans. The ova adhere to the coats of dogs, so people 
are infected by handling dogs, as well as by eating 
 contaminated vegetables.

The ova have chitinous envelopes which are dissolved 
by gastric juice. The liberated ovum burrows through the 
intestinal mucosa and is carried by the portal vein to the 
liver, where it develops into an adult cyst. Seventy per 
cent of hydatid cysts form in the liver. A few ova may 
pass through the liver and heart, and are held up in the 
lungs, causing pulmonary cysts. Others may reach the 
general circulation causing spleen, brain, and bone cysts.

Development of the hepatic cyst (Fig. 33.15)

The adult cyst develops slowly from the ovum and 
 provokes a cellular response in which three zones can be 
distinguished: a peripheral zone of fibroblasts, an inter-
mediate layer of endothelial cells, and an inner zone of 
round cells and eosinophils. The peripheral zone, derived 
from the host tissues, becomes the adventitia or ectocyst, 
a thick layer which may calcify. The intermediate and 
inner zones become hyalinized (the laminated layer). 
Finally, the cyst becomes lined with the germinal layer, 

Fig. 33.13 Kala‐azar. Liver biopsy shows enlarged Kupffer cells 
(arrow) distending the sinusoids. These contain Leishman–
Donovan bodies. (H & E, ×100.)
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which gives rise to pedunculated nodes of multiplying 
cells that project into the lumen of the cyst as brood 
 capsules. Scolices develop from the brood capsules and 
eventually indent it. The attachment of the brood cap-
sules to the germinal layer becomes progressively thinner 
until the capsule bursts, releasing the scolices into the 
cyst fluid. These fall to the bottom and are termed hydatid 
sand. Cysts may rupture, or become secondarily infected.

Daughter and even grand‐daughter cysts develop by 
fragmentation of the germinal layer. The majority of 
cysts in adult patients are thus multilocular. The cyst 
fluid is a transudate of serum. It contains protein and is 
antigenic. If released into the circulation, eosinophilia or 
anaphylaxis may result.

Endemic regions

The disease is common in sheep‐raising countries, where 
dogs have access to infected offal. These include South 

Sheep liver containing
hydatid cyst eaten by
dog

Scolices enter
small intestine
of dog

Scolices adhere to mucosa
and develop into adult
worms

Ova pass
into canine faeces

Adult hydatid cyst
develops in liver

Ova pass via portal
system from intestine
to liver

Grass ingested by sheep

HCl + pepsin
dissolve
chitinous
envelope

Canine
faeces

Saliva and coat
of dog ingested
by man

DEFINITE HOST – DOG

INTERMEDIATE HOST – SHEEP AND MAN

Fig. 33.14 The life cycle of the hydatid parasite.
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Fig. 33.15 The basic constitution of a hydatid cyst.
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Australia, New Zealand, Africa, South America, south-
ern Europe, especially Cyprus, Greece, and Spain, and 
the Middle and Far East. The disease is rare in Britain, 
apart from some areas in Wales.

Clinical features

These depend on the site, the stage and whether the cyst 
is alive or dead. The rest of the liver hypertrophies and 
hepatomegaly results.

The uncomplicated hydatid cyst may be silent and 
found incidentally. Only 10–20% of hydatid cysts are 
diagnosed in individuals under 16 years of age. The dis-
ease should be suspected if a rounded smooth swelling, 
continuous with the liver, is found in a patient who is not 
obviously ill. The only complaints may be a dull ache in 
the right upper quadrant and sometimes a feeling of 
abdominal distension. The tension in the cyst is high and 
fluctuation is never marked.

Complications

Rupture. Intraperitoneal rupture is frequent and leads to 
multiple cysts throughout the peritoneal cavity with 
intestinal obstruction and gross abdominal distension.

The pressure in the cyst greatly exceeds that in bile and 
rupture into bile ducts is frequent. This may lead to cure 
or to cholestatic jaundice with recurrent cholangitis.

Colonic rupture leads to elimination per rectum and to 
secondary infection.

The cysts may adhere to the diaphragm, rupture into 
the lungs and result in expectoration of daughter cysts. 
Pressure on and rupture into the hepatic veins leads to 
the Budd–Chiari syndrome. Secondary involvement of 
the lungs may follow.

Infection. Secondary invasion by pyogenic organisms 
follows rupture into biliary passages, giving the picture 
of a pyogenic abscess; the parasite dies. Occasionally, the 
entire cyst content undergoes aseptic necrosis and again 
the parasite dies. This amorphous yellow debris must be 
distinguished from the pus of secondary infection.

Other organs. Cysts can occur in lung, kidney, spleen, 
brain, or bone, but mass infestation is rare; the liver is 
 usually the only organ involved. If a hydatid cyst is found 
elsewhere, there is always concomitant infestation of 
the liver.

Hydatid allergy. Cyst fluid contains a number of foreign 
proteins including proteases and cyclophilins which sen-
sitize the host. This may lead to severe anaphylactic shock 
but more commonly to recurrent urticaria or ‘hives’. Most 
such patients have specific IgE immunoglobulins [122].

Membranous glomerulonephritis. This is seen occa-
sionally and may be related to glomerular deposits of 
hydatid antigens [123,124].

Diagnosis

Serological tests
Hydatid fluid contains specific antigens, leakage of which 
sensitizes the patient with the production of antibodies.

ELISA gives positive results in about 85% [125,126].
Results may be negative for all tests if the cyst has never 

leaked, if it contains no scolices, or if the parasite is dead.
Eosinophilia of greater than 7% is found in about 30% 

of patients.

Imaging
Radiology usually shows a raised, poorly moving right 
diaphragm and hepatomegaly. Calcium may be laid 
down in the ectocyst as a distinct round or oval opacity 
(Fig. 33.16) or merely as shreds.

Floating bodies indicate the presence of free‐moving 
daughter cysts. Infected gas‐containing cysts may show a 
fluid level.

Hepatic cysts may displace the stomach or hepatic 
flexure of the colon. Characteristic radiological changes 
may be seen in the lungs, spleen, kidney, or bone.

Ultrasound or CT scanning demonstrates single or 
multiple cysts which may be uni‐ or multiloculated, and 
thin or thick walled (Fig. 33.17, Fig. 33.18). Ultrasound 
and CT are highly sensitive for diagnosis: 97.7% for ultra-
sound and 100% for CT.

Ultrasound changes have provided the basis for typing 
of cysts [127]. The more recent WHO classification is 
into active, transitional, and inactive cysts (Table  33.3) 

Fig. 33.16 X‐ray of the abdomen shows a calcified hydatid cyst in 
the liver.
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[128]. Based on the appearance of the cyst, its wall and 
contents, typing is CL (cystic lesion) or CE1 to 5 (Cystic 
Echinococcosis). Infected and degenerate cysts are 
poorly defined [129]. WHO typing by ultrasound is 
intended to reflect the natural history of hydatid disease, 
and aid its study.

MRI may show a characteristic intense rim, daughter 
cysts, and detachment of the membranes [130]. 
Intrahepatic and extrahepatic rupture can be defined.

The diagnosis is typically established by imaging alone, or 
in combination with serological testing. Percutaneous aspi-
ration for diagnosis is usually not necessary and carries a 
risk of anaphylaxis and secondary seeding of daughter cysts.

ERCP may show cysts in the bile ducts (Fig.  33.19, 
Fig. 33.20).

Prognosis

The uncomplicated hepatic hydatid cyst carries a rea-
sonably good prognosis. The risk of complications is, 
however, always present. Intraperitoneal or intrapleural 
rupture is grave, but rupture into the biliary tree is not 
so serious because spontaneous cure may follow the 
 biliary colic. Secondary infection is controlled by 
antibiotics.

Prevention

Dogs should be denied access to infected offal and hands 
must be washed after handling dogs [131]. Dogs in 
affected areas must be regularly de‐wormed.

Treatment overview
Potential treatments are medical, percutaneous drain-
age, surgery, and ‘watch and wait’. The WHO‐IWGE 
expert consensus group has discussed the choices 
[126] which can be broadly led by the appearance/clas-
sification on imaging. No clinical trials have compared 
the options and the choice is complex based on cyst 
characteristics. Clinical experience with this condition 
is paramount, and referral to a specialist national or 
regional centre recommended [126]. Medical treat-
ments are discussed later. However, these may not only 
be given as sole treatment in some types of cyst, but if 
percutaneous or surgical treatment is chosen, one of 
these agents needs to be given for a period before and 
after the procedure [126].

Fig. 33.17 CT scan shows calcified hydatid cyst (arrowed) in the 
quadrate lobe of the liver (contrast‐enhanced scan).

Fig. 33.18 CT scan. Hydatid cyst in right lobe of liver containing 
multiple septae produced by daughter cysts (contrast‐enhanced 
scan).

Table 33.3 Classification of ultrasound appearances in hydatid 
disease by WHO – Informal Working Group on Echinococcosis 
(WHO‐IWGE) [128]

WHO 
stage Characteristics Activity

CL Unilocular cystic lesion, uniform 
contents, cystic wall not visible.
Normally non‐parasitic cysts. If any 
suspicion of Echinococcus, additional 
test necessary.

Depends on 
serology

CE1 Unilocular, anechoic cyst with double 
line sign

Active

CE2 Multiseptated ‘rosette‐like’ ‘honeycomb
pattern’ cyst

Active

CE3a Cyst with detached membrane
(water lily sign)

Transitional

CE3b Daughter cysts in solid matrix Transitional
CE4 Heterogenous cyst, no daughter 

vesicules
Inactive

CE5 Solid matrix with calcified wall Inactive
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Medical treatment
Benzimidazoles (BMZs) are used. Mebendazole perfuses 
through the cyst membrane and interferes with microtu-
bular function. However, it is poorly absorbed.

Albendazole is better absorbed and cyst levels equal 
that achieved in plasma. It is more effective than 
mebendazole. Approximately one‐third of selected 
patients will respond to albendazole or albendazole 
plus praziqantel.

Medical therapy cannot be regarded as definitive, 
unless this is for the management of single active cysts 
(CE1 or CE3a) less than 5 cm in diameter. Albendazole 
can also be given in a 6 to 24‐month course for those 
unsuitable for surgery, with disseminated disease or with 
rupture. About 30% of cysts disappear, 30–50% degener-
ate or become smaller, and 20–40% of cysts are unchanged 
[132,133].

Percutaneous drainage
Ultrasound‐guided percutaneous drainage is as effective 
as surgery [134]. The ‘PAIR’ routine is used (Table 33.4) 
[134]. Sclerosing solutions such as 95% ethanol or hyper-
tonic saline may induce sclerosing cholangitis in patients 
with a biliary communication [135], which needs to be 
ascertained before injection. The presence of a commu-
nication contraindicates PAIR [133]. If this approach is 
used, albendazole treatment is given before the proce-
dure [126] to prevent the risk of secondary seeding and 
reduce allergic reactions. Albendazole is continued for 1 
month postprocedure.

A second procedure, the modified catheterization 
technique, uses a percutaneously introduced large‐bore 
catheter and a cutting device to aspirate and remove the 
entire cyst and associated daughter cysts from the cavity. 
It may be suitable for cysts that are difficult to drain via 
PAIR [126].

Surgery
The objective is to remove the cyst completely, without 
soiling and infecting the peritoneum and with complete 
obliteration of the resulting dead space. Complete 
removal of the cyst with its adventitia is ideal to avoid 
spillage. The usual operation is cystectomy with removal 
of the germinal and laminated layers and preservation of 
the host‐derived ectocyst [136]. Surgical pericystectomy 
includes removal of the pericyst. The mortality for these 
operations is very low and the morbidity rate is 23.7% 
[136]. Relapse rates are up to 25%. As with percutaneous 
treatment, BMZs are given perioperatively but the length 

Fig. 33.19 Endoscopic cholangiography showing hydatid cysts in 
the common bile duct.

Fig. 33.20 Four glistening hydatid cysts (arrow) were removed 
surgically from the common bile duct of the patient shown in 
Fig. 33.19.

Table 33.4 Treatment of hydatid liver cysts – the PAIR technique

Percutaneous puncture
Aspirate
Inject 95% alcohol
Re‐aspirate
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of pre‐ and postoperative administration has not be 
established.

Hemihepatectomy or segmentectomy are occasionally 
performed. Cholangitis is treated by biliary drainage, 
usually by ERCP, papillotomy, and cyst removal. Surgical 
biliary drainage may be necessary. The technical  problem 
is great.

Rupture into the peritoneal cavity

The cyst contents are removed from the peritoneal  cavity 
as far as possible by sucking and swabbing. The scolices, 
however, usually settle down in the peritoneal cavity 
and  form daughter cysts so that recurrence is almost 
inevitable.

Urgent surgery has a substantial morbidity and mor-
tality [137]. Chemotherapy is essential in combination 
with this.

Echinococcus multilocularis (alveolar 
echinococcosis)

This is found in the Northern Hemisphere. Rodents 
are intermediate hosts and foxes are definitive hosts. 
The larvae grow indefinitely and produce liver necro-
sis and a major granulomatous reaction. The disease 
behaves like a locally malignant tumour. Diagnosis is 
typically by means of radiology, biopsy, and serology, 
using  specific antigens. The Echinococcus invades liver 
and biliary tissue, hepatic veins, inferior vena cava, 
and diaphragm. Chemotherapy is effective but not 
curative [138]. It is fatal unless completely removed by 
surgery, although it is frequently inoperable because 
of its late presentation [139]. Albendazole and meben-
dazole have been shown to suppress the disease for 
many years with a 16 to 20‐year survival rate of 
approximately 70% [132]. Hepatic transplant may be 
necessary [140].

 Ascariasis

Ascaris infection, a soil‐borne disease, is particularly 
common in the Far East, India, and South Africa, but 
may be found elsewhere in subtropical regions. The 
roundworm Ascaris lumbricoides typically inhabits the 
jejunum, but may migrate through the ampulla of Vater 
into the bile ducts. Ova arrive in the liver via the bile 
ducts. Here they provoke an immunological reaction and 
eggs, giant cells, and granulomas are surrounded by a 
dense eosinophil infiltrate (Fig. 33.21). The adult worm 
is 15–30 cm long and occasionally may lodge in the com-
mon bile duct producing partial bile duct obstruction, 
and secondary cholangitic abscesses [141]. The Ascaris 

may be a nucleus for intrahepatic gallstones [142]. Biliary 
colic is a complication.

A plain abdominal X‐ray may show calcified worms.
Clinical presentation is as acute cholecystitis, acute 

cholangitis, biliary colic, acute pancreatitis and, rarely, 
hepatic abscess [141].

Ultrasound shows long linear echogenic structures or 
strips that characteristically move. It can be used to mon-
itor migration of the worms. It cannot diagnose duodenal 
ascariasis.

ERCP shows the Ascaris as a linear filling defect 
(Fig. 33.22). Worms can be seen moving into and out of 
the biliary tree from the duodenum [143].

Treatment is by ERCP with endoscopic worm extrac-
tion with or without sphincterotomy [144]. Failures need 
surgical treatment.

Single‐dose treatment with albendazole, mebendazole, 
or pyrantel pamoate will usually kill Ascaris [145] but it 
may remain in the bile ducts. Reinvasion is common.

Fig. 33.21 Section shows a dead Ascaris in an intrahepatic blood 
vessel in a portal zone. There is surrounding fibrous tissue 
reaction. (H & E, ×40.)
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 Strongyloides stercoralis

This soil‐transmitted intestinal nematode is common in 
tropical countries, but also in temperate parts of the 
world, such as the Appalachian region of the USA. It is 
usually asymptomatic but can cause biliary obstruction 
due to biliary stenosis [146]. Hyperinfestation syndrome 
has also been reported in patients undergoing liver trans-
plantation [147].

Diagnosis is usually made by detection of larvae in the 
stools, but antibody assays are available and have high 
specificities. Serological tests may be negative in patients 
on immunosuppressive therapy and hyperinfestation 
may not be associated with eosinophilia.

Ivermectin is the most effective treatment; albenda-
zole is an alternative [148].

Screening and treatment is recommended for patients 
from endemic areas before listing for solid‐organ trans-
plantation [149].

 Trichinosis

This disease is caused by eating raw, infected pork and 
occasionally other wild animals, such as bears, with sub-
sequent dissemination of Trichinella larvae throughout 
the body. Severity of disease correlates with the number 
of ingested larvae and characteristically has an acute 
phase with fever and gastrointestinal symptoms followed 
by a chronic phase with myalgia and muscle tenderness, 
where the parasite resides within the striated muscle 
cells and may persist for up to 40 years. Clinical features 
referable to the liver are unusual.

Hepatic histology may show invasion of hepatic sinu-
soids by Trichinella larvae and fatty change [150].

Diagnosis. This is difficult unless in an epidemic. The 
European Centre for Disease Control has produced a case 
definition based upon clinical features, laboratory evi-
dence including eosinophilia and elevated muscle 
enzymes, and epidemiological links to infected meat 
[151]. Antibodies may be detected by ELISA but, although 
sensitive, cross reactions occur with other infectious dis-
ease agents. Muscle pain and tenderness may warrant 
muscle biopsy and allow the diagnosis to be made.

Treatment. Efficacy relates to the timing of treatment 
after initial infection. Treatment is unsatisfactory in later 
disease. Albendazole and mebendazole are effective in 
the acute phase and corticosteroids may help alleviate 
symptoms [152].

 Toxocara canis (visceral larva 
migrans)

This parasite is spread by cats and dogs and primarily 
causes disease in children. Following ingestion of eggs 
(or occasionally encapsulated larvae in animal organs) 
the liberated larvae migrate in the portal circulation into 
the liver. There they move slowly through the tissues 
(visceral larva migrans) producing a trail of eosinophilic 
infiltration, granulomas, and eosinophilic abscesses 
[153,154]. Hepatomegaly, recurrent pneumonia, eosino-
philia, and hypergammaglobulinaemia are associated 
findings. The serum ELISA antibody test is positive in 
the majority of cases. Imaging of the liver may show ill‐
defined, multiple nodules up to 1.5 cm in diameter [154].

Fig. 33.22 Ascariasis: endoscopic 
cholangiography shows linear filling 
defects in the bile ducts due to Ascaris 
worms (arrows).



The Liver in Infections 675

Most cases are asymptomatic and the disease may be 
identified during investigation of eosinophilia or liver 
lesions. Treatment for severe disease or end‐organ 
 disease, such as ophthalmic or neurotoxocariasis, is with 
albendazole or diethyl carbamazine.

 Liver flukes

Metacercaria in freshwater fish or on water plants are 
consumed and larvae develop in the duodenum and 
eventually reach the bile ducts. During the migratory 
phase they cause fever and eosinophilia. When they 
reach the biliary passages they may cause obstruction 
with complicating suppurative cholangitis.

There are three main genera of fluke: Clonorchis, 
Opisthorchis, and Fasciola and it is estimated that more 
than 35 million people are infected worldwide.

Clonorchiasis and opisthorchiasis

These diseases are similar and caused by similar flukes, 
although differing in geographical location. Clonorchis 
sinensis is found mainly in north‐east China, southern 
Korea, Japan, Taiwan, northern Vietnam, and eastern 
Russia. Species of Opisthorcis cause infection in Laos, 
Thailand, Vietnam, and Cambodia, and in Russia, 
Ukraine, and Kazakhstan [155].

Disease can present years after the patient has left 
their country of origin as the biliary flukes may persist 
for decades. Metacercaria are ingested with improperly 
cooked or raw, fresh‐water fish. The cyst wall is 
destroyed by trypsin in the duodenum and the larvae 
migrate from the duodenum through the ampulla of 

Vater into the peripheral intrahepatic bile ducts where 
they mature to adult worms. In uncomplicated cases, 
the changes are confined to the bile duct walls with 
abundant adenomatous formation; fibrosis increases 
with time [156]. Cholangiocarcinoma is a serious com-
plication [157].

Clinical manifestations depend on the number of 
flukes, the period of infestation, and the complications. 
With heavy infestation, the patient suffers weakness, 
 epigastric discomfort, weight loss, and diarrhoea. 
Jaundice is due to obstruction of the intrahepatic biliary 
tree by worms or inflammation. Infection leads to fever, 
chills, and abdominal pain. Cholangiocarcinoma is 
marked by progressive jaundice and pruritus.

Diagnosis is based on finding ova in the stool or aspi-
rated bile. Laboratory findings include eosinophilia and 
an increased serum alkaline phosphatase. Serological 
tests are available and are sensitive, but cannot distin-
guish between active and past infection.

Ultrasound, CT, and MRI changes are based on flukes 
within dilated ducts and periductal changes without 
 evidence of extrahepatic biliary obstruction [158].

ERCP shows filamentous filling defects in the bile 
ducts which have blunted tips. The defects are of  uniform 
size and change in position [158].

The therapeutic response to praziquantel is greater 
than 80% [155]. The bile ducts may be cleared of stones 
by endoscopic or percutaneous techniques, or surgery 
[159,160].

Fascioliasis

The two causative species of this fluke are found mostly 
in the Americas (mainly Peru and Bolivia), Europe 

Fig. 33.23 Fasciola hepatica. CT in the 
migratory stage showing multiple, 
sometimes linear, filling defects at the 
periphery of the liver. Larvae have 
penetrated the gut wall, traversed the 
peritoneal cavity, and invaded the hepatic 
parenchyma. They eventually enter the bile 
ducts. Courtesy of PA McCormick.
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(including Britain), Asia, western Pacific, and North 
Africa. The encysted metacercariae from the intermedi-
ate host snails survive on herbage and patients are  usually 
infected by eating uncooked contaminated vegetables 
and salads.

The clinical picture in the acute stage is of cholangitis 
with fever, right upper quadrant pain, and hepatomegaly. 
Eosinophilia and a raised serum alkaline phosphatase 
are  usually present. The picture may simulate 
choledocholithiasis.

CT shows peripheral filling defects, sometimes 
 crescentic, in the liver due to the migrating fluke 
(Fig. 33.23) [161].

ERCP shows several irregular linear or rounded filling 
defects in the bile ducts or segmental stenosis, with an 
inflammatory pattern [158]. Worms can be aspirated.

Liver biopsy shows infiltration of the portal zones 
with histiocytes, eosinophils, and polymorphs. Hepatic 
granulomas and ova in the liver may occasionally 
be seen.

Diagnosis is suspected by finding the clinical picture of 
biliary tract disease with eosinophilia. It is confirmed by 
finding ova in the faeces. These, however, may not be 

detected until 12 weeks after the infection when para-
sites have attained sexual maturity. They disappear later.

The diagnosis may be confirmed by ELISA detection 
of circulating antibodies to Fasciola hepatica excretory–
secretory antigens although this does not distinguish 
between current and past infection [162,163].

Treatment is by triclabendazole for both phases and 
single‐dose cure rates of over 90% have been reported for 
acute‐phase infection. Alternative therapy includes 
nitrazoxanide.

Recurrent pyogenic cholangitis

This is a common disease in Southeast Asia, although 
declining in incidence. The initial cause is uncertain, but 
may be infection with Clonorchis, enteric microorgan-
isms, or malnutrition. Biliary stone and stricture forma-
tion follow recurrent bacterial infections. Other 
long‐term sequelae include secondary biliary cirrhosis 
and cholangiocarcinoma. Treatment is by antibiotics 
and, as necessary, biliary drainage – either endoscopic, 
percutaneous, or surgical. Transplantation may be nec-
essary in certain cases [164].
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 Ultrasound

Ultrasound refers to high‐frequency sound waves that 
are above the audible range in humans, that is, above a 
frequency of 20 kHz. However, for medical imaging pur-
poses it refers to much higher frequencies of between 2 
and 18 MHz. The choice of transducer defines the fre-
quency available, and each particular transducer repre-
sents a trade‐off between spatial resolution and depth of 
imaging. In imaging the liver, probes with frequencies 
between 2.5 and 7.5 MHz are usually employed.

The addition of Doppler allows identification of 
flow within the vessels of the liver. The Doppler effect relies 
on the principle that the velocity and direction of flow in a 
vessel can be derived from the difference between the fre-
quency of the ultrasound signal emitted from the trans-
ducer and that reflected back (echo) from the vessel.

Modern ultrasound machines are extremely sophisti-
cated but relatively inexpensive when compared to 
 computed tomography (CT) and magnetic resonance 

imaging (MRI), with small ‘laptop’‐style machines now 
allowing scanning in the outpatient department or on 
the ward.

Dilated bile ducts, gallbladder disease, hepatic 
tumours, and some diffuse hepatic abnormalities are 
usually demonstrated with relative ease.

Ultrasound of the liver is difficult in patients who are 
overweight, or who have excessive bowel gas, those with 
a high liver lying entirely covered by the rib margin and 
in patients in the immediate postoperative period who 
have dressings and painful scars.

A normal ultrasound shows the liver to have mixed 
echogenicity. Portal and hepatic veins, inferior vena cava, 
and aorta are shown. The normal intrahepatic bile ducts 
are thin and run parallel to large portal vein branches. The 
right and left hepatic ducts are 1–3 mm in diameter and 
the common bile duct 2–7 mm in diameter. Ultrasound 
remains the investigation of choice for the gallbladder 
where wall thickness, polyps, and stones can be depicted 
more accurately than with any other modality.

With Doppler there are unique signals in the hepatic 
veins, hepatic artery, and portal vein. This technique 
may aid in the diagnosis of hepatic vein outflow block 
(Budd–Chiari syndrome) [1,2], hepatic artery thrombo-
sis (after liver transplantation), and portal vein thrombo-
sis [3]. In portal hypertension the direction of portal flow 
and the patency of portosystemic shunts can be seen. 
Flattening of the Doppler waveform in the hepatic veins 
suggests the presence of cirrhosis [4]. Regular monitor-
ing of flow through transjugular intrahepatic portosys-
temic shunts (TIPS) by Doppler ultrasound is useful in 
detecting shunt dysfunction before clinical signs of shunt 
dysfunction occur [5].

Focal hepatic lesions are better detected by ultrasound 
than diffuse liver disease. Lesions of 1 cm or more in 
diameter can be seen easily. Simple cysts have smooth 
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LEARNING POINTS

 ● This chapter describes the strengths and weaknesses 
of the different imaging modalities in the investigation 
of focal liver lesions.

 ● Each imaging modality should not be interpreted in 
isolation but rather as complementary to each other.

 ● A multidisciplinary team approach with accurate clini-
cal information is vital in selecting the correct imaging 
algorithm.

 ● Broad imaging algorithms are provided but are not set 
in stone and local availability and expertise should 
always be taken into account.
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walls and echo‐free contents with no impedance to the 
transmission of sound waves. The appearance is diagnos-
tic and, with small cysts, more accurate than CT. Hydatid 
cysts produce a characteristic appearance with the con-
tained daughter cysts. Cavernous haemangiomata, the 
commonest liver neoplasm, is usually hyperechoic often 
with no impedance to transmission of sound waves. Such 
a lesion is usually less than 3 cm in diameter, detected 
incidentally in a patient with normal liver function tests 
and generally needs no further investigation. Lesions 
greater than 3 cm, where the appearances are not classi-
cal, or where metastases (especially hypervascular) are 
suspected, need further confirmation by dynamic 
enhanced CT or MRI. Malignant masses (primary or sec-
ondary carcinoma) produce a range of appearances on 
ultrasound, including a hyper‐ or hypoechoic pattern, 
and can be well circumscribed or infiltrative. Appearances 
highly suggestive of metastases include the bull’s eye 
appearance (a hyperechoic rim surrounding a hypoechoic 
centre). Necrotic tumours may mimic abscesses or cysts.

Guided biopsy of a suspicious nodule may be required 
to establish the precise pathology but should only be per-
formed following discussion of the potential options for 
treatment. If curative therapeutic attempts are planned, 
including surgery, biopsy is often contraindicated [6]. 
This is to avoid the risk of seeding, particularly when 
dealing with hepatocellular carcinoma (HCC) and chol-
angiocarcinoma [7].

Diffuse hepatic disease may be detected by ultrasound 
as may anatomical anomalies. In cirrhosis the edge of the 
liver is often irregular, the hepatic echo pattern coarse 
(i.e. increased irregular echogenicity), and there may be 
splenomegaly and ascites [8].

A fatty liver appears diffusely echogenic on ultrasound. 
However, accurate quantification of fat is not possible, 
partly because of the variation in echo pattern between 
normal individuals. In about 20% of patients with fatty 
liver, the liver appears normal, presumably because the 
fat is too finely dispersed.

A relatively recent development in ultrasound has been 
the use of contrast agents. These consist of gas‐filled bub-
bles (usually less than 8 µm), stabilized by a thin shell. The 
contrast medium is administered as a single rapid bolus 
injection into an antecubital vein, followed by 5–10 mL of 
0.9% saline solution to flush the line. Ultrasound scan-
ning is started immediately with the benefit of the 
contrast lasting 4–5 min. Modern machines use specific 
imaging programmes, such as harmonic imaging to 
enhance the effect of microbubbles, and also to prolong 
the time window within which imaging is optimized.

Using contrast‐enhanced ultrasound allows the opera-
tor to distinguish the different phases of hepatic blood 
flow in exactly the same way as contrast‐enhanced CT or 
MR. Contrast‐enhanced ultrasound provides more 

 information for the characterization of lesions than either 
conventional or colour Doppler ultrasound [9]. For exam-
ple, contrast‐enhanced ultrasound has a 94% sensitivity 
and a 93% specificity in the diagnosis of HCC [10]. 
Accuracy in characterizing haemangiomas is approxi-
mately equal to that of MR imaging, even for small lesions 
[11]. Contrast‐enhanced ultrasound has a sensitivity of 
77% and a specificity of 93% in the  diagnosis of metasta-
ses [12]. This modality is more sensitive than conven-
tional ultrasound in detecting liver metastases and almost 
as sensitive as CT or MR imaging. Low‐mechanical‐index 
contrast‐specific ultrasound techniques, allow dynamic 
real‐time evaluation of both the macrocirculation and 
microcirculation in hepatic lesions. Lesion enhancement 
patterns are usually typical for a given lesion, thereby 
maximizing the ability to characterize liver tumours and 
pseudotumours and allowing a definitive diagnosis in 
most cases. The enhancement patterns do not have a 
close correlation with the baseline ultrasound appear-
ances. Nevertheless, because of the use of harmonic tech-
nologies at low emission frequencies, there is some loss of 
spatial resolution and overall image quality, typically 
resulting in a grainy appearance. Moreover, the depth at 
which the lesion resides affects the detectability of vascu-
larity as poor signal arises from deep‐seated lesions [13]. 
Liver attenuation (e.g. in patients with steatosis or chronic 
liver disease) further reduces the sensitivity of contrast‐
enhanced ultrasound.

A proposed algorithm of a mass found on liver ultra-
sound is shown in Fig. 34.1.

 Computed tomography

Multidetector computed tomography (MDCT), involv-
ing a continuous spiral exposure with X‐rays, is made 
with multiple rows of detectors and can be completed 
during a single breath‐hold. Images can be reconstructed 
in any plane. The great advantage of this method is that 
the scan can be completed while there is peak concentra-
tion of contrast medium in the blood vessels of interest, 
and multiple phases can be obtained. The detail is supe-
rior to single‐detector spiral CT, particularly for small 
blood vessels. Tumour detection is improved. Computer 
reconstruction allows three‐dimensional images, which 
show the relationship of blood vessels to tumours, and, 
with intravenous cholangiographic medium, the biliary 
tree [14]. Pregnancy is a relative contraindication to the 
use of CT scanning.

The CT scan demonstrates detailed anatomy across 
the whole abdomen at the level of the image slice. 
Negative oral contrast (water) is usually given to help 
identify stomach and duodenum, although some institu-
tions still use positive oral contrast. Enhancement by 
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intravenous contrast medium, given as a bolus, demon-
strates blood vessels, followed by the hepatic paren-
chyma [15]. There is renal excretion of contrast. 
Intravenous cholangiography as a source of contrast is 
very occasionally used to delineate the biliary system but 
is restricted to patients with normal liver function tests. 
CT gives good visualization of adjacent organs, particu-
larly kidneys, pancreas, spleen, and retroperitoneal 
lymph nodes.

CT demonstrates focal hepatic lesions and some dif-
fuse conditions. Advantages over ultrasound are that it is 
less operator dependent. MDCT allows easy multiplanar 
reconstruction and manipulation of the images on the 
workstation. It is more reproducible; obese patients are 
well suited for CT. Pain, postoperative scars and dress-
ings are no hindrance. CT‐guided biopsy and aspiration 
are accurate. The disadvantages of CT are cost, the expo-
sure to radiation, contrast‐induced nephropathy, and 
lack of portability – the patient must be brought to the 
scanner.

The liver appears homogeneous with an attenuation 
value (in Hounsfield units) similar to that of kidney and 
spleen. Portal vein branches are seen at the hilum. 
Intravenous enhancement is necessary to confidently 
differentiate these from dilated bile ducts. Hepatic veins 
are usually seen. Enhanced CT shows the portal vein and 
can be used to check its patency. Invading tumour or 

obstructing thrombus may be seen. Cavernomatous 
transformation can be recognized with two or more 
enhancing vessels in place of the obstructed portal vein. 
Doppler ultrasound, however, remains a complementary 
technique to demonstrate abnormalities of the portal 
vein, especially its direction of flow.

In Budd–Chiari syndrome there may be a patchy pat-
tern of hepatic enhancement (‘pseudotumour’ appear-
ance) which may wrongly be interpreted as tumour 
within the liver [16]. The caudate lobe is enlarged. 
Concomitant thromboses in the portal vein and vena 
cava can be identified.

An enhanced CT demonstrates the splenic vein and, in 
portal hypertension, the collaterals around the spleen 
and retroperitoneum. Spontaneous and surgical shunts 
can be demonstrated.

Normal bile ducts, both intra‐ and extrahepatic, are 
difficult to see. In the gallbladder, calcified stones can 
be demonstrated. However, ultrasound rather than CT 
is the technique of choice to search for gallbladder 
stones.

The shape of the liver, any anatomical abnormalities or 
lobe atrophy are seen. Liver volume can be calculated 
from the slices taken to measure the volume of potential 
liver remnant before resection, whether for cancer or live 
donation for liver transplantation. Tumour volume can 
also be calculated.

Ultrasound

Bile duct abnormality MRCP
Enhanced CT/MRI 

 for mass

Space-
occupying

lesion

Simple cyst Stop

Solid lesion or
complex cystic

MRI with 
gadolinium

Algorithm 2
(Figure 34.8)

Staging CT 
with contrast

liver/chest/pelvis

Biopsy?

± αFP@

#

*

±

Fig. 34.1 Algorithm for mass found on liver ultrasound. @, depending upon clinical data, may request alpha fetoprotein early in process; 
*, consider CT, if possible metastasis (for staging) or abscess (to detect source of sepsis); #, consider bubble ultrasound, if available, when 
haemangioma suspected. CT, computed tomography; MRCP, magnetic resonance cholangio-pancreatography; MRI, magnetic resonance 
imaging.
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CT demonstrates diffuse liver disease due to cirrhosis, 
fat, and iron. A nodular, uneven edge to the liver, which 
may be shrunken, suggests cirrhosis. Ascites and spleno-
megaly support this diagnosis. CT plays an important 
role in the non‐invasive diagnosis of cirrhosis.

Fatty liver shows a lower attenuation value than nor-
mal. Even in an unenhanced scan, the blood vessels stand 
out with a higher attenuation value than the liver 
parenchyma.

In iron overload, hepatic density is increased on CT, 
and the unenhanced liver is brighter than the spleen or 
kidney [17]. Liver with a high copper content usually has 
a normal attenuation value.

Space‐occupying lesions of 1 cm and more in diameter 
can be easily detected by CT. Both unenhanced and 
enhanced scans should be performed. Thus a filling 
defect on an unenhanced scan may be rendered isodense 
by intravenous contrast injection and missed. Conversely, 
an area isodense with normal liver on the unenhanced 
scan may only be seen after enhancement. It is important 
that the imaging sequence is set up optimally, to capture 
both the arterial and portal venous phases of 
enhancement.

Benign lesions (often detected by chance) include 
simple cysts and cavernous haemangiomas. Simple 
cysts can usually be confidently identified because of 
the low attenuation value of the centre, equivalent to 
water. Smaller cysts, however, may suffer from a partial 
volume effect (i.e. an artificially high attenuation value 
because of averaging with the surrounding block of 
normal tissue). Ultrasound may be necessary to con-
firm the small cyst.

Cavernous haemangioma appears as a low attenuation 
area on an unenhanced scan which subsequently fills in 
with contrast from the periphery (Fig.  34.2). In cases 
where CT appearance is equivocal and there is doubt 
about the precise nature of the lesion, an MRI scan may 
be necessary.

CT scans can detect solid lesions greater than 1 cm in 
diameter due to primary or secondary malignant 
tumour. They usually have a lower attenuation value 
than normal liver which remains during enhancement. 
Calcification is present in some metastases such as from 
colon (especially mucinous primary ones and after 
chemotherapy). HCC is hyperattenuating on arterial 
phase and hypoattenuating (washout) on portal venous 
phase when compared to the surrounding liver. However, 
detection of small HCCs in a multinodular cirrhotic 
liver on CT is not as sensitive as MRI. Injection of 
iodized oil (lipiodol) into the hepatic artery followed by 
unenhanced CT 2 weeks later may be used to detect 
small lesions but has been abandoned due to improved 
CT and MRI imaging.

Abscesses usually show a lower attenuation than 
 normal liver. Aspiration/drainage under CT guidance is 

possible as with ultrasound. Hydatid cysts, particularly 
those that are old and inactive, may have a calcified rim. 
Daughter cysts can be seen in active disease [18].

Enhanced CT is a valuable aid in abdominal trauma. 
The size of any laceration or contusion can be seen, and 
the severity and extent of a haemoperitoneum evaluated. 
False aneurysms of the hepatic artery should be searched 
for.

An important function of CT, more so than ultrasound, 
is to define the anatomy of the liver for the surgeon con-
sidering hepatic resection or transplantation [19]. The 
segmental position of the lesion and its relationship to 
vessels can be identified accurately.

 Magnetic resonance imaging

Magnetic resonance imaging (MRI) uses forcible 
 alignment of hydrogen protons in a strong magnetic 
field, followed by short pulses of radiofrequency energy 
to deflect the protons. The subsequent release of energy 
as the protons realign is detected by receiver coils and 
used to create the image. The technique is safe with cer-
tain exceptions. Patients with cardiac pacemakers and 
internal magnetic material (clips, metallic foreign bod-
ies) should not undergo MRI. Pregnancy is a relative 
contraindication and should be avoided, particularly in 
the first trimester. In addition, it is difficult to scan and 
monitor the ventilated patient.

Several types of measurement of tissue can be made, 
but those most commonly employed are the T1 and T2 
relaxation times. The T1 relaxation time is the time taken 
for hydrogen protons to realign within the external mag-
netic field after a radiofrequency pulse. The T2 relaxa-
tion time describes the rate at which the axes of the 
protons move out of phase with each other because of 
the differing electromagnetic influence of adjacent pro-
tons. Tissues respond differently to the MRI process and 
scans can therefore characterize fluid, subacute and 
chronic haematoma, fat (Fig. 34.3), and vessels.

Heavily T2‐weighted scans can be used to visualize the 
bile and pancreatic ducts without the need for contrast 
material; this is magnetic resonance cholangiopancrea-
tography (MRCP).

On T1‐weighted scans the normal liver appears grey 
and homogeneous, with a signal greater than the spleen. 
On T2‐weighted scans the hepatic signal is less than that 
from spleen. Normal blood vessels usually appear black 
with T1‐weighted scans because the energy emanated 
during the radiofrequency pulse has passed out of the 
slice with blood flow by the time the return signal is 
recorded.

Although vessels and focal abnormalities can be iden-
tified on non‐enhanced images, accurate assessment of 
the liver vasculature and characterization of defined 
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lesions requires the use of contrast agents. There are 
three main categories used in liver imaging [20]:

 ● extracellular fluid agents
 ● hepatobiliary‐specific agents
 ● reticuloendothelial agents.

The extracellular agents are the most commonly used 
and are composed of gadolinium chelated onto an 
organic compound. They predominantly act by shorten-
ing the T1 relaxation times, resulting in increased signal 
on T1‐weighted images. They rely mainly on differential 

(a) (b)

(c) (d)

(e) (f)

Fig. 34.2 Haemangioma. Portal venous phase CT (a) showing two focal lesions with peripheral enhancement, which on the delayed 
phase CT (b) demonstrated complete in‐filling of the segment VII lesion but incomplete in‐filling of the segment VIII, consistent with a 
haemangioma. MRI images showing a haemangioma which has a lobulated contour and exhibits high signal on T2‐weighted imaging (c), 
intermediate signal on T1‐weighted imaging (d), peripheral enhancement on arterial phase (e), and centripedal in‐filling on portal venous 
phase imaging (f ).
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blood flow for lesion detection/characterization and are 
considered safe at the low doses used for MRI scanning. 
At high doses they are nephrotoxic and there is a small 
risk of nephrogenic systemic fibrosis in patients with 
severe renal impairment [21].

The hepatobiliary‐specific agents are also based on 
gadolinium (a previous manganese‐based compound is 
no longer available) and in the initial phase of imaging 
have similar properties to the extracellular agents. 
Subsequent uptake by hepatocytes allows for delayed 
imaging, which does not have to be precisely timed, 
offering potential advantages over the extracellular 
agents. Varying degrees of biliary excretion also allow 
delayed imaging of the bile ducts.

One of the specific benefits of these agents is the 
 ability to distinguish between the two benign hepato-
cellular lesions; focal nodular hyperplasia and adenoma 
(Fig. 34.4, Fig. 34.5, Fig. 34.6). Focal nodular hyperpla-
sia maintains its enhancement on the delayed images, 
whilst adenomas lose signal on the delayed scan [22,23]. 
This distinction can be much more difficult with stand-
ard enhanced MRI. It is important to realize that 
it may not be possible to distinguish benign from well‐ 
differentiated malignant hepatocellular lesions, even 
with these agents, as opposed to the pattern of poorly 
differentiated HCC (Fig. 34.7).

A flow chart regarding the outcome of a liver space‐
occupying lesion detected on MRI scan with gadolinium 
is shown in Fig. 34.8.

The reticuloendothelial agents currently in use com-
prise the superparamagnetic iron oxide (SPIO) particles. 
These are preferentially phagocytosed by the Kupffer 
cells within the liver and cause dyshomogeneity in the 
local magnetic field, which manifests as T2 signal loss. 

Normal liver tissue therefore accumulates SPIO, appear-
ing as low signal compared to liver tumours as they are 
usually deficient in Kupffer cells.

Some centres claim improved detection of metasta-
ses using reticuloendothelial agents [24], whilst others 
recommend using them in combination with the extra-
cellular gadolinium‐based agents for improved detec-
tion of HCC. Currently, they are not widely used, 
perhaps due to expense or patient intolerance (despite a 
slow infusion, 4% of patients experience severe low 
back pain).

Increasingly, MRI is playing an important role in the 
characterization of focal liver lesions. Advances in field 
gradient technology, multichannel surface coils, faster 
pulse sequences, and contrast agents will allow faster 
and more reproducible imaging. Indeed, many centres 
already use diffusion‐weighted imaging (DWI) to image 
the liver [25]. This technique relies on the diffusion of 
water molecules between tissues. In highly cellular tis-
sues, such as tumours, the diffusion of water protons is 
restricted relative to the adjacent normal liver, allowing 
improved detection of lesions. This may have important 
applications in assessing treatment response and detect-
ing liver fibrosis and cirrhosis. The use of apparent diffu-
sion coefficient (ADC), as an objective measure of DWI, 
has shown promising results in distinguishing benign 
from malignant lesions. ADC may have a role in combi-
nation with contrast agents in improving contrast‐to‐
noise ratios, and hence further improving the detection 
of lesions.

MRI machines with higher magnetic field strengths (3 
tesla and higher) currently increase the number of 
 imaging artefacts within the liver, but may play a greater 
role in the future [26].

(a) (b)

Fig. 34.3 Focal fatty sparing. T1‐weighted MRI in‐phase image (a) and out‐of‐phase image (b) showing significant signal dropout of the 
liver on the out‐of‐phase image, indicating steatosis with relative sparing of segment IV.
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 Radioisotope scanning

99mTc‐labelled sulphur colloid is taken up by reticu-
loendothelial cells. Introduced in the 1960s, it was 
used to detect hepatic tumours, but could not differ-
entiate between cysts and tissue. Lesions 4 cm in 
diameter are usually demonstrated, but sensitivity 
falls below this size. Reduced patchy hepatic uptake 

with increased activity from bone marrow and spleen 
denotes chronic liver disease. Ultrasound has replaced 
isotope scanning for the detection of space‐occupying 
lesions. Isotope scanning has also been replaced in 
other situations, such as Budd–Chiari syndrome 
where the characteristic findings (preferential uptake 
by the caudate lobe) are not reliable enough to be of 
routine clinical value.

(a) (b)

(c) (d)

(e)

Fig. 34.4 Focal nodular hyperplasia (FNH). MRI images demonstrating a typical FNH in segment VIII of the liver. T2‐weighted imaging (a) 
shows a focal lesion in segment VIII which is of slightly higher signal (hyperintense) compared to surrounding liver with a small higher‐
signal central scar, but on T1‐weighted imaging (b) the lesion is slightly hypointense with a small lower‐signal central scar. The lesion 
exhibits vivid enhancement on the arterial phase (c) with a non‐enhancing central scar, becoming isointense on the portal venous phase 
(d) with enhancement of the central scar on the delayed phase (e).
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67Gallium citrate is taken up by liver tumours and by 
inflammatory processes, for example abscesses, but 
again the newer techniques, ultrasound and CT, are 
more appropriate for the majority of patients and  centres. 

Gallium scanning retains a role in the complex patient 
with chronic sepsis of unknown origin when a focus of 
increased radioactivity may suggest an inflammatory 
collection.

(a) (b)

(c) (d)

Fig. 34.5 Hepatic adenoma with haemorrhage. T2‐weighted MRI image (a) showing a heterogeneous signal lesion in segment IVa, with an 
isointense area anteriorly (white arrow) and two hyperintense areas posteriorly with hypointense rims (yellow arrow). On T1‐weighted 
imaging (b), the anterior area is again isointense but the two posterior areas are hyperintense peripherally and hypointense centrally. The 
anterior area exhibits hyperintensity on arterial phase (c), which becomes isointense on portal venous phase (d) while the posterior areas 
do not enhance after gadolinium consistent with an adenoma with haemorrhage posteriorly.

(a) (b)

Fig. 34.6 FNH and hepatic adenoma on Primovist‐enhanced MRI. (a) Arterially enhancing lesions in segments II (small arrow) and VII (large 
arrow). (b) Segment II FNH retains Primovist on the hepatobiliary phase image whilst the segment VII adenoma does not retain Primovist.
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(a) (b)

(c) (d)

Fig. 34.7 Hepatocellular carcinoma.T2‐weighted MRI image (a) showing a heterogeneous hyperintense lesion, which is hypointense on 
T1‐weighted imaging (b), exhibits vivid arterial enhancement (c), and becomes hypointense on portal venous phase (washout) (d), 
consistent with hepatocellular carcinoma.

Space-
occupying

lesion
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Mimics

Benign

Probably
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 ? Biopsy Surgery Loco-regional 
therapy

Systemic therapy
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Fig. 34.8 Algorithm for outcome of MRI scan with gadolinium. FNH, focal nodular hyperplasia; *, MRI with hepatocyte‐specific gadolinium 
if suspect FNH; Functional assessment, e.g. FDG PET.
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99mTc‐labelled iminodiacetic acid (IDA) derivatives 
have a role in the imaging of the biliary tract to assess 
biliary excretion.

99mTc‐labelled red blood cells was used to establish the 
diagnosis of cavernous haemangioma. It is now completely 
replaced by CT and MRI for imaging of haemangiomata.

111In‐DTPA octreotide binds to somatostatin recep-
tors, which are expressed on neuroendocrine tumours. 
Scintigraphy with this agent will demonstrate over 90% 
of carcinoid tumours [27]. Its particular value is in show-
ing ‘unexpected’ lesions in extrahepatic locations and in 
lymph nodes, not shown by MRI and CT.

Single photon emission computed tomography (SPECT) 
is a nuclear medicine technique using gamma rays. It pro-
vides three‐dimensional information and can be displayed 
in multiplanar reconstruction, thus lesion localization is 
superior to the use of conventional gamma cameras.

 Positron emission tomography

Positron emission tomography (PET) is based upon the 
principle that a positron emitted from a radioactive sub-
stance combines with an electron to form two photons 
travelling in opposite directions and that these can be 
localized by confidence detection. Positron‐emitting 
radionuclides (synthesized in a cyclotron) include 15O, 
13N, 11C, and 18F, and these can be used to study regional 
blood flow and metabolism. This technique has been 
used to study hepatic blood flow. Because of increased 
glucose utilization in malignant tissue, PET scanning 
with 2[18F]‐fluoro‐2‐deoxy‐d‐glucose (F‐18 FDG) can 
detect carcinomas. This method has only a 55% sensitiv-
ity in detecting HCC, compared with 90% for CT [28]. 
Poorly differentiated tumours have greater activity than 
well‐differentiated types. PET scanning may demon-
strate distant metastases from the primary tumour not 
seen by CT. This is a useful function in the management 
of patients with recurrent colorectal carcinoma [29]. 
Gallium‐68 Dotatate PET has recently been shown to be 
more sensitive in detecting low‐grade neuroendocrine 
tumour than F‐18 FDG PET [30]. PET–CT combines the 
functional assessment of lesions with the anatomical 
details of unenhanced CT, and thus can provide more 
accurate localization of lesions.

 MR spectroscopy

MR spectroscopy allows non‐invasive evaluation of bio-
chemical changes in tissue in vivo. Changes in molecules 
involved in selected areas of cellular metabolism can be 
detected. The technique currently remains experimen-
tal, but has been applied to patients with liver disease 
[31]. Phosphorus‐31 spectroscopy shows an increase in 
phospholipid membrane precursors (phosphomonoester 
or PME peak) and a decrease in phospholipid membrane 
degradation products and endoplasmic reticulum (phos-
phodiester or PDE peak). These changes correlate with 
severity of liver disease and may reflect increased turno-
ver of cell membranes as the liver regenerates. Clinical 
application of the technique remains elusive, but a role in 
acute liver failure and assessment of donor liver tissue is 
possible.

 Conclusions and choice of imaging 
technique

The choice of technique for hepatobiliary imaging 
depends upon the patient’s diagnostic problem and the 
availability of the appropriate apparatus, operator, and 
interpreter. Strict diagnostic algorithms cannot be for-
mulated that will be appropriate to all units. Radioisotope 
scanning has been largely superseded by ultrasound, CT, 
and MRI, which are better in detecting lesions and char-
acterizing them. With an experienced ultrasonographer, 
this technique is the initial examination of choice for the 
majority of patients with suspected hepatobiliary dis-
ease. Equivocal results can be further studied by CT or 
MRI as necessary.

CT and MRI characterize most hepatic lesions better 
than ultrasound, but are more costly and less widely 
available. In some centres, CT replaces ultrasound as the 
primary procedure, often more out of availability and 
convenience (for the clinician) than specific need.

Algorithms, as shown in Figs 34.1 and 34.8, have been 
formulated to try to give some general radiological 
guidelines on space‐occupying lesions detected by the 
three major imaging modalities that the clinician can use 
in everyday practice.
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The increased use of imaging techniques has contrib
uted to the discovery of benign focal lesions in the liver 
in up to 15% of patients [1]. A classification of benign 
focal liver lesions is shown in Table 35.1. In this classifi
cation, lesions are divided into those of hepatocellular, 
biliary, or stromal origin. The entities listed conform to 
the nomenclature proposed in the fourth edition of the 
World Health Organization Classification of Tumours of 
the Digestive System [2].

Benign focal liver tumours may be either neoplastic 
proliferations or hyperplastic expansions occurring in 
response to injury (regenerative nodules) [3]. Thus, 
tumour refers to a space‐occupying lesion that is not 
necessarily neoplastic in nature. Pseudotumours are 
local variations, such as focal fatty change, inflammatory 
pseudotumour, or regional parenchymal extinction 
 (confluent hepatic fibrosis), which may be mistaken for a 
proliferation on imaging studies.

 Diagnosis of focal liver lesions

Most focal liver lesions are defined by their histological 
appearance. In recent years, the quality of imaging 
techniques has improved so that, when combined with 
the clinical context, a presumptive diagnosis can often 
be made [4,5]. Clinical follow‐up may add comfort that 
the presumptive diagnosis is correct. However, the best 
course of action is often to obtain a biopsy. This usually 
provides a rapid and definitive diagnosis while mini
mizing patient anxiety and expediting the onset of ther
apy. Simultaneous biopsies of lesion and background 
are  recommended, guided by ultrasound control. This 
will establish the context and ensure that the lesion has 
been sampled. Sampling error is the usual cause of 
 failure to obtain a biopsy diagnosis. Fine‐needle aspira
tion obtains very small fragments of tissue, which are 
sufficient for diagnosis of extreme lesions such as mod
erate‐to‐poorly‐differentiated carcinomas. However, 
early malignant lesions measuring less than 2 cm diameter 
are generally well differentiated with subtle deviations 
from normality. For these small lesions, needle biopsy is 
recommended.

 Hepatocellular lesions

Hepatocellular adenoma

Hepatocellular adenoma is a benign neoplasm composed 
of hepatocytes. Adenomas are now subclassified into 
eight molecular types that can usually be diagnosed on 
biopsy with commonly available immunohistochemical 
stains (Table 35.2) [6–8]. Despite considerable overlap in 
clinical and histological features, there is utility in estab
lishing the type to estimate the risk of malignant trans
formation and other complications.
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LEARNING POINTS

 ● Sensitive imaging techniques reveal a wide variety of 
focal variations that include benign neoplasms, regen-
erative nodules, and pseudolesions.

 ● The most frequent focal benign lesions are haemangi-
oma, focally fatty change, simple cyst, and focal nodu-
lar hyperplasia. Hepatocellular adenoma is less 
frequent but of greater clinical significance.

 ● Hypervascular lesions are often malignant. Benign 
lesions may also be hypervascular, largely in response 
to degeneration and shunt formation. Focal nodular 
hyperplasia is always hypervascular but always benign.

 ● Some benign lesions require ablation therapy because 
of a significant risk for malignant transformation. This 
is especially true of hepatocellular adenomas occur-
ring in men.
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Histology
Hepatocellular adenomas have well‐organized trabecu
lae one to two cells in width usually with prominent 
arteries instead of portal tracts (Fig. 35.1) Occasionally 
recognizable portal tract remnants with ductules may be 
seen, especially in the inflammatory type. Tumour cells 
are normal or nearly normal; mitoses are almost never 
seen. Seven per cent of lesions have borderline features 
of adenoma and hepatocellular carcinoma. Fibrosis is 
uncommon but may develop in response to congestive 
necrosis or therapeutic embolization. The background 
liver is usually non‐cirrhotic, although steatosis, non‐
alcoholic steatohepatitis, glycogen‐storage disease, or 
multiple microscopic adenomas may be seen.

