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Preface

It is hard to believe that the 1st edition of this textbook 
was published in 1999 and that 15 years later the 3rd 
edition is being published in the poignant setting of 
the untimely and unexpected death of Peter Twining 
in 2009.

Those familiar with the first two editions will notice 
many changes in this new edition of the book that is 
undoubtedly one of the authoritative standard text-
books on the sonographic diagnosis of fetal abnor-
malities. This is a textbook that most busy modern 
ultrasound departments would not be without, and as 
such Twining’s Textbook of Fetal Abnormalities has more 
than fulfilled the initial aims of the 1st edition.

The changes made to this seminal textbook reflect 
the rapid advances in the field of fetal diagnostic ultra-
sound necessitating not only a 2nd but a 3rd edition. 
These changes emphasize and build on the original 
premise of the 1st edition in which the quality and 
number of the ultrasound images in the textbook con-
tributed to its major success and appeal. Peter Twining 
was an innovator and educator in the field of obstetric 
ultrasound who, as a pioneer in ultrasound imaging, 
believed that exacting high standards of scanning were 
critical to clinical practice.

The wealth and the standard of images that reflects 
the extensive collective scanning experience provided 
by our international contributors for this textbook 
would have delighted Peter.

We have been so pleased that the most expert inter-
national authors from across Europe and American 
have contributed to this edition. Each has shared the 
elements of their practice that has contributed to our 
understanding and knowledge of fetal ultrasound and 
we recognize their support and contribution. The con-
tinuing advances in fetal physiology, understanding of 
the evolution and natural history of fetal abnormalities 
and the emergence of fetal therapy would not be pos-
sible without the dedication and commitment of the 
many ultrasound practitioners who have contributed 
to the world literature and to this latest edition.

We no longer have a chapter on ultrasound safety 
but as editors we stress the importance of reading and 

becoming familiar with the textbook The Safe Use of 
Ultrasound in Medical Diagnosis, edited by Dr Gail ter 
Haar, which is currently in its 3rd edition.

We asked our authors to incorporate cutting-edge 
sections on 3D ultrasound and fetal therapy into their 
chapters for a more global overview of each subject 
with the emphasis on the relation to everyday practice 
of fetal diagnostic medicine, rather than having sepa-
rate chapters on these topics. This has allowed us to 
provide a greater number of superb state of the art 
images, which it is hoped, will help with both daily 
practice, and will stimulate and encourage our readers 
to equally high standards of scanning.

Thus this 3rd edition of Twining’s Textbook of Fetal 
Abnormalities succeeds in integrating a strong subspe-
cialty knowledge base encompassing all aspects of the 
field of obstetric ultrasound and perinatal diagnosis 
for patient-based clinical care. This volume will be of 
invaluable use to obstetricians, sonographers, paedia-
tricians, geneticists and graduate trainees from all 
these fields.

With the great power of every improving ultra-
sound technology comes great responsibility, and 
because we can scan it is our responsibility to scan to 
the very best of our knowledge, skill, ability and train-
ing. We do hope that this textbook reflects the care, 
thought and discipline required for the practice of fetal 
diagnostic ultrasound.

We thank all of our contributors for their wonder-
ful chapters. We thank all at Elsevier for their help and 
support, in particular Poppy Garraway and Julie 
Taylor.

Most importantly we acknowledge all our patients, 
as it is their need to understand that has driven us to 
improve our diagnostic skills, to maintain high stand-
ards of practice and to learn continuously.

Dr Anne Marie Coady

Dr Sarah Bower
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Chapter 1 

Introduction
The first trimester of pregnancy is generally consid-
ered to be the first 13 completed weeks. In the past, 
first-trimester ultrasound has mainly been used to 
confirm fetal viability, establish pregnancy location, 
count the number of fetuses and assess gestational age 
by measurement of fetal crown rump length (CRL). A 
major breakthrough in screening for fetal abnormali-
ties was the finding that fetal nuchal translucency is 
increased in cases of chromosomal abnormalities and 
other fetal anatomical defects, and this forms the basis 
of screening for chromosomal abnormalities in many 
countries. With further improvements in ultrasound 
technology it has become increasingly feasible to 
examine the fetal anatomy in the first trimester. It is 
advisable to perform the scan at 11 + 0 to 13 + 6 
weeks’ gestation as this allows confirmation of viabil-
ity, accurate assesment of gestational age and number 
of viable fetuses in addition to evaluation of anatomy 
and calculation of risk of aneuploidy.1 There are a 
number of differences and advantages to screening for 
abnormalities in the first trimester over the second 
trimester (Table 1-1). The recently published guide-
lines on the first trimester scan by the International 
Society of Obstetrics and Gynaecology lists the struc-
tures which it should be possible to visualize and 
assess in the first-trimester routine screening examina-
tion.2 (Table 1-2).

Viability, Multiple Pregnancy and 
Gestational Age Assessment
About 2.8% of pregnancies will be non-viable at 
10–13 weeks of gestation and chromosomal abnor-
malities may be present in 45–70% of these.3 

First-Trimester Detection of 
Fetal Anomalies
Raffaele Napolitano and Aris T Papageorghiou
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perinatal complications are greater in monochorionic 
than dichorionic twin pregnancies. Monochorionic 
twins have approximately a three- to five-fold increase 
in perinatal morbidity compared to dichorionic twins. 
In monochorionic twin pregnancies the majority of 
the pregnancy losses will occur between the first and 
the second trimester,6 and are mostly due to acute twin 
to twin transfusion syndrome (ATTTS), selective  
fetal growth restriction, and discordance for fetal 

First-trimester ultrasound is highly accurate in diag-
nosis of non-viable pregnancies, but it is important to 
ensure that missed miscarriage is distinguished from 
a very early viable pregnancy where the fetal heartbeat 
is simply not seen. This should be of particular concern 
within the first 6–8 weeks. Recent studies suggest that 
a mean sac diameter (MSD) cut-off of over 25 mm and 
a CRL of over 7 mm minimizes the risk of a false-
positive diagnosis of miscarriage4 (Figures 1-1 and 
1-2). In cases where these measurements are below 
the threshold for a one-stop diagnosis a further scan 
should be arranged in 7 days to assess embryonic or 
sac growth in that interval.

Multiple pregnancy is present in about 3%5 of first-
trimester ultrasound scans, and in these cases assess-
ment of chorionicity is crucial, as antenatal and 

TABLE 1-1 Advantages and Disadvantages 
to Screening for Abnormalities in the First 
Trimester Over the Second Trimester

Advantages of First-
Trimester Scanning

Disadvantages of  
First-Trimester Diagnosis 
of Fetal Anomalies

Establishing fetal viability 
and excluding early 
pregnancy complications

Difficulties in technique 
of transvaginal fetal 
scanning

Confirming multiple 
pregnancy and 
determining chorionicity

Accurate dating for 
estimated date of delivery 
and as a baseline for both 
first- and second-trimester 
biochemical screening

Early detection of fetal 
abnormalities

Termination of pregnancy 
may be carried out as a 
suction curettage

Inability to detect all 
abnormalities due to 
the natural history of 
some anomalies

Significance of minor 
anomalies unclear at 
present

Pitfalls in first-trimester 
diagnosis of fetal 
anomalies

No pathological 
confirmation of 
diagnosis

Nuchal translucency 
measurement for the 
detection of chromosomal 
disease, and as a marker 
for other syndromes and 
structural abnormalities, 
especially cardiac 
anomalies

High spontaneous loss 
rate in fetuses with 
major abnormalities

TABLE 1-2 Suggested Anatomical 
Assessment at Time of 11 to  
13+6-week scan

Organ/Anatomical Area Present and/or Normal?

Head Present
Cranial bones
Midline falx
Choroid-plexus-filled 

ventricles
Neck Normal appearance

Nuchal translucency 
thickness (if accepted 
after informed consent 
and trained/certified 
operator available)

Face Eyes with lens*
Nasal bone*
Normal profile/mandible*
Intact lips*

Spine Vertebrae (longitudinal and 
axial)*

Intact overlying skin*
Chest Symmetrical lung fields

No effusions or masses
Heart Cardiac regular activity

Four symmetrical 
chambers*

Abdomen Stomach present in left 
upper quadrant

Bladder*
Kidneys*

Abdominal wall Normal cord insertion
No umbilical defects

Extremities Four limbs each with three 
segments

Hands and feet with normal 
orientation*

Placenta Size and texture
Cord Three-vessel cord*

*Optional structures.
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FIGURE 1-1 A large gestation sac MSD >25 mm lacking an embryo 
which is consistent with early pregnancy failure. (Courtesy of Dr Anne 
Marie Coady.)

FIGURE 1-2 An embryo of CRL over 7 mm without cardiac activity 
is consistent with early pregnancy failure. (Courtesy of Dr Anne Marie 
Coady.)

anomalies.7 The presence of the lambda sign (for 
dichorionicity) or T sign (for monochorionicity) in the 
first trimester has been shown to be highly reproduc-
ible and accurate in determining chrorionicity (Figures 
1-3 and 1-4)8 (Chapter 9, Assessment of Twin Gesta-
tion). The sensitivity and specificity of ultrasono-
graphic markers for chorionicity (fetal gender 
assessment, membrane thickness) are much lower 
when performed in the second trimester.9

Another important aim of the first trimester scan 
is gestational age estimation, as up to 30% of 

FIGURE 1-3 The lambda sign of a dichorionic twin gestation: placen-
tal tissue protruding into the intertwin membranes (arrow). (Courtesy 
of Dr Anne Marie Coady.)

women attending an antenatal clinic have uncertain 
or unreliable menstrual dates.4 Estimation of ges-
tational age in the first trimester is more reliable 
compared to second trimester pregnancy dating, 
and can lead to a reduction in the rate of unnec-
essary inductions of labour for post-term pregancy.10 
Pregnancy dating is valuable not only for estimating 
the date of delivery, monitoring fetal growth and 
timing obstetric interventions; it is also of paramount 
importance in the assessment of variables that affect 
first- and second-trimester screening for Down 

FIGURE 1-4 The T sign/negative lambda sign of a monochorionic 
twin gestation. (Courtesy of Dr Anne Marie Coady.)
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that transvaginal scanning (TVS) can be used to com-
plement difficult transabdominal scanning (TAS) 
examinations; complete fetal anatomical surveys were 
achieved in 82% of cases with TVS and 64% using 
TAS. Patient body mass index significantly affected the 
ability of the sonographer to achieve a complete ana-
tomical survey by both TAS and TVS. Other studies 
concur that adding a TVS may improve detection rates 
for abnormalities over TAS alone, especially in case of 
increased BMI, with detection rates doubling from 
about 30% to about 60%.17 There may however be 
technical and practical difficulties in routinely using 
transvaginal scanning to demonstrate fetal anomalies, 
for example if a fetus is in a persistently unfavourable 
presentation; more advanced gestational age; and if 
women are reluctant to undergo this examination. In 
addition, a chaperone is required for transvaginal 
scanning. Because of these issues, while in some 
centres it is routinely used, in many centres it is used 
only when necessary.16,18

One factor that needs to be taken into account is 
that the ability to visualize small structures can vary 
significantly with advancing gestational age, due to the 
remarkably rapid fetal organ growth and development 
in the first trimester.19 In general, it is thought that 
scanning before 11 weeks’ gestation is less satisfactory, 
as this often results in incomplete assessment of fetal 
anatomy.20 Whitlow and Economides have proposed 
13 weeks’ gestation as the optimal earliest gestational 
age to examine fetal anatomy.20 Nevertheless, in the 
above-mentioned trial by Chel et al. where women 
were allocated to undergo a routine NT scan at 11–12 
weeks versus a detailed first trimester anatomy scan at 
12–13 weeks, performed by experienced operators, 
the detection rate of anomalies was not significantly 
different.17

From a practical point of view, fetal anomalies fall 
into three main groups according to whether they are 
detectable in the first trimester. They can be:

1. Always detectable – anencephaly, body stalk 
anomaly, exomphalos, gastroschisis, megacystis, 
alobar holoprosencephaly.

2. Sometimes/potentially detectable, e.g. spina 
bifida, facial cleft, polydactyly, renal agenesis.

3. Never detectable in first trimester, e.g. micro-
cephaly and Agenesis of the Corpus Callosum 
(ACC).

syndrome, such as fetal nuchal translucency and 
maternal serum biochemistry which change with 
gestational age.

Diagnosis of Fetal Abnormalities
Recent studies suggest a sensitivity of 85–95% (with 
a 5% false-positive rate) for the first-trimester detec-
tion of Down syndrome using nuchal translucency, 
free beta human chorionic gonadotrophin (HCG) and 
pregnancy-associated plasma protein A (PAPP-A)11 
(Chapter 2, Fetal aneuploidies). An important feature 
of increased fetal nuchal translucency measurement 
is that this finding is also associated with cardiac 
anomalies,12 structural abnormalities13 and genetic 
syndromes.14,15 Fetuses with an increased nuchal 
translucency measurement and a normal karyotype 
should therefore have detailed anomaly scanning in 
the first trimester.

Optimal management is for this to be done at 
the time of the nuchal translucency (NT) scan but 
this will depend on the objectives set for the scan 
locally and the resources available (i.e. time allocated 
for fetal examination, appropriately trained sonogra-
phers and quality of equipment). Detailed anatomical 
assessment should be repeated at 20 weeks to look 
for structural abnormalities. Further follow-up scans 
may also be indicated and these will depend on the 
initial amount and/or resolution of increased nuchal 
fluid.

With improved ultrasound equipment and appro-
priate training the ability to detect fetal anomalies in 
the first trimester has continued to improve. One ran-
domized trial suggests that, if experienced operators 
are performing the examination, detection rates at the 
first and the second trimester are similar; 38% at 12 
weeks vs. 47% at 18 weeks.16 It has been reported in 
another randomized trial that if the fetal anatomy 
evaluation is done at the time of routine NT screening, 
detection rates can be as good as a dedicated separate 
focused early anomaly scan in the first trimester.17 
Nevertheless, incomplete fetal anatomical surveys in 
the first trimester are common and in a study of over 
2800 women,18 the fetal heart and kidneys were not 
properly visualized in 42% and 27% of cases at the 
13-week scan compared with 1–6% and 0% at the 
mid-trimester scan, respectively. This study showed 
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after surgical termination of pregnancy. This is of 
importance as studies in later pregnancy have shown 
that an accurate postmortem examination may alter 
the sonographic diagnosis.24 This has significance for 
clinical genetic counselling in terms of future pregnan-
cies, recurrence risks and the best method of future 
prenatal diagnosis.25 However, it has not been demon-
strated that lack of information for future pregnancy 
outcome from pathological examination of a termi-
nated affected pregnancy outweighs the benefits of 
first-trimester termination.

Another possible disadvantage is that some preg-
nancies complicated by a serious malformation may 
miscarry spontaneously in the first or early second 
trimester. Whilst it may be helpful for parents to 
understand the reason for the pregnancy loss, this 
benefit must be weighed against potential harm that 

FIGURE 1-5 Physiological exomphalos (echogenic bowel-only mass 
which is always <7 mm in transverse section). (Courtesy of Dr Anne 
Marie Coady.)

FIGURE 1-6 (A) The normal rhombencephalon. (B) A fetus with 
holoprosencephaly. (Courtesy of Dr Anne Marie Coady.)

tw2

A

B

CONSIDERATIONS OF EMBRYOLOGICAL 
DEVELOPMENT
In order that first-trimester scanning can be carried 
out accurately it is important that there is a full under-
standing of embryological development. In this way 
some of the potential pitfalls in first-trimester diagno-
sis may be avoided. The normal midgut herniation of 
the bowel, which can be present up to 11 weeks’ of 
gestation, should not be confused with an anterior 
abdominal wall defect (Figure 1-5).21 Similarly in the 
brain, the normal single ventricle appearance of the 
rhombencephalon seen between 7 and 9 weeks’ gesta-
tion should not be confused with holoprosencephaly 
(Figure 1-6 A,B).22 In addition to an understanding of 
the normal development of the fetus, it is also impor-
tant to be aware that certain fetal abnormalities seen 
in the second trimester will present in a different 
manner in the first trimester. A typical example is renal 
agenesis which will demonstrate severe oligohydram-
nios at 18–20 weeks but usually has normal liquor 
volume in the first trimester, as the placenta is the 
major contributor to amniotic fluid at this stage. 
Therefore the presence of normal liquor volume at 
12–14 weeks does not exclude renal agenesis nor 
other major renal abnormalities.23

First-trimester diagnosis of abnormalities has many 
advantages; however one disadvantage is that there is 
often no pathological confirmation of the diagnosis 
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alone for non-chromosomal abnormality was 43.6% 
compared to 97.4% for the first- and second-trimester 
scans together.26 The second-trimester scan was per-
formed at 20–23 weeks’ gestation. In a literature 
review of 15 screening studies reported in the above-
mentioned paper, the detection rate of fetal abnormali-
ties in the first trimester was 48.3% (Table 1-3).1,26,27,30,31

These studies suggest that first-trimester scanning 
is unlikely to replace routine mid-trimester screening 
for fetal abnormalities. First-trimester anomaly scan-
ning should be used in addition to, rather than instead 
of, second-trimester anomaly scanning. There are 
some abnormalities that should always be detected in 
the first trimester and others that can never be detected. 
Knowledge of the association of easily identifiable 
ultrasound markers with specific fetal abnormalities 
can improve the detection rates, e.g. increased nuchal 
translucency and cardiac abnormality (see below – 
next section).

The type and range of anomalies detected in the 
first trimester differs from those seen in the second 
trimester, with high incidences of severe intracranial 
anomalies such as anencephaly, exencephaly and  
holoprosencephaly. In addition, increased nuchal 

results from making parents choose to terminate a 
wanted pregnancy that might in any case have been 
lost spontaneously.25 Nevertheless, many major anom-
alies do not result in miscarriage, and early diagnosis 
affords parents choices including the option of expect-
ant management.

FIRST-TRIMESTER SCREENING FOR  
FETAL ABNORMALITIES
Dedicated first-trimester screening studies using 
transabdominal/transvaginal scanning show detection 
rates in the range of 31–65% in low-risk popula-
tions11,26 and 54–74% in high-risk pregnancies.26–29

Two studies have compared the detection rates of 
transabdominal scanning to transvaginal scanning and 
documented improvements in the detection rates from 
29% to 57% and 35% to 65%.19,30 These studies also 
demonstrated that second-trimester scanning picked 
up additional anomalies with detection rates in the 
range of 16–48%, and that there was a significant 
percentage of anomalies not seen until the third tri-
mester and the neonatal period. In one of the largest 
recent published series of routine first-trimester 
screening the detection rate of the first-trimester scan 

TABLE 1-3 Detection Rates for First-Trimester Scanning Followed by Mid-Trimester Scanning

DETECTION RATES (%)

First Trimester

Author
Type of 
Population

Number 
in Study

Trans-
Abdominal

Trans-
Vaginal

Second 
Trimester

Third 
Trimester

Missed 
Anomalies (%)

Constantine and 
McCormack 1991*120

LR 3565 14 14 36 36

Chambers et al. 1995121 LR 19,497 13 52 20 15
Achiron and Tadmore 

199119
HR 800 29 57 36 – 7

Yagel et al. 199528 HR 536 74 16 – 10
Hernandi and 

Torocsik 1997122
LR 3991 41 19 20 20

D’Ottavio et al. 199759 LR 3490 32 48 5 15
Economides and 

Braithwaite 199830
LR 1632 35 65 18 – 17

Carvalho et al. 200231 LR 2853 31 40 29
Chen et al. 200429 HR 1609 54 23 23

*Booking scans and clinically indicated scans only.
LR – Low-risk populations.
HR – High-risk populations.
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The observed prevalence for some abnormalities 
such as anencephaly, holoprosencephaly, microceph-
aly, facial cleft, gastroschisis, renal abnormalities, 
bowel obstruction and spina bifida, may not be differ-
ent from that in the general population. However the 
prevalence of major cardiac defects, diaphragmatic 
hernia, exomphalos, body-stalk anomaly and fetal aki-
nesia deformation sequence appears to be substan-
tially higher than in the general population, indicating 
an association between these abnormalities and 
increased nuchal translucency thickness. Similarly, 
there may be an association between increased nuchal 
translucency and a wide range of skeletal dysplasias 
and genetic syndromes that are usually found in  
less than 1 in 10,000 pregnancies (Table 1-5). Fetuses  
with increased nuchal translucency should therefore 

translucency and hydrops are common findings. 
Other common anomalies seen are anterior abdominal 
wall defects, renal anomalies and skeletal dysplasias 
(Table 1-4).14,15

NUCHAL TRANSLUCENCY SCREENING FOR  
FETAL ABNORMALITIES
There is increasing evidence that as well as being 
associated with a high risk of chromosomal disease 
(Chapter 2, Fetal aneuploidies) an increased nuchal 
translucency measurement is also associated with 
structural anomalies and rare syndromes (Table 1-5) 
(see Chapter 7, Fetal Anomalies – The Geneticist’s 
Approach; Chapter 8, Diagnosis of Hydrops and Mul-
tiple Malformation Syndromes).21

TABLE 1-4 Type of Abnormalities Detected Using Transvaginal Scanning in the First 
Trimester

Organ/System Number Percentage of Total Anomaly Number

Central nervous system 30 25% Anencephaly/exencephaly 16
Ventriculomegaly 7
Dandy–Walker syndrome 3
Holoprosencephaly 2
Encephalocoele 2

Neck 22 18% Cystic hygroma 22
Cardiac* 14 11–5% Tetralogy of Fallot 3

Hypoplastic left heart 3
Hypoplastic right heart 1
Truncus arteriosus 1
Ebstein’s anomaly 1
Ventricular septal defect 2
Aortic stenosis 1
Complex cardiac anomaly 2

Renal 14 11–5% Hydronephrosis 5
Bladder outlet

obstruction/megacystis 4
Cystic renal disease 4
Renal agenesis 1

Abdomen 12 10% Anterior abdominal wall defects 12
Body 9 7.5% Oedema/hydrops 9
Musculoskeletal 5 4% Skeletal dysplasias 5
Spine 4 3.3% Spina bifida 4
Face 2 1–5% Facial clefting 2

Combined data from 121 anomalies detected in studies from references 16, 17, 20, 31–33.
Increased nuchal translucency, choroid plexus cysts and mild renal pelvic dilatation excluded from the analysis.
*11 out of the 14 cardiac anomalies were detected in study reference 32.
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a maximum mean diameter of 6 mm at 10 weeks’ 
gestation. The majority of yolk sacs decrease in size 
before disappearing at around 12 weeks’ gestation. 
Some yolk sacs, however, will increase in size before 
disappearing.32

The fetal pole is usually visible towards the end of 
the 5th week, the embryo is first seen as a nubbin of 
tissue adjacent to but distinct from the yolk sac, devel-
oping along the chorionic margin of the yolk sac; it is 
approximately 2 mm in length at 5 weeks. At 6 weeks 
the developing embryo appears as an echogenic disc 
of about 5 mm tangentially touching and closely 
attached to the yolk sac (Figure 1-7).22 Prior to 5 
weeks the beat of the developing embryonic heart will 
often be seen without the embryo itself. Once it is 
larger than 2 mm it is discoid with a reasonable and 
proportional width relative to its length, the normal 
embryonic growth rate is initially 1–2 mm/day. Once 
it measures 5 mm in a sac of 15 to 18 mm size, (a 
gestational age of approximately 6.5 weeks) it will be 
seen consistently as a discrete structure and it will 
always have cardiac pulsations at this stage if it is alive.

Before this gestational age the greatest fetal pole 
length is difficult to estimate with a high interobserver 
variability (the crown–rump length is impossible to 
visualize at an early stage), therefore any dating scan 
should not be performed earlier than a CRL <5 mm.33,34

undergo expert ultrasonography with a particular 
emphasis on fetal cardiac anatomy if the karyotype is 
normal.