Clinical features
Women represent 85% of patients, usually within the 
childbearing years. Most patients have a recognizable 
risk factor, especially long‐standing exposure to oral 
contraceptives in approximately 90% of cases. Obesity, 
alcohol use, and non‐alcoholic steatohepatitis may be 
cofactors because of further hormone imbalance. Other 
risk factors include anabolic steroid or danazol exposure 
and glycogen storage disease (type 1 and 3). Rare patients 
have abnormalities of large hepatic vessels.

The patients usually present with a mass. Multiple 
lesions are found in up to a third of cases (45% on histo
logical examination) and may be very numerous (adeno
matosis) [9]. Presentation with rupture and intraperitoneal 
haemorrhage is found in 14% of resected patients and was 
not correlated with lesion size. Progression to hepatocel
lular carcinoma occurs in approximately 5% of all patients 
and in 40–50% of men [6]. Oral contraceptive use and 
obesity are particularly associated with IHCA and 
shHCA. Androgen exposure, male gender, earlier age of 
onset, and malignant transformation are associated with 
β‐catenin mutation in exon 3.

Diagnosis
Serum biochemical tests are usually normal, including 
α‐fetoprotein. Malignant transformation of adenoma 
can be suspected if there is a nodule‐in‐nodule imaging 
pattern or there is rapid growth. Most adenomas with 
malignant change are greater than 8 cm diameter. Serum 
α‐fetoprotein is usually not elevated in these cases. 
Hepatocellular carcinoma is suggested by wide or irregu
lar plates and mitotic figures. Borderline lesions often 
require an experienced pathologist.

A histologically low‐grade hepatocellular nodule in 
cirrhotic liver is likely to be a dysplastic nodule, well‐
differentiated hepatocellular carcinoma, or arterial
ized regenerative nodule. Adenomas are rare in this 
context [10]. Contrast‐enhanced ultrasonography and 
MRI can often distinguish the subtypes of adenoma by 
the presence of steatosis and the pattern of contrast 
washout [11].

The differential diagnosis is usually that of focal nodu
lar hyperplasia (FNH) (see later) because of its high 
 prevalence and similar clinical profile. Imaging tech
niques can distinguish these two lesions in most cases. 
Contrast‐enhanced ultrasonography is particularly 
effective in this differential [5]. Magnetic resonance 
imaging is especially useful to detect steatosis or haem
orrhage that are more frequent in adenomas [12]. 
Histologically, FNH almost always has some evidence of 
ductular proliferation. The pattern of glutamine syn
thetase staining usually differentiates adenoma from 
FNH. Degenerative changes may cause adenoma to 
mimic FNH on imaging and histology.

Table 35.1 Benign liver tumours and pseudotumours

Hepatocellular lesions
Hepatocellular adenoma (0.04%)
Dysplastic nodule
Focal nodular hyperplasia and other regenerative nodules 
(FNH 0.2%)
Arterialized regenerative nodules
Nodular regenerative hyperplasia
Focal fatty sparing and focal fatty change (FFS 6.3%)

Biliary and cystic lesions
Bile duct adenoma (peribiliary gland hamartoma)
Mucinous cystic neoplasm (formerly biliary cystadenoma)
Serous cystic neoplasm (formerly microcystic adenoma)
Intraductal papillary neoplasm (formerly biliary 
papillomatosis)
Biliary adenofibroma
Bile duct hamartoma (von Meyenburg complex)
Simple cyst and polycystic disease (cyst 5.8%)
Ciliated hepatic foregut cyst
Cystic dilation of peribiliary glands
Tubular adenoma of bile duct or duodenum

Mesenchymal lesions
Cavernous haemangioma (3.3%)
Infantile haemangioma (formerly infantile 
haemangioendothelioma)
Peliosis hepatis
Angiomyolipoma
Epithelioid haemangioendothelioma
Mesenchymal hamartoma
Regional parenchymal extinction
Inflammatory pseudotumour

Note: The prevalence in 45 319 hospitalized patients with ultrasound 
evaluation is noted in parentheses [1].
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Table 35.2 Hepatocellular adenoma – classification and features*

Type Prevalence Histological and clinical features

HHCA Hepatocyte nuclear factor 
1A (HNF1A) mutated 
HCA

34% There is decreased staining for liver fatty acid binding protein, compared to 
background liver. This is caused by inactivation of HNF1A. Germline 
inactivation of this gene predisposes to the development of numerous HCA 
(adenomatosis).
Clinical: Lesions occur almost exclusively in women, occasionally in 
association with maturity‐onset diabetes of the young type 3 (MODY3). 
Most cases of adenomatosis are of this type [9].

bex3HCA β‐catenin‐activated HCA 7% Cadherin‐associated protein β1 (CTNNB1) mutations in exon‐3 result in 
marked overexpression of β‐catenin in tumour cell nuclei. Mild 
overexpression is seen with exon‐7 or ‐8 mutations. Glutamine synthetase, a 
downstream protein product of the β‐catenin pathway, is also overexpressed 
in the cytoplasm of tumour cells. Nuclear atypia and pseudoglandular 
differentiation are frequent, including many borderline lesions. Strength of 
β‐catenin and glutamine synthetase expression is proportional to the risk of 
malignant transformation [7]. Malignant transformation appears to be 
related to additional TERT promoter mutation.
Clinical: This type is associated with male gender, male hormone 
administration, vascular anomaly (rare), younger onset, and increased risk 
of malignant transformation.

IHCA Inflammatory HCA with 
IL6/JAK/STAT3 
overexpression

34% Lesions often have ductular differentiation, inflammatory infiltration, and 
sinusoidal dilatation. The dilation explains why these lesions were formerly 
often known as ‘telangiectatic adenoma’. Staining with serum amyloid A 
protein and/or C‐reactive protein is found. IL6/JAK/STAT overexpression is 
related to a variety of mutations in the pathway.
Clinical: Lesions are associated with obesity and with elevated serum C‐
reactive protein, erythrocyte sedimentation rate, GGT, and alkaline 
phosphatase. Rarely, there is fever and anaemia. Glycogenosis correlates 
with this type. There is increased risk of haemorrhage.

bex3IHCA HCA with β‐catenin 
activation and IL6/JAK/
STAT3 overexpression

6% In half of lesions, overexpression of β‐catenin mutations coexist with IL6/
JAK/STAT mutations. Such combined lesions have features of both 
β‐catenin‐activated HCA and inflammatory HCA.
Clinical: Malignant transformation is associated with male gender and 
presence of bex3 mutation.

bex7,8HCA HCA with weak β‐catenin 
activation

4% Faint glutamine synthetase staining, high risk of histological bleeding, 
cytological atypia without malignant transformation.
Clinical: Lower oestrogen exposure with solitary or few tumours, less 
obesity, younger onset, and low risk of clinical haemorrhage.

bex7,8IHCA HCA with weak β‐catenin 
activation and IL6/JAK/
STAT3 overexpression

4% Faint glutamine synthetase staining.
Clinical: Clinical features intermediate between inflammatory and other 
bex7,8 tumours.

shHCA Sonic hedgehog pathway 
activated HCA

4% Most lesions have PGDS overexpression by immunohistochemical staining. 
This is associated with the presence of a fusion of the promotors of inhibin 
βE (INHBE) and glioma‐associated oncogene 1 (GLI1). Non‐lesional liver is 
often steatotic.
Clinical: Lesions are associated with obesity and increased risk of 
symptomatic haemorrhage (71%).

ASS + HCA Argininosuccinate 
synthase 1 positive HCA

7% Lesions are identified by ASS1 immunohistochemical staining [8].
Clinical: 65% presented with haemorrhage.

UHCA Unclassified HCA The defining features of the other types are absent. This group is largely 
obsolete, since most previously unclassified cases are now recognized to be 
ASS1 + .

* This table is based the ground‐breaking work of the French group that includes data on a series of 533 lesions [6,8]. HCA, hepatocellular adenoma.
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Management
Adenoma is a usually a stimulated lesion. Thus, hor
mones, including oestrogens and androgens, must be 
stopped whenever possible, whence many lesions will 
regress. In pregnancy, adenomas commonly enlarge and 
may rupture and bleed, although with low frequency 
[12–14]. Control of glycogen storage disease may allow 
lesions to regress and decrease the emergence of new 
lesions.

Surgical excision should be considered for lesions 
that are symptomatic or measure greater than 5 cm 
diameter. Adenomas in men should be excised because 
of the high risk of malignant transformation [6,12]. 
Bleeding adenomas may be controlled by arterial 

 embolization prior to subsequent excision [15]. When 
lesions are multiple, complete excision may not be 
 possible. In such cases embolization or transplantation 
become leading options [9,16].

Dysplastic nodule

Low‐grade and high‐grade dysplastic nodules are early 
neoplastic precursors of hepatocellular carcinoma [3,17]. 
They are asymptomatic anomalies, less than 2 cm in 
diameter, found in cirrhotic livers during imaging or 
macroscopic examination. The serum α‐fetoprotein level 
is usually less than 200 ng/mL. Malignant transformation 
of biopsy‐proven high‐grade dysplastic nodules occurs 
at a rate of 32% per year of follow‐up [18–20]. Malignant 
transformation is suggested by imaging features of 
hypervascularity, increasing size, or nodule‐in‐nodule 
configuration.

By definition, dysplastic nodules show histological 
atypia that is insufficient for the diagnosis of hepatocel
lular carcinoma (Fig. 35.2). The atypical changes are part 
of a gradual spectrum so that histological diagnosis is 
difficult. The immunohistochemical profile is useful to 
detect the transition to malignancy [21].

Dysplastic nodules are not histologically uniform. 
Thus, needle biopsy diagnosis is susceptible to sampling 
error and complete excision is necessary to exclude focal 
carcinoma. In a setting of cirrhosis, biopsy is usually 
 sufficient to confirm malignancy, when present. With 
borderline lesions, especially in biopsies, a provisional 
diagnosis of hepatocellular neoplasm with uncertain 
malignant potential (HUMP) is often justified [22]. 
Nevertheless, biopsy can be definitive and is useful to 
expedite therapy. Biopsy diagnosis of high‐grade dyspla
sia is useful to direct increased surveillance. In selected 
patients, it may be appropriate to treat the lesion with 
alcohol‐ or radiofrequency ablation immediately follow
ing the biopsy. Ablation without prior biopsy is not 
recommended.

Most errors in clinical diagnosis occur when uncom
mon lesions are not considered. The differential diagno
sis of space‐occupying lesions in cirrhotic livers includes 
dysplastic nodule, hepatocellular carcinoma, cholangio
carcinoma, haemangioma, simple cyst, metastasis, 
 arterialized regenerative nodule, and regional parenchy
mal extinction.

Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) is a benign nodule 
composed of hepatocytes with a characteristic appear
ance on imaging and histology. FNH is the second most 
frequent benign liver nodule (after haemangioma), 
occurring in 0.2–3% of the adult population with a 10 : 1 

(a)

(b)

Fig. 35.1 Hepatocellular adenoma in a patient with glycogen 
storage disease. (a) Macroscopic appearance of a large, 15‐cm 
adenoma in a non‐cirrhotic liver. The cut surface shows 
variegation related to congestion without a central scar. (b) The 
microscopic appearance shows widened plates of nearly normal 
hepatocytes supplied by unaccompanied arteries. The tumour 
cells contain fat droplets. At left is background liver showing 
increased cytoplasmic glycogen, typical of glycogen storage 
disease.
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female to male ratio. The gender ratio is equal or male 
dominant in cases from Japan and China [23]. Women 
usually present in their reproductive years; the majority 
have taken oral contraceptives although a pathogenic 
role has not been proven [24–27]. Although most lesions 
are asymptomatic and discovered incidentally, large 
lesions may present with pain or an abdominal mass.

Most lesions are less than 2 cm in diameter but may be 
as large as 10 cm or more (Fig. 35.3). Lesions are multiple 
in a third of patients. Pedunculated lesions are not rare. 
Histologically, the lesion consists of normal hepatocytes, 
usually arranged about a central region of fibrous tissue 
that contains large arteries and proliferating bile ducts. 
The background liver is usually normal, although hepatic 
haemangioma is found in 20% of cases.

FNH is thought to be a hyperplastic response to an 
artery‐to‐portal vein shunt [28]. Although usually crypto
genic, individual cases have been preceded by a potential 
cause of venous injury such as trauma, liver transplanta
tion [29], tumour infiltration [30], and in children after 
chemotherapy [31] or stem‐cell transplant [32]. Classical 
FNH and other arterialized regenerative nodules can 
occur with abnormalities such as portal vein agenesis, 
portal vein thrombosis, patent ductus venosus, hepatic 
vein thrombosis, and hereditary haemorrhagic telangiec
tasia [33].

Molecular studies have usually demonstrated a poly
clonal pattern, as would be expected in a reactive lesion 
[34]. However, up to a third of reported FNH have mon
oclonal features [35]. Lesions with adjacent coincident 
or admixed hepatocellular adenoma also occur rarely 
[36]. Some nodules arising in the setting of large portal 
vein anomalies have expression or mutation profiles 

suggestive of adenomas. These complex examples sug
gest that vascular events may initiate hyperplasia and 
occasionally adenomas or adenoma‐like proliferations.

Diagnosis
A confident diagnosis can be made by imaging when 
there is a hypervascular mass supplied with a single 
 central artery and centrifugal blood flow [5]. Contrast‐
enhanced ultrasonography (CEUS) and magnetic 
resonance imaging are preferred over CT. A central scar 
is seen in 60% of lesions on imaging. In its absence, 
 confusion with hepatocellular adenoma, hepatocellular 
carcinoma, or other lesions may occur. Biopsy is recom
mended when clinical diagnosis is in doubt, especially 
when growth is observed. Liver biopsy is usually diag
nostic if stains for glutamine synthetase and CD34 are 
available (Fig.  35.3c) [37]. Stains for adenoma (see 
Table 35.2) offer additional support [38].

Clinical behaviour and management
FNH is a benign lesion with little or no enlargement on 
follow‐up. Reports of malignant transformation are rare 
and may reflect misdiagnosis or coincident lesions. If 
there is growth, an alternate diagnosis should be 
entertained.

FNH should be treated conservatively [39–41]. Surgery 
may be considered when the diagnosis is not certain or if 
the lesion is large, pedunculated, or symptomatic. 
Arterial embolization has been used successfully [42]. 
Some lesions may regress on withdrawal of oral contra
ceptives. The presence of FNH is not a contraindication 
to hormone therapy or pregnancy, although monitoring 
is required.

(a) (b)

Fig. 35.2 Dysplastic nodule (a) and well‐differentiated hepatocellular carcinoma (b), both from the same liver. The dysplastic nodule 
shows low N/C ratio and plates one to two cells in thickness. The carcinoma shows increased N/C ratio with plates two to four cells in 
thickness.
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Arterialized regenerative nodule

This category of nodules includes FNH but also similar 
lesions that lack some of the classical features of FNH. 
These lesions have been reported with various designa
tions including incomplete FNH, pre‐FNH, FNH‐like 
nodules in cirrhosis, regenerative nodules in Budd–
Chiari syndrome, nodular hyperplasia in hereditary 
haemorrhagic telangiectasia, hyperplasia adjacent to 
metastatic tumour (peritumoural hyperplasia), and large 
regenerative nodule in nodular regenerative hyperplasia 
(NRH). Their common characteristics are benign hepat
ocytes, arterialized (CD34 positive) sinusoids, and 
hypervascularity on various imaging modalities. This 
category is useful when a lesion has not been fully 

 characterized or when some features of FNH are lacking 
on histological examination.

Nodular regenerative hyperplasia

This condition is defined histologically by the presence 
of micronodules 1–2 mm in diameter delineated by 
regions of atrophy and without fibrous septa [43].

NRH is a non‐specific response to patchy obliteration 
of small portal veins. This obliteration is usually caused 
by local portal tract inflammation of any cause,  especially 
with systemic arteritis (rheumatoid arthritis, polyarteri
tis nodosa, systemic lupus erythematosus, systemic 
 sclerosis), portal vein thrombosis (myeloproliferative 
diseases, hypercoagulable states), neoplastic infiltration 

(a) (b)

(c)

Fig. 35.3 Focal nodular hyperplasia. (a) Cut section of a 6‐cm lesion showing fibrous septation and central scar. (b) Microscopic view. The 
lesion is composed of benign‐appearing hepatocytes supplied by altered portal tracts. Note a thick‐walled dystrophic vessel (right) and 
proliferating bile ducts (left). (c) Focal nodular hyperplasia at low magnification stained to show glutamine synthetase. This enzyme is 
strongly expressed near hepatic veins but not in periarterial regions, giving the classic map‐like pattern. Outside the lesion (bottom) a 
normal, perivenous staining pattern is seen.
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(especially lymphoma), early stage primary biliary chol
angitis (PBC), and toxic injury (e.g. methotrexate, 
 azathiooprine, oxaliplatin) [44]. NRH and non‐cirrhotic 
portal hypertension rarely occurs after liver transplanta
tion; these events are explained in many cases by portal 
vein thrombosis or anastomotic stricture [45].

The lesions may be asymptomatic or associated with 
portal hypertension. Patients with portal hypertension 
present with splenomegaly and varices, and less often 
with ascites [46]. Hepatic vein wedge pressure may be 
moderately elevated. The liver is enlarged if there is 
underlying myeloproliferative disease. Liver function is 
normal but alkaline phosphatase is commonly elevated. 
Portocaval shunting procedures are well tolerated.

Imaging usually shows minimal, non‐specific changes. 
There may be features of arterialization and collateral 
drainage. Occasionally, livers with NRH contain larger 
nodules that are visible on imaging studies. These are 
usually coexistent arterialized regenerative nodules [47]. 
However, the possibility of hepatocellular or metastatic 
carcinoma should be considered.

Liver biopsy is useful when the clinical situation 
demands exclusion of cirrhosis. A needle biopsy less 
than 2 cm in length may not be sufficient to exclude 
macronodular cirrhosis, incomplete septal cirrhosis, or 
regressed cirrhosis.

Focal fatty change and focal fatty sparing

Regional variation in amount of liver cell fat can produce 
entities called pseudolesions or pseudotumours, usually 
discovered during imaging [48]. Focal fatty change gen
erally occurs near the hilum, possibly as a response to 
insulin delivery from a pancreatic vein into the parabil
iary plexus of Couinaud [49]. The reverse effect of focal 
fatty sparing in an otherwise fatty liver can occur when a 
region near the hilum is perfused with low‐insulin blood 
from a pyloric vein [48]. Because focal fatty sparing can 
only occur in the presence of fatty liver disease, most of 
these patients have obesity or alcoholism.

Focal fatty change also occurs under the hepatic cap
sule in patients receiving insulin into the peritoneal cavity 
as part of peritoneal dialysis therapy [50]. This was the 
original observation leading to the discovery that hyper
insulinaemia is the key to non‐alcoholic steatohepatitis.

 Biliary and cystic lesions

Bile duct adenoma

This is a subcapsular nodule composed of small uniform 
duct‐like glands [51]. The lesion is commonly mistaken 
at surgery for metastatic carcinoma. A clear cell variant 
may be mistaken histologically for renal cell carcinoma. 

Bile duct adenoma is a low‐grade neoplasm, containing a 
BRAF V600E mutation in half of lesions [52]. Some 
intrahepatic cholangiocarcinomas have the same muta
tion, suggesting bile duct adenomas may be a precursor 
lesion.

Mucinous cystic neoplasm (formerly biliary 
cystadenoma)

This rare neoplasm is composed of a multiloculated cyst 
lined by mucin‐secreting, tall columnar epithelium. The 
subepithelial stroma has an ‘ovarian‐like’ appearance 
[53]. Patients are almost always female. Typical presenta
tion is a solitary enlarging mass with multiple large cystic 
spaces visible on imaging. When a large duct is involved, 
the lesion may occlude the common bile duct and cause 
jaundice. The tumour must be distinguished from poly
cystic disease, simple cyst, and echinococcal cyst. 
Whenever mucinous cystic neoplasm is suspected clini
cally or found on biopsy, complete resection is strongly 
recommended, as malignancy can only be excluded by 
extensive histological examination. Because of this risk, 
fenestration is contraindicated.

Intraductal papillary neoplasm (formerly 
biliary papillomatosis)

Low‐grade neoplasia of the biliary tree may be associ
ated with papillary growth and mucus hypersecretion 
[54,55]. The lesions often produce large amounts of thick 
mucin causing biliary obstruction without an obvious 
tumour mass. Although these lesions may be stable for 
many years, there is an increased risk of malignant 
degeneration. Carcinoma can be excluded only by resec
tion and detailed sampling of the duct wall. Biliary 
intraepithelial neoplasia (BILIN, formerly ‘dysplasia and 
carcinoma in situ’) may be found in regions without 
obvious mass lesions.

Biliary adenofibroma

This rare lesion forms a large fibrous mass containing 
complex tubulocystic cavities lined by biliary epithelium 
[56]. The lesions are indolent with rare malignant 
transformation.

Bile duct hamartoma (von Meyenburg 
complex)

Bile duct hamartoma is a malformation comprised of 
irregular and dilated bile ducts in a fibrous matrix [57]. 
They are most often encountered at surgery as small, 
flat, or depressed dark spots on the capsular surface. 
Most lesions are microscopic in size. When the lesions 
are large or multiple they are associated with polycystic 
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kidney disease or polycystic liver disease. Small, solitary 
lesions occur in the elderly and in cirrhotic livers as an 
acquired degenerative lesion.

Simple cyst and polycystic disease

Simple cyst (solitary non‐parasitic cyst) is a solitary uni
locular lesion, possibly developmental, post‐traumatic, 
or post‐inflammatory in origin. The lesions are usually 
found in women or children. The lining is comprised of 
cuboidal or flattened biliary epithelium with a hypocel
lular fibrous stroma. If treated by fenestration, biopsy of 
the wall is recommended to exclude mucinous cystic 
neoplasm. The differential diagnosis includes echino
coccal cyst in which a laminated PASD‐positive capsule 
lines the cavities.

In polycystic disease, histologically similar lesions are 
present in large numbers. The lesions may be confined to 
liver but usually involve both liver and kidneys. Although 
the main clinical problem is related to renal involvement 
or massive hepatomegaly, obstructive jaundice or portal 
hypertension rarely occur.

Ciliated hepatic foregut cyst

This is a rare solitary cystic lesion occurring at all ages 
[58]. They may present with pain or be discovered as 
incidental findings. The cavity measures 1–4 cm in diam
eter and is lined by ciliated columnar cells, goblet cells, 
and a few endocrine cells. Squamous carcinoma may 
develop within the lesions.

Cystic dilation of peribiliary glands

Cystic dilation of the hilar peribiliary glands may be found 
in patients with polycystic liver disease, solitary cyst, or in 
severe chronic liver disease including cirrhosis, portal 
vein thrombosis, and hepatocellular carcinoma [59]. 
Marked dilation of these cysts may be associated with 
 biliary obstruction near the bifurcation [60].

Tubular adenoma of bile duct or duodenum

Although not actually liver tumours, tubular‐ or tubulo
villous adenomas of duodenum or distal bile duct should 
be considered in the diagnosis of obstructive jaundice.

 Mesenchymal tumours

Cavernous haemangioma

Cavernous haemangioma is the most prevalent focal mass 
lesion in the liver, occurring in 3–10% of the population 

(Fig.  35.4). Small lesions are asymptomatic. Large or 
 multiple lesions may be associated with pain, mass effect, 
congestive heart failure, or consumption coagulopathy, 
especially in children. A vascular bruit may be heard. 
Lesions may enlarge in pregnancy and during medication 
with oral contraceptives, but rupture is rare and malignant 
transformation does not occur.

Imaging techniques can usually confirm the diagnosis 
without biopsy. If the lesion thromboses, the high vascu
larity of the organized thrombus may be mistaken for 
hepatocellular carcinoma [61]. Biopsies are often com
posed of several small fragments of connective tissue 
with endothelialized surfaces. This minimal tissue may 
be diagnostic if the lesion is considered.

Peliosis hepatis

Peliosis hepatis may form microscopic or large and clini
cally evident blood‐filled cavities. Unlike haemangioma, 
the cavities are lined by degenerated sinusoids rather 
than well‐developed vascular walls. A history of anabolic 
steroid therapy would favour a diagnosis of peliosis (see 
Chapter 12).

Angiomyolipoma

Angiomyolipoma is a member of the perivascular epithe
lioid cell tumour (PEComa) family. This is a rare tumour 
that occurs in women more than men (3 : 1) with a mean 
age in the fifth decade [62]. Tuberous sclerosis may be 
associated in 10%. Lesions may be incidental findings or 
present with mass effect; rupture is rare. Tumours grow 
slowly but malignant behaviour is found in 1% of cases 
[63]. The lesions are usually solitary with a heterogeneous 
hypoechoic pattern on ultrasonography. Imaging shows 
hypervascularity and often low‐density fatty areas [64].

Fig. 35.4 Haemangioma. Cut section of a 4‐cm lesion showing 
focal sclerosis secondary to organized thrombosis. Sclerotic 
regions are hypervascular on imaging, a feature causing confusion 
with hepatocellular carcinoma.
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Most lesions have a mixed histological appearance 
with areas that are predominantly lipomatous, myoma
tous, angiomatous, trabecular, or oncocytic. Tumour 
cells stain for c‐KIT (CD117), melanocytic markers (e.g. 
HMB‐45, MART‐1), and smooth muscle actin, but are 
cytokeratin negative. Mitoses are not seen. The lesions 
are often misdiagnosed histologically as hepatocellular 
carcinoma, adenoma, sarcoma, leiomyoma, or lipoma. 
Biopsy is usually diagnostic if appropriate stains are 
performed.

Epithelioid haemangioendothelioma

This rare tumour presents as multiple masses in the liver 
[65–67]. There is a female predominance (60%) often 
with a history of oral contraceptive use. The course is 
variable with metastases in up to half of patients. This 
malignant tumour is included here because long‐term 
survival, even with metastases, is not uncommon.

The tumour is composed of endothelial cells that typi
cally contain intracytoplasmic lumina. These cells are 
positive for endothelial markers such as CD34 and podo
planin. The stroma contains inflammatory cells and 
dense fibrosis. The background liver is not cirrhotic.

Mesenchymal hamartoma

Mesenchymal hamartoma is a benign mass lesion that 
usually presents before the age of 2 but rarely is discov
ered in adults [65,68]. The tumour is characterized by 
marked lymphoedema of portal tracts with cystic degen
eration. The histological appearance may not be specific, 
with some lesions being a malformation and others being 
neoplasms with a distinctive mutational signature.

Other mesenchymal tumours

Lipoma and myelolipoma rarely occur in the liver and 
are diagnosed by similar criteria to the lesion in other 
sites [69]. Histological confusion of lipoma with angio
myolipoma can be avoided by searching for HMB‐45 
expression. Pseudolipoma is a necrotic appendix epip
loica that has sloughed from the colon and become 
attached to the hepatic capsule [70]. Ectopic adrenal 

gland rarely occurs attached to or beneath the capsule of 
the right lobe. Leiomyoma is rarely found in liver. 
Immunosuppressed individuals are at risk for develop
ment of Epstein–Barr virus‐associated leiomyoma and 
leiomyosarcoma in liver and elsewhere. Gastrointestinal 
stromal tumours may metastasize to liver even if they 
are histologically ‘benign’ [71].

Regional parenchymal extinction

Regions of parenchyma that suffer obstruction of a large 
hepatic vein or bile duct may undergo collapse and 
resorption [72]. These lesions vary in their size and loca
tion and have been reported as confluent hepatic fibro
sis, segmental atrophy [73], atrophy of the left lobe, and 
potato liver. Although often idiopathic, these lesions may 
be seen in cirrhosis of any cause, sarcoidosis, tertiary 
syphilis, and after treatment of hepatic neoplasms.

Inflammatory pseudotumour

Inflammatory pseudotumour of the liver is a group of 
entities characterized by localized fibrosis with small 
lymphocytes, plasma cells, and eosinophils, commonly 
with obstruction of medium‐sized veins. Patients may 
present with a low‐grade fever. The histological appear
ance is often non‐specific, especially with small biopsies. 
There has been recent progress in subclassifying the 
group of lesions to include inflammatory myofibroblas
tic tumour, IgG4‐related sclerosing disease [74,75], and 
response to various local stimuli such as bile duct perfo
ration, parasitic infestation, fungal or Epstein–Barr virus 
infection, and tuberculosis or other bacterial infection. 
Most cases are diagnosed after resection when tissue is 
available for examination. Some lesions will regress 
spontaneously [76]. IgG4‐related disease may be associ
ated with autoimmune pancreatitis [77]. Inflammatory 
myofibroblastic tumour usually has expression of ana
plastic lymphoma kinase (ALK) and a characteristic 
myxoid or fibrous histiocytoma‐like growth pattern [78].

The differential diagnosis includes lymphoma, follicu
lar dendritic cell tumour [79], abscess, healed infarct, 
regional parenchymal extinction, and scar after regres
sion of treated neoplasms.
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 Hepatocellular carcinoma

Epidemiology

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer in the world and the second most common 
cause of cancer death [1,2]. The incidence of HCC varies 
in different countries, depending on the prevalence of 
chronic liver disease. The aetiological agent of HCC is 
known in more than 90% of cases. Most cases of HCC 
attributable to hepatitis B occur in China, Southeast Asia, 
the Philippines, and sub‐Saharan Africa. In Japan, Europe, 
and North America, chronic hepatitis C is the most com-
mon cause. The highest incidence of HCC is in Asia 
(Table 36.1), accounting for about 76% of all cases world-
wide [2]. The most common risk factor and predisposing 
condition worldwide is chronic infection with the hepati-
tis B virus (HBV), which accounts for 52.3% of all HCC [2].

The relative risk (RR) of developing HCC in persons 
with chronic hepatitis B is between 50 and 100 com-
pared to non‐carriers [3,4], with a yearly incidence of 
about 0.4–0.5%, rising to about 1% by age 70 and 2–2.5% 
in cirrhosis [3,5].

In chronic hepatitis C (HCV) the RR for HCC ranges 
from 1.3% to 5% per year [6–8]. In chronic hepatitis C, 
cirrhosis, with some exceptions, precedes the develop-
ment of HCC. HCC is between 20 and 200 times more 
common in hepatitis C cirrhosis than in the non‐infected. 
HCV is the second most common cause of HCC, 
accounting for 20% of all HCC [2].

Cirrhosis is the most important additional liver disease 
risk factor for HCC; the annual risk of developing HCC 
is between 1% and 6% [9–11] (Fig. 36.1). The risk of HCC 
is higher if cirrhosis is due to viral infection, compared to 
non‐viral; it remains high in patients with cirrhosis due 
to haemochromatosis [12], primary biliary cholangitis 
[13], and non‐alcoholic fatty liver disease (NAFLD) [14], 
but less so when due to alcohol [15], α1‐antitrypsin defi-
ciency, and some rare metabolic diseases.

Increasing age and male sex are other independent risk 
factors for HCC. In Alaska, HCC was detected at a rate 
of 0.2% per year in asymptomatic hepatitis B surface 
antigen (HBsAg)‐positive male carriers less than 20 years 
old, increasing to 1.1% in males over 50 years old [16]. In 
Asia, the incidence increases progressively until age 70 
years [3], whereas in Africa the peak incidence is about 
55 years [2]. In the highest‐risk areas, where HBV is the 
major cause of HCC there is a relatively greater incidence 
in children and young adults.

Exposure to aflatoxin increases the risk of HCC in 
patients with chronic hepatitis B, but to date there are no 
studies in diseases other than hepatitis B [17].
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LEARNING POINTS

 ● Patients at risk for hepatocellular carcinoma should 
undergo surveillance with ultrasonography at  
6‐monthly intervals.

 ● Lesions detected at screening must be aggressively 
investigated because treatment of early hepatocellu-
lar carcinoma has a high cure rate.

 ● Liver transplantation is the best treatment option for 
suitable patients with hepatocellular carcinoma; how-
ever, this option is seldom available.

 ● Cholangiocarcinoma remains a cancer with a poor prog-
nosis; however, a small number of patients will be cured 
by aggressive therapy followed by transplantation.
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The incidence of HCC has risen in Western countries 
related to the prevalence of viral hepatitis. In some 
European countries the HCC rates have stabilized [18] 
and may be falling in Japan [19].

Although cirrhosis precedes HCC in the majority of 
patients, HCC without cirrhosis is more common in 
HBV infection and in NAFLD [20–22].

Pathology

Dysplasia
The development of HCC may be preceded by areas of 
recognizable cellular abnormalities that are not malig-
nant (dysplasia) [23,24]. In a dysplastic focus a cluster of 
hepatocytes differ from those of adjacent normal hepat-

ocytes with respect to cytoplasmic staining, nuclear size, 
and nuclear atypia. Dysplastic lesions are called foci if 
smaller than 1 mm in diameter and nodules if at least 
1 mm in diameter.

Low‐grade dysplastic cells are minimally abnormal. 
They often have a fibrous surrounding scar. There may be 
increased cell density but there is no cytological atypia, 
except that the cells might be larger than non‐nodular 
hepatocytes (large‐cell dysplasia) [25]. High‐grade dys-
plasia (Fig. 36.2) may be difficult to distinguish from car-
cinoma. The nodules may have vague outlines or a more 
distinct margin. However, they do not have a true capsule. 
The cytoplasm may be eosinophilic or contain fat. The 
cells are usually small, and may show some minor changes 
in the nucleocytoplasmic ratio, or some nuclear pleio-
morphism, but not enough to identify the lesion as malig-
nant. There may be increased cell density and an irregular 
trabecular pattern. Unpaired arteries are frequently pre-
sent in small numbers and portal tracts are present [26]. 
The liver cell plates are one to two cells wide (Fig. 36.2).

Small‐cell dysplasia may be a true precursor to HCC 
[27]. There may be expression of proliferation markers 
such as proliferating cell nuclear antigen, increased label-
ling index of silver staining of the nucleolar organizing 
region and expression of Ki‐67 [28,29]. Transitions have 
been described between small‐cell dysplasia and HCC 
when small foci of HCC develop within larger dysplastic 
nodules (nodule‐in‐nodule appearance) [26,29,30]. The 
lesions can be ranked in ascending order of intensity of 
proliferation. Lesions showing large‐cell dysplasia have 
low proliferation indices and are not preneoplastic. 
Small‐cell dysplasia shows proliferation markers similar 
to HCC.

Very early HCC
The earliest discernable lesion of HCC is the so‐called 
vaguely nodular lesion or very early HCC [30,31]. This has 
an indistinct irregular margin and the cells show varying 
grades of dysplasia (Fig.  36.3). More than 40% of these 
lesions contain fat. Vascular invasion is absent. These 
‘very early HCC’ lesions have been defined in resected 
specimens, and therefore their natural history is unknown. 
However, small foci of typical HCC within the larger 
lesions have been described, suggesting that these lesions 
are precursors of typical HCC. Table 36.2 indicates the dif-
ferences between very early HCC and well‐differentiated 
HCC. Histological examination shows the liver cords 
being occupied by dysplastic hepatocytes. In resected 
specimens, a clear margin can often be seen within the 
cords, where normal hepatocytes are replaced by abnor-
mal hepatocytes (Fig. 36.3). The malignant cells start to 
destroy the normal architecture of the liver and also 
acquire their own arterial blood supply, as  demonstrated 
by the appearance of a few unpaired  arterioles. Portal 

Liver injury Cirrhosis HCC

Liver injury

Cirrhosis Regressed cirrhosis

HCC

Liver injury
Cirrhosis

HCC

Liver injury

(a)

(c)

(bi)

(bii) Cirrhosis

HCC

Fig. 36.1 Hypothetical relationship between cirrhosis and HCC. 
(a) Cirrhosis is a necessary precondition for HCC. Therefore HCC 
develops after cirrhosis. (b) Cirrhosis and HCC are separate 
outcomes of the same disease process (hepatic inflammation, 
necrosis, and regeneration). In most cases cirrhosis develops 
before HCC (bi). Sometimes, HCC develops in livers not yet 
cirrhotic (bii). (c) Special case for some hepatitis B patients in 
whom HCC develops after disease inactivation and regression of 
cirrhosis.

Table 36.1 Age‐adjusted incidence rates for liver cancer 
(predominantly hepatocellular carcinoma) in different parts 
of the world

Geographic region
Age‐adjusted incidence rate per 
100 000/year

Asia 13.3
Africa 8.9
Northern Europe 3.1
Southern Europe 5.9
North America 5.8

Source: Adapted from GLOBOCAN 2012 cancer incidence and 
mortality registry [1].
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tracts may still be present, but may be reduced in number, 
resulting in an overall reduced blood supply. Thus on 
dynamic imaging studies these lesions may be hypovascu-
lar, rather than the typical hypervascularity that charac-
terizes well‐differentiated HCC. In resected specimens, 
hepatocytes can be seen invading the portal tract (stromal 
invasion). This suggests the cells are malignant [32]. The 
cells may stain positively with CD34, a marker of vascular 
endothelium, indicating neoangiogenesis. They may also 
stain positively for glypican 3, a marker of early HCC [33]. 
In addition, follow‐up of these lesions using ultrasound 
has demonstrated that some have become clearly defined 
malignancies.

Progressed HCC
Well‐differentiated HCC consists of plates of cords of 
cells lined by endothelium. The cords may be many cells 
thick. The cells are hepatocyte‐like but have vesicular 
nuclei, nuclear pleiomorphism, and finely granular cyto-
plasm. Bile canaliculi may be seen. There is usually little 
or no fibrous stroma. Moderately differentiated tumours 
contain glandular structures, called pseudoacini, which 
may be bile stained. In poorly differentiated tumours the 
plate structure may be absent. The cells may be very 
large, with multiple bizarre nuclei. The most poorly dif-
ferentiated tumours may be difficult to distinguish from 
other adenocarcinomas.

(a) (b)

(c)

Fig. 36.2 High‐grade dysplasia. (a) Lesion showing the boundary between normal liver and dysplastic nodule (arrows). (b) There is a 
single unpaired artery (arrow). Note the smaller (dysplastic) cells surrounding the artery compared to the cells at the other end of the 
biopsy, which are normal. The dysplastic cells replace the normal cells in the liver chords, which are intact. (c) The reticulin stain confirms 
that the chord structure is intact (arrows). Courtesy of Dr M Guindi.
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Table 36.2 Characteristics of small nodular lesions in a cirrhotic liver

Low‐grade dysplastic nodule
High‐grade dysplastic 
nodule Very early HCC Progressed HCC

Pathological features
Gross appearance Vaguely nodular Distinctly nodular
Cellular morphology Large‐cell dysplasia Small‐cell dysplasia Well‐differentiated HCC Moderately 

differentiated HCC
Portal tracts Normal to slightly reduced Reduced Occasional to absent Absent
Unpaired arteries None Occasional Moderate number Abundant
Mitoses None None None/ occasional Present
Stromal invasion None None +/− +/−
Vascularity on imaging
Arterial phase Isointense/ hypointense Isointense/ hypointense Isointense/ hypointense/ Hyperintense

Rarely hyperintense
Venous phase Isointense Isointense Isointense/ hypointense Hypointense

Pathogenesis

Although the relationship between chronic liver disease 
and HCC is clear, not much else is known about the 
pathogenesis of HCC. It is also likely that epigenetic 
changes contribute to the development of HCC, but at 
present these are ill‐defined.

New growth of arterial vessels occurs early in 
 pathogenesis. This implies a role for angiogenic factors, 
such as vascular endothelial growth factor (VEGF) and 
its receptor. Many HCCs have high levels of VEGF 

expression [34], and high levels of VEGF, whether in 
 tissue or in serum, may be correlated with poor out-
come [34,35].

Microarray analysis of gene expression in HCC has led 
to the description of several ‘signatures’, that is, patterns 
of gene expression that are common [36–42]. 
Approximately one‐third of tumours have abnormalities 
in proliferative signals related to the tyrosine kinase 
receptor pathway. These include EGFR, IGF‐IR, RAS, 
and RAF/MAP‐K pathways, as well as PI3K‐Akt‐mTOR 
pathways [36]. Another one‐third of HCC have cell pro-
liferation driven by activation of the Wnt/β‐catenin 
pathway, mostly as a result of mutations in the β‐catenin 
gene [37]. Yet another subset of HCCs has changes in 
genes involved in interferon signalling [36]. The implica-
tion is that these different pathways may have different 
outcomes, both when treated and if left untreated. Other 
gene signatures have been identified that are associated 
with vascular invasion [37], early intrahepatic recurrence 
after resection [38,40], metastatic disease [41], and 
 overall survival [42]; however, different investigators 
have described different signatures that are supposed to 
have similar outcomes. Furthermore, studies of outcome 
are mostly in resected specimens, so the natural history 
of the primary tumour cannot be known. Many of the 
outcome studies considered only the gene signature, and 
did not undertake correlations with other important out-
come markers, such as tumour size, differentiation, 
alpha‐fetoprotein (AFP) levels, or liver function. As a 
result, the importance of these signatures cannot at this 
stage be determined.

Microarray analyses have also been applied to gene 
expression in normal liver, cirrhotic nodules, dysplastic 
nodules, early HCC, and well‐differentiated HCC [39]. 

Fig. 36.3 Very early HCC. The interface between normal liver 
tissue and the very early HCC is outlined (black arrows). The cells 
of the HCC are dysplastic, but the presence of mitosis (white 
arrows) makes this likely to be HCC rather than high‐grade 
dysplasia. Courtesy of Dr M Guindi.
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These studies showed a differential pattern of gene 
expression between all the stages of disease. The studies 
confirmed that the usual biomarkers used for HCC sur-
veillance: AFP, glycosylated AFP (AFP‐L3), and des‐
gamma‐carboxy prothrombin (DCP), are not expressed 
in early HCC. Glypican‐3 in contrast, is expressed in 
early HCC but not in dysplastic nodules. This is the basis 
for the use of this marker as a histological stain to aid 
identification of early HCC.

Genome‐wide microarray analysis has also identified a 
gene signature from tissue surrounding the malignant 
nodule that predicted late recurrence of HCC (more 
than 2 years after resection) [43]. Late recurrence is 
thought to represent newly developed HCC, rather than 
recurrence from a previously treated HCC. That a gene 
signature can predict the onset of recurrent disease dis-
tant in time and location from the original tumour sug-
gests the existence of a ‘field defect’, that is, the whole 
liver may be abnormal, ‘preneoplastic’, and consisting of 
a single clone of cells.

Despite all these advances, the sum of genetic changes 
required to produce HCC remains uncertain.

Assessment of HCC risk

Currently the category of patient at risk of developing 
HCC is broadly defined – cirrhosis mainly, and non‐cir-
rhotic hepatitis B. However, most of those who have 
these diagnoses will not develop HCC. Over the last few 
years there have been several studies attempting to 
define the risk more precisely, using a number of differ-
ent scoring systems. A summary of some of these scoring 
systems is presented in Table 36.3. Few scoring systems 
have evaluated risk in patients with treated viral hepatitis 
[44–46].

Measurement of liver stiffness using transient elastog-
raphy has also been shown to predict HCC risk in HBV 
[47] and HCV [48]. It has also been used as a component 
of HCC risk scores for HBV containing other clinical 
variables [49–60]. None of these scores have been ade-
quately validated. Nonetheless, if used to make a deci-
sion about surveillance in individual patients, care should 
be taken to ensure that the patient matches the demo-
graphic used to develop the risk score.

Clinical presentation

Symptomatic presentation
If a patient presents with symptoms the HCC is advanced, 
and cure is unlikely. Symptoms may include jaundice, 
ascites, or variceal bleeding; encephalopathy is rare. 
These symptoms may also develop as HCC progresses in 
patients in whom previous treatment for HCC has failed. 
Thus all patients who present with these features should 

have liver imaging. Rupture of an HCC or bleeding into 
an HCC both cause severe abdominal pain. In addition, 
rupture may be associated with hypotension and shock. 
Finally, the first presentation of HCC may be with weight 
loss and other constitutional symptoms that are com-
mon to many cancers.

HCC frequently produces paraneoplastic syndromes. 
These include hypoglycaemia, related to the produc-
tion of an insulin‐like peptide [61], hypercalcaemia 
[62], thrombocytosis [63] and hypercoagulability with 
venous thrombosis. New onset of any of these condi-
tions in a patient with liver disease requires imaging of 
the liver.

Asymptomatic presentation
More patients are being diagnosed at early stages of dis-
ease, before the onset of symptoms, due to more fre-
quent imaging of the abdomen, usually by ultrasound, 
liberally used for a variety of abdominal complaints 
unrelated to liver disease. In addition, many patients 
known to be at risk for HCC are being diagnosed by 
surveillance.

The differential diagnosis depends on the presenta-
tion. Patients with known chronic liver disease present-
ing with liver failure should be evaluated for HCC and 
complications such as renal failure or infection, or other 
factors that may have precipitated symptoms. Patients 
presenting with rupture of an HCC should be evaluated 
as for any acute abdomen. Patients with liver disease pre-
senting with cancer symptoms may have other intra‐
abdominal or haematological cancers. However, patients 
who present without symptoms who have a mass in the 
liver need to have HCC distinguished from benign 
lesions such as haemangioma, focal nodular hyperplasia, 
hepatic adenoma, metastases, or other primary liver 
cancers. In most cases radiology is sufficient for diagno-
sis, but in some cases, as discussed later, a biopsy is 
needed.

Surveillance

HCC surveillance is controversial because the highest 
level evidence is lacking [64,65]. A randomized con-
trolled trial (RCT) from China compared survival in a 
screened versus unscreened population, in patients with 
chronic hepatitis B and offered only resection as treat-
ment [66]. This study demonstrated a 37% decrease in 
HCC mortality in the screened group. Several methodo-
logical flaws, such as a poor compliance and incorrect 
statistical analysis have reduced confidence in the results. 
However, there are a host of retrospective studies show-
ing that in screened populations smaller tumours are 
detected, curative therapy more often applied, and when 
lead‐time bias is accounted for, survival is prolonged 
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compared to those not undergoing surveillance [67,68]. 
There is a concern about potential harms of surveillance, 
but these are largely theoretical and are outweighed by 
the harms from missing a small cancer. Algorithms have 
been developed to minimize the likelihood of overdiag-
nosis (Fig. 36.4).

Cost–efficacy analyses confirm that surveillance of 
HCC in patients with cirrhosis due to hepatitis C or 
other causes is effective and cost‐effective [69–74]. 
Table  36.4 summarizes these studies. The results have 
also defined the HCC incidence rates at which surveil-
lance becomes effective (providing more than 3 months’ 
increased life expectancy) and cost‐effective.

Surveillance using biomarkers
AFP [11,75], DCP [76,77], and the AFP‐L3/AFP ratio 
[77,78] have been proposed as surveillance tests for 
HCC. AFP‐L3 is a glycosylated form of AFP which is 
produced in higher concentration by HCC than by nor-
mal liver. However, all these markers are more likely to 
be elevated in patients with advanced HCC than in 
patients with early disease [79,80]. Several studies have 
shown that AFP is insufficiently sensitive or specific to 
be used in isolation as a surveillance test [75,81]. The 
other markers are less well studied, but the initial results 
are not promising. Therefore these tests should not be 
used for HCC surveillance [82].

Table 36.3 Risk prediction models for hepatocellular carcinoma

Name of score Risk score components C‐statistic

Hepatitis B
Yuen et al. 2009 [51] GAG‐HCC Age, sex, HBV DNA level, core promoter 

mutation, cirrhosis
10‐year HCC risk – 0.89 (95% CI: 
0.85–0.93)

Wong et al. 2010 [52] CU‐HCC Age, albumin, bilirubin, HBV DNA level, 
cirrhosis

10‐year HCC risk in validation 
cohort – 0.78 (95% CI: 0.71–0.86)

Yang et al. 2011 [53] REACH‐B Age, sex, ALT, HBeAg status, HBV DNA 
level

10‐year HCC risk in validation 
cohort – 0.77 (95% CI: 0.75–0.79)

Lee et al. 2013 [54] REVEAL‐HBV Age, sex, ALT, family history of HCC, 
HBeAg status, HBV DNA level, HbsAg titre, 
HBV genotype

10‐year HCC risk in validation 
cohort – 0.86

Wong et al. 2014 [49] LSM‐HCC Age, albumin, HBV DNA, liver stiffness 
(transient elastography)

5‐year HCC risk in validation 
cohort – 0.83 (95% CI: 0.71–0.94)

Shin et al. 2015 [50] LSPS Liver stiffness (transient elastography), 
spleen diameter, platelet count

5‐year HCC risk – 0.84 (95% CI: 
0.75–0.92)

Hepatitis C
Lok et al. 2009 [20] HALT‐C Age, race, platelet count, alkaline 

phosphatase, oesophageal varices, smoking
No ROC analysis performed

El‐Serag et al. 2014 [55] – Age, AFP, ALT, platelet count 6‐month HCC risk in validation 
cohort – 0.81

White et al. 2015 [56] – Age, serial AFP, ALT, platelet count 6‐month HCC risk in validation 
cohort – 0.76

Chang et al. 2013 [45]
Post SVR only

– Age, sex, platelet count, AFP, fibrosis (F0‐2 
vs F3‐4), HCV genotype, SVR status

5‐year HCC risk –‐ 0.79

Cirrhosis
Flemming et al. 2014 [57] ADRESS‐HCC Age, diabetes, race, aetiology, sex,  

Child–Pugh score
1‐year HCC risk in validation 
cohort – 0.69 (95% CI: 0.67–0.71)

General population
Michikawa et al. 2012 [58] – Age, sex, alcohol consumption, BMI, 

diabetes, coffee consumption, HBsAg status, 
HCV antibody status

10‐year HCC risk – 0.94

Wen et al. 2012 [59] – Age, sex, AST, ALT 10‐year HCC risk in validation 
cohort – 0.90 (95% CI: 0.89–0.92)

Hung et al. 2015 [60] – Age, sex, ALT, chronic liver disease, family 
history of HCC, smoking, HBsAg status, 
HCV antibody status

10‐year HCC risk – 0.85 (95% CI: 
0.84–0.87)
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Fig. 36.4 Diagnostic algorithm for HCC in patients with cirrhosis or non‐cirrhosis patients with chronic hepatitis B or C. For lesions smaller 
than 1 cm, these have a low likelihood of being HCC so the algorithm suggests only monitoring. For lesions larger than 1 cm, typical 
radiological appearances on CT or MR are highly specific, so if present no biopsy is necessary. If CT or MR are indeterminate, then imaging 
with the alternate modality is recommended. If still indeterminate after both CT and MR imaging, then proceed to biopsy. This algorithm 
does not apply to patients with no underlying liver disease, in whom all lesions suspicious for HCC should undergo biopsy. AFP,  
α‐fetoprotein; MDCT, multidetector computed tomography. Source: Sherman 2014 [92].

Table 36.4 Cost–efficacy analyses of hepatocellular carcinoma surveillance

Population Comparisons Incremental longevity
Incremental cost–utility 
ratio

Sarasin 1996 [70] Cirrhosis, Child A AFP + US vs no surveillance 0.25–0.75 life years 
gained (best candidates)

$26 000–$55 000

Arguedas 2003 [71] Hepatitis C cirrhosis,
Child A

No surveillance vs
AFP + US vs AFP + CT vs
AFP + MRI

∼0.25 life‐years gained US + AFP $22 575
AFP + CT $14 675
AFP + MRI $101 143

Lin 2004 [73] Hepatitis C cirrhosis,
Child A

AFP plus CT or US every 6 or 12 
months vs no surveillance

12‐month surveillance:
$23 043–$51 750
6‐month surveillance:
$80 840–$96 727*

Patel 2005 [72] Hepatitis C cirrhosis,
Child A

AFP + US every 6 months vs
no surveillance

1–4 years $50 400–$58 400

Thompson Coon 
2008 [69]

Hepatitis C cirrhosis,
Hepatitis B cirrhosis,
Alcoholic cirrhosis

AFP ± US every 6 or 12 months 50% reduction in HCC‐
related mortality

~$30 000– ~ $80 000 
for AFP + US

Andersson 2008 [85] Cirrhosis No surveillance vs annual or semi‐
annual US (+AFP), CT, or MRI

$30 000 for semi‐
annual US

All cost–efficacy analyses are only as good as the assumptions that are used to create the model. In the case of HCC surveillance, a lack of data 
means that there are many questionable assumptions which can be faulted. The studies by Arguedas et al. [71] and Lin et al. [73] use data on the 
performance characteristics of CT scanning derived from studies in which the technique is used for diagnosis. There are no studies in which the 
performance characteristics of CT scanning have been determined when used as a surveillance test. The sensitivity and specificity are likely to be 
less good when used for surveillance. In the study by Thomson Coon et al. [69] they assume that the sensitivity of AFP is not affected by tumour 
size. AFP increases as tumour size increases in those who are AFP‐positive. AFP is more likely to be elevated in advanced disease, which 
disqualifies it as a useful marker for early disease. The analysis by Patel et al. [72] assumes that ultrasound cannot find lesions smaller than 2 cm. 
However, this is not the case, since in surveillance programmes up to 60% of HCCs are detected smaller than 2 cm. AFP, α‐fetoprotein.
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Composite scores have been developed in order to 
improve the sensitivity of these biomarkers. ‘GALAD’ is 
a composite risk score for the presence of HCC that 
includes AFP, AFP‐L3, and DCP alongside age and sex 
[83]. The GALAD model has been independently veri-
fied in a multi‐ethnic cohort [84] and now requires pro-
spective validation. Another AFP‐based risk score for 
HCC, the ‘Doylestown algorithm’ is calculated using age, 
sex, alkaline phosphatase, and ALT [85]. This also 
requires prospective validation.

Surveillance by ultrasonography
Ultrasonography is the surveillance test of choice for 
HCC [81]. Despite cirrhosis, ultrasonography can iden-
tify nodules that are either HCC or dysplastic nodules 
that may become HCC. Most cirrhotic nodules are 
smaller than 1 cm, although larger nodules are not 
uncommon. Liver nodules found on surveillance in 
patients at risk for HCC should be investigated using the 
recall algorithm presented in Fig. 36.4.

Surveillance interval
HCC doubling time ranges on average from 4 to 12 
months [86,87]. The prognosis of HCC starts to decline 

once the HCC is larger than about 2 cm in diameter 
[88,89]. The ideal surveillance interval should identify 
lesions at about 2 cm. The ideal surveillance interval is 
unknown. Recent data suggest that survival is better 
following a 6‐monthly surveillance interval [90]. There 
was no difference in the detection rate of HCC in a  
3‐month schedule versus a 6‐month schedule [91]. 
Thus, the recommendation is to provide surveillance 
every 6 months [81].

Diagnosis

Imaging, either with CT scan or MRI, is always required 
to confirm the diagnosis and determine the extent of dis-
ease. In the setting of a patient with known hepatitis B or 
cirrhosis of other aetiology when a mass is found during 
surveillance by ultrasound, the likelihood of it being 
HCC depends on its size. The larger the lesion, the more 
likely it is to be HCC.

The radiological features of HCC are highly specific 
[93,94]. However, the smaller the lesion, the less likely 
that typical features will be found. HCC exhibits hyper-
vascularity on the arterial phase of a dynamic study (CT, 
MRI, or contrast ultrasound), and ‘washout’ during the 

(a) (b)

(c)

Fig. 36.5 Triphasic CT scan of HCC. (a) The 
arterial phase is identified by the aorta, 
which is very bright. The HCC in the liver is 
brighter than the surrounding liver 
(arrow). (b) In the venous phase (identified 
by a weaker signal in the aorta) the HCC is 
less bright than the surrounding liver 
(washout) (arrow). (c) In the delayed 
phase, the HCC remains less bright than 
the surrounding liver.
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venous phase. This is because during the arterial phase 
the portal venous blood in the liver dilutes the contrast 
agent. The tumour contains only arterial blood with 
undiluted contrast. The tumour is therefore brighter 
than the surrounding liver. During the venous phase the 
portal blood contains contrast, whereas the arterial 
blood feeding the tumour no longer contains contrast. 
Thus the liver will be brighter than the lesion (washout) 
(Fig.  36.5). When present these features allow a confi-
dent diagnosis of HCC. This has led to the development 
of diagnostic algorithms, which define the role of radiol-
ogy and tumour biopsy (Fig. 36.4) [81].

In an attempt to standardize the reporting of lesions in 
the liver as cancer or not, the American College of 
Radiology has developed standard reporting algorithms, 
called LI‐RADS (Liver Radiology). This is a work in pro-
gress, but the most recent edition was posted in 2014 
[95]. This system requires prospective validation to con-
firm its accuracy.

If the AFP is greater than 200 ng/mL in the setting of a 
mass in a cirrhotic liver, the likelihood of HCC is greater 
than 90%, and biopsy may not be required. The higher 
the AFP, the more likely that HCC is present. HCCs 
smaller than 2 cm have AFP levels in this range in less 
than 14% of cases.

The algorithm for the investigation of a nodule found 
on ultrasound during surveillance of a patient at risk for 
the development of HCC that is presented in Fig. 36.4 
applies only to patients at risk for HCC. Liver lesions in 
patients not at risk for HCC should be biopsied. The 
basis for the algorithm is as follows: Lesions less than 
1 cm in diameter have a low likelihood of being HCC. 
Even if CT or MRI show arterial vascularization, the vas-
cularized areas may not correspond to HCC foci [96,97]. 
However, these minute hepatic nodules may become 
malignant over time [98] and need to be followed‐up 
every few months in order to detect growth (Fig. 36.4). 
Lack of growth over a period of more than 1–2 years sug-
gests that the lesion is not HCC.

Lesions greater than 1 cm in diameter have an increased 
likelihood of being HCC. The diagnosis of HCC can be 
made without biopsy in patients who have a lesion 
greater than 1 cm in diameter if the lesion shows charac-
teristic radiological features on either CT scan or MRI 
(Fig.  36.6). The positive predictive value of a lesion 
greater than 1 cm in size with typical radiological fea-
tures on a single dynamic radiological study is over 90% 
[99–101]. If this study is indeterminate, a second study 
should be performed with the other technique (MRI or 
CT). If this second study is also indeterminate, a biopsy 
is required. Although a positive biopsy is diagnostic, a 
negative biopsy cannot be taken as proof that an HCC 
does not exist. Sampling errors are common. Pathological 
interpretation of the earliest changes of HCC is also dif-
ficult and the difference between dysplasia and HCC 

may be subtle and easily missed. Thus, a negative biopsy 
requires either a second biopsy or more frequent follow‐
up with ultrasound. If the lesion either enlarges or 
changes appearance, the diagnostic work‐up must be 
repeated.

The aforementioned CT and MR findings have a very 
high positive predictive value when they follow US sur-
veillance, but lower specificity when there is no preced-
ing ultrasound or no lesion was seen on a prior 
ultrasound [102].

Role of liver biopsy
The routine use of liver biopsy in suspected HCC is 
controversial. Biopsy carries a risk of tumour seeding of 
about 2.7% [103,104] so if resection or transplantation 
is contemplated, tumour seeding converts a curable 
situation to an incurable one. The risk of tumour seed-
ing from biopsy of small lesions is less well character-
ized. A core biopsy is indicated when radiology is 
unable to confirm a diagnosis. A fine‐needle aspirate 
cannot distinguish well‐differentiated HCC from nor-
mal hepatocytes, as architectural features are used to 
distinguish a well‐differentiated HCC from normal tis-
sue, such as thickened cords, trabecular pattern, and so 
on. These features cannot be assessed in fine‐needle 
aspirate specimens.

Some have suggested that all HCCs should be biop-
sied, in part to collect tissue for research [105]. 
Performing biopsies in patients with clear radiological 
diagnosis offers no clinical benefit and is risky [106]. In 
today’s ethical climate this is no longer acceptable. If tis-
sue is to be collected for specific research purposes, 
including biobanking, patient consent is required.

Staging of HCC
The Tumour Node Metastasis (TNM) staging system 
does not capture liver function, although the sT or sim-
plified TNM [107] includes an assessment of fibrosis. 
TNM also includes vascular invasion as a prognostic cri-
terion, but microvascular invasion cannot be diagnosed 
before resection, limiting the usefulness of this system. 
The Barcelona Cancer of the Liver Clinic (BCLC) [108] 
(Fig.  36.7) staging system includes measures of liver 
function and performance status, both significant pre-
dictors of outcome. This system has the advantage that it 
links different clinical stages to treatments that are 
appropriate to that stage. The Cancer of the Liver Italian 
Program (CLIP) [109] score was developed using classi-
cal methodology, but suffers from being insensitive to 
prognosis associated with small HCC. Tumour size does 
not change the CLIP score until the lesion occupies 50% 
of the liver.

The Chinese University Prognostic Index (CUPI) 
[110] was developed primarily in patients with hepatitis 
B, whereas the CLIP and BCLC were developed primarily 
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in hepatitis C. CUPI has not gained wide acceptance. 
Finally, in Japan, several additional staging systems 
have been developed, which are not used elsewhere. 
The discussion of treatment that follows is based on use 
of the BCLC system, the system most widely used in 
the West.

Some BCLC stages are heterogeneous. There have 
been attempts to subclassify BCLC B [111]. There has 
also been another staging system developed recently in 
Hong Kong [112]. This was based exclusively on treated 
patients. It does not provide adequate discrimination 
between some stages. The recommended treatments 
are generally more aggressive than those recommended 
by BCLC.

Treatment

Preamble
Treatments used for HCC can be divided into ‘curative’, 
including liver resection, liver transplantation, and local 
ablation (mainly radiofrequency or ethanol ablation) or 
‘palliative’ (non‐curative), including hepatic artery 
embolization, chemoembolization, internal radiother-
apy, external beam radiotherapy, various chemotherapy 
regimens, and more recently targeted agents sorafenib 
(and recently regorafenib). The level of evidence for most 
of the curative options is limited to phase 1 or 2 cohort 
studies. As a result, treatment of HCC is not adequately 
standardized. The few RCTs of HCC therapy are mostly 
limited to the treatment of advanced disease. There are 

(a) (b)

(c) (d)

Fig. 36.6 Very early HCC on ultrasound (a) and triphasic CT scan (b–d). Note that the lesion is hypoattenuating (less bright) in the non‐
contrast phase (b) because of fat in the lesion. In the arterial (c) and venous (d) phases it remains hypoattenuating indicating that it is 
relatively hypovascular compared to the surrounding liver.
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no studies that compare treatments considered effective 
for early‐stage disease (surgical resection, transplanta-
tion, percutaneous ablation) to no treatment or best sup-
portive care.

Resection
This is the treatment of choice for HCC in patients with-
out cirrhosis (5% of the cases in Western countries, and 
about 40% in Asia). These patients will tolerate major 
resections with low risk of morbidity. Resection in cir-
rhosis carries increased risks of hepatic decompensation 
with right lobectomy being more risky than left lobec-
tomy. In properly selected patients, the postoperative 
mortality should be no higher than 1–2%, and in many 
centres it is lower. The 5‐year survival after resection is 
about 50–70% [113,114].

Among patients with cirrhosis the best outcomes are in 
Child’s A cirrhosis. Normal bilirubin concentration and 
the absence of significant portal hypertension (hepatic 
vein pressure gradient ≥10 mmHg or detected clinically 
in the form of splenomegaly or a platelet count less than 
100 × 109/L or Grade ≥2 esophageal varices), are the best 
predictors of excellent outcomes after surgery [115]. 
Patients with significant portal hypertension may develop 
postoperative decompensation and have a 5‐year survival 
of less than 50%. Survival of patients with both portal 
hypertension and elevated bilirubin is less than 30% at 
5  years. In Japan, indocyanine green (ICG) retention is 

also used. ICG retention greater than 15% at 15 min sug-
gests inadequate liver function and is a contraindication 
to resection [116]. Resection in patients with more 
advanced liver disease is possible [117], and some patients 
do well, but overall survival is not as good as for patients 
with better liver function. Patients with more advanced 
disease might be better served by  transplantation or, if the 
lesion is small, by RFA. Resection has been performed in 
patients with macrovascular invasion. The overall sur-
vival is less good than in patients who do not have this 
complication. Whether overall survival is improved in 
these patients compared to either no treatment or the 
currently indicated treatment (sorafenib) is unknown.

Most restrict resection to patients with a single tumour 
(including satellite lesions) in a suitable anatomical loca-
tion. The size of the tumour is not a clear‐cut limiting 
factor; however, the risk of microvascular invasion is 
higher with tumours over 5 cm in size [118–120]. 
Although larger tumour size is associated with reduced 
overall survival [118–120], some tumours may grow as a 
large single mass with no evidence of vascular invasion. 
In these cases, the risk of recurrence is not significantly 
increased as compared to smaller tumours also without 
vascular invasion [121].

The most powerful predictors of postoperative recur-
rence are the presence of microvascular invasion and/or 
additional tumour sites. There is no form of adjuvant 
therapy known to reduce the risk of recurrence.

BCLC
stage 0

BCLC
stage A

BCLC
stage B

TACE

BCLC
stage C

Sorafenib

BCLC
stage D

Best
supportive

care

Portal pressure
Bilirubin

Normal

Resection Liver 
transplantation

Local
ablation

Increased Comorbidities

Potential candidate
for liver transplant

Single 3 < 3 cm

Local
ablation
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Fig. 36.7 The Barcelona Cancer of the Liver Clinic (BCLC) scheme for staging of liver cancer and the treatment strategies that are 
recommended for each stage. The expected survival from the categories of treatment is shown below.
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The size of the contralateral lobe can be used as a fac-
tor in determining whether a lesion is resectable, as sur-
gery becomes hazardous if the lobe that is to be left 
behind is too small. Safer resection can potentially result 
from portal vein embolization of the lobe to be removed 
[122], as the lobe to be left behind hypertrophies in 
response to the embolization. Failure to achieve hyper-
trophy then becomes a contraindication to resection. 
However, no randomized studies have proven its value.

Liver transplantation
The Milan criteria give excellent results in patients who 
have a solitary HCC less than 5 cm or who have up to 
three nodules all smaller than 3 cm [123], with an average 
survival of 70% at 5 years and less than a 15% recurrence 
rate. These criteria are the most widely used in trans-
plant programs around the world, but some programs 
have established criteria that allow for transplantation in 
patients with a tumour burden that exceeds Milan crite-
ria. All agree that the predictors of recurrence after 
transplantation are macro‐ or microscopic vascular inva-
sion, poor tumour differentiation, and elevated AFP.

There have been attempts to extend the criteria for 
transplantation, based on the observation that some 
patients with more advanced disease than within Milan 
criteria can be successfully transplanted with no recur-
rence of HCC. The UCSF criteria propose that trans-
plant is appropriate in patients with a single lesion less 
than 6.5 cm in diameter, or up to three nodules all smaller 
than 4.5 cm in diameter, with a maximal total tumour 
diameter of 8 cm [124]. This has been prospectively vali-
dated with 5‐year recurrence‐free survival of 80.7% 
[125]. The ‘up to seven’ criteria were derived from the 
analysis of a large multicenter retrospective database 
which suggested that, on explant pathology, as long as 
the number of lesions and size of the largest lesion (in 
cm) when added together were equal to or less than 7, 
and there was no microvascular invasion, then there was 
a 5‐year survival of 71.2%, compared to an approximate 
80% 5‐year survival for those transplanted within Milan 
criteria [126]. This system will require validation in a 
prospective cohort with preoperative radiological 
tumour data before implementation.

The incorporation of AFP into a model containing 
maximum tumour size and tumour number showed 
improved predictive accuracy for 5‐year survival when 
compared to the Milan criteria in the same patients 
[127]. The TTV/AFP criteria propose a cutoff of total 
tumour volume of 115 cm3, combined with an AFP of 
less than 400 ng/mL, to qualify for transplantation [128]. 
Progression of AFP over time also seems to be impor-
tant, with data demonstrating a progressive rise in AFP 
of at least 15 ng/mL/month leading up to transplant is 
associated with a significant worsening of 5‐year survival 
(54% vs 77%) [129].

Depending on the size of the donor pool and waiting 
time using Milan criteria, the dropout rate may be 
about 25% at 1 year, giving a ~60% survival rate for 
transplantation, based on an intention‐to‐treat analysis 
of patients from the time initially placed on a transplant 
waiting list [130].

Patients listed for transplantation are often treated with 
transarterial chemoembolization (TACE) or RFA to pre-
vent progression of the cancer to exceed listing  criteria 
(bridging therapy). These have also been used to down‐
stage tumours to fit listing criteria [131,132]. Whether 
these procedures enhance survival or reduce post‐trans-
plant recurrence rates is not established, but recurrence 
rates appear higher than in patients transplanted with 
HCCs that were within Milan criteria at all times. 
Recurrence is also more common in patients transplanted 
soon after down‐staging compared to those who have to 
wait for their new organ. This has led to a requirement in 
the United States that patients whose tumours are suc-
cessfully down‐staged should wait 6 months before 
receiving a transplant in order to observe the biological 
behaviour of the tumour. Tumours that recur during the 
waiting period preclude transplantation.

Living donor orthotopic liver transplant
Living donor liver transplantation has become a stand-
ard of care in some countries, using the donor right 
hepatic lobe. Overall survival rates are similar to those 
for deceased donor liver transplantation [133,134]. 
Decision analysis, taking into account the risk of dropout 
while waiting, the expected survival of the recipient (70% 
at 5 years), and the risk for the donor (1 : 200 or 1 : 250 
mortality) indicates that living donor transplantation is a 
cost‐effective approach if the waiting time exceeds 
7 months [135].

Local ablation
This is the best treatment option for patients with early 
stage HCC who are not suitable for resection or trans-
plantation. Destruction of tumour cells can be achieved 
by the injection of ethanol, acetic acid, or hot saline, or 
by heating (radiofrequency, microwave) or cryotherapy.

Local ablation is performed under ultrasound  
guidance, either percutaneously or laparoscopically. 
Percutaneous ethanol injection (PEI) is highly effective 
for small HCC with a low rate of complications [136,137]. 
It achieves complete necrosis in 90–100% of HCC 
smaller than 2 cm, but only in 70% of tumours between 2 
and 3 cm and only 50% in HCC between 3 and 5 cm 
[136,137]. Long‐term studies indicate that Child–Pugh 
A patients with successful tumour necrosis may achieve 
a 50% survival at 5 years. This compares well with the 
outcome of resection [138].

Radiofrequency ablation (RFA) involves placing 
probes that deliver heat to coagulate tissue and produce 
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a wide region of necrosis (Fig. 36.8). The efficacy of RFA 
in tumours below 2 cm is similar to PEI [139], but results 
in better survival with fewer sessions for larger tumours 
[140,141]. Tumours up to 4 cm can be ablated, but com-
plete ablation is less likely once the lesion exceeds 2 cm 
in size [142]. The main drawback of radiofrequency is its 
higher cost and the higher rate of adverse events (pleu-
ral effusion, peritoneal bleeding) that can affect up to 
almost 10% of treated patients. There is a 0.5% mortal-
ity. Subcapsular location and poor tumour differentia-
tion have been associated with increased risk of 
peritoneal seeding [143], and thus this type of tumour 
may not be suitable for RFA. Proximity of the tumour to 
a large blood vessel decreases the efficacy of RFA 
because of a heat sink effect from blood flowing in the 
vessel.

There have been no robust trials comparing RFA with 
surgical resection, but several studies suggest that the 
outcomes of each are equivalent, although the recur-
rence rate may be higher with RFA. A study examining 
outcomes of RFA in patients with single foci of HCC less 
than 2 cm in diameter found that in patients who were 
potentially operable, the 5‐year survival rate was 68.5%, 
with a low complication rate at 1.8% [139]. A Markov 
model examining resection versus RFA monotherapy 
versus RFA followed by resection for recurrent disease, 
showed that for single lesions less than 2 cm in size, out-
comes with RFA followed by surgery for recurrent dis-
ease, were equivalent to initial resection [144]. RFA for 
lesions less than 3 cm in size is also a cost‐effective 
approach relative to resection [145].

There is currently no single best approach for patients 
with small unifocal HCC – some will ablate these lesions 
and consider resection or transplantation should recurrence 
occur after treatment, whilst others advocate surgical 
resection with transplantation for patients with high risk 

of recurrence on pathology of resected specimen (micro-
vascular invasion, multiple satellite lesions) [146,147].

Embolic therapy
Transarterial chemoembolization (TACE) involves 
advancing a catheter into the hepatic artery and then to 
lobar and segmental branches, injection of chemotherapy, 
followed by obstruction of arterial flow by embolization. 
Transarterial embolization (TAE) is a similar procedure 
without the use of chemotherapy. Many centres suspend 
the chemotherapy agent in lipiodol, an oily iodinated con-
trast agent (Fig. 36.9). The most commonly used chemo-
therapeutic agents are doxorubicin or cisplatin. TACE has 
been shown to improve survival compared to best sup-
portive care [148–150]. Patients with more advanced liver 
disease do not do well with TACE. Thus, many centres 
only use TACE for patients who have Child’s A cirrhosis, 
although some have included patients with a Child–Pugh 
score of 7 (Child B). However, the benefit for patients with 
this severity of liver disease has not been shown conclu-
sively and the risk of hepatic decompensation is greater. 
TACE should not be used in patients with more advanced 
liver disease. The use of TACE is also limited by the pres-
ence of portal vein thrombosis, whether due to tumour or 
not. Complete portal vein thrombosis is a contraindica-
tion to TACE as there is a risk of inducing ischaemic 
necrosis of that segment, which can be fatal. TACE can be 
performed with acceptable toxicity in patients with branch 
portal vein occlusion. However, as thrombosis due to vas-
cular invasion in itself adversely affects prognosis it can-
not be assumed that TACE enhances survival.

The side‐effects of TACE are the same as for systemic 
administration of chemotherapy, plus the post‐emboli-
zation syndrome. This is seen in up to 50% of patients 
and consists of fever, abdominal pain, and a moderate 
degree of ileus. It is usually self‐limited and lasts less 

(a) (b)

Fig. 36.8 CT scan of a small HCC before (a) and after (b) treatment by radiofrequency ablation. The ablation zone (indicated by the 
crossed lines) is larger than the original tumour and no longer enhances, but it is avascular (no contrast flowing through the area), 
indicating necrosis.
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than 48 h. A minority may develop severe infectious 
complications such as hepatic abscess or cholecystitis.

TACE has not been standardized; different chemo-
therapeutic agents, in different doses, and with different 
embolic agents are used, for example gelfoam pellets or 
powder, metallic coils or polyvinyl alcohol, and different 
schedules for repeated sessions. A new standardized 
technique uses drug‐eluting resin beads. These have 
been compared to standard TACE in a RCT; no differ-
ences between the two groups in outcome were reported, 
but there was less toxicity with the beads [151].

TAE has not been as extensively studied as TACE. 
There have been several RCTs performed comparing 
TAE against TACE, none of which have shown a signifi-
cant difference in survival [152–155]. It may be that the 
addition of chemotherapy is unnecessary, potentially 
contributing to adverse effects without improving out-
comes [156]. Further data are needed to confirm whether 
these concerns are justified.

Medical therapy
Sorafenib, a multikinase inhibitor was the first medical 
therapy to enhance survival in HCC. RCTs in BCLC stage 
C disease, mostly in patients who had Child A cirrhosis 
showed a survival advantage of about 2–3 months, with a 
30% reduction in the risk of dying over a period of about 1 
year compared to best supportive care [157,158]. The sur-
vival benefit of sorafenib in patients with Child B cirrhosis 
has not been studied. Side‐effects include skin rashes, 
including hand–foot syndrome (a blistering desquamat-
ing rash), diarrhoea, fatigue, and hypertension. Recently 
another agent, regorafenib has been shown in a large RCT 
to prolong survival after sorafenib failure [159]. As of the 
time of writing no other chemical agent has shown sur-
vival benefit in properly conducted clinical trials.

Other therapies
Many therapies have not been assessed in RCTs 
(Table  36.5). Most important of these is intra‐arterial 
radiotherapy using 90Yttrium attached to either micro-
scopic glass or resin beads. These are injected via the 
hepatic artery or a branch that feeds the tumour. This 
may induce reduction in tumour size and increase time to 
progression. The median survival from the time of treat-
ment ranges between 16–18 months in BCLC‐B patients, 
and 7–13 months in BCLC‐C patients [160,161]. 
However, 90Yttrium radioembolization has not yet been 
tested against any other form of therapy in a randomized 
trial, so it is unknown whether there is a survival advan-
tage [162]. These procedures can be used in patients with 
portal vein invasion, without fear of ischemic necrosis of 
liver, and for large lesions unsuitable for TACE [160].

Hepatic artery infusion of chemotherapy via catheter 
can result in decrease in tumour size, but has only been 
evaluated in small, poorly designed, phase 2 trials [163]. 
No survival advantage has been documented, and in 
some cases the reported survival was no better than 
expected for similar untreated patients. This form of 
treatment is therefore not recommended.

External beam stereotactic radiation therapy is a 
promising new treatment modality. The problem of radi-
ation‐induced liver injury has been overcome by the use 
of conformal therapy, in which the least possible amount 
of non‐tumorous liver is irradiated. Good responses to 
this therapy can be obtained; however, whether survival 
is improved has not been demonstrated. There are as yet 
no RCTs of external beam radiotherapy.

 Intrahepatic cholangiocarcinoma

Cholangiocarcinoma (CCA) is a neoplasm of the epithe-
lium of the intra‐ or extrahepatic biliary tree. It is likely 
that the mechanisms underlying the development of 
intra‐ versus extrahepatic CCA are different because 
intrahepatic CCA is increasing in incidence, whereas the 

(a)

(b)

Fig. 36.9 CT scan of an HCC after treatment by 
chemoembolization. (a) Angiogram performed for transarterial 
chemoembolization. Note three vascular tumours (arrows). 
(b) Precontrast phase CT scan showing dense lipiodol uptake in 
the treated lesions (thin arrows). Note also that there is a prior left 
hepatic lobectomy with surgical clips present. There is also a 
previous radiofrequency ablation zone (thick arrow), with some 
lipiodol staining at the periphery, indicating residual disease after 
the radiofrequency ablation.
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incidence of extrahepatic CCA is falling or stable [164]. 
This section will deal only with intrahepatic CCA.

Epidemiology

Intrahepatic CCA is a disease of the six and seventh dec-
ades, and has a slight male predominance. It accounts for 
about 3% of all gastrointestinal cancers and is the second 
most frequent primary cancer of the liver. In many parts 
of the world the incidence of this disease is increasing 
[165–167]. The cause is not really understood, but a 
number of risk factors are known. These include infec-
tion with liver flukes, in particular Opisthorchus viverrini 
and Clonorchis sinensis [167], which are endemic in parts 
of Southeast Asia. Other risk factors include sclerosing 
cholangitis [168], Caroli disease, or other causes of hepa-
tolithiasis, hepatitis C, exposure to Thorotrast or dioxins, 
and biliary enteric procedures. In addition, more recently, 
data have emerged suggesting that cirrhosis is also a risk 
factor for intrahepatic CCA [165,169], although the mag-
nitude of risk is not nearly as high as for HCC. However, 
most patients do not have identifiable risk factors.

Pathogenesis

Not much is known about the pathogenesis of CCA. 
Chronic inflammation and cholestasis play an important 
role, particularly in conditions such as sclerosing cholan-
gitis, hepatolithiasis, and infections with flukes. As with 
many other cancers, inflammatory cytokines probably 
play a role, as does generation of nitric oxides and subse-

quently reactive oxygen species, which may induce DNA 
breaks and impair mismatch repair of damaged DNA. 
Altered regulation of a number of oncogenes and genes 
involved in cell cycling has been identified, such as p53 
and K‐ras [170]; however, the frequency with which 
these alterations occur is by no means universal, some-
times occurring in only a small percentage of CCAs. 
Interleukin 6 (IL‐6), an inflammatory cytokine seems to 
have a more definitive role in the pathogenesis of CCA. 
IL‐6 is important in the pathogenesis of many cancers. 
CCA cells produce high levels of IL‐6 [171,172]. This in 
turn produces down‐stream anti‐apoptotic effects, 
increased telomerase activity, allowing cells to evade 
senescence, and activation of kinases that stimulate cell 
division. EGFR, ErbB‐2, and hepatocyte growth factor 
are also activated in CCA.

Clinical presentation and diagnosis

Intrahepatic CCA is usually clinically silent until late in 
the course of the disease. The disease is rare in individu-
als under age 40. The most common presentation is with 
symptoms of a liver mass or cancer symptoms, such as 
pain, night sweats, anorexia and weight loss, and a 
decreased performance status.

Serological markers such as CEA, CA19‐9, and CA125 
are frequently elevated, but are not specific for CCA 
[173]. In the presence of a liver mass, an elevated CA19‐9 
has a sensitivity of about 80% and a specificity of nearly 
100% for the diagnosis of CCA. However, in patients 
with primary sclerosing cholangitis (PSC) the sensitivity 

Table 36.5 Ineffective or incompletely tested therapies that are used to treat HCC

Treatment modality Likely or definitely ineffective Incompletely tested

Hepatic artery infusion of chemotherapy × ×
Hepatic artery ligation ×
Intrahepatic 131I lipiodol ×
99Yttrium‐labelled glass beads or resin ×
Tamoxifen ×
Octreotide (long‐acting somatostatin) ×
Conformal radiotherapy ×
Combined TACE and RFA ×
Resection with thrombectomy for portal vein invasion ×
TACE or TAE in patients with Child’s B cirrhosis × ×
TACE or TAE in patients with vascular invasion × ×
Down‐staging prior to liver transplantation with TACE or RFA ×
Bridging therapy with TACE or RFA prior to liver transplant ×

These are therapies that show tumour response (tumour shrinkage) but for which no survival advantage has been demonstrated compared to 
either supportive care or alternative therapies that might be suitable for the same patient (incompletely tested). Some procedures are not 
completely tested but are likely to be ineffective. RFA, radiofrequency ablation; TACE, transarterial chemoembolization; TAE, transarterial 
embolization.
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Fig. 36.10 Radiographic appearance of cholangiocarcinoma (a) Precontrast MRI. The tumour is indicated by the arrow. (b) Arterial phase 
MRI of the same lesion. There is some enhancement at the periphery of the lesion but the central area is necrotic. (c) Venous phase MRI of 
the same lesion. The appearances are the same as in the arterial phase (no washout).

and specificity are less good. MRI is the radiological 
examination of choice, once a liver mass suspicious for 
CCA has been documented (Fig.  36.10). This provides 
information about the location and extent of the lesion, 
and the presence of intrahepatic metastases. Endoscopic 
retrograde cholangiopancreatography (ERCP) is of little 
value for intrahepatic CCA. Endoscopic ultrasound is 
the most useful test for evaluating lymph node spread, 
and also will allow fine‐needle biopsy of the nodes. 
Positron emission tomography (PET) scanning has also 
been used. Intrahepatic CCA is staged using the TNM 
system.

Management

Despite advances in treatment the prognosis of intrahe-
patic CCA remains poor. Surgical resection remains the 
only curative therapy, but is seldom feasible because of 
the late presentation of the cancer. However, for those 

patients who are good candidates for resection (localized 
disease confined to the liver, no vascular invasion), and 
whose resection results in clear margins there is a 5‐year 
survival rate of between 22% and 44% [174,175]. The 
results of liver transplantation in isolation are poor (up 
to 18% 5‐year survival) [176]; however, a protocol devel-
oped at the Mayo Clinic for liver transplantation in  
perihilar cholangiocarcinoma has shown improved out-
comes. This protocol involves administration of neo‐
adjuvant external beam radiotherapy, brachytherapy, 
and chemotherapy, plus an open or laparoscopic abdom-
inal exploration for staging, prior to liver transplanta-
tion. Using this protocol, 5‐year survival after 
transplantation is approximately 70% [177,178] for 
patients who respond to the aggressive pretransplant 
treatment.

Radiotherapy has been tried, with conflicting results. 
There are no controlled trials, making it difficult to eval-
uate the potential role for radiotherapy.
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Palliative therapy for CCA includes 5‐fluorouracil and 
gemcitabine [179]. Combination of these agents with 
other chemotherapeutic agents has only been partly 
evaluated. There are insufficient data to support the use 
of any combination therapy.

 Other malignant neoplasms 
of the liver

Fibrolamellar hepatocellular carcinoma

This is a variant of HCC that occurs largely in younger 
patients without any of the usual HCC risk factors. It is 
characterized by the scirrhous nature of the tumour, but is 
of hepatocyte origin [180]. More than 90% of cases occur 
in patients younger than 25 years of age [181]. The male to 
female ratio is about equal or with slight female predomi-
nance. The absence of risk factors means that this cancer 
is usually only diagnosed when symptomatic. The progno-
sis of fibrolamellar HCC is better than for HCC, perhaps 
because of the absence of underlying liver disease [181].

Cholangio‐hepatocellular carcinoma

Cholangio‐hepatocellular carcinomas are rare malignan-
cies, representing less than 1% of all primary liver cancers 
[182]. These tumours have histological characteristics of 
both HCC and cholangiocarcinoma. Immuno‐histo-
chemical analysis suggests that they likely arise from 
common hepatic progenitor cells, capable of both hepa-
tocellular and biliary differentiation [183].

There is very little data to guide treatment decisions in 
these patients. Outcomes for resection and liver trans-
plantation have been reported, with survival rates better 
than seen with intrahepatic cholangiocarcinoma, but 
worse than for HCC [184].

Cholangiolar carcinoma

This is a histological subtype of intrahepatic cholangio-
carcinoma, distinct from biliary‐type cholangiocarci-
noma, with differing histological characteristics and 
gene expression profiles. Cholangiolar carcinoma is 
strongly associated with viral hepatitis [185]. There is 
also some limited data that 5‐year survival after surgical 
resection may be greater with cholangiolar carcinoma 
than with biliary‐type cholangiocarcinoma [186]; how-
ever, apart from the description of this entity there is 
very little information available.

Cholangiolocellular carcinoma

Cholangiolocellular carcinoma is a neoplasm that is 
thought to arise from the cells lining the ducts of Hering. 

Characterization of tumours using markers of hepatic 
and biliary progenitor cells indicates that the cell of  
origin of cholangiolocellular carcinoma is the hepatic 
progenitor cell [187].

Patients with this rare tumour (about 1% of all liver 
malignancies) often have the same risk factors as for 
HCC, such as chronic viral hepatitis, haemochromatosis, 
or α1‐antrypsin deficiency, but these risk factors may be 
absent in about half the patients. The cells are mostly 
arranged in gland‐like structures, and are small and uni-
form in appearance. Treatment is as for HCC.

Angiosarcoma

This is the most common sarcoma arising in the liver, 
but it is nonetheless a very rare tumour. However, it is 
the only primary liver cancer for which a causal associa-
tion with an exposure to toxins is documented. These 
are thorium dioxide (Thorotrast) [188], a radioactive 
substance once used as a radiographic contrast dye, 
vinyl chloride monomer (VCM) [189], and exposure to 
arsenic (used in the past in the wine industry) [190]. 
Today, Thorotrast is no longer used, and in the industri-
alized nations exposure to VCM monomer is tightly 
controlled, so that no VCM‐associated cases have been 
described in workers exposed after about 1976. 
Spontaneous angiosarcoma occurs, usually in the sixth 
or seventh decades of life.

There are changes in the liver that precede the 
 development of angiosarcoma in VCM‐exposed individ-
uals. These include hepatocyte hyperplasia, sinusoidal 
dilation, endothelial cell enlargement, and nuclear pleio-
morphism and polychromasia [191].

This tumour presents late and is almost universally 
fatal within 6 months of presentation.

Malignant epithelioid 
haemangioendothelioma

This is a cancer of vascular origin. Only about 430 
patients have been documented in the literature [192]. 
The outcome is highly variable, and in many patients 
this is a low‐grade malignancy. This cancer can also 
occur in organs other than the liver, such as lung and 
kidney. The clinical presentation is variable, ranging 
from asymptomatic patients to advanced liver failure or 
cancer symptoms. There are no specific radiological 
findings, but often the appearances are similar to those 
seen with metastases to the liver. The cancer can be 
treated by resection, although results are often disap-
pointing. Liver transplantation has been used, even in 
patients with extrahepatic disease; survival at 5 years is 
70% or more [193].
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 Other sarcomas

Almost all possible types of sarcoma have been reported 
as primary liver tumours. These include embryonal sar-
coma, rhabdomyosarcoma, leiomyosarcoma, fibrosar-

coma, and so on. A standardized management of these 
lesions is not available, partly because of the rarity of 
these lesions but also because they are aggressive 
tumours with a very poor prognosis whatever treatment 
used.
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In 1955, Welch performed the first transplantation of the 
liver in dogs [1]. In 1963, Starzl and his group carried out 
the first successful hepatic transplant in a human [2], but 
it took 4 years for a recipient to survive 1 year.

The number of liver transplants has escalated and, in 
2010, over 15 000 patients were transplanted in the USA, 
Europe, and China. Elective liver transplantation in 
low‐risk patients has over 90% 1‐year survival. Improved 
results are related to more careful patient selection, to 
better surgical techniques and postoperative care, and 
to reduced chronic rejection. Better use of immunosup-
pression has contributed. There remains a donor short-
age despite extending criteria for acceptance of donor 
organs and performing living donor procedures in adults.

 Selection of patients (Table 37.1)

The patient selected for transplant should suffer from 
irreversible, progressive disease for which there is no 
acceptable alternative therapy. The patient and the fam-
ily must understand the magnitude of the undertaking 
and be prepared to face the difficult early postoperative 
period and lifelong immunosuppression, increased risks 
of cancer, and possibility of recurrent disease.

Demand has exceeded supply of donor organs. The 
time spent awaiting transplant and deaths occurring 
before it can be performed have increased. The waiting 
time for low‐risk patients is over 6–12 months in many 
countries. The equitable distribution of the available 
donor livers is difficult. Results (and costs) are much bet-
ter if the patient is low risk (ambulatory) compared with 
high risk (in intensive care), and if the donor liver has 
optimal characteristics. Decisions are usually made by a 
multidisciplinary panel taking into account the wishes of 
the patient and their family.

There are three possible policies for liver organ alloca-
tion to prioritize recipients: medical urgency, utility, 
and transplant benefit [3]. Medical urgency is based on 
the severity of cirrhosis. In the USA, seven European 
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LEARNING POINTS

 ● Policies for liver organ allocation to prioritize recipients 
are based on medical urgency, medical utility, or trans-
plant benefit.

 ● There is an increasing use of organs from donors with 
suboptimal characteristics, and split livers and live 
donors to cope with donor shortage. Use of organs 
from donors after circulatory death is also increasingly 
common.

 ● The best outcomes are with primary biliary cholangitis 
and hepatitis B‐related cirrhosis (disease recurrence 
can be completely prevented by antiviral therapy). The 
worst outcomes are with hepatocellular carcinoma 
and hepatitis C‐related cirrhosis.

 ● The availability of direct‐acting antiviral therapy to 
treat hepatitis C is expected to have a very favourable 
impact on outcomes in hepatitis C virus‐infected 
recipients.

 ● Management of medical co‐morbidities in obese 
patients with non‐alcoholic steatohepatitis‐related cir-
rhosis who undergo transplant is becoming a growing 
challenge.

 ● Acute cellular rejection is not a major determinant of 
outcome after liver transplantation. The major cause 
of early death remains infection.

 ● Late complications and causes of death include com-
plications associated with cardiovascular morbidity, 
cancer including lymphoproliferative disease, and dis-
ease recurrence.
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Table 37.1 Transplant listing criteria in the United States

Status 1A and 1B patients have first priority for receiving cadaveric liver grafts
Status 1A 18 years or older with:
Fulminant hepatic failure (onset of encephalopathy within 8 weeks of first symptoms of liver disease and absence of pre‐existing liver 
disease) and at least one of the following criteria: ventilator dependent, renal replacement, INR > 2.0.
Primary non‐function or hepatic artery thrombosis (HAT) in a transplanted liver within ≤7 days of liver graft implantation and 
aspartate aminotransferase (AST) >3000 U/L and at least 1 of the following: INR ≥ 2.5, arterial pH ≤ 7.30, venous pH ≤ 7.25, 
lactate ≥ 4 mmol/L
*No AST requirement for recipients of segmental grafts or living donor grafts
Anhepatic
Acute decompensated Wilson disease
Status 1A age less than 18 years with:
Fulminant hepatic failure (same criteria as adult)
Primary non‐function of a transplanted liver within ≤7 days of transplant with at least 2 of the following: alanine aminotransferase 
(ALT) ≥ 2000 U/L, INR ≥ 2.5, total bilirubin ≥ 10 mg/dL, acidosis
Hepatic artery thrombosis in a transplanted liver
Acute decompensated Wilson disease
Status 1B age less than 18 years with:
Biopsy‐proven hepatoblastoma
Organic acidaemia or urea cycle defect
Chronic liver disease with a calculated MELD or PELD score >25 points and at least 1 of the following: ventilator dependent, 
gastrointestinal bleeding with >30 mL/kg red cells ≤24 h, renal support, Glasgow coma score <10 within previous 48 h
All others
Based on increasing MELD/PELD scores*
Standardized MELD/PELD exceptions: cystic fibrosis, familial amyloid polyneuropathy, hepatic artery thrombosis within 14 days not 
meeting criteria for status 1A (receives MELD 40), hepatopulmonary syndrome, portopulmonary hypertension, primary 
hyperoxaluria, paediatric metabolic diseases
Hilar cholangiocarcinoma (initial MELD score of 22 or PELD score of 28; then a MELD or PELD score equivalent to a 10 percentage 
point increase in the risk of 3‐month mortality every 3 months)

 ● Malignant‐appearing stricture on cholangiography and 1 of the following: biopsy or cytology results demonstrating malignancy, CA 
19‐9 > 100 U/mL in absence of cholangitis, or aneuploidy.

 ● Tumour must be unresectable because of technical considerations or underlying liver disease.
 ● If cross‐sectional imaging studies demonstrate a mass, it must be <3 cm.
 ● Regional hepatic lymph node involvement and peritoneal metastases must be assessed by operative staging after completion of 

neo‐adjuvant therapy and before liver transplantation.
 ● No transperitoneal aspiration or biopsy of the primary tumour.

Hepatocellular carcinoma (calculated MELD or PELD scores for first 6 months and then MELD score of 28 or PELD score of 34 at 6 
months; then a MELD score equivalent to a 10 percentage point increase in the risk of 3‐month mortality every 3 months if within 
criteria up to cap of 34 points)

 ● Single nodule ≥2 cm and ≤5 cm.
 ● Two or three nodules ≥1 cm but ≤3 cm.
 ● Nodules ≥2 cm and ≤5 cm must demonstrate increased contrast enhancement on late hepatic arterial CT or MRI images and one of 

the following: washout on portal venous/delayed phase, late capsule or pseudocapsule enhancement, growth by 50% or more 
documented on serial imaging ≤6 months apart, or biopsy.

 ● Nodules ≥1 cm and <2 cm must demonstrate increased contrast enhancement on late hepatic arterial CT or MRI images, washout 
during the later contrast phases and peripheral rim enhancement on delayed phase or be proven by biopsy or demonstrate contrast 
enhancement on late arterial phase and growth as described above.

 ● A CT of chest must rule out lung involvement and no extrahepatic spread or macrovascular invasion can be present.
Additional MELD exceptions reviewed by regional review boards including neuroendocrine tumours, polycystic liver disease, primary 
sclerosing cholangitis

MELD = 0.957 × loge (creatinine [mg/dL]) + 0.378 × loge (total bilirubin [mg/dL]) + 1.120 × loge (INR) + 0.643.
For candidates with an initial MELD score >11, the MELD score is then recalculated as follows:
MELD = MELD (initial) + 1.32*(137 − Na) − [0.033*MELD (initial)*(137 − Na)]
Na values <125 mmol/L are set to 125 and values greater than 137 mmol/L are set to 137.
PELD (candidates <12 years old) = 0.436 (age <1 year = 1, older = 0) −0.687 × loge (albumin [g/dL]) + 0.480 × loge (total bilirubin [mg/
dL]) + 1.857 × loge (INR) + 0.667 (growth‐failure = 1).
*In 2013, the Organ Procurement and Transplantation Network (OPTN) implemented Share 35. Prior to Share 35, deceased donor livers were 
offered first to wait‐list candidates in the local donation service area (DSA) where the liver became available for transplant and only livers refused 
by all local candidates with MELD ≥ 15 were offered to candidates in other DSAs in the OPTN region. Under Share 35, deceased donor livers are 
offered first to all candidates in the OPTN region with MELD score of ≥ 35, regardless of DSA, before being offered to other local candidates and 
regional candidates.
Source: Data from https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf#nameddest=Policy_09.
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countries (Eurotransplant zone), Argentina, Brazil, and 
Taiwan the Model for End‐Stage Liver Disease (MELD) 
is used [4]. MELD is a score based on serum bilirubin, 
creatinine, and INR (Table 37.1). Because serum sodium 
has been associated with mortality independent of 
the MELD score, sodium has been incorporated into the 
MELD equation in the USA [5]. There are several limita-
tions of the MELD score, including interlaboratory 
 variations in measuring serum creatinine [6,7], gender 
differences in creatinine values [8], and variations in 
INR [9]. Minimal listing criteria in the United Kingdom 
is based on the UK End‐Stage Liver Disease Score 
(UKELD), which is also derived from the patient’s serum 
sodium, creatinine, bilirubin, and INR [10].

Despite more objectively measured variables than 
in  the Child–Pugh system, which includes ascites and 
encephalopathy, and a greater spread of scores (up to 
40 with MELD compared to between 5 and 15 with the 
Child–Pugh score), the MELD system does not have 
better prediction for survival than Child–Pugh score 
for cirrhosis in general [11], nor for mortality within 3 
months on a transplant waiting list [12]. Indeed, known 
adverse prognostic factors in cirrhosis and/or factors 
heavily influencing quality of life, such as chronic 
encephalopathy, resistant ascites, recurrent cholangitis, 
and difficult‐to‐treat variceal bleeding, are not taken into 
account. Neither are metabolic conditions. In the USA, 
these conditions are part of the ‘MELD exceptions’, 
assessed by special Regional Review Boards. MELD does 
not correlate with quality of life [13]. However, the diag-
nosis of hepatocellular carcinoma (HCC) is catered for in 
the MELD allocation system by giving more points to 
these patients. The introduction of MELD in the USA has 
resulted in fewer new waiting list registrations, higher 
transplantation rates without increase in mortality after 
liver transplantation, and a reduction of mortality on 
the waiting list [14], because time waiting on a list was 
removed as a major criterion.

The second alternative for an allocation system can be 
based on utility, which considers outcome after liver 
transplantation as well as death on the waiting list. The 
MELD system ensures a sickest first principle, but if this 
by chance is combined with poor donor quality, the out-
come is poor with less than a 50% chance of 1‐year sur-
vival [15]. This can be considered an unacceptable 
outcome for the use of a scarce resource. The MELD sys-
tem is a poor predictor of post‐transplant survival [16]. 
Utility systems are becoming more important as the 
quality of donor organs is not improving, indeed it is 
worsening with increased use of suboptimal grafts 
(extended criteria grafts) [17]. Donor age is the most 
important risk factor [18,19], and also influences the 
severity of hepatitis C recurrence and increases the rate of 
fibrosis [20]. Donor hepatic steatosis is also an important 

factor in predicting allograft dysfunction. It is generally 
recommended that the volume of macrovesicular 
 steatosis be less than 30% although livers with between 
30% and 60% macrovesicular steatosis may be acceptable 
for use in select donor–recipient combinations [21]. 
Utility models depend on validated models for outcome 
after liver transplantation. Only a few are available [18]. 
In the UK, an estimated survival of 50% 5 years post‐
transplant is needed for selection onto the waiting list, 
with at least a 9% chance of dying within a year without 
transplantation [10].

Transplant benefit models represent the balance 
between outcomes on the waiting list and outcomes after 
liver transplant; that is, the greatest difference between 
the two is the yard stick for prioritization. A virtual 
model has suggested most of the avoidable deaths occur 
on the waiting list [22]. However, the extent of survival 
benefit needs to be set by consensus, or according to the 
number of available donor organs. Thus, although sur-
vival benefit for HCV‐related cirrhosis recipients with a 
MELD score between 9 and 20 is worse than those with 
alcoholic cirrhosis, it does not make clinical sense to wait 
for a MELD score of 30 (when there is no difference) 
before prioritizing for transplantation [23].

 Candidates (Table 37.2)

Historically, the major indications for liver transplan-
tation in the USA and Europe have been HCV‐related 
 cirrhosis, alcoholic cirrhosis, and HCC (Fig. 37.1). Fewer 
individuals with chronic hepatitis B are being included 
in  recent years because of effective antiviral therapy. 
Presently non‐alcoholic fatty liver disease (NAFLD) is 
the third most common indication for liver transplanta-
tion in the USA. However, with increasing prevalence 
of  NAFLD worldwide and the anticipated eventual 
decline in chronic HCV‐related cirrhosis secondary to 
highly effective antiviral therapy, NAFLD is projected to 
become the leading indication for liver transplantation 
in the USA in the near future [24,25]. Graft survival 
is highest for cholestatic and alcoholic liver disease [26] 
(Fig. 37.2).

Cirrhosis

All patients with end‐stage cirrhosis should be consid-
ered for liver transplantation. Selection of the right time 
is difficult. The patient must not be moribund, so that the 
transplant will fail, or be capable of leading a relatively 
normal life for a long period, so that transplant is unnec-
essary. Evaluation for liver transplantation should be 
considered when a patient with cirrhosis experiences an 
index complication such as ascites, variceal haemorrhage, 
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or hepatic encephalopathy, progressive renal dysfunction, 
or when the MELD score is ≥15 [27]. The adjusted rela-
tive mortality risk is significantly higher for transplanted 
patients than for waitlisted patients when the MELD 
score is <15 [28]. The cost of transplant is little different 
from that of long‐term medical and surgical manage-
ment of complications such as variceal bleeding, hepatic 
encephalopathy, and ascites.

Technical difficulties are greater when there is exten-
sive portal hypertension, particularly when the liver 
is  small and difficult to remove, or with previous 
abdominal surgery, or extensive portal vein thrombosis. 
Advances in medical care including improved immu-
nosuppression and surgical technique have resulted 
in  improvements in post‐transplant survival despite 
increasing severity of liver disease prior to transplant. 
Overall 1‐ and 5‐year survival rates are approximately 
85% and 70%, respectively. While disease recurrence 
was previously felt to be a major predictor of long‐term 
survival, over two‐thirds of deaths after the first year are 
unrelated to graft dysfunction. According to a multicen-
tre study using data generated from the National 
Institute of Diabetes and Digestive and Kidney Diseases 
database, causes of death beyond the first postoperative 
year were 27% hepatic, 22% malignancy, 11% cardiovas-
cular, 9% infection, and 6% renal failure [29]. With 
direct‐acting antiviral therapy for hepatitis C and the 
increasing prevalence of NAFLD as an indication for 
transplantation, it is likely that pre‐existing comorbidi-
ties and metabolic complications will surpass disease 
recurrence as the major cause of death following liver 
transplantation.

Table 37.2 Possible candidates for hepatic transplantation

Cirrhosis
Cryptogenic/NASH‐associated cirrhosis
Autoimmune hepatitis
Hepatitis B virus
Hepatitis D virus
Hepatitis C virus
Alcohol (Chapter 25)

Cholestatic liver disease
Primary biliary cholangitis
Biliary atresia
Primary sclerosing cholangitis
Secondary sclerosing cholangitis
Chronic hepatic rejection
Cholestatic sarcoidosis (Chapter 32)
Chronic drug reactions (rare)

Primary metabolic disease (see Table 37.3)
Acute liver failure (Chapter 5)
Malignant disease (Chapter 36)

Hepatocellular carcinoma
Cholangiocarcinoma
Epithelioid haemangioendothelioma
Hepatoblastoma
Hepatic metastatic neuroendocrine tumours

Miscellaneous
Budd–Chiari syndrome (Chapter 12)
Short‐bowel syndrome

NASH, non‐alcoholic steatohepatitis.
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Autoimmune chronic hepatitis

Post‐transplant 5‐year survival is 91% and graft survival 
83% [30]. Despite triple immunosuppression, 33% 
develop recurrent chronic hepatitis of autoimmune type 
often related to insufficient immunosuppression. It 
mostly responds to changes in immunosuppression and 
is unrelated to the HLA status of the donor, but is associ-
ated with DR3 or DR4 in the recipient [31]. However, 
graft failure may occur [31].

Chronic viral hepatitis (Chapter 38)

Hepatic transplantation performed for acute fulminant 
viral hepatitis (A, B, D, and most cases of E) is not fol-
lowed by graft reinfection as the viral levels are typically 
very low. In the chronic situation, however, graft reinfec-
tion is very common, unless antiviral therapy is given 
as  for hepatitis B, and currently is almost universal for 
hepatitis C, unless there has been a sustained virological 
response before liver transplantation.

Alcoholic liver disease

In Northern Europe, these patients contribute the largest 
number of candidates for transplant. The selection and 
the results obtained are discussed in Chapter 25. Survival 
benefit after transplant is better than HCV‐related cir-
rhosis [23]. In patients with severe alcoholic hepatitis not 
responding to medical therapy, early liver transplanta-
tion has been shown to improve survival in a highly 
select group of patients [32]. In a study of 265 patients 
who underwent liver transplant for alcoholic liver dis-
ease, 51.3% consumed no alcohol following transplanta-
tion while 28.6% consumed occasional low amounts, 
6.4% consumed a moderate amount early on that dimin-
ished over time, 7.9% consumed a moderate amount 
later following transplant, and 5.8% consumed a heavy 
amount early on following transplant with increasing use 
over time [33]. Pre‐transplant factors including alcohol 
dependence, short length of sobriety, family history of 
alcoholism, and use of other substances are associated 
with recurrent alcohol use. Alcohol relapsers have more 
frequent medical problems including pneumonia, pan-
creatitis, and depression. Graft loss due to relapse is rare 
in the first 5 years following transplant but does occur at 
10 years in heavy drinkers [34].

Cholestatic liver disease

End‐stage biliary disease, usually involving the small 
intrahepatic bile ducts, is an excellent indication for 
hepatic transplantation. Hepatocellular function is usu-
ally preserved until late and the timing of the transplant 

is easy. In every case the liver shows an advanced biliary 
cirrhosis, often combined with loss of bile ducts (vanish-
ing bile duct syndrome).

Primary biliary cholangitis (Chapter 17)
One‐year patient survival is over 90% [35]. Recurrence 
can occur, but there are only a few reports of subsequent 
graft failure.

Extrahepatic biliary atresia (Chapter 31)
This indication comprises 35–67% of paediatric liver 
transplants and is always indicated if infants are diagnosed 
after 3 months. Calculated 1‐year survival is 75%. Results 
are excellent and long‐term survivors have good physical 
and mental development, although re‐transplant and fur-
ther surgeries post‐transplant are often necessary.

A previous Kasai procedure increases the operative 
difficulty and the morbidity.

Alagille syndrome
Transplant is required only in very severe sufferers [36]. 
Associated cardiopulmonary disease may be fatal and 
careful preoperative assessment is necessary.

Primary sclerosing cholangitis (Chapter 18)
Sepsis and previous biliary surgery provide technical 
problems and disease recurrence is frequent, occurring in 
up to 22% at 10 years. Nevertheless, the results for trans-
plantation are good with recurrence‐free survival proba-
bilities of 93% at 1 year, 83% at 5 years, and 67% at 10 years 
[37]. Colectomy pre‐transplant is associated with less 
recurrence [38]. Cholangiocarcinoma is a complication 
that greatly reduces long‐term survival, but there is grow-
ing experience that selected cases of cholangiocarcinoma 
can be successfully transplanted following pre‐transplant 
chemoradiation [39]. The risk of colorectal cancer (CRC) 
is increased in patients undergoing liver transplantation 
for primary sclerosing cholangitis with associated inflam-
matory bowel disease (PSC–IBD). A long duration of IBD 
and extensive colitis are risk factors for CRC. Annual sur-
veillance colonoscopy with biopsies is recommended in 
PSC–IBD patients [40].

Other end‐stage cholestatic diseases
Hepatic transplantation has been performed for graft‐
versus‐host cirrhosis in a bone marrow recipient. Other 
rare indications include cholestatic sarcoidosis and 
chronic drug reactions.

Primary metabolic disease

Liver grafts retain their original metabolic specificity. 
Consequently, liver transplantation is used for patients 
with inborn errors that result from defects in hepatic 
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metabolism. Patients suffering from these conditions are 
good candidates. Selection depends on the prognosis 
and the likelihood of later complication of primary liver 
tumours.

Liver transplantation for metabolic disorders is divided 
into those performed for end‐stage liver disease or 
 premalignant change and those performed for major 
extrahepatic features, in some cases associated with 
 concomitant kidney transplantation (Table 37.3). Overall 
survival is over 85% at 5 years.

End‐stage liver disease
Non‐alcoholic fatty liver disease‐associated cirrhosis
The end stage of NAFLD is cirrhosis. Many cases 
of  ‘cryptogenic’ cirrhosis are due to progressive non‐
alcoholic steatohepatitis. Recurrence of liver disease is 
frequent [41], and there is excess cardiovascular morbid-
ity due to features of the metabolic syndrome [42]. 
NAFLD is projected to become the leading indication for 
liver transplantation in the USA in the near future given 
the rising prevalence of metabolic syndrome and improve-
ment in treatment outcomes for chronic hepatitis C.