Normal Appearances (Sonoembryology)
GESTATIONAL SAC, YOLK SAC AND FETAL POLE
The gestational sac may be recognized as early as 4 
weeks and 1 day from the last menstrual period and 
should always be seen after 4 weeks and 4 days. Its 
diameter when first seen is about 2 mm and the 
normal sac increases in size to measure 5–6 mm at 5 
weeks. The mean gestational sac diameter then 
increases by approximately one millimetre per day 
throughout the first trimester. The yolk sac should be 
visible from 5 weeks’ gestation and increases in size to 

TABLE 1-5 Fetal Abnormalities Associated 
with an Increased Nuchal Translucency

Common Conditions

Cardiac abnormalities
Diaphragmatic hernia
Exomphalos
Body-stalk anomaly

Rare Conditions

Skeletal Dysplasias

Achondrogenesis
Camptomelic dysplasia
Achondroplasia
Thanatophoric dysplasia
Jarcho–Levin syndrome
Short rib polydactyly syndrome
Ectrodactyly-ectodermal dysplasia
Asphyxiating thoracic dystrophy

Genetic Syndromes

Noonan syndrome
Smith–Lemli–Opitz syndrome
Joubert syndrome
Zellweger syndrome
Myotonic dystrophy
Spinal muscular atrophy
Fryn’s syndrome
Hydrolethalus syndrome
Meckel–Gruber syndrome
Roberts syndrome

FIGURE 1-7 Transvaginal scan of a 6-week pregnancy showing the 
embryo (arrowhead), yolk sac (curved arrow) and amniotic sac 
(arrow). (Courtesy of Dr Anne Marie Coady.)
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fetal torso. On sagittal scanning the rudimentary brain 
vesicles can be demonstrated (Figure 1-10) and on 
coronal scanning a single ventricle appearance can be 
seen representing the rhombencephalon (Figure 
1-6A). Towards the end of the 8th week the brain is 
divided by an echogenic line representing the falx 
cerebri and the biparietal diameter is approximately 
8 mm.35 The choroid plexuses appear soon after the 
falx as echogenic structures, almost completely filling 

FIGURE 1-8 Sequential appearance of embryonic structures and 
functions. (Reproduced with permission from Timor-Tritsch I, Farine D, 
Rosen M. A close look at early embryonic development with the high-frequency 
transvaginal transducer. American Journal of Obstetrics and Gynaecology 
1988; 159:676–681. Courtesy of Dr Anne Marie Coady.)

STRUCTURES MENSTRUAL WEEK
5 6 7 8 9 10 11 12 13

GESTATIONAL SAC

YOLK SAC

FETAL POLE

HEART BEATS

SINGLE VENTRICLE

FALX

SPINE

LOWER LIMBS

UPPER LIMBS

BODY MOVEMENTS

LIMB MOVEMENTS

MIDGUT HERNIATION

CHOROID PLEXUS

HINDBRAIN

FINGERS

JAW

TOES

FIGURE 1-9 Transvaginal scan of a 7-week pregnancy showing the 
embryo (arrow head), amniotic sac (line arrow) and the yolk sac 
(block arrow) lying outside the amniotic sac within the extraembry-
onic coelom. (Courtesy of Dr Anne Marie Coady.)

The fetal heartbeat should be demonstrated from 6 
weeks’ gestation (Figure 1-8) when the normal heart 
rate is approximately 120 beats per minute. From 5 
to 9 weeks of gestation there is a rapid increase in the 
mean heart rate from 110 to 175 bpm. The amniotic 
sac is seen surrounding the developing fetus and the 
yolk sac lies outside the amniotic sac within the extra 
embryonic coelom (Figure 1-9).

CENTRAL NERVOUS SYSTEM
The central nervous system develops from the neural 
tube and at 5 weeks’ gestation the cephalic end sepa-
rates into three primary brain vesicles: prosencephalon 
(forebrain), mesencephalon (midbrain) and rhomben-
cephalon (hind brain). At 6 weeks’ gestation the sec-
ondary brain vesicles occur and the prosencephalon 
differentiates into the telencephalon and diencephalon, 
the mesencephalon remains unchanged and the 
rhombencephalon divides into the metencephalon 
and myeloencephalon.35 Between 7 and 8 weeks the 
fetal cephalic pole is clearly distinguishable from the 

FIGURE 1-10 Coronal scan through the cephalic pole of an 8-week 
embryo showing the rhombencephalon (A) and the prosencephalon 
(B). (Courtesy of Dr Anne Marie Coady.)

A B
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The development of the spine is marked by the fact 
that at 5.5 weeks’ gestation the neural folds are already 
fused, and the neural tube is already developed and 
covered by the neural crest and ectoderm.39

Before 10 weeks the spine can be seen as hypo-
echogenic parallel lines (Figure 1-14). After 10 weeks 

the lateral ventricles (Figure 1-11 A,B).36 In the 
rhombencephalon the cerebellar hemispheres develop 
at the beginning of the 8th week as two laterally placed 
masses separated in the midline. During the 10th 
week the cerebellar hemispheres unite in the midline 
to form the definitive cerebellum (Figure 1-12).37 The 
posterior fossa structures can be visualized during the 
first trimester and specific nomograms have been 
reported for the transcerebellar diameter, cisterna 
magna and the fourth ventricle.38 Ossification of the 
skull bones commences at 10 weeks and is complete 
at 11–12 weeks. The basic structure of the brain is 
therefore present at 11–12 weeks’ gestation. The stages 
at which various intracranial structures can be dem-
onstrated using transvaginal ultrasound is outlined in 
Figure 1-13.

A

HEAD C/PLEXUS

FIGURE 1-11 (A) Transverse scan through the head of an 11-week 
fetus showing choroid plexuses almost completely filling the fetal 
head. (B) Transverse scan through the head of a 13-week fetus 
showing a subtle change in the extent to which the cranium is filled 
by the choroid plexus. (Courtesy of Dr Anne Marie Coady.)

HEAD C/PLEXUS

B

FIGURE 1-12 Transverse scan through the head of an 11-week fetus 
showing the cerebellum (arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 1-13 Sequential appearance of fetal neural structures during 
the first trimester. (© International Society of Ultrasound in Obstetrics & 
Gynecology. Reproduced with permission from Achiron R, Achiron A. Trans-
vaginal ultrasonic assessment of the early fetal brain. Ultrasound in Obstetrics 
and Gynaecology 1991; 1:336–344. Permission is granted by John Wiley & 
Sons Ltd on behalf of the ISUOG. Courtesy of Dr Anne Marie Coady.)
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gestation, but it is seen in the majority of fetuses after 
12 weeks’ gestation and in all cases only after 13 weeks 
(Figure 1-16 A–E).20,40,41

With modern equipment good views of the fetal 
heart may be possible using transabdominal imaging 
alone, but full assessment using transvaginal scanning 
in the first trimester may be necessary; this can be 
difficult due to the limitations of manoeuvrability of 
the transvaginal probe. Success rates vary between 
43% and 95% at 13 weeks and 46% and 98% at 14 
weeks due to differences in operator experience, 
equipment, and population settings (tertiary centres 
or low-risk population screenings) (see Chapter 14 
Cardiac Abnormalities and Arrhythmias).40,42

URINARY TRACT
The fetal kidneys can be identified as early as 9 weeks’ 
gestation. However, at 12 weeks’ gestation the kidneys 
can be demonstrated in 86–99% of fetuses and at 13 
weeks in 92–99%.20,43 The upper limit of normal for 
the anteroposterior diameter of the renal pelvis is 
3 mm and nomograms for renal size have also been 
reported for the first trimester.43,44 In the first trimester 
the kidneys appear as oval echogenic structures on 
either side of the spine (Figure 1-17) and the bladder 
is seen as small echo-free area within the pelvis. Colour 
flow Doppler is useful to confirm the location of the 
bladder (Figure 1-18). Recent studies have shown that 
the bladder may be demonstrated in 88% of fetuses at 
12 weeks’ gestation and 92–100% at 13 weeks’ gesta-
tion.43,44 The longitudinal bladder/length is usually 
less than 6 mm in the first trimester.

Early determination of the fetal sex is gestational-
age dependent. Up to 6 weeks’ gestation the external 
genitalia of the male and female are indifferent, and 
differentiation occurs between 8 and 11 weeks’ gesta-
tion.44 Sex determination should be possible after 12 
weeks’ gestation. Female genitalia are visualized as two 
or four parallel lines that represent the labia major and 
minora and, on sagittal scanning the clitoris is cau-
dally directed. Male fetuses demonstrate a uniform, 
non-septated dome-shaped structure at the base of the 
fetal penis. The testes will not be demonstrated as they 
have not yet descended into the scrotum. Sagittal 
scanning will reveal the cranially directed penis (Figure 
1-19 B and C). Accuracy rates range from 60% to 

the spine starts to ossify: within the neural arches  
of the lumbosacral region, ossification progresses cau-
dally at a rate of one vertebral level every 2 to 3 weeks 
after 16 weeks (Figure 1-15); however ossification of 
the sacrum may not be complete until 25 weeks’ 
gestation.

THE HEART
The cardiovascular system begins to develop during 
the 3rd embryonic week and the fetal heartbeat can 
be discerned from the beginning of the 6th week. The 
heart gradually attains a tubular structure that resem-
bles a trilocular cavity at the end of the 10th week. 
Formation of the septae, and arterial and venous con-
nections are completed only after 8 weeks’ gestation.23 
A four-chamber view may be obtained at 10 weeks’ 

FIGURE 1-14 Coronal scan through the spine of a 10-week fetus 
showing parallel hypoechogenic lines (arrow). (Courtesy of Dr Anne 
Marie Coady.)

FIGURE 1-15 Coronal scan through the spine of a 12-week fetus 
showing normal ossification. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 1-16 (A) Transverse scan through the thorax of a 12-week 
fetus showing the four-chamber view (block arrow – right ventricle, 
straight arrow – left ventricle). (B) Transverse scan through the 
thorax of a 12-week fetus showing the normal LVOT. (C) Transverse 
scan through the thorax of a 12-week fetus showing the normal 
RVOT. (D) First trimester diagnosis of an AVSD (lack of offset of the 
AV valves). (E) First trimester diagnosis of HLHS syndrome: echo-
genic immobile ventricular walls. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 1-17 (A) Coronal scan of a 10-week fetus showing both 
kidneys (line arrow). (B) Coronal scan of a 13-week fetus showing 
both kidneys (line arrow). (Courtesy of Dr Anne Marie Coady.)

A

KIDNEYS

B

FIGURE 1-18 (A) Transverse scan through the pelvis of a 12-week 
fetus showing bladder – straight arrow. (B) Colour flow image of 
same fetus showing both umbilical arteries surrounding the bladder. 
(Courtesy of Dr Anne Marie Coady.)

A B
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B

FIGURE 1-19 (A) Female gender. (B and C) Male gender. (Courtesy 
of Dr Anne Marie Coady.)
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During the 7th week of gestation, due to extensive 
lengthening of the midgut and the enlargement of the 
liver, a portion of intestinal loop moves outside the 
abdomen and protrudes into the proximal umbilical 
cord (Figure 1-5). Within the cord the midgut grows 
further and rotates clockwise through 90° around the 
axis of the superior mesenteric artery.23 This midgut 
herniation starts from the 7th week and persists until 
the 11th week. It should spontaneously resolve by the 
12th week. Recent studies reveal that transverse meas-
urements of the midgut herniation should not exceed 
7 mm at any gestation and that no herniation should 
be present in a fetus with a crown rump length greater 
than 45 mm.21,47 However, there are some case reports 
of transient fetal omphalocoele or delayed reduction 
of the physiological midgut herniation with a favour-
able outcome.

EXTREMITIES
Limb buds are first seen by ultrasound at about the 
8th week of gestation: the upper limb buds of  
the humeri are seen at 8 weeks, one week before the 
femora, the tibia/fibula and radius/ulna from 10 weeks, 
and digits of hands and feet from 11 weeks.1,48 In early 
gestation, the fetus tends to keep the hands open with 
fingers extended (Figure 1-21), facilitating their visu-
alization, unlike the second trimester when the hands 
are usually held in a flexed position. Similarly the feet 
are held with heels almost touching and knees slightly 

FIGURE 1-20 Transverse scan through the abdomen of a 12-week 
fetus showing the stomach – arrows. (Courtesy of Dr Anne Marie Coady.)

FIGURE 1-21 Fetal fingers at 12 weeks’ gestation. (Courtesy of Dr Anne 
Marie Coady.)

100% in studies reporting the fetal sex diagnoses from 
10 to 14 weeks.45

THE ABDOMEN
During the 6th menstrual week, the right and left 
lateral folds form and the dorsal part of the yolk sac 
is incorporated into the embryo to form the primitive 
gut. The remaining yolk sac (secondary) pinches off 
the developing midgut loop, but remains connected 
to the gut by a stalk called the vitteline duct. Three 
distinct areas of primitive gut are identified: the 
foregut, the midgut and the hindgut.23

The foregut gives rise to the oesophagus, trachea, 
stomach, liver, gall bladder and biliary ducts. The 
stomach is identified as a sonolucent cystic structure 
in the left upper quadrant. It can be demonstrated as 
early as 8 weeks’ gestation; however, at 12 weeks it is 
seen in 97% of fetuses (Figure 1-20).20 It is thought 
that fetal swallowing does not begin until 12–13 
weeks’ gestation and so the fluid present in the fetal 
stomach before this time is likely to represent gastric 
secretions.23

The gall bladder emanates from the caudal part of 
the hepatic diverticulum at 7 weeks’ gestation and bile 
starts to form at approximately 14 weeks.23 The gall 
bladder is usually not detectable until 13 weeks’ gesta-
tion, when it is seen in 50% of fetuses. At 14 weeks 
it is normally seen in all cases.46
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Fetal Abnormalities
CENTRAL NERVOUS SYSTEM ANOMALIES
Anencephaly/Exencephaly
Anencephaly is one of the commonest anomalies to 
affect the central nervous system (1/1000)49 and 
results from failure of closure of the rostral portion of 
the neural tube, which normally occurs during the 6th 
week of gestation. The result is absence of the cranium 
(acrania). In exencephaly the brain hemispheres are 
virtually intact, though abnormally developed, and are 
visible above the fetal face, in direct contact with the 
amniotic fluid.

There is considerable evidence to show that pro-
longed exposure of the exencephalic brain to amniotic 
fluid and repeated mechanical trauma leads on to 
anencephaly (‘exencephaly–anencephaly sequence’).50

Sonographically in exencephaly there is absence of 
the cranium, but the brain may appear relatively 
normal or can appear as an abnormal mass of tissue 
(angiomatous stroma) floating above, or to either side 
of the head and this has been described as the ‘Mickey 
Mouse’ sign (Figure 1-24).51 With progression to 
anencephaly one sees the characteristic ‘frog’s eyes’ 
appearance with absence of the cranium and little 
brain tissue above the level of the orbits. The early 
crown rump length is often reduced in cases of anen-
cephaly, due to the loss of brain tissue, and a femur 
length measurement is a more accurate means of esti-
mating gestational age. Early markers have been 
reported in prenatal diagnosis, but as skull ossification 

FIGURE 1-22 (A) Fetal legs. (B) Fetal foot at 12 weeks’ gestation. 
(Courtesy of Dr Anne Marie Coady.)
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flexed, which also makes their visualization easier 
(Figure 1-22 A and B).

THE FACE
The bones of the maxilla and mandible can be dem-
onstrated as early as 9–10 weeks and the orbits by 
10–11 weeks’ gestation. At 11 weeks the lenses of the 
eyes can be seen as tiny ring-like structures and may 
be demonstrated in all fetuses from the 14th week.23 
Between the 6th and 12th week the profile changes: 
at 7 weeks the forehead tends to dominate the face 
and the maxilla grows faster than the mandible. By 12 
weeks the mandible catches up and reaches the size 
of the maxilla. The nose and lips finally form at 11 
weeks and the palate at 12 weeks.23 By 12 weeks the 
basic anatomy of the face is complete (Figure 1-23).

FIGURE 1-23 Coronal scan through 12-week fetus showing orbits, 
maxilla and mandible. (Courtesy of Dr Anne Marie Coady.)

FACE
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encephalocoeles should raise the possibility of amni-
otic band syndrome.

Sonographically the diagnosis is based on the dem-
onstration of an occipital bony defect with varying 
degrees of brain herniation. As skull ossification starts 
at 10 weeks’ gestation, diagnosis is not possible before 
this time and the earliest reported diagnosis is at 13 
weeks’ gestation.54

Once an encephalocoele is diagnosed, a search 
should be made for other anomalies, such as the 
enlarged cystic kidneys and polydactyly (Figure 1-26) 
of Meckel–Gruber syndrome.55 In theory it should be 
easier to visualize the large dense kidneys and poly-
dactyly seen in Meckel–Gruber syndrome in the first 
trimester, due to the presence of normal liquor volume. 
In the second trimester there may be oligohydram-
nios, which will hamper visualization of the encepha-
locoele and polydactyly. A number of prenatal 
diagnoses have been reported between 11 and 14 
weeks’ gestation.56

Ventriculomegaly
Ventriculomegaly is caused by an excess amount  
of cerebrospinal fluid within the ventricular system. 
In the second trimester the diagnosis is based on 
enlargement of the lateral ventricles to a level greater 
than 10 mm. In the first trimester this sign is of little 
value, as the ventricles almost completely fill the hemi-
spheres (Figure 1-11). An enlarged 3rd ventricle or an 
anechogenic brain with only the falx visible are rarely 

starts at 10 weeks’ gestation, the diagnosis of exen-
cephaly or anencephaly cannot be made before this 
time and it would seem prudent to delay diagnosis 
until 12 weeks, when skull ossification is likely to be 
complete in a normal fetus.

Transabdominal scanning may not have sufficient 
resolution to accurately diagnose anencephaly in the 
early first trimester. Achiron and Tadmor described 
three fetuses scanned transabdominally between 12 
and 13 weeks that demonstrated a suspicious-looking 
cephalic pole. Transvaginal scanning revealed exen-
cephaly in all three fetuses.35 In suspicious cases, 
therefore, it is recommended that standard transab-
dominal scanning be supplemented with transvaginal 
scanning to improve visualization of the fetal cranium.

Recently a multicentre trial using transabdominal 
scanning only in the first trimester reported a detec-
tion rate of 74% for anencephaly; however, following 
an audit programme, the detection rate increased to 
100%.52 Diagnosis of anenchephaly in the first trimes-
ter is possible, and should be achieved in all cases as 
the condition is incompatibile with postnatal life.

Encephalocoele
Encephalocoeles are herniations of the intracranial 
contents through a bony defect in the skull. If brain 
tissue is involved it is defined as an encephalocoele 
(Figure 1-25) and if only meninges are involved it is 
called a cranial meningocoele.53 In 75% of cases the 
encephalocoele is occipital. Lateral or parietal 

FIGURE 1-24 Exencephaly. (A) Coronal scan showing normal orbits 
and absence of the skull (arrow head). (B) Transverse scan through 
the head of a 12-week fetus showing abnormal brain (line arrow) and 
absence of the cranium (acrania). (Courtesy of Dr Anne Marie Coady.)

FIGURE 1-25 An early encephalocoele demonstrating herniation of 
the intracranial contents through a bony defect in the skull. (Courtesy 
of Dr Anne Marie Coady.)
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the 6th–7th week of gestation.23 Sonographically there 
is a large posterior fossa cyst separating the cerebellar 
hemispheres (Figure 1-27). A number of cases have 
been reported in the first trimester, one of which was 
associated with triploidy.61,62 However as the complete 
development of the inferior vermis is not complete 
until the end of the 19th week of gestation this is not 
an anomaly that can confidently be excluded before 
that time.

Spina Bifida
Spina bifida is caused by failure of closure of the 
neural tube and most commonly affects the lower 
lumbar and lumbo-sacral region. In the second tri-
mester there are specific ultrasound signs within the 
fetal head that have a high specificity for the detec-
tion of open spina bifida. These signs include the 
‘lemon’ shaped head, ‘banana’ cerebellum and 
ventriculomegaly.63

The earliest reported diagnosis of spina bifida is at 
10 weeks’ gestation;61 however, it is becoming clear 
that the intracranial signs seen in the second trimester 
may also be present in the first trimester and may 
precede the demonstration of the spinal defect by 1–2 
weeks.23,64,65 In a large screening study using transvagi-
nal scanning, Blumenfeld et al. detected all ten cases 

reported signs in the first trimester and are associated 
with genetic syndromes.57 Bronshtein and Ben-Shlomo 
reported thinning of the choroid plexus and the dan-
gling choroid, as the earliest signs of fetal ventriculo-
megaly.58 These signs, however, have been shown to 
be present in a relatively small proportion of fetuses 
in prospective screening studies. By pooling the data 
from three such studies, it is seen that ventriculome-
galy was diagnosed in only 38% of fetuses in the first 
trimester, with the remaining cases usually detected at 
the mid-trimester scan.35,59

Posterior Fossa Abnormalities
The term Dandy–Walker malformation is often used 
to describe different entities of posterior fossa malfor-
mation and the outcomes associated, ranging from a 
normal outcome with an enlarged cisterna magna to 
severe neurodevelopmental delay in cases of vermian 
aplasia (Chapter 11). An isolated enlarged cisterna 
magna cannot be considered a diagnostic sign in the 
first trimester due to the developing nature of the 
cerebellar vermis.60 The Dandy–Walker syndrome is 
characterized by absence of the cerebellar vermis and 
separation of the cerebellar hemispheres by a posterior 
fossa cyst, which communicates with the fourth ven-
tricle. It is thought the malformation originates before 

FIGURE 1-26 Polydactyly in a fetus at 12 weeks gestation (the arrow 
pointing to the post axial extra digit). (Courtesy of Dr Anne Marie Coady.)

FIGURE 1-27 Dandy–Walker syndrome. Transverse scan through 
the head of a 14-week fetus showing absence of the vermis and 
separation of the cerebellar hemispheres. (Courtesy of Dr Anne Marie 
Coady.)
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backward displacement of the posterior brain. The IT 
represents the fourth ventricle in the first trimester 
which is reduced or obliterated in abnormal fetuses66,67 
(Figure 1-29). The same group of authors reported an 
increase in the diameter of the brain stem (BS), a 
decrease in the distance between the brain stem and 
occipital bone (BSOB), which contains the fourth ven-
tricle and cisterna magna, and an increased BS to 
BSOB ratio of more than 1.68 Other authors evaluated 
these signs in different populations in prospective and 
retrospective studies reporting that the measurement 
of the IT was possible. The success rate varied from 
50 to 97% of cases with a detection rate of open spina 
bifida of 50%.69–72 To date, prospective studies in the 
detection rate of open spina bifida and screening eval-
uation studies are missing. Due to normal IT measure-
ments in cases of closed spina bifida73,74 this spinal 
defect cannot be excluded in the first trimester. Fur-
thermore, in order to definitively diagnose spina bifida 
in the first trimester direct visualization of the fetal 
spine is necessary.75

Holoprosencephaly
Holoprosencephaly is caused by failure of the fore-
brain to divide into the lateral ventricles. The result 
is a monoventricle and in the most severe alobar 

of open neural-tube defect and in the six cases of 
lumbo-sacral spina bifida the ‘banana’ and ‘lemon’ 
signs were present. In one case scanned at 10 weeks 
there was a sacral irregularity, but the cerebellum 
appeared normal, at 12 weeks there was a ‘banana’ 
sign and at 15 weeks a sacral meningocoele was 
detected and the ‘lemon’ sign was also seen in the 
head. These findings suggest that the signs within the 
head may evolve and precede the demonstration of a 
definite defect in the spine (Figure 1-28).64 Sebire 
et al. also reported the ‘lemon’ sign in three fetuses 
with open spina bifida between 12 and 14 weeks; in 
a multicentre screening study of transabdominal scan-
ning at 10–14 weeks’ gestation none of the 29 cases 
of open spina bifida were detected using transabdomi-
nal scanning in the first trimester, but 28 of the 29 
were detected at mid-trimester scanning.65

More recently, in a retrospective study, Chaoui et al. 
proposed a screening test for early open spina bifida 
detection by using the ‘Intracranial Translucency’ 
(IT).66 Some abnormalities associated with open spina 
bifida in the posterior brain can be detected in the 
same midsagittal view of the head as routinely  
used for the nuchal translucency measurement. These 
abnormalities include obliteration of the fourth ven-
tricle and/or cisterna magna with downward and 

FIGURE 1-28 Transvaginal scan: sagittal section through the lower 
spine of a 12-week fetus showing a small sacral meningomyelocoele. 