α1‐Antitrypsin deficiency
Alpha 1‐antitrypsin deficiency (A1AT) is an autosomal 
recessive disease in which genetic substitutions in 
A1AT transcription lead to protein misfolding and defec-
tive export from the liver. Macronodular cirrhosis will 

develop in about 15% before the age of 20 years. 
Hepatocellular carcinoma is a complication. The plasma 
α1‐antitrypsin deficiency is corrected and the lung 
 disease stabilizes following liver transplant. Advanced 
pulmonary disease is a contraindication unless both 
lungs and liver are transplanted.

Genetic haemochromatosis (Chapter 26)
This is an uncommon indication for transplantation. 
Survival is lower than for other indications. Post‐transplant 
mortality is primarily related to infection and cardiac 
complications. Clear‐cut recurrence of hepatic iron over-
load has not been reported but follow‐ups are short [43].

Wilson disease (Chapter 27)
Liver transplants have to be considered in patients pre-
senting with fulminant hepatitis or in patients with cir-
rhosis who have failed to improve despite treatment with 
a copper chelator. Historically d‐pencillamine was the 
chelator of choice. However, because of an unfavourable 
side‐effect profile, including neurological deterioration, 
the use of d‐pencillamine has decreased. Trientene has 
become an accepted alternative given its proven efficacy 
and safer side‐effect profile. Ammonium tetrathiomo-
lybdate is also used. It interferes with intestinal copper 
uptake and binds copper from plasma. However, it is not 
currently approved for use in the USA [44].

The overall survival is 72% increasing to 90% when the 
indication is fulminant Wilson disease [45].

Neurological complications show significant improve-
ment only if associated with liver disease, such as hepatic 
encephalopathy [46]. Neurologic complications attribut-
able to Wilson disease itself do not routinely improve with 
transplantation.

Glycogen storage diseases
Liver transplantation has been successfully performed 
for types I and IV, with survival and continued growth 
into adult life. As dietary modifications have led to 
improved metabolic control, indications for liver trans-
plantation have evolved from correction of metabolic 
derangement to prevention of long‐term sequelae of gly-
cogen storage disease such as malignant transformation 
of multiple, unresectable hepatic adenomas that develop 
in patients with glycogen storage diseases [47].

Galactosaemia
A few patients diagnosed late develop advanced cirrhosis 
in childhood and early adult life and are candidates for 
transplantation.

Protoporphyria
This can lead to end‐stage cirrhosis and be an indication 
for liver transplantation [48]. Postoperatively, the high 

Table 37.3 Liver transplantation for metabolic disorders

End‐stage disease or premalignant change
Non‐alcoholic fatty liver disease
α1‐Antitrypsin deficiency
Genetic haemochromatosis
Wilson disease
Tyrosinaemia
Galactosaemia
Glycogen storage diseases
Protoporphyria
Neonatal haemochromatosis
Cystic fibrosis
Byler’s disease

Major extrahepatic features
Primary oxaluria type 1
Homozygous hypercholesterolaemia
Crigler–Najjar syndrome
Urea cycle defects
Mitochondrial respiratory chain defects
Familial amyloidotic polyneuropathy
Acute intermittent porphyria
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level of protoporphyrin in erythrocytes and faeces 
 persists and the disease is not cured though long‐term 
improvement is possible.

Tyrosinaemia
Hepatic transplantation is curative and should be 
 considered early before the development of HCC [49].

Cystic fibrosis (Chapter 31)
Hepatic transplantation is indicated for predominant 
liver involvement. Combined liver–lung transplant is 
often necessary. The 3‐year survival of young patients 
with end‐stage respiratory failure complicated by cirrho-
sis is 70% [50].

Byler disease
Byler disease (progressive familial intrahepatic cholesta-
sis type 1) results in death from cirrhosis or heart failure. 
The low serum apolipoprotein A1 concentration is 
 corrected by transplant performed for cirrhosis [51].

Correction of extrahepatic features
Oxaluria
Primary oxaluria type I, due to deficiency of hepatic 
 peroxisomal alanine‐glyoxylate aminotransferase, is cor-
rected by simultaneous hepatic and renal transplantation 
[52]. Cardiac dysfunction reverses.

Homozygous hypercholesterolaemia
Liver transplant produces an 80% decrease in serum 
lipids. Cardiac transplant or coronary bypass are also 
usually necessary [53].

Crigler–Najjar syndrome
Liver transplant is indicated to prevent neurological 
sequelae when the serum bilirubin level is very high and 
cannot be controlled by phototherapy.

Urea cycle enzyme deficiencies
Transplantation has been performed for ornithine 
 transcarbamylase deficiency as urea cycle enzymes are 
predominantly located in the liver [54]. The  decision 
concerning the need for transplantation is  difficult  as 
some urea cycle disorders allow a normal lifestyle.

Mitochondrial respiratory chain defects
These may cause liver disease in neonates associated with 
hypoglycaemia and postprandial hyperlacticacidaemia. 
They have been treated by liver transplant.

Primary familial amyloidosis
Transplant, often by the domino technique, should be 
performed before the onset of significant polyneuropathy 
and before autonomic bladder and rectal dysfunction. 
Neurological improvement is variable [55].

Acute intermittent porphyria
Acute intermittent porphyria is an autosomal dominant 
condition in which a partial deficiency of porphobilinogen 
deaminase results in excess production of hepatic porphy-
rin precursors leading to severe neurovisceral attacks 
which can be life threatening. Liver transplantation is a 
potentially effective treatment because the liver is the 
major source of the excess precursor production. Long‐
term outcomes in carefully selected patients are good 
although there is an increased risk of hepatic artery throm-
bosis in these patients in the first few months following 
transplantation. The mechanism for this is unknown [56].

Acute liver failure (Chapter 5)

Indications include fulminant viral hepatitis, Wilson 
 disease, autoimmune hepatitis, acute fatty liver of 
 pregnancy, drug overdose (for instance, paracetamol 
(acetaminophen)), and drug‐related hepatitis [57].

Malignant disease (Chapter 36)

While the results of hepatic transplantation had been 
 disappointing in patients with liver tumours despite 
 preoperative attempts at identifying extrahepatic spread, 
current results in patients using improved selection crite-
ria and pre‐transplant management are more promising.

Hepatocellular carcinoma (Chapter 36)
Patients with a single tumour 5 cm in diameter or less, 
and, if multifocal, only three tumours less than 3 cm in 
diameter each, without macrovascular invasion have 
the  lowest recurrence rate with a survival rate of over 
70% [58]. Explant pathology including vascular invasion, 
either microscopic or macroscopic, poor tumour differ-
entiation, extrahepatic spread, and tumour outside the 
Milan criteria are predictive of recurrence [59]. Expansion 
of staging criteria is practiced in some countries, as well 
as down‐staging with locoregional therapy and a period 
of observation to document control of tumour growth.

Fibrolamellar carcinoma
The tumour is localized to the liver and cirrhosis is 
absent. This may be the best type of tumour for trans-
plantation, and in certain cases transplantation is per-
formed with localized and treatable metastases.

Epithelioid haemangioendothelioma
This presents as multiple focal lesions in both lobes of an 
otherwise normal liver. The course is unpredictable and 
recurrence is likely in 50%. Metastatic spread does not 
always contraindicate surgery and this does not correlate 
with survival. It can be successfully treated by liver trans-
plantation [60].
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Hepatoblastoma
Transplantation results in a 50% survival at 24–70 
months. Microscopic vascular invasion and anaplastic 
epithelium with extrahepatic spread are bad signs.

Neuroendocrine tumours
When resection is not possible, worthwhile palliation 
can result from hepatic transplantation [61], especially if 
the primary tumour can be resected.

Cholangiocarcinoma
Resection is the standard of care for perihilar cholangio-
carcinoma although 5‐year survival is only 20–40% even 
in patients who are resection candidates. Many patients 
are not resection candidates due to involvement of 
 bilateral hilar structures or underlying liver disease 
such as  primary sclerosing cholangitis. While initial 
reports described very poor outcomes due to tumour 
recurrence, the 5‐year recurrence‐free survival has 
been shown to be 65% at 5 years in highly selected 
patients with early‐stage disease who are not resection 
candidates and  consecutively undergo external beam 
radiotherapy combined with radio‐sensitizing chemo-
therapy, brachytherapy, maintenance chemotherapy and 
staging surgery to rule out metastases, and ultimately 
liver transplant [39]. At present, the United Network of 
Organ Sharing (UNOS) offers a standardized MELD 
exception for  perihilar cholangiocarcinoma as outlined 
in Table 37.1.

Budd–Chiari syndrome (Chapter 12)

Hepatic transplantation is used in those who are too ill to 
perform decompressive shunting by transjugular intra-
hepatic portosystemic shunt (TIPS), and where previous 
portal–systemic shunts have failed [62]. The 5‐year sur-
vival is over 70% [62]. Recurrence of thrombosis is a risk, 
especially in those who have an underlying coagulopathy, 
and lifelong anticoagulation is necessary.

 Absolute and relative 
contraindications (Table 37.4)

Absolute

These include uncorrectable cardiopulmonary disease, 
ongoing extrahepatic infection, metastatic malignancy, 
and severe brain damage.

Transplant should not be done if the patient cannot 
comprehend the magnitude of the undertaking and the 
exceptional physical and psychological commitment 
required [63].

Relative (higher risk)

Patients are at higher risk if they have advanced liver dis-
ease and are being treated in an intensive care unit and 
particularly if they are ventilator‐dependent.

Children do particularly well but technical difficulties 
increase below the age of 2 years.

Overweight and obese patients have an increased risk 
of postoperative infectious complications compared to 
normal‐weight patients while morbidly obese patients 
have an increased length of intensive care unit stay as 
compared to normal‐weight patients. However, there is 
no difference in overall graft and patient survival [64]. 
Underweight (BMI < 18.5) recipients are at increased risk 
of poor outcomes post‐liver transplant, especially under-
weight recipients with low MELD scores [65]. Multiorgan 
transplant adds to the risk.

Portal vein thrombosis makes the transplant more dif-
ficult and survival is reduced. However, the operation is 
usually possible [66]. An anastomosis is made between the 
donor portal vein and the recipient confluence of superior 
mesenteric vein and splenic vein, or a venous graft from 

Table 37.4 Absolute and relative contraindications to liver 
transplantation

Absolute
Psychological, physical, and social inability to tolerate the 
procedure
Active sepsis
Metastatic malignancy (except hepatic neuroendocrine 
tumours)
Intrahepatic cholangiocarcinoma
AIDS
Advanced uncorrected cardiopulmonary disease
Severe portopulmonary hypertension despite treatment (mean 
pulmonary artery pressure ≥35 mmHg)

Relative (higher risk)
Age more than 65 or less than 2 years
Prior portacaval shunt
Prior complex hepatobiliary surgery
Portal vein thrombosis
Re‐transplant
Multiorgan transplants
Morbid obesity
HIV
Serum creatinine more than 1.7 mg/dL (150 µmol/L)
Chronic renal failure (requires combined liver/kidney 
transplantation)
Frailty
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the donor is used. Rarely, portacaval  hemitransposition is 
performed [67].

Previous surgical portacaval shunts make the opera-
tion more difficult and a distal splenorenal shunt creates 
least problems. TIPS for variceal bleeding is the most 
satisfactory preliminary to transplantation [68]. Careful 
positioning of the stent is important, avoiding an exces-
sive length down the portal vein, or protrusion into the 
vena cava.

Previous complex surgery in the upper abdomen also 
makes the transplant technically more difficult.

Re‐transplantation
The average re‐transplantation rate is about 10%. Over 
half are due to primary non‐function and hepatic arterial 
thrombosis, the remainder for chronic rejection and 
recurrent disease.

In Europe, primary transplant is associated with an 
80% survival at 1 year. This is reduced to less than 50% 
for re‐transplantation [18].

 General preparation of the patient

The pre‐transplant medical ‘work‐up’ includes psychiatric 
counselling, nutritional assessment [69], assessment of 
physical function, and confirmation of the diagnosis. The 
patient may wait many months for a suitable donor liver, 
and during this period, intensive psychosocial support and 
close medical supervision is necessary. The usual clinical, 
biochemical, serological, and radiographic investigation of 
any patient with liver disease is detailed in Table 37.5.

Physical frailty has become an important concept in 
the pre‐transplant setting. Patients with poor baseline 
physical function as assessed by grip strength, gait speed, 
and timed repeated chair stands, have higher rates of 
waiting list mortality independent of liver disease 
 severity [70]. Future research aimed at using simple 
measurements of physical frailty during the transplant 
evaluation and while on the waiting list may help predict 
which patients are too sick for liver transplantation.

 Donor selection and operation

Donation may be informed with consent from the family, 
the clinician ensuring that the family has been consulted, 
or the patient having specifically indicated their wish 
to  donate previously. Presumed consent involves the 
assumption that all individuals have agreed to become 
organ donors unless they express their desire to the con-
trary and then opt out of being considered as a donor. 
Mandated consent requires a written confirmation 

Table 37.5 Liver transplantation evaluation

Financial screening Review costs of evaluation, 
transplantation, and post‐
transplantation care

Hepatology 
evaluation

Determine aetiology of liver disease, 
assess disease severity and indication for 
transplantation, optimize management 
of disease and complications, frailty 
assessment

Surgical evaluation Identify technical challenges, review 
risks and discuss donor options 
(deceased, living donor, extended 
criteria donors)

Laboratory testing Hepatic synthetic function, complete 
blood count, electrolytes, renal function, 
ABO‐Rh blood typing, drug screen, viral 
hepatitis testing, evaluation for other 
causes of liver disease at discretion of 
hepatologist, CMV status

Imaging Doppler ultrasonography for evaluation 
of the hepatic vasculature, triple phase 
computed tomography or magnetic 
resonance imaging of the liver as well as 
computed tomography of the chest in 
patients with hepatic malignancy

Routine health 
assessment

Chest film, PAP smear, mammogram, 
and colonoscopy based on age‐
appropriate screening guidelines. Any 
patient with primary sclerosing 
cholangitis should have a colonoscopy 
regardless of age.

Dental assessment Identify dental caries and abscesses
Anaesthesia 
evaluation

For patients with portopulmonary 
hypertension, underlying cardiac or 
pulmonary disease, or a history of 
anaesthesia complications

Social work 
evaluation

Ensure adequate support system and 
assess potential psychosocial issues

Nutritional 
evaluation

Assess current nutritional status and 
provide patient education

Infectious disease Tuberculosis testing in all individuals, 
additional testing based on risk factors 
and country of origin

Mental health 
professional

For patients with history of substance 
abuse, psychiatric illness or behavioural 
concerns

Cardiopulmonary 
evaluation

Echocardiography for all candidates. 
Non‐invasive stress testing should be 
performed based on risk factors (diabetes, 
cigarette smoking, hyperlipidaemia, 
hypertension, and age >60). Pulmonary 
function testing should be performed in 
patients with underlying pulmonary 
disease or former tobacco users.

Source: Adapted from Martin et al. Evaluation for liver transplantation 
in adults: 2013 practice guideline by the American Association for the 
Study of Liver Diseases and the American Society of Transplantation. 
Hepatology 2014; 59: 1144–1165.
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 during life to donate when one dies, which overcomes 
the reservations of relatives. Spain has the highest organ 
donation rate in Europe. While Spain does follow a pre-
sumed consent custom, families do have the final say. 
The high rate of donation is mainly attributed to a very 
well‐resourced program of trained transplant coordina-
tors in each hospital. Better education, support, and 
advice are needed for all clinical staff who have contact 
with potential donors.

Donor shortage has encouraged the use of livers for-
merly regarded as unsatisfactory. These include livers 
from donors with abnormal liver tests, elderly donors, 
those with prolonged ICU stay receiving inotropes, or 
with moderate steatosis which was formerly an exclusion 
criterion [17]. Use of these marginal livers does not seem 
to have increased graft loss. There is an increasing use of 
controlled donation after circulatory death (DCD) 
donors [71].

Donors between 2 months and 75–80 years of age, vic-
tims of brain injury that has resulted in brain death are 
considered. For heart‐beating donors, cardiovascular 
and respiratory functions are sustained by mechanical 
ventilation. The recovery of livers and other vital organs 
from heart‐beating donors minimizes the ischaemia that 
occurs at normal body temperatures and is a major con-
tribution to graft success.

Transplant across A, B, and O blood groups may be 
followed by severe rejection and biliary complications. It 
should be avoided unless necessitated by an emergency 
situation [72], when appropriate adsorption and transfu-
sion protocols should be used.

HLA matching is not practiced and indeed there is 
some evidence that selected HLA class II mismatches 
may be advantageous, particularly in preventing the van-
ishing bile duct syndrome [73].

The medical and behavioural history of potential 
donors is reviewed, and the donor is screened for poten-
tially transmissible infectious diseases (Table 37.6).

The donor operation is as follows. The hepatic struc-
tures are dissected and the liver is precooled through 
the portal vein with Ringer’s lactate and University of 
Wisconsin (UW) or other preservation solution per-
fused through the aorta and portal vein. After removal, 
the cold liver is further flushed with an additional UW 
or other preservation solution through the hepatic 
artery and portal vein and stored in this solution in a 
plastic bag on ice in a portable cooler. Preservation 
solution currently in use has allowed the preservation 
time to be extended so that the recipient operation may 
be semi‐elective. However, with DCD donors, and oth-
ers with suboptimal quality, transplantation should be 
performed with the shortest possible cold ischaemic 
time. Most centres now have designated multiorgan 
retrieval teams.

If possible, and particularly for elective procedures, the 
size of the donor liver should be matched to that of the 
recipient. This is based on a body weight within 10 kg of 
the recipient. Occasionally, a small‐sized liver is trans-
planted into a larger patient. The donor liver increases in 
size at the rate of about 70 mL/day until it achieves the 
volume expected for the recipient’s size, age, and sex, 
typically by 3 months [74,75].

 The recipient operation (Fig. 37.3)

The average operative time is 8 h. Blood loss is variable, 
but a proportion of transplants do not require any blood 
to be transfused. Cell savers have proven useful when 
high blood loss is anticipated; the blood is aspirated from 
the abdominal cavity, washed repeatedly, re‐suspended, 
and infused.

The hilar structures and vena cava above and below 
the liver are dissected. The various vessels are cross‐
clamped and divided to allow removal of the liver. The 
recipient vena cava can be left in situ to allow a piggy-
back technique in which single anastomosis is performed 
between the allograft supra hepatic inferior vena cava 
and the confluence of the hepatic veins.

During the implantation of the new liver, it is neces-
sary to occlude the splanchnic and vena caval circula-
tions. During this anhepatic phase, veno–venous bypass 
may be used to prevent pooling in the lower part of the 
body and splanchnic congestion allowing greater haemo-
dynamic stability. Once all vascular anastomoses are 
completed, the preservation fluid is flushed out of the 

Table 37.6 Deceased donor screening

Review of medical records to evaluate medical and social 
history, screen for behaviours associated with increased risk of 
disease transmission, and determine if the donor was exposed 
to or received growth hormone (HPDGH)
Blood and urine cultures
Chest X‐ray
Arterial blood gas
HIV antibody*
Hepatitis B surface antigen and core antibody*
Hepatitis C antibody
Hepatitis C ribonucleic acid or nucleic acid test (NAT)*
Cytomegalovirus antibody
Epstein–Barr virus antibody
Syphilis screening

*NAT testing performed if donor has behavioural risk factors for 
recent HIV, HBV, or HCV infection.
Source: Data from https://optn.transplant.hrsa.gov/media/1202/
evaluation_plan.pdf.
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graft before opening the blood supply to the liver. Hepatic 
arterial anomalies are frequent, and vessel grafts from 
the donor should be available for arterial reconstruc-
tions. The bile duct is usually reconstructed by direct 

anastomosis. If the recipient bile duct is diseased or 
absent, end‐to‐side Roux‐en‐Y choledochojejunostomy 
is chosen.

Segmental (split) liver transplantation

Because of the difficulty in obtaining small donor livers 
for young children, segments of adult cadaveric livers 
have been used (Fig. 37.4, Table 37.7). Two viable grafts 
can be obtained from a single donor liver [76]; with expe-
rience, results are nearly as satisfactory or similar to full 
liver grafts (93% 1‐year survival) [77]. There are more 
complications, including increased intraoperative blood 
loss and biliary problems typically associated with leak 
from the cut‐surface margin [78].

Deceased donor split liver grafts are also being used 
in adults [79,80]. The split may be done ex vivo on 
the bench. Alternatively, the split may be done in situ 
with similar results for graft survival (85%) and patient 
survival (90%). Two grafts of optimal quality are 
obtained [81]. In children it has reduced the need for 
live donors [82].

Living donor liver transplantation

This was introduced because of the shortage of small 
cadaveric grafts for children. The liver is obtained from a 
live‐related donor [83]. This technique was used origi-
nally largely in children, often with biliary atresia [84], 

Fig. 37.3 Completed orthotopic liver transplantation. Biliary tract 
reconstruction is by duct‐to‐duct anastomosis.
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Fig. 37.4 Diagram of the two grafts prepared from one donor liver. In this example the main vascular and biliary structures are attached 
to the right lobe. CBD, common bile duct; CT, coeliac trunk; HV, hepatic vein; IVC, inferior vena cava; LBD, left bile duct; LHA, left branch of 
hepatic artery; LHV, left hepatic vein; LPV, left branch of portal vein; MHV, middle hepatic vein; PV, portal vein; RHA, right branch of hepatic 
artery; RHV, right hepatic vein; RL, round ligament; RPV, right branch of portal vein. Numbers indicate hepatic segments [76].
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but this has been reduced due to the use of deceased 
donor split livers. The lack of donor liver grafts also con-
tributed to the development of live liver donation in 
many countries in Asia.

There are important ethical considerations concerning 
the donor, who is sometimes a relative, and must give free 
and informed consent. There must be a patient advocate, a 
doctor who has no connection with the recipient team. 
The transplant has the advantage of being an elective oper-
ation. Ischaemia time is shortened and there is less reper-
fusion injury. Living‐related donation has been extended 
to the adult, using right, and more recently left, lobe grafts 
for patients with well‐compensated cirrhosis and mild 
portal hypertension, and in acute liver failure when a 
cadaveric donor is not available at short notice [85].

There is a recognized but small risk to the live donor 
after hepatectomy. In a study of 4111 live liver donors in 
the USA between 1994 and 2011, the rate of early donor 
death was 1.7/1000. The risk of death did not vary based 
on the portion of liver donated (2/1000 for left lateral 
segment, 2.8/1000 for left lobe, and 1.5/1000 for right 
lobe, p = 0.8). Long‐term mortality of live liver donors 
was comparable to kidney donors and healthy partici-
pants in the National Health and Nutritional Examination 
Survey with a rate of 1.2% at 11 years [86].

The required size of the donated liver is much greater 
for an adult than for a child. The critical limit of graft size 
is unknown but may be as low as 0.6% graft recipient 
weight ratio (i.e. 600 g liver for a 100 kg recipient) in 
patients with Child’s class A cirrhosis [87]. Below this 
limit, small‐for‐size syndrome, which is related to 
increased inflow from the portal vein through a reduced 
liver mass can occur. This has led to the use of right lobe 
grafts [88]. Complication rates are higher following live 
donor liver transplantation (LDLT) as compared to 
decreased donor liver transplantation (DDLT) with at 
least one complication occurring in 83% of LDLT and 
78% of DDLT. Complications that occur at a higher rate 
include biliary leak (31.8% vs 10.2%), unplanned re‐explo-
ration (26.2% vs 17.1%), hepatic artery thrombosis (6.5% 
vs 2.3%), and portal vein thrombosis (2.9% vs 0%) [89]. 
The odds of complications are more common in centres 
with less experience (<20 LDLT). Despite the increased 

complication rate, receipt of a LDLT is associated with 
lower mortality than the alternative of waiting for DDLT 
[90]. Increasing use of left lobe grafts for adult recipients 
is being used in some centres, with technical modifica-
tion to decrease risk of small‐for‐size syndrome.

Auxiliary liver transplantation

Auxiliary partial orthotopic liver transplantation 
(APOLT) is a technique where a partial liver graft is 
implanted in an orthotopic position after leaving behind 
a part of the native liver. This technique is used mainly in 
cases of acute liver failure, especially in children and 
young adults, and in cases of metabolic defects, where 
there is a chance the patient’s own liver will regenerate, 
allowing for the possibility of immunosuppression with-
drawal [91–93].

In small adults and children, the recipient undergoes 
an extended left hepatectomy and a left lateral segment 
or left lobe graft is used. In adults, a right hepatectomy is 
performed and right lobe graft is used.

Complications, particularly portal vein thrombosis 
and primary graft non‐function, are increased. Auxiliary 
liver transplantation offers the possibility of a lifetime 
free of immunosuppressive therapy. This is slowly 
weaned when the host liver has recovered. In time 
the  auxiliary graft is likely to atrophy. Long‐term 
 follow‐up of 20 children with acute liver failure who 
underwent APOLT at King’s College Hospital demon-
strated a 10‐year patient survival of 85% with 65% 
 immunosuppression‐free survival 23 months after 
 transplantation [94].

Domino liver transplantation

Structurally normal livers are removed to control a meta-
bolic defect such as familial amyloid polyneuropathy 
[95]. Such a liver may be offered for transplant to an 
older recipient who has given full consent. The conse-
quences of the metabolic defect will be delayed for 
between 10 and 20 years although there are reports of 
this occurring within an earlier timeframe in the trans-
plant recipient [55]. Transplanted liver grafts have been 
successfully reused [96].

Hepatocyte transplantation

Transplantation of human hepatocytes is being devel-
oped to treat metabolic liver disease where a supply of 
normally functioning liver cells can correct a genetic 
deficiency [97]. However, the recipient will require long‐
term immunosuppression. Transplanted hepatocytes 
may be used to replace a missing or inactive enzyme, as 
in the Crigler–Najjar syndrome [98], glycogen storage 

Table 37.7 Strategies to overcome shortage of heart‐beating, 
brain‐stem‐dead liver donors

Better clinician and public education
Presumed consent
Split livers
Living donors
Partial auxiliary grafts
Donation after circulatory death donors
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disease type 1a [99], and urea cycle disorders [100], or to 
inactivate a disease‐inducing gene or over‐express a nor-
mal gene [101]. However, hepatocyte transplantation 
still has many challenges [102].

Xenotransplantation

Several non‐human livers including pig, baboon, and 
chimpanzee livers have been transplanted into humans 
[103]. Starzl carried out the first chimpanzee to human 
liver transplantation in 1966 and in 1992, his patient 
survived for 70 days following a baboon liver transplant 
[104]. The main limitation is immunological, including 
hyperacute and delayed xenograft rejection and T‐cell‐
dependent xenograft rejection. Various control strate-
gies are under investigation [105] but the problems will 
be difficult to overcome.

Zoonotic infections, particularly viruses (especially 
porcine endogenous retroviruses) may be introduced 
with the xenotransplant. Differences in protein structure 
across species (as with liver‐derived clotting factors), 
and equilibrium levels of protein or lipid synthesis (as 
with albumin or LDL homeostasis) may well prove to be 
difficult barriers to overcome in xenotransplantation 
even as genetic modification of animals is undertaken to 
limit immunologic incompatibility. There are ethical dif-
ficulties in accepting xenotransplantation [105].

Liver transplantation in paediatrics

The mean age is about 3 years, but successful transplant 
can be performed in infants within the first year of life 
[106]. The scarcity of paediatric donors necessitates 
adult reduced‐liver or split‐liver donations.

Post‐transplant, growth is good and the quality of life 
excellent.

The small size of the vessels and bile ducts poses 
 technical problems. Pre‐transplant anatomy should be 
identified by CT or, preferably, MRI. Hepatic artery 
thrombosis occurs in at least 17% [107]. Re‐transplants 
are frequent. Biliary complications are also common.

One‐year survival is generally better than in adults and 
is 10% higher long term. Infections are frequent, particu-
larly varicella, Epstein–Barr, mycobacteria, Candida, 
and CMV.

 Immunosuppression

There have been major advances in both scientific under-
standing and the therapy of rejection. Multiple therapy is 
usually given and the choice varies between centres and 
is nowadays tailored to both the individual patient and 
to  the underlying disease. Most immunosuppressive 

regimens include a calcineurin inhibitor – that is, ciclo-
sporin or tacrolimus. These are given with corticosteroids 
and/or azathioprine or mycophenolate mofetil. IL2 
receptor blockers may allow a delay and/or a reduced 
dose of tacrolimus or ciclosporin to minimize renal tox-
icity of these drugs. While considerable appropriate con-
cern about negatively impacting HCV recurrence 
previously influenced decisions regarding immunosup-
pression, the availability of DAAs should make such con-
cerns moot.

The calcineurin inhibitor agents, tacrolimus and ciclo-
sporin are the mainstay of maintenance immunosup-
pression. Ciclosporin side‐effects include nephrotoxicity. 
Nephrotoxicity is enhanced by drugs such as the amino-
glycosides. Electrolyte disturbances include hyperkalae-
mia, hyperuricaemia, and hypomagnesaemia. Other 
complications include hypertension, weight gain, hir-
sutism, gingival hypertrophy, and diabetes mellitus. 
Lymphoproliferative diseases can be seen long term. 
Neurotoxicity is shown by mood alterations, seizures, 
tremor, and headaches.

Ciclosporin and tacrolimus can interact with other 
drugs leading to changing blood levels (Table 37.8).

Tacrolimus (FK 506) is more powerful than ciclosporin 
in inhibiting IL2 synthesis and controlling rejection. It 
is  better than ciclosporin in terms of patient and graft 
survival [108,109], and there is less chronic rejection. 
Side‐effects include nephrotoxicity, diabetes, diarrhoea, 
nausea, and vomiting, but less hypertension than with 
ciclosporin. Neurological complications (tremors and 
headache) are more prominent with tacrolimus com-
pared to ciclosporin. The immunosuppressive effects of 
ciclosporin and tacrolimus are related to the total drug 

Table 37.8 Interaction between ciclosporin (and tacrolimus) 
and other drugs

Increase levels
Erythromycin/clarithromycin
Ketoconazole/fluconazole/posaconazole/voriconazole
Protease inhibitors
Metoclopramide
Verapamil, nifedipine, diltiazem

Decrease levels
Carbamazepine
Phenobarbitone
Phenytoin
Rifampicin
Caspofungin
Isoniazid
St John’s Wort
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exposure. There is large inter‐individual variability in the 
drug metabolism and thus 12‐h trough levels are used to 
estimate the drug exposure.

Mycophenolate mofetil, a non‐competitive inhibitor of 
inosine monophosphate dehydrogenase, is the most 
common additional agent used for maintenance immu-
nosuppression. It is not nephrotoxic. The main side‐
effects include gastrointestinal symptoms and bone 
marrow suppression. Mycophenolate mofetil use is asso-
ciated with an increased risk of first trimester spontane-
ous abortions and congenital malformations and thus it 
is advised that women discontinue this medication prior 
to conception [110]. Azathioprine is an alternative agent. 
The side‐effects include myelosuppression, cholestasis, 
peliosis hepatis, perisinusoidal fibrosis, and nodular 
regenerative hyperplasia. Studies have shown that the 
use of mycophenolate mofetil and concurrent reduction 
in calcineurin inhibitor therapy results in improvement 
in renal function when performed more than 1 year post 
liver transplant [111,112].

Sirolimus and everolimus are mammalian targets of 
rapamycin (mTOR) inhibitors. Like tacrolimus, these 
agents bind to the intracellular immunophilin, FKBP12, 
but they do not inhibit calcineurin and thus have little or 
no nephrotoxicity. The use of sirolimus in the immediate 
post‐transplant period is contraindicated given higher 
incidence of graft loss, death, hepatic artery/portal vein 
thrombosis, and sepsis. However, a number of studies 
have shown the safety of these agents is improved follow-
ing the first month after transplantation [113]. The use of 
everolimus in combination with reduced dose tacroli-
mus 1 month post‐transplant compared with standard 
exposure tacrolimus resulted in significantly improved 
renal function out to 36 months post‐transplant [114]. 
The complete tacrolimus withdrawal arm in this study 
did have higher rates of acute rejection and thus everoli-
mus monotherapy is not recommended. Side‐effects 
include pancytopenia, impaired wound healing, dyslipi-
demia, and oral and gastrointestinal ulcers. Previously, 
antilymphocyte globulin and T‐cell antibodies were given 
to prevent acute rejection. They have been replaced by 
specific monoclonal antibodies directed against the IL2 
receptor, including basiliximab and daclizumab [115]. 
These receptors are expressed only by activated lympho-
cytes and the monoclonal antibodies are given early to 
reduce acute rejection. Approximately 25% of centres in 
the USA use induction therapy, mainly for renal sparing 
[26]. The difficulties in balancing the risks of too much 
immunosuppression, which increases infections and 
risk of malignancy, with too little immunosuppression, 
which increases graft rejection, are still a major issue in 
liver transplantation. The tendency over past decades 
has been to reduce maintenance immunosuppression 
without increased loss of grafts.

Tolerance

Donor cells have been identified in the blood of recipi-
ents of liver transplantation. This chimerism could 
influence the host immune system with development of 
tolerance to donor tissues. A donor liver may be spon-
taneously accepted more often than other organs [116]. 
This opens up the possibility of stopping immunosup-
pressive therapy. However, this is rarely possible. After 
a successful 5‐year survival of a primary graft, between 
15% and 30% of patients may be able to stop immuno-
therapy in the subsequent 3 years. The other two‐thirds 
developed graft abnormalities [117]; chimerism was 
not associated with tolerance. Factors associated with 
the successful withdrawal of immunosuppression were 
transplantation for a non‐immunological condition, 
poor MHC mismatch, and a low incidence of early 
acute rejection [115]. However, currently these patients 
cannot be predicted sufficiently well to plan withdrawal 
of immunosuppression.

Operational, or ‘almost’ tolerance, denoted prope 
(near) tolerance [118], requires a short window after 
transplant during which there is immunological engage-
ment between the graft and the host. This suggests 
over‐immunosuppression in this period will prevent 
tolerance.

 Postoperative course

This is not always without complications, particularly in 
the adult. Further surgery such as for control of bleeding, 
biliary reconstruction, or draining abscesses may be nec-
essary. Temporary renal support is needed in about 
5–10% of cases.

Re‐transplantation is required in 5–10% of patients. 
The main indications are primary graft failure, hepatic 
arterial thrombosis, chronic rejection, and recurrent dis-
ease. Renal support may be required. Results are not as 
satisfactory as for the first transplant.

Factors determining an adverse result include poor 
pre‐transplant nutrition, Child’s class C status, a raised 
serum creatinine level, and severe coagulation abnor-
malities. Poor results are also related to the amount of 
blood products required during surgery, the need for 
renal support post‐transplant, and repeated rejection.

The causes of death are surgical technical complica-
tions, bacterial or fungal sepsis (either immediate or 
late), biliary leaks and hepatic rejection, with or without 
infections, often related to over‐immunosuppression.

The patient usually spends about 1–2 weeks in hospi-
tal and is usually fully rehabilitated by 6 months.

Quality of life is usually excellent in the majority 
of  patients with return to normal at home and work. 
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Post‐transplant medications and monitoring are a 
 burden. Social functioning improves in most [119]. The 
patient’s age, duration of disability before transplant, 
and type of job significantly affect the post‐transplant 
employment status. Those with recurrent disease, for 
instance HCV, have a worse quality of life than those 
without recurrent disease [120].

More than 87% of paediatric survivors are fully 
 rehabilitated with normal growth, both physical and 
psychosexual.

 Post‐transplantation complications 
(Table 37.9)

The three major problems are:

1) primary graft non‐function (days 1–3);
2) rejection (from 5–10 days); and
3) infections (days 3–14 and after).

Primary non‐function has no exact definition but is 
characterized by worsening liver function, particularly 
coagulation, acidosis, rising bilirubin, and renal dysfunc-
tion (Fig. 37.5). Specialist investigations must be available 
[121]. These include CT [122], MRI, magnetic resonance 
cholangiopancreatography (MRCP) and Doppler imag-
ing, HIDA scanning, angiography [123], and percutane-
ous and endoscopic cholangiography.

Technical complications

Surgical complications are most frequent in children 
with small vessels and bile ducts.

Routine Doppler ultrasonography is used for detection 
of hepatic arterial, hepatic venous, portal venous or infe-
rior vena caval stenosis or thrombosis.

CT or MRI, or ultrasound is used to evaluate hepatic 
parenchymal abnormalities, perihepatic collections, and 
biliary dilation.

Cholangiography or MRCP is used to define biliary 
abnormalities. HIDA scanning or cholangiography may 
be used to identify biliary leaks.

Guided needle placement allows aspiration of fluid 
collections.

Subcapsular hepatic necrosis. This is related to dispro-
portionate size between donor and recipient. It can be 
visualized by CT scanning and usually resolves sponta-
neously [124].

Bleeding. This is more likely if the removal of a dis-
eased liver has left a raw area on the diaphragm, or if 
there have been adhesions from previous surgery or 
infection, or with split liver lobes. Treatment is by trans-
fusion and reoperation if necessary.

Fig. 37.5 Graft ischaemia 2 days after liver transplantation. 
Hepatocytes are swollen with loss of cytoplasm. (H & E, ×380.)

Table 37.9 Complications of liver transplantation

Weeks Complications

1 Primary graft non‐function
Hepatic artery thrombosis
Bile leaks
Renal
Pulmonary
Central nervous system

1–4 Cellular rejection
Cholestasis
Hepatic artery thrombosis
Non‐anastomotic/intrahepatic biliary strictures

5–12 CMV hepatitis
Cellular rejection
Anastomotic biliary stricture
Hepatic artery thrombosis
Hepatitis C

12–26 Cellular rejection
Biliary complications
Hepatitis C
EBV hepatitis (paediatric patients)
Drug‐related hepatitis

>26 Ductopenic rejection (rare)
EBV hepatitis
Portal vein thrombosis
Disease recurrence (HBV in the absence of adequate 
antiviral drugs, HCV, tumours)
Post‐transplant lymphoproliferative disorder
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Vascular complications

Hepatic artery thrombosis is most frequent in children 
[107]. It may be acute, usually presenting within the 
first 30 days, marked by clinical deterioration, fever and 
bacteraemia, a rise in liver enzymes, coagulopathy and 
acidosis, and hepatic necrosis (Fig. 37.6). Alternatively it 
may be silent, presenting several weeks later with biliary 
complications [125] including leaks and strictures, and 
recurrent bacteraemia and abscesses.

Doppler ultrasound is diagnostic, although triple‐
phase helical CT may be necessary to show intrahepatic 
branch occlusion. The findings may be confirmed by 
angiography. Re‐transplantation is the usual treatment.

Hepatic arterial stenosis usually develops at the 
anastomotic site. If diagnosed early in the postoperative 
period it may be corrected surgically. Later, balloon 
 angioplasty may be successful.

Portal vein thrombosis is uncommon in adults. It pre-
sents as graft dysfunction and massive ascites. Urgent 
revascularization is essential. If not corrected, re‐trans-
plant is necessary. It may be silent, presenting as variceal 
bleeding weeks to months after the transplant.

Hepatic vein occlusion is common in patients who 
have  had liver transplantation for the Budd–Chiari 
 syndrome. Occasionally, there is stricturing of the 
suprahepatic–caval anastomosis and this can be treated 
by balloon dilation. It is more common with the ‘piggy-
back’  technique for inferior vena cava reconstruction.

Biliary tract complications

Bile secretion recovers spontaneously over a 10–12‐day 
period and is strongly dependent upon bile salt secretion. 
The incidence of complication is 6–34% of all  transplants, 

usually during the first 3 months [126,127]. The man-
agement requires a multidisciplinary approach involving 
transplant surgeons, endoscopists, and interventional 
radiologists. The majority of biliary complications can be 
resolved endoscopically [128], but it is important not to 
delay surgical intervention for a permanent biliary repair.

Bile leaks tend to be early (first 30 days) related to the 
bile duct anastomosis. Abdominal pain and peritoneal 
signs may be masked by immunosuppression. Early leaks 
are diagnosed by ERCP or percutaneous cholangiography. 
HIDA scanning may be useful. They are usually treated 
by the endoscopic insertion of a stent.

Extrahepatic anastomotic strictures present after 
about 5 months as intermittent fever and fluctuating 
serum biochemical abnormalities. There is a wide 
 differential diagnosis including rejection and sepsis. 
They are diagnosed by MRI cholangiography [129], 
ERCP, or percutaneous cholangiopancreatography and 
treated by balloon dilation and/or insertion of plastic 
stents [126,128]. Hepatic arterial patency must be con-
firmed. They are more common with split grafts whether 
from deceased or live donors.

Non‐anastomotic or ‘ischaemic‐type’ biliary strictures 
develop in 2–19% [130] after several months. They 
develop in the donor common hepatic duct, with varia-
ble extension into the main intrahepatic ducts. On chol-
angiography, the wall of the duct may appear irregular 
and hazy, presumably reflecting areas of necrosis and 
oedema. Attempts are made to treat them by balloon 
dilation and stenting. Hepaticojejunostomy is sometimes 
possible. Re‐transplant may be necessary.

They are associated with multifactorial damage to 
the  hepatic arterial plexus around bile ducts. Factors 
include prolonged cold ischaemia time, hepatic arterial 
thrombosis, ABO blood group incompatibility, rejec-
tion, foam cell arteriopathy, and a positive lymphocy-
totoxic cross‐match. Peribiliary arteriolar endothelial 
damage contributes to segmental microvascular throm-
bosis and hence to multiple segmental biliary ischaemic 
strictures. They are more common with donation after 
cardiac death donors.

Biliary stones, sludge, and casts can develop any time 
following transplant. Obstruction, particularly biliary 
stricture, may be important. Foreign bodies such as T‐
tubes and stents may serve as a nidus for stone forma-
tion. Ciclosporin is lithogenic.

Treatment is by endoscopic sphincterotomy and stone 
extraction.

Renal failure

Renal injury, both acute and chronic, is common following 
liver transplantation. The causes include pre‐existing kid-
ney disease, intraoperative or postoperative hypotension 

Fig. 37.6 Hepatic infarction, 3 days post‐transplant, due to 
hepatic artery thrombosis. An area of necrotic, infarcted 
hepatocytes with haemorrhage adjoins normal liver tissue. 
(H & E,×150.)
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and shock, sepsis, suboptimal donor quality, primary non‐
function, acute hepatic arterial thrombosis, nephrotoxic 
antibiotics, and ciclosporin or tacrolimus. The cumulative 
incidence of stage ≥4 chronic kidney disease (CKD) at 5 
years following liver transplant is 18% [131]. The esti-
mated GFR at the time of transplant has been shown to be 
the only independent predictor of post liver transplant 
CKD in adjusted analyses. For every 10 mL decrease in 
estimated GFR at the time of transplant, the risk of post 
liver transplant CKD increases by 33% [132]. Early reduction 
of glomerular filtration rate, such as less than 60 mL/min at  
3 months, is strongly associated with subsequent renal 
failure, which may require kidney transplantation [133].

Pulmonary complications

In infants, and rarely in adults, death during liver trans-
plantation may be related to platelet aggregates in small 
lung vessels. Intravascular catheters, platelet infusions, 
and cell debris from the liver may contribute [134].

In the ICU, pulmonary infiltrates are most frequently 
due to pulmonary oedema and pneumonia. Other causes 
are atelectasis and respiratory distress syndrome [135]. 
In the first 30 days, pneumonia is usually due to methicil-
lin‐resistant Staphylococcus aureus, Pseudomonas, and 
less frequently Aspergillosis. After 4 weeks, pneumonia 
due to CMV and Pneumocystis is seen.

In one report, 87% of patients with pneumonia 
required ventilation and 40% were bacteraemic. Pyrexia, 
leukocytosis, poor oxygenation, and cultures of the 
bronchial secretions indicate pneumonia and demand 
antibiotic therapy. The overall mortality for those having 
pulmonary infiltrates in the ICU is 28% [135].

Pleural effusion is common and in about 18% aspira-
tion is necessary.

A post‐transplant hyperdynamic syndrome tends to 
normalize with time.

The hepatopulmonary syndrome is usually corrected 
by liver transplant but only after a difficult post‐trans-
plant course with prolonged hypoxaemia, mechanical 
ventilation, and intensive care [136]. Portopulmonary 
hypertension usually requires continued therapy for 
some weeks, but improves after liver transplantation.

Non‐specific cholestasis

This is frequently seen in the first few days, with the 
serum bilirubin peaking at 14–21 days. Liver biopsy 
 suggests extrahepatic biliary obstruction but cholan-
giography is normal. Factors involved include mild 
 preservation injury, sepsis, haemorrhage, and renal 
 failure. If  infection is controlled, liver and kidney func-
tion usually recover but a prolonged stay in the ICU is 
usually necessary.

Rejection

Immunologically, the liver is a privileged organ with 
regard to transplantation, having a higher resistance to 
immunological attack than other organs. The liver cell 
probably carries fewer surface antigens. Nevertheless, 
episodes of rejection, of varying severity, are not 
uncommon.

Cellular rejection is initiated through the presentation 
of donor HLA antigens by antigen‐presenting cells to 
host helper T cells in the graft. These helper T cells 
secrete IL2 which activates other T cells. The accumu-
lation of activated T cells in the graft leads to T‐cell‐
mediated cytotoxicity and a generalized inflammatory 
response.

Hyperacute rejection is very rare and is due to presen-
sitization to donor antigens. Acute (cellular) rejection 
is  fully reversible, but chronic (ductopenic) rejection 
is  not. Repeated cellular rejection is associated with 
chronic rejection. The differential diagnosis of rejection 
from opportunistic infections and other causes of liver 
injury is difficult and liver biopsy is essential. Recent 
increased immunosuppression to combat rejection 
favours infection.

Acute cellular rejection
Depending on the type of induction and maintenance 
immunosuppression, about 10–15% of patients will have 
at least one episode of rejection, usually within the first 
5–30 days [26]. Acute rejection does not have an adverse 
effect on patient or graft survival [137]. Sometimes, the 
patient feels ill, there is mild pyrexia and tachycardia, 
and the liver may enlarge and be tender. Serum bilirubin, 
transaminases, and prothrombin time increase. The liver 
enzyme changes lack specificity and a liver biopsy is 
essential to confirm the diagnosis.

Rejection is diagnosed histologically by the classical 
triad of portal inflammation, bile duct damage (Fig. 37.7), 
and subendothelial inflammation of portal and terminal 
hepatic veins (endothelialitis) (Fig.  37.8). Eosinophils 
may be conspicuous [138], and hepatocellular necrosis 
may be seen. Zone 3 changes may also be another feature 
of cellular rejection [139].

Rejection may be graded into mild, moderate, and 
severe (Table  37.10) [140]. An infiltrate containing 
eosinophils is a specific feature of cellular rejection 
[138]. In 85%, treatment is successful by increasing 
immunosuppression. Boluses of high‐dose methyl-
prednisolone are given, for example 1 g intravenously 
daily for 3 days. Those who are steroid resistant can be 
given antilymphocyte preparations. Those failing to 
respond to these measures often proceed to ductopenic 
rejection. Re‐transplant may be needed if the rejection 
continues.
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Chronic ductopenic rejection
Bile ducts are progressively damaged and ultimately 
disappear [141]. The mechanism seems to be immuno-
logical with aberrant expression of HLA class II antigens 
on bile ducts. Donor–recipient HLA class I mismatch with 
class I antigen expression on bile ducts is contributory.

The incidence of chronic rejection has decreased from 
20% to 15% in the 1980s to less than 5% currently [142]. 
The precise reasons for this are not clearly understood. 
It  typically occurs in patients who have had multiple 
 episodes of acute cellular rejection or severe acute 
 cellular rejection with centrilobular necrosis. The chol-
estasis is progressive.

The minimal diagnostic criteria for chronic ductopenic 
rejection are: (1) the presence of bile duct atrophy/
pyknosis, affecting a majority of bile ducts, with or with-
out bile duct loss; (2) convincing foam cell obliterative 
arteriopathy; or (3) bile duct loss affecting greater than 
50% of the portal tracts [142]. A minimum of 8–10 portal 
tracts are needed to make the diagnosis. Bile duct epi-
thelium is penetrated by mononuclear cells, resulting in 
focal necrosis and rupture of the epithelium. Eventually, 
bile ducts disappear and portal inflammation subsides 
(Fig. 37.9). Larger arteries (not seen in a needle biopsy) 
show subintimal foam cells, intimal sclerosis, and hyper-
plasia. Centrizonal necrosis and cholestasis develop and 
eventually biliary cirrhosis. Hepatic arterial occlusions 
may be a feature of chronic rejection (Fig. 37.10), leading 
to bile duct stricturing shown by cholangiography.

Chronic ductopenic rejection can be divided into early 
and late chronic rejection. In the early stages, lesions 
are  potentially reversible with increased immunosup-
pression. While in late chronic rejection, additional 
immunosuppressive therapy is not likely to be of benefit 
[142]. Histopathological features associated with allograft 

Fig. 37.7 Acute rejection: a damaged bile duct infiltrated with 
lymphocytes is seen in a densely cellular portal tract. (H & E, ×100.)

Fig. 37.8 Acute cellular rejection 8 days post‐transplant. Liver 
biopsy shows portal zone infiltration with mononuclear cells and 
endotheliitis of cells lining the portal vein. (H & E, ×100.)

Table 37.10 Grading of acute liver allograft rejection [140]*

Indeterminate Portal inflammatory infiltrate that fails to meet 
the criteria for acute rejection

Mild Rejection infiltrate in the minority of portal 
triads, that is generally mild, and confined 
within the portal spaces

Moderate Rejection infiltrate, expanding most of all the 
triads

Severe As above for moderate, with spillover into 
periportal areas and moderate to severe 
perivenular inflammation that extends into the 
hepatic parenchyma and is associated with 
perivenular hepatocyte necrosis

*The diagnosis of acute rejection is based on the presence of at least 
two of the following three findings: (i) predominantly mononuclear 
but mixed portal inflammation; (ii) bile duct inflammation/damage; 
and (iii) subendothelial localization of mononuclear cells in the portal 
and central veins.

Fig. 37.9 Chronic ductopenic rejection. Bile ducts have 
disappeared from the portal tract, which contains only a hepatic 
arterial branch, a portal vein, and no inflammation. (H & E, ×380.)
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 failure include bile duct loss in >50% of portal tracts, 
severe (bridging) perivenular fibrosis, and foam cell 
 clusters within the sinusoids [143].

Infections

Over 50% will experience an infection in the post‐
transplant period [144]. This may be primary, reactiva-
tion, or related to opportunistic organisms (Fig. 37.11). 
It is important to note the degree of immunosuppression 
and history of any previous infection [145].

Bacterial
These are seen during the first 2 months and are usually 
related to technical complications. They include pneumo-
nia, wound sepsis, liver abscess, and biliary sepsis. They 
may be related to invasive procedures and vascular lines. 
The incidence of diarrhoea related to Clostridium difficile 
infection (CDI) is increasing among liver transplant recip-
ients. In one single centre study the incidence of CDI 
within 1 year following transplant was 12.4% with severe 
CDI occurring in 29% and recurrence in 16.9% [146].

Early deaths in transplant patients are almost always 
due to sepsis, but there is a lifelong risk of infections. 
This is reduced by early withdrawal of corticosteroid and 
minimizing maintenance immunosuppression.

Cytomegalovirus
This infection is common, but symptomatic disease is 
less common. It may be primary (coming from the trans-
fused blood or donor liver), or it may be a secondary 
reactivation. The single most important risk factor is a 
positive donor with CMV antibodies.

Infection is increased in those having a re‐transplant 
or with hepatic artery thrombosis and a prolonged ICU 
stay. It is associated with reduced survival [147].

Infection presents within 90 days post‐transplant, 
the  peak being at 28–38 days, in those patients not 
receiving prophylaxis. It continues for months in those 
with poor graft function who require heavy immunosup-
pression. CMV is the most common cause of hepatitis in 
the liver allograft patient.

The presentation of CMV disease is variable. 
Predominant clinical features include a mononucleosis‐
like syndrome with fever, hepatitis, neutropenia, pneu-
monitis, gastrointestinal disease, and retinitis. Chronic 
infection is associated with cholestatic hepatitis and the 
vanishing bile duct syndrome. While CMV serology is 
used in the pre‐transplant setting to predict infection 
risk post‐transplant, serology does not have a role in the 
post‐transplant setting. PCR testing is the cornerstone 
for diagnosis of CMV infection [148]. Patients who are 
suspected of having tissue‐invasive CMV disease but 
negative testing should have a tissue biopsy performed.

Liver biopsy shows clusters of polymorphs and 
 lymphocytes with CMV intranuclear inclusions 
(Fig.  37.12). Bile duct atypia and endothelialitis are 
absent. Immunostaining, using a monoclonal antibody 
against an early CMV antigen, confirms diagnosis 
(Fig. 37.13) [149].

Routine prophylaxis for CMV with oral valganciclovir 
is effective [150] and is used in many centres. Pre‐emptive 
strategies, based on regular CMV DNA monitoring in 
blood, allowing for early treatment of infection 
prior to development of CMV disease, results in similar 
outcomes [151]. Immunosuppression should be reduced 

Fig. 37.10 Chronic rejection: coeliac angiogram shows pruning of 
the intrahepatic arterial tree. Filling did not improve later in the 
series of films.

Endotoxin
Tumour necrosis factor

Gut bacteria

CMVImmunosuppression

Post-transplant
infections

Fig. 37.11 Mechanisms of infection in liver transplant recipients.
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with either CMV infection or disease. Most infections 
respond to oral valganciclovir, but intravenous therapy 
may be needed.

Herpes simplex virus
This infection is usually related to immunosuppression‐
induced reactivation and very rarely is a primary infec-
tion. Liver biopsy shows confluent areas of necrosis with 
surrounding viral inclusions. This infection has virtually 
disappeared with prophylactic aciclovir.

Epstein–Barr virus
This is most frequent in children as a primary infection. 
It causes a mononucleosis–hepatitis picture (Fig. 37.14). 
It is often asymptomatic. The diagnosis is made serologi-
cally. High titres of EBV DNA are associated with lym-
phoproliferative disorder.

Hepatitis E virus
About 60% of patients with evidence of an acute hepatitis 
E infection post‐transplant develop chronic hepatitis. 
Cirrhosis has been described; severe reduction in immu-
nosuppression can clear HEV [152].

Adenovirus
These infections are seen in children. They are 
 usually  mild, but fatal hepatitis can develop. There 
is  no  recognized treatment, except reduction of 
immunosuppression.

Varicella
This can complicate transplants in children, rarely in 
adults. It is treated with intravenous valganciclovir.

Nocardia
This infection usually affects the chest but skin and cer-
ebral lesions may also occur.

Fungal infections
Candida infections are the most common fungal infec-
tions following liver transplant. Aspergillosis has a high 
mortality with increases in serum bilirubin and renal 
failure. Brain abscess may be a complication. It may be 
treated by liposomal amphotericin or caspofungin.

Pneumocystis pneumonia
This presents in the first 6 months. It is diagnosed 
by  bronchoscopy and bronchoalveolar lavage. It is 
prevented by Bactrim (Septrin) prophylaxis, one tablet 
daily for the first 6 months post‐transplant, but some 
units only practice selective prophylaxis. It is treated 
by high‐dose intravenous Bactrim (Septrin) and penta-
midine aerosols.