FIGURE 1-29 Mid-sagittal plane of the fetal face showing nuchal 
translucency, thalamus, midbrain, brain stem, cisterna magna and 
fourth ventricle. The fourth ventricle appears as an intracranial trans-
lucent area between two echogenic borders, the posterior border of 
the brain stem anteriorly and the choroid plexus of the fourth ventri-
cle posteriorly. Red arrow: nasal tip; blue arrow: nasal bone; green 
arrow: diencephalon; red line: intracranial translucency; green line: 
NT. (Courtesy of Dr Anne Marie Coady.)
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Cystic Renal Disease
Multicystic Dysplastic Kidney. This abnormality 
results from obstruction to the developing kidney in 
the early first trimester. The result is a kidney replaced 
by multiple cysts of varying sizes often associated with 
a dense central stroma. The condition is bilateral in 
20% of cases. The detection in the first trimester 
remains challenging unless other abnormalities are 
associated, or direct kidney visualization is part of the 
first trimester protocol.81,82

Infantile Polycystic Kidney Disease. This auto-
somal recessive condition has an incidence of 1 in 
50,000 live births.1 This condition is usually diag-
nosed in the second or even third trimester as bilater-
ally enlarged echogenic kidneys associated with 
oligohydramnios and an absent bladder.23 It is well 
established that the kidneys may appear normal in 
the first and second trimester, and so the condition 
cannot be excluded following a normal mid-trimester 
scan.82

Bronshtein et al. reported a single case of infantile 
polycystic kidneys that demonstrated enlarged, hyper-
echogenic kidneys (too good-looking kidneys) at 
12 weeks’ gestation.83 The same authors reported 
two further cases of enlarged echogenic kidneys 
associated with other anomalies, which were sub-
sequently found to have the Meckel–Gruber syn-
drome.83 The overall detection rate in the first 
trimester remains low.26

form both thalami are fused and protrude into the 
single ventricular cavity. There is a high association 
with facial abnormalities, other major abnormalities 
and chromosomal disease particularly trisomy 13.76 
Sonographically the diagnosis is made by demon-
strating a single ventricular cavity with fused thalami 
protruding into the monoventricle (Figure 1-6B). 
There is a rim of cortex anteriorly, but this may 
be difficult to demonstrate in the first trimester. A 
useful sign in the alobar and semi lobar form is 
the lack of the typical ‘butterfly’ sign of normal 
choroid plexuses and this can lead to a 100% 
detection rate in the first trimester.27,77 In cases of 
the alobar forms, the diagnosis can be earlier than 
11 weeks with the use of three-dimensional ultra-
sound;78 more subtle are the semilobar variants 
which can be missed in the first trimester.27 Genetic 
counselling of the parents is mandatory due to the 
high risk of recurrence,79 especially when trisomy 
13 is excluded.

URINARY TRACT ABNORMALITIES
Renal Agenesis
Bilateral renal agenesis has an incidence of 1 in 4000 
live births and in the second trimester presents as 
anhydramnios with absence of the kidneys and 
bladder. In the first trimester the liquor volume is 
usually normal, making the diagnosis of renal agenesis 
difficult. Bronshtein et al. reported eight cases of 
renal agenesis diagnosed in the first trimester. In 
four cases liquor volume was normal prior to 17 
weeks’ gestation and in two cases a cystic structure 
compatible with the bladder was seen in the fetal 
pelvis. All eight fetuses demonstrated hypo-echogenic 
masses in the flanks, which were subsequently dem-
onstrated to be the adrenal glands (normal kidneys 
in the first trimester are echogenic) (Figure 1-30).80 
The demonstration of a bladder in fetuses with renal 
agenesis could be explained by retrograde filling or 
the presence of a small midline urachal diverticulum/
remnant. An additional technique that may be used 
to confirm renal agenesis is colour flow Doppler, to 
demonstrate absence of the renal arteries. Failure to 
visualize the bladder should also raise the possibility 
of bladder extrophy or bilateral multicystic dysplastic 
kidneys.23

FIGURE 1-30 Coronal scan through the flanks of a 12-week fetus 
demonstrating hypo-echogenic masses which are the adrenal glands. 
(Courtesy of Dr Anne Marie Coady.)



20 1 First-Trimester Detection of Fetal Anomalies

diameters were greater than 8 mm in all cases (fetal 
magacystis is defined as a longitudinal bladder diam-
eter of 7 mm or more and is found in about 1 in 1500 
cases)85 (Figure 1-32 A and B). Chromosomal defects 
were seen in 21%, mainly trisomy 13 and trisomy 18, 
but there was no increased incidence of trisomy 21. 
Chromosomal defects were more frequent when the 
bladder measured 8–15 mm (24%), than when it 
measured greater than 15 mm (11%). These findings 
were confirmed in the study by Kagan et al. Mega-
cystis in the first trimester should be investigated with 
fetal karyotype, with the highest risk in cases with a 
longitudinal diameter greater than 7 mm. In cases 
with normal chromosomes spontaneous resolution 
occurs in 90% of cases when the longitudinal diameter 

Hydronephrosis
The renal pelvis can be demonstrated as early as 9 
weeks’ gestation as a central hypo-echogenic dot 
within the normally echogenic kidney. The antero-
posterior diameter of the renal pelvis has an upper 
limit of normal of 3 mm in the first trimester.84

Bronshtein et al. reported 27 fetuses with hydrone-
phrosis detected in the first trimester. Six cases pro-
gressed to a significant hydronephrosis and two of 
these cases required surgery, due to compromised 
renal function of the affected kidney. Ten cases showed 
complete resolution in utero and the remaining eleven 
cases were lost to follow-up. Down syndrome was 
diagnosed in one of the six babies with significant 
hydronephrosis in the neonatal period84 (Figure 1-31).

In the screening study by Yagel et al., six cases of 
hydronephrosis were detected in the first trimester. 
One case progressed to a pelviureteric junction 
obstruction and the other five cases resolved in utero.28

Low Urinary Tract Obstruction
Bladder outlet obstruction can be diagnosed in the 
first trimester by demonstration of dilatation of the 
bladder (megacystis), which is usually associated with 
normal liquor volume. The main causes are posterior 
urethral valves and urethral atresia.23 In the first tri-
mester, bladder outlet obstruction produces hydrone-
phrosis in only 40% of cases and this may be due to 
the relatively high compliance of the renal paren-
chyma at this stage of pregnancy.

Liao et al. reported 145 cases of megacystis in the 
first and early second trimester. Longitudinal bladder 

FIGURE 1-31 Fetal hydronephrosis at 13 weeks. (Courtesy of Dr Anne 
Marie Coady.)

FIGURE 1-32 (A) Prune belly syndrome. (B) Fetal megacystis with 
dilatation of the proximal urethra. (Courtesy of Dr Anne Marie Coady.)

A

B
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The defect may contain bowel loops and, if large, 
the liver, spleen and/or stomach (Figure 1-33). There 
is a high association with chromosomal disease (mostly 
in fetuses with an increased NT) and also other major 
fetal abnormalities, varying from 29 to 67% in the first 
trimester.77 Interestingly, in 58% of the fetuses with 
isolated exomphalos with a normal karyotype and 
with a normal NT, the abnormality resolved by 20–24 
weeks’ gestation with no defect visible at birth.90 It 
should be noted, however, that in these fetuses the 
exomphalos was small containing only a few loops of 
bowel; in cases where the liver is involved the paucity 
of data does not permit the same assumption. In 
ongoing cases there is a high risk of fetal growth 
restriction and associated in-utero death.91

As a general rule the incidence of exomphalos in 
the first trimester is rare (1/300). A policy of karyotype 
evaluation for all cases would not significantly affect 
overall invasive procedure rates.77 The high associa-
tion with chromosomal abnormalities may warrant a 
karyotype investigation though some authors argue 
that delaying the procedure to the second trimester is 
possible if there is normal NT, no liver involvement 
nor other associated abnormalities.90

Gastroschisis
Gastroschisis is a paraumbilical ventral defect located 
to the right of the midline. Gastroschisis results from 

of the bladder is 7–15 mm.77 In the remaining group 
of normal karyotype fetuses with a longitudinal diam-
eter greater than 15 mm, the prognosis remains uncer-
tain. In these cases there is usually progressive 
obstructive uropathy and at present the evidence of 
efficacy of early intrauterine shunting is lacking.86 
Megacystis is associated with an increased NT meas-
urement and this is found in about 75% of those with 
chromosome abnormality and in about 30% of those 
with normal chromosomes.

Minor Renal Anomalies
A number of minor renal anomalies have been reported 
in the first trimester and these include mild renal 
pelvic dilation,87 unilateral renal agenesis, pelvic 
kidney and duplex kidney.84 The outcome for these 
conditions is good but there is a paucity of data for 
the correct interpretation of the anomaly at an early 
stage.

ABNORMALITIES OF THE  
GASTROINTESTINAL TRACT
Duodenal Atresia
There are a few case reports of early diagnosis of duo-
denal atresia. The diagnosis is based on the double-
bubble sign of fluid within the stomach and the 
proximal duodenum, which has been reported by 
Patrikovsky et al. at 14 weeks’ gestation.88 The pres-
ence of a double bubble sign in the first trimester 
should be interpreted carefully due to the absence of 
data; the investigation of fetal karyotype should be 
performed based on the findings of nuchal translu-
cency and first trimester combined test results.

Exomphalos
Exomphalos is the most common congenital midline 
defect of the anterior abdominal wall resulting from 
failed primary fusion of the lateral folds. The result is 
herniation of abdominal contents into a sac that is 
composed of the parietal peritoneum, the amniotic 
membrane and Wharton’s jelly.23 The umbilical cord 
is inserted into the upper region of the sac. Exompha-
los should always be differentiated from the normal 
midgut herniation, which occurs between the 7th and 
11th week of gestation and has usually resolved by the 
12th week89 (Figure 1-5).

FIGURE 1-33 Omphalocoele. Sagittal scan through 14-week fetus 
showing large omphalocoele containing liver (thin arrow) and echo-
genic bowel (thick arrow). (Courtesy of Dr Anne Marie Coady.)
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abdominal wall defect. Other features include severe 
kyphoscoliosis, a short umbilical cord, amputation 
defects of the limbs, facial clefting and encephalo-
coele.1 Recent reports demonstrate evidence of amnion 
rupture: the upper part of the fetal body being in the 
amniotic cavity and the lower half in the coelomic 
cavity95 (Figure 1-35).

In recent screening studies, five cases were detected 
in the first trimester where the sensitivity rate was 
100%.

Abdominal and Umbilical Cord Cysts
Intra-abdominal cysts have been reported in the first 
trimester96,97 (Figure 1-36). Zimmer and Bronshtein 
reported four cases between 11 and 15 weeks’ gesta-
tion: two cases were thought to represent a dilated 
fetal bladder and there was associated bilateral 
hydronephrosis. These patients opted for a termina-
tion of pregnancy. The other two cases resolved spon-
taneously by 20 weeks’ gestation and the exact nature 
of the cysts was not established.96 McMalla et al. 
reported a fetus at 8 weeks’ gestation with two large 
cysts almost completely filling the abdomen. Two 
weeks later repeat scanning showed absent fetal heart 
motion with total disappearance of the abdominal 
cysts and the presence of two cysts in the umbilical 
cord.97 It was postulated that the abdominal cysts had 

early compromise of either the right umbilical vein or 
the omphalomesenteric artery, which causes mesoder-
mal and endodermal ischaemic injury to the abdomi-
nal wall. At about 7 weeks’ gestation the normal 
midgut herniation should occur; however, in gastro-
schisis there is rupture of the fetal abdomen on the 
right paramedian side instead, at the site of the previ-
ous ischaemic damage. Gastroschisis is differentiated 
from exomphalos by the lack of a sac, so that the 
bowel loops float freely in the amniotic fluid and also 
the umbilical cord inserts normally.23

Diagnosis in the first trimester is possible (Figure 
1-34) and it should be guided by the association with 
epidemiological risk factors, such as teenage preg-
nancy, alcohol abuse and aspirin treatment.92–94 In the 
absence of any of those and when there are other 
features increasing the risk for exomphalos, such as 
advanced maternal age, the hypothesis of a ruptured 
omphalocoele should be considered, although these 
cases are very rare.

Prognosis is usually favourable as unlike exompha-
los, gastroschisis is usually isolated and in 95% of 
cases no other abnormalities are found. Growth 
restriction is common and regular follow-up scans 
required. Up to 10% of cases may be complicated by 
small bowel atresia which is not detectable in the first 
trimester.91

Body-Stalk Anomaly
Although not strictly speaking a gastrointestinal 
anomaly, a major component of the condition is a large 

FIGURE 1-34 Early gastroschisis: free-floating loops of bowel. (Cour-
tesy of Dr Anne Marie Coady.)

FIGURE 1-35 Amniotic band syndrome. The upper part of the fetal 
body is in the amniotic cavity (line arrow) and the lower half in the 
coelomic or chorionic cavity. (Courtesy of Dr Anne Marie Coady.)
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herniation of viscera may be delayed until the second 
or even third trimester of pregnancy.99 Chromosomal 
disease and other structural anomalies are associaed 
in 50% of cases and the survival rate following post-
natal surgery is also approximately 50%.1

The diagnosis of diaphragmatic hernia is usually 
made at 20 weeks’ gestation and although the diagno-
sis has been reported as early as 12 weeks, a normal 
first-trimester fetal anomaly scan does not exclude 
diaphragmatic hernia.

The main sonographic signs are mediastinal shift of 
the heart associated with herniation of the stomach 
and/or other intra-abdominal organs into the thorax 
(Figure 1-38).

There is also an association with increased nuchal 
translucency. In the two largest series published so far, 
a NT above the 95th centile was present in 46% and 
12% of the cases respectively.13,99 The presence of 
increased NT was also predictive of postnatal outcome, 
nearly 80% of the cases detected were associated with 
neonatal mortality (even after excluding terminations 
and intrauterine fetal death).

Pleural Effusion
Pleural effusions are estimated to occur in 1–2% of 
embryos/fetuses between 8 and 10 weeks’ gestation. 
Effusions detected at this stage have a poor prognosis 
with a recent series demonstrating only one survivor 
out of 14 fetuses with bilateral pleural effusions. There 
was also a high incidence of chromosomal defects of 
which 67% were Turner syndrome101 (Figure 1-39).

migrated to the umbilical cord and represented 
omphalomesenteric cysts. The cysts may have been 
large enough to compromise blood flow to the devel-
oping fetus, leading to its death.97

It would appear, therefore, that abdominal cysts in 
the first trimester can have a variable outcome and 
careful follow-up is essential. Large cysts may be  
more significant whereas smaller cysts may resolve 
spontaneously.

Umbilical cord cysts appear to have a good prog-
nosis without any major associations (Figure 1-37). 
The majority seen in the first trimester between 8 and 
9 weeks’ gestation resolve by 12–14 weeks and long-
term follow-up reveals a normal outcome. In the 
largest series reported there was a better outcome 
when the cyst was single (all normal and resolution 
in 100% of the cases) compared to multiple cysts 
(associated with miscarriage and other structural 
abnormalities).98

THORACIC ABNORMALITIES
Diaphragmatic Hernia
The development of the diaphragm is usually com-
plete by the 12th week of gestation and in the presence 
of a defective diaphragm, herniation of abdominal 
viscera into the thoracic cavity is likely to occur at 
about 10–12 weeks, when the intestines return to the 
abdominal cavity from the umbilical cord.1 However, 
it is probable that in some cases, intra-thoracic 

FIGURE 1-36 An intra-abdominal cyst which had disappeared com-
pletely by 16 weeks. (Courtesy of Dr Anne Marie Coady.)

kid

FIGURE 1-37 Umbilical cord cysts (arrows) which were associated 
with megacystis in this fetus. (Courtesy of Dr Anne Marie Coady.)
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and these have included: achondrogenesis,103,104 
thanatophoric dysplasia,105 osteogenesis imperfecta,106 
as phyxiating thoracic dystrophy,107 Robert’s syn-
drome108 and short-rib polydactyly syndrome109 
(Figure 1-40). In addition, first-trimester screening 
studies have reported skeletal dysplasias, such as 
achondroplasia, hypophosphatasia,31 amelia59 osteo-
genesis imperfecta106 and thanatophoric dysplasia.59

There have been few screening studies attempting 
to detect skeletal dysplasias. However, in a report of 
high-risk cases Gabrelli et al. were able to detect only 
two out of five cases in the first trimester (one case of 
recurrent osteogenesis imperfecta and one with recur-
rent achondrogenesis).102 More recent screening 
studies confirm the low incidence of skeletal dysplasia 
with a relatively high detection rate in the first trimes-
ter of 50% and 86% (3 and 6 cases).26,27 It is of interest 
that many skeletal dysplasias reported are associated 
with an increased nuchal translucency measurement 
and this may be a useful clue to the diagnosis. The 
main sonographic findings are shortened, bowed or 
fractured long bones.1 It seems probable that first tri-
mester scanning for skeletal dysplasias is unlikely to 
be as accurate as mid-trimester scanning; however, an 
increased nuchal translucency may be a useful marker 
for these conditions.1

ABNORMALITIES OF THE HANDS AND FEET
Although the fetal finger buds can be imaged as early 
as 9 or 10 weeks of gestation, at 12–13 weeks a 

It is not clear what the outcome is for fetuses pre-
senting with pleural effusions later in the first trimes-
ter, unless they are part of a hydrops picture, in which 
case the outcome is likely to be poor.

SKELETAL ABNORMALITIES
Skeletal Dysplasias
Skeletal dysplasias are a heterogeneous group of 
growth disorders of bone and cartilage that are char-
acterized by deformation and reduction of various 
segments of the skeletal system. The prevalence of 
these anomalies varies from 2.3 to 7.6 per 10,000 
births and the incidence of lethal dysplasias is 1–5 per 
10,000 births.102

There have been a number of case reports of  
individual skeletal dysplasias in the first trimester 

FIGURE 1-39 Bilateral pleural effusions and skin oedema in a fetus 
with confirmed Monosomy X. (Courtesy of Dr Anne Marie Coady.)

FIGURE 1-40 Severe first-trimester skeletal dysplasia. (Courtesy of Dr 
Anne Marie Coady.)

FIGURE 1-38 First-trimester diagnosis of a diaphragmatic hernia: the 
main sonographic signs are mediastinal shift of the heart associated 
with herniation of the stomach. (Courtesy of Dr Anne Marie Coady.)
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ABNORMALITIES OF THE FACE AND NECK
Cystic Hygroma
These may best be considered as part of increased 
nuchal translucency, though some authors tend to still 
classify cystic hygroma as a different entity from 
increased NT.112 A cystic hygroma is a congenital mal-
formation of the lymphatic system producing large 
swellings that occur on the postero-lateral aspect of 
the fetal neck. These can extend anteriorly and into 
the axillae. They are usually multi-septate and the 
hallmark of a true cystic hygroma is the presence of 
the thick midline nuchal septum corresponding to the 
nuchal ligament (Figure 1-42).113 There is a high inci-
dence of chromosomal disease, predominantly Turner 
syndrome, but also trisomy 21 and trisomy 18, 
however 20% of fetuses with a cystic hygroma will 
have a normal karyotype.114 There is also a high asso-
ciation with generalized hydrops, which carries a poor 
prognosis.115 Thin septations cannot be used to dif-
ferentiate a cystic hygroma from an increased nuchal 
translucency as they will be present in both.

Cystic hygroma (Table 1-6) can be classified into 
septated and non-septated types; septated hygromas 
have the classic appearance (Figure 1-42); whilst non-
septated hygroma refers to the cystic spaces on either 
side of the fetal neck which are dilated cervical 

thorough examination of all fingers is possible. In the 
first trimester the fetus tends to keep the hands open 
with fingers extended (Figure 1-21). In a recent study, 
Bronshtein et al. reported 25 fetuses with abnormali-
ties of the fingers. The conditions included polydac-
tyly (Figure 1-26), syndactyly, overlapping fingers, 
cleft hand, adactyly and adduction of the thumb.110 
The authors noted a family history in only 10% of 
cases and 60% of affected fetuses were found to have 
a malformation syndrome or chromosomal disease. 
Polydactyly appears to be the most common finding 
at 11–13 weeks even if it has been variably reported 
in different screening studies.26

The fetal feet may be visualized from 12 weeks’ 
gestation when both feet are usually held with the 
heels almost touching and knees slightly flexed (Figure 
1-22 A,B). Talipes has been reported as early as 13 
weeks’ gestation (Figure 1-41);1,2,111 however, in the 
study by Bronshtein et al, 13 cases of talipes were 
detected in the first trimester, but three further cases 
were thought to develop later in pregnancy. Two cases 
were diagnosed at 20–21 weeks’ gestation and the 
third in the neonatal period. All three cases had had 
normal scans in the first trimester.111 Once again these 
findings indicate that a normal first trimester scan 
does not exclude the possibility of an anomaly devel-
oping later in pregnancy.

FIGURE 1-41 Talipes. Coronal scan through lower limb of a 12-week 
fetus showing talipes (straight arrow – tibia/fibula, curved arrow – 
foot). (Courtesy of Dr Anne Marie Coady.)

FIGURE 1-42 A typical cystic hygroma: a multi-septate mass with a 
thick midline nuchal septum corresponding to the nuchal ligament. 
(Courtesy of Dr Anne Marie Coady.)
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scan and does not significantly increase scanning time. 
Sensitivity and specificity in larger populations are yet 
to be determined.118

Abnormalities of the orbits are difficult to demon-
strate; however, severe anomalies associated with 
holoprosencephaly have been reported. Chapter 13 
Abnormalities of the face and neck Cullen et al. 
reported a case of hypotelorism in his study of first-
trimester pregnancies.119

Copyright John Wiley & Sons Limited. Reproduced with 
permission from Bronshtein M, Blumenfeld Z. 
Transvaginal sonography – detection of findings 
suggestive of fetal chromosomal anomalies in the first 
and early second trimesters. Prenatal Diagnosis 1992 
12:587–593.

TABLE 1-6 Differences Between Septated 
and Non-Septated Cystic Hygromata

Septated Cystic 
Hygroma

Non-Septated 
Cystic Hygroma

Incidence 0.3% 1–1%
Earliest week 

of detection
9 13

Transient 41% 96%
Abnormal 

karyotype
80% 4%

Associated 
anomalies

40% 6%

Hydrops 40% 4%
Survival rate 6% 90%
Location Posterior nuchal Bilateral

FIGURE 1-43 A typical non-septated cystic hygroma: cystic spaces 
on either side of the fetal neck which are dilated cervical lymphatics. 
(Courtesy of Dr Anne Marie Coady.)

FIGURE 1-44 Premaxillary protrusion indicative of bilateral cleft lip 
and cleft alveolus in a fetus diagnosed with Trisomy 13. (Courtesy of 
Dr Anne Marie Coady.)

lymphatics (Figure 1-43). It is not certain whether 
differences in management and pregnancy are signifi-
cant based on presence or absence of septations.112

Cystic hygromata may completely resolve in most 
of the cases where the karyotype is normal and no 
other chromosomal or structural abnormalities are 
diagnosed. Furthermore recent studies confirm a rela-
tively low incidence of genetic syndromes or abnormal 
neurodevelopmental delay in infant life.116

Facial Abnormalities
Facial clefting is the commonest facial abnormality 
with an incidence of approximately 1 per 770 live 
births. This can be isolated or associated with other 
abnormalities, such as Trisomy 13 or 18, ectrodactyly 
ectodermal dysplasia syndrome, holoprosencephaly, 
and other genetic syndromes102,117 (Figure 1-44). In 
studies the overall reported sensitivity for isolated 
facial cleft is low, at around 10% with non-targeted 
first trimester ultrasound.26,27 Fetuses with cleft palate 
have an abnormal configuration of the retronasal tri-
angle and focused examination of the midface at the 
first trimester scan may improve detection. Examina-
tion of the retronasal triangle has been shown to be 
feasible in almost all fetuses during the first trimester 
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Introduction
Aneuploidies are major causes of perinatal death and 
childhood disability. Consequently, the detection of 
chromosomal disorders constitutes the most frequent 
indication for invasive prenatal diagnosis. However, 
invasive testing, by amniocentesis or chorionic villus 
sampling (CVS), is associated with a risk of miscar-
riage and therefore these tests are carried out only  
in pregnancies considered to be at high-risk for 
aneuploidies.1

In the 1970s, the main method of screening for 
aneuploidies was by maternal age and in the 1980s by 
maternal serum biochemistry and detailed ultrasono-
graphic examination in the second trimester. In the 
1990s the emphasis shifted to the first trimester when 
it was realized that the great majority of fetuses with 
major aneuploidies can be identified by a combination 
of maternal age, fetal nuchal translucency (NT) thick-
ness and maternal serum free ß-human chorionic 
gonadotrophin (β-hCG), and pregnancy-associated 
plasma protein-A (PAPP-A). In the last 10 years several 
additional first-trimester sonographic markers have 
been described which improve the detection rate of 
aneuploidies and reduce the false-positive rate. The 
performance of the different methods of screening for 
trisomy 21 are summarized in Table 2-1.