Fig. 37.12 CMV hepatitis 4 weeks post‐transplant. A focus of 
inflammation shows hepatocytes containing inclusion bodies. 
(H & E, ×160.)

Fig. 37.13 Immunoperoxidase staining (×160) confirms the 
presence of CMV as a brown intranuclear deposit.

Fig. 37.14 Epstein–Barr‐associated lymphoproliferative syndrome 
in a child aged 3 years, at 6 months’ post‐transplant. A lymph node 
from the porta hepatis showing sheets of lymphocytes replacing 
the normal lymph gland architecture. (H & E, ×300.)
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De novo autoimmune hepatitis

This occurs in less than 2% of adult patients and up to 5% 
of children who have a liver transplant [153]. It can also 
occur in patients treated with interferon‐based therapy 
for recurrent hepatitis C. Patients usually respond to 
conventional therapy for autoimmune hepatitis.

Malignancies

Six to 20% of organ transplant recipients will develop 
cancer, usually within 5 years from transplantation [154]. 
Skin cancers, including squamous cell and basal cell can-
cers, are the most common de novo malignancies after 
liver transplantation. Post‐transplant lymphoproliferative 
disorders are the second most common malignancy. 
Yearly skin cancer surveillance as well as application of 
sunscreen is essential for all patients post‐transplant and 
routine PAP smears and mammograms should be done. 
Optimal intervals for cancer surveillance remain to be 
determined. At a minimum, age appropriate surveillance 
guidelines for healthy individuals should be followed 
[155]. Patients with inflammatory bowel disease should 
have yearly surveillance colonoscopies.

Lymphoproliferative disorders

These complicate all solid organ transplants, the inci-
dence being 1.8–4%. The tumour is usually a non‐
Hodgkin B‐cell lymphoma. It affects children more than 
adults. There is a strong association with Epstein–Barr 
infection. The tumour presents 3–72 months post‐trans-
plant in lymph nodes or in the allograft itself. One‐third 
of cases respond to reducing or stopping immunosup-
pression. Rituximab and systemic chemotherapy are use-
ful in another third, but in another third the outcome is 
fatal [156].

Drug‐related toxicity and interactions

This must always be considered in any reaction, whether 
hepatitic or cholestatic. Causative drugs include aza-
thioprine, ciclosporin, tacrolimus, antibiotics, antihy-
pertensives, and antidepressants. Interactions due to 
cytochrome P450 occur with macrolide antibiotics, 
antifungals, and amiodarone. Sirolimus potentiates neu-
rotoxicity of calcineurin inhibitors and tacrolimus use 
results in higher levels of mycophenolate metabolites.

Disease recurrence

If antiviral therapy is not used, hepatitis B appears at 
2–12 months and may lead to cirrhosis and liver failure 
within 1–3 years. Recurrent hepatitis C is seen at any 
time after the first 4 weeks.

Hepatocellular carcinoma recurs in the graft or as 
metastases, particularly in the lung, usually within the 
first 2 years.

Budd–Chiari syndrome may reappear quite soon 
after transplantation if anticoagulation is not well con-
trolled. Primary biliary cholangitis, primary sclerosing 
cholangitis, autoimmune hepatitis, and non‐alcoholic 
steatohepatitis may all recur, usually several years after 
transplant.

Central nervous system toxicity 
and complications

Several central nervous system complications can 
 follow  liver transplantation. These include infectious 
and non‐infectious conditions such as central pontine 
myelinolysis, cerebrovascular infarct or haemorrhage, 
seizure, posterior reversible encephalopathy syndrome, 
and encephalopathy [157].

Central pontine myelinolysis is related to sudden 
alterations in serum sodium perhaps in combination 
with calcineurin inhibitors. CT scan shows white‐matter 
lucencies.

Calcineurin inhibitors cause side‐effects ranging 
from headaches to seizures and encephalopathy. 
Ciclosporin is bound to lipoprotein fractions in the 
blood. Patients with low serum cholesterol values are 
at  particular risk of central nervous system toxicity 
after transplantation.

Cerebral infarction is related to perioperative hypoten-
sion, or air/microthrombus embolism. Cerebral abscess 
is seen, although rarely.

Headaches in the first few weeks can persist. 
Calcineurin inhibitors have been incriminated; they 
may result in migraine [158]. Reduction in dose usually 
abolishes these.

Tremor is a common side‐effect of immunosuppres-
sants, including corticosteroids, tacrolimus, and ciclo-
sporin. It is usually mild and responds to dose reduction 
or switching immunosuppression.

A second transplant is associated with a greater risk 
of mental abnormalities, seizures, and focal motor 
defects.

Posterior reversible encephalopathy syndrome (PRES) 
is a rare syndrome characterized by a variety of neuro-
logic symptoms including headaches, visual distur-
bances, focal neurologic deficits, seizures, and mental 
status changes. It has been attributed to calcineurin 
inhibitor use. It occurs in 1% of liver transplant recipi-
ents with the majority of cases occurring within the first 
3 months following liver transplant. It is diagnosed radi-
ographically. Magnetic resonance imaging typically 
shows reversible vasogenic oedema of the white matter 
in the areas of the parenchyma supplied by the posterior 
circulation. Concomitant haemorrhage can occur in up 
to 31% of patients [159]. Treatment is supportive and 
typically involves switching immunosuppression, either 
within the calcineurin inhibitor group or to another 
group such as an mTOR inhibitor.
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Bone disease

Patients having liver transplants usually have some 
 previous degree of hepatic osteodystrophy. The bones 
deteriorate post‐transplant and vertebral collapse can 
occur within the first year. The cause is multifactorial 
and includes cholestasis, ciclosporin, corticosteroid 
therapy, and bed rest [160]. Recovery takes place with 
time. Appropriate monitoring with bone density scans 
and prophylaxis with hormone replacement therapy if 
indicated, calcium and vitamin D supplementation and 
bisphosphonates should be used.

Metabolic syndrome

Metabolic syndrome is increasingly common after liver 
transplantation. Metabolic syndrome has been described 
in about 50% of transplanted patients within 6 months of 
liver transplantation in the USA [161,162]. Cardiovascular 
disease accounts for 20–40% of non‐liver‐related deaths 
after transplantation [161,163]. Diabetes, hypertension, 
and renal insufficiency individually are associated with a 
twofold increased risk of mortality after transplant [162]. 
Hyperlipidaemia is seen in over 50% of patients [164] and 
is exacerbated by mTOR inhibitors such as sirolimus.

Hypertension can be present in up to 77% of recipients, 
diabetes in up to 22%, obesity in up to 40%, renal dysfunc-
tion in up to 50%, and hyperlipidaemia in up to 66% [165]. 
Specific therapy and early diagnosis are needed [165].

Steroid minimization, or steroid avoidance and early 
steroid withdrawal, as well as minimizing calcineurin 
inhibitors should be a therapeutic goal in liver transplant 
recipients [165,166], as it reduces conditions such as dia-
betes associated with metabolic syndrome, and renal 
dysfunction.

Pregnancy after liver transplantation

See Chapter 30.

Immunizations pre and post liver transplant

Transplant recipients are at increased risk for infectious 
complications of diseases, which are preventable by 
 vaccination. Vaccination is generally less effective in the 
setting of immunosuppression and thus efforts should 
be made to provide the recommended vaccinations prior 
to transplantation if possible (Table 37.11) [167]. Live vac-
cines, such as measles, mumps, rubella, varicella and zos-
ter vaccines, should not be administered during the month 
prior to transplantation or following transplantation. 
The optimal timing of vaccine administration post‐
transplant is not known. Typically centres restart vac-
cinations around 3–6 months following transplant. 
Patients should receive annual influenza vaccination 
(inactivated). The 23‐valent polysaccharide pneumococ-
cal vaccine should be administered every 5 years.

 Conclusion

Hepatic transplantation is a tremendous undertaking 
that does not begin or end with the surgery. The patient 
and family need psychiatric and social support. There 
must be a national organization to procure and allocate 
organs. The survivor requires lifelong medical and 
 surgical supervision, together with costly drugs, both 
immunosuppressive and antiviral agents.

Collaboration between the transplant centre and pri-
mary care physicians is paramount [155,165,168,169]. 
Primary care physicians can assess and manage meta-
bolic complications including hypertension, hyperlipi-
daemia, diabetes, and obesity and ensure recipients are 
up to date on age‐appropriate cancer surveillance, skin 
cancer screening, and vaccinations including annual 
influenza vaccination. The transplant centre should be 
contacted if there is difficulty managing the metabolic 
complications, renal dysfunction, development of a 
recurrent infections or malignancy, introduction of 
a new medication that may interact with the immuno-
suppression regimen, pregnancy, or alteration in liver 
enzymes [155]. Advances in patient and donor selection, 
surgical technique and immunosuppression have led to 
tremendous increases in survival.
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Table 37.11 Recommended vaccinations in adults prior to liver 
transplantation

Measles/mumps/rubella
Diptheria/tetanus/pertussis
Inactivated poliovirus
Haemophilus influenza B (functional or anatomic asplenia)
Hepatitis A
Hepatitis B
Pneumococcal (23‐valent polysaccharide vaccine and 13‐valent 
protein conjugated vaccine)
Inactivated influenza
Varicella
Zoster (age ≥ 50 years and varicella immune)
Human papilloma virus (young men and women)
Meningococcal (when indicated)

Source: Adapted from Danziger‐Isakov L, Kumar D; AST Infectious 
Diseases Community of Practice. Vaccination in solid organ 
transplantation. Am J Transplant 2013; 13(Suppl. 4): 311–317.
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 Introduction

In most liver transplant programs in North America and 
Europe, hepatitis C virus (HCV) infection is one of the 
most frequent indications for liver transplantation (LT), 
while hepatitis B virus (HBV) infection accounts for 
≤10% of transplants performed. In most countries in 
Asia, HBV infection is the most frequent indication. The 
proportion of wait‐listed patients with liver cancer as the 
indication for LT has increased in the past decade [1], 
reflecting the high efficacy of therapies for patients with 
chronic viral hepatitis and cirrhosis, as well as the 
broader access to LT for patients with hepatocellular car-
cinoma (HCC) provided by Model for End‐Stage Liver 
Disease (MELD) exception points for HCC (Fig. 38.1).

Recurrent HBV infection occurs in 80% of patients in the 
absence of prophylactic therapies and, the risk of recur-
rence correlates with the level of HBV replication at the 
time of LT [2]. Therapeutic strategies for HBV have evolved 
over the past two decades to the point that prevention of 
recurrent infection is achievable in the vast majority of 
HBV patients undergoing LT [3]. Recurrent HCV infection 
is universal after transplantation in viremic recipients [4] 
and, historically, recurrent HCV disease was a major con-
cern for graft loss post‐LT [5]. The availability of safe and 
highly effective therapies for HCV has transformed the 
field, with eradication of HCV prior to or after liver trans-
plantation achievable in the majority of patients [6].

HIV infection was previously regarded as a contraindi-
cation for LT. This is no longer the case due, in large part, 
to advances in antiretroviral therapy and prevention of 
opportunistic infections. With the increased longevity of 
HIV‐infected patients, deaths due to the complications 
of end‐stage liver disease are a major cause of mortality 
[7,8]. End‐stage liver disease secondary to HCV and 
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LEARNING POINTS

 ● With prophylactic therapies, such as nucleos(t)ide ana-
logues and hepatitis B immune globulin, recurrent 
HBV infection can be prevented in the vast majority of 
transplant recipients with HBV.

 ● In patients with recurrent HBV infection, long‐term 
suppression of HBV DNA with nucleos(t)ide analogues 
is necessary to prevent disease progression and graft 
loss from recurrent disease.

 ● Recurrent HCV is universal in patients who are viremic 
at the time of transplantation and leads to an acceler-
ated disease course after transplantation if untreated. 
Older donor age and receipt of treatment of rejection 
are well‐recognized risks for recurrent cirrhosis.

 ● Eradication of HCV prior to liver transplantation pre-
vents recurrent HCV infection and, in some patients, 
yields clinical improvements that allow liver transplan-
tation to be avoided. Potential harms of pre‐transplant 
HCV treatment include reduced access to transplanta-
tion related to reductions in MELD‐Na with treatment 
and inability to accept HCV‐positive donors.

 ● Post‐transplant treatment with HCV direct‐acting anti-
virals is safe and achieves viral eradication in ≥90% 
of patients depending on HCV genotype, prior treat-
ment experience, and presence of decompensation. 
Drug  interactions between HCV antivirals, immuno-
suppressants, and antiretroviral drugs require expert 
management.

 ● HIV is not a contraindication for liver transplantation. 
Outcomes of HCV–HIV coinfected patients are inferior 
to those with HCV monoinfection but can be opti-
mized with careful patient and donor selection and 
use of highly effective HCV therapy to prevent or treat 
recurrent HCV infection.
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HBV are the most frequent indications for LT in HIV‐
infected individuals [9], in part related to shared risk fac-
tors for acquisition. Survival among HIV‐infected LT 
recipients has improved over the past decade, except for 
HCV–HIV coinfected patients, largely due to the prior 
lack of safe and effective anti‐HCV therapies [9,10].

 Hepatitis B and liver transplantation

In the early years of LT, HBV‐related liver disease was 
considered a relative contraindication for LT due to high 
rates of HBV recurrence, accelerated disease progres-
sion, and patient survival rates of only 50% at 5 years 
[11]. Advances in HBV therapies in the mid to late 1990s 
improved outcomes dramatically (Fig.  38.2), first with 
use of hepatitis B immune globulin (HBIG) and later 
with nucleos(t)ide analogues. Currently, recurrent infec-
tion can be prevented in the majority of patients, though 
long‐term prophylactic therapy is needed. The current 
5‐ and 10‐year survival rates for patients transplanted for 
HBV are 75% and 68% for those requiring LT for decom-
pensated cirrhosis and 71% and 64% for those requiring 
LT for HCC [12]. Moreover, the widespread use of anti-
viral therapy for decompensated cirrhosis has resulted in 
a reduction in the patients requiring LT for decompen-
sated cirrhosis [12,13] and an increasing proportion of 
transplant for the primary indication of HCC [1].

Natural history and factors affecting disease 
recurrence

In the absence of prophylactic therapies, the risk of HBV 
reinfection after LT is approximately 80% overall, and 
related largely to the level of HBV replication at time of 
transplantation [14]. Patients with fulminant hepatitis B, 
delta coinfection, and hepatitis B e antigen (HBeAg)‐ 
negative chronic HBV have lower rates of recurrence than 
patients with HBeAg‐positive chronic HBV. Recurrent 
infection has an accelerated course post‐LT with cirrhosis 
developing within the first 3 years in the majority [11,14]. 
Enhanced HBV replication coupled with reduced host 
immune control presumably contribute to the rapid dis-
ease progression. Additionally, there is a unique fibrosing 
cholestatic hepatitis variant, first described in the early 
1990s, characterized by high intrahepatic levels of HBV 
DNA, hepatocyte ballooning with cholestasis, and a pau-
city of inflammatory cells [15]. Prior to the availability of 
effective antivirals, this represented the most severe and 
uniformly fatal form of recurrent HBV infection.

In the current era of prophylactic therapy, recurrent 
infection is infrequently seen. Historically, the factors 
associated with failure of prophylactic therapy were high 
pre‐LT HBV DNA levels and the presence of drug‐resist-
ant HBV [16–19]. However, these virological factors 
appear to be less important when antivirals such as 
 tenofovir and entecavir are used for prophylaxis [20]. 
A consistently identified risk factor for HBV recurrence 
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Fig. 38.1 Age‐standardized incidence rates (ASIR) for Organ Procurement and Transplantation Network waiting‐list registration between 
2003 and 2013 by underlying disease: HCV (left) and HBV (right) for decompensated cirrhosis and HCC. The ASIR rate for overall LT wait‐
listed (LTWL) over the recent 10‐year study period has increased for those with HCV and decreased for those with HBV. By indication, 
wait‐list incidence rates decreased in both HCV and HBV patients with decompensated cirrhosis. For HCC, the rates increased twofold for 
HCV and remained stable for HBV. Source: Flemming et al. 2017 [1]. Reproduced with permission of John Wiley & Sons.
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is HCC recurrence post‐LT [21–23], hypothesized to be 
due to the presence of micrometastatic HCC cells repop-
ulating the new liver graft and inducing recurrence of 
both HBV infection and HCC after LT.

The definition of HBV recurrence has evolved, as the 
HBV DNA assays became more sensitive and the efficacy 
of antiviral suppressive therapy improved. Detection of 
transient low‐level viremia has been shown in patients 
on prophylactic therapy without any other (serologic or 
clinical) evidence of recurrence. Thus, recurrent infec-
tion after LT is defined by the persistent presence of 
HBsAg or HBV DNA in serum. Recurrent disease 
requires the presence of biochemical or histological 
 evidence of liver injury plus persistently detectable HBV 

DNA and/or HBsAg. Patients who develop recurrent 
infection that is unrecognized or untreated are at risk for 
clinical disease and graft loss.

Treatment of patients with HBV 
on the waiting list

The goals of therapy in patients with cirrhosis on the 
waiting list are the achievement of a low or undetectable 
HBV DNA level and avoidance of drug resistance. 
Treatment is long‐term and the choice of nucleos(t)ide 
analogue(s) used depends primarily on prior drug 
 experience (Table 38.1). In treatment‐naïve patients, the 
preferred drugs are those with potent antiviral activity 
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Table 38.1 Antiviral therapy in HBV‐infected patients on the waiting list

Patient profile Preferred antiviral Considerations

Treatment‐naïve Entecavir
Tenofovir

In resource‐constrained clinical settings, lamivudine, adefovir monotherapy 
can be considered but only in patients with low HBV DNA level and short 
time to LT (<6 months)

Lamivudine‐resistant Tenofovir
Emtricitabine– tenofovir

No apparent benefit of combination therapy (emtricitabine–tenofovir) vs 
tenofovir preventing virological resistance

Adefovir‐resistant Entecavir
Tenofovir

No apparent benefit of combination therapy vs monotherapy with entecavir 
or tenofovir in preventing virological resistance.
The majority of adefovir‐resistant HBV respond to tenofovir.

Entecavir‐resistant Tenofovir
(change or add)

Time to undetectable HBV DNA level may be longer with tenofovir 
compared to tenofovir plus entecavir in patients with high‐level viremia.
No apparent benefit of combination therapy vs tenofovir monotherapy in 
preventing virological resistance.
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and low risk of resistance, such as entecavir or tenofovir. 
Since all nucleos(t)ide analogues are renally cleared, 
doses need to be adjusted to renal function. 
Nephrotoxicity has been described with tenofovir diso-
proxil fumarate and close monitoring for this complica-
tion is recommended. Alternatively, the new drug, 
tenofovir alafenamide with greater hepatic delivery of 
tenofovir and less systemic exposure, may be a safer 
long‐term alternative for wait‐listed patients with com-
pensated cirrhosis [24]. Tenofovir alafenamide is not 
approved for use in patients with decompensated cirrho-
sis [25]. Interferon is contraindicated in patients with 
decompensated cirrhosis and not recommended in those 
with compensated cirrhosis since safer oral alternatives 
are available. Achievement of sustained viral suppression 
pre‐LT is associated with stabilization of liver disease, 
delay in need for liver transplantation, and improved 
pre‐LT survival [26,27]. Since virological breakthrough 
in patients with underlying cirrhosis can result in wors-
ening of liver function and even death from rapidly pro-
gressive liver failure, close monitoring for the 
development of resistance is important. If salvage ther-
apy is initiated early after virological breakthrough is 
identified, clinical outcomes are not affected [28,29]. For 
those patients failing to achieve an undetectable HBV 
DNA level with single drug therapy or who have drug 
resistance, a change of antivirals or use of combination 
therapy is recommended, depending upon the prior drug 
exposures [30,31].

Preventing HBV recurrence  
post‐transplantation

Preventive therapy begins from the time of transplanta-
tion and continues lifelong. Prophylactic strategies have 

evolved over the past two decades, with a more individu-
alized approach recommended [3,32]. In general, 
patients at low to intermediate risk for HBV recurrence 
may be considered for HBIG‐free or short duration 
HBIG regimens, whereas patients with high risk of recur-
rence are best treated with combination HBIG and anti-
virals for prolonged periods (Table 38.2).

The combination of HBIG and one or more nucleos(t)
ide analogues is a highly effective prophylactic therapy 
[33,34]. In a meta‐analysis comparing antivirals used in 
prophylaxis, HBV recurrence was higher in patients 
receiving combination HBIG and lamivudine compared 
to HBIG plus entecavir or tenofovir (6% vs 1%, p = 0.001), 
supporting use of antivirals with a high genetic barrier to 
resistance [34]. The doses and duration of HBIG given 
vary greatly from centre to centre. Early protocols using 
HBIG alone used high doses (5000–10 000 IU monthly) 
[35] but in combination with nucleos(t)ide analogues, 
lower doses of HBIG (400 to 800 IU monthly) can be 
used [16]. Lower doses of HBIG allow use of intramuscu-
lar and subcutaneous routes of administration and pro-
vide a prophylactic strategy that is lower cost and more 
convenient to providers and patients [36–38].

Another means of reducing the costs of long‐term 
prophylaxis is to use a limited duration of HBIG plus anti-
virals followed by indefinite antiviral treatment. Several 
retrospective cohort studies [39–41] and three rand-
omized controlled trials [42–44] have reported on the 
efficacy of this approach. In the most recent trial, HBsAg‐
positive patients (47% had detectable HBV DNA at time 
of LT) were treated with combination emtricitabine–ten-
ofovir and HBIG for 24 weeks and then randomized to 
continue that regimen (N = 19) or discontinue HBIG and 
continue emtricitabine–tenofovir alone (N = 18). At 2 
years post‐LT, no patient was HBsAg positive or HBV 

Table 38.2 Prevention strategies for HBV in liver transplant recipients*

Risk group Characteristics Prophylactic therapy options Comments

LOW Undetectable HBV DNA 
levels at LT
HDV and HIV negative
Adherent

Tenofovir or entecavir 
monotherapy
or
Nucleos(t)ide analogues plus 
short duration HBIG

If lamivudine‐experienced, tenofovir is 
nucleos(t)ide analogue of choice.
Doses of HBIG 400–800 IU weekly to monthly 
can be used (iv, sc, or im administration).

INTERMEDIATE Quantifiable HBV DNA at 
LT without resistance
HDV and HIV negative
Adherent

Nucleos(t)ide analogues plus 
short duration HBIG

Tenofovir or entecavir are preferred antivirals.
Doses of HBIG 400–800 IU weekly to monthly 
can be used (iv, sc, or im administration).

HIGH Quantifiable HBV DNA at 
LT with resistance
HDV coinfection
HIV coinfection
Poor adherence to antivirals

Nucleos(t)ide analogues plus 
indefinite HBIG

Doses of HBIG 400–800 IU weekly to monthly 
can be used (iv, sc, or im administration)

*Approach suggested by author based upon available data.
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DNA quantifiable supporting the use of shorter duration 
HBIG [43]. In patients on lamivudine and HBIG, adding a 
nucleos(t)ide analogue with complementary resistance 
profile upon HBIG discontinuation has also been associ-
ated with low rates of recurrence with up to 5 years’ fol-
low‐up [39,44,45]. Use of entecavir or tenofovir or 
nucleot(s)ide analogue combinations to minimize the risk 
of viral resistance over time is important. Patients with 
high levels of HBV DNA at start of treatment or time of 
LT appear to be at higher risk for recurrence when HBIG 
is discontinued and may argue for a more conservative 
approach to HBIG withdrawal in these patients. 
Additionally, if there are concerns regarding adherence to 
nucleot(s)ide analogue therapy, combination HBIG plus 
nucleot(s)ide analogues is recommended.

HBIG‐free approaches to prophylaxis have been used, 
primarily in Asia [20,46]. Key to this approach is the use 
of antivirals with a high barrier to resistance, such as 
entecavir or tenofovir or combinations of nucleoside and 
nucleotide analogues, as previous studies using lamivu-
dine monotherapy showed a high rate of prophylaxis 
 failure due to the development of resistance [47]. In the 
presence of lamivudine resistance, tenofovir would be 
the drug of choice for an HBIG‐free prophylactic strat-
egy. The approach achieves success in ≥95% of patients, 
as defined by reappearance of quantifiable HBV DNA in 
serum; however, 8–20% experience reappearance of 
HBsAg after 1–3 years of follow‐up [20,46]. Importantly 
though, those that became HBsAg positive but had 
undetectable HBV DNA, showed no evidence of histo-
logical disease on liver biopsy [48]. Whether HBIG given 
initially for a limited duration adds to the efficacy of 
HBV prophylaxis is unknown as there are no randomized 
trials comparing HBIG‐free and HBIG‐inclusive prophy-
laxis strategies. In the absence of such studies, an indi-
vidualized approach to prophylaxis is recommended 
[3,32], taking into consideration the patient’s risk of 
recurrence, prior treatment history, availability of ‘res-
cue’ therapy should prophylaxis fail, adherence as well as 
cost/convenience issues (Table 38.2).

Prevention of HDV infection recurrence after trans-
plant requires the prevention of HBsAg reappearance 
[49]. HBV antivirals have no activity against HDV and 
anti‐HDV therapies are very limited. Interferon, used to 
treat chronic HDV in immunocompetent patients, is 
associated with significant side‐effects and lower tolera-
bility in transplant recipients [50]. In the absence of an 
effective therapy for HDV recurrence, high priority must 
be given to preventing HDV reinfection. Long‐term 
treatment with combined HBIG and HBV antivirals is 
recommended.

Finally, long‐term prophylaxis is recommended. 
Low  levels of HBV DNA in serum, liver, peripheral 
blood  mononuclear cells (PBMCs) and detection of 

 intrahepatic cccDNA has been reported in HBsAg‐ 
negative transplant recipients on long‐term prophylac-
tic therapy [51–54]. The detection of low‐level virus in 
liver and extrahepatic sites supports the need for life-
long prophylaxis. However, there may be a subset of 
patients who achieve viral eradication with transplanta-
tion and are not at risk for recurrent HBV post‐LT. In a 
report of 10 patients who were HBeAg and HBV DNA 
negative at time of LT and who stopped HBIG and lami-
vudine prophylaxis after a mean of 24 months due to 
non‐adherence, nine patients remained HBsAg and 
HBV DNA negative after a median of 51 months’ fol-
low‐up [55]. Italian investigators sequentially withdrew 
HBIG and antivirals from 25 patients who were HBeAg 
and HBV DNA negative at LT and had negative intrahe-
patic cccDNA in liver biopsies done prior to withdrawal 
and 20 remained without evidence of HBV recurrence 
after 2 years’ follow‐up. The five patients who recurred 
were treated with reinstitution of HBIG or antivirals 
and none developed clinically significant disease [56]. 
While intriguing, these studies are preliminary and 
need confirmation by other centres and testing for 
intrahepatic cccDNA is neither readily available nor 
standardized.

Donors with positive hepatitis B serology

HBsAg‐negative, anti‐HBc positive donors are routinely 
utilized in many transplant programs, especially in coun-
tries where HBV is endemic [57]. These organs are a rec-
ognized source of de novo HBV in transplant recipients 
and the risk of post‐LT infection correlates with the anti-
body status of the recipient [58,59]. Recipients lacking 
both anti‐HBs and anti‐HBc have a 60–70% risk of HBV 
infection, those with anti‐HBc or anti‐HBs alone have a 
risk of 10–20%, and those with anti‐HBc and anti‐HBs 
have the lowest risk, 0–5% [58]. When possible, anti‐
HBc‐positive organs are best used in HBV‐infected 
transplant recipients, as prophylaxis is already provided. 
In HBsAg‐negative recipients, prophylactic therapy is 
recommended to prevent de novo infection [59]. A sur-
vey of LT programs in the United States, Canada, Europe, 
and Asia found that nucleos(t)ide analogues given for an 
indefinite duration was the most common prophylactic 
approach, with lamivudine used most frequently [60]. 
There is no clear benefit of HBIG in this setting. The 
least costly form of prophylaxis is lamivudine monother-
apy. Antivirals with a lower rate of resistance, such as 
tenofovir or entecavir, may be considered although the 
risk of virological breakthrough in this setting is pre-
dicted to be very low.

HBsAg‐positive donors are used rarely and should be 
reserved for situations of urgent clinical need and used 
in patients with prior HBV exposure [61]. Livers should 
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have minimal fibrosis [62]. HDV coinfection in the recip-
ient is considered a contraindication for the use of an 
HBsAg‐positive liver, as presence of HBsAg post‐LT puts 
these patients at high risk of progressive HDV infection 
[63]. The largest US study of 78 LT patients who received 
HBsAg‐positive donors showed that survival was similar 
to matched recipients of HBsAg‐negative donors [64]. 
The ideal recipient of an HBsAg‐positive organ may be 
the anti‐HBc‐positive recipient without HBsAg as sug-
gested by results from a small study of 10 anti‐HBc‐posi-
tive recipients (6 HBsAg positive) transplanted with 
livers from HBsAg‐positive donors and treated with 
antivirals plus HBIG post‐LT [65]. All HBsAg‐positive 
patients remained HBsAg positive, but only 2 of 4 anti‐
HBc‐positive recipients becoming HBsAg positive and 
both patients subsequently cleared HBsAg and acquired 
anti‐HBs. The risk of occult liver disease or risk of HCC 
in recipients of HBsAg‐positive donors is unknown. 
Given concerns regarding the HBV‐related risks post‐
transplant, the use of HBsAg‐positive donors is not gen-
erally recommended.

Management of recurrent HBV in liver 
transplant recipients

HBV recurrence after LT is usually the result of failed 
prophylaxis, either due to non‐compliance or the emer-
gence of drug‐resistant HBV. Recurrence of HBV infec-
tion has been traditionally defined by reappearance of 
HBsAg in serum. However, with prophylaxis, HBsAg 
may be present with suppressed level of HBV DNA and 
conversely, intermittently low level HBV DNA can be 
detected in patients without HBsAg. A clinically relevant 
definition of recurrence is one that includes serologic 
evidence of recurrence (HBsAg) accompanied by persis-
tently or progressive elevated levels of HBV DNA in 
serum. Typically, clinical evidence (elevated ALT levels 
and hepatitis on biopsy) will follow. To minimize graft 
injury, treatment should be instigated once confirmed 
quantifiable viremia is present, rather than waiting until 
biochemical evidence of hepatitis is present.

To minimize fibrosis progression and graft loss due to 
recurrent disease, lifelong control of viral replication is 
essential post‐LT. The availability of safe and effective 
antivirals has allowed the majority of patients with recur-
rent HBV infection to survive without graft loss from 
recurrent disease. There is no role for HBIG once HBsAg 
becomes persistently detectable. The choice of antivirals 
is guided by prior antiviral history and drug‐resistance 
profiles. Lamivudine, adefovir, or telbivudine are not 
 recommended as a single drug therapy due to the high 
risk of resistance but may be used as part of a combina-
tion regimen. In patients with drug‐resistant HBV, the 
 combination of a nucleoside analogue (lamivudine, 

 telbivudine, entecavir, emtricitabine) and a nucleotide 
analogue (adefovir or tenofovir) may be considered but 
changing to an antiviral that lacks cross‐resistance and 
has a high barrier to resistance (e.g. use of tenofovir in a 
patient with lamivudine resistance) is preferred due to 
lower pill burden and cost. Regardless of the therapy 
chosen, close monitoring for initial response and subse-
quent virological breakthrough is essential to prevent 
disease progression and flares of hepatitis. Patients with 
a suboptimal response to a specific drug therapy, warrant 
a change of drug(s), with add‐on therapy generally 
 recommended over sequential single drug therapy.

Retransplantation

Retransplantation for graft failure due to recurrent dis-
ease is rare in the current era of HBV therapeutics [19]. 
Retransplantation is not contraindicated in patients with 
recurrent HBV disease, if effective prophylactic therapy 
can be provided [66,67]. Since most patients who require 
retransplantation have failed prior antiviral therapies, 
testing for drug‐resistant variants prior to transplanta-
tion may help select an effective rescue regimen. In this 
higher risk group, combined antivirals and HBIG are 
recommended for prophylaxis.

 Hepatitis C and liver transplantation

HCV is one of the most common indications for LT in 
the USA and Europe. Over the past decade, the propor-
tion undergoing LT for the primary indication of HCC 
has increased whereas those undergoing LT for end‐
stage liver disease has decreased [1]. In the era prior to 
the availability of direct‐acting antiviral (DAA) therapy, 
graft survival was significantly reduced in HCV‐infected 
transplant recipients compared with non‐HCV patients 
[68] (Fig.  38.3). In the European Liver Transplant 
Database, patient survival rate for HCV patients was 65% 
at 5 years and 53% at 10 years [69]. Recurrent HCV dis-
ease was the most common cause of graft loss.

Natural history and factors associated 
with severe recurrent disease

Recurrence of hepatitis C typically presents with ele-
vated liver tests or histological findings of hepatitis 
within the first year post‐LT [70]. HCV RNA levels are, 
on average, ~1‐log10 IU/mL higher post‐LT compared to 
pre‐LT. HCV RNA levels correlate poorly with disease 
severity [71]. Chronic hepatitis (Fig. 38.4) evolves to cir-
rhosis at a variable rate but more rapidly than in non‐
transplant patients. The cholestatic variant of hepatitis C 
is the most severe presentation of HCV recurrence, and 
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is frequently associated with high HCV viral levels and 
the rapid development of graft failure in the absence of 
HCV therapy (Fig.  38.5) [72]. Several donor, recipient, 
and transplant‐related factors have been associated with 
poor post‐transplant outcomes (Table 38.3). Potentially 
modifiable factors include donor age, prolonged cold 
ischaemia time, cytomegalovirus infection, acute rejec-
tion requiring treatment, and post‐transplant insulin 
resistance or diabetes. These factors were the focus of 
patient management in the pre‐DAA era when recurrent 
disease was essentially universal and post‐LT treatment 
success was limited. With the availability of safe and 
highly effective HCV therapies to prevent or treat HCV 
post‐LT, these factors may be less relevant to long‐term 
patient and graft outcomes.

Older donors are associated with a higher rate of graft 
loss but HCV‐infected patients were affected more than 
non‐HCV patients. The risk of graft loss in HCV‐infected 
recipients with donors aged between 41 and 50, 51–60, 
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Fig. 38.3 Graft survival of US adult liver transplant 
recipients with and without HCV. Anti‐HCV‐positive 
transplant recipients had a significantly lower rate of 
survival than transplant recipient without HCV with 1, 3, 5, 
and 10 years (p < 0.001). One‐year adjusted patient survival 
improved marginally for HCV‐positive recipients (85–88%) 
during this decade. Source: Adapted from Thuluvath et al. 
2010 [68], Fig. 10. Reproduced with permission of John 
Wiley & Sons. © 2010 The American Society of 
Transplantation and the American Society of Transplant 
Surgeons.

(a) (b)

Fig. 38.4 Photomicrographs of recurrent chronic HCV disease. (a) Photomicrograph (H&E stain) showing a mild portal‐based lymphocytic 
infiltrate and mild interface activity. The bile ducts are intact. (b) (Trichrome stain) demonstrates early fibrosis surrounding portal tracts 
with a few short fibrous septa. Courtesy of Dr Vivian Tan at the University of California San Francisco.

Fig. 38.5 Photomicrograph of cholestatic variant of recurrent 
hepatitis. This trichrome stain highlights the centrilobular 
hepatocellular ballooning with pericellular fibrosis and minimal 
portal or lobular inflammation. Courtesy of Dr Vivian Tan at the 
University of California San Francisco.
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and >60 years of age are 67% (HR = 1.67; 95% CI: 1.34–
2.09), 86% (HR = 1.86; 95% CI: 1.48–2.34), and 221% higher 
(HR = 2.21; 95% CI: 1.73–2.81), respectively, than those 
recipients with donor under age 40 years [73]. The 
increased rates of graft loss reflect the hastened progres-
sion to cirrhosis in those with older donors [74–76]. This 
led to a consensus recommendation that ‘elderly donors’ 
not be utilized in HCV‐infected patients [77]. Additional 
donor factors linked with worse graft survival among 
HCV‐positive recipients were donation after cardiac death 
(DCD; HR = 1.31), diabetes (HR = 1.23), height < 160 cm 
(HR = 1.13), aspartate aminotransferase (AST) ≥ 120 U/L 
(HR = 1.10), female sex (HR = 0.94), prolonged cold ischae-
mia time (CIT; HR = 1.02 h), and non‐African American 
(non‐AA) donor–African American (AA) recipient 
(HR = 1.65) [78]. Initial studies suggested post‐LT out-
comes for living donor recipients with HCV are worse 
compared to deceased donor liver transplant recipients 
with HCV but a subsequent multicentre US study showed 
a similar graft and patient survival once centres had 
 experience with living donor liver transplantation [79].

Post‐transplant complications also influenced the 
course of recurrent HCV disease. Treated acute rejec-
tion (≥1 episode) was associated with risk of recurrent 
cirrhosis [80]. In recognition of this association, a con-
servative approach to treatment of rejection, with avoid-
ance of corticosteroid boluses and lymphocyte‐depleting 
drugs, was recommended [81]. CMV infection, though 
an infrequent post‐transplant complication, was a strong 
risk factor for more severe fibrosis in patients with HCV 
infection [75,82,83]. CMV may affect HCV disease pro-
gression via its immunomodulatory effects and cytokine‐
mediated profibrogenic effects. Finally, post‐LT diabetes, 
insulin resistance, and steatosis have been variably 

 associated with a higher risk of advanced fibrosis and 
likely reflect overlapping metabolic risks [84–86]. Since 
HCV‐infected transplant recipients have a higher preva-
lence of de novo post‐transplant diabetes compared to 
non‐HCV patients [87–89], immunosuppressive regi-
mens with less diabetogenic potential (e.g. cyclosporine 
versus tacrolimus) may reduce the risk of both diabetes 
and fibrosis progression.

Use of anti‐HCV‐positive donors

Use of anti‐HCV‐positive donors has increased over the 
past decade [90]. Overall patient and graft survival are 
not affected by use of anti‐HCV‐positive donors [91,92]. 
However, the presence of any fibrosis or more than 
minimal inflammation and/or older age (>50 years) are 
associated with poorer outcomes than those anti‐HCV‐
positive donors that are of higher quality [91,93,94]. 
Nucleic‐acid testing (NAT) for HCV RNA in anti-HCV 
positive donors provides additional data to guide deci-
sions. False‐negative NAT results may occur related to 
recent HCV infection [95]. All anti‐HCV‐positive donors 
should be considered infectious in the absence of NAT 
testing. In a detailed virological study of 14 patients with 
genotype 1 who received HCV‐infected genotype 1 liv-
ers, an approximately equal proportion of patients had 
persistence of the recipient strain versus superinfection 
and takeover of the donor strain post‐transplantation 
[96]. The rate of histological disease progression appears 
to be comparable in patients receiving a liver from an 
anti‐HCV‐positive versus anti‐HCV‐negative donors, 
with one study finding a longer disease‐free survival when 
the donor strain dominated post‐LT [97]. Additional 
 recommendations regarding use of anti‐HCV‐positive 
donors include informed consent of recipients regarding 
potential risks and the use of antiviral therapy early to 
minimize risk of disease progression post‐LT [98].

The experience of using anti‐HCV‐positive donors in 
anti‐HCV‐negative recipients is more limited [99,100]. 
Due to concerns of rapid progression of disease post‐
LT, experts recommend that use of HCV RNA‐positive 
donors in HCV‐negative recipients be limited to situa-
tions of high urgency and only if access to anti‐HCV 
therapy post‐LT is assured [98].

Overview of management of HCV infection 
in transplant recipients

Approach to immunosuppression
Despite many studies, there are few definitive recom-
mendations that can be made regarding the optimal 
immunosuppression for HCV‐infected patients. Areas 
of controversy include the type of calcineurin inhibitor 
(cyclosporine vs tacrolimus), type of antiproliferative 

Table 38.3 Factors associated with higher risk of recurrent 
cirrhosis in absence of treatment among HCV‐positive liver 
transplant recipients

Category Specifics
Strength of 
association

Recipient‐
related

HIV coinfection
African American race

+++
+

Donor‐related Older donor age
Longer cold ischaemia time
Longer warm ischaemia time
Living donor LT

+++
+++
+
+/−

HCV‐related HCV genotype 1
High HCV viral load pre‐LT

+/−
+

Transplant‐
related

Treated acute rejection
Cytomegalovirus infection
Tacrolimus vs cyclosporine
Insulin resistance/diabetes
Steatosis

+++
+++
+/−
+++
+
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agents (azathioprine vs mycophenolate mofetil), and the 
risk–benefit of corticosteroids. Since acute rejection 
requiring treatment with corticosteroid boluses and 
lymphocyte‐depleting drugs was associated with a 
higher risk of severe post‐transplant HCV disease, the 
goal of immunosuppression should be to provide suffi-
cient immunosuppression to avoid the need to treat 
acute rejection without contributing to accelerated HCV 
disease progression. With an increasing proportion of 
liver transplant recipients with HCV undergoing HCV 
treatment prior to LT or earlier in the post‐LT period, 
concerns regarding the negative effects of immunosup-
pression on HCV disease progression are substantially 
reduced. However, for settings where early access to 
DAA therapy may be more limited, immunosuppressive 
decisions should be guided by the goal of avoiding acute 
rejection that requires treatment.

Cyclosporine has anti‐HCV effects in vitro [101]. 
However, studies have not firmly established a benefit of 
cyclosporine over tacrolimus in HCV‐infected trans-
plant recipients. A systematic review of five studies (366 
patients total) found no statistically significant difference 
in graft survival (RR = 0.86; 95% CI: 0.61–1.21) between 
tacrolimus versus cyclosporine‐based immunosuppres-
sion but the quality of the studies was insufficient to 
evaluate the relationship between type of calcineurin 
inhibitor and risk of recurrent cirrhosis [102]. 
Retrospective studies suggest azathioprine may be better 
for HCV‐infected patients than mycophenolate mofetil, 
even though mycophenolate mofetil shares some mecha-
nisms of action to ribavirin (inhibition of inosine 5′‐
monophosphate dehydrogenase). A recent systematic 
review concluded data were insufficient to recommend 
one antiproliferative drug over the other [103]. In the 
prospective HCV‐3 study, there were no differences in 
HCV disease severity after 2 years in patients receiving 
tacrolimus, mycophenolate mofetil, and prednisone for 
immunosuppression compared to those receiving 
 tacrolimus and prednisone [104]. Finally, while corticos-
teroid boluses for treatment of acute rejection are associ-
ated with a higher risk of cirrhosis, there are conflicting 
data on the risks of maintenance corticosteroids. There 
is no difference in severity of HCV disease in patients 
receiving steroid‐free immunosuppression compared to 
corticosteroid‐containing immunosuppression [104].

Antiviral therapy for HCV‐infected transplant 
candidates and recipients

Antiviral therapy with regimens inclusive of pegylated 
interferon and ribavirin are poorly tolerated, associated 
with high rates of treatment discontinuation and achieved 
SVR in the minority of wait‐listed patients [105,106]. 
Treatment of patients with advanced decompensation 

(Child‐Turcotte‐Pugh [CTP] class B+ or C; MELD ≥ 20) 
with peginterferon‐based therapy was contraindicated 
due to an unacceptably high risk of complications [107]. 
This meant that HCV treatment in the pre‐DAA era was 
primarily in the post‐LT period. SVR rates achievable in 
LT recipients treated with peginterferon and ribavirin 
were ~30–40% and tolerability was limited [108,109]. 
Cytopenias, mood disturbances, and acute rejection are 
the most common reasons for dose reduction or discon-
tinuation. With the addition of first generation DAAs 
(telaprevir and boceprevir), SVR rates increased to 
60–70% [110,111] but the rate of serious adverse events, 
drug interactions, and need for discontinuation of ther-
apy remained substantial [108,112]. Thus, the major 
advance in HCV therapeutics for transplant candidates 
and recipients came with interferon‐free therapy.

While the specific DAA combinations used in the  pre‐
transplant setting mirror those in the non‐transplant 
 setting, some special considerations exist. First, ribavirin 
remains a component of the treatment regimens of cur-
rent DAA combinations in patients with decompensated 
cirrhosis and those post‐LT. This requires consideration 
of the patient’s tolerability of ribavirin and active man-
agement of side‐effects caused by its use, such as anae-
mia. Second, while all DAA are approved for use in 
patients with compensated cirrhosis, protease inhibitors 
are contraindicated in patients with CTP Class B or C 
cirrhosis. Third, pre‐LT and post‐LT renal dysfunction 
are frequent and appropriate dose of sofosbuvir in 
patients with creatinine clearance <30 mL/min is 
unknown. Finally, some DAAs have drug interactions 
with immunosuppressive drugs, requiring modification 
of immunosuppressive doses and/or closer monitoring 
of drug levels during HCV therapy. Given these special 
considerations, HCV treatment of patients in the trans-
plant setting should be done in conjunction with the 
transplant team.

Pre‐transplant treatment of HCV‐infected 
patients on the waiting list (Table 38.4)

Achievement of a sustained virological response prior to 
LT eliminates the risk of recurrent HCV after LT [113], 
while achievement of an undetectable HCV RNA level 
on treatment by the time of LT reduces the risk of 
 recurrent HCV [105,114]. Historically, prevention of 
post‐LT HCV recurrence was the primary rationale for 
considering antiviral therapy pre‐transplant. However, 
achievement of SVR in patients with cirrhosis, including 
those with decompensation, is associated with reversal 
of symptoms of decompensation and improvements in 
MELD and CTP scores. Thus, an additional reason to 
consider treatment in wait‐listed patients is to improve 
clinical status and potentially avoid the need for LT or 
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reduce the risk of dying while on the waiting list. With 
the availability of safe and effective therapies for patients 
on the waiting list and post‐LT, the decisions regarding 
timing of treatment have become more complex. The 
decision to treat pre‐LT versus post‐LT should be indi-
vidualized and take into account the anticipated time to 
LT, the severity of decompensation, and anticipated 
 benefits of achieving SVR, as well as the potential harms 
of therapy (Table 38.5).

SVR rates are lower in patients with decompensated 
cirrhosis compared to those with compensated cirrhosis: 
≥90% if CTP Class A cirrhosis, 80–90% if CTP Class B 
cirrhosis, and 60–80% if CTP Class C cirrhosis [115–117]. 
The reduced SVR rate reflects both a higher rate of 
 virological failure as well as higher rates of death (non‐
virological treatment failure). For patients with decom-
pensated cirrhosis and renal disease with creatinine 
clearance <30 mL/min, there are no approved DAA 
options currently available and these patients are best 
treated post‐LT.

For patients on the waiting list with low MELD scores 
or less severe complications of cirrhosis, treatment may 
be considered with the goal of obviating the need for LT. 
Improvements in MELD and CTP scores occur in the 
majority of decompensated patients who achieve SVR 

[118–120]. However, a lower proportion (~20%) of 
treated patients improve enough to allow de‐listing in 
the short to intermediate term. In a European study of 
wait‐listed patients treated with DAA therapy, only 
patients with MELD < 15 and/or with MELD decrease of 
more than 4 points achieved clinical improvement suffi-
cient to lead to de‐listing or inactivation [121]. Most 
experts suggest that pre‐LT therapy be considered in 
those with CTP Class B cirrhosis and/or MELD < 20 
[122]. Adding to the complexity of this decision is the 
recognition that some improvement in MELD may lead 
to longer waiting time and/or reduced access to LT. 
Lastly, HCV clearance may influence the natural his-
tory of HCC recurrence though this is controversial 
[123–125]. Thus, the decision to treat or not requires a 
detailed discussion between patient and provider.

For patients treated with the primary goal of prevent-
ing HCV recurrence post‐LT, achievement of SVR prior 
to LT is the surest means of ensuring that goal. However, 
for those who undergo LT while on treatment, there are 
two options: stop treatment at the time of LT (abbrevi-
ated course) or continue post‐LT to complete the planned 
course of therapy. The best data to support the former 
decision is a multicentre single‐arm study of sofosbuvir 
plus ribavirin in 61 wait‐listed patients with HCC who 

Table 38.4 Treatment options for HCV‐infected liver transplant recipients

Treatment 
option Timing Target population Treatment caveats

Pre‐transplant Initiated prior to 
transplantation with goal 
of achieving SVR or at least 
4 weeks of negative HCV 
RNA before surgery

Selective use only (consider if 
MELD ≤ 15, absence of refractory 
PHT complications).
Target groups may include those 
with treatment goal of delisting, 
those with living donors, or those 
with HCC (timing of LT is 
known).

Protease inhibitors are contraindicated if 
decompensated cirrhosis.
Sofosbuvir‐based therapy not recommended for 
those with CrCl < 30 mL/min.
Ribavirin‐inclusive regimens increase the risk of 
anaemia and possibly worsening 
decompensation.

Immediate 
post‐transplant 
therapy

Pre‐emptive therapy 
started immediately postop 
with goal to prevent any 
clinical manifestation of 
HCV recurrence

Selective use only.
Best reserved for patients with 
anticipated smooth postoperative 
course and absence of renal 
dysfunction.

Limited data suggests 4 weeks of sofosbuvir–
ledipasvir is effective (15/16 achieved SVR) and 
this may offer a highly cost‐effective option for 
eligible patients.

Post‐transplant 
therapy

Early: within first 3–6 
months with goal of 
preventing clinically 
significant recurrence

Defer treatment until liver and 
renal function recovery/
stabilization and other 
postoperative complications 
managed

Drug interactions between protease inhibitors 
and immunosuppressives: adjustments may be 
needed prior to, during, and after DAA therapy.
Many DAA combinations are ribavirin‐
inclusive, so timing of treatment may be 
influenced by ability to tolerate ribavirin. 
Ribavirin dose should be adjusted to 
haemoglobin and renal function.
Risk of rejection and ‘autoimmune‐like hepatitis’ 
in the context of HCV clearance for all DAA 
therapies, thus there is need to monitor 
immunosuppression carefully.

Delayed, including those 
transplanted in pre‐DAA 
era

All LT recipients with recurrent 
HCV should be treated but 
timing may be influenced by 
availability of DAAs

PHT, portal hypertension.
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had a CTP score of 7 or less treated for 48 weeks or up to 
the time of LT [114]. Among 26 patients with undetect-
able HCV RNA on treatment for at least 28 days prior to 
LT, 95% (25/26) were HCV‐free post‐LT. These findings 
suggest that patients on treatment who have been HCV 
RNA negative for at least 4 weeks prior to LT may stop 
treatment at LT, whereas those who do not achieve this 
on‐treatment response may benefit from continued 
therapy post‐LT. However, it must be noted that these 
results have not been replicated in patients with more 
severe decompensation (higher MELD scores) in whom 
SVR rates may be lower or in patients treated with DAA 
combinations that have higher efficacy. A multicentre 
Italian study examined the efficacy of bridging therapy 
post‐LT in 31 patients who received sofosbuvir plus riba-
virin for a mean of 35 days prior to LT and who had less 
than 4 weeks of HCV RNA negativity prior to LT [126]. 

These patients continued treatment post‐LT for a mean 
of 119 days (range 10–170) and 94% achieved SVR, 
despite delays in restarting therapy in 6 patients (4 for 
2–4 days, 2 for <7 days). However, ribavirin‐associated 
toxicity was frequent and required transfusion or eryth-
ropoietin use in 20% of patients. These data suggest that 
the decision to stop versus continue treatment post‐LT 
should be guided by the duration of HCV RNA negativ-
ity pre‐LT and the predicted ability of the patient to 
 tolerate DAA therapy in the immediate post‐LT period. 
The question that remains is how long to continue HCV 
therapy post‐LT when bridge therapy is used. Based on 
the data from pre‐emptive therapy (next section), at least 
4 weeks of post‐LT therapy is recommended.

Prophylactic and pre‐emptive antiviral 
therapy (Table 38.4)

Pre‐emptive antiviral therapy is started immediately or 
within the first few weeks post‐transplantation, when 
histological injury is minimal or absent. As HCV RNA 
levels fall rapidly in the immediate post‐LT period fol-
lowed by increasing levels over the ensuing days to weeks 
[127], the rationale for pre‐emptive therapy is to treat 
when viral burden is low so that SVR rates will be 
 presumably enhanced. Additionally, early treatment may 
simplify post‐LT management by eliminating the most 
common cause of graft dysfunction.

In the interferon era, pre‐emptive therapy was gener-
ally not recommended due to poor tolerability of therapy 
early post‐LT [128], coupled with low SVR rates (16% 
median, range 8% to 39%) [128–130]. Thus, in the pre‐
DAA era, pre‐emptive therapy was used selectively in 
those at risk for rapidly progressive disease.

As current HCV therapies are safe and well tolerated 
post‐LT, pre‐emptive therapy may be applicable to a 
broader range of patients. In a small multicentre study, 
16 wait‐listed HCV genotype 1 patients, with a median 
MELD score of 13 (88% with MELD ≤ 20) and creatinine 
clearance >40 mL/min at time of LT, were treated with 
ledipasvir–sofosbuvir starting at the time of LT and con-
tinuing for 4 weeks [131]. The SVR rate was 88% (14/16), 
with one patient discontinuing therapy early due to pres-
ence of post‐LT renal dysfunction and one patient expe-
riencing relapse that was successfully retreated with 
ledipasvir–sofosbuvir for 12 weeks. No patients discon-
tinued therapy due to adverse HCV drug effects. These 
preliminary results suggest a short course of therapy may 
be effective when given pre‐emptively, but confirmation 
of the safety and efficacy in other patient populations is 
desired. The advantages of immediate versus delayed 
(started weeks to months after LT) antiviral therapy have 
not been studied. Current treatment guidelines endorse 
early post‐LT antiviral therapy but advise delaying the 

Table 38.5 Factors to consider in decisions regarding the timing 
of HCV treatment among wait‐listed patients

Factors Considerations

Rates of SVR Lower SVR rates in patients with 
decompensated cirrhosis (compared 
to compensated cirrhosis or those 
with early stages of fibrosis)

Likelihood of  
reversing symptoms 
of decompensation

If goal is avoidance of LT, SVR is 
associated with reductions in MELD 
and CTP scores
Lowering of MELD score may result in 
a reduced priority for LT
Those with MELD < 20 and less 
refractory portal hypertensive 
complications are more likely to achieve 
delisting due to liver improvements

Risk of death in 
absence of treatment

Higher MELD is associated with 
higher wait‐list mortality in absence of 
transplant and achievement of SVR 
may reduce wait‐list mortality

Anticipated safety and 
tolerability of therapy

Higher rates of adverse events in 
patients with more advanced 
decompensation
Fewer treatment options for patients 
with decompensated cirrhosis and/or 
renal disease pre‐LT
Safe and effective therapies available 
post‐LT

Presence of HCC Achievement of SVR may help to 
maintain liver disease stability during 
bridging therapy for HCC
Clearance of HCV may be factor 
influencing risk of recurrence of HCC

Access to LT Treatment may reduce access to anti‐
HCV‐positive donors
Lowering of MELD score may result in 
a reduced priority for LT
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Fig. 38.6 Survival following initiation of antiviral 
therapy. Survival is significantly improved by 
achievement of a sustained virologic response (SVR). 
Source: Berenguer et al. 2008 [141].

start of treatment until patients are beyond the immedi-
ate postoperative period and have stable clinical status 
including renal function [132].