There is also extensive literature on the associa-
tion between aneuploidies and a wide range of 
second-trimester ultrasound findings. However, there 
are very few reports that have prospectively exam-
ined the screening performance of second-trimester 
markers.

Fetal Aneuploidies*
Petya Chaveeva, Maria Agathokleous and Kypros H Nicolaides

*Acknowledgement: This study was supported by a grant from 
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TABLE 2-1 Performance of Different Methods of Screening for Trisomy 21

Method of Screening
Detection
Rate (%)

False-Positive
Rate (%)

Maternal age (MA) 30 5
First Trimester

MA + fetal nuchal translucency (NT) 75–80 5
MA + serum free β-hCG and PAPP-A 60–70 5
MA + NT + free β-hCG and PAPP-A (combined test) 85–95 5
Combined test + nasal bone or tricuspid flow or ductus venosus flow 93–96 3

Second Trimester
MA + serum AFP, hCG (double test) 55–60 5
MA + serum AFP, free β-hCG (double test) 60–65 5
MA + serum AFP, hCG, uE3 (triple test) 60–65 5
MA + serum AFP, free β-hCG, uE3 (triple test) 65–70 5
MA + serum AFP, hCG, uE3, inhibin A (quadruple test) 65–70 5
MA + serum AFP, free β-hCG, uE3, inhibin A (quadruple test) 70–75 5
MA + NT + PAPP-A (11–13 wks) + quadruple test 90–94 5

Screening by Maternal Age
The risk for many aneuploidies increases with mater-
nal age. Additionally, because aneuploid fetuses are 
more likely to die in utero than euploid fetuses, the 
risk decreases with gestation (Tables 2-2 to 2-4).

The rate of fetal death between 12 weeks (when 
first-trimester screening is performed) and term is 
about 30% for trisomy 21 and 80% for trisomies 18 
and 13.2,3 In contrast, the rate of fetal death in euploid 
fetuses is only 1–2% and consequently the risk for 
trisomies decreases with gestation. The estimated risks 
for fetal trisomies 21, 18 and 13 for a woman aged 35 
years at 12 weeks of gestation are about 1 in 250, 1 
in 600 and 1 in 1800 and the risks of delivering an 
affected baby at term are 1 in 350, 1 in 4000 and 1 
in 10,000.4

Turner syndrome is unrelated to maternal age and 
the prevalence is about 1 in 1500 at 12 weeks and 
1 in 4000 at 40 weeks. For the other sex chromo-
some abnormalities (47,XXX, 47,XXY and 47,XYY), 
there is no significant change with maternal age and 
since the rate of fetal death is not higher than in 
euploid fetuses the overall prevalence is about 1 in 
500, and this does not decrease with gestation. Tri-
ploidy is unrelated to maternal age and the prevalence 
is about 1 in 2000 at 12 weeks, but it is rarely seen 
in live births because most affected fetuses die by 
20 weeks.

In the early 1970s about 5% of pregnant women 
were aged 35 years or more and this group contained 
about 30% of the total number of fetuses with trisomy 
21. Therefore, screening on the basis of maternal age, 
with a cut-off of 35 years to define the high-risk group, 
was associated with a 5% screen-positive rate (also 
referred to as false-positive rate, because the vast 
majority of fetuses in this group are normal) and a 
detection rate of 30%. In the subsequent years, in 
developed countries there was an overall tendency for 
women to become pregnant at an older age, so that 
now about 20% of pregnant women are 35 years or 
older and this group contains about 50% of the total 
number of fetuses with trisomy 21.5

Screening by Maternal Serum Biochemistry
Pregnancies with fetal aneuploidies are associated  
with altered maternal serum concentrations of various 
feto-placental products, including AFP, free β-hCG, 
inhibin A and unconjugated estriol (uE3) and 
PAPP-A.6,7

In screening using maternal serum biochemical 
markers the measured concentration of the markers is 
converted into a multiple of the median (MoM) of 
unaffected pregnancies at the same gestation. The 
Gaussian distributions of log10 (MoM) in trisomy 21 
and unaffected pregnancies are then derived and the 
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TABLE 2-2 Estimated Risk for Trisomy 21 in Relation to Maternal Age and Gestation

Maternal 
Age (Years)

Gestational Age

10 weeks 12 weeks 14 weeks 16 weeks 20 weeks 40 weeks

20 1/983 1/1068 1/1140 1/1200 1/1295 1/1527
25 1/870 1/946 1/1009 1/1062 1/1147 1/1352
30 1/576 1/626 1/668 1/703 1/759 1/895
31 1/500 1/543 1/580 1/610 1/658 1/776
32 1/424 1/461 1/492 1/518 1/559 1/659
33 1/352 1/383 1/409 1/430 1/464 1/547
34 1/287 1/312 1/333 1/350 1/378 1/446
35 1/229 1/249 1/266 1/280 1/302 1/356
36 1/180 1/196 1/209 1/220 1/238 1/280
37 1/140 1/152 1/163 1/171 1/185 1/218
38 1/108 1/117 1/125 1/131 1/142 1/167
39 1/82 1/89 1/95 1/100 1/108 1/128
40 1/62 1/68 1/72 1/76 1/82 1/97
41 1/47 1/51 1/54 1/57 1/62 1/73
42 1/35 1/38 1/41 1/43 1/46 1/55
43 1/26 1/29 1/30 1/32 1/35 1/41
44 1/20 1/21 1/23 1/24 1/26 1/30
45 1/15 1/16 1/17 1/18 1/19 1/23

TABLE 2-3 Estimated Risk for Trisomy 18 in Relation to Maternal Age and Gestation

Maternal 
Age (Years)

Gestational Age

10 weeks 12 weeks 14 weeks 16 weeks 20 weeks 40 weeks

20 1/1993 1/2484 1/3015 1/3590 1/4897 1/18013
25 1/1765 1/2200 1/2670 1/3179 1/4336 1/15951
30 1/1168 1/1456 1/1766 1/2103 1/2869 1/10554
31 1/1014 1/1263 1/1533 1/1825 1/2490 1/9160
32 1/860 1/1072 1/1301 1/1549 1/2490 1/7775
33 1/715 1/891 1/1081 1/1287 1/1755 1/6458
34 1/582 1/725 1/880 1/1047 1/1429 1/5256
35 1/465 1/580 1/703 1/837 1/1142 1/4202
36 1/366 1/456 1/553 1/659 1/899 1/3307
37 1/284 1/354 1/430 1/512 1/698 1/2569
38 1/218 1/272 1/330 1/393 1/537 1/1974
39 1/167 1/208 1/252 1/300 1/409 1/1505
40 1/126 1/157 1/191 1/227 1/310 1/1139
41 1/95 1/118 1/144 1/171 1/233 1/858
42 1/71 1/89 1/108 1/128 1/175 1/644
43 1/53 1/66 1/81 1/96 1/131 1/481
44 1/40 1/50 1/60 1/72 1/98 1/359
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ratio of the heights of the distributions at a particular 
MoM, which is the likelihood ratio for trisomy 21, is 
used to modify the a priori maternal age-related risk 
to derive the patient-specific risk.6,7

SECOND TRIMESTER
Early attempts at incorporating maternal serum 
markers into screening for aneuploidies were focused 
in the second trimester of pregnancy and demon-
strated a substantial improvement in detection rates of 
trisomy 21, compared to screening by maternal age. 
At a false-positive rate of 5% the detection rate 
improves from 30% in screening by maternal age 
alone to 60–65% by combining maternal age with 
serum AFP and free β-hCG (double test), 65–70% 
with the addition of uE3 (triple test) and 70–75% with 
the addition of inhibin A (quadruple test).8 If intact 
hCG rather than free β-hCG is used, the detection 
rates are reduced by about 5%.6,7

FIRST TRIMESTER
In the last decade biochemical testing has moved to 
the first trimester because when this is combined with 
the ultrasound marker of fetal NT thickness the per-
formance of screening is superior to second-trimester 
screening. In trisomy 21 pregnancies, the maternal 

serum concentration of free β-hCG is about twice as 
high and PAPP-A is reduced to half compared to 
euploid pregnancies (Table 2-5). The measured serum 
concentrations of these placental products are affected 
by maternal characteristics, including racial origin, 
weight, smoking and method of conception as well as 
the machine and reagents used for the analysis. Con-
sequently, in the calculation of risk for aneuploidies 
using these products, it is necessary to take into 
account the effects of these maternal variables in defin-
ing MoMs before comparing affected and unaffected 
pregnancies.5,9

In screening for trisomy 21 by maternal age and 
serum free β-hCG and PAPP-A the detection rate is 
about 65% with a false-positive rate of 5%. The per-
formance is better at 9-10 weeks than at 13 weeks 
because the difference in PAPP-A between trisomic 
and euploid pregnancies is greater in earlier gesta-
tions.9,10 Although the difference in free β-hCG 
between trisomic and euploid pregnancies increases 
with gestation the magnitude of the difference is 
smaller than that of the opposite relation of PAPP-A.

In trisomies 18 and 13, maternal serum free β-hCG 
and PAPP-A are decreased. In diandric triploidy, 
maternal serum free β-hCG is greatly increased, 
whereas PAPP-A is mildly decreased. Digynic triploidy 

TABLE 2-4 Estimated Risk for Trisomy 13 in Relation to Maternal Age and Gestation

Maternal 
Age (Years)

Gestational Age

10 weeks 12 weeks 14 weeks 16 weeks 20 weeks 40 weeks

20 1/6347 1/7826 1/9389 1/11042 1/14656 1/42423
25 1/5621 1/6930 1/8314 1/9778 1/12978 1/37567
30 1/3719 1/4585 1/5501 1/6470 1/8587 1/24856
31 1/3228 1/3980 1/4774 1/5615 1/7453 1/21573
32 1/2740 1/3378 1/4052 1/4766 1/6326 1/18311
33 1/2275 1/2806 1/3366 1/3959 1/5254 1/15209
34 1/1852 1/2284 1/2740 1/3222 1/4277 1/12380
35 1/1481 1/1826 1/2190 1/2576 1/3419 1/9876
36 1/1165 1/1437 1/1724 1/2027 1/2691 1/7788
37 1/905 1/1116 1/1339 1/1575 1/2090 1/6050
38 1/696 1/858 1/1029 1/1210 1/1606 1/4650
39 1/530 1/654 1/784 1/922 1/1224 1/3544
40 1/401 1/495 1/594 1/698 1/927 1/2683
41 1/302 1/373 1/447 1/526 1/698 1/2020
42 1/227 1/280 1/335 1/395 1/524 1/1516
43 1/170 1/209 1/251 1/295 1/392 1/1134
44 1/127 1/156 1/187 1/220 1/292 1/846
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translucent diencephalon in the center and the nuchal 
membrane posteriorly.

Performance of Screening for Trisomy 21
Several prospective interventional studies in hundreds 
of thousands of pregnancies, have demonstrated  
that firstly, the risk of chromosomal abnormalities 
increases with both maternal age and fetal NT thick-
ness, and secondly, in pregnancies with low fetal NT 
the maternal age-related risk is decreased. For a  
5% false-positive rate, fetal NT screening identifies 
75–80% of fetuses with trisomy 21 and other major 
aneuploidies.17,18

There is no significant association between fetal NT 
and maternal serum free β-hCG or PAPP-A in either 
trisomy 21 or euploid pregnancies and therefore the 
ultrasononographic and biochemical markers can  
be combined to provide more effective screening  
than either method individually. Several prospective 
interventional studies have demonstrated that for a 

is associated with markedly decreased maternal serum 
free β-hCG and PAPP-A.11

A new biochemical marker is placental growth 
factor (PLGF) at 11–13 weeks and in trisomy 21 
serum levels are reduced.12

Screening by Ultrasound at 11–13 Weeks
FETAL NUCHAL TRANSLUCENCY THICKNESS
Measurement
Measurement of fetal NT thickness provides effective 
and early screening for trisomy 21 and other major 
aneuploidies.13,14 Furthermore, high NT is associated 
with cardiac defects and a wide range of other fetal 
malformations and genetic syndromes.15,16

The optimal gestational age for measurement of 
fetal NT is 11 weeks to 13 weeks and 6 days. The 
minimum fetal crown–rump length should be 45 mm 
and the maximum 84 mm. The lower limit is selected 
to allow the sonographic diagnosis of many major fetal 
abnormalities, which would have otherwise been 
missed, and the upper limit is such to provide women 
with affected fetuses the option of an earlier and safer 
form of termination. Fetal NT can be measured either 
by transabdominal or transvaginal sonography and the 
results are similar.

The ability to achieve a reliable measurement of NT 
is dependent on appropriate training of sonographers 
and with adherence to a standard ultrasound tech-
nique in order to achieve uniformity of results among 
different operators. The magnification of the image 
should be high so that only the fetal head and upper 
thorax are included in the picture. A good sagittal 
section of the fetus in the neutral position should be 
obtained and the maximum thickness of the subcuta-
neous translucency between the skin and the soft 
tissue overlying the cervical spine should be measured 
(Figure 2-1). The mid-sagittal view of the fetal face is 
defined by the presence of the echogenic tip of the 
nose and rectangular shape of the palate anteriorly, the 

TABLE 2-5 First-Trimester Biochemical Features of Trisomies 21, 18 and 13

Euploid Trisomy 21 Trisomy 18 Trisomy 13

Median serum free β-hCG, MoM 1.0 2.0 0.2 0.5
Median serum PAPP-A, MoM 1.0 0.5 0.2 0.3

FIGURE 2-1 Measurement of nuchal translucency thickness in a 
12-week fetus. 
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The estimated performance of the three approaches 
is similar with a detection rate of 90–94% at a false-
positive rate of 5%. The advantages of the contingent 
approach are that firstly, second trimester testing is 
avoided in 75–80% of patients and secondly, the diag-
nosis of about 60% of fetuses with aneuploidies is 
made in the first trimester.

The disadvantages of this across-trimesters 
approach to screening are firstly, the performance of 
screening is poorer than with an integrated first-
trimester approach incorporating the new sonographic 
markers; secondly, reassurance of parents with a low-
risk result is delayed by several weeks; thirdly, many 
women with an affected pregnancy are deprived of the 
option of safer first-trimester termination of preg-
nancy; and fourthly, many women who do not com-
plete the two-stage test are essentially deprived of 
screening.

Screening for Aneuploidies Other Than Trisomy 21
A beneficial consequence of screening for trisomy 21 
is the early diagnosis of trisomies 18 and 13, which 
are the second and third most common chromosomal 
abnormalities. At 11–13 weeks, the relative prevalence 
of trisomies 18 and 13 to trisomy 21 are one to three 
and one to seven, respectively. All three trisomies are 
associated with increased maternal age, increased fetal 
NT and decreased maternal serum PAPP-A, but in 
trisomy 21 serum free β-hCG is increased whereas in 
trisomies 18 and 13 this is decreased. In addition, 
trisomy 13, unlike trisomies 21 and 18, is associated 
with fetal tachycardia, with the heart rate being above 
the 95th centile of euploid fetuses in 85% of fetuses 
with trisomy 13.10,19

Use of the algorithm for trisomy 21 identifies about 
75% of fetuses with trisomies 18 and 13. The com-
bined use of the algorithm for trisomy 21 with specific 
algorithms for trisomies 18 and 13 improves the 
detection of these aneuploidies to 95% with a small 
increase in false-positive rate by about 0.1%. Another 
beneficial consequence of the use of the combined 
three algorithms is the early identification of about 
85% of fetuses with triploidy.10,19

Screening in Twin Pregnancies
In twin pregnancies effective screening for chromo-
somal abnormalities is provided by a combination  

5% false-positive rate the first-trimester combined test 
identifies about 90% of trisomy 21 pregnancies.

One option in first-trimester combined screening 
for trisomy 21 is to perform biochemical and ultra-
sonographic testing as well as to counsel women in 
one-stop clinics for assessment of risk (OSCAR).4,5 
This has been made possible by the introduction of 
biochemical analyzers which provide results within 30 
minutes of obtaining a blood sample. The ideal gesta-
tion for OSCAR is 12 weeks because the aim of the 
first-trimester scan is not just to screen for trisomy 21 
but also to diagnose an increasing number of fetal 
malformations, and in this respect the ability to visual-
ize fetal anatomy is best at 12 weeks. An alternative 
strategy for first-trimester combined screening is for 
biochemical testing and ultrasound scanning to be 
carried out in two separate visits, with the first done 
at 9–10 weeks and the second at 12 weeks. It has been 
estimated that this approach would improve the detec-
tion rate from 90% to 93–94%. The potential advan-
tage of two-stage screening in terms of detection rate 
may be eroded by the likely increased non-compliance 
with the additional steps.18

First-Trimester Screening Followed by Second-
Trimester Biochemical Testing
Three mathematical models have been proposed for 
the additional use of second-trimester biochemical 
testing with the aim of improving first-trimester com-
bined screening.6 Firstly, the integrated test in which 
all patients have first-trimester NT and PAPP-A tests 
and second-trimester AFP, uE3, free β-hCG and 
inhibin A tests, with the combined results given on 
completion of the process so that high-risk patients 
can be identified for second-trimester amniocentesis. 
Secondly, step-wise sequential screening, in which all 
patients are tested for first-trimester NT, serum PAPP-A 
and free β-hCG, and high-risk patients are offered 
CVS, whereas low- or intermediate-risk patients have 
second-trimester AFP, uE3, free β-hCG and inhibin 
and A tests, if the combined risk from first- and  
second-trimester testing becomes high, the patients 
have second-trimester amniocentesis. Thirdly, contin-
gent screening, which is similar to step-wise sequen-
tial screening but second-trimester biochemical testing 
is performed only in those with an intermediate risk 
after first-trimester screening.
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possibility of earlier and therefore safer selective feto-
cide in cases where one fetus is euploid and the other 
is abnormal. An important advantage of screening by 
fetal NT is that when there is discordance for a chro-
mosomal abnormality, the presence of a sonographi-
cally detectable marker helps to ensure the correct 
identification of the abnormal twin should the parents 
choose selective termination.

In monochorionic twin pregnancies the false-
positive rate of NT screening is higher than in 
dichorionic twins, because increased NT in at least 
one of the fetuses is an early manifestation of twin-
to-twin-transfusion syndrome, as well as a marker 
of chromosomal abnormalities. In the calculation of 
risk of trisomy 21 the NT of both fetuses should 
be measured and the average of the two should be 
considered.21

ADDITIONAL FIRST-TRIMESTER  
SONOGRAPHIC MARKERS
In addition to NT, other highly sensitive and specific 
first-trimester sonographic markers of trisomy 21 are 
absence of the nasal bone, increased impedance to 
flow in the ductus venosus and tricuspid regurgitation 
(Table 2-6). Absence of the nasal bone, reversed 
a-wave in the ductus venosus and tricuspid regurgita-
tion are observed in about 60%, 66% and 55% of 
fetuses with trisomy 21 and in 2.5%, 3.0% and 1.0%, 
respectively, of euploid fetuses. Absence of the nasal 
bone, abnormal flow in the ductus venosus and tri-
cuspid regurgitation are observed in about 50%, 55% 
and 30%, respectively, of fetuses with trisomies 18  
and 13.22–24

Nasal Bone
The fetal nasal bone at 11–13 weeks’ gestation is clas-
sified as present or absent. For examination of the 

of maternal age and fetal NT thickness.20 The per-
formance of screening can be improved by the addi-
tion of maternal serum biochemistry but appropriate 
adjustments are needed for chorionicity.20 In dicho-
rionic twins at 11–13 weeks, the levels of maternal 
serum free β-hCG and PAPP-A are about twice as 
high as in singleton pregnancies, but in monochori-
onic twins the levels are lower than in dichorionic 
twins.

Chorionicity can be determined by examining the 
junction of the inter-twin membrane with the placenta 
(Figure 2-2). In dichorionic twins there is extension 
of the placenta into the base of the membrane (lambda 
sign), which is absent in monochorionic twins.

In dichorionic twins, patient-specific risks for 
trisomy 21 are calculated for each fetus based on 
maternal age and fetal NT, and the detection rate 
(75–80%) and false-positive rate (5% per fetus or 10% 
per pregnancy) are similar to those in singleton  
pregnancies.20 First-trimester screening allows the 

FIGURE 2-2 Dichorionic triamniotic triplet pregnancy at 12 weeks 
demonstrating the presence (a) and absence (b) of the lambda sign 
at the junction of the inter-twin membrane with the placenta. 

b

a

TABLE 2-6 First-Trimester Ultrasound Features of Trisomies 21, 18 and 13

Euploid Trisomy 21 Trisomy 18 Trisomy 13

Nuchal translucency in mm, median 2.0 3.4 5.5 4.0
Absent nasal bone, % 2.5 60 53 45
Tricuspid regurgitation, % 1.0 55 33 30
Ductus venosus reversed a-wave, % 3.0 66 58 55
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nasal bone, the image should be magnified so that the 
head and the upper thorax only are included on  
the screen and a mid-sagittal view of the fetal profile 
should be obtained. The ultrasound transducer must 
be placed parallel to the direction of the nose and the 
probe then gently tilted from one side to the other of 
the fetal nose. When these criteria are satisfied, three 
distinct lines are seen at the level of the fetal nose 
(Figure 2-1). The first two, which are proximal to the 
forehead, are horizontal and parallel to each other, 
resembling an ‘equals sign’. The top line represents the 
skin and the bottom one, which is thicker and more 
echogenic than the overlying skin, represents the nasal 
bone. A third line, almost in continuity with the skin 
but at a higher level, represents the tip of the nose. 
The nasal bone is considered to be present if it is more 
echogenic than the overlying skin and absent if either 
it is not visible or its echogenicity is the same or less 
than that of the skin (Figure 2-3).23,24

Ductus Venosus Flow
In the assessment of ductus venosus studies the fol-
lowing criteria should be fulfilled. The examinations 
must be undertaken during fetal quiescence, the mag-
nification of the image should be such that the fetal 
thorax and abdomen occupy the whole screen, a right 
ventral mid-sagittal view of the fetal trunk must be 

FIGURE 2-3 Mid-sagittal view of the fetal face at 12 weeks illustrating 
the tip of the nose, the skin at the base of the nose and underlying 
nasal bone (a) which is less echogenic than the skin and is therefore 
classified as being absent. 

Nasal tipSkin

a

obtained and colour flow mapping used to demon-
strate the umbilical vein, ductus venosus and fetal 
heart (Figure 2-4). The pulsed Doppler sample must 
be small (0.5–1.0 mm) to avoid contamination from 
the adjacent veins and it should be placed in the yel-
lowish aliasing area which is the portion immediately 
above the umbilical sinus. The insonation angle must 
be less than 30 degrees, the filter should be set at a 
low frequency (50–70 Hz) to allow visualization of the 
whole waveform and the sweep speed must be high 
(2–3 cm/s) so that the waveforms are widely spread.25

Ductus venosus waveforms are classified as normal, 
when the a-wave observed during atrial contraction is 
positive, or abnormal, when the a-wave is absent or 
reversed (Figure 2-4). The preferred alternative in the 
estimation of patient-specific risks for pregnancy com-
plications is measurement of the pulsatility index for 
veins (PIV) as a continuous variable. This can be meas-
ured by the machine after manual tracing of the 
outline of the waveform.25

Tricuspid Flow
In the assessment of flow across the tricuspid valve 
the magnification of the image should be such that 
the fetal thorax occupies most of the image. An 
apical four-chamber view of the fetal heart should 
be obtained (Figure 2-5). A pulsed-wave Doppler 
sample volume of 2.0 to 3.0 mm should be posi-
tioned across the tricuspid valve so that the angle 
to the direction of flow is less than 30 degrees 
from the direction of the inter-ventricular septum. 
Tricuspid regurgitation is diagnosed if it is found 
during at least half of the systole and with a veloc-
ity of over 60 cm/s, since aortic or pulmonary arte-
rial blood flow at this gestation can produce a 
maximum velocity of 50 cm/s (Figure 2-5). The 
sweep speed should be high (2–3 cm/s) so that the 
waveforms are widely spread for better assessment. 
The tricuspid valve could be insufficient in one or 
more of its three cusps, and therefore the sample 
volume should be placed across the valve at least 
three times, in an attempt to interrogate the com-
plete valve.18

Hepatic Artery Flow
In the assessment of hepatic artery flow the following 
criteria should be fulfilled. The examinations must be 
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A

FIGURE 2-5 Transverse view of the fetal heart demonstrating Doppler assessment of flow across the tricuspid valve of a fetus at 12 weeks 
with normal waveform (A) and tricuspid regurgitation (B). 