Hepatitis C immune globulin has broad neutralizing 
activity against wild‐type and DAA‐resistant HCV vari-
ants [133]. Prophylactic hepatitis C antibody therapy has 
been evaluated as a strategy to prevent infection in HCV‐
infected patients, but was found to be ineffective as mon-
otherapy [134–136], and is being evaluated in combination 
with approved DAA therapy [137]. At this time, there is 
no established role for its use in LT recipients and given 
the high efficacy of antiviral therapy, the added benefit of 
HCV antibody therapy is likely to be low.

Post‐transplant antiviral therapy for recurrent 
disease (Table 38.4)

The primary goal of post‐LT antiviral therapy is viral 
eradication. Sustained viral clearance is associated with 
fibrosis stabilization or regression [138,139] and 
improved graft survival [140,141] (Fig. 38.6). Historically, 
antiviral therapy was typically started once recurrent and 
progressive histological disease was present. However, 
earlier treatment can be safely undertaken and recom-
mended to prevent development of recurrent histologi-
cal disease and extrahepatic complications [122,142].

Interferon is not recommended for treatment of HCV 
post‐LT, as safer and more efficacious therapies are avail-
able, although there may be very unique circumstances 
where it may still be needed. As transplant recipients are 
viewed as a more ‘difficult to cure’ group, most DAA 
clinical trials in liver transplant recipients added ribavi-
rin to the DAA regimen. The starting dose of ribavirin 
was typically 400–800 mg daily, with adjustments to 
 tolerability, renal function, and baseline haemoglobin 

levels. Ledipasvir–sofosbuvir [119,120], daclatasvir plus 
sofosbuvir [118] and ombitasvir–paritaprevir–ritonavir 
plus dasabuvir [143] (all with ribavirin) were studied in 
clinical trials of compensated patients with recurrent 
disease, and the SVR rates are generally ≥90% across the 
genotypes studied [144] (Fig. 38.8). Clinical experience 
with more recently approved drugs, such as elbasvir–
grazoprevir and sofosbuvir–velpatasvir, is accumulating. 
Real‐world experience supports the conclusions that 
DAA combinations in liver transplant recipients provide 
high efficacy and safety [145–147]. Understanding 
drug–drug interactions between the DAAs and immuno-
suppressive drugs is key to using the DAAs post‐LT 
(Table 38.6).

Severe cholestatic hepatitis has a poor prognosis in the 
absence of therapy, and once the diagnosis is made, treat-
ment should be initiated as soon as possible. As this con-
dition is characterized by hyperbilirubinemia and 
variable severity of graft dysfunction, protease inhibitors 
are best avoided. The combination of sofosbuvir plus an 
NS5A inhibitor with or without ribavirin is the safest 
option. Treatment courses of 12–24 weeks are associated 
with SVR rates of 96% [148]. Similarly, in liver transplant 
recipients with recurrent cirrhosis and decompensation, 
protease inhibitors should not be used.

Safety and tolerability of DAA combination therapy is 
excellent, and reported adverse effects largely related to 
ribavirin. Immunological complications of interferon‐
based therapy including acute rejection, chronic rejection, 
and autoimmune‐like hepatitis (also called plasma‐cell 
hepatitis) are well recognized (Fig.  38.7) [91,149–151]. 
However, these complications can also occur during or 
shortly after completion of DAA therapy, and likely reflect 
subtherapeutic levels of immunosuppressants [152]. 
Management of these immunological complications 
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requires amplification of immunosuppression whereas 
preventive measures include close monitoring of immu-
nosuppressant levels during and in early post‐treatment 
period and dose adjustments to maintain stable immuno-
suppressant levels [122].

Retransplantation

Survival following retransplantation is lower than sur-
vival with first transplantation, regardless of aetiology of 

disease, but some studies report worse survival among 
HCV‐infected compared to non‐HCV patients [153–
156]. Prior reports showed a 1‐year graft survival rate 
after retransplantation for HCV varying from 40–70% 
[156–160], likely reflecting variable selection criteria. 
Retransplantation done for early severe recurrent dis-
ease, including cholestatic hepatitis, was associated with 
poor outcomes if retransplantation occurred within the 
first year [161], reflecting the lack of effective therapies 
for cholestatic hepatitis in prior years. Indeed, in a mul-
ticentre study of HCV‐infected patients considered for 
retransplantation due to recurrent disease, 50% were not 
listed and the most common reasons for not listing were 
recurrent HCV within 6 months (22%), fibrosing choles-
tatic hepatitis (19%), and renal dysfunction (9%) [156]. 
While no universal criteria are used to determine who is 
offered retransplantation for recurrent HCV cirrhosis, 
current wisdom suggests retransplantation needs to 
occur early before multiorgan failure or marked debilita-
tion [162]. With current HCV therapies, it is anticipated 
that the number of patients in need of retransplantation 
for recurrent disease will be very low and that outcomes 
following retransplantation will approach those of non‐
HCV repeat transplant recipients.

 HIV and liver transplantation

Historically, the presence of HIV infection was an abso-
lute contraindication to liver transplantation. This 
changed with advances in HIV therapeutics and trans-
plantation coupled with the recognition of the high need 
of HIV‐infected persons for transplantation to treat 

Fig. 38.7 Photomicrograph of plasma‐cell hepatitis, also called de 
novo autoimmune hepatitis. A portal‐based mononuclear 
inflammatory infiltrate is present with a prominent component of 
plasma cells (arrowheads). Interface hepatitis, in which the 
inflammation extends from the portal tract into the lobules and is 
associated with hepatocyte injury, is a typical feature. The necrotic 
hepatocytes form acidophilic bodies (double arrows). Courtesy of 
Dr Barbara McKenna, University of Michigan.

Table 38.6 Drug–drug interactions between currently approved hepatitis C virus direct‐acting antivirals and immunosuppressants

Drug Sofosbuvir
Sofosbuvir–
ledipasvir

Sofosbuvir–
velpatasvir Daclatasvir

Paritaprevir/
r-ombitasvir  
dasabuvir

Elbasvir–
grazoprevir* Simeprevir

Tacrolimus No No No No Yes, dose 
adjustment

Potential, close 
monitoring

Potential, close 
monitoring

Cyclosporine No No No No Yes, dose 
adjustment

Yes, 
contraindicated

Yes, 
contraindicated

Mycophenolate 
mofetil

No No No No No No No

Corticosteroids No No No No No No No
Everolimus No Potential, 

close 
monitoring

Potential, 
close 
monitoring

Potential, 
close 
monitoring

Yes, dose 
adjustment

Yes, dose 
adjustment

Potential, close 
monitoring

Basiliximab No No No No No No No

*Not studied in liver transplant recipients.
Source: www.hep‐druginteractions.org (University of Liverpool). For additional drug–drug interactions and for a more extensive range of drugs, 
detailed pharmacokinetic interaction data, and dosage adjustments, refer to the referenced website (accessed 16 December 2017).
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complications of cirrhosis. Commonly used criteria for 
selection of HIV‐infected patients for LT include a CD4 
count above 100 cells/mm3, an undetectable HIV viral 
load or HIV viremia predicted to be suppressible with 
antiretroviral therapy, and an absence of opportunistic 
infections [163–165]. Among HIV‐infected persons, 
chronic viral hepatitis (HBV and HCV) is the most fre-
quent indication for transplantation. LT is associated 
with a survival benefit in HIV‐infected patients with a 
MELD ≥ 15 [166].

In HCV–HIV coinfected patients, progression from 
first decompensation to death is more rapid than in HCV 
monoinfected patients [167,168]. In HBV–HIV coin-
fected patients, survival to transplantation is related to 
severity of disease at presentation and whether uncon-
trolled drug‐resistant HBV infection is present [169]. 
Early referral is important to minimize deaths without 
transplantation. The factor most consistently associated 
with reduced survival post‐LT is a high pre‐transplant 
MELD score [170,171]. With the goal of accessing trans-
plantation at lower MELD scores, the recently passed US 
laws that permit the utilization of HIV‐positive organs in 
HIV‐positive recipients provides a unique opportunity. 
There are reports of successful use of HIV‐positive 
organs in liver transplant patients [172], though the 
 largest experience with use of HIV‐positive donors is in 
kidney transplant recipients [173].

Important aspects of post‐transplantation care of HIV 
patients include the management of drug interactions 
(antiretrovirals, immunosuppressants, and HCV DAAs) 
and drug toxicities, and the prevention and/or treatment of 
recurrent viral hepatitis. Interactions between antiretrovi-
ral drugs and calcineurin inhibitors and mTOR inhibitors 
are well recognized [174,175]. Patients on protease‐ 
inhibitor regimens require significantly reduced doses of 
cyclosporine, tacrolimus, and everolimus to avoid toxicity. 
Conversely, efavirenz‐containing regimens enhance 
cytochrome P450 activity and the dose of calcineurin inhib-
itors needs to be increased to maintain target levels. Higher 
rates of acute rejection have been reported in HIV‐infected 
transplant recipients compared to non‐HIV patients 
[176,177]. This is likely due, in large part, to the challenges 
in obtaining optimal immunosuppressive levels due to 
these drug–drug interactions. Integrase inhibitors, ralte-
gravir or dolutegravir plus two nucleos(t)ide reverse tran-
scriptase inhibitors (tenofovir plus emtricitabine or abacavir 
plus lamivudine) are an excellent option for transplant 
recipients, with no drug interactions with immunosuppres-
sive drugs and most HCV DAAs [178].

Overall survival in HIV‐positive recipients is lower 
than in HIV‐negative recipients, though in a matched 
risk analysis, the absolute risk difference was <10% [166]. 
Factors associated with post‐LT mortality include receipt 
of combined kidney–liver transplant, pre‐transplant 
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Fig. 38.8 The rate of sustained virological response (SVR) among liver transplant recipients with recurrent HCV varies with the severity of 
liver disease, HCV genotype, and prior treatment experience. Shown are the sustained virological response rates for patients with F0‐3 
fibrosis, Child‐Turcotte‐Pugh A cirrhosis and Child‐Turcotte‐Pugh B/C cirrhosis. All clinical trials and many real‐life cohorts have used 
ribavirin as part of the regimen. LDV, ledipasvir; SMV, simeprevir; SOF, sofosbuvir; RBV, ribavirin; RTV, ritonavir. Source: Saxena & Terrault 
2015 [144]. Reproduced with permission of John Wiley & Sons.
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BMI <21 kg/m2, older donor age, and HCV infection 
[166]. HIV‐specific factors (HIV viral load at time of LT 
and CD4 count) were not associated with survival. 
Opportunistic infections (HIV‐related and unrelated) 
occur at a low rate in recent HIV transplant cohorts, 
likely reflecting improved selection  criteria for LT and 
antimicrobial prophylaxis post‐LT [166,177].

HBV and HIV coinfected liver transplant 
recipients

Short‐ and immediate‐term survival are excellent in 
HBV–HIV coinfected patients. In the two largest series of 
HBV–HIV coinfected transplant recipients, the survival 
rates were 80% and 100% with follow‐up of ~3 years, 
which was not significantly different from HBV monoin-
fected patients [179,180]. Importantly, there are no 
reported deaths from recurrent HBV disease. The suc-
cess of transplantation in HBV–HIV coinfected patients 
stems largely from the availability of highly effective pro-
phylactic therapies. Combination HBV prophylaxis using 
HBIG plus nucleos(t)ide analogues is recommended. 

Since tenofovir, lamivudine, and emtricitabine are part 
of antiretroviral regimens and have HBV activity, drug 
interruptions due to antiretroviral intolerance or lack of 
efficacy require that alternative HBV therapy be given. In 
these situations, HBIG monotherapy, especially if the 
duration of antiretroviral therapy interruption is short 
term, is an option. Alternatively HBIG combined with an 
anti‐HBV drug that does not have HIV activity, such as 
adefovir or telbivudine, can be used for limited periods.

HCV–HIV liver transplant recipients

HCV–HIV coinfected transplant recipients have lower 
survival compared to HIV‐infected transplant recipients 

with other indications, with cumulative patient survival 
rates of 55% versus 80%, at 5‐years post‐LT (Fig. 38.9). 
Compared to HCV‐monoinfected LT recipients, those 
coinfected with HIV have a twofold higher mortality. 
The factor most consistently associated with reduced 
survival post‐LT among HCV–HIV coinfected patients 
is a high pre‐transplant MELD score. Other factors iden-
tified in some but not all studies include older donor age, 
body mass index <21 kg/m2, treated acute rejection, and 
dual kidney–liver transplantation [170,176,177].

In studies comparing the onset of hepatitis and rate of 
progression to cirrhosis, coinfected transplant recipients 
have an accelerated pace compared to HCV‐monoin-
fected patients and a higher frequency of cholestatic 
hepatitis [181]. In the interferon era, risk of graft loss due 
to recurrent disease was 27% to 54% after just 3–5 years. 
Treatment with peginterferon and ribavirin had low 
 efficacy and poor tolerability [181,182].

Mirroring the excellent results achieved with HBV–
HIV liver transplant recipients who have safe and effec-
tive anti‐HBV therapies, it is anticipated that HCV DAA 
therapy will lead to marked improvements in the out-
comes of HCV–HIV coinfected transplant recipients. 
Use of sofosbuvir‐based DAA therapy in coinfected 
transplant recipients with advanced recurrent HCV dis-
ease was well tolerated, achieved SVR rates of 89–100% 
[183–185], and resulted in clinical and biochemical 
improvements [184,185] (Fig. 38.10). Additionally, wider 
use of HCV therapy among wait‐listed patients may lead 
to improvements in liver disease that obviate the need 
for LT [186] or prevent HCV recurrence post‐LT [185]. 
Repeat transplantation has been associated with good 
outcomes in patients with HIV–HCV if they are HCV 
RNA negative at the time of LT [187]. With current HCV 
therapies, HCV coinfection should not be viewed as a 
contraindication for LT in persons with HIV [98].
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Fig. 38.9 Natural history studies have showed that 
patient survival is reduced in HCV–HIV coinfected 
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in neonates/infants/children 588, 593
normal range 21

alkylating agents 482

acute liver failure (ALF) (cont’d)
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allergy
drug‐induced liver injury 474, 479, 

481, 483
hydatid 670, 672

allopurinol, granulomatous drug 
reaction 627, 628

Alpers syndrome 604
alpha‐adrenergic blockers 186
alveolar echinococcosis 673
Alzheimer type II astrocytosis 159, 162
Amanita phalloides 64, 74
amiloride, cirrhotic ascites 136, 136
amino acids 28, 570

branched‐chain (BCAA) 172, 569–570
metabolism 28, 28–29

amino‐aciduria 28
aminocaproic acid 58
5‐aminosalicylate (5‐ASA) 481
aminotransferases (aminotransaminases) see 

transaminases
amiodarone 483, 483
ammonia 28, 161–162, 563

bacterial uptake 171
blood levels 20, 161, 162

control 161–162
hepatic encephalopathy 159

blood levels, elevated 28, 29, 68, 122, 162
causes 28–29

cerebral metabolic rate 162
in cirrhosis 162, 163, 167
detoxification in astrocytes 151
effect on brain 162
hepatic encephalopathy 

pathogenesis 151, 161–162, 163, 
167, 172

inter‐organ trafficking 163
metabolism 28
neutrophil dysfunction 165
non‐absorbable disaccharide action 170, 

170–171
synthesis 28, 161

reduction 170, 170, 171
ammonia scavenging agents 172
amoebiasis, hepatic 655–657
amoxicillin‐clavulanate, liver injury  

478, 480
AMP‐activated protein kinase 

(AMPK) 549
amphotericin B 668
ampulla of Vater 4–5, 5

carcinoma 301–305
gallstone pancreatitis 272

amyloidosis 629–632, 631, 658
anaemia 34–35

aplastic 35, 384
haemolytic see haemolytic anaemia
hereditary non‐spherocytic 636
iron deficiency 34, 249
iron overload due to 513, 635
pernicious 34
sickle cell 239, 260, 636–637
sideroblastic 522

anastomotic strictures, after biliary surgery  
282–283, 745

anatomy of biliary tract 4–5, 5
surface markings 6, 6

anatomy of liver 1–3, 2
abnormalities 3–4
blood flow in pregnancy 572
blood supply 2, 2
functional anatomy 3, 3, 7
liver span 7

infants/children 589
microanatomy 7–9, 8, 9
sectors and segments 3, 3
surface marking 5–6, 6
ultrastructure 9–13, 10, 11, 12
see also lobes (liver)

Andersen disease (GSD type IV)  
609, 610

androgens, hepatocellular adenoma 
and 694, 696

androstane X receptor, constitutive 
(CAR) 236

aneurysms
cerebral 311
hepatic artery 210–211, 211

angiogenesis 186, 187, 708
angiomyolipoma 700–701
angiosarcoma 721
angiotensin I and II 128, 129
angiotensin II receptor antagonists  

198, 483
angiotensin‐converting enzyme (ACE) 128

inhibitors 137, 483
angiotensin receptor blockers (ARBs) 137
antenatal diagnosis, metabolic 

disorders 603, 604, 605
anthropometry 566
anticardiolipin syndrome 623
anticoagulation

Budd–Chiari syndrome 217
portal vein thrombosis 219

with cirrhosis 220–221
anticonvulsants 483–484
antidepressants 484
antidiuretic hormone (ADH) see vasopressin 

(antidiuretic hormone)
antifibrotics/antifibrotic therapies 89, 348
antigen presenting cells, hepatic stellate cells 

as 86–87
anti‐INH antibodies 359
anti‐liver cytosol type 1 (anti‐LC 1) 

antibodies 357, 361, 363
anti‐liver/kidney microsomal type 1 (anti‐

LKM 1) antibodies 357, 361, 
362–363, 367

anti‐liver membrane antibodies (anti‐
LMAs) 387

antilymphocyte globulin 743
anti‐mitochondrial antibodies (AMAs) 345

autoimmune hepatitis 361, 363, 365
primary biliary cholangitis 329, 330, 335

drug‐induced liver injury vs 474

antinuclear antibodies 329
autoimmune hepatitis 355, 356–357, 

361, 362, 366
non‐alcoholic steatohepatitis 544

antioxidants 186, 186, 507
antiphospholipid syndrome 225
antiretroviral drugs 771
anti‐smooth muscle antibodies (SMAs)  

357, 361, 362, 366
anti‐tissue transglutaminase (TTG) 

antibodies 367
anti‐TNF agents 482, 507, 628
α1‐antitrypsin (A1AT) 29–30, 596

synthesis 596
ZZ polymerization 596, 596

α1‐antitrypsin (A1AT) deficiency 596–597
autoimmune hepatitis vs 366
management and prognosis 597, 735

antituberculous drugs
acute liver failure due to 64, 65, 66, 

481, 658
hepatotoxicity 481, 658

antiviral drugs
CMV infection 748–749
direct‐acting see direct‐acting antivirals 

(DAAs)
hepatitis B 397, 409, 410–411, 413, 413, 

414, 605, 760
post‐transplant 761–762, 763
pre‐transplant 760, 760–761
recurrence after liver transplant 763

hepatitis C 444–445
pre‐/post‐liver transplantation 766
prophylactic post‐transplant  

768–769
for recurrence, post‐transplant  

769–770
see also direct‐acting antivirals (DAAs)

hepatitis D 429, 431–432
hepatitis E 391
resistance 410–411, 457–458

aplastic anaemia 35, 384
apolipoproteins 27
apoptosis 15–16, 16

hepatic stellate cells 87
hepatocytes see hepatocyte(s)
mechanism 472, 473, 473

APRI (AST to platelet ratio index) 96, 97, 
99, 404, 443

aquaporin 1 and aquaporin 4 237
arterialized regenerative nodule 698, 699

see also focal nodular hyperplasia (FNH)
arterial murmur, over liver 7
arterial spiders 116, 116–117
arterial vasodilatation

ascites development 128, 128–129
cirrhosis 112–113, 113, 128–129, 138

arteriohepatic dysplasia see Alagille 
syndrome

arterioportal fistula, hepatic 211–212, 212
arteriovenous fistula, biopsy 

complication 44, 45
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artery‐to‐portal vein shunt 697
arthrogryphosis, cholestasis and renal 

tubular dysfunction (ARC) 598, 600
artificial liver support see liver support 

systems
ascariasis 673, 673, 674
ascites 12, 127–150, 249

associated conditions 130–131
Budd–Chiari syndrome 132
cardiac 131, 132
causes 127, 128, 132
in children 613
chylous 132
circulation 129
cirrhotic 111, 112, 127, 128, 130, 195

ascitic fluid protein 131
hyponatraemia 138–139, 139
prognosis 144–145
treatment 134–138

clinical features 130, 134–135
in decompensated cirrhosis see ascites, 

cirrhotic
definition 127
dietary intake reduction 562
differential diagnosis 131, 132
examination 130
extramedullary haemopoiesis 643
grades 130
hepatic hydrothorax 130, 130–131
hepatorenal syndrome and see hepatorenal 

syndrome (HRS)
hyponatraemia 138–139, 139
infection see spontaneous bacterial 

peritonitis (SBP)
investigations

paracentesis 131
radiology 110, 131–132, 132

large, treatment 135
malignant 131, 132
mechanisms 127–130, 129, 129

arterial vasodilation theory 128, 
128–129

sinusoidal hypertension 127, 128
sodium retention 128, 129, 135, 136

mixed aetiology 132
natural history 127, 128
pancreatic 132
peripheral oedema 131
prognosis 144–145
reabsorption rate 129, 136
refractory 139, 139–140

treatment 139, 139–140
variceal bleeding prophylaxis 205

subclinical 134–135
tense 130, 135
treatment 127, 145

cirrhotic ascites 134–138
complications of 137, 138, 141
diet 135, 135–136, 137
diuretics 135, 136–137, 139
failure to respond 137, 139
follow‐up advice 137

general management 134
indications 134–135
monitoring during 135
paracentesis 135, 137–138, 138
peritoneovenous (LeVeen) shunt 140
sodium restriction 135
TIPS 140, 140

tuberculous 131, 132
umbilical hernia 130

ascitic fluid 131
bacterial growth 133, 133
composition, appearance 131, 131
reabsorption 129, 136

aspartate aminotransferase see aspartate 
transaminase (AST)

aspartate transaminase (AST) 32–33
AST : ALT ratio 32, 356, 361, 367

alcoholic liver disease 501, 504
NASH 544
Wilson disease 530

elevated levels 32–33, 33
macro‐AST 32
normal range 21
see also transaminases

aspergillosis 664, 749
aspirin, hepatotoxicity in children 607
asterixis (flapping tremor) 152, 152
astrocyte(s) 151, 165

hepatic encephalopathy 
pathogenesis 161, 162, 167

astrocytosis, Alzheimer type II 159, 162
ATP‐binding cassette (ABC) 

transporters 24–25, 233, 235, 
234–236, 263, 343, 471, 575

defects, cholestatic syndromes 233, 235, 
241–243, 598–600

AUDIT questionnaire 501, 502
AUROC (areas under receiver operating 

characteristic curve) 96, 96, 98
Australia antigen 395

see also hepatitis B virus (HBV), HBsAg
autoantibodies 361

acute liver failure investigation 67, 68
autoimmune hepatitis see autoimmune 

hepatitis (AIH)
chronic liver disease 361
drug‐induced liver injury and 474
primary biliary cholangitis 329, 330, 

332, 361
primary sclerosing cholangitis 345
systemic lupus erythematosus 622

autoimmune diseases 333, 358, 622–623
AIH associated 360, 606
haemolytic 635, 638
PSC and see primary sclerosing cholangitis 

(PSC)
systemic 622–623

autoimmune haemolytic anaemia  
635, 638

autoimmune hepatitis (AIH)  
355–379, 374

acute liver failure in 66, 75

autoantibodies 355–356, 356, 
361–363, 362

AIH without 361, 366
Type 1 vs Type 2 disease 356–357, 

360, 361
autoimmune diseases associated  

360, 606
in children 373, 606
cholestatic profile 356, 362
chronic, hepatitis A triggering 387
cirrhosis in 359, 363, 368
clinical features 356, 359–360, 606
coeliac disease and 367
de novo after transplantation 374, 

750, 770
diagnosis 367–368

by exclusion 365
IAIHG scoring 367
simplified scoring (2008) 368, 368
see also laboratory features (below)

diagnostic criteria 367, 367, 368, 376
differential diagnosis 360, 363, 

365–366, 374
drug injury 365–366
hepatitis C 366, 367, 443
primary biliary cholangitis 329, 

331, 365
viral hepatitis 366
Wilson disease 528, 529, 530

drug‐related 355, 359, 365–366
in elderly 372–373
environmental triggers 359
epidemiology and ethnicity 356, 357
evaluation algorithm 356
flares in activity, pregnancy 580
fulminant 368
genetic predisposition 357, 358–359

HLA loci 357, 358–359
non‐HLA loci 359

hepatitic profile 356, 362
hepatitis E with 360
histological features 357, 363–365, 364

grading 364
historical perspective 355–356
IgG4‐associated 377
imaging 356, 363
laboratory features 356, 361–363

immunoglobulins 356, 359, 361
liver biochemistry 356, 361
serology 356, 356–357, 360, 

361–363, 362
natural history 357, 357, 368
overlap syndromes 363, 374–377

AIH–PBC 365, 375–376
AIH–PSC 346–347, 375, 376, 

376–377
autoimmune sclerosing 

cholangitis 377
definitions 374–375

pathogenesis 357–359, 358
pregnancy and 372, 372, 580
prognosis and survival 368
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recurrence after transplant 373
relapse 371, 372
remission 370

maintenance 371
seronegative disease 361, 366
treatment 75, 368–371, 369, 370

azathioprine 369, 369, 370, 371, 
372, 373

budesonide 368, 369, 369, 371–372
challenges 371–372
children/adolescents 373, 606
corticosteroids 357, 357, 368, 369, 

369, 370, 370, 371
duration 371
general measures 371, 371
immunosuppressive 356, 369, 370, 

371, 372, 580
liver transplantation 368, 373–374
mycophenolate mofetil 372
new, monoclonal antibodies 372
in pregnancy 372, 372, 580
UDCA 373

types 1 and 2 356–357, 359, 360, 606
viral hepatitis and 360, 366–367
viral triggers 359, 366, 387

autoimmune injury
drug‐induced 477, 478
primary biliary cholangitis 335

autoimmune liver disease 358, 374
see also autoimmune hepatitis (AIH); 

primary biliary cholangitis 
(PBC); primary sclerosing 
cholangitis (PSC)

autoimmune polyglandular syndrome type 1 
(APS1) 359

autoimmune sclerosing cholangitis 
(ASC) 377

autophagy 86, 548, 548, 596
azathioprine

autoimmune hepatitis 369, 369, 370, 
371, 372, 373

pregnancy 372, 580
drug–drug interactions 449
liver injury due to 481–482
liver transplantation 743, 766
side‐effects 370, 481–482, 580, 743

azithromycin 480
azygos system 183, 184

b
bacillary peliosis 225
bacteraemia 652

cirrhosis 119, 133, 133
pyogenic liver abscess 653

bacterascites 133, 133
bacterial infections 652–655, 657–664

bone marrow transplantation 640
outside liver, in neonates 595
post‐liver transplantation 748

bacterial overgrowth 25, 116, 543
balloon dilation, anastomotic stricture after 

biliary surgery 283

ballooning degeneration 70, 391, 498, 499, 
528, 540

autoimmune hepatitis 365
non‐alcoholic steatohepatitis 540, 541, 

542, 543
balloon tamponade, variceal bleeding  

203, 203
Bantu siderosis 522–523
BARD score 96, 97, 99
bariatric surgery 29, 554
Bartonella hensellae 225, 664
basiliximab 743

drug–drug interactions 770
Baveno VI recommendations 195
B cell(s), autoimmune hepatitis 358
benign biliary disease 256–293, 257

see also bile duct(s); gallbladder; 
gallstone(s)

benign biliary tumours 699–700
benign liver tumours 693–704

in children 614–615
classification 693, 694
cystic 699–700
hepatocellular 693–699, 695, 696, 

697, 698
mesenchymal 700–701
see also specific tumours/lesions

benign recurrent intrahepatic cholestasis 
(BRIC) 242, 598, 599

benzimidazoles 672
berylliosis 624
beta‐blockers 483, 579

see also non‐selective beta‐blockers 
(NSBBs)

bevacizumab 213
bicarbonate, secretion, cholangiocytes 

role 237, 343
’bicarbonate umbrella’ 335, 343
bile 233–238

constituents 233, 234, 260
flow 236–237

cessation see cholestasis
hormones increasing/inhibiting 237

flow rate 237
formation, mechanics 233, 235

canalicular secretion 234, 236, 242
ductules role 237
impaired see cholestasis
sinusoidal uptake of bile salts  

233, 234
homeostasis disturbance, PSC 

due to 343
infarcts 238
inspissated 602
leaks 238, 259

bile peritonitis 278, 279
post‐liver transplant 745

plugs 244
secretion 233–234, 236, 242

post‐liver transplant 745
supersaturated 261
volume produced daily 233

bile acid(s) see bile salt(s)/acid(s)
bile acid diarrhoea 25
bile canaliculi 10, 233, 233, 236, 527

anatomy 8, 9, 10, 236
bile transport proteins 15, 15, 233, 234, 

235, 236, 242
cholestasis, alcoholic hepatitis 500
concretions/casts 244
obstruction 244
plugging, neonatal 591, 592, 597
secretion of bile 234, 236, 242
staining 49
structure/size 236–237

bile cysts 320, 700
bile duct(s)

accessory 322
adenofibroma 699
adenoma 699
atresia see biliary atresia
atrophy, in chronic rejection 747
carcinoma see cholangiocarcinoma
casts, post‐liver transplantation 745
classification (by size) 9
congenital malformations 600, 602
cystadenocarcinoma 301
cysts 319, 319, 320, 700
destruction

autoimmune hepatitis 365, 365
liver graft chronic rejection 747, 747

development 1, 321, 600
ductopenia 244, 332, 335

graft rejection 747, 747–748
epithelial cells 13, 237

apoptosis/senescence 330, 335
markers 49
oxidative stress 335
in PBC 328, 330, 330, 335, 336
ultrastructure 13
see also cholangiocyte(s)

epithelium, in graft rejection 747
gas in, pyogenic liver abscess 654, 654
hamartoma (von Meyenburg 

complex) 310, 313, 318, 318, 
614–615, 699–700

imaging 257–259, 684
injuries 5, 238, 248

cholecystectomy causing 266,  
280, 280

classification 281, 282
in PBC 238, 330, 330–331
in PSC 238, 343, 343, 344
strictures after, treatment 281

interlobular 236
loss 244

intraductal papillary neoplasms 282
intrahepatic 258

cystic dilatation see Caroli disease
cysts 319, 319
development 1, 313
stones, cholangiocarcinoma risk 296

loss 244, 335
microscopic anatomy 8
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obstruction 4, 23, 232, 243
acute 256
ampullary carcinoma 301–305
ascariasis 673, 674
cholangiocarcinoma 296, 300
chronic, intrahepatic gallstones 274
chronic pancreatitis 283, 284
extrahepatic, cystic fibrosis 597
gallbladder carcinoma 295
inspissated bile syndrome 602
jaundice 231, 251
lymphoma 641, 643
malignant 301
management 251, 655
neonatal 591, 592
polycystic liver disease 312
stones causing 271

’onion skin’‐like fibrotic lesions 343, 346
proliferation, periportal 594
spontaneous perforation 602
stenosis, chronic pancreatitis 283
stones 257, 258

cholangiocarcinoma risk 296
post‐liver transplantation 745
see also common bile duct

strictures see biliary strictures
tubular adenoma 700
see also entries beginning biliary

bile duct diseases see biliary tract disease
bile infarcts 238
bile peritonitis 44, 278, 279, 602
bile pigment

biliverdin 21, 231
excretion 635
see also bilirubin

bile salt(s)/acid(s) 23–26
analogues 236
atypical cholestatic, in fetus 589
canalicular secretion 234, 236, 242

post‐liver transplant 745
cholesterol solubilization 260, 261, 262
concentration in bile 237
conjugation 10–11, 23–24, 25, 233, 234

in neonates/infants 589
deconjugation 24, 25
diarrhoea 25
enterohepatic circulation 24–25, 25, 234, 

237–238, 261
excretion 24, 234
functions 25, 237–238, 260
in health and disease 25
hepatic secretion disorders 242–243
hydrolysis in gut 24
idiopathic malabsorption 243
liver parenchymal injury due to 238
metabolism 23–25, 24, 233

alternative (acidic) pathway 23, 24
classical (neutral) pathway 23, 24
in pregnancy and neonates 589

neonatal liver disease 593
primary, synthesis 10–11, 234
proinflammatory 238

secondary 234, 261
serum, changes/measurement 26, 

247, 575
sinusoidal uptake 233, 234
synthesis, feedback control 10–11, 23, 

24, 234
abnormal 25, 599
fetal 589

toxicity, to hepatocytes 238
PSC pathogenesis 343, 344

transport 25
disorders/inherited defects 25, 243

transporters 234, 235, 237, 242
uptake by hepatocytes 25, 233, 234

bile salt‐dependent bile flow 237
bile salt export pump (BSEP) 24, 233, 234, 

471, 599
inhibition, drug‐induced 473

bile salt‐independent bile flow 237
bilharzia see schistosomiasis
biliary adenofibroma 699
biliary atresia 242, 313, 588, 592, 600–602

clinical features 601
cystic type 319
diagnosis/imaging 601
management 601, 613–614

liver transplantation 734
pathogenesis 600–601
prognosis 601–602

biliary cirrhosis 113, 319
cholangiocarcinoma risk 296
primary see primary biliary cholangitis 

(PBC)
secondary to bile duct injury 238
secondary to biliary atresia 296

biliary colic 248, 264, 265
laparoscopic cholecystectomy 267
surgery vs observation 265

biliary cystadenocarcinoma 301
biliary cystadenoma 320, 699
biliary decompression 271, 300
biliary drainage, in 

cholangiocarcinoma 299
biliary–enteric anastomotic stricture 282
biliary epithelial cells (BECs) see bile duct(s), 

epithelial cells
biliary fistulae 278
biliary intraepithelial neoplasia 

(BILIN) 699
biliary obstruction see bile duct(s), 

obstruction
biliary pain 275

acalculous 274–275
biliary papillomatosis (intraductal papillary 

neoplasm) 282, 699
biliary peritonitis 44, 278, 279, 602
biliary protein 261–262
biliary scintigraphy 257, 258, 258, 259
biliary sludge 262, 263, 272

post‐liver transplantation 745
in pregnancy 572–573

biliary sphincterotomy 272, 273
biliary stent 273, 282, 284

abscess formation 653
endoscopic insertion, ampullary 

carcinoma 304
palliative, in cholangiocarcinoma 300

biliary strictures 257
anastomotic after surgery 282–283, 745
benign 256, 279–282, 280
non‐anastomotic (ischaemic‐type) 745
post‐liver transplantation 745
tuberculosis 658

biliary tract 236
anatomy 4–5, 5
blood supply 5
congenital anomalies 321, 321–324
cystic dilations

congenital see choledochal cyst
intrahepatic see Caroli disease

development 1, 321
failure 310, 600

haemorrhage into 274, 274
IgG4‐related sclerosing cholangitis 283
stones see bile duct(s), stones
strictures see biliary strictures

biliary tract disease
benign 256–293, 257
cholestasis due to 243–244
imaging 256, 257–259, 258, 259, 260
laboratory tests 256
malignant 294–307
in systemic inflammatory disease 351
see also specific diseases

biliary tree, changes in cholestasis 236
bilirubin 21–23

albumin binding 239, 591
alcoholic liver disease prognosis 504
as antioxidant 590
conjugated 22, 231, 233, 239, 241

cholestasis 247
excretion 22
in haemolysis 635
in neonates 588
viral hepatitis 383

δ‐bilirubin 22
’direct’/’indirect’‐reacting 22, 231, 239
elevated levels see hyperbilirubinaemia
formation 21, 231
gallstones 259, 260, 260
hepatic secretion 231, 233, 234

disorders 241–242
impaired conjugation 22, 232, 239–241

see also Crigler–Najjar syndrome; 
Gilbert syndrome

impaired hepatic uptake 22, 232, 
239, 241

Rotor syndrome 23, 234, 241
increased production (haemolysis) 22, 

239, 635
kernicterus 231
laboratory measurement 22
metabolism 21–23
serum levels 249, 635

hereditary spherocytosis 636
in MELD scoring 732

bile duct(s) (cont’d)
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neonates 588, 590, 593
normal range 21, 231
viral hepatitis 384

’split’ 22
’total’ 239, 384
transporters 234, 235
unconjugated 22, 231, 232, 239, 635

acute haemolytic anaemia 638
increased 239
in neonates 588

urine 23
bilirubin diglucuronide 231, 233
bilirubin monoglucuronide 231, 233
bilirubinuria 23
biliverdin 21, 231
biochemical tests see liver biochemistry/

function tests
biomarkers

hepatic fibrosis 95, 96, 96, 97, 98–99
hepatocellular carcinoma 709, 710, 712
see also tumour markers

biopsy of liver 39–52
acute fatty liver of pregnancy 577, 577
acute liver failure 68
after care 43
alcoholic liver disease 503, 503
amyloidosis 631, 631
autoimmune hepatitis 48, 363–365, 364
bone marrow transplantation 639
Budd–Chiari syndrome 215, 217
cholestasis 250
chronic cholestatic liver diseases 48
chronic hepatitis 48
cirrhosis 48, 94, 108, 109
CMV infection 748, 749
complications and risks 39, 43–45
conditions increasing risks 39
congenital hepatic fibrosis 315, 316
congestive cardiac hepatopathy 224, 225
contraindications 109
drug‐induced liver injury 48, 475
eclampsia 576, 576
fascioliasis 676
fatalities 43
fatty liver disease 48
in fibrosis 94
fine‐needle guided 42–43
focal diseases, sampling error 45–46, 94
focal liver lesions (benign) 693
genetic haemochromatosis 519, 520
guided by ultrasound 683
hepatitis A 387
hepatitis B 404
hepatitis C 443–444
hepatitis E 390, 391
hepatocellular carcinoma 713
histopathology 45, 46–47, 47, 94
historical background 39, 40
hypoxic hepatitis 223
immunohistochemistry 49
in INCPH 222, 222
indications 39, 42, 48, 48–49
infections requiring 48

interobserver variation 46
interpretation, diagnostic 

approach 46–47, 47
laparoscopic, autoimmune hepatitis 363
liver injury, types/appearances 47, 47
liver transplantation 49
NAFLD 48, 541–543, 542
needle types 40, 41, 42
neonatal liver disease 593–594
nodular regenerative hyperplasia  

222, 699
non‐invasive techniques vs 48
non‐obstructive sinusoidal dilation  

225, 226
porphyria cutanea tarda 634
portal vein thrombosis 219
in pregnancy 573
primary biliary cholangitis 48, 330, 

330–331, 331
primary sclerosing cholangitis 48
quantitative analysis 50
renal transplants 49
risk factors 39, 40
sampling problems 693, 696
sampling variability 45–46, 363
sarcoidosis 626, 627
schistosomiasis 666
sickle cell disease 637
sinusoidal dilation 225
space‐occupying lesions 49
steatohepatitis 48
storage diseases 48–49
techniques 40–43, 49–50
tumour seeding by 713
Wilson disease 528, 532, 533

bisphosphonates 247
Blastomyces dermatitidis 665
bleeding see haemorrhage/bleeding
blood alcohol levels 495, 495, 501
blood–brain barrier 165
blood donors, testing for HBV/HCV 399, 

400, 438
blood flow

cerebral 69
Doppler ultrasound 682
hepatic artery 209
portal see portal blood flow
in pregnancy 572
splanchnic 187–188, 196

blood supply 2
gallbladder 5
liver 2, 9, 209

blood transfusion
HBV transmission 399
HCV transmission 438, 440
physiological jaundice 590
siderosis enhanced by 522

B lymphocytes, autoimmune hepatitis 358
bodybuilding supplements 485, 485
body composition 567
body mass index (BMI) 543, 564, 565, 

566, 568
body weight see weight

bone disease 33
chronic liver disease 244, 246–247
post‐liver transplantation 751

bone marrow
haemolytic anaemia 635
transplantation 639, 639–640, 645, 646

Borrelia burgdorferi 663
Borrelia recurrentis 663
brain

acute‐on‐chronic liver failure 122
atrophy 173
see also hepatic encephalopathy

branched‐chain amino acids (BCAA) 172, 
569–570

breast‐milk jaundice 590
bromocriptine 173
brucellosis 624
Budd–Chiari syndrome 6, 180, 214–217

acute liver failure in 65
ascites 132
causes 214–216, 216, 217
diagnosis 216–217
HCC development 217
imaging 215, 684
liver biopsy 215, 217
manifestations 216
outcome and prognosis 217
in paroxysmal nocturnal 

haemoglobinuria 638
pathophysiology 214
in pregnancy 216, 581–582
primary 214
radioisotope scanning 688
in sarcoidosis 626
secondary 214, 217
treatment 217, 737

budesonide 368, 369, 369, 371–372
bupropion 484
Byler’s disease 598, 736

c
C3 complement component 29, 31
CA 19‐9 297, 302, 349, 719
CA 125 132, 719
cadherin‐associated protein β1 

(CTNNβ1) 695
caeruloplasmin 30, 522, 526

acute liver failure investigation 67, 68
normal levels 29
Wilson disease 526, 530, 532, 532, 

533, 607
calcineurin inhibitors 742

liver transplantation 143, 614, 742, 751
HCV‐infected patients 765–766

side‐effects 143, 742, 750
calcium bilirubinate 261, 264
calcium channel blockers 483
calorie restriction 569
calories

daily intake, in cirrhosis 568–569
reduction, NAFLD therapy 552

Calot’s triangle 5
calreticulin mutations 216
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canaliculi see bile canaliculi
canals of Hering 9
cancer

alcohol consumption and 483, 497, 504
see also malignant liver tumours; specific 

cancers
Cancer of the Liver Italian Program 

(CLIP) 713
Candida albicans 626, 664, 749
cannabinoid receptors (CB1, CB2) 87
captopril 483
carbamazepine 483, 484, 627, 628
carbohydrate(s), metabolism 21, 31
carbohydrate‐deficient glycoprotein 

syndrome type Ib (CDGS 1b) 316
carbon tetrachloride poisoning 469, 471
carcinoid crisis 45
carcinoid tumours 691
cardiac ascites 131, 132
cardiac cirrhosis 613
cardiac disease see heart
cardiac output, in cirrhosis 112, 113
cardiomyopathy, cirrhotic 114–115, 141
cardiovascular disease 123, 544

see also heart failure
cardiovascular drugs, liver injury due 

to 483
carnitine deficiency 29
Caroli disease 296, 309, 309, 311, 313, 

316–318, 319, 653
congenital hepatic fibrosis with see Caroli 

syndrome
Caroli syndrome 313, 314–318
carvedilol 198

portal hypertension in cirrhosis 196, 
197, 198

recurrent variceal bleeding 
prevention 205

cat scratch disease 664
caudate lobe 1, 2, 3

enlarged, in Budd–Chiari  
syndrome 216

cavernoma see portal cavernoma
cavernous haemangioma, liver  

700, 700
CT and MRI scans 685, 686
radioisotope scanning 691
ultrasound 683

CD34 49, 697, 698, 701, 707
cefotaxime 133, 134
ceftriaxone 480
central hepatic vein 7, 8
central nervous system (CNS)

drugs 483–484
post‐transplant complications 750

central pontine myelinolysis 750
cephalosporins 480
cerebellar features, hepatic 

encephalopathy 153
cerebral aneurysms 311
cerebral blood flow, autoregulation 69
cerebral infarction 750

cerebral magnetic resonance 157, 158, 
159, 173

cerebral metabolic rate for ammonia 
(CMRA) 162

cerebral neurotransmission, hepatic 
encephalopathy 164–165, 165

cerebral oedema
acute liver failure 62, 66, 68, 69–72, 70

management 71–72
encephalopathy pathogenesis 162–163
imaging 71
intensive care 69

cerebrotendinous xanthomatosis 599
Charcot’s triad 271
chelation therapy, Wilson disease 533, 534, 

534, 534–535
chemotherapy

hepatic artery infusion 718
intrahepatic cholangiocarcinoma  

720, 721
jaundice due to 641
liver injury due to 482
palliative, ampullary/pancreatic 

carcinoma 304
transarterial chemoembolization 717

chenodeoxycholic acid (CDCA) 23, 24, 234
Child–Pugh score 20, 111, 112, 564

liver transplant patient selection 732
staging system for cirrhosis 112, 112

children 588–615
see also infants and neonates
abnormal bile acid synthesis 599
acute liver failure see acute liver failure 

(ALF)
acute viral hepatitis 605
ascites in 613
autoimmune sclerosing cholangitis  

377, 606
biliary atresia see biliary atresia
cholecystitis and gallstones 602
choledochal cysts 319, 602
chronic liver disease 531, 605–607

autoimmune hepatitis 373, 606
cirrhosis 613
hepatitis B 605–606
hepatitis C 436, 606
NAFLD 545, 606

congenital hepatic fibrosis 315, 606
drug‐induced liver injury 469, 473, 

606–607
genetic cholestatic syndromes 242–243, 

598, 598–600
symptomatic treatment 600

hepatic adenoma 615
hepatitis A 386, 387
investigation of liver disease 588–589
liver disease in older children 605–607
liver size 589
liver transplantation see liver 

transplantation
liver tumours 614–615
metabolic diseases 607–613

cystic fibrosis see cystic fibrosis
familial hypercholesterolaemia 613
fructose‐1,6‐bisphosphatase 

deficiency 611
glutaric aciduria type II 611
glycogen storage see glycogen storage 

disease
hereditary fructose intolerance 611
lysosomal storage disorders 611–613
non‐Wilsonian copper‐related 

cirrhosis 607
tyrosinaemia type I 604–605
Wilson disease 607

portal hypertension 613
syphilis of liver 659
variceal haemorrhage 613
Wilson disease 529, 531
see also infant(s) and neonates

chimerism 743
Chinese University Prognostic Index (CUPI) 

for HCC 713–714
Chlamydia trachomatis 660
cholangiocarcinoma (CCA) 296–301, 

718–719
associated conditions 296, 350
clinical features 297, 345, 348–349
imaging 297–299, 298, 720, 720
intrahepatic 296, 297, 300, 718–721
liver flukes causing 675
in primary sclerosing cholangitis  

341, 343
risk factors 296, 341
screening 349
staging 299
treatment 349

liver transplantation 300, 737
palliative 300–301
surgery 299–300

tumour markers 715–716
unresectable 299, 300

cholangiocyte(s) 13, 237
in cholestasis 237
cilia 310
cyst wall, proliferation 310
functions 237, 343
see also bile duct(s), epithelial cells

cholangiography
direct, in cholangiocarcinoma  

298–299
endoscopic see endoscopic retrograde 

cholangiography
intraoperative, cholecystectomy 267
intravenous 684
percutaneous see percutaneous 

transhepatic cholangiography
cholangio‐hepatocellular carcinoma 721
cholangiopathy 184

ischaemic 34, 210, 210, 212, 280
portal cavernoma 218, 219, 219

cholangitis
acute, severity assessment/grades 271
biliary cholestasis in 34
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congenital hepatic fibrosis and 316
fascioliasis 676
infectious 350, 653
mortality 264
primary biliary see primary biliary 

cholangitis (PBC)
recurrent pyogenic 350, 675
sclerosing see sclerosing cholangitis
septic 653
tuberculous 658

cholecystectomy 266–268
cancers related to 279
in cirrhosis, morbidity/mortality 263
complications 266, 269, 275

bile duct injuries 266, 280, 280
in sickle cell disease 637

day surgery 267
indications 265

gallbladder polyps 276, 294
gallstones (symptomatic) 265, 266, 

270, 295
laparoscopic 266, 267–268, 269, 270

endoscopic sphincterotomy with 272
open surgery vs 266–267
timing 267–268, 270

minimally invasive open 
(small‐incision) 267

perioperative interventions 267
in pregnancy 268

cholecystenteric fistula 278
cholecystitis 257

acute 269
bile peritonitis 279
biliary fistulae 278
cholecystectomy 266, 267
complications 277–279
gallbladder perforation in 277–278
as gallstone complication 264, 265, 266
imaging 257, 257
laparoscopic 

cholecystectomy 267–268
percutaneous cholecystostomy 269
signs and diagnosis 264–265
surgery vs observation 266

acute acalculous 268–269
emphysematous 268
in HIV infection 277
infants/children 602
typhoid 277
vasculitis causing 277
xanthogranulomatous 277

cholecystokinin (CCK) 237, 262, 275
cholecystostomy, percutaneous 269
choledochal cyst 296, 309, 318–320, 602
choledochojejunostomy 282
cholehepatic shunting/circulation 237
cholelithiasis

abdominal examination 249
infants/children 602
low phospholipid‐associated 242
see also gallstone(s)

cholescintigraphy 257, 258, 259, 275

cholestasis 231–255
Alagille syndrome 597
alcoholic hepatitis 243, 500, 500, 504
autoimmune hepatitis 356, 362
benign recurrent intrahepatic 242, 

598, 599
bile acid conjugation 25, 233
biliary, causes 34, 243–244
biliary tree in 236, 237
chronic, features 244, 247
chronic pancreatitis 283
clinical features 244
consequences 244–247

biochemistry 247
extrahepatic effects 247
fatigue 246
hepatic osteodystrophy 246–247
hepatocellular failure 247
pruritus 244, 245, 245–246
vitamin deficiency 244, 244–245, 

246, 247
xanthomas 246

cystic fibrosis 608
definition 231–232, 238
’downstream’/’upstream’ injury 238, 238
drug‐induced 243–244, 473
extrahepatic causes 33, 243–244
hepatitis A/E 383, 387
hepatocellular, causes 33–34, 242, 243
hepatocyte cytoprotection 234
in infections 652
inherited causes 242–243, 598, 598–600

BRIC see benign recurrent intrahepatic 
cholestasis

ICP see intrahepatic cholestasis of 
pregnancy

PFIC see progressive familial 
intrahepatic cholestasis

symptomatic treatment 600
intrahepatic 23, 33, 243

amyloidosis 631
causes 33–34, 242–243
hepatocellular or biliary 33, 243
lymphoma 643
pregnancy see intrahepatic cholestasis 

of pregnancy (ICP)
sarcoidosis 627, 627
sickle cell disease 637
thalassaemia 637

laboratory tests and enzyme levels 33, 
238, 247, 249

lipids and lipoproteins 27–28
management 251

dietary and vitamins 244, 
244–245, 247

of hepatic osteodystrophy 246, 247
of pruritus 245, 245–246
in PSC 348

markers of 33–34
neonates 589, 592
non‐specific, after liver 

transplantation 746

parenteral nutrition causing 34, 244
physiological 589
primary biliary cholangitis 243,  

335, 336
primary sclerosing cholangitis 243
progressive familial intrahepatic 

(PFIC) 242–243, 598, 598–599
in viral hepatitis 243, 383
see also jaundice

cholestatic liver disease 238
chronic, liver biopsy 48
conjugated hyperbilirubinaemia 23, 239, 

242–243
liver transplantation indication 733, 734
pregnancy in 580
see also primary biliary cholangitis (PBC); 

primary sclerosing cholangitis (PSC)
cholesterol 260–261

accumulation, in gallbladder 
wall 276–277

bile acid metabolism 23, 260
biliary levels 261, 263
cutaneous deposition 244
elevated levels in children 588
free 26, 26
functions and sources 26
gallstones see gallstone(s)
hepatic balance 26
nucleation/nucleating factors 261, 

261–262, 262
saturation of bile 36, 261
solubilization, bile salts role 260, 

261, 262
synthesis 26
transport 234

cholesterol esters 26, 26, 28
cholesterolosis of gallbladder 276–277
cholesterol transporter 263
cholesteryl ester storage disease 612, 644
cholestyramine, for cholestatic 

pruritus 244, 245, 337
cholic acid (CA) 23, 24, 234
chondrocalcinosis 518, 518
chromosomal disorders, neonatal 

hepatitis 595
chronic liver disease

acute liver failure vs 67
in children 605–607
drugs causing 476
non‐invasive tests 94–95
nutrition see malnutrition; nutrition
scoring systems 20
see also specific diseases

chronic liver failure, infants/children 588
chylomicron(s) 12, 27
ciclosporin 742

autoimmune hepatitis 372, 373
drug–drug interactions 449, 770
in liver transplantation 742, 742, 766
side‐effects 742, 750

ciliated hepatic foregut cyst 700
cirrhosis (biliary) see biliary cirrhosis
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cirrhosis (hepatic) 4, 107–126
acute‐on‐chronic liver failure in see 

acute‐on‐chronic liver failure (ACLF)
alcoholic see alcoholic liver disease
ammonia levels 162, 163
ascites 127, 128

ascitic fluid 131
treatment 134–138

in autoimmune hepatitis 359, 363, 368
biopsy appearance 46
bleeding 57–58

prophylaxis and therapy 57–58
risk of 53, 56, 57, 58

cardiac output 112, 113
causes 107–108, 109, 112

cofactors 108, 108
removal, varices risk reduction 195

cerebral function impairment 154
in children 613
clinical history and examination 110
clinical/pathological associations  

112–119
cardiomyopathy 114–115
cardiopulmonary 113–115, 114
circulatory changes 128–129, 129, 129
drug metabolism 118
encephalopathy see hepatic 

encephalopathy
endocrine 118, 118
foetor hepaticus 116
gastrointestinal 115–116, 133
haematological 118
hepatocellular carcinoma 182, 363
hepatopulmonary syndrome 113–114, 

114, 115, 116, 188
hepatorenal syndrome see hepatorenal 

syndrome (HRS)
hyperdynamic circulation 112–113, 

113, 129
infections 119, 127, 132–134
laboratory findings 118
muscle cramps 118
neuropsychiatric abnormalities 151
portal hypertension see portal 

hypertension
portopulmonary hypertension  

114, 188
renal 57, 116, 129, 129, 129
skin changes 116, 116–117, 117, 130
time course of changes 129, 129
vasodilation 112–113, 113, 

128–129, 129
coagulation system 53–61

alterations of normal system 56, 
56–57

bleeding mechanism 53, 56–57
clinical tests 58–59
hypercoagulability 53, 57, 58
hyperfibrinolysis 56, 57–58
management 57–58
rebalanced system 53, 57
terms and concepts 53, 54

compensated 110–111, 195
DEXA and body composition 567
HVPG 189, 201
management 119, 197, 200–201
nutrition 569
prognosis 195
varices 189, 195
with varices, management  