B

undertaken during fetal quiescence and the magnifica-
tion of the image should be such that the fetal thorax 
and abdomen occupy the whole screen. A right ventral 
mid-sagittal view of the fetal trunk must be obtained 
and colour flow mapping used to demonstrate the 

umbilical vein, ductus venosus, descending aorta and 
hepatic artery (Figure 2-6). The pulsed Doppler 
sample should be set at 2.0 mm and placed so that it 
includes both the ductus venosus and adjacent upper 
part of the hepatic artery (to ensure that this vessel 

A

B

C

FIGURE 2-4 Mid-sagittal view of the fetal trunk demonstrating 
insonation of the ductus venosus (A) of a fetus at 12 weeks with 
normal waveform (B) and reversed a-wave (C). 
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rather than the coeliac trunk is sampled). The sample 
should then be reduced to 1.0 mm to include only the 
hepatic artery. The insonation angle to the hepatic 
artery must be less than 30 degrees, the filter set at a 
high frequency (120 Hz) to avoid contamination from 
adjacent veins, the sweep speed must be high 
(2–3 cm/s) so that the waveforms are widely spread 
and the pulsed wave pulse repetition frequency should 
be low (2.2–3.3 Hz) allowing better assessment of the 
peak systolic velocity (PSV). When three similar con-
secutive waveforms are obtained, the PSV should be 

FIGURE 2-6 (A) Right ventral mid-sagittal view of a fetus at 12 weeks 
demonstrating the umbilical vein (UV), ductus venosus (DV), 
descending aorta, hepatic artery (HA) and coeliac trunk (CT). The 
peak systolic velocity in the waveform from the fetus with trisomy 
21 (C) is much higher than in a euploid fetus (B). 
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measured by the software of the machine after manual 
tracing.25,26

In trisomy 21 PSV is increased and it is above the 
95th percentile of the normal range (15 cm/s) in about 
70% of affected fetuses.

Performance of Screening
Assessment of each of these ultrasound markers can 
be incorporated into first-trimester combined screen-
ing by maternal age, fetal NT and serum free β-hCG 
and PAPP-A resulting in improvement of the perform-
ance of screening with an increase in detection rate 
to 93–96% and a decrease in false-positive rate to 
less than 3.0%. A similar performance of screening 
can be achieved by a contingent policy in which 
first-stage screening by maternal age, fetal NT and 
serum free β-hCG and PAPP-A is offered to all cases. 
Patients with a risk of 1 in 50 or more are considered 
to be screen-positive and those with a risk of less 
than 1 in 1000 are screen-negative. Patients with the 
intermediate risk of 1 in 51 to 1 in 1000, which 
constitutes about 15% of the total population, have 
second-stage screening of either nasal bone, ductus 
venosus or tricuspid blood flow which modifies their 
first-stage risk. If the adjusted risk is 1 in 100 or 
more, the patients are considered to be screen-positive 
and those with a risk of less than 1 in 100 are 
screen-negative.4,5

Fetal Defects
At 11–13 weeks certain easily detectable defects are 
strongly associated with certain specific aneuploidies. 
The diagnosis of alobar holoprosencephaly is based on 
the fusion of the anterior horns of the lateral ventricles 
and the absence of the butterfly sign in a cross-
sectional view of the fetal brain (Figure 2-7). Exom-
phalos is diagnosed if there is herniation of bowel or 
liver into the base of the umbilical cord and if the  
CRL is 45 mm or more (Figure 2-8). Megacystis is  
defined as enlarged bladder with a longitudinal meas-
urement > 7 mm of 7 mm or more (Figure 2-9).16,27

In holoprosencephaly the risk for trisomy 13 is 
1 : 2, in diaphragmatic hernia the risk for trisomy 18 
is 1 : 4, in exomphalos the risk for trisomy 18 is 1 : 4 
and for trisomy 13 is 1 : 10, in megacystis the risk for 
either trisomy 18 or 13 is 1 : 10 and in atrioventricular 
septal defect the risk for trisomy 21 is 1 : 2.
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Screening by Ultrasound in the  
Second Trimester
PHENOTYPIC EXPRESSION OF  
COMMON ANEUPLOIDIES
In the second-trimester scan each chromosomal  
defect has its own syndromal pattern of detectable 
abnormalities.16,27

Trisomy 21
Trisomy 21 is associated with cardiac defects, duo-
denal atresia, nasal hypoplasia, increased nuchal fold 

FIGURE 2-7 Cross-sectional view of the fetal brain at 12 weeks 
demonstrating (A) the normal butterfly appearance of the lateral 
ventricles with the choroid plexuses and (B) alobar holoprosenceph-
aly with fusion of the anterior horns of the lateral ventricles. 
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FIGURE 2-8 Sagittal view of the fetus at 12 weeks demonstrating 
exomphalos containing liver and bowel. 

and prenasal thickness, intracardiac echogenic foci, 
and echogenic bowel, mild hydronephrosis, shorten-
ing of the femur and more so of the humerus, 
sandal gap and mid-phalanx hypoplasia of the fifth 
finger.

Trisomy 18
In trisomy 18 common findings include strawberry-
shaped head, choroid plexus cysts, absent corpus cal-
losum, enlarged cisterna magna, facial cleft, 
micrognathia, nuchal oedema, heart defects, diaphrag-
matic hernia, oesophageal atresia, exomphalos, single 
umbilical artery, renal abnormalities, echogenic bowel, 
myelomeningocoele, growth restriction and shorten-
ing of the limbs, radial aplasia, overlapping fingers and 
talipes or rocker bottom feet.

FIGURE 2-9 Sagittal view of the fetus with megacystis at 12 weeks. 
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thus the risk of recurrence. If the abnormality is poten-
tially correctable by intrauterine or postnatal surgery, 
such as diaphragmatic hernia, it may be logical to 
exclude an underlying chromosomal defect – espe-
cially because, for many of these conditions, the usual 
defect is trisomy 18 or 13. Examples include facial 
cleft, diaphragmatic hernia, oesophageal atresia, exom-
phalos and many of the cardiac defects. In the case of 
isolated gastroschisis or small bowel obstruction, there 
is no evidence of increased risk of trisomies.

Minor Defects or Soft Markers
Minor fetal abnormalities or soft markers are common 
and they are not usually associated with any disability, 
unless there is an underlying chromosomal defect. 
Routine karyotyping of all pregnancies with these 
markers would have major implications, both in terms 
of miscarriage and in economic costs. It is best to base 
counselling on an individual estimated risk for a chro-
mosomal defect, rather than the arbitrary advice that 
invasive testing is recommended because the risk is 
‘high’.27,28

The individual risk can be derived by multiplying 
the a priori risk (based on the results of previous 
screening by NT and/or biochemistry in the current 
pregnancy) with the likelihood ratio of the specific 
abnormality or marker.29–32 The likelihood ratio is 
derived by dividing the incidence of a given defect 
in trisomy 21 pregnancies by the incidence in  
chromosomally normal pregnancies. For example, 

Trisomy 13
Trisomy 13 is associated with holoprosencephaly, 
microcephaly, facial abnormalities, cardiac abnormali-
ties, enlarged and echogenic kidneys, exomphalos and 
post-axial polydactyly.

Turner Syndrome
The lethal type of Turner syndrome presents with 
large nuchal cystic hygromata, generalized oedema, 
mild pleural effusions and ascites, cardiac abnormali-
ties and horseshoe kidney, which are suspected by 
the ultrasonographic appearance of bilateral mild 
hydronephrosis.

Triploidy
Triploidy where the extra set of chromosomes is pater-
nally derived is associated with a molar placenta 
(Figure 2-10) and the pregnancy rarely persists beyond 
20 weeks. When there is a double maternal chromo-
some contribution, the pregnancy may persist into the 
third trimester. The placenta is of normal consistency 
but thin and the fetus demonstrates severe asymmetri-
cal growth restriction. Commonly there is mild ven-
triculomegaly, micrognathia, cardiac abnormalities, 
myelomeningocoele, syndactyly, and ‘hitch-hiker’ toe 
deformity.

APPROACH TO PATIENT MANAGEMENT  
BASED ON FINDINGS
Absence of Defects or Markers
Absence of any major or minor defect is associated 
with a reduction in the a priori risk. The likelihood 
ratio for trisomy 21 if there are no detectable defects 
or markers is 0.13 which means that the a priori risk 
is reduced 7.7-fold.28–30

Major Defects
If the second trimester scan demonstrates major 
abnormalities, it is advisable to offer fetal karyotyping, 
even if these abnormalities are apparently isolated. 
The prevalence of such abnormalities is low and there-
fore the cost implications are small.

If the abnormalities are either lethal or they are 
associated with severe disability, such as holoprosen-
cephaly, fetal karyotyping constitutes one of a series 
of investigations to determine the possible cause and 

FIGURE 2-10 Ultrasound picture at 12 weeks demonstrating a molar 
placenta. 



432 Fetal Aneuploidies

derived by multiplying the a priori risk with the likeli-
hood ratio for each detected marker.33

The estimated prevalence of some common defects/
markers in trisomy 21 and euploid fetuses and the 
likelihood ratio for trisomy 21 are summarized in 
Table 2-7.

FETAL DEFECTS ASSOCIATED WITH 
ANEUPLOIDIES27,34

Ventriculomegaly
The birth incidence of ventriculomegaly is about 2 per 
1000. Causes include chromosomal and genetic 
defects, intrauterine haemorrhage or infection but in 
many cases no clear-cut aetiology is identified. Prena-
tal diagnosis by ultrasonography is based on the dem-
onstration of dilated lateral cerebral ventricles with 
atrial width of 10 mm or more (Figure 2-11).

The overall incidence of chromosomal defects in 
fetal ventriculomegaly is about 10% and the common-
est chromosomal defects are trisomies 21, 18, 13 and 
triploidy. Ventriculomegaly is observed in 0.3% of 
euploid and 7.5% of trisomy 21 fetuses and therefore 
the likelihood for trisomy 21 is 25.78.35

an intracardiac echogenic focus is found in about 
24% of trisomy 21 fetuses and in 4% of euploid 
fetuses, with a positive likelihood ratio of 5.85 and 
a negative likelihood ratio of 0.80. Consequently, 
the finding of an echogenic focus increases the 
background risk by a factor of 5.85, but at the 
same time absence of this marker should reduce 
the risk by 20%.

In the existing literature it is not always possible to 
derive likelihood ratios for isolated defects. One 
approach to managing this issue is to firstly, start with 
the a priori risk (based on the results of previous 
screening), secondly, assume there are no defects or 
markers in the scan about to be carried out and there-
fore reduce the a priori risk by 7.7 times (multiply by 
0.13), thirdly, if a defect or marker is detected multiply 
the a priori risk ×0.3 by the likelihood ratio for the 
given defect or marker (for example 5.85 for intracar-
diac echogenic focus).33

Detection of a defect or marker by ultrasound 
examination should lead to a thorough check for the 
other features of the chromosomal abnormality known 
to be associated with that marker. When more than 
one marker is detected the patient-specific risk is 

TABLE 2-7 Estimated Prevalence of Some Common Defects/Markers in Trisomy 21 and 
Euploid Fetuses and the Likelihood Ratio (LR) for Trisomy 21 at the Second Trimester 
Scan According to the Existing Literature

Marker
Detection 
Rate

False 
Positive Rate

Positive 
LR

Negative 
LR

LR Isolated 
Marker

Intracardiac echogenic focus 24.4 3.9 5.85 0.80 0.95
Ventriculomegaly 7.5 0.3 25.78 0.94 3.57
Increased nuchal fold 26.2 1.2 19.18 0.80 3.12
Echogenic bowel 16.7 1.1 11.44 0.90 1.65
Mild hydronephrosis 13.7 1.4 7.77 0.92 1.10
Short humerus 30.3 4.6 4.81 0.74 0.78
Short femur 27.7 6.4 3.72 0.80 0.61
Aberrant right subclavian artery 30.7 1.5 21.48 0.71 3.94
Absent or hypoplastic nasal bone 59.8 2.8 23.26 0.46 6.58

If a defect/marker is present the a priori risk is increased by the positive likelihood ratio and when it is absent the risk is 
reduced by the negative likelihood ratio. For example, if the a priori risk is 1 : 300 and the 22-weeks scan demonstrates 
an aberrant right subclavian artery (ARSA) the risk is increased by a factor of 21.48 to become 21.8 : 300 or 1 : 14. If in 
response to the finding of ARSA a detailed search is carried out for each one of the defects/markers in the table and they 
are all demonstrated to be absent then the a priori risk should be multiplied by the positive likelihood ratio for the ARSA 
(×21.48) and the negative likelihood ratio for each one of the other defects/markers and therefore the risk of 1 : 300 is 
increased by 3.94 to 1 : 76, rather than 1 : 14. This approach assumes that each defect/marker is independent of every 
other marker.
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Holoprosencephaly
The birth incidence of holoprosencephaly is about 1 
per 10,000. The condition encompasses a heterogene-
ous group of cerebral malformations resulting from 
either failure or incomplete cleavage of the forebrain. 
Although in many cases the cause is a chromosomal 
defect or a genetic disorder, in the majority of cases 
the aetiology is unknown. Prenatal diagnosis by ultra-
sonography is based on the demonstration of a single 
dilated midline ventricle replacing the two lateral 
ventricles.

The overall incidence of chromosomal defects in 
fetal holoprosencephaly is about 30% and the com-
monest chromosomal defects are trisomies 13 and 18. 
Fetal holoprosencephaly is commonly associated with 
a wide variety of mid-facial abnormalities but the inci-
dence of chromosomal defects is only increased in 
fetuses with holoprosencephaly and extrafacial defects 
and not in those where the holoprosencephaly is 
either isolated or where it is associated with facial 
abnormalities only.

Microcephaly
The birth incidence of microcephaly is about 1 
per 1000. Causes include chromosomal defects, 
genetic syndromes, haemorrhage, infection, tera-
togens and irradiation. Prenatal diagnosis is based 

on the identification of a disproportionally reduced 
head circumference.

Chromosomal defects, usually trisomy 13, are 
found in about 15% of cases. However, it should be 
noted that the majority of fetuses with trisomy 13 do 
not have microcephaly and those that do usually have 
holoprosencephaly.

Choroid Plexus Cysts
These are found in approximately 2% of fetuses at 
16–24 weeks of gestation but in more than 95% of 
cases they resolve by 28 weeks and are of no patho-
logical significance (Figure 2-12). There is an associa-
tion between choroid plexus cysts and chromosomal 
defects, particularly trisomy 18. However, the vast 
majority of fetuses with trisomy 18 have multiple 
other defects and therefore, the detection of fetal 
choroid plexus cysts should stimulate the sonographer 
to search for the other features of trisomy 18. If the 
cysts are apparently isolated the risk for trisomy 18 is 
only marginally increased. The risk for trisomy 21 is 
not increased.

Agenesis of the Corpus Callosum
The birth incidence of agenesis of the corpus callosum 
is about 1 per 1000. Prenatally the condition can be 
suspected by the absence of the cavum septum pel-
lucidum and teardrop enlargement of the posterior 
horn of the lateral ventricle (Figure 2-13).

FIGURE 2-12 Transverse view of the fetal head at 22 weeks demon-
strating choroid plexus cyst (arrow). 

FIGURE 2-11 Transverse view of the fetal head at 22 weeks demon-
strating lateral ventriculomegaly (arrow). 



452 Fetal Aneuploidies

frontal part of the head. The most likely explana-
tion for the narrow frontal region is hypoplasia of 
the face and frontal cerebral lobes. Similarly, flat-
tening of the occiput may be due to hypoplasia of 
the hindbrain.

Brachycephaly
This is characterized by relative shortening of the 
occipitofrontal diameter. It is found in association with 
chromosomal defects and genetic syndromes, such as 
Roberts syndrome. In postnatal life it is well recog-
nized that children with Down syndrome have brachy-
cephaly. However, prenatal ultrasonographic studies 
have found no difference in the mean cephalic index 
(biparietal to occipitofrontal diameter ratio) between 
second trimester fetuses with trisomy 21 and normal 
controls.

Facial Cleft
Cleft lip and/or palate (Figure 2-16) is found in 
approximately 1 per 800 live births, and both genetic 
and environmental factors are implicated in their cau-
sation. Postnatally, chromosomal defects are found in 
less than 1% of babies with facial cleft. However, in 
prenatal series the incidence is about 40%, most com-
monly trisomies 13 and 18. This apparent discrepancy 
is because in the prenatal studies the populations 
examined are pre-selected and include many fetuses 
with multiple other defects.

Agenesis of the corpus callosum is associated with 
more than 100 genetic syndromes and chromosomal 
defects, usually trisomies 18 and 13.

Dandy–Walker Complex
The prevalence of Dandy–Walker malformation is 
about 1 per 30,000 births. There is a spectrum of 
abnormalities of the cerebellar vermis, cystic dilatation 
of the fourth ventricle and enlargement of the cisterna 
magna. The condition is classified into Dandy–Walker 
malformation (complete or partial agenesis of the cere-
bellar vermis and enlarged posterior fossa), Dandy–
Walker variant (partial agenesis of the cerebellar 
vermis without enlargement of the posterior fossa) and 
mega-cisterna magna (normal vermis and fourth ven-
tricle) (Figure 2-14).

The overall incidence of chromosomal defects is 
about 40%, usually trisomies 18 or 13 and triploidy. 
Other causes include more than 50 genetic syndromes, 
congenital infection or teratogens such as warfarin, 
but it can also be an isolated finding. The finding of 
isolated mega-cisterna magna is not an indication for 
fetal karyotyping.

Strawberry-Shaped Skull
In about 80% of fetuses with trisomy 18 there is 
a characteristic shape of the head that is best seen 
in the suboccipitobregmatic view (Figure 2-15). There 
is flattening of the occiput and narrowing of the 

FIGURE 2-13 (A) Transverse view of the fetal head at 22 weeks demonstrating A normal septum cavum pellucidum and (B) absence of the 
cavum (arrow) together with teardrop appearance of the lateral ventricles (a) in a case of agenesis of the corpus callosum. 
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FIGURE 2-14 Suboccipital view of the fetal brain demonstrating 
abnormalities of the posterior fossa, including (A) agenesis of the 
cerebellar vermis (B) Dandy–Walker malformation and (C) mega-
cisterna magna. 
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FIGURE 2-15 Strawberry shaped head in a fetus with trisomy 18. 

Micrognathia
The birth incidence of micrognathia (Figure 2-17) is 
about 1 per 1000. This is a non-specific finding in a 
wide range of genetic syndromes and chromosomal 
defects, mainly trisomy 18 and triploidy. In prenatal 
studies reporting on fetal micrognathia the incidence 
of chromosomal defects was about 60% but all  
fetuses had additional malformations and/or growth 
retardation.

Macroglossia
Postnatally, macroglossia is a common feature of 
trisomy 21. Antenatally this abnormality is rarely diag-
nosed unless other features of trisomy 21 are found. 
In a series of 69 fetuses with trisomy 21, macroglossia 
was diagnosed in 10% of those examined at <28 weeks 
and 20% of those diagnosed at >28 weeks. It is pos-
sible that with advancing gestation there is progressive 
enlargement and/or protrusion of the tongue to 
account for the higher incidence of macroglossia at 
term (Figure 2-18).

Nasal Hypoplasia
Prenatal ultrasonographic studies have reported that 
in second-trimester fetuses with trisomy 21 the nasal 
bone is absent in about 30% of cases and short in a 
further 30%. At the 20-weeks scan the nasal bone is 
absent (Figure 2-19) or short in about 3% of euploid 
and in 60% of trisomy 21 fetuses and the likelihood 
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A
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C FIGURE 2-16 Ultrasound pictures of fetuses at 22 weeks 
illustrating normal lips (A) and facial cleft (B) and (C). 
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FIGURE 2-17 Ultrasound pictures illustrating severe micrognathia. 
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the secondary palate with the overlying vomeral bone 
posteriorly (Figure 2-20). Fetuses with trisomy 21 
often have divergent nasal bones and parasagittal and 
oblique scanning planes produce over-estimation of 
nasal bone length. It is therefore essential that meas-
urement of nasal bone length is carried out in the exact 
mid-sagittal plane of the face. In the coronal plane the 

FIGURE 2-18 Ultrasound pictures illustrating macroglossia. 
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ratio for trisomy 21 if the nasal bone is absent or short 
is 23.26. However, the majority of trisomy 21 fetuses 
have additional sonographic markers and therefore 
the likelihood ratio for isolated nasal hypoplasia is 
likely to be much lower.22–24,35

In the definition of short nasal bone it is essential 
that the measurement is taken in the exact mid-sagittal 
plane of the face. This plane is defined by the presence 
of the nose, upper and lower lips, the maxilla (primary 
palate) and the chin anteriorly, and by the presence of 
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FIGURE 2-20 Ultrasound picture from a trisomy 21 fetus at 20 weeks 
demonstrating the exact mid-sagittal plane of the face with its sono-
graphic landmarks and measurement of nasal bone length. 
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FIGURE 2-19 Mid-sagittal view of the face in a trisomy 21 fetus with 
absent nasal bone at 22 weeks. 

nasal bones are divergent in about 3% of euploid and 
in 60% of trisomy 21 fetuses (Figure 2-21).22–24

In the mid-sagittal plane the median nasal-bone 
length increases linearly with gestation from 4.1 mm 
at 16 weeks to 7.1 mm at 24 weeks. The respective 
values for the 5th percentile are 3.1 mm and 6.1 mm 
and for the 1st percentile they are 2.7 mm and 
5.6 mm.

FIGURE 2-21 Ultrasound images demonstrating (A) the sagittal and 
(B) corresponding coronal view of the nasal bones in a normal fetus 
where the two nasal bones are fused on the midline and (C) in a fetus 
with trisomy 21 and divergent nasal bones. 
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irregular and may be difficult to clearly visualize due 
to ossification of the fetal skull. Consequently new 
indices, such as the prefrontal space ratio (PFSR), to 
document the mid facial features of trisomy 21 have 
been developed.36

Prefrontal Space Ratio
The prefrontal space ratio (PFSR), like the FMF angle, 
is affected by the size of the maxilla and the prefrontal 
skin thickness, but in contrast to the FMF angle, the 
PFSR avoids drawing a line over the hard palate and 
may therefore be easier to perform and more repro-
ducible. In the mid-saggital plane a line is drawn 
between the leading edge of the mandible and the 
maxilla (MM line) and extended in front of the fore-
head. The vertical distance between the leading edge 
of the skull and that of the skin (D1) and the distance 
between the skull and the MM line (D2) were meas-
ured and the D1 to D2 ratio (PFSR) was calculated 
(Figure 2-23). The PFS was above the 95th percentile 
in all fetuses with trisomy 21 (Figure 2-24), resulting 
in a likelihood ratio of 20.37

Small Ears
In about 85% of neonates with trisomy 21 the ear 
length is below the 3rd centile of the normal range. 
Several ultrasonographic studies have examined the 

FIGURE 2-22 Mid-sagittal view of the face illustrating the measure-
ment of prenasal thickness as the shortest distance between the 
anterior edge of the lowest part of the frontal bone and the facial skin 
anteriorly. 

FIGURE 2-23 Mid-sagittal view of the face illustrating the measure-
ment of the prefrontal space ratio (PFSR). This is the ratio of the 
distance between the leading edge of the skull and the leading edge 
of the skin (D1) and the distance between the skull and the line 
between the leading edge of the mandible and the maxilla (D2). 

D1
D2

Prenasal Thickness
In the mid-sagittal plane prenasal thickness is the 
shortest distance between the anterior edge of the 
lowest part of the frontal bone (at the junction with 
the nasal bone when present) and the facial skin ante-
riorly (Figure 2-22). In normal fetuses prenasal thick-
ness increases with gestation from a mean of 2.4 mm 
at 16 weeks to 4.6 mm at 24 weeks and the respective 
values for the 95th percentile are 4.0 mm and 6.2 mm, 
respectively. In about 80% of fetuses with trisomy 21, 
prenasal thickness is above the 95th percentile of the 
normal range.