200–201, 201
varices prevention 198, 200
without varices, management  

200, 201
cryptogenic 107–108, 544

plasma amino acid pattern 28
transplantation for 735

in cystic fibrosis 608
decompensated 110, 111, 112, 127, 

144, 195
acute-on-chronic liver failure vs 120, 

120, 121
ascites see ascites, cirrhotic
children 613
clinically significant portal 

hypertension 189
management 119
obesity as risk factor 569
prognosis 195
treatment in chronic hepatitis C  

452–453
weight loss 168, 569

definition 107, 108
diagnosis/detection 94–102, 

108–110, 110
2D‐shear wave elastography 100, 

101–102
acoustic radiation force impulse 

imaging 100, 101
biochemical tests 112, 118
CT scan 109–110, 110, 685
HVPG 94
invasive tests 93–94, 95
liver biopsy 48, 94, 108, 109
liver stiffness measurement 95,  

96, 99
magnetic resonance elastography 102
MRI 110
non‐invasive tests 93, 94–95, 95–102
transient elastography 96, 98, 99–101, 

100, 101
ultrasound 109, 682, 683

early 94
nutritional status assessment  

565–568, 566
energy production/metabolism 31, 

120, 168
fertility reduced in 578
gallstone risk factor 263, 264
gastro‐oesophageal varices 

screening 195
in genetic haemochromatosis 516, 516, 

517, 519, 520
in glycogen storage diseases 610

graft‐versus‐host 734
hepatic vein pressures 131
hepatic venous pressure gradient 189
in hepatitis B see hepatitis B
in hepatitis C see hepatitis C
in hepatitis D 427
hepatocellular carcinoma resection 715
hepatocellular carcinoma risk factor 705, 

709, 710
hepatocellular nodule 694
histopathology 94, 186, 217
hyponatraemia 138–139
impaired host defence 165
increased hepatic vascular 

resistance 185–186, 186
investigations (general) 110
liver microcirculatory dysfunction  

186, 187
macronodular 108, 109, 516, 516, 517
malnutrition in see malnutrition
management 119–120

antibiotics 119, 134
in children 613
nutrition 120, 168
of precipitating factors 119–120
specific treatment 119
surgery, risk 120
see also cirrhosis (hepatic), treatment

metabolism changes 562–563, 563
micronutrients 564

micronodular 109, 500, 501
muscle wasting, significance 561, 562, 

563, 565, 567
in NAFLD 541, 543, 544, 550, 551, 551

transplantation for 735
overnutrition and 562
overweight and obesity effect 564–565
plasma proteins in 31
portal hypertension in see portal 

hypertension
portal vein thrombosis in/and  

220–221
portosystemic collateral circulation  

182–184, 183
pregnancy in 578, 578–579
in primary biliary cholangitis 332, 332, 

333, 337
prognosis 111–112, 180, 195

malnutrition effect 564, 564
in pregnancy 578, 578–579
sarcopenia (muscle loss) 561, 562, 

563, 565–566, 567
recurrent, in HCV infection 763, 

764–765, 765
reversible 110
risk factors 108
sarcopenia (muscle loss) in 561, 562, 

563, 565–566, 567
sodium retention 112, 128–129, 129
thrombocytopenia 56
thrombosis 53, 57, 58

prophylaxis and therapy 58



Index 791

time to, from fibrosis 82
treatment 109

alcoholic cirrhosis 507
liver transplantation 732–733
non‐selective beta‐blockers 196–198, 

197, 200
nutritional approach 120, 

568–570, 569
response to 112

varices see specific varices
vasoconstriction 186
see also fibrosis (hepatic)

cirrhosis, primary biliary see primary biliary 
cholangitis (PBC)

cirrhosis‐associated immune dysfunction 
(CAID) 119

‘cirrhotic coagulopathy’ 53–60
clarithromycin 480
claudin 15, 15
Clichy criteria 20
CLIF Organ Failure score 121, 121
clinically significant portal hypertension 

(CSPH) 94, 111, 187, 189, 195
detection 96, 101, 102, 191
HVPG level 128, 189, 201
prognosis 111
transient elastography 96, 101

Clonorchis sinensis 296, 350,  
675, 719

Clostridium difficile infection  
(CDI) 748

Clostridium welchii 268
clubbing (digital) 117
cMOAT (MRP2, ABCC2 gene) 233, 234, 

235, 241, 575, 600
coagulation 218

in acute fatty liver of pregnancy 577
cell‐based model 54, 54
in cirrhosis 53–61 see also cirrhosis 

(hepatic)
extrinsic pathway 54, 55
inappropriate, HELLP syndrome/

pre‐eclampsia 576
inhibitors 35
measures of 56
normal pathways 54, 54–56

components 55
in pregnancy 573, 581–582

coagulation factors 55, 55, 56
measurement, in cirrhosis 59
synthesis 31, 72

coagulopathy 35, 53–61, 72
coccidioidomycosis 665
coeliac disease 367, 623
cognitive dysfunction

alcoholic liver disease 504
cirrhosis

differential diagnosis 160
encephalopathy see hepatic 

encephalopathy
independent of liver disease 160, 

160–161

collagen
deposition, alcoholic hepatitis 498, 499
type I 83–84, 86

collagen‐vascular disorders 622–623
collateral circulation, portosystemic see 

portosystemic collateral circulation
colorectal cancer 279, 691

in primary sclerosing cholangitis 341, 
342, 342, 349, 350, 734

colorectal varices 184
common bile duct 236

anatomy 4, 5
cholangiocarcinoma site 296
cholestasis 236
cystic dilation 319
dimensions 5
diverticulum 319, 319
narrowing, chronic pancreatitis  

283–284, 284
obstruction

ampullary carcinoma 301, 302
polycystic liver disease 312

partial obstruction 270–271
perforation 279
stones 270–272

cholangitis, with 271
diagnosis 265
gallstones with 272
large, treatment 272–273, 273
management 271, 272
presentation
removal 272
stenting for 273
without cholangitis 272

strictures see biliary strictures
ultrasound 258

common hepatic artery, aneurysms 211
common hepatic duct, anatomy 2, 4, 5
complement 29, 31
computed tomography (CT) 683–685

acute liver failure 68
advantages/disadvantages 684
amoebiasis 656, 657
ascites 132
benign tumours 685, 686
biliary tract disease 257
Caroli disease 317, 317
cholangiocarcinoma 297
cirrhosis diagnosis 109–110, 110
congenital portosystemic shunts 214, 214
contrast‐enhanced 683–684, 685
echinococcosis (hydatid disease)  

670, 671
gallbladder carcinoma 295
gallbladder stones 257
hepatic arterioportal fistula 212, 212
hepatic artery aneurysms 211, 211
hepatocellular carcinoma 712, 712, 713, 

714, 718
hepatosplenic tuberculosis 658
multidetector computed tomography 

(MDCT) 212, 214, 218, 683

muscle wasting assessment 565, 566, 
566, 568

pancreas protocol, ampullary/
periampullary cancer 303

polycystic liver disease 312, 312
portal cavernoma 219, 219
portal vein thrombosis 218
portal hypertension 191
pyogenic liver abscess 654, 654
sarcoidosis 626
space‐occupying lesions 683–685, 691
tuberculosis of liver 658, 658

congenital anomalies
biliary tract 313, 321, 321–324, 323
gallbladder 277, 321, 321, 321–324, 323
liver 321, 321

congenital hepatic fibrosis (CHF) 108, 296, 
309, 313, 314–316, 606

clinical features 315–316
intrahepatic bile duct dilatation with see 

Caroli syndrome
portal hypertension in 309, 309, 313, 

314, 316
treatment, prognosis 316

congenital portosystemic shunts (CPSS)  
213–214, 214

congenital rubella syndrome 594
congestive cardiac hepatopathy 34, 209, 

223–225
aetiology, pathophysiology 224
diagnosis, liver biopsy 224, 225
differential diagnosis 217
manifestations 224
treatment and prognosis 224

conjugated bilirubin see bilirubin, conjugated
conjugation

bile acids see bile salt(s)/acid(s)
bilirubin see bilirubin
drugs 471

consciousness, disturbed 152, 155, 155
constrictive pericarditis 217
constructional apraxia 151, 152
contraceptives see oral contraceptives
Coombs test 384, 591, 638
copper

in fetal liver 589
metabolism, normal and abnormal see 

Wilson disease
toxicoses (non‐Wilsonian) 607

coproporphyria, secondary 634
coproporphyrins 241–242
cords (plates), liver cells 7

in hepatocellular carcinoma 706, 
707, 707

Cori disease (GSD type III) 609, 610
corticosteroids 236

adverse effects 370
in alcohol‐related hepatitis 506
in autoimmune hepatitis 357, 357, 368, 

370, 370, 371
in biliary atresia (postsurgery) 601
drug–drug interactions 770
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in drug‐induced liver injury 478
infections after 507
in viral hepatitis 385

co‐trimoxazole 480
Couinaud classification 1, 3
Courvoisier’s law (sign) 249, 302
Coxiella burnetii 663
cramps (muscle), in cirrhosis 118
CREST syndrome 117, 333, 623
Crigler–Najjar syndrome 23, 232, 239, 

240–241, 591
liver transplantation 591, 736
phenobarbital‐responsive 240, 591
phenobarbital‐unresponsive 240–241
treatment 591
types 1 and 2 240, 241, 591

critical care cholangiopathy 34
Critical Flicker Fusion Frequency 

(CFFF) 157
cryoglobulinaemia 443, 456–457
cryptococcosis, hepatic 664–665
Cryptosporidium parvum 350
cyclosporin see ciclosporin
cyst(s), choledochal see choledochal cyst
cyst(s), ciliated hepatic foregut 700
cyst(s), liver

fenestration 313
hydatid see hydatid cyst
number/size 310
in polycystic liver disease 309, 310, 

311, 700
aspiration 312–313
carcinoma secondary to 320
growth/growth factors 310
imaging 682–683
treatment 312–313, 700

prevalence 311
simple cysts 308–309, 700
solitary non‐parasitic 320–321

cystadenocarcinoma, bile duct 301
cystic artery 5

congenital anomalies 324
cystic dilation, peribiliary glands 700
cystic duct

anatomy 4, 5
congenital anomalies 323, 324
obstruction, stone 268, 270
stone in, Mirizzi syndrome 273, 273, 

273–274
cystic fibrosis 237, 597, 608

clinical features 608
genetics 608
liver disease, histology 608
treatment 608, 736

cystic fibrosis transmembrane conductance 
regulator (CFTR) 237, 343, 608

cytochrome P450 enzymes (CYPs)
acinus zones 14
alcohol metabolism 495, 497, 503
autoimmune hepatitis 362
bile acid metabolism 23

drug metabolism 471, 472, 472, 474
haem 632
hepatitis C, antiviral 

metabolism 447–448
cytokeratin(s) 11
cytokeratin 7 49
cytokeratin 18 542, 542
cytokeratin 19 49
cytokine(s) 88

acute phase reaction 29
alcoholic liver disease pathogenesis  

496–497, 497
in fibrogenesis 88
hepatic stellate cell activation 85, 85
hepatocyte injury in NASH 545–546
NAFLD pathogenesis 549
release from Kupffer cells 13
signalling, fibrogenesis 88

cytomegalovirus (CMV) infection 748
intrauterine 594
neonatal hepatitis due to 594
post‐liver transplantation 748–749, 765
prophylaxis 748–749

cytoskeleton, hepatocytes 10, 11, 233, 233
cytotoxic T lymphocyte(s) 335, 357, 439

d
daclatasvir 769

chronic hepatitis C 446, 448, 451, 452
daclizumab 743
Dane particle 395
dasabuvir 446, 448, 769
des‐gamma‐carboxy prothrombin 

(DCP) 709, 710
desmopressin 58
desmosomes 9, 10
development of liver/bile ducts 1, 321
DEXA see dual energy X‐ray absorptiometry 

(DEXA)
diabetes mellitus 628

gallstone risk factor 263, 264
in genetic haemochromatosis 517, 

519, 520
hepatic histology 628, 628
liver abscesses 653
liver in, hepatomegaly 628
poor control, mental status changes  

160, 160
type 1 628
type 2 628

hepatitis C and 443
NAFLD association 540

diclofenac, liver injury due to 479–480
diet

alcoholic liver disease risk 497
assessment, in cirrhosis 566, 567–568
cirrhosis mortality and 497
cirrhotic ascites treatment 135, 

135–136, 137
gallstone risk factor 263
glycogen storage diseases 610, 611
low sodium 569

malnutrition in cirrhosis 562, 563
NAFLD and NASH therapy 552
’no added salt’ 135, 135, 137
tyrosinaemia type I management 605
see also nutrition

dietary supplements see herbal and dietary 
supplements (HDS)

digestion, impaired, causes of in 
cirrhosis 563

digital clubbing 117
DILIN see Drug‐Induced Liver Injury 

Network (DILIN)
direct‐acting antivirals (DAAs) 444

drug–drug interactions 445–446, 
449, 770

HCV 440–441, 444, 445–449, 446, 450, 
457–458

choice pre‐liver transplant 766
daclatasvir 446, 448, 451, 452, 769
dasabuvir 446, 448, 769
elbasvir 446, 448, 769
genotypes 1–6 449, 450, 451, 

451–452, 452, 453, 457
glecaprevir 446, 449, 451, 452
grazoprevir 446, 448, 451, 452, 769
HBV coinfection 414, 456
HIV coinfection 456, 772
lepidasvir 446, 447, 451, 769
liver transplantation and 763, 766, 772
ombitasvir 446, 448, 452, 769
paritaprevir 446, 448, 769
pibrentasvir 446, 449, 451
for recurrence, post‐transplant 769
in renal impairment 456, 457, 456
resistance and retreatment 457–458
safety 769
second‐generation DAAs, trials  

454–455
simeprevir 446, 448–449
sofosbuvir 446, 446–447, 451, 452, 769
velpatasvir 446, 447–448, 451, 

452, 769
voxilaprevir 446, 447–448, 451, 452

direct acting oral anticoagulants (DOAC), in 
cirrhosis 58

disaccharides, non‐absorbable 170, 
170–171, 174

discriminant function (DF) 504, 505, 505
Disse, space of see space of Disse
disseminated intravascular coagulation 

(DIC) 35
diuretics

cirrhotic ascites treatment 135, 
136–137, 139

sites of action 136, 136
DNA

damage 719
methylation 549

dopamine 165
Doppler ultrasound 682

indications 682
’double duct’ sign 303, 303

corticosteroids (cont’d)
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’Doylestown algorithm’, HCC 712
DRESS syndrome 366, 478
drug(s)

absorption 471
conjugation 471
elevated GGT due to 33
hepatic clearance 469
metabolism 14, 469, 471

in cirrhosis 118
drug‐induced liver injury 469
hepatic, phases 471–472

resistance, antivirals see antiviral drugs
transport 471

drug abusers
chronic hepatitis C treatment 453, 

456, 459
HDV infection 424

drug–drug interactions 472, 474
direct‐acting antivirals (DAAs) 445–446, 

449, 770
immunosuppressants and DAAs 449
post‐liver transplantation 750
tacrolimus and ciclosporin 742, 742

drug‐induced conditions
autoimmune hepatitis 355, 359, 365–366
cholestasis 243–244, 474
hepatic porphyria exacerbation 633
idiopathic non‐cirrhotic portal 

hypertension 221
liver biopsy in 48
sclerosing cholangitis 351

drug‐induced liver injury (DILI) 243–244, 
468–493

acute liver diseases, drugs causing 476
acute liver failure 64, 64, 65, 66, 469
alcohol use and 474
antimicrobials 469, 480–481
autoimmune hepatitis vs 365–366, 366
autoimmune injury 477, 478
children 469, 473, 606–607
cholestatic injury 243–244, 474
chronic liver diseases, drugs causing 476
classification of hepatotoxicity 469, 477
daily dose, as risk factor 473–474
diagnosis 474–478, 475

adjudication process 477
causality assessment 475–477, 477
’gold standard’ approach 476–477
laboratory profile at onset 474
laboratory tests 474
liver histology 475
R value equation 474

as diagnosis of exclusion 475, 477
drug groups 476, 479–486

antimicrobials 469, 480–481, 658
aspirin 607
cardiovascular drugs 483
chemotherapeutics 482
CNS drugs 483–484
dietary supplements 64, 468, 471
herbal supplements 64, 468, 471
hypolipidaemics 484–485

inflammatory bowel disease drugs  
481–482

NSAIDs 469, 479–480
paracetamol see paracetamol

drug metabolism 469, 471–472
epidemiology 470
fatty liver disease 555
hepatocellular injury 472, 473, 474, 477
hepatocyte apoptosis 472
‘Hy’s rule’ 474
idiosyncratic 468, 469

complications 469
epidemiology 468–469
immunological mechanisms 479

intrinsic 468
see also paracetamol poisoning

latency 477
medical management 478
mixed hepatocellular/cholestatic 474
molecular mechanisms 472–473
NAFLD vs 543
non‐genetic risk factors 473–474
pharmacogenetic risk factors 478, 

478–479
pharmacokinetics 469
prospective registry 469, 470
severity of liver disease 477, 477
’signature’ of specific drugs 477
see also adverse drug reactions (ADRs)

Drug‐Induced Liver Injury Network 
(DILIN) 469, 473, 475

causality assessment 477, 477
liver disease severity 477

111In‐DTPA octreotide 691
dual‐energy X‐ray absorptiometry 

(DEXA) 246, 247, 565, 566, 567
Dubin–Johnson syndrome 23, 241–242, 

598, 600
biopsy appearance 46

ductal plate 1, 308, 313
malformation 313, 313, 315

ductopenia 244, 332, 335
graft rejection 747, 747–748

duloxetine 484
duodenal carcinoma 305
duodenal papilla 5, 5

stenosis 275
duodenum

ampullary carcinoma involvement 301, 
302, 302

endoscopic stenting 304
tubular adenoma 700

Dupuytren contracture 117, 504
dysbiosis of microbiome 550
dysmetabolic syndrome 522
dysplastic lesions 708

hepatocellular carcinoma 
development 706, 707, 708

dysplastic nodules 696, 697, 706, 707, 
708, 712

histology, and diagnosis 696, 697
low‐grade vs high‐grade 706, 708

e
EBV see Epstein–Barr virus (EBV)
echinococcosis

see hydatid disease
echinocytes 34
eclampsia 574, 575–577, 576
ectopic liver 4
’ectopic’ varices see varices, ectopic
elafibranor (GFT‐505) 553, 554
elastography

chronic hepatitis C 443–444
transient see transient elastography (TE)

elbasvir 446, 448, 769
electroencephalography (EEG), 

hepatic encephalopathy  
155–156

embryology 1, 313, 321
empyema

gallbladder 268
spontaneous bacterial 119, 133

encephalopathy
hepatic see hepatic encephalopathy
metabolic 160
septic 160, 160–161
Wernicke 160, 161, 504

endocrine disorders 628–629
neonatal liver disease 593, 593, 595

endocytosis 12
receptor‐mediated 12, 14, 15

endoplasmic reticulum (ER)
polycystic liver disease gene 

mutations 310
rough (RER) 9–10, 10
smooth (SER) 9–10, 10
stress 496

NASH pathogenesis 545, 546, 547
stellate cell activation 86

endoscopic retrograde cholangiography 
(ERC) or cholangiopancreatography 
(ERCP)

acute cholangitis 273, 273
acute gallstone pancreatitis 272
ampullary/periampullary cancer  

303, 303
ascariasis 673, 674
benign biliary strictures 281
biliary fistula 278, 278
biliary tract disease 258–259, 259
Caroli disease 317
cholangiocarcinoma 298–299
common bile duct stone treatment 272
echinococcosis (hydatid disease)  

671, 672
haemobilia 274, 274
intrahepatic cholangiocarcinoma 720
liver fluke infestations 675, 676
neonatal liver disease 594
primary sclerosing cholangitis 341, 346, 

346, 348, 349
sphincter of Oddi disorders 275

endoscopic sphincterotomy (ES), common 
bile duct stones 272
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endoscopic ultrasound (EUS)
ampullary/periampullary cancer 303
benign biliary strictures 281
biliary tract disease 258
cholangiocarcinoma 299
intrahepatic cholangiocarcinoma 720

endoscopic variceal band ligation (EVL)  
198, 198, 201, 202

in pregnancy 579
secondary prophylaxis 204–205

endoscopy
in portal hypertension 192–194, 

193, 194
therapeutic

in PSC 348
variceal bleeding 193–194, 198, 

198–199, 202
endothelial cell(s)

cirrhosis and portal hypertension 186
dysfunction 186
epithelioid haemangioendothelioma 701
in fibrosis/fibrogenesis 84
functions 12
hepatic granuloma pathogenesis 624
neutrophil interactions, hepatic 

encephalopathy 165–166
sinusoidal 7–8, 10, 11, 12, 12, 84

Kupffer cell interactions 13
in portal hypertension 186, 187

endothelin blockers 186
endotoxin 497, 652

alcoholic liver disease pathogenesis  
496–497, 497

NAFLD/NASH pathogenesis 550
end‐stage liver disease

hepatitis B, hepatitis C 758–759
MELD score see MELD (Model of End‐

stage Liver Disease) score
metabolic diseases, transplantation for  

735, 735–736
energy, sources, in cirrhosis 562, 563, 

563, 569
Enhanced Liver Fibrosis (ELF)® 96,  

97, 98
enoxaparin 221
Entamoeba (spp.) 655, 656
entecavir

hepatitis B 409, 410–411, 414
combination therapies 411
resistance 410, 760

side‐effects 411
enteral nutrition, in cirrhosis 569
enterohepatic circulation, bile salts 24–25, 

25, 234, 237–238, 261
environmental factors

alcoholic liver disease 497
autoimmune hepatitis triggers 359
liver response to drugs 471
primary biliary cholangitis pathogenesis  

332, 332–333, 334, 334–335
epidemiology see specific diseases
epithelioid cells, proliferation 624, 628

epithelioid haemangioendothelioma 701, 
721, 736

Epstein–Barr virus (EBV) 701, 750
post‐liver transplantation 614, 749, 749

’ER stress’ see endoplasmic reticulum (ER), 
stress

erythromycin 480
erythropoietic disorders 515
erythropoietic siderosis 522
Escherichia coli 653, 656

acute cholangitis 271
anti‐mitochondrial antibody cross‐

reaction 335
biliary peritonitis 45
cirrhosis 118
emphysematous cholecystitis 268
spontaneous bacterial peritonitis 133

ethanol see alcohol
everolimus 743

drug–drug interactions 449, 770
exchange transfusion, physiological 

jaundice 590
exercise, NAFLD therapy 552
extracellular matrix (ECM) 83, 83–84, 88, 

87–89
turnover, biomarkers 98

extracellular vesicles (EV) 15, 15
extracorporeal albumin dialysis 144
extracorporeal shockwave lithotripsy  

266, 273
extrahepatic biliary atresia see biliary atresia
extrahepatic portal vein obstruction 

(EHPVO) 217–220
extramedullary haemopoiesis  

642–643, 643

f
faeces

cholestasis 244, 295
haemolytic anaemia 635
viral hepatitis 382, 383–384

falciform ligament 1, 2, 3, 183
false aneurysm 210, 211
familial amyloidotic polyneuropathy 

(FAP) 630, 631, 632
familial cholestatic syndromes 235, 242, 

575, 591, 598, 599
familial hypercholesterolaemia 613
familial Mediterranean fever (FMF) 630
Fanconi–Bickel syndrome (GSD 

type XI) 609, 611
farnesoid X receptor (FXR) 23, 89, 234, 

236, 238
agonists 89, 336
ligand (obeticholic acid) 89, 186, 

553, 554
mutations, intrahepatic cholestasis of 

pregnancy 575
Fas and Fas ligand 472, 473
fat(s)

body, measurement 565, 567
dietary, absorption 27, 27

ectopic, dysfunctional in NAFLD 549
hepatic, in NAFL and NASH 

pathogenesis 546
intolerance 266
macrovesicular form 498, 499, 732
metabolic pathways 21, 26–28, 439
microvesicular form 498, 499
see also lipid(s)

fatigue
in cholestasis 246
management 337
in primary biliary cholangitis 332, 333, 337

fat‐storing cells see hepatic stellate cells
fatty acids

acute fatty liver of pregnancy 577
lipid peroxidation 547
non‐esterified (NEFAs) 546, 547
oxidation 547
synthesis, alcohol consumption and 496
volatile (VFAs) 170, 171
see also free fatty acids (FFAs)

fatty change, focal 699
fatty infiltration of liver

NAFLD 540, 541, 541, 542
see also steatosis

fatty liver disease
alcoholic see alcoholic liver disease (ALD)
cryptogenic cirrhosis in 48
CT 685
drug‐induced 555
fibrosis and 48, 82
histology 498, 499
lipids increased 28
liver biopsy appearance/role 46, 48
MRI 687
non‐alcoholic see non‐alcoholic fatty liver 

disease (NAFLD)
in pregnancy see acute fatty liver of 

pregnancy (AFLP)
ultrasound 683
Wilson disease 528, 530
see also steatosis

Fatty Liver Inhibition of Progression (FLIP) 
Consortium 542, 543

Felty syndrome 623
fenestrae 12, 12
fenestration, polycystic liver disease 313
ferritin 31, 515, 518

serum
elevated levels, causes 519
genetic haemochromatosis  

518–519, 521
sickle cell disease 637

ferroportin (IREG‐1) 511, 513
ferroportin disease 512, 515, 522
fertility, in cirrhosis 578
fetal–maternal incompatibility 590–591
α‐fetoprotein (AFP)

dysplastic nodules 696
elevated levels 31

chronic hepatitis B 405
hepatocellular carcinoma 713
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glycosylated (AFP‐L3) 709, 710
hepatocellular carcinoma

as biomarker 709, 710, 713
liver transplantation survival 716

normal levels 29, 31
hepatocellular adenoma 694

in pregnancy 573
fetus

adverse outcomes in cirrhosis 578, 
578–579

bile acid metabolism 589
liver 1, 589

injury, gestational alloimmune liver 
disease 522, 603

maternal liver transplantation effect 581
FIB‐4 test, marker for hepatic fibrosis 96, 

97, 99
fibrates 236, 484
fibrin 56
fibrin degradation products 56
fibrinogen 29, 56
fibrinolysis, extracellular matrix 

degradation 88, 88–89
fibrinolytic system 55

inhibitors 56
over‐activation in cirrhosis 56–57

fibroblast growth factor 19 (FGF19) 23, 
234, 238–239

fibroblasts, portal 84
fibrogenesis 82–92, 107

see also fibrosis (hepatic)
fibrolamellar hepatocellular 

carcinoma 721, 736
Fibrometer® 96, 97, 98
fibronectin 13
fibropolycystic liver diseases 308, 313–314

congenital, cholangiocarcinoma risk 296
diseases included 296, 309, 309,  

313, 313
pathology 309

Fibroscan® see transient elastography (TE)
fibrosis (hepatic) 4, 82–92

alcoholic hepatitis 498
autoimmune hepatitis 365
Budd–Chiari syndrome 214
cellular/molecular features 83–89, 365

adipokine/neuroendocrine 
signalling 87

cytokine signalling 88
extracellular matrix dynamics 83, 

83–84, 88, 88–89
gene regulation in hepatic stellate 

cells 87
HSC changes 83, 84, 84-87, 89
immune interactions 88
inflammatory signalling 86–87, 88
sinusoid anatomy 83
telomere shortening 88

cirrhosis development 82, 94, 107, 108
clinical aspects 89
congenital see congenital hepatic fibrosis 

(CHF)

diagnosis/detection
importance 94
invasive tests 93–94, 95
liver biopsy 93, 94
non‐invasive see below

genetic haemochromatosis 516, 516, 520
HDV causing 425, 427
hepatitis C 443–444

chronic 439–440
iron overload 515, 516, 516
NAFLD see non‐alcoholic fatty liver 

disease (NAFLD)
NASH see non‐alcoholic steatohepatitis 

(NASH)
natural history 82–83
non‐invasive tests 93, 94–95, 

95–102, 543
2D‐shear wave elastography 100, 

101–102
acoustic radiation force impulse 

imaging 100, 101
comparison of tests 96, 96, 98
in hepatitis B 404
in hepatitis C 444–445
limitations 93
liver stiffness measurement 95, 96, 

99–102, 445
magnetic resonance elastography 102
molecular imaging 102
schema/time for use 95
serial data 94
serum markers 95, 96, 96, 97, 

98–99, 445
spleen stiffness measurement 102
transient elastography 94–95, 96, 98, 

99–101, 100, 101
post‐necrotic pattern 93
progression 82, 83, 89
regression 110

assessment 95
staging, in NASH 550–551, 551
surrogate markers 365
treatment targets/strategies 89

FibroSpect II® 96, 97, 98
FibroTest® 96, 97, 99
fine‐needle guided biopsy, liver 42–43
fistula

biliary 278
cholecystenteric 278, 278
hepatic arterioportal 211–212, 212

flank dullness, ascites 130
flapping tremor (asterixis) 152, 152, 248
FLINT trial 554
floxuridine 482
flucloxacillin 478
fluid wave sign, ascites 130
flukes see liver flukes
flumazenil 173
fluoroquinolones 480–481
focal fatty change 699
focal fatty sparing 687, 699
focal liver lesions 693

focal nodular hyperplasia (FNH) 696–697
foetor hepaticus 116, 152, 248
Forns Index 96, 97, 99
free fatty acids (FFAs)

endoplasmic reticulum stress 547
hepatocyte injury 545–546, 547, 548

fresh frozen plasma (FFP) 53, 57
fructose‐1,6‐bisphosphatase deficiency 611
fulminant hepatic failure

autoimmune hepatitis 356
hepatitis A 63, 383, 384, 387
hepatitis E 63, 68, 383, 390, 581
lymphoproliferative disease 638
Wilson disease 66, 70, 75, 528, 529, 

530, 536
see also acute liver failure (ALF)

fungal infections 664–665
in acute liver failure 72
bone marrow transplantation 639, 640
hepatic granulomas 625, 626
post‐liver transplantation 749

g
GABA 163–165, 173
gadolinium 686, 687, 690
GAHS (Glasgow Alcoholic Hepatitis 

Score) 504, 505
galactosaemia 602–603, 735
’GALAD’, HCC risk score 712
gallbladder

see also cholecystitis
adenocarcinoma 294, 295
adenomyomatosis 276
anatomy 2, 2, 5, 5
carcinoma 274, 276, 294–296

gallstone association 279
cholesterolosis 276–277
congenital anomalies 277, 321, 

321–324, 323
development 321, 600
ejection fraction 275
emptying and filling 262
empyema 268
examination 7, 302
fistula, colon 278, 278
functional disorders 274–275
imaging 256–257

neonatal/infants/children 589
motility 262

in pregnancy 572
palpation 7, 302
perforation/rupture 277–278, 279
polyps 276, 276, 294, 343

’high‐risk’ 276
porcelain 269, 277, 294
pseudopolyps 276
recurrent partial torsion 324
removal see cholecystectomy
surface marking 6, 6
torsion 324
tumours (malignant) 294, 296
vasculitis 277
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gallbladder disease 256
benign 256, 257

relationship to malignant change 279
complicated acute 268–269
xanthogranulomatous cholecystitis 277
see also gallbladder, cholecystitis and 

gallstones
gallstone(s) 256, 259–270

asymptomatic 264
treatment 269, 272

bilirubin 259, 260, 261, 264
calcium salts in 260, 261, 264
cancer of gallbladder and 279, 294
cancers related to 279
children 602
cholesterol 259, 260, 260, 261

formation 260–262, 261, 262
in cirrhosis 116
classification/types 259, 260, 261
clinical features 264
in common bile duct see common bile 

duct, stones
complications 264, 266

signs/features 265
diagnosis 264–265
epidemiology 262
formation 24, 260–262

risk factors 260, 261, 261, 262–264
genetic factors 262–263
haemolytic anaemia 635
hereditary spherocytosis 636
imaging 257
ileus 278–279
intrahepatic 274
migration to common bile duct  

270–271
Mirizzi syndrome 273, 273–274
pigment 259, 261, 264

black pigment 261, 263, 264
brown pigment 260, 261, 264
formation 264

prevalence 259, 262
sickle cell disease 637
symptomatic, treatment 265–266, 272
treatment/management 265–266

algorithm 270, 270
medical vs surgery 266
non‐surgical 269–270, 270

see also cholelithiasis, cholecystitis, 
cholecystectomy

gallstone pancreatitis, acute 268, 272
gamma‐aminobutyric acid see GABA
gamma‐globulin

increased, in cirrhosis 118
IVIg, gestational alloimmune liver 

disease 603
normal range 21
see also immunoglobulin(s)

gamma‐glutamyl transferase (GGT) 33
elevated 33, 33–34, 256

alcoholic liver disease 501
cholestasis 238

lymphoma, hepatic involvement 641
PFIC type 3 242
primary biliary cholangitis 329

in neonates/infants/children 588, 593
normal range 21
in pregnancy 33, 573

gargoylism (Hurler syndrome) 612–613
gastrectomy, gallstone risk 264
gastric antral vascular ectasia 185
gastric varices 184, 193

acute bleeding, treatment 204
classification 184, 185
endoscopy 192–194, 193, 194
types 193
see also gastro‐oesophageal varices 

(GOVs)
gastric veins 182, 184
gastrointestinal bleeding

in acute liver failure 73
in cirrhosis 116, 120
hepatic arterioportal fistula and 212
hepatic artery aneurysm rupture 211
in INCPH 222
in NAFLD 543

gastrointestinal malignancies
in PSC 342, 342, 347, 349
see also colorectal cancer

gastrointestinal stromal tumours 701
gastro‐oesophageal varices (GOVs) 184, 

185
bleeding, management 196–200, 204
screening, in cirrhosis 195

Gaucher disease 612, 644–645
gender

alcoholic liver disease risk 498, 505, 
506, 506

drug‐induced liver injury risk 473
gallstone risk factor 263
genetic haemochromatosis 517
hepatocellular carcinoma risk 705

genetics and genetic risk factors
alcoholic liver disease 498, 506
ampullary/periampullary cancers 301
autoimmune hepatitis 357, 358–359
cystic fibrosis 608
drug‐induced liver injury risk 478, 

478–479
gallstone formation 262–263
intrahepatic cholestasis of pregnancy  

242, 575
NAFLD 549, 549
non‐alcoholic steatohepatitis 549, 549
polycystic liver disease 310
primary biliary cholangitis 332, 

332–333, 334, 334, 334–335
primary sclerosing cholangitis 344
Wilson disease 526, 527, 527–528

genetic testing
haemochromatosis (HFE‐related) 521
neonatal liver disease 594

gestational alloimmune liver disease 
(GALD) 522, 603

gestational liver diseases see pregnancy
GGT see gamma‐glutamyl transferase 

(GGT)
Gianotti–Crosti disease 405
giant cell(s) 591, 592

hepatic granulomas 624, 624, 625
neonatal liver 591

giant cell hepatitis 591
giant mitochondria 498, 504
Gilbert syndrome 22, 23, 232, 

239–240, 383
breast‐milk jaundice risk 590
gallstones 264
in infants 590, 591
isolated hyperbilirubinaemia 635

Glasgow Coma Score 155, 155
glecaprevir, hepatitis C 446, 449, 451, 452
glomerulonephritis, membranous  

405, 670
gluconeogenesis 31, 32, 563
glucose, in glycogen storage disease 608
glucose‐6‐phosphatase deficiency (GSD Ia)  

609, 610
glucose‐6‐phosphate dehydrogenase 

deficiency 591, 636
glucuronic acid 22, 25
β‐glucuronidases 22
glutamate 163, 164, 164

hepatic encephalopathy 164
glutamine 28, 162–163, 164

brain water homeostasis 162–163
glutamine synthetase 28, 162, 695, 698
glutaric aciduria type II 611
glutathione (GSH) 527
glycogen 562

synthesis 31, 609
glycogenated nuclei 528, 628, 628
glycogen storage disease (GSD)  

608–611, 609
hepatocellular adenoma and 696, 696
liver transplantation in 735

Golgi apparatus 10, 11
gonadal atrophy 517–518, 520
graft‐versus‐host cirrhosis 734
graft‐versus‐host disease (GvHD) 34, 639
granuloma(s), hepatic see hepatic 

granulomas
granulomatous hepatitis

carbamazepine and 483, 484
non‐tuberculous mycobacteria 

causing 659
in Q fever 663, 664

granulomatous reactions
drug reactions 625, 626, 627–628, 628
schistosomiasis 665, 666

grazoprevir 446, 448, 451, 452, 769
Grey–Turner method 6
growth hormone 629
gut‐derived toxins, hepatic encephalopathy  

161, 162
gut microbiome

altering, PSC treatment 348
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hepatic encephalopathy 
management 171

NAFLD pathogenesis and 550
gynaecomastia 118, 118, 504

cirrhotic ascites 136, 137

h
haemangioendothelioma

epithelioid 701, 721, 736
infantile 615

haemangioma, cavernous see cavernous 
haemangioma, liver

haematological disorders 634–643
haematology/haematological tests 21, 21, 

34–35
see also anaemia; coagulation; haemolysis

haemobilia 274
biopsy complication 44, 44

haemochromatosis 513, 515
genetic (HFE‐related) 511, 512, 516–521

alcoholism relationship 517
biopsy (needle) 519
cirrhosis 516, 516, 517, 519, 520
clinical features 517–518
differential diagnosis 519–520
HCC risk 517, 520
heterozygotes 516, 519, 521
homozygotes (C282Y) 516, 517, 

519, 521
investigations 518–519, 521
molecular genetics 516
pathogenesis 513–514
pathology 516, 516–517
prognosis 520
screening 521, 521
transplantation 520–521, 735
treatment 520

juvenile 512, 513, 514, 519, 521
neonatal (gestational alloimmune liver 

disease) 522, 603
non‐HFE‐related 512, 513, 521–522

haemocystic spots, oesophageal 
varices 192, 194

haemodynamics
acute liver failure 69, 73
cirrhosis 112–113, 113
congestive cardiac hepatopathy 224
portal hypertension 181, 185, 190

haemoglobinopathies 239
haemolysis 22, 34–35, 635

autoimmune hepatitis 361
bilirubin handling 635
extravascular 30, 34–35
idiopathic 638
intravascular 30, 35, 635, 638

Wilson disease 530, 531, 531
investigations 249
in lymphoma 643
prehepatic jaundice 239
sickle cell disease 636

haemolytic anaemia, liver in 445, 634–638
haemolytic disease of newborn 590–591

haemolytic jaundice see jaundice, haemolytic
haemopoiesis 1, 638

extramedullary 642–643, 643
HALT‐C model 96, 97, 99
hamartoma 614–615

bile duct (von Meyenburg complex) 296, 
310, 313, 318, 318, 699–700

mesenchymal 615, 701
haptoglobin 29, 30
HAVRIX (hepatitis A vaccine) 388, 388
HCC see hepatocellular carcinoma (HCC)
heart

acute‐on‐chronic liver failure 123
genetic haemochromatosis 517,  

518, 520
iron deposition 522
Weil disease 661, 662

heart failure
congestive cardiac hepatopathy 34, 

223, 224
Helicobacter 116, 294
HELLP syndrome 35, 75, 573, 574, 

575–577
acute liver failure 75
intravascular haemolysis 35, 576
treatment and outcome 75, 577, 578

helminthic infections, 
cholangiocarcinoma 350

Hepascore® 96, 97, 99
hepatic arterioportal fistula 211–212, 212
hepatic artery 5, 184

anatomy 2, 2, 8
aneurysms 210–211, 211

rupture 211
blood flow 209
embolization 213
infusion, chemotherapy 718
injury, liver abscess due to 653
occlusion 209–210
portal circulation communication 

(fistula) 211–212, 212
stenosis, post‐liver transplant 745
thrombosis, post‐transplant 745, 745

hepatic blood flow, contrast‐enhanced 
ultrasound 683

hepatic duct
anatomy 4, 5
cholangiocarcinoma site 296
obstruction 4

Mirizzi syndrome 273, 273
hepatic encephalopathy 151–179

in acute liver failure 62, 66, 68–69, 75
chronic, in children 613
cirrhotic ascites treatment 

complication 137
classification 153, 153–154
clinical features 151–152, 152
comorbidities 160–161
covert 154
decompensated cirrhosis 111, 151, 154
diagnosis 151, 154–160

blood ammonia 159

cerebral magnetic resonance 157, 158, 
159, 173

choice of tests 159–160, 160
Critical Flicker Fusion Frequency 157
CSF 159
EEG 155–156
Inhibitory Control Test 157
mental state assessment 155, 155
neurological examination 155
neuropathology 159
psychometric tests 155, 156
Scan (Sternberg) test 157
Stroop test 157
work‐up 160

differential diagnosis (in cirrhosis) 160, 
160–161

episodic 153
management 168, 168

intensive care 69
management 68, 167–174

ammonia scavenging agents 172
antibiotics 171
bowel cleansing 170
branched‐chain amino acids 172
bromocriptine 173
flumazenil 173
future options 174
general considerations 168–170
lactulose/lactitol 170–171
liver support systems 173
liver transplantation 173
LOLA 172
non‐absorbable disaccharides 170, 

170–171, 174
nutrition 168–170, 169
probiotics 172
shunt occlusion 173
specific measures 170–174
zinc 172–173

minimal 154
management 168

pathogenesis 68, 151, 161–167
key concepts and contributors 161
unified hypothesis 167, 167

persistent 153
management 168

precipitating factors 167, 167
management 170

prevalence 154
prevention 174, 202
prognosis and survival 69, 154
recurrent 153

management 168
severity and prognosis 75
TIPS causing 200

hepatic fibrogenesis 82–92, 107
hepatic fibrosis see fibrosis (hepatic)
hepatic granulomas 624–626

causes 624, 624, 625–626
drugs 624, 625, 627–628, 628
infections 624, 625–626, 626, 664

diagnostic tests for diseases with 624, 624
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histopathology 624, 624–625
Q fever 663, 664
sarcoidosis 624, 625, 625, 626
tuberculosis 624, 625–626, 657, 658

hepatic hydrothorax 130, 130–131
hepatic infarction 210

post‐liver transplantation 745, 745
in pregnancy 574, 578

hepatic myelopathy 154
hepatic nerve plexus 2
hepatic osteodystrophy 244, 246–247, 751
hepatic resection

hepatocellular carcinoma 715–716, 717
intrahepatic cholangiocarcinoma 300
polycystic liver disease 313

hepatic rupture, in pregnancy 574, 578
hepatic stellate cells (HSCs) 8, 10

activated, in cirrhosis 186, 187
statin therapy 186, 187

activation 83, 84, 84–85, 85, 86, 89, 186
initiation 85, 85, 548
in iron overload 515
Kupffer cells role 85, 85, 497
mechanism, in NASH 548
in NASH/NAFLD 546, 546–547, 

548–549
cell–matrix/cell–cell interactions 87–88
in fibrosis/fibrogenesis 83, 84, 84, 86, 89

see also fibrosis (hepatic)
inflammatory signalling 86–87
MMPs production 88, 89
senescence 87
in space of Disse 8, 12, 12, 13, 83, 84
structure and function 12, 12, 13

hepatic transplantation see liver 
transplantation

hepatic vascular resistance, cirrhosis  
185–186, 186

hepatic veins
anatomy 2, 3, 7
catheterization, HPVG measurement  

189, 189
obstruction 214

ascites 132
compensatory mechanisms 214
see also Budd–Chiari syndrome

occlusion, post‐liver transplant 745
thrombosis 180

imaging 190–191
paroxysmal nocturnal 

haemoglobinuria 638
hepatic venous outflow (tract) 

obstruction 209, 214–217
see also Budd–Chiari syndrome

hepatic venous pressure gradient (HVPG)
in cirrhosis 189, 190

decrease, by treatment 190, 198
variceal bleeding risk 94, 190

clinically significant portal hypertension  
128, 189

measurement 189, 189, 639

hepatic fibrosis and cirrhosis  
94, 99, 101

indications/applications 190
sinusoidal portal hypertension 189

spleen stiffness correlation 102
hepatitis

alcoholic see alcoholic liver disease
alloimmune 374
autoimmune see autoimmune hepatitis 

(AIH)
cholestatic 243

hepatitis A 383, 387
chronic, liver biopsy 48
CMV 748, 749
fulminant 383

in children 605
viral hepatitis, liver transplant 734

giant‐cell 365, 591
granulomatous see granulomatous 

hepatitis
hypoxic (ischaemic) see hypoxic hepatitis
interface

in autoimmune hepatitis 364,  
364, 365

in Wilson disease 529
neonatal see neonates, hepatitis
’reactive’ 628
viral 380–385, 381

in children 605
cholestasis 243, 383, 387
enterically transmitted see hepatitis A; 

hepatitis E
excluding, in drug‐induced liver 

injury 477
fulminant (ALF) 63, 383, 384, 387, 734
in G6PD 636
liver transplantation 734
in pregnancy 581
screening/testing 366
Weil disease vs 662
see also specific viral hepatitis types

hepatitis A 380, 381, 385–388
acute 382–383, 387
chronic hepatitis B or C with 387
clinical course 386, 386, 387
clinical features 382–383, 387
epidemiology 386–387
fulminant (acute liver failure) 63, 383, 

384, 387
historical landmarks 386
liver biopsy (needle) 387
in neonates 595
outbreaks/infection sources 387
pathology 380, 382, 382
in pregnancy 581
prevention 388
prodromal period 382
prognosis 387
prolonged cholestasis 383, 387
relapse/relapsing 383, 387
spread 380
vaccination 386–388, 388

hepatitis A virus (HAV) 385, 385–386, 388
antibodies (anti‐HAV) 386, 386, 387
inactivation 388
RNA 385, 386
structure, replication 385–386, 386
transmission routes 385, 386

hepatitis B 381, 395–420
acute 398

clinical features 404–405
diagnosis 403
liver failure 63
natural history 405
serological profile 366, 403, 403

acute liver failure (fulminant) 63, 67, 
70, 383

treatment 75
antibodies in 366–367, 402, 402, 

403, 403
anti‐HBc 63, 399, 400, 402, 403, 403, 

403–404, 405, 415
anti‐HBe 403, 403, 404, 406, 426, 605
anti‐HBs 405, 407
liver donors 762

autoimmune hepatitis vs 366, 367
carrier state see under hepatitis B virus 

(HBV)
in children 605–606
chronic 395, 398
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pregnancy 410, 412, 579
rates 399
serological profile 403, 403
treatment see below
viraemia levels 399

cirrhosis in 405, 406, 407
decompensated, treatment 410
risk factors 407, 408, 412, 414
treatment indication 412

diagnosis 402–404, 403
ALT flares 406, 579
laboratory tests 405
liver biopsy 404
non‐invasive, for fibrosis 404
serological see hepatitis B, serological 

diagnosis
end‐stage liver disease 758–759
epidemiology 395, 399–400
HCV coinfection 414, 456
HDV coinfection 422, 425, 425
HDV superinfection 425, 426

hepatic granulomas (cont’d)
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bacterial see bacterial infections
in cirrhosis 119
in emphysematous cholecystitis 268
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non‐HFE‐related inherited 512, 513, 

519, 521–522
porphyria cutanea tarda 523
TfR mutations and transferrin 

deficiency 512, 522
ischaemia‐associated sclerosing 

cholangitis 350
ischaemic cholangiopathy 34, 210, 210, 

212, 280
ischaemic hepatitis see hypoxic hepatitis
Ishak system 47, 47, 94
isolated gastric varices (IGVs) 184,  

185, 193
bleeding, treatment 204

isoniazid 359, 473, 474, 481
isotope scanning see radioisotope scanning
itching see pruritus
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see also entries beginning renal

King’s College Hospital criteria for liver 
transplantation in ALF 20, 75, 76

Klatskin tumours 300
Klebsiella pneumoniae 653
Krebs’ cycle, enzymes 14
Kupffer cell(s) 8, 10, 11, 83

activation, and cytokines released 13, 
546, 546

development 1
endothelial cell interactions 13
fibrosis in alcoholic liver disease 497
functions 12–13
hepatic stellate cell activation 85, 85, 497
iron in 635, 635
proliferation 628

l
lactate level 31, 67
lactic acidosis 72, 411
lactitol 170, 171
lactulose 68, 171

hepatic encephalopathy 170, 
170–171, 202

mechanism of action 170–171
lamivudine

hepatitis B 409, 410–411
post‐liver transplant 761
resistance 410, 760

hepatitis D 430
lamotrigine 484
Langerhans’ cell histiocytosis 643
laparoscopy, staging

ampullary/periampullary cancer  
303–304

cholangiocarcinoma 299
gallbladder carcinoma 295

lapatinib 478
large‐cell dysplasia 706
large‐volume paracentesis (LVP) 137–138
lecithin cholesterol acyl transferase 

(LCAT) 26, 28
Leishman–Donovan bodies 668, 668
leishmaniasis, visceral 668, 668
lepidasvir 446, 447, 769
leptin 549
leptospirosis 660–663

other types 663
Weil disease see Weil disease

leukaemia 638
LeVeen shunt 140
ligamentum teres 1, 2, 2
ligamentum venosum 1, 2, 2
ligandin 239
Lille Score 505, 506
lipid(s) 26

in liver disease 27–28, 547
metabolism 21, 26–28, 439
in NAFLD see non‐alcoholic fatty liver 

disease (NAFLD)
peroxidation 496, 547
see also fat(s)

lipid lowering drugs 484–485
see also statins

lipid storage diseases 611–612, 643–646
lipocytes see hepatic stellate cells (HSCs)
lipoma, hepatic 701
lipopolysaccharide (LPS) 14
lipoproteins 27

in cholestasis 247
in liver disease 27–28
metabolism 12, 27, 27
properties 27

lipoprotein‐X (LP‐X) 27, 247
lipotoxicity, hepatic, NASH/NAFLD 545, 

546, 546–547
liver

anatomy see anatomy of liver
biopsy see biopsy of liver
congestion 214, 215
drug metabolism, phases 471–472
edge 6, 249
examination 6–7
functional heterogeneity 13–14
functions 20, 561
size/span 7, 589

cirrhosis prognosis 112
paediatric 589, 589

volume, CT 684
weight 1

liver biochemistry/function tests 20, 250
abnormalities, classification 21
acute liver failure 67, 67
ageing effects 35–36
amino acid metabolism 28, 28–29
bile acids 26

bile acid metabolism 23–25, 24
bilirubin

bilirubin metabolism 21–23
laboratory measurement 22–23

biochemical 20–21, 21
carbohydrate metabolism 31
in children/infants/neonates 588–589
cirrhosis 118
diabetes mellitus 628
enzyme tests 20–21, 21

ALP 33, 33–34
AST and ALT 32, 32–33
cholestasis 247
cirrhosis 118
gallbladder disease 256

GGT 33, 33–34
see also specific enzymes

haematological tests see haematology/
haematological tests

intrahepatic cholestasis of 
pregnancy 575

jaundice and cholestasis 247, 249
in jaundice of infections 652
lipids and lipoproteins 28

lipid metabolism 26, 26
lipoprotein metabolism 27, 27–28

’liver tests’, defined 20–21, 21
markers of cholestasis 33–34
markers of hepatocellular injury  

32–33, 33
neonatal liver disease 593
plasma proteins 29, 29–31, 30
in pregnancy 573
quantitative 20, 21
serum markers of fibrosis 95, 96, 96, 97, 

98–99
liver cells see hepatocyte(s)
liver failure 20

acute see acute liver failure (ALF)
acute‐on‐chronic see acute‐on‐chronic 

liver failure (ACLF)
liver flukes 675–676

cholangiocarcinoma risk 296, 719
Clonorchis sinensis 675, 719
Fasciola hepatica 675, 675–676
Opisthorchis 675, 719

liver function tests see liver biochemistry/
function tests

liver/kidney microsomal antibodies 362, 
367, 426

liver–kidney transplantation 313, 314
liver palms 117, 117
liver remnant, volume assessment 299
liver sinusoidal endothelial cells 

(LSECs) 84
see also endothelial cell(s)

liver stiffness measurement 95, 96, 
99–102, 333

alcoholic liver disease 503
chronic hepatitis C 444
HCC risk assessment 709
in NAFLD 543

liver support systems
bio‐artificial devices, high‐volume 77
hepatic encephalopathy 173

liver tests 20–21, 21
see also liver biochemistry/function tests

LiverTox website 477
liver transplantation 5, 730–757, 758–780

acute fatty liver of pregnancy 578
acute liver failure 62, 75, 76–78, 736, 741

in infancy 603, 604
outcomes 77, 77

Alagille syndrome 598, 734
alcoholic liver disease 507, 734
amyloidosis 632
α1‐antitrypsin (A1AT) deficiency 735
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autoimmune hepatitis 373–374, 734
auxiliary 77–78
auxiliary partial orthotopic 

(APOLT) 741
benefit models 732
biliary atresia 602, 613–614
biopsy of liver 49
Budd–Chiari syndrome 217, 737
Byler disease 736
cadaveric donors 739
Caroli disease 318
in children 588, 613–614, 737, 742

living donors 740–741
segmental (split) grafts 740

cholangiocarcinoma 300, 737
cholestatic liver disease 733, 734
cirrhosis 57, 732–733, 733, 735
contraindications 77

absolute 737, 737
in children 614
relative 737, 737–738

to correct extrahepatic features 736
Crigler–Najjar syndrome 591, 736
cystic fibrosis 608, 736
domino 741
donation after circulatory death 739
donors

age 732, 764–765
anti‐HCV‐positive 765
cadaveric 738, 740
deceased, screening 739, 739
HBsAg‐negative, anti‐HBc‐

positive 762
HBsAg‐positive 762–763
liver size matching 739
living 716, 740–741
operation 738–739, 740
risks to live donors 741
selection 738
shortages 739

end‐stage liver disease 735, 735–736
evaluation before 738, 738

nutritional status 564
extrahepatic biliary atresia 734
familial amyloidotic polyneuropathy 632
galactosaemia 735
genetic haemochromatosis 520–521, 735
glycogen storage diseases 735
hepatic encephalopathy 173–174
hepatic osteodystrophy 246
hepatitis B 732, 734, 758, 761, 759–763

HIV coinfection 759, 771, 772
hepatitis C 453, 732, 734, 758, 759, 

763–770
HIV coinfection 759, 771, 772, 

772, 773
hepatitis D 429
hepatoblastoma 737
hepatocellular carcinoma 716, 732, 736, 

759, 763
hepatorenal syndrome 143
historical aspects 730

HIV infection and 758–759, 770–773
HBV coinfection 759, 771, 772
HCV coinfection 759, 771, 772, 

772, 773
patient selection 771
post‐transplant care 771
survival 771–772

immunizations pre/post 751, 751
immunosuppressive therapy 742, 

742–743
in children 614
HCV infection and 765–766
in pregnancy 581

for inborn errors of metabolism 614
indications 76–77, 349, 731, 732–737, 

733, 758
in USA 733
see also specific conditions above/below

infants 742
intrahepatic cholangiocarcinoma 720
intraoperative care 77
ischaemic cholangiopathy after 210
King’s College criteria 75, 76
malignant disease 732, 733, 736–737
metabolic disease (primary)  