Frontomaxillary Facial (FMF) Angle
Measurement of the FMF angle, defined as the angle 
between a line from the prefrontal skin to the leading 
edge of the maxilla and another line over the hard 
palate, exploits both the mid face hypoplasia and 
thickened skin over the forehead in trisomy 21 fetuses. 
A study examining the FMF angle in euploid and 
trisomy 21 fetuses reported that the mean angle was 
84.0 degrees and the 95th percentile was 88.5 degrees. 
In 65% of the fetuses with trisomy 21 the FMF angle 
was greater than 88.5 degrees. It was concluded that 
the FMF angle is likely to prove a sensitive method of 
second-trimester screening for trisomy 21. However, 
the upper edge of the hard palate is somewhat 
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association with trisomies, or unilateral cervical cysts, 
which are usually detected in the third trimester and 
have a good prognosis after postnatal surgery.

Nuchal Oedema
This is the second trimester equivalent of increased 
NT at 11–13 weeks and is also called the nuchal fold. 
It is associated with a wide range of genetic syn-
dromes, fetal malformations, congenital infection and 
chromosomal defects. We consider the condition to be 
present if in the mid-sagittal plane of the neck there 
is subcutaneous oedema (at least 7 mm) that produces 
a characteristic tremor on ballottement of the fetal 
head (Figure 2-26). An alternative definition is skin 

potential value of measuring fetal ear length at 14–36 
weeks of gestation in prenatal screening for trisomy 
21 and reported contradictory results with sensitivities 
from 25–80% and false-positive rates of 1-8%.

Cystic Hygroma
These are developmental abnormalities of the lym-
phatic system. Prenatal diagnosis by ultrasonography 
is based on the demonstration of a bilateral, septated, 
cystic structure, located in the occipitocervical region 
(Figure 2-25). A chromosomal defect is found in  
about 75% of cases and this is almost always Turner  
syndrome. Nuchal cystic hygromata should be  
distinguished from nuchal oedema, which has a high 

FIGURE 2-24 Mid-sagittal view of the face in a fetus with trisomy 21 
at 22 weeks illustrating that the prenasal skin reaches the line 
between the leading edge of the mandible and the maxilla. 

FIGURE 2-25 Coronal view of a fetus with Turner syndrome at 14 
weeks and bilateral cystic hygromata (arrow). 

FIGURE 2-26 Suboccipital bregmatic views of the fetal head at 22 weeks demonstrating nuchal oedema (arrow). 
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Cardiac Abnormalities
Abnormalities of the heart or major blood vessels are 
found in 5–10 per 1000 live births. The etiology of 
heart defects is heterogeneous and probably depends 
on the interplay of multiple genetic and environmental 
factors, including maternal diabetes mellitus or col-
lagen disease, exposure to drugs such as lithium, and 
viral infections such as rubella.

Chromosomal abnormalities account for less than 
5% of the patients. However, heart defects are found 

fold thickness of more than 5 mm in the sub-
occipitobregmatic view of the head. Increased nuchal 
fold thickness is found in about 26% of fetuses with 
trisomy 21 and in 1.2% of chromosomally normal 
fetuses.35

Diaphragmatic Hernia
The birth incidence of diaphragmatic hernia is about 
1 per 3000. It is usually sporadic but in about 50% of 
cases there are associated chromosomal abnormalities, 
genetic defects and other defects. Prenatal diagnosis 
by ultrasonography is based on the demonstration of 
stomach, intestines or liver in the thorax and the asso-
ciated mediastinal shift to the opposite side (Figure 
2-27). The incidence of chromosomal defects, mainly 
trisomy 18, is about 20%.

Pleural Effusions
Fetal pleural effusions (Figure 2-28) are found in 
about 1 per 10,000 pregnancies. They are found in 
association with a wide variety of fetal and maternal 
disorders, including haematological, chromosomal, 
cardiovascular, renal, pulmonary, gastrointestinal, 
hepatic and metabolic abnormalities, congenital infec-
tion, neoplasms and malformations of the placenta or 
umbilical cord. Aneuploidies, mainly trisomy 21 and 
Turner syndrome are found in about 10% of cases.

FIGURE 2-27 Transverse view of the thorax of a 22 weeks fetus with 
diaphragmatic hernia and the associated mediastinal shift (arrow). 

FIGURE 2-28 Transverse views of the thorax demonstrating 
(A) moderate and (B) severe pleural effusions. 

A

B



532 Fetal Aneuploidies

in more than 80% of fetuses with trisomy 18 or 13 
and 40% of those with trisomy 21 and Turner syn-
drome, and deletions or partial trisomies involving a 
variety of chromosomes.

Prenatal studies of ultrasonographically detectable 
fetal cardiac abnormalities, have reported aneuploi-
dies in about 25% of cases and the commonest 
are trisomies 21, 18, 13 and Turner syndrome. In 
trisomy 21 the most common cardiac abnormality 
is atrioventricular septal defect (Figure 2-29) which 
is observed in about 25% of trisomic fetuses. 
DiGeorge syndrome, which is due to a microdele-
tion in the q11.2 region of the long arm of chro-
mosome 22, is associated with conotruncal cardiac 
defects.

Aberrant Right Subclavian Artery (ARSA)
The normal aortic arch branches into three, the 
brachiocephalic trunk, the left common carotid artery 
and the left subclavian artery. After a short superior 
course, the brachiocephalic artery then divides into 
the right subclavian and right common carotid arter-
ies. A developmental abnormality in the branching 
pattern of the aortic arch results in the presence 
of four branches: a right common carotid artery, a 
left common carotid artery, a left subclavian artery 
and a right subclavian artery, which arises anoma-
lously from the descending aorta at its junction 
with the arterial duct. This origin of the right sub-
clavian artery is to the left of the midline and in 
order to reach the right arm the artery passes behind 
both the trachea and the oesophagus. This is termed 
an aberrant right subclavian artery (ARSA). In general 
ARSA is an asymptomatic benign finding, but in 
some cases it can cause dysphagia because of oesopha-
geal compression.35

Prenatal ultrasound studies have reported that the 
incidence of ARSA (Figure 2-30) in the second trimes-
ter is about 1.5% in euploid fetuses, 30% in fetuses 
with trisomy 21 and 18% in fetuses with trisomy 18. 
Consequently, the finding of ARSA is associated with 
a 20-fold increase in risk for trisomy 21 and 12-fold 
increase in risk for trisomy 18. However, the majority 
of aneuploid fetuses have additional sonographic 
markers and therefore the likelihood ratio for isolated 
ARSA is likely to be much lower.35

A

FIGURE 2-29 Four-chamber views of the fetal heart demonstrating 
atrioventricular septal defects at (A) 12 weeks and (B) 22 weeks. 

B
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Intracardiac Echogenic Foci
Single or multiple intracardiac echogenic foci (Figure 
2-31) are found in the four-chamber view of the heart. 
In about 90% of cases they are in the left ventricle, in 
5% in the right and in 5% they are biventricular. In 
about 90% of cases they resolve by the third trimester 
of pregnancy. Histological studies have shown these 

FIGURE 2-30 Transverse views of the thorax demonstrating (A) the 
normal course of the right subclavian artery in front of the trachea  
and (B) aberrant right subclavian artery behind the trachea. 

Spine

Right
subclavian
artery

Trachea

A

B

Trachea

ARSA

Spine

FIGURE 2-31 Four-chamber views of the fetal heart at 22 weeks dem-
onstrating (A) single and (B) multiple intracardiac echogenic foci. 

A

B

foci to be due to mineralization within a papillary 
muscle. Ventricular function is normal and the atrio-
ventricular valves are competent. However, they are 
sometimes associated with cardiac defects and chro-
mosomal abnormalities. An intracardiac echogenic 
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focus is found in about 24% of trisomy 21 fetuses and 
in 4% of euploid fetuses. In cases of isolated echogenic 
foci the likelihood ratio for trisomy 21 is 0.95.35

Exomphalos
The birth incidence of exomphalos is about 1 per 
3000. The condition is usually sporadic but in some 
cases there may be an associated genetic syndrome. 
Prenatal diagnosis is based on the demonstration of 
the midline anterior abdominal wall defect, the herni-
ated sac with its visceral contents and the umbilical 
cord insertion at the apex of the sac. Chromosomal 
defects, mainly trisomies 18 and 13, are found in 
about 60% of cases at 12 weeks, 35% of cases at mid-
gestation and in 15% of neonates.

The incidence of chromosomal abnormalities is 
four times higher when the omphalocoele sac contains 
only bowel than in cases where the liver is included.

Gastroschisis
The birth incidence of gastroschisis is about 1 per 
5000. It is a sporadic abnormality. Associated chromo-
somal defects are rare, and although other abnormali-
ties are found in 10-30% of the cases, these are mainly 
gut atresias, probably due to gut strangulation and 
infarction in utero. Prenatal diagnosis is based on the 
demonstration of the normally situated umbilicus and 
the herniated loops of intestine, which are free-floating 
(Figure 2-32).

Oesophageal Atresia
The birth incidence of oesophageal atresia is about 1 
in 3000. In 90% of cases there is an associated 
tracheo-oesophageal fistula. The condition is sporadic. 
Prenatally the diagnosis of oesophageal atresia is sus-
pected when, in the presence of polyhydramnios, 
repeated ultrasonographic examinations fail to dem-
onstrate the fetal stomach or the stomach looks col-
lapsed; other possible diagnoses include lack of fetal 
swallowing, due to musculoskeletal abnormalities, 
and intrathoracic compression, by conditions such as 
cystic adenomatoid malformation. In the presence of 
a tracheo-oesophageal fistula the stomach bubble may 

FIGURE 2-32 Ultrasound pictures demonstrating gastroschisis. 
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FIGURE 2-33 Transverse view of the abdomen at 25 weeks demon-
strating the double-bubble appearance of the dilated stomach and 
proximal duodenum in a case of duodenal atresia. 

obstructions are imaged as multiple, fluid-filled loops 
of bowel in the abdomen. Large bowel obstruction can 
be diagnosed by the presence of fluid-filled loops of 
bowel in the lower abdomen without polyhydram-
nios. Anal atresia may not present any antenatally 
detectable sonographic features.

Echogenic Bowel
Hyperechogenic bowel, comparable to that of the skel-
eton (Figure 2-34), is found in about 1 in 200 mid-
trimester fetuses. This feature may be the consequence 
of intra-amniotic haemorrhage, severe uteroplacental 
insufficiency, meconium peritonitis, cystic fibrosis and 
chromosomal defects, including trisomies 21, 18 and 
13 and triploidy. Echogenic bowel is found in 16.7% 
of trisomy 21 fetuses and in 1.1% of euploid fetuses, 
resulting in a positive likelihood ratio of 11.4.35

Urinary Tract Abnormalities
Prenatal studies have established that urinary tract 
defects are commonly found in many chromosomal 
defects. The risk for chromosomal defects is similar 
for fetuses with unilateral or bilateral involvement, 
different types of renal abnormalities, urethral or ure-
teric obstruction, and oligohydramnios or normal/
reduced amniotic fluid volume.27 However, the inci-
dence of chromosomal defects in females is double 
that in males. The pattern of chromosomal defects, 
and consequently that of associated malformations, is 
related to the different types of renal abnormalities. 
Thus, in mild hydronephrosis (Figure 2-35), the com-
monest chromosomal defect is trisomy 21, whereas in 
moderate/severe hydronephrosis, multicystic kidneys, 
or renal agenesis the commonest defects are trisomies 
18 and 13. Pyelectasia is found in 13.7% of trisomy 
21 fetuses and in 1.4% of euploid fetuses, resulting in 
a positive likelihood ratio of 7.8.

Skeletal Abnormalities
There is a wide range of rare skeletal dyplasias,  
each with a specific recurrence risk, morphology and 
implication for neonatal survival and long-term prog-
nosis. When an abnormality in the limbs and extremi-
ties is detected during a routine ultrasound examination 
a systematic search is made for the detection of other 
defects that may lead to the diagnosis of a specific 
genetic syndrome. Similarly, chromosomal defects 

be normal. Aneuploidies are found in about 10% of 
cases, mainly trisomy 18 and trisomy 21.

Duodenal Atresia
The birth incidence of duodenal atresia or stenosis is 
about 1 in 5000. In most cases the condition is spo-
radic, although in some cases there is an autosomal 
recessive pattern of inheritance. The condition can 
readily be diagnosed sonographically by the character-
istic ‘double-bubble’ appearance of the dilated stomach 
and proximal duodenum and the commonly associ-
ated polyhydramnios (Figure 2-33). However obstruc-
tion due to a central web may result in only a ‘single 
bubble’ representing the fluid-filled stomach. The 
ultrasonographic features of duodenal atresia usually 
develop after 25 weeks. Trisomy 21 is found in about 
40% of cases.

Intestinal Obstruction
The birth incidence of intestinal obstruction is about 
1 in 2000. In about half of cases there is small bowel 
obstruction and in the other half anorectal atresia. The 
condition is usually sporadic and associated chromo-
somal defects are rare. Prenatally, jejunal and ileal 
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Short femur is observed in 27.7% of trisomy 21 
fetuses, and in 6.4% of euploid fetuses giving a likeli-
hood ratio of 3.72. The respective values for short 
humerus are 30.3%, 4.6% and 4.81.35

Fetal Growth Restriction
Low birthweight is a common feature of many chro-
mosomal defects, but the incidence of chromosomal 
defects in small for gestational age neonates is only 
about 1%. However, data derived from postnatal 
studies underestimate the association between chro-
mosomal defects and growth restriction, since many 
pregnancies with chromosomally abnormal fetuses 
result in spontaneous abortion or intrauterine death. 
The commonest chromosomal defects asso ciated with 
growth restriction are triploidy and trisomy 18.

The highest incidence of chromosomal defects 
is found in those cases where in addition to the 
growth restriction there are fetal structural abnor-
malities, the amniotic fluid volume is normal or 
increased and in the group with normal waveforms 
from both uterine and umbilical arteries. Therefore, 
growth restriction due to chromosomal defects 
presents differently from growth restriction due to 
placental insufficiency, which is characterized by 
increased impedance to flow in the uterine and/or 
umbilical arteries, redistribution in the fetal circula-
tion, impaired renal perfusion, and reduced urine 
production and amniotic fluid volume.

may be suspected from the presence of associated 
abnormalities. Characteristic abnormalities in the 
extremities are commonly found in a wide range of 
chromosomal defects. Syndactyly is associated with 
triploidy, clinodactyly and sandal gap with trisomy 21, 
polydactyly with trisomy 13, and overlapping fingers, 
rocker bottom feet and talipes with trisomy 18 (Figure 
2-36). Talipes is observed in about 0.12% of euploid 
fetuses and in 0.9% of trisomy 21 fetuses giving a 
likelihood ratio of 7.5.

Short Femur and Humerus
Trisomies 21, 18, triploidy and Turner syndrome are 
associated with relative shortening of the long bones. 

FIGURE 2-34 Ultrasound pictures of the fetal abdomen demonstrating hyperechogenic bowel (arrows). 

BA

FIGURE 2-35 Transverse view of the abdomen at 22 weeks demon-
strating mild (right) and moderate (left) hydronephrosis. 
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Conclusion
Effective screening for all major aneuploidies can be 
achieved in the first trimester of pregnancy by a com-
bination of maternal age, serum biochemistry and fetal 
NT and other ultrasound markers, with a detection 
rate of about 95% and a false-positive rate of less than 
3%. Karyotyping should also be carried out if ultra-
sound examination in the second trimester demon-
strates major defects. In the case of minor defects or 
markers the ones with the highest likelihood ratio 
with a major influence on the a priori risk for trisomy 
21 are nasal hypoplasia, PFSR and ARSA.

REFERENCES
1. Langdon Down J. Observations on an ethnic classification of 

idiots. Clin Lect Rep, Lond Hosp 1866;3:259–62.
2. Snijders RJM, Holzgreve W, Cuckle H, Nicolaides KH. Maternal 

age-specific risks for trisomies at 9-14 weeks gestation. Prenat 
Diagn 1994;14:543–52.

3. Snijders RJM, Sundberg K, Holzgreve W, et al. Maternal age and 
gestation-specific risk for trisomy 21. Ultrasound Obstet 
Gynecol 1999;13:167–70.

FIGURE 2-36 Ultrasound pictures demonstrating talipes. 

A

B

C

4. Nicolaides KH. Turning the pyramid of prenatal care. Fetal 
Diagn Ther 2011;29:183–96.

5. Nicolaides KH. Screening for fetal aneuploidies at 11 to 13 
weeks. Prenat Diagn 2011;31:7–15.

6. Wald NJ, Watt HC, Hackshaw AK. Integrated screening for 
Down’s syndrome on the basis of tests performed during the 
first and second trimesters. N Engl J Med 1999;341:461–7.

7. Wald NJ, Rodeck C, Hackshaw AK, et al; SURUSS Research 
Group. First and second trimester antenatal screening for 
Down’s syndrome: the results of the Serum, Urine and Ultra-
sound Screening Study (SURUSS). Health Technol Assess 
2003;7:1–88.

8. Cuckle H, Benn P, Wright D. Down syndrome screening in the 
first and/or second trimester: model predicted performance 
using meta-analysis parameters. Semin Perinatol 2005;29: 
252–7.

9. Wright D, Kagan KO, Molina FS, et al. A mixture model of 
nuchal translucency thickness in screening for chromosomal 
defects. Ultrasound Obstet Gynecol 2008;31:376–83.

10. Kagan KO, Wright D, Valencia C, et al. Screening for trisomies 
21, 18 and 13 by maternal age, fetal nuchal translucency, fetal 
heart rate, free β-hCG and pregnancy-associated plasma 
protein-A. Hum Reprod 2008;23:1968–75.

11. Spencer K, Souter V, Tul N, et al. A screening program for 
trisomy 21 at 10–14 weeks using fetal nuchal translucency, 
maternal serum free ß-human chorionic gonadotropin and 
pregnancy-associated plasma protein-A. Ultrasound Obstet 
Gynecol 1999;13:231–7.



592 Fetal Aneuploidies

12. Pandya P, Wright D, Syngelaki A, et al. Maternal serum placen-
tal growth factor in prospective screening for aneuploidies at 
8–13 weeks’ gestation. Fetal Diagn Ther 2012;31:87–93.

13. Snijders RJ, Noble P, Sebire N, et al. Fetal Medicine Foundation 
First Trimester Screening Group. UK multicentre project on 
assessment of risk of trisomy 21 by maternal age and fetal 
nuchal-translucency thickness at 10–14 weeks of gestation. 
Lancet 1998;352:343–6.

14. Nicolaides KH, Azar G, Byrne D, et al. Fetal nuchal translu-
cency: ultrasound screening for chromosomal defects in first 
trimester of pregnancy. Br Med J 1992;304:867–89.

15. Souka AP, Von Kaisenberg CS, Hyett JA, et al. Increased nuchal 
translucency with normal karyotype. Am J Obstet Gynecol 
2005;192:1005–21.

16. Nicolaides KH, Snijders RJM, Gosden RJM, et al. Ultrasono-
graphically detectable markers of fetal chromosomal abnor-
malities. Lancet 1992;340:704–7.

17. Malone FD, Canick JA, Ball RH, et al. First- and Second-
Trimester Evaluation of Risk (FASTER) Research Consortium. 
First-trimester or second-trimester screening, or both, for 
Down’s syndrome. N Engl J Med 2005;353:2001–11.

18. Kagan KO, Valencia C, Livanos P, et al. Tricuspid regurgitation 
in screening for trisomies 21, 18 and 13 and Turner syndrome 
at 11 + 0 to 13 + 6 weeks of gestation. Ultrasound Obstet 
Gynecol 2009;33:18–22.

19. Brizot ML, Snijders RJ, Bersinger NA, et al. Maternal serum 
pregnancy-associated plasma protein A and fetal nuchal trans-
lucency thickness for the prediction of fetal trisomies in early 
pregnancy. Obstet Gynecol 1994;84:918–22.

20. Sebire NJ, Snijders RJM, Hughes K, et al. Screening for trisomy 
21 in twin pregnancies by maternal age and fetal nuchal trans-
lucency thickness at 10–14 weeks of gestation. BJOG 1996; 
103:999–1003.

21. Vandecruys H, Faiola S, Auer M, et al. Screening for trisomy 
21 in monochorionic twins by measurement of fetal nuchal  
translucency thickness. Ultrasound Obstet Gynecol 2005;25: 
551–3.

22. Cicero S, Curcio P, Papageorghiou A, et al. Absence of nasal 
bone in fetuses with trisomy 21 at 11–14 weeks of gestation: 
an observational study. Lancet 2001;358:1665–7.

23. Kagan KO, Cicero S, Staboulidou I, et al. Fetal nasal bone in 
screening for trisomies 21, 18 and 13 and Turner syndrome at 
11–13 weeks of gestation. Ultrasound Obstet Gynecol 2009; 
33:259–64.

24. Persico N, Molina F, Azumendi G, et al. Nasal bone assessment 
in fetuses with trisomy 21 at 16-24 weeks of gestation by three-
dimensional ultrasound. Prenat Diagn 2012;32:240–4.

25. Maiz N, Wright D, Ferreira AF, et al. A mixture model of ductus 
venosus pulsatility index in screening for aneuploidies at 11–13 
weeks’ gestation. Fetal Diagn Ther 2012;31:221–9.

26. Zvanca M, Gielchinsky Y, Abdeljawad F, et al. Hepatic artery 
Doppler in trisomy 21 and euploid fetuses at 11-13 weeks. 
Prenat Diagn 2011;31:22–7.

27. Nicolaides KH, editor. Ultrasound Markers for Fetal Chromo-
somal Defects. Carnforth, UK: Parthenon Publishing; 1996.

28. Van den Hof MC, Wilson RD. Fetal Soft Markers in Obstetric 
Ultrasound. J Obstet Gynaecol Can 2005;27:592–612.

29. Vintzileos AM, Egan JF. Adjusting the risk for trisomy 21 on 
the basis of second-trimester ultrasonography. Am J Obstet 
Gynecol 1995;172:837–44.

30. Smith-Bindman R, Hosmer W, Feldstein V, et al. Second-
trimester ultrasound to detect fetuses with Down syndrome a 
meta-analysis. JAMA 2001;285:1044–55.

31. Benacerraf BR, Neuberg D, Bromley B, Frigoletto FD Jr. Sono-
graphic scoring index for prenatal detection of chromosomal 
abnormalities. J Ultrasound Med 1992;11:449–58.

32. Bromley B, Lieberman E, Shipp TD, Benacerraf BR. The genetic 
sonogram. A method of risk assessment for Down syndrome in 
the second trimester. J Ultrasound Med 2002;21:1087–96.

33. Nyberg DA, Souter VL, El-Bastawissi A, et al. Isolated sono-
graphic markers for detection of fetal Down syndrome in the 
second trimester of pregnancy. J Ultrasound Med 2001;20: 
1053–63.

34. Torfs CP, Christianson RE. Anomalies in Down syndrome indi-
viduals in a large population-based registry. Am J Med Genet 
1998;77:431–8.

35. Agathokleous M, Chaveeva P, Poon LCY, et al. Meta-analysis of 
second-trimester markers for trisomy 21. Ultrasound Obstet 
Gynecol 2013;41:247–61.

36. Molina F, Persico N, Borenstein M, et al. Frontomaxillary facial 
angle in trisomy 21 fetuses at 16-24 weeks of gestation. Ultra-
sound Obstet Gynecol 2008;31:384–7.

37. Sonek J, Molina F, Hiett AK, et al. Prefrontal Space Ratio: com-
parison between trisomy 21 and euploid fetuses in the second 
trimester. Ultrasound Obstet Gynecol 2012;40:293–6.



3 Routine Fetal Anomaly Scan

60

Chapter Outline

Introduction
What is the Purpose of the Second-Trimester 
Anomaly Scan?

Women’s Views
When is the Optimal Time for the Second-
Trimester Anomaly Scan?
What is the Detection Rate for Specific Major 
Structural Malformations from Routine Second-
Trimester Screening?

Sensitivity and Specificity
Topographic Detection of Fetal Anomalies

Which Structures Should be Examined and What 
are the Minimum Standard Views During a Routine 
Second-Trimester Screening Examination?