734–736, 735
mortality 743, 746
NAFLD 554, 732, 733
NAFLD‐associated cirrhosis 735
NASH 554
neuroendocrine tumours 737
obesity/overweight patients 737
operative procedures 739–742, 740

auxiliary partial orthotopic 741
cadaveric donors 739, 740
live donors 740–741
recipient 739–742
segmental (split) 740

organ allocation policies 730, 732
orthotopic 716, 739–740, 740
patient preparation 738
patient selection 173–174, 730–732, 731

medical urgency 730, 731, 732
MELD and MELD exceptions 732
UK 732
USA 730–732, 731
utility and transplant benefit 732

polycystic liver disease 313
porphyrias 633, 634
portal hypertension 733
portal vein thrombosis impact 221, 

737–738
postoperative care 77
postoperative course 743–744
postoperative monitoring 744
post‐transplant complications 743, 744, 

744–751
biliary tract 280, 745
bone disease 751
in children 614, 746
CNS toxicity 750
deceased donors 741

de novo autoimmune hepatitis 374, 
750, 770

drug‐related toxicity 750
in hepatitis C 765
infections 744, 746, 748, 748–749, 

749, 765
in/of pregnancy 581
live donor 741
lymphoproliferative disorders 750
malignancies 750
metabolic syndrome 751
neurological 174
non‐specific cholestasis 746
primary non‐function 744, 744
pulmonary 746
rejection see below
renal failure 745–746
technical 744
timing of 744
vascular 745

pregnancy and 580–581
preoperative work‐up 738, 738
primary biliary cholangitis 336–337, 734
primary care, collaboration with 751
primary sclerosing cholangitis  

349–350, 734
protoporphyria 735–736
quality of life after 743–744
recipient operation 739–742
recipients for HBsAg‐positive 

donors 763
rejection 744, 746–748

acute (cellular) 746, 747
chronic (ductopenic) 746, 747, 

747–748, 748
grading and histology 746, 747
hyperacute 746
pregnancy and 581

re‐transplantation 738, 743, 750
in HBV infection 763
in HCV infection 770

segmental (split) 740
tolerance to donor tissues 743
tyrosinaemia 736
urea cycle enzyme deficiencies 736
utility systems 732
waiting list numbers 541, 758
waiting time 77, 730
Wilson disease 535, 536, 607, 735
xenotransplantation 742

liver tumours
benign see benign liver tumours
malignant see malignant liver tumours

lixivaptan 139
lobar atrophy 4
lobes (liver) 1, 2, 3

accessory 3–4
in fetus 589

lobule, hepatic 1, 7
Lok Index 96, 97, 99
LOLA (L‐ornithine L‐aspartate) 172
lonafarnib 432
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low‐density lipoprotein (LDL) 27, 27, 
28, 546

receptors 613
low molecular weight heparin (LMWH)  

58, 219
lumiracoxib 478
lupoid hepatitis 622
lupus erythematosus syndrome, 

neonatal 600
Lyme disease 663
lymphatic cysts 320
lymphatic vessels 2

biliary tract and gallbladder 5
liver 2, 8

lymphocytes
B cells 358
T cells see T cells

lymphoid series cells 638, 639
lymphoma 640–642

hepatic granulomas 624, 625, 641, 646
hepatic histology 640, 641, 641, 642
hepatic involvement, diagnosis 641
Hodgkin 443, 640, 641
jaundice in 641, 643
primary hepatic 640, 641–642
see also non‐Hodgkin lymphoma

lymphoproliferative disease, liver in  
638–639, 750

lymphoproliferative syndrome, EBV‐
associated 749, 749

lysosomal acid lipase (LAL) deficiency 555, 
612, 643, 644

lysosomal storage disorders 611–613, 
643–646

lysosomes 10, 11, 11
in NASH 548

m
macrocytosis 501
α2‐macroglobulin 29
macrolides 480
macrophage(s) 12

drug‐induced liver injury 472–473
hepatic granulomas 624
portal, iron in 635, 635
see also Kupffer cell(s)

Madelung disease 117
MAGELLAN studies 455, 458
magnetic resonance 

cholangiopancreatography or 
cholangiography (MRCP/MRC) 685

ampullary/periampullary cancer 303
biliary tract disease 258, 258
congenital hepatic fibrosis 316
cholangiocarcinoma 297, 298
choledochal cyst 320, 320
gallbladder carcinoma 295
ischaemic cholangiopathy 210, 210
portal cavernoma 219, 219
primary sclerosing cholangitis 345–346, 

346, 348

magnetic resonance elastography (MRE)
fibrosis 102
iron overload states 519

magnetic resonance imaging (MRI)  
685–688

adenoma 687, 689, 690, 694
ampullary/periampullary cancer 303
Budd–Chiari syndrome 215
cavernous haemangioma 686
cholangiocarcinoma 297, 298
cirrhosis 110

hepatic encephalopathy 157, 158, 173
contraindications 685
contrast agents 686–687
diffusion weighted imaging 687
focal nodular hyperplasia 687, 688, 

689, 690
gallbladder carcinoma 295
hepatocellular carcinoma 712, 713
iron overload states 519, 520
muscle wasting, assessment 566, 566
normal liver 685
portal hypertension 191
portal vein thrombosis 218, 219
sarcoidosis 626
space-occupying lesions 687,  

690, 691
T1/T2 relaxation times 685, 686
tissue responses 685, 687

magnetic resonance spectroscopy (MRS)
cerebral, hepatic encephalopathy 157, 

158, 159, 173
evaluation of biochemical changes 691

malaria 667–668
malignant biliary tract disease 294–307
malignant liver tumours 705–729

HCC see hepatocellular carcinoma  
(HCC)

imaging 683, 685
intrahepatic cholangiocarcinoma see 

cholangiocarcinoma
post‐liver transplantation 750
secondary see metastases (hepatic)

Mallory–Denk bodies 498, 499, 528, 
542, 610

malnutrition, in chronic liver 
disease 561–571

correction, in alcoholic hepatitis 507
see also nutrition and sarcopenia

mannitol 71, 72
mastocytosis, systemic 643
matrix metalloproteinases (MMPs) 87, 89
mebendazole 672, 673, 674
Meckel syndrome 316
MELD (Model of End‐stage Liver Disease) 

score 20, 732
acute liver failure 75
alcoholic liver disease 504, 505, 505
cirrhosis 58, 111–112

pregnancy outcome 579
liver transplant indications 731, 732

liver transplant in hepatic 
encephalopathy 174

primary biliary cholangitis 337
TIPS, in refractory ascites 140

Menghini needle 40, 41, 42, 43, 46
mental status

cirrhosis, independent of liver disease  
160, 160–161

hepatic encephalopathy 151–152, 153, 
153, 155

jaundice and cholestasis 248
precipitating factors 153, 153

mesenchymal hamartoma 615, 701
mesenchymal tumours 700–701
mesenchymoma, malignant 615
mesenteric ischaemia 212, 218
metabolic bone disease 246
metabolic diseases

biopsy of liver 48–49
in children see children
liver transplantation in 734–736, 735
neonatal liver disease 593, 593
see also inborn errors of metabolism

metabolic syndrome 540, 545, 546, 628, 
735, 751

hepatic manifestation see non‐alcoholic 
fatty liver disease (NAFLD)

post‐liver transplant 751
metabolism

alcohol see alcohol
amino acids 28, 28–29
ammonia 28
bile acids see bile salt(s)/acid(s) 
bilirubin 21–23
carbohydrates 21, 31
drugs see drug(s)
lipids 21, 26–28, 439
lipoproteins 12, 27, 27
malnutrition in cirrhosis 562–563, 563

metastases (hepatic), imaging
contrast‐enhanced ultrasound 683
CT 685
MRI 687
ultrasound 683

METAVIR system 93–94
metformin 174
methotrexate 482, 623
α‐methyldopa 483
metronidazole 657
micelles 24, 25
microbiome see gut microbiome
microfilaments 11
microhamartoma, biliary (von Meyenburg 

complexes) 310, 313, 318, 318, 
614–615, 699–700

microRNA 122 (miR122) 438
microsomal antibodies

autoimmune hepatitis 361, 362–363
types 362

microsomal ethanol‐oxidizing system 
(MEOS) 495, 495, 496
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microtubules 11
microvesicular hepatic steatosis 475, 

498, 499
microvascular thrombosis 186
mid‐arm muscle circumference 

(MAMC) 565
midodrine, hepatorenal syndrome  

143, 144
minimally invasive surgery

cholecystectomy 267
pancreatoduodenectomy 304

minocycline 366, 481
Mirizzi syndrome 273–274
mitochondria 515

ageing effects 35
autoantigens 329, 330, 335
crystals, in NASH 547, 548
DNA 498, 604

depletion syndromes 604
dysfunction, in NASH 547, 548
electron transport chain enzyme 

deficiency/defects 604, 736
energy metabolism disorders 603–604
giant 498, 504
in hepatocytes 9, 10, 11
membrane, depolarization 547
in Wilson disease 528

mitochondrial antibodies 580
autoimmune hepatitis 361, 363
primary biliary cholangitis 329, 335

mitochondrial cytopathy 577
mixed cryoglobulinaemia 443, 456–457
molecular adsorption recirculating system 

(MARS®) 173, 507, 598
molecular imaging, hepatic fibrosis 102
molecular mimicry 335, 359
monoamine oxidase inhibitors 484
motor function changes, hepatic 

encephalopathy 152
MRP (multidrug resistance‐associated 

protein(s)) 471
MRP2 (ABCC2, cMOAT) 233, 234, 235, 

241, 575, 600
MRP3, MRP4 237
mucinous cystic neoplasm, biliary 320, 699
mucopolysaccharidoses 612–613
mucosa‐associated lymphoid tissue 

(MALT) 641
multidrug‐resistant protein (MDR) 234, 

235, 471
Murphy’s sign 7, 265
muscle

atrophy 566
cramps 118, 137
function, assessment 566, 567
Weil disease 661, 662

muscle loss/wasting
assessment 565, 566, 566, 568
in cirrhosis 561, 562, 565

nutritional therapy 569–570
prognostic factor 563, 565–566, 567

mushroom poisoning, ALF in 64
treatment 74–75

mycobacteria 626
atypical 658–659
hepatic granulomas 625–626, 626

mycophenolate mofetil
adverse effects 370, 743
autoimmune hepatitis 372
drug–drug interactions 449, 770
liver transplantation 743, 766
teratogenicity 581

myelofibrosis 643
myelolipoma 701
myeloma, plasma cell 642
myelopathy, hepatic 154
myeloproliferative disease, liver in  

638–639
myeloproliferative neoplasms (MPNs) 216

Budd–Chiari syndrome due to 214, 216
portal vein thrombosis due to 218

myofibroblasts 84, 86, 87, 548
myostatin 563
myxoedema 629

n
N‐acetylcysteine (NAC) 68, 74, 507
nadolol 196–197, 197
NAFLD see non‐alcoholic fatty liver disease 

(NAFLD)
NAFLD Activity Score (NAS) 542, 543
NAFLD Fibrosis Score 96, 97, 99, 543
nalmefene 246
naloxone 246
naltrexone 244, 246
NASH see non‐alcoholic steatohepatitis 

(NASH)
necrosis (hepatic)

bridging 7, 380
confluent (submassive) 380
hepatocytes 15, 16, 382, 472, 473

viral hepatitis 380, 382
massive 380
subcapsular, post‐liver 

transplantation 744
nefazodone 484
Neisseria gonorrhoeae 660
neomycin, in hepatic encephalopathy 171
neonates 588–621

acute liver failure 603
arthrogryphosis, cholestasis and renal 

tubular dysfunction 598, 600
bilirubin (conjugated/unconjugated) 588
cholestasis 589, 592
cholestatic hepatitis, in cystic 

fibrosis 608
chronic hepatitis B 579
conjugated hyperbilirubinaemia see 

neonates, liver disease
gestational alloimmune liver disease 

(neonatal haemochromatosis)  
522, 603

hepatitis 594–596
chromosomal disorders causing 595
endocrine disorders causing 595
idiopathic 595
intrauterine infections causing  

594–595, 659
preterm infants 595
prolonged parenteral 

nutrition 595–596
hepatitis B vaccination 400–401, 401
inherited diseases 596–598

Alagille syndrome see Alagille syndrome
α1‐antitrypsin deficiency see α1‐

antitrypsin (A1AT) deficiency
cholestatic syndromes 598, 598–600
cystic fibrosis see cystic fibrosis

jaundice see jaundice, neonatal
liver disease (conjugated 

hyperbilirubinaemia) 591–594, 593
lupus erythematosus syndrome 600
sclerosing cholangitis 600
screening, galactosaemia 603
structural abnormalities 600–602

bile duct perforation 602
choledochal cyst 319, 602
see also biliary atresia

umbilical sepsis 653
unconjugated hyperbilirubinaemia see 

hyperbilirubinaemia
see also infant(s)

nephrotoxic drugs 142, 143
nerve supply, biliary tract and gallbladder 5
neuroendocrine tumours 737
neuropathology, hepatic 

encephalopathy 159
neuropsychiatric abnormalities

cirrhosis 151, 154, 155, 160, 
160–161, 173

independent of liver disease 160, 
160–161

see also hepatic encephalopathy
Wilson disease 529, 531, 536

neutrophil dysfunction 165
niacin, liver injury due to 484
Niemann–Pick disease 612, 645–646
nitric oxide 112–113

increased, cirrhosis and vasodilation  
112–113, 113, 128

portal hypertension in cirrhosis 128, 186
splanchnic vasodilation 187, 188
synthesis 128, 719

nitric oxide species (NOS) 163
nitric oxide synthase 128, 318
nitrofurantoin 366, 480
nitrogen clearance, ageing effect 35
nivolumab 359
NMDA receptors 163, 164, 167
nocardial infections 749
nodular regenerative hyperplasia (NRH)  

623, 643, 698–699
liver biopsy 222, 222
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nodules, hepatic 708
dysplastic see dysplastic nodules
focal nodular hyperplasia see focal nodular 

hyperplasia (FNH)
formation 380

without fibrosis 107, 108
HCC diagnosis 711, 712, 713

non‐absorbable disaccharides 170, 
170–171, 174

non‐alcoholic fatty liver disease 
(NAFLD) 540–560

associated conditions 540, 541, 554, 
555, 628

in children 545, 606
cirrhosis 543, 544, 550, 551, 551, 561

liver transplantation for 735
clinical features 540, 543–544
definitions, terminology 540–541
diagnosis 543

alcohol exclusion 541
imaging 541, 541
non‐invasive testing 94, 543

differential diagnosis 554–555
drug‐induced 555
epidemiology 545
ethnic variation 545
fibrosis 82, 541, 543, 550, 551, 551

pathogenesis 548–549, 551
as prognostic factor 543, 550
serum markers 97
staging/progression 550–551, 

551, 551
genetics 549, 549
hepatic copper levels 530
hepatocellular carcinoma and 551–552
histology 541–543, 542, 550

NAFLD Fibrosis Score 96, 97, 99, 543
NAS and SAF scores 542, 543

laboratory testing 544–545
lipids in

composition 546, 547
lipotoxicity 545, 546, 546–547
see also non‐alcoholic steatohepatitis 

(NASH)
liver biopsy 48, 541–543, 542
metabolic risk factors 543, 545, 555
microbiome 550
mortality 540–541, 550
natural history 550–551, 551
non-invasive assessment of fibrosis 97, 

99, 101
obesity and 540, 543, 545, 546, 549, 

552, 554
pathogenesis 545–550

see also non‐alcoholic steatohepatitis 
(NASH)

PNPLA3 variant and 498
prognostic factors 543, 550
progression, genetics and 549, 549
spectrum 541
therapy 552–554

Wilson disease 530
diet 552
exercise, weight loss 552
pharmacological 552–554
transplantation 554, 732

see also non‐alcoholic steatohepatitis 
(NASH)

non‐alcoholic steatohepatitis (NASH) 540
animal models 550
autoantibodies 544
clinical features 543
epidemiology 545
fibrosis and 82, 543, 548–549, 551

staging 550–551, 551
genetics 549, 549
laboratory tests 544–545
lipids in 546

composition 546, 547
lipotoxicity 545, 546, 546–547
peroxidation 547
synthesis regulation 546, 546–547

liver biopsy/histology 48, 541, 541, 544
natural history 550–551, 551
non‐alcoholic fatty liver vs 542, 547
obesity and 540, 543, 545, 546, 549, 552, 

554
pathogenesis 545–550, 546, 628
prognosis 550
progression to cirrhosis 543, 544, 550, 

551, 551
progression to/of fibrosis 548–549, 549, 

550, 551, 551
risk factors 82
treatment 552–554

antifibrotics 89, 552
emerging therapy 553, 553–554
transplantation 554
vitamin E and thiazolidinediones  

552, 553
see also non‐alcoholic fatty liver disease 

(NAFLD)
non-cirrhotic portal hypertension see 

idiopathic non-cirrhotic portal 
hypertension (INCPH)

non‐Hodgkin lymphoma 638, 640–641
hepatitis C association 457
post‐liver transplantation 750
see also lymphoma

non-invasive assessment of fibrosis and 
cirrhosis 93–102

see also fibrosis
non‐obstructive sinusoidal dilation 

(NOSD) 225–226, 226
non‐selective beta‐blockers (NSBBs)

adverse effects and contraindications 197
portal cavernoma 220
portal hypertension in cirrhosis  

196–198, 197
variceal hemorrhage prevention  

196–198, 197, 200, 201
secondary prophylaxis 204–205

non‐steroidal anti‐inflammatory drugs 
(NSAIDs) 137, 479

liver injury due to 469, 479–480
norfloxacin 134
nuclear hormone receptors 234, 236
nucleos(t)ide analogues

hepatitis B treatment 397, 409, 410–411, 
413, 413, 759

post‐liver transplantation 762
pregnancy 579
of recurrence after liver transplant 763
resistance 410–411

hepatitis D treatment 431
side‐effects 411

nucleus, hepatocyte 9, 10, 11
glycogenated 528, 628, 628

nutrition 561–571
importance in cirrhosis 564
status assessment in cirrhosis  

565–568, 566
SGA and RFH‐SGA 566, 568, 568

support/management
biliary atresia (postsurgery) 601
cholestasis 244
cirrhosis 120, 568–570, 569
cystic fibrosis 608
genetic cholestatic syndromes 600
glycogen storage diseases 610
hepatic encephalopathy 168–170, 169

see also diet; malnutrition

o
OATP1B1 polymorphism 234, 241

inhibitors 446, 447–448
obesity 561, 564

cirrhosis 564–565, 569
gallstone risk factor 263
hepatocellular adenoma 694
liver transplantation risks 737
morbid 565
NAFLD/NASH and 540, 543, 545, 546, 

549, 552, 554
sarcopenic 565, 566–567

obeticholic acid (OCA) 89
NASH/NAFLD 553, 554
portal hypertension 186
primary biliary cholangitis 336

octreotide
acute variceal bleeding 202
hepatorenal syndrome 143, 144
portal hypertension in cirrhosis 197, 198

oesophageal stents 203, 204
oesophageal tamponade 203, 203
oesophageal varices 184

bleeding see varices, bleeding/haemorrhage
in children 613
detection/assessment

endoscopy 192–194, 193, 194
spleen stiffness 102

haemocystic spots 192, 194
size/grading, endoscopy 192–193, 193
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oesophagus, lower, venous anatomy  
184, 184

oestrogens 263, 694, 696
ombitasvir 446, 448, 452, 769
opioid antagonists 337
Opisthorchis 296, 350, 675, 719
oral contraceptives

Budd–Chiari syndrome 216
focal nodular hyperplasia and 697
gallstone formation and 263
hepatocellular adenoma 694

organ donors
HBV transmission/screening 399–400
liver donors see liver transplantation

organic cation transporter (OCT) 233, 234
organic anion transporter proteins 

(OATP) 22, 233, 234
L‐ornithine L‐aspartate (LOLA) 172
osteodystrophy, hepatic 244, 246–247, 751
osteomalacia 246, 247
osteoporosis 246, 333
overnutrition 561, 562, 564
overweight 561

in cirrhosis 564–565, 568
liver transplantation risks 737
see also obesity

oxaluria 736
oxidative stress 335

acute‐on‐chronic liver failure 121–122
hepatic encephalopathy 163–164
hepatic stellate cell activation 85, 86
iron overload 515
lipid peroxidation and 496

OxyElite Pro 485, 485

p
paediatric disease see children; infant(s); 

neonates
palmar erythema 117, 117
palpation

gallbladder 7
liver 6, 111, 383

pancreatic cancer see periampullary 
carcinoma

pancreatic duct
anatomy 4, 5
obstruction, ampullary carcinoma 301, 

302, 302
pancreatic neuroendocrine tumours 301
pancreaticoduodenectomy 300, 304
pancreatitis

acute 264, 265
acute liver failure 73
gallstones causing 268, 272

chronic 283–284, 284
alcoholic 283–284, 284

chronic relapsing 116
panhypopituitarism 518
papular acrodermatitis 405
paracentesis

diagnostic 131

therapeutic (large‐volume, LVP) 135, 
137–138, 138

complications 138, 141
in refractory ascites 139, 139–140

paracentesis circulatory dysfunction 
(PCD) 137

paracetamol poisoning 64, 468
acute liver failure 64, 76, 469
alcohol interaction 474, 495, 503, 503
biopsy appearance 46
children 607
clinical features 64
laboratory tests 68
treatment 74–75

liver transplantation 75–76, 76, 77
N‐acetylcysteine therapy 68, 74

paraneoplastic syndromes 34, 709
paraumbilical veins 183
parenteral nutrition

cholestasis due to 34, 244
in cirrhosis 569
prolonged, neonatal hepatitis 595–596

paritaprevir 446, 448, 769
parotid gland enlargement 116, 504
paroxetine 484
paroxysmal nocturnal haemoglobinuria 638
parvovirus B19 infection 594
patatin‐like phospholipase domain‐

containing 3 (PNPLA3) 498
pegylated interferon (PEG‐IFN)

hepatitis B 408–410, 411, 413
HCV coinfection 414
HIV coinfection 415

hepatitis C (chronic) 445
hepatitis C pre‐/post transplant 766
hepatitis D (chronic) 430–431

peliosis hepatis 225–226, 700
pembrolizumab 359
D‐penicillamine 534

adverse reactions 534–535
Wilson disease 533, 534, 534, 607, 735

pentoxifylline 507
peptic ulcers, cirrhosis 115–116
percussion of liver 6–7
percutaneous cholecystostomy 269
percutaneous ethanol injection (PEI) 716
percutaneous transhepatic 

catheterization 282
percutaneous transhepatic cholangiography 

(PTC)
biliary tract disease 259, 260
cholangiocarcinoma 298, 299
Mirizzi syndrome 273, 273
neonatal liver disease 594
post-cholecystectomy stricture 282, 283

perforating veins 184, 184
periampullary carcinoma 301–305
peribiliary glands, cystic dilation 700
peribiliary plexus, occlusion 210
pericholecystic abscess 278
perihepatitis 43, 660

perinatal transmission, HBV 399, 400, 404
peritoneovenous (LeVeen) shunt 140
peritoneum 2–3
peritonitis 657

bile 44, 278, 279, 602
spontaneous bacterial see spontaneous 

bacterial peritonitis (SBP)
perivascular epithelioid cell tumour 

(PEComa) 700
pernicious anaemia 34
peroxisome proliferator‐activated receptor 

(PPAR) 236
PPARα 236, 549
PPARα agonist 553, 554
PPARγ agonist 89, 553, 554

peroxisomes 10, 11, 11
personality changes, hepatic 

encephalopathy 151
persons who inject drugs (PWIDs) see drug 

abusers
PFIC see progressive familial intrahepatic 

cholestasis
P‐glycoprotein/inducers 447
phagocytic cells 8

see also Kupffer cell(s); macrophage(s)
pharmacokinetics

drug‐induced liver injury 469
see also drug(s), metabolism

phenobarbital 236, 240
phenytoin 483–484
phospholipids 26, 242
phosphorus‐31 spectroscopy 691
photodynamic therapy 300
phototherapy 240–241, 591

physiological jaundice 590
Phrygian cap 322, 323
physiology, normal, in pregnancy 572–573
pibrentasvir 446, 449, 451, 452
pioglitazone 89, 552
pit cells 8, 11, 13
pituitary dysfunction 517, 518, 595
plasma exchange 77, 246, 578
plasma membrane, hepatocytes 14
plasmapheresis 77, 246, 578
plasma proteins 29, 29–31, 565
plasmin 55
plasminogen activator inhibitor (PAI) 55
platelet(s)

activation 54, 55, 55, 746
count, portal hypertension 190
transfusion 57

platinum derivatives/drugs 482
pleural effusion

cirrhosis, with ascites 130, 130
post‐liver transplantation 746

pneumonia 119, 652
post‐liver transplantation 746, 749

PNPLA3 (patatin‐like phospholipase 
domain‐containing 3) 498

point shear wave elastography (pSWE) 100, 
101, 191
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POLARIS studies, in hepatitis C 454, 458
polyarteritis nodosa (PAN) 405, 623
polycystic kidney disease (PKD) 308, 309, 

310, 311, 312, 313, 313, 314, 315
polycystic kidney and hepatic disease‐1 

(PKHD1) gene 314, 315
polycystic liver disease (PLD) 308, 309, 

309, 309–313, 700
clinical features 311
complications 312
diagnostic criteria, imaging 312, 312
molecular genetics 310
pathology 309, 309, 310–311, 311
PLD/autosomal dominant polycystic liver 

disease 308, 309–310, 311, 312
prognosis and treatment 312–313

polyps, gallbladder 276, 276, 294, 343
porphyria 632–634, 632, 632

acute intermittent 633, 736
porphyria cutanea tarda 523, 633–634

portacaval shunts 738
porta hepatis 2, 2, 4, 182
portal biliopathy 184
portal blood flow 182

intrahepatic resistance 180, 182, 185
normal 182
portal hypertension 180, 185, 187–188

portal cavernoma 209, 217–220, 218
portal cavernoma cholangiopathy 218, 

219, 219
portal hypertension 180–208

causes 180–182, 181, 185
increased blood flow 185
increased vascular resistance 180, 

182, 185
in children 613
in cirrhosis 114, 115, 180, 181, 182–208

compensated without varices 200
compensated with varices 200–201
complications due to 182
see also varices, bleeding/haemorrhage

clinical examination/signs 190
clinically significant see clinically significant 

portal hypertension (CSPH)
in congenital hepatic fibrosis 309, 309, 

313, 314, 316
definition 180
evaluation and diagnosis

endoscopy 192–194, 193, 194
HVPG measurement 189, 189–190
imaging 181, 185, 190–192, 191, 192
laboratory tests 190, 191
non‐invasive methods 190–192, 191
portal pressure direct 

measurement 188
extrahepatic 209

see also portal cavernoma; portal vein 
thrombosis (PVT)

haemodynamic features 181
idiopathic non‐cirrhotic see idiopathic 

non‐cirrhotic portal hypertension 
(INCPH)

intrahepatic 180, 181, 182–208
evaluation and diagnosis 188–194
pathophysiology 185–188, 188
see also portal hypertension, in 

cirrhosis
liver transplantation difficulties 733
management/treatment 195–201, 316

by clinical scenario 200–205, 201
compensated cirrhosis 200–201, 201
decompensated cirrhosis 201
endoscopic 198, 198–199
interventional therapy 199, 199–200
new targets 186, 186, 187
pharmacological 195–198, 197
statins 186, 186, 187

mortality, HVPG and 190
natural history 194, 194–196
nodular regenerative hyperplasia 699
non‐cirrhotic, post‐transplant 699
pathophysiology 185–188, 186, 188

collaterals/varices formation 187
hyperkinetic circulation 187–188, 188
increased hepatic vascular 

resistance 185–186, 186
increased splanchnic blood 

flow 187–188
in polycystic liver disease 311
posthepatic 180, 181

see also Budd–Chiari syndrome; hepatic 
veins, thrombosis

prediction, spleen stiffness 
measurement 102

pregnancy in 578, 578–579
prehepatic 180, 181

see also portal vein thrombosis (PVT)
presinusoidal 180, 181
prognosis 190, 194–196
schistosomiasis 182, 665, 666
sinusoidal 180, 181

HVPG measurement 189
subclinical (mild) 189

portal hypertensive gastropathy 184, 193, 
194

portal perfusion pressure 180, 188
portal pressure gradient (PPG) 180, 185, 

186, 224
measurement 188–190
normal 180, 182

portal pyaemia 653
portal–systemic shunt see portosystemic 

shunt(s)
portal tracts

anatomy 7, 8
liver biopsy 46

portal triads 7, 46
abnormal (incomplete) 244

portal vein 182, 589
anatomy 2, 2, 3, 3, 7, 8, 182
CT 684
dilated, imaging 190, 192
embolization, cholangiocarcinoma 299
enlargement 185

obliteration, nodular regenerative 
hyperplasia 699

obstruction, extrahepatic 184, 217–220
resection 304

portal vein thrombosis (PVT) 180, 209, 
210, 217–220

acute stage 218
diagnosis 218, 219
outcome and prognosis 220
treatment 219–220

aetiology 218
cirrhosis absent 217–220
cirrhosis with 220–221
clinical manifestations 218, 220
hepatic infarction 210
imaging 190–191, 218, 219, 220
liver transplantation risks 737–738
pathophysiology 218, 220
post‐liver transplantation 745
transarterial chemoembolization and 717
treatment 219–220, 220–221
see also portal cavernoma

portal venous system
anatomy 182, 182
congenital anomalies 213–214
haemodynamics 185
inferior vena cava communication  

213–214
portal zone 12, 13–14, 14
portoportal collaterals 218
portopulmonary hypertension 114
portosystemic collateral circulation  

182–184, 183
formation, pathophysiology 187
imaging 191–192, 192

portosystemic shunt(s)
congenital 213–214, 214
hepatic encephalopathy 161, 162, 162, 

173, 213
occlusion, encephalopathy 

management 173
spontaneous 161, 162, 173
surgical, portal hypertension in 

cirrhosis 199
positron emission tomography (PET) 691

gallbladder carcinoma 295
lymphoma 640, 640, 641
probes, for liver fibrosis 102
sarcoidosis 626
space‐occupying lesions 691

positron emission tomography (PET)–CT
ampullary/periampullary cancer 303
cholangiocarcinoma 297–298

posterior reversible encephalopathy 
syndrome (PRES) 750

praziquantel 667, 675
prazosin, in portal hypertension 198
prednisolone, autoimmune hepatitis 368, 

369, 369, 370
pregnancy 572–587

acute liver failure 65, 75, 581
Budd–Chiari syndrome 216, 581–582
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cholecystectomy in 268
classification of liver disease 572, 573
decreased GGT 33
de novo (coincidental) liver disease 572, 

573, 581–582
acute viral infections 581
thrombosis 581–582

elevated alkaline phosphatase 33, 573
hepatitis A 581
hepatitis B virus transmission 399, 

400, 579
hepatitis E 383, 390, 391, 581
hepatocellular adenoma 696
herpes simplex hepatitis 581, 582
liver biopsy 573
liver transplantation 580–581
maternal mortality 578, 579
MRI contraindication 685
normal physiology 572–573
pre-eclampsia 574, 575–577
pre‐existing liver disease 572, 573, 

578–580
autoimmune hepatitis 372, 372, 580
cholestatic disease 580
chronic hepatitis B 410, 412, 579
chronic hepatitis C 579–580
cirrhosis 578, 578–579
portal hypertension 579
primary sclerosing cholangitis 580

pregnancy‐related liver disease 572, 573, 
573–578

acute fatty liver see acute fatty liver of 
pregnancy (AFLP)

hepatic rupture/infarction, 
haematoma 574, 578

hyperemesis gravidarum 573, 574
intrahepatic cholestasis see intrahepatic 

cholestasis of pregnancy (ICP)
pre‐eclampsia/eclampsia 574, 

575–577
pro‐coagulant state/tendency 35, 

573, 581
variceal haemorrhage 572, 579
Wilson disease 535

pregnane X receptor 234, 236
primary biliary cholangitis (PBC) 243, 247, 

328–340, 374
aetiology 334–335

genetics/environmental factors 332, 
332–333, 334, 334–335

associated diseases 333
autoantibodies 329, 330, 332, 335, 361
autoantibody‐negative 329, 331
autoimmune hepatitis overlap 365, 

375–376
bile duct injury 238, 330, 330–331
bone disease in 246
clinical features 328–329, 329, 331, 332, 

333, 337
definition 328
diagnosis 329, 329–331
diagnostic criteria 375–376

diagnostic tests 624
differential diagnosis 331, 331, 331–332

autoimmune hepatitis 365
epidemiology 333–334
liver biopsy 48, 330, 330, 330–331, 331
management 335–337

drug treatment 336, 337
liver transplant 336–337, 734
symptomatic treatment 337

natural history 332, 332–333
pathogenesis 237, 335, 336
pathology 328, 330, 330–331, 333
pregnancy in 580
prognosis 333, 337
progression to cirrhosis 332, 332, 

333, 337
screening 328
small bile duct involvement 243, 

330, 330
stages 330, 330–331, 332

primary biliary cirrhosis 328
see also primary biliary cholangitis (PBC)

primary liver cancer see hepatocellular 
carcinoma (HCC); malignant liver 
tumours

primary sclerosing cholangitis (PSC) 243, 
247–248, 341–350, 374

autoantibodies 345
autoimmune conditions in 341, 342
as autoimmune disease 343, 344
autoimmune hepatitis overlap 346–347, 

375, 376, 376–377
bile duct injury 238, 343, 343, 344
bile homeostasis disturbance 343–344
bone disease in 246, 348
cholangiocarcinoma in 296, 341, 343, 

348–349, 734
clinical features 342, 344–345, 345
colonic features 342
colorectal cancer in 341, 342, 342, 349, 

350, 734
course/progression 345, 345, 347
diagnosis

histology 48, 343, 346, 347, 375
imaging 259, 341, 345–346, 346
laboratory tests 345

differential diagnosis 342
primary biliary cholangitis 331

dysplasia 343, 348–349
epidemiology 341–342
gastrointestinal malignancies 342, 342, 

347, 349, 350
genetic susceptibility 344
hepatocellular carcinoma risk 343
inflammatory bowel disease and 248, 

341–342, 342, 344, 349, 350
large bile duct involvement 243
liver biopsy 48, 343, 346, 347
pathogenesis 343–344

of malignancies in 344, 734
pregnancy in 580
prognosis and mortality 347

recurrent, after transplantation  
349–350, 350

small‐duct 329, 346
special populations 346–347
stages 343, 347
treatment

endoscopic 348
future drugs 348
liver transplantation 349–350, 734
medical 347–348, 580

procoagulant therapy, variceal bleeding 57
progressive familial intrahepatic cholestasis 

(PFIC) 235
type 1 242–243, 598, 598–599
type 2 242, 598, 599
type 3 242, 598, 599
type 4 598, 599

propranolol 196–197, 197
protein(s)

in ascitic fluid 131
biliary 261–262
breakdown, in cirrhosis 563, 563
daily intake, in cirrhosis 569
dietary

hepatic encephalopathy 168, 170
nutritional therapy 569–570

metabolic pathways 21
turnover, ageing effects 35

protein and calorie malnutrition 507
protein C 55, 56, 58
protein kinase inhibitors 482
protein S 56
proteinuria 575, 576, 662
prothrombin time (PT)

alcoholic liver disease prognosis 504
cirrhosis 58
neonates 593
normal range 21
prolongation 35, 40, 249

pruritogen 245, 333
pruritus (itching) 238, 244

cholestasis 244, 245, 245, 245–246
intrahepatic cholestasis of 

pregnancy 575, 575
management 245, 245–246, 337, 

348, 600
primary biliary cholangitis 328, 

332–333, 337
pseudo‐aneurysm, hepatic artery 210, 211
pseudolipoma 701
pseudotumour 693

imaging 683, 684
inflammatory, of liver 701

psoas muscle, wasting 565–566
Psychometric Hepatic Encephalopathy Score 

(PHES) 155, 156
psychometric tests 155, 156
psychosocial development, 

post‐transplant 614
pulmonary artery pressure 114
pulmonary complications, post‐liver 

transplantation 746
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pulmonary hypertension 114, 333
pulsation of liver 6
pylephlebitis 654, 658
pyloric stenosis, congenital 591
pyogenic liver abscess 652–655
pyrazinamide 481
pyruvate dehydrogenase complex 329, 

330, 335

q
Q fever 625, 663, 664
quadrate lobe 1
quality of life, post‐transplant 743–744
quinolones 480–481

r
radiofrequency ablation

hepatocellular carcinoma 716–717, 717
radioisotope scanning 688–689, 691

biliary 257, 258
neonatal/infants/children 589, 593, 601
space‐occupying lesions 691

radiotherapy, hepatocellular carcinoma 718
reactive oxygen species (ROS) 497, 

545–546, 547
receptor‐mediated endocytosis 12, 14
rectal (’snip’) biopsy 666, 666
recurrent pyogenic cholangitis (RPC)  

350, 675
Reed–Sternberg cells 640, 641
regeneration, hepatocytes 1, 16, 16
regenerative nodules 693

arterialized 698, 699
regorafenib 718
rejection see liver transplantation, rejection
relapsing fever 663
renal cell carcinoma 646
renal failure

acute see acute kidney injury (AKI)
in acute liver failure 73
in cirrhosis 57
intrinsic, hepatorenal syndrome vs 142
post‐liver transplantation 745–746

renal impairment
cognitive changes 160, 160–161
hepatitis C treatment in 456, 456, 457

renal replacement therapy, in hepatorenal 
syndrome 143

renal transplants, liver biopsy 49
renal vein, splenorenal shunts 183
Rendu–Osler–Weber disease see hereditary 

haemorrhagic telangiectasis (HHT)
renin–angiotensin–aldosterone system 

(RAAS) 112, 128–129, 129, 
129, 138

resuscitation, acute variceal 
bleeding 201–202

reticuloendothelial agents, in MRI 686, 687
reticuloendothelial cells/system 8, 22, 30, 

133, 497, 688
fat in, lipid storage disorders 555
iron storage/export 514, 515, 522

reticuloendothelial proliferations, 
non‐specific 628

retinoids 13, 86
Reye syndrome 28–29, 473, 607
Reynold’s pentad 271
Rhesus antigens 590
rheumatoid arthritis 623, 630
ribavirin (RBV) 391, 444–445

hepatitis C 414, 444–445
IFN with 444–445
pre‐/post transplant 766

hepatitis D 430
side‐effects 445

ribozymes (RNA enzymes) 422
rickettsial infections 663–664
Riedel’s lobe 4
rifampicin 236

cholestatic pruritus 244, 245, 246, 337
intrahepatic cholestasis of 

pregnancy 575
liver injury due to 481

rifaximin 171, 174, 202
ritonavir 446, 448, 769
rituximab 641, 642

autoimmune hepatitis 372
HCV and non‐Hodgkin lymphoma 457

Rocky Mountain spotted fever 664
Rokitansky–Aschoff sinuses 5, 277, 322
Rotor syndrome 23, 234, 241
rough endoplasmic reticulum (RER)  

9–10, 10
round ligament, ’right‐sided’ 322
Roux‐en‐Y anastomosis 282, 283,  

284, 320
Royal Free Hospital Subjective Global 

nutritional Assessment (RFH‐
SGA) 566, 568, 568

rubella, congenital 594
RUCAM (Roussel‐Uclaf Causality 

Assessment method) 475–476

s
SAF (steatosis–activity–fibrosis) score  

542, 543
SAP scintigraphy 630
sarcoidosis 626–628

cholestatic 627, 627
clinical features 626–627
diagnostic tests 624, 624
hepatic granulomas 624, 625, 625, 626
hepatic histology 625, 626, 627
primary biliary cholangitis vs 331
treatment 627

sarcoma
of liver 721, 722
undifferentiated (mesenchymoma) 615

sarcopenia 117, 561, 562, 563
assessment 565–567, 566, 566, 568
in cirrhosis 562, 563, 565–566, 567
consequences 564, 565
nutritional interventions 569–570
prognostic predictor in liver disease 567

schistosomiasis 107, 665–667
portal hypertension in 182, 666
treatment 667

scintigraphy see radioisotope scanning
scleroderma 623
sclerosing cholangitis 341–354

autoimmune (ASC) 377
in children 606
of critically ill (SCCI) 350
drug‐related 351
IgG4‐related 283, 346, 347, 351, 701
infectious 350
ischaemic‐/trauma‐associated 350
neonatal 600
primary see primary sclerosing cholangitis 

(PSC)
secondary see secondary sclerosing 

cholangitis (SSC)
in systemic inflammatory diseases 351

scoring systems, liver disease 20
sebelipase alfa (recombinant LAL) 555
secondary sclerosing cholangitis (SSC)  

210, 210, 350–351
causes 342, 350–351

secretin 237
selective serotonin reuptake inhibitors 

(SSRIs) 484
Sengstaken–Blakemore tube 203, 203
sepsis 34

in children 613
in cirrhosis 119, 613
cognitive changes 160, 160–161
unconjugated hyperbilirubinaemia in 

infants 591
septic shock 652
sertraline 244, 246
serum‐ascites albumin gradient (SAAG)  

131, 132
serum transaminases 32–33, 33
SHASTA score 96, 97, 98
2D‐shear wave elastography (SWE) 100, 

101–102, 191
shellfish, HAV outbreaks 387
shifting dullness, ascites 130
shock liver see hypoxic hepatitis
’sick euthyroid syndrome’ 629
sickle cell anaemia 239, 260, 636–637
siderosis 522, 635, 635

Bantu 522–523
erythropoietic 522
tissue, in haemolytic anaemia 635, 635

see iron overload states
sieve plates 12, 12
sildenafil 174
simeprevir 446, 448–449
simvastatin 196, 198, 205
single photon emission 

computed tomography 
(SPECT) 691

sinusoid(s) 7, 10
’capillarization’ 83, 83–84, 131, 186, 187
decompression, TIPS 140
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endothelial cells lining see endothelial 
cell(s)

obstruction, HELLP syndrome 576
sickle cell disease 636
structure 7–8, 8
ultrastructure 10, 11, 83
viral hepatitis 380, 382

sinusoidal cells 11–13, 84
bile salt and ion uptake 233, 234, 235
hepatic granuloma pathogenesis 624
loss of phenotypes, cirrhosis 186
pit cells 8, 11, 13
see also endothelial cell(s); hepatic stellate 

cells (HSCs); Kupffer cell(s)
sinusoidal dilation 225, 225

INCPH 221, 222, 222
non‐obstructive 225–226, 226

sinusoidal hypertension 128, 214
ascites mechanism 127, 128, 131

sinusoidal obstruction syndrome 639–640
sinusoidal pressure 128
sirolimus 743

drug–drug interactions 449
situs inversus 4
Sjögren syndrome 623
skin changes in liver disease

cirrhosis 116, 116–117, 117
jaundice and cholestasis 248–249, 249
porphyria cutanea tarda 634

skin pigmentation
erythropoietic siderosis 522
Gaucher disease 644
genetic haemochromatosis 516, 517

small‐cell dysplasia 706
small intestinal bacterial overgrowth 25, 

116, 543
smooth endoplasmic reticulum 

(SER) 9–10, 10
smooth muscle antibodies (SMAs) 357, 

361, 362, 366
sodium

restriction, in cirrhotic ascites 135, 
135–136

retention
ascites and cirrhosis 128, 135, 136
hepatorenal syndrome 142

serum, MELD and 732
sodium benzoate 172
sodium taurocholate co‐transporter 

polypeptide (NTCP) 233, 234, 239
sofosbuvir 446, 446–447, 769

chronic hepatitis C 446, 446–447
combination therapy 446, 447–448, 

451, 452
soluble liver and pancreas antigen (SLA/LP), 

antibodies 361, 363
somatostatin/somatostatin analogues 202

acute variceal bleeding 202
bicarbonate secretion 237
polycystic liver disease 312
portal hypertension in cirrhosis 196, 

197, 198

sonorheometry 59
sorafenib 718
space‐occupying lesions

benign 693
biopsy of liver 49
imaging and diagnosis 682–692

choice of technique 691
see also specific techniques and 

tumours
space of Disse 8, 8, 10

amyloid deposition 631, 631
collagenization 13, 498, 500
ultrastructure 10, 11, 12, 12, 13, 83

sphincter of Oddi 275
anatomy 5, 5
functional disorders, types 275
narrowing (papillary stenosis) 275

sphincterotomy, biliary 272, 273
spider naevi (telangiectasis/angioma) 116, 

116–117
spirochaetes 659, 660, 663
spironolactone 129, 136

cirrhotic ascites treatment 129,  
136, 137

mechanism of action 136, 136
side‐effects 136–137

splanchnic blood flow, portal 
hypertension 187–188, 196

splanchnic vasodilation 187, 188, 196
spleen

haemolytic anaemia 635
stiffness measurement 102

splenectomy 220
splenic artery, enlargement 185
splenic vein 182, 182
splenomegaly 115, 249, 256

alcoholic cirrhosis 504
biliary atresia 601
extramedullary haemopoiesis 643
fibrocongestive 185, 187
Gaucher disease 645
portal hypertension 185, 187, 190
schistosomiasis 665, 666
viral hepatitis 380

splenorenal shunts 183
spontaneous bacterial peritonitis (SBP)  

132–134
ascites and 127, 144
in cirrhosis 119, 127, 144
renal failure 143

spur cell anaemia 21, 34, 34
Staphylococcus aureus 653
starvation, in cirrhosis 562, 563
statins

liver injury due to 484–485
OATP1B1 polymorphism and 234
portal hypertension treatment 186, 186, 

187
steatohepatitis

alcoholic (ASH) 48
non‐alcoholic (NASH) see non‐alcoholic 

steatohepatitis (NASH)

steatorrhoea 117, 232, 238, 244
steatosis

diseases with 541, 554, 555
macrovesicular 498, 499, 732
microvesicular 475, 498, 499
non‐alcoholic fatty liver 540, 541, 541, 

542, 543, 551
see also non‐alcoholic steatohepatitis 

(NASH)
pathogenesis 547

alcohol consumption and  
496, 496

Wilson disease 528, 529, 530
see also fatty liver disease

stem cells 16, 642
steroids, synthesis 10
sterol 27‐hydroxylase deficiency 599
sterol regulatory element binding protein 

(SREBP) 546–547
Stevens–Johnson syndrome 479
STOPAH trial 504, 506, 507
storage diseases

liver biopsy indication 48–49
lysosomal 611–613, 643–646

Streptococcus spp. 653, 655
stress

ER see endoplasmic reticulum (ER)
nitrosative, hepatic encephalopathy  

163–164
oxidative see oxidative stress

Strongyloides stercoralis 674
Subjective Global nutritional Assessment 

(SGA) 566, 568, 568
sulindac 479
sulphonamides 480
sulphur colloid, 99mTc‐labelled 688
sulphur granules 659
superficial venous plexus 184
superior mesenteric vein 182, 182

resection 304
superior venous plexus 184, 184
superoxide dismutase 547
surface markings

gallbladder 6, 6
liver 5–6, 6

surgery
in cholangiocarcinoma 300, 300
in cirrhosis, risks 120
HCC resection 715–716, 717
hepatic resection see hepatic resection
hydatid cyst removal 672, 672–673
intrahepatic cholangiocarcinoma 720
pyogenic liver abscess drainage 655

’suspected functional biliary sphincter 
disorder’ 275

syphilis, of liver
congenital 594–595, 659
diagnostic tests 624
secondary 659–660
tertiary 660

systemic inflammatory response syndrome 
(SIRS) 68, 350
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systemic lupus erythematosus (SLE)  
622–623

systemic sclerosis 623

t
tacrolimus (FK 506) 742–743

autoimmune hepatitis 372, 373
drug–drug interactions 449, 770
in liver transplantation 742, 742
side‐effects 742–743

T cells
antibodies to 743
apoptotic cell death 473
autoimmune hepatitis 357–358, 358
CD4+ (helper) cells 335, 357

hepatitis C and 439
rejection of liver graft 746

CD8+ (cytotoxic) cells 335, 357, 439
in hepatitis B 398
primary biliary cholangitis 335
primary sclerosing cholangitis 344
Th1 and Th2 cells 357
Th17 cells 357
Treg cells 335, 357–358

telbivudine 409, 410–411
telithromycin 480
telomere shortening 88
tenofovir

hepatitis B 409, 410–411, 412, 414
combination therapies 411
liver transplant waiting list 761
resistance 410–411

side‐effects 411
tenofovir alafenamide 410, 411, 415, 761
tenofovir disoproxil fumarate 410, 411, 

412, 414
terlipressin

acute variceal bleeding 202
hepatorenal syndrome treatment 143, 

144, 144
portal hypertension in cirrhosis 196, 

197, 198
testosterone, low levels, in cirrhosis 118
tetracyclines, liver injury due to 481
tetrathiomolybdate, Wilson disease 535
thalassaemia 637–638
thiamine, deficiency 573
thiazide diuretics 136
thiazolidinediones, in NASH/NAFLD 553
thorium dioxide (Thorotrast) 476, 719, 721
thrombin 56
thrombin activatable fibrinolysis inhibitor 

(TAFI) 55, 56
thrombin generation assay (TGA) 59
thrombocytopenia 35

in cirrhosis 56
liver biopsy risk 40
in portal hypertension 190

thromboelastography 54, 56, 59, 72
thrombogram 59, 59
thrombomodulin 55, 56
thrombopoietin, synthesis 31

thrombosis
hepatic vein see hepatic veins
inhibitors 56
portal vein see portal vein thrombosis 

(PVT)
in pregnancy 581–582

thromboxane receptor antagonists 186
thyroid disorders 628–629
thyroid hormones 501, 628
thyrotoxicosis 573, 629
tinidazole 657
tin mesoporphyrin 241
TIPS see transjugular intrahepatic 

portosystemic shunt (TIPS)
tissue factor (TF) 55, 55, 56
tissue factor pathway inhibitor (TFPI)  
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Toll‐like receptors (TLRs) 14, 15, 546, 550
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coeliac disease 623
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HELLP syndrome 576
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paracetamol toxicity 68
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transforming growth factor‐β1 (TGF‐β1)  
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principle and method 99
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cystic fibrosis 608
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hepatorenal syndrome 144
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199–200
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transporters 22
bile acids 234, 235, 237, 242
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see also hepatic injury
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synthesis 9, 547
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tuberous sclerosis 700
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tumour(s) see benign liver tumours; 
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tumour markers 49
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tumour necrosis factor‐1 (TNF‐1) 472, 497
tumour necrosis factor (TNF) 

inhibitors 482, 507, 628
tumour seeding 49, 713
TWINRIX vaccine 400
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tyrosine kinase inhibitors 482
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score 20
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acute liver failure 68
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ampullary/periampullary cancer 303
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biliary tract disease 257, 258
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cirrhosis diagnosis 109, 682, 683
congenital hepatic fibrosis 316
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cystic fibrosis liver disease 608
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endoscopic see endoscopic ultrasound 
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focal nodular hyperplasia 697
gallbladder 256–257, 257
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gallbladder polyps 276, 276
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hepatocellular carcinoma 712, 714
infants/children 589, 602
jaundice and cholestasis 250
liver, normal 682
malignant tumours 683
NAFLD 541, 541
neonatal liver disease 589, 593
opportunistic fungal infections 664
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portal hypertension 190–191, 191
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schistosomiasis 666, 666
space‐occupying lesions 682–683, 691

algorithm 683, 684
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enzyme deficiencies 736
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viral hepatitis 383–384
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therapeutic 119, 237, 262, 336
adverse effects 370
AIH–PBC overlap 376
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autoimmune hepatitis 373
biliary atresia (postsurgery) 601
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cystic fibrosis 608
intrahepatic cholestasis of 

pregnancy 575
mechanism of action 336
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primary biliary cholangitis 336,  

337, 580
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hepatitis B see hepatitis B
pre/post liver transplantation 751, 751
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varicella, in neonates 595
varicella zoster virus (VZV) 68, 595, 749
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’rescue therapy’ 203
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activation, angiogenesis 187
HCC pathogenesis 708
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very low‐density lipoproteins (VLDL) 27, 

27, 27, 546, 549
vinca alkaloids 482
vinyl chloride monomer (VCM) 721
viral hepatitis see hepatitis, viral
viral infections

autoimmune hepatitis triggered by 359
in bone marrow transplantation 640
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administration 249, 250
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retention, cirrhosis and ascites 138
weight 565

gain, ascites 130
loss

cirrhosis 168, 569
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Wernicke encephalopathy 160, 161, 504
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prognosis 536, 607
treatment 119, 533–536, 607

chelators/zinc 533, 534, 534–535
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z
Zellweger syndrome 11, 599
Zieve syndrome 34–35
zinc, hepatic encephalopathy 164, 172–173
zinc salts, in Wilson disease 533, 534, 

534, 535


	Front Matter
	Copyright
	Contents
	List of Contributors
	Preface to the Thirteenth Edition
	Preface to the First Edition

	1 Anatomy and Function
	2 Liver Function in Health and Disease: Clinical Application of Liver Tests
	3 Biopsy of the Liver
	4 Coagulation in Cirrhosis
	5 Acute Liver Failure
	6 Hepatic Fibrogenesis
	7 Non‐invasive Assessment of Fibrosis and Cirrhosis
	8 Hepatic Cirrhosis
	9 Ascites
	10 Hepatic Encephalopathy in Patients with Cirrhosis
	11 Portal Hypertension in Cirrhosis
	12 Vascular Disorders of the Liver and Extrahepatic Portal Hypertension
	13 Jaundice and Cholestasis
	14 Gallstones and Benign Biliary Disease
	15 Malignant Biliary Diseases
	16 Fibropolycystic Liver Diseases and Congenital Biliary Abnormalities
	17 Primary Biliary Cholangitis
	18 Sclerosing Cholangitis
	19 Autoimmune Hepatitis and Overlap Syndromes
	20 Enterically Transmitted Viral Hepatitis: Hepatitis A and Hepatitis E
	21 Hepatitis B
	22 Hepatitis D
	23 Hepatitis C
	24 Drug‐Induced Liver Injury
	25 Alcohol and the Liver
	26 Iron Overload States
	27 Wilson Disease
	28 Non‐Alcoholic Fatty Liver Disease
	29 Nutrition and Chronic Liver Disease
	30 Pregnancy and the Liver
	31 The Liver in the Neonate, in Infancy, and Childhood
	32 The Liver in Systemic Diseases*
	33 The Liver in Infections*
	34 Imaging of the Liver and Diagnostic Approach of Space‐Occupying Lesions
	35 Benign Liver Tumours
	36 Primary Malignant Neoplasms of the Liver
	37 Hepatic Transplantation
	38 Hepatic Transplantation and HBV, HCV, and HIV Infections
	Index