Fetal Biometry
Examination of the Fetus

Skull, Brain and Spine
Face
Thorax
Heart
Abdomen
Urinary Tract
Limbs
Genitalia
Fetal Movements
Amniotic Fluid Volume
Placenta
Uterus, Cervix, Adnexae

Soft Markers/Normal Variants
Audit
References

Chapter 3 

Introduction
Since the introduction of ultrasound scanning into 
obstetric practice in UK in the 1980s, there has been 
a considerable change to the role of this test in ante-
natal care, which has been driven largely by develop-
ments in technology. In most units, it is now part of 
routine screening in pregnancy and its main purpose 
is considered to be the detection of fetal structural 
anomalies. However, until recently, there was little 
uniformity in how and when the scan should be 
carried out, which structures should be examined and 
which abnormalities might be identified.

This chapter aims to address the questions of why, 
when and how the anomaly scan should be conducted 
and to review its effectiveness in the detection of fetal 
anomalies. We will discuss the following questions:

• What is the purpose of the second-trimester 
scan?

• When is the optimal time for the second-
trimester anomaly scanning?

• What is the detection rate for specific major 
structural malformations from routine second-
trimester screening?

• Which structures should be examined and 
what are the minimum standard views during a 
routine second-trimester screening 
examination?

• What is the role of audit?

What is the Purpose of the Second-
Trimester Anomaly Scan?
The role of the second-trimester scan has evolved, 
especially in countries where a universal 11–13 weeks 
scan has been introduced. The National Institute for 
Health and Care Excellence (NICE) UK recommends 
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Meekai To and Susana Pereira



613 Routine Fetal Anomaly Scan

In the 2010 NICE publication on Antenatal Care,1 
the purpose of the routine second-trimester scan was 
defined as being the identification of fetal anomalies 
to allow:

• Reproductive choice.
• Parents to prepare for any treatment/disability/

palliative care or consider termination of 
pregnancy.

• Management of the pregnancy/delivery in a 
specialist centre.

• Intrauterine therapy.
Therefore, screening should target conditions that 

are either incompatible with life or associated with 
severe morbidity, those that may benefit from ante-
natal intervention or that require early intervention 
following delivery. The National Screening Commit-
tee Fetal Anomaly Screening Programme (FASP) UK 
have developed recommendations for which key fetal 
structures should be examined leading to the iden-
tification of any one of 11 specific conditions. These 
conditions have been chosen either because they 
are fatal or associated with important morbidity or 
require immediate postnatal support. Only condi-
tions with reported detection rates (DR) of at least 
50% from a commissioned review of the scientific 
literature8 were included (Table 3-1). They concluded 
that whilst other conditions may also be detected 
during screening, there was insufficient published 
data to guide the standards of DR to be set.3

that all pregnant women be offered two scans in preg-
nancy, the first at 11–13 weeks and a second one 
around 20 weeks.1 The objectives of the first scan are 
to establish gestational age, detect multiple pregnan-
cies with determination of chorionicity and to measure 
fetal nuchal translucency (NT) thickness as part of 
combined screening for trisomy 21. As such, the main 
focus of the second-trimester scan has become the 
identification of fetal anomalies, although it still plays 
a more general role in the assessment of fetal biometry, 
placental site and amniotic fluid volume.2,3

It should be emphasized that the routine second-
trimester scan is a screening test. Screening pro-
grammes are intended to be applied to the general 
population, or a selected subgroup. The aim of a 
screening programme is early identification of a 
preventable or treatable condition where there is 
a useful intervention which should result in a 
reduction in mortality and/or morbidity. Perinatal 
mortality has fallen in developed countries since 
1950, with the relative contribution of congenital 
malformations increasing substantially. The preva-
lence of fetal defects is around 2% with congenital 
malformations accounting for 20–30% of neonatal 
deaths.4,5 Whilst the introduction of routine second-
trimester scanning might be expected to improve 
the detection of fetal anomalies, translation of this 
into measurable reduction in perinatal mortality or 
morbidity is more complex.

The RADIUS study (Routine Antenatal Diagnostic 
Imaging with Ultrasound) published in 1993 in the 
USA concluded that routine ultrasound, compared 
with selective use of sonography, did not improve 
perinatal outcome.6 This was a highly controversial 
study with a poor sensitivity in detection of fetal 
anomalies (16.6% before 24 weeks’ gestation). The 
Helsinki Ultrasound trial was the first to report a 
clear reduction in perinatal mortality by 47% in 
singleton and 58% in twin pregnancies.7 Bricker 
et al., in a systematic review of routine second-
trimester ultrasound, concluded that the routine 
anomaly scan can reduce the perinatal mortality if 
firstly, the detection of fetal malformations is an 
important objective, secondly, if this is matched with 
a high level of diagnostic expertise and finally, if 
termination of pregnancy for fetal abnormality is 
widely accepted in the population screened.4

TABLE 3-1 The Conditions that Should Be 
Screened for as a Minimum and 
Respective Detection Rate (NHS FASP)

Conditions Detection Rate (%)

Anencephaly 98
Open spina bifida 90
Cleft lip 75
Diaphragmatic hernia 60
Gastroschisis 98
Exomphalos 80
Serious cardiac abnormalities 50
Bilateral renal agenesis 84
Lethal skeletal dysplasia 60
Edwards syndrome (trisomy 18) 95
Patau syndrome (trisomy 13) 95
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it is carried out between 18 weeks 0 days and 20 
weeks 6 days, with a single further scan at 23 
weeks to complete the screening examination if the 
image quality of the first examination is compro-
mised by increased body mass index, uterine fibroids, 
abdominal scarring and/or sub-optimal fetal posi-
tion.1,3 The Fetal Medicine Foundation suggests that 
in settings where first trimester screening is imple-
mented at 11–13 weeks, and dating, chorionicity 
and major malformations have already been 
addressed, the 20–22 weeks interval performs better 
for anomaly screening.

It has been shown that in an unselected pregnant 
population, second-trimester ultrasound screening is 
easier to perform and less likely to require additional 
scan at 20–22 weeks than at 18 weeks.10 The inci-
dence of low-lying placenta was also higher at 18 
weeks than at 20 and 22 weeks in this study (Table 
3-2). As such, it is likely that units performing the 
anomaly scan at 18–20 weeks rather than at 20–22 
increase their workload due to inability to complete 
the anomaly screening in one visit and follow-ups for 
low lying placenta.

Individual units should decide the optimal time for 
their scan, taking into account the main purpose of 
the scan and their local facilities. If the anomaly scan 
is the first scan in the pregnancy, 18–20 weeks may 
have advantages in dating and identifying chorionicity 
in multiple pregnancies, whereas in centres where 
first-trimester screening is implemented, the 20–22 
weeks interval may be preferable. Centres need to 
balance the time needed for counselling and further 
investigations with the ethical and legal restrictions in 
case a malformation is identified and termination of 
the pregnancy is considered.2

WOMEN’S VIEWS
Women’s understanding of the purpose of the scan is 
variable – in the authors’ experience, it is very often 
considered a chance to see the baby and confirm nor-
mality rather than a screening test to look for abnor-
malities. A review of women’s views on pregnancy 
ultrasound9 included studies from 18 countries and 
concluded that ultrasound is very attractive to women 
and families, but women often lack information about 
the purposes for which an ultrasound scan is being 
done as well as the technical limitations of the proce-
dure. NICE1 recommends that women should be 
‘informed of the limitations of routine ultrasound 
screening and that detection rates vary by the type of 
fetal anomaly, the woman’s body mass index and the 
position of the unborn baby at the time of the scan’. 
Women should receive comprehensible information 
before the scan that will allow them to make an 
informed decision whether to have the test and if a 
woman chooses to decline, her choice should be 
respected.1,3

When is the Optimal Time for the Second-
Trimester Anomaly Scan?
The optimal timing of the routine second-trimester 
anomaly scan must be a balance between the earli-
est gestation at which the maximum number of 
main fetal structures can be adequately assessed, 
and the latest gestation at which an acceptable range 
of options can be offered to parents, if an anomaly 
is detected. There is no international consensus 
regarding the specific time for the routine second-
trimester anomaly scan, in the time interval between 
18 and 22 weeks. Both NICE and FASP recommend 

TABLE 3-2 Percentage of Low-Lying Placenta and Anomaly Scan 
Completed by Gestation10

Gestation 18–18+6 weeks 20–20+6 weeks 22–22+6 weeks

% (n) Anomaly 
scan completed

76.3% (306) 90% (371) 88.8% (393)

% (n) Low-lying 
placenta*

20.6% (83) 15.1% (62) 13% (52)

*Lower edge less than 10 mm from the internal os.
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What is the Detection Rate for Specific 
Major Structural Malformations from 
Routine Second-Trimester Screening?
SENSITIVITY AND SPECIFICITY
In a systematic review of studies in the 1990s on the 
clinical effectiveness of the routine second-trimester 
scan, Bricker et al. reported that the overall prevalence 
of fetal abnormalities was 2% and about 45% of these 
were detected by a routine scan, with a wide variation 
of 15–85.3%.4

There are many factors that may account for this 
wide variation in sensitivity, including inconsistency 
in screening protocols, gestation at examination, 
experience of the operator and sophistication of 
equipment. Also the postnatal ascertainment of abnor-
malities can have a major influence on the detection 
rate of routine screening, such that performance of 
ultrasound can be overestimated, where ascertain-
ment is poor, particularly in anomalies that are not 
externally visible, such as cardiac septal defects and 
renal abnormalities. For the assessment of fetal and 
neonatal deaths, postmortem examinations are the 
gold standard but these are not performed routinely 
everywhere.4,11 Finally the population sample may 
also result in dramatically different detection rates. 
Screening pregnant women at high risk is likely to 
be much more effective since the chance of finding 
an anomaly is higher, examiner concentration is 
better and operators are generally better trained.11 
Most birth defects occur, however, in an unpredict-
able way in couples with no particular risk and 
therefore the approach discussed here is to offer 
ultrasound to look for structural defects in all preg-
nant women.

For the purpose of this chapter we have confined 
our discussions on sensitivity and specificity to studies 
where large population samples were used, and spe-
cifically address detection rates for screening before 24 
weeks’ gestation when data are available (Table 3-3).

In the late 1990s there were two studies based 
on large population samples: the EUROFETUS12 and 
the EUROSCAN.13 Both were European studies with 
the aim of evaluating the prenatal detection rate of 
fetal anomalies by routine ultrasonographic examina-
tion in unselected populations. Both studies covered 
a 3-year period (1990–1993 for EUROFETUS and 

1996–1999 for EUROSCAN) with more than 100,000 
women screened. There are however some differences 
that are important to highlight14: EUROFETUS was 
a prospective study including 61 obstetric units in 
14 countries in Europe (institution-based) where 
there was at least one systematic examination of the 
fetus preferably between 18 and 22 weeks. In the 
EUROSCAN study the data were collected retrospec-
tively from 20 registries of congenital malformations 
from 12 European countries (geographical area-based) 
with different policies, from no routine fetal scanning 
(Netherlands and Denmark) to one (UK) or more 
than one routine fetal scans in pregnancy (France, 
Germany, Italy, Spain). Also the reported frequency 
of malformed fetuses in the EUROSCAN study is 
1.15%, significantly less than 2.2% in EUROFETUS. 
The EUROFETUS study reported an overall detection 
rate of malformed fetuses of 61.4% with 55% of 
the fetuses with major defects detected before 24 
weeks. The EUROSCAN detection rate was not given 
as a whole but only for specific classes of anomalies. 
The study reported wide variations in the detection 
rates between different registries and these were 
lower in countries with no routine ultrasound scan-
ning policy. However, there were no differences in 
detection between countries performing one scan in 
the second trimester and those scheduling two or 
more scans.

EUROCAT (European Concerted Action on Con-
genital Anomalies and Twins) is a European network 
of population-based registries for the epidemiologic 
surveillance of congenital anomalies. EUROCAT began 
in 1979 and the most recent data available spans the 
period 2006–2010. It now includes 43 registries in 23 
countries with more than 1.7 million births surveyed 
per year, representing 29% of the European birth 
population. EUROCAT has two main objectives: to 
provide essential epidemiologic information on con-
genital anomalies in Europe and to facilitate the early 
warning of new teratogenic exposures.15

In 2005, Garne et al.16 published the EUROCAT 
data from 1995 to 1999 focusing on 11 severe con-
genital malformations. The overall prenatal detection 
rate was 64% (range, 25–88% across regions) with 
68% of cases (range 36–88%) diagnosed before 24 
weeks (calculated detection rate of 43.5% from the 
data available). As with the previous two studies there 
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TABLE 3-3 Second-Trimester Studies Reporting the Detection of Fetal Anomalies Before 
24 Weeks’ Gestation Using Routine Ultrasound

Study Period
GA at 
Scanning

Number 
of 
Fetuses

Number 
of 
Abnormal 
Fetuses

Number 
Detected

Prevalence 
Abnormalities 
(%)

Sensitivity 
(%)

Specificity 
(%)

Rosendahl 
& 
Kivinen42

1980–1988 <24 9012 93 37 1.0 39.4 99.9

Chitty 
et al.43

1988–1989 18–20 8785 125 93 1.5 74.4 99.9

Levi et al.44 1984–1989 16–22 15654 381 154 2.4 40.4 100
Shirley 

et al.45
1989–1990 18–20 6412 84 51 1.4 60.7 99.9

Luck et al.46 1988–1991 18–20 8844 166 140 1.9 84.3 99.9
Roberts 

et al.47
1988–1989 <24 12909 192 85 1.7 44.3 ?

Crane 
et al.48

1987–1991 15–22 7685 187 31 2.5 16.6 ?

Levi et al.49 1990–1992 16–22 9392 235 120 2.5 40.5 99.9
Papp et al.50 1988–1990 18–20 51675 496 317 2.3 63.9 100.0
Anderson 

et al.51
1991–1993 16–20 7880 144 84 1.8 58.3 ?

Carrera 
et al.52

1970–1991 <22 33192 1006 598 3.0 59.4 ?

Geerts 
et al.53

1991–1992 18–24 457 10 5 2.8 50.0 ?

Boyd et al.41 1991–1996 <24 33376 725 328 2.2 45.2 99.5
Smith & 

Hau54
1989–1994 <24 246481 818 434 1.1 53.0 ?

Eurenius 
et al.55

1990–1992 15–22 8324 145 32 1.7 22.1 99.8

Grandjean 
et al.12

1990–1993 <24 170800 3685 1754 2.2 44.0 ?

Stefos 
et al.22

1990–1996 18–22 7236 162 130 2.2 80.3 99.9

Wong 
et al.56

1993–1998 16–24 12169 169 123 1.4 72.8 ?

Tabor 
et al.57

1997–1998 18–20 7963 100 66 1.3 64.1 ?

Garne 
et al.16

1995–1999 <24 1198519 4567 1900 0.4 43.5 ?

Nackling & 
Backe58

1989–1999 18 18181 267 103 1.5 38.6 99.9

Richmond 
& Atkins59

1985–2000 <24 573471 12648 6544 2.2 51.7 ?

Fadda 
et al.60

1981–2004 <24 42256 1050 578 2.5 55.1 99.88

GA, gestational age.
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bifida (including meningocoele or meningomyelo-
coele), and anencephaly, followed by encephalocoele, 
holoprosencephaly and Dandy–Walker malformation.

Ventriculomegaly occurs in 1% of pregnancies and 
refers to enlargement of the cerebral ventricles, whereas 
hydrocephalus is a pathological enlargement of the 
ventricles and occurs in only 1 in 2000 pregnancies. 
Hydrocephalus is often associated with other condi-
tions, namely spina bifida. In such cases the fetal head 
circumference is often normal before 24 weeks. The 
overall rates of detection of fetal hydrocephalus before 
24 weeks’ gestation using mid-trimester ultrasound 
examination are reported to vary from 33–100%. This 
reflects the diverse aetiology of the condition and the 
fact that the sonographic features may not be apparent 
until the late second or early third trimester.

Neural tube defects (NTD) occur in about 5 per 
1000 pregnancies and include anencephaly, encepha-
locoele and spina bifida. The vast majority of NTD are 
spina bifida and anencephaly with only 5% being 
encephalocoeles. Detection rates are generally high in 
this group of malformations. Anencephaly is reliably 
diagnosed in the second trimester as it has a classic 
‘frog eyes’ appearance. The fetal skull ends just above 
the orbits and this is coupled with secondary brain 
erosion. Although reported detection rates vary  
from 80–100%, the vast majority of centres have a  
rate approaching 100%. Encephalocoeles are cranial 
defects with herniated fluid-filled or brain-filled cysts, 
most commonly occurring in the occipital area. The 
detection rates for this condition are difficult to inter-
pret due to the low frequency of the defect, but are 
reported to be 60–100%, the lower figure probably 
being the most accurate estimate, as it comes from the 
larger studies. Open spina bifida is suspected when 
there is disruption of the normal skin covering the 
spine, splaying of the vertebrae in the coronal view, 
the presence of a myelocoele or myelomeningocoele, 
or associated cranial signs (‘lemon’ and ‘banana’ signs). 
Ventriculomegaly is also found in about 70% of cases 
of open spina bifida in the mid-trimester.18 The 
reported detection rates for open spina bifida before 
24 weeks vary from 66–93%.

Holoprosencephaly consists of a spectrum of disor-
ders that result from incomplete cleavage of the fore-
brain. It is a rare defect, occurring in about 1 in 10,000 
births. Reported detection rates therefore suffer from 

was significant variation between different countries 
and the probability of identifying a malformation 
increased with an increasing number of malforma-
tions. Moreover, there were also large differences in 
overall detection rates according to the type of anomaly 
(96% for anencephaly and 33% for transposition of 
the great vessels).12,13,16

Specificity of routine second-trimester screening is 
not reported in many of the published studies. Bricker 
et al., in their systematic review reported false-positive 
rates between 0% and 0.55%.4 The EUROFETUS 
study reported an overall false-positive rate of 9.9% 
and distinguishes these from false alarms when the 
diagnostic error was rectified on subsequent ultra-
sonographic examination at a later stage of the preg-
nancy. Some of the more common conditions that 
were associated with a false-positive diagnosis included 
microcephaly, anomalies of the aorta, hydronephrosis, 
oesophageal atresia and talipes.12

TOPOGRAPHIC DETECTION OF FETAL ANOMALIES
We have previously identified that comparisons  
of overall detection rates for screening by routine  
second-trimester scan are unhelpful as it is clear that 
detection rates vary significantly depending on the 
type of anomaly being screened for.12,13,16 Therefore, it 
makes more sense to compare published data for spe-
cific abnormalities, where available. In this section the 
detection of fetal abnormalities will be discussed in 
relation to the individual anatomical compartments.

It should be appreciated that the studies which 
inform this section were mostly carried out in the late 
1990s. Since this time, bodies such as RCOG,17 NHS 
FASP3 and more recently ISUOG2 have published 
guidelines on the minimum standards for the ultra-
sound examination of the fetus and there has been 
increasing focus on training and the development of 
increasingly sophisticated ultrasound technology. 
These factors, as well as the introduction of the routine 
first-trimester screening for chromosomal defects in 
many countries, should result in an overall improve-
ment in detection rates in current times, compared 
with previously published data.

Skull, Brain and Spine
The most frequently diagnosed abnormalities of the 
fetal central nervous system are hydrocephalus, spina 
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anopthalmia), micrognathia, frontal bossing and nasal 
bone hypoplasia, but there are no published studies 
of the detection rate at routine anomaly screening.

Thorax
The most common anomaly of the chest is congenital 
diaphragmatic hernia (CDH), which occurs in approx-
imately 1 in 4000 pregnancies. Left-sided lesions are 
more easily identified due to the contrast in echo-
genicity of the small bowel and the lung and/or by the 
presence of an echolucent stomach ‘bubble’ within the 
chest. In right-sided CDH, the liver can appear similar 
in echogenicity to the lung. Approximately half of all 
cases of CDH are isolated and these may be less fre-
quently detected than those associated with other 
anomalies or chromosomal defects. The reported 
overall detection rate for CDH at a mid-trimester scan 
(before 24 weeks) varies from 36–71%.8 Those studies 
with the lowest rates reported improving detection 
over time. The figures are also higher if later gesta-
tional ages are included. In the EUROFETUS study, 
there were 187 cases of CDH with a detection rate of 
59% (110 of 187) but only half of these were diag-
nosed before 24 weeks’ gestation. This study also 
reported a significant difference in detection rate 
between isolated cases (51%) and those with associ-
ated malformations (72%).23

Other defects which may be detectable include 
pleural effusions, cystic lesions of the lungs, the most 
common being congenital cystic adenomatoid malfor-
mation (CCAM) (1 in 4000), and less commonly, 
bronchogenic cysts, pulmonary sequestration and 
bronchial atresia. However, it has been observed that 
the ability to correctly diagnose cystic lesions of the 
lungs by prenatal ultrasound is limited and that  
the sonographic features may not be predictive of the 
postnatal histological classification into CCAM or 
sequestration.24 Furthermore, published studies are 
concerned with postnatal outcome and there is insuf-
ficient data to assess the detection rate of cystic anom-
alies at routine mid-trimester sonography.

Heart
Congenital heart defects occur in 5–10 per 1000 live 
births. The aim of routine screening should be to 
identify serious cardiac defects as evidence suggests 
that antenatal diagnosis of major congenital heart 

the same limitations as others with low frequencies 
but are reported as being 69–100%.

Dandy–Walker complex refers to a spectrum of 
defects of the cerebellar vermis, cystic dilatation of the 
fourth ventricle and enlargement of the cisterna 
magna. Dandy–Walker malformation is rare and 
occurs in about 1 in 30,000 livebirths. Reported 
detection rates are difficult to interpret due to study 
design and large variations in the reported frequency 
of the condition, but are reported to be 41–93%.

Face
Facial clefting occurs in about 1 in 700 births and is 
the most common facial defect detected at the routine 
mid-trimester fetal anomaly scan. Clefting may be uni-
lateral, bilateral or midline and can involve a wide 
spectrum of facial anatomy including the uvula, soft 
palate, hard palate, alveolar ridge and upper lip. In 
approximately half of all cases both the lip and palate 
(CLP) are involved, and in 25% of cases each, the 
defect is isolated to either the lip (CL) or the palate 
(CP). The condition is unilateral in the majority (75%) 
of cases and usually isolated (80%).18

The reported detection rate for isolated CL or CLP 
at a routine mid-trimester scan (between 18–24 
weeks) in an unselected population, varies widely 
from 18–88%.8 Studies reporting the highest detection 
rates19,20 suggest that this may be attributable to the 
routine inclusion of specific views (coronal view of the 
lips, transverse view of the alveolar ridge ± profile 
view). In the EUROSCAN study21 in which 709,027 
pregnancies were examined in 12 European countries 
between 1996–1998, the overall detection rate for CL/
CLP was 21% (161 of 751). However in cases of iso-
lated CL/CLP the detection rate dropped to 17% com-
pared with 44% for cases associated with chromosomal 
defects, multiple malformations or genetic syndromes. 
Variation in detection rate between individual centres 
was wide (0–75%) and may be explained by differ-
ences in operator expertise, local protocols, gestational 
age at assessment or the sophistication of ultrasound 
equipment. There were no reported cases of a false-
positive diagnosis in any of these studies other than 
that of Stefos et al.,22 in which there was a single case.

Additional facial anomalies that may be identified  
at the mid-trimester scan include orbital and oph-
thalmic defects (hypo/hypertelorism, micropthalmia/
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contents, which can include liver, bowel and spleen, 
covered by peritoneum, into the base of the umbilical 
cord. The reported detection rates before 24 weeks’ 
gestation for both are high, approaching 80–100% in 
most large series.8

Gastrointestinal obstruction (GIO) may result from 
atresia, stenosis, agenesis or fistula of any part of the 
intestine including oesophagus, duodenum, and small 
or large intestine. Collectively GIO occurs in about 1 
in 200 births, but is infrequently detected at the mid-
trimester scan, as many features do not manifest until 
the third trimester, and some are not diagnosable 
before birth. In the EUROSCAN study, the overall 
detection rate before 24 weeks was 14% (48 of 349) 
but this varied with the subtype of GIO. Detection 
rates before 24 weeks were 7% for oesophageal, 19% 
for duodenal and 12% and 20% for small and large 
bowel respectively. In all cases, detection rates were 
higher later in gestation. Oesophageal atresia may be 
suspected if there is inability to visualize the fetal 
stomach, however there is often an associated tracheo-
oesophageal fistula, which allows the stomach to fill 
via the trachea, making the diagnosis elusive. Polyhy-
dramnios, which develops well after the time of the 
routine scan, may be the only clue to the underlying 
pathology. Duodenal atresia may be suspected by the 
presence of a ‘double bubble’ representing a dilated 
duodenum and stomach but the associated polyhydra-
manios usually occurs after 26 weeks.

Urinary Tract
Urinary tract anomalies that may be detected on a 
routine mid-trimester scan include renal agenesis, 
cystic renal disease, obstructive uropathies and bladder 
exstrophy. Renal agenesis may be unilateral or bilateral 
and the reported detection rates of 50–100% do not 
distinguish between the two in most studies.8 Bilateral 
disease occurs in about 1 in 5000 births and unilateral 
in about 1 in 2000. In bilateral agenesis, at mid-
gestation there will be anhydramnios and an empty 
fetal bladder, whereas this is not a feature of unilateral 
disease, thereby making the diagnosis more difficult.

Cystic renal disease encompasses many conditions, 
the most common being multicystic dysplastic kidney 
(MCDK), which occurs in about 1 in 1000 births. A 
detection rate of 58% is reported in one study.28 The 
diagnosis of the inherited polycystic renal diseases is 

disease improves outcomes, particularly in relation to 
secondary cerebral injury. Prenatal diagnosis allows 
for appropriate and timely intervention in a hospital 
where specialist cardiothoracic surgery is available. 
Routine examination of the four-chamber view (see 
Figure 3-11) should exclude abnormalities that result 
in discrepancy in the size of the ventricles and/or 
impaired function of atrio-ventricular valves. Normal 
offsetting of the AV valves should exclude AVSD and 
an intact interventricular septum excludes a signifi-
cant VSD. Extending the examination to include the 
outflow tracts has been shown to improve detection 
of major cardiac defects.25 Conotruncal defects such 
as tetralogy of Fallot, transposition of the great arter-
ies, truncus arteriosus and double outlet right ventri-
cle are identified from these additional views.

In the UK, data from the National Institute for 
Cardiovascular Outcomes Research, reported a detec-
tion rate for serious cardiac defects (those requiring 
surgery or therapeutic catheterization in the first year 
of life), which has risen from 23% in 2004 to 35% in 
2011. There is a large variation in detection rates 
worldwide and data from the EUROSCAN group 
reported rates of 11–48%. Unsurprisingly, these vari-
ations seemed to be explained by differences in the 
availability of routine screening. In Western Europe, 
detection rates were highest in countries with three 
routine scans and lowest in those with none. Further-
more, detection was lower with isolated cardiac mal-
formations and higher in lesions specifically affecting 
the size of the ventricles. It has been long established 
that there is an association between increased nuchal 
translucency and cardiac defects.26 A recent meta-
analysis suggested that detection rates might be 
improved to 50% by using first-trimester nuchal trans-
lucency screening to identify a high-risk group.27 
However, current NICE guidelines do not recommend 
this policy.

Abdomen
The most commonly identified abdominal defects are 
gastroschisis and exomphalos, each occurring in 1 in 
4000 pregnancies. In gastroschisis, there is a small 
abdominal wall defect, lateral and usually to the right 
of an intact umbilical cord insertion, through which 
there is evisceration of the gut into the amniotic cavity. 
In exomphalos, there is herniation of the abdominal 
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shortening of the limbs with a characteristic ‘telephone 
receiver’ appearance to the femora and a narrow 
thorax. Other lethal conditions which should be iden-
tifiable from routine mid-trimester ultrasound include 
osteogenesis imperfecta type 2, achondrogenesis and 
hypophosphatasia which are characterized by a narrow 
thorax and some combination of severe shortening of 
the limbs, fractures or hypomineralization (see Chapter 
16, Skeletal Abnormalities). The existing studies per-
taining to the detection of skeletal dysplasias are het-
erogeneous in many aspects, making interpretation of 
detection rates from routine mid-trimester scans dif-
ficult. At best, these studies suggest prenatal detection 
for lethal dysplasia of up to 60%.

Limb reduction defects (LRD) occur in about 1 in 
20,000 births and in 50% are a simple transverse 
reduction defect of the upper limb. In the remaining 
50%, they are associated with multiple malformations, 
chromosomal defects or syndromes. EUROSCAN 
reported on the prenatal detection of limb reduction 
defects showing that 25% of isolated LRD were 
detected compared with 49% of associated LRD. This, 
like many other reported anomalies from this study, 
varied widely between centres, with the detection rate  
reaching 64% in centres with at least one routine 
anomaly scan.

Talipes equinovarus is a common anomaly occur-
ring in about 1 in 1000 pregnancies. Approximately 
half of all cases are isolated, the remainder associated 
with chromosomal defects, syndromes or neuromus-
cular disorders. In a recent study of prenatal ultra-
sound in a non-selected population of 49,314 deliveries 
in Norway, the prenatal detection rate at a routine 
mid-trimester scan was reported to have improved 
from 23% in 1987–1992 to 81% in 1999–2004.32

Which Structures Should be Examined and 
What are the Minimum Standard Views 
During a Routine Second-Trimester 
Screening Examination?
Until recently, no internationally agreed standardized 
formats for the fetal anomaly scan existed. The first to 
put forward a checklist for the detailed scan were 
Campbell and Chervenak in 1993, and this formed 
the basis for the anomaly scan carried out in many 

complex and there are no existing data for detection 
rates from routine screening.

Obstructive uropathies encompass conditions 
where obstruction is characterized by dilatation of part 
or the whole of the renal tract. Hydronephrosis refers 
to dilatation of the upper renal tract, which is identi-
fied during prenatal ultrasound in 2–5% of pregnan-
cies. In a significant number of cases diagnosed as 
‘mild or moderate hydronephrosis’ there appears to be 
antenatal resolution. This, in combination with the 
variation in cut-off used for anterior-posterior diam-
eter of the renal pelvis, makes the interpretation  
of reported detection rates and false-positive rates  
difficult. Bladder outflow obstruction occurs more  
commonly in boys and is usually secondary to poste-
rior urethral valves (PUV). Megacystis, megaureter, 
hydronephrosis and varying degrees of renal dysplasia 
in a male fetus would alert the sonographer to the 
possibility of PUV. Detection rates for this condition 
from a mid-trimester scan are reported in two studies 
as being 42%29 and 83%.30

Limbs and Skeleton
This group of disorders includes the skeletal dyspla-
sias, arthrogryposis syndromes, talipes and club-hand, 
limb reduction defects and digital abnormalities. 
Routine anomaly scanning includes assessment of all 
three compartments of each limb and the measure-
ment of femur length, giving potential for the diagno-
sis of many of these conditions.

Skeletal dysplasias occur in about 1 in 4000 preg-
nancies and up to 150 different entities have been 
described.31 As such, even when abnormalities of the 
skeleton are detected on scan, it does not always lead 
to a definitive prenatal diagnosis. Furthermore it 
should be recognized that in some conditions e.g. 
heterozygous achondroplasia, shortening of the limbs 
may be a late finding, and therefore not detected on 
routine mid-trimester scans. If, on examination of the 
long bones, a skeletal dysplasia is suspected, this 
should prompt close examination of all other long 
bones, the hands, feet, ribs, spine and skull. In the 
absence of being able to make an exact diagnosis, the 
aim is to distinguish between the dysplasias associated 
with lethality or severe morbidity, and those that are 
not. The most common lethal dysplasia is thanato-
phoric dysplasia (1 in 10,000) in which there is severe 



693 Routine Fetal Anomaly Scan

units throughout Europe and the USA.33 In 2000, the 
Royal College of Obstetricians and Gynaecologists 
working party on ultrasound for fetal anomalies pro-
posed a minimum standard for the 20-week anomaly 
scan,17 but it was widely acknowledged that this was 
based on limited scientific evidence. In 2007 the NHS 
Fetal Anomalies Screening Group commissioned a 
survey of the research literature related to routine 
second trimester ultrasound screening.8 Following 
this, the NHS published the 18+0–20+6 Weeks Fetal 
Anomaly Scan National Standards and Guidance for 
England, which included a ‘base menu’ defining the 
minimum standard views which should be assessed. 
A year later, the International Society of Ultrasound in 
Obstetrics and Gynecology (ISUOG) also presented 
practice guidelines for performance of the routine 
mid-trimester fetal ultrasound scan2 (Table 3-4).

The following recommendations for the perform-
ance of the routine second trimester scan are based on 
the aforementioned guidelines and the authors’ expe-
rience. A systematic approach to examination of the 
fetus is recommended to ensure the study is complete. 
Prior to examination of fetal biometry and anatomy, it 
is good practice to take an overview of the uterus and 
its contents, noting the position and orientation of the 
fetus within the uterine cavity. Once viability and the 
number of fetuses have been confirmed (and in mul-
tiple pregnancy chorionicity should be assessed if not 
previously documented), the sonographer should 
proceed with fetal biometry. Measurements should be 
standardized and follow strict quality criteria.34 Some 
fetal anatomy can also be assessed using the same 
planes.

FETAL BIOMETRY
Measurements of head circumference (HC), abdomi-
nal circumference (AC) and femur length (FL) should 
be taken to assess growth velocity in a pregnancy 
where the expected date of delivery (EDD) has been 
previously assigned by ultrasound. Where gestation 
has not been previously assigned, the pregnancy 
should be dated by HC or FL and the chosen reference 
standard indicated in the report.2,3 HC has been found 
to be the best predictor of gestational age between 14 
and 22 weeks with a random error of 3.77 days.35 
Although combining measurements significantly 
improves accuracy compared to the HC alone, this is 

of limited clinical significance as it represents less  
than 1-day difference.35,36 The transcerebellar diameter 
(TCD) increases by about one millimeter per week 
between 14 and 21 weeks’ gestation37 and this meas-
urement is also helpful to assess the gestational age, 
particularly when there is a discrepancy between the 
different measurements.

Biparietal Diameter (BPD)
The BPD is the maximum diameter of a transverse 
section of the fetal skull at the level of the parietal 
eminences. It can be measured in a thalamic plane 
(ISUOG) or in a transventricular plane (NHS FASP). 
The latter has the advantage that all three measure-
ments (BPD, HC and ventricular atrium (VA)) can be 
taken in the same section. The calipers should be 
placed at the widest part of the skull, perpendicular 
to the midline echo. More than one technique has 
been described – outer edge to outer edge or outer 
edge to inner edge – and the reference chart should 
be chosen according to the technique used.

Head Circumference (HC)
The head circumference is measured from the same 
view as the BPD. Depending on the ultrasound equip-
ment and the preference of the operator it can be 
measured either by placing an ellipse directly around 
the outside of the skull bone or by measuring the 
biparietal (BPD) and occipito-frontal (OFD) diameters 
by the outer to outer edge method and calculating the 
HC with the formula:

HC = 1.62 × (BPD + OFD).2

Ventricular Atrium (VA)
For the measurement of the atrium of the lateral ven-
tricles the calipers are positioned inside the echoes 
generated by the ventricular walls (inner edge to inner 
edge), at the level of the glomus of the choroid plexus. 
The measurement is stable in the second and early 
third trimesters and is considered normal when less 
than 10 mm.37

The landmarks of the transventricular plane can be 
seen in Figure 3-1.

• Cross section of the fetal head at the level of 
the ventricles.

• Ideal angle of insonation of 90° to the midline 
echoes.
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TABLE 3-4 Recommended Minimum Requirements for Mid-Trimester Fetal Anatomical 
Survey by FASP and ISUOG

Area Structure FASP ISUOG

Head and brain Skull + +
Midline falx – +
Cavum septum pellucidum + +
Thalami – +
Ventricular atrium + +
Cerebellum + +
Cisterna magna – +

Neck Skin fold + –
Absence of masses – +

Face Both orbits present – +
Median facial profile – +
Upper lip intact + +

Chest and heart Heart activity present + +
Four-chamber view + +
Aortic and pulmonary outflow tracts + +
Normal-appearing shape/size of chest – +
Lungs + +

Abdomen Stomach in normal position + +
Cord insertion site + +
Bowel not dilated + +
Both kidneys present + +
Bladder + +

Skeletal Vertebrae + +
Sagittal view of the spine – +
Transverse view of the spine + +
Arms and hands present, normal relationships + +
Legs and feet present, normal relationships + +

Cord Three-vessel cord – +
Uterine cavity Amniotic fluid – subjective volume + +

Placenta – position + +
Genitalia Male or female – +

• Symmetrical appearance of both hemispheres.
• The cavum septum pellucidum is seen one third 

of the distance from the synciput to the occiput.
• The choroid plexus fills the posterior horn.
In the standard transventricular plane the hemi-

sphere closest to the transducer is frequently obscured 
by artefact, however for basic examinations symmetry 
of the brain is assumed. Most severe cerebral lesions 
are either bilateral or associated with distortion of the 
midline echo.

Cerebellum (TCD), Cisterna Magna (CM) and Nuchal 
Fold (NF)
The cerebellum appears in the posterior aspect  
of the brain formed by the round cerebellar hemi-
spheres joined in the middle by the cerebellar vermis. 

FIGURE 3-1 Transventricular plane. CSP, cavum septum 
pellucidum. 

Skull
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be calculated with dedicated software or using the 
formula:2

AC R(APAD TAD)/ APAD TAD= + = +2 1 57. ( )

The landmarks for the abdominal circumference 
plane are:

• transverse section of the fetal abdomen;
• roughly circular in shape with one entire rib 

seen;
• stomach bubble visualized;
• umbilical vein at the level of the portal sinus.

Femur Length
The landmarks for the measurement of the femur can 
be seen in Figure 3-4. The longest axis of the ossified 

For the measurement of the transcerebellar diameter 
the calipers are positioned out to out. The cisterna 
magna is the fluid-filled space posterior to the cerebel-
lum which is usually crossed by thin septations. It 
normally measures 2–10 mm in the second half of the 
gestation.37 The NHS FASP guidelines recommend 
that the nuchal fold should be measured if subjectively 
increased. The calipers should be placed from the 
occipital bone to the outer surface of the skin and a 
measurement of 6 mm or less is considered normal.

The transcerebellar plane can be seen in Figure 3-2 
and includes the following structures:

• cavum septum pellucidum (CSP);
• cerebellum;
• cisterna magna;
• nuchal fold.

Abdominal Circumference (AC)
The landmarks for the abdominal circumference plane 
can be seen in Figure 3-3. The calipers should be 
placed at the outer surface of the skin, either directly 
with an ellipse or using a two-diameter method. The 
antero-posterior abdominal diameter (APAD) is meas-
ured from the skin covering the spine to the anterior 
abdominal wall and the transverse abdominal diame-
ter (TAD) is perpendicular to the first, at the widest 
part of the abdominal circumference. Both diameters 
use the outer to outer technique. The AC can than  

FIGURE 3-2 Transcerebellar plane. 
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FIGURE 3-3 Abdominal circumference plane. 
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FIGURE 3-4 Femur length. 
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either side of the midline. Under normal circum-
stances, they are separated by a slit-like third ventricle, 
which is only enlarged under pathological circum-
stances. The lateral borders of the thalami are sepa-
rated from the brighter echoes of the hippocampus by 
the basal cisterns.

The spine can be examined in three planes, sagit-
tal, coronal and transverse. A basic examination 
requires a sagittal and/or coronal view but the trans-
verse view of the neural arch may be informative in 
cases at high risk of a neural tube defect or if an 
abnormality is suspected. In the sagittal section 
(Figure 3-5), the normal spine appears as a ‘railtrack’ 
with intact skin above along its entire length. In the 
coronal view (Figure 3-6), the three vertebral ossifica-
tion centres form three straight lines, which come 
together to a point at the sacrum. In the transverse 
view, each neural arch is inspected from the cervical 
to the sacral vertebrae, the three ossification centres 
in each vertebra forming a complete triangle, with 
skin covering above.

FACE
The soft tissues of the fetal face are best seen in a 
coronal plane taken across the lips and nostrils (Figure 
3-7). A mid-sagittal plane will allow examination of 
the fetal profile (Figure 3-8) and sequential transverse 
views allow the sonographer to examine the orbits 
(Figure 3-9), maxilla and alveolar ridge (Figure 3-10).

The sonographic diagnosis of cleft lip (CL) relies 
on obtaining a coronal view of the fetal lips and nos-
trils with the demonstration of a hypo-echoic groove 
involving the lip and extending up towards the nostril. 
Involvement of the alveolar ridge can be seen in a 

diaphysis is measured. The distal femoral epiphysis 
and potential artefacts at the end of diaphysis should 
not be included.

Landmarks for the measurement of femur length 
(Figure 3-4).

• Angle of insonation of about 30°.
• Both ends of the ossified diaphysis clearly seen.
• Soft tissue is visible beyond both ends of 

the bone.

Examination of the Fetus
SKULL, BRAIN AND SPINE
The fetal skull and brain can be assessed in essentially 
two main transverse planes, the transventricular and 
transcerebellar views. In both planes, at mid-gestation, 
the fetal skull is ossified and appears as a continuous 
echogenic structure, interrupted only by narrow echo-
lucent cranial sutures. At mid-gestation it is shaped 
like a rugby ball. Although reverberation artifact from 
the skull may limit views of the proximal cerebral 
hemisphere, the brain should appear symmetrical on 
either side of the midline.

In the transventricular plane (Figure 3-1), the 
cavum septum pellucidum (CSP) is seen as a small 
box-like structure interrupting the midline echo, one-
third of the distance from the synciput to the occiput. 
Also in this view both the anterior and posterior 
horns of the lateral ventricles are seen symmetrically 
placed on either side of the midline. The choroid 
plexus fills the posterior horn and is homogenous 
in echogenicity.

The transcerebellar plane (Figure 3-2) allows exam-
ination of the mid-brain and posterior fossa. The CSP 
is seen as previously, but moving along the midline 
towards the occiput, the thalami, cerebral peduncles, 
the anterior part of the fourth ventricle, cerebellum 
and cisterna magna are seen. The cerebellum appears 
as a dumb-bell shaped structure consisting of two 
cerebellar hemispheres, separated by a more echo-
genic triangular-shaped vermis. The hypo-echoic 
space between the cerebellum and the inner border of 
the skull is the cisterna magna.

A third transverse view, the transthalamic plane, 
may be desirable to optimally assess the thalami and 
third ventricle. In this section, the thalami appear as 
two hypo-echoic areas, lying posterior to the CSP, on FIGURE 3-5 Spine, sagittal view. 
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four-chamber view of the heart. The ribs are easily 
identified by their echogenicity and abnormalities in 
the shape, size or degree of ossification of the ribs may 
suggest a skeletal dysplasia. The shape of the chest and 
ribs should appear regular. The lungs should be of 
uniform echogenicity, occupying two-thirds of the 
chest, with the heart in the centre. In a longitudinal 

FIGURE 3-6 Spine, coronal view. 

FIGURE 3-7 Lips and nostrils. 

Nose
Upper lip

Chin
FIGURE 3-8 Fetal profile. 

FIGURE 3-9 Orbits. 

Orbits

transverse view at the level of the upper lip and alveo-
lar ridge. In the profile view, a prominent pre-maxilla 
is frequently seen in association with bilateral CL. The 
secondary palate is difficult to visualize on routine 
views since it is usually obscured by acoustic shadows 
from the alveolar ridge and hence the diagnosis of 
isolated cleft palate is rarely made. The presence of 
additional anomalies is associated with a higher chance 
of detection of CL or CLP.

THORAX
Routine examination of the lungs is made in the same 
cross-section of the chest as that used to assess the 
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HEART
Routine examination of the fetal heart should involve 
three main views; the four-chamber view, the left 
outflow tract and the right outflow tract/three-vessel 
view. Although the use of colour-flow Doppler is not 
essential, it is encouraged as it frequently provides 
additional information, particularly if a defect is sus-
pected. Normal situs should first be established by 
checking the orientation of the fetus and confirming 
that the fetal stomach and heart are on the left side 
of the baby (Figure 3-11A). The four-chamber view 
is then obtained via a transverse section of the chest, 
with one complete rib visible (Figure 3-11B). In this 
plane, the fetal heart occupies one-third of the chest 
and is located mainly on the left side with the apex 
pointing at an angle of approximately 45 degrees to 
the antero-posterior axis of the fetus. The right ven-
tricle lies closest to the chest wall and can be identified 
by the presence of the moderator band. The two ven-
tricles and two atria are of equal size and the rate 
appears regular (110–150 bpm). The two atrio-
ventricular valves are seen moving freely, and at the 
crux, the tricuspid valve inserts into the interventricu-
lar septum more apically than the mitral valve (this is FIGURE 3-10 Alveolar ridge. 

Alveolar ridge

plane, the diaphragm can be identified as a thin echo-
lucent line separating the abdominal from the thoracic 
contents. Defects in the diaphragm are rarely identi-
fied in this view, but its integrity may be assumed by 
the correct relative positions of the lungs and heart in 
the thoracic cavity and the stomach, liver and bowel 
in the abdominal cavity.

Left

Stomach

IVC

Spine

Ao

LV

LA

RA

Spine

Moderator
band

A B

FIGURE 3-11 (A) Fetal abdomen; (B) four chambers of the heart. The short red line demonstrates the atrio ventricular septum and AV valve 
offset. Red line, off-setting of atrial-ventricular valves; yellow arrows, pulmonary veins. Ao, aorta; IVC, inferior vena cava; LA, left atrium;  LV, 
left ventricle; RA, right atrium. (Courtesy of Vita Zidere.)
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known as ‘offsetting’). The interventricular septum is 
intact and in the four-chamber view, this is best 
assessed with the septum perpendicular to the ultra-
sound beam. The foramen ovale can be seen moving 
in the left atrium and at least one of four pulmonary 
veins can be seen entering the left atrium. From the 
four-chamber view, the outflow tracts are visualized 
by only subtle movements of the transducer. In the 
left outflow tract view (Figure 3-12A), the aorta arises 
from the left ventricle and sweeps out towards the 
fetal right shoulder. The anterior wall of the aorta is 
continuous with the ventricular septum and the aortic 
valve moves freely. In the right outflow tract view 
(Figure 3-12B), the pulmonary artery can be seen 
arising from the right ventricle and is directed back 
towards the fetal spine, trifurcating into a large vessel, 
the ductus arteriosus and two smaller left and right 
pulmonary arteries. The pulmonary valve can be seen 
moving freely. When examining the outflow tracts it 
should be appreciated by moving from one to the 
other and back again, that there is crossover of the 
great vessels as they leave the heart. In the three-vessel 
view (Figure 3-13), from the fetal left to right, and in 
decreasing diameters, the main pulmonary artery, 
ascending aorta and superior vena cava are seen.

FIGURE 3-12 (A) Left outflow tract; (B) right outflow tract. Ao, aorta; LV, left ventricle; PA, pulmonary artery; RPA, right pulmonary artery; 
RV, right ventricle; SVC, superior vena cava. (Courtesy of Vita Zidere.)
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FIGURE 3-13 Three-vessel view. Ao, aorta;  PA, pulmonary artery; 
SVC, superior vena cava; T, trachea. (Courtesy of Vita Zidere.)
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fills and empties every 30–45 minutes. Under normal 
circumstances, the fetal ureters are not visible.

LIMBS
All four limbs should be assessed systematically to 
confirm the presence of all three segments of both 
upper and lower limbs (e.g. femur, tibia and fibula, 
and foot) (Figures 3-17 and 3-18). Only one femur 
need be measured, but the symmetry in length, shape 
and density of the bones on each side should be noted. 

ABDOMEN
Examination of the abdomen in the transverse section 
used to measure abdominal circumference (Figure 
3-3), confirms the presence of the echolucent fetal 
stomach ‘bubble’ in its correct position on the left side. 
Moving caudally, the gallbladder appears as an elon-
gated structure situated more anteriorly and to the 
right side of the abdomen. At these levels, the fetal 
liver fills the abdomen and is homogenous in echo-
genicity. The integrity of the anterior abdominal wall 
should be confirmed by the presence of a normal 
umbilical cord insertion (Figure 3-14). At this level, 
the bowel loops can be seen and should appear of 
uniform echogenicity.

URINARY TRACT
The fetal kidneys are easily visualized in the mid-
trimester and are best seen in a transverse view of the 
abdomen, caudal to the section used for the measure-
ment of abdominal circumference (Figure 3-15). They 
appear as round structures on either side of the spine 
and at mid-gestation have a hyperechoic capsule sur-
rounding the cortical tissue, and a hypo-echoic area 
centrally that represents the renal pelvis. The size of 
the renal pelvis is typically reported as the diameter 
in the antero-posterior view (AP) by placement of the 
calipers on the inner borders of the renal pelvices and 
7 mm or less is considered normal at mid-gestation. 
The fetal bladder is seen in a transverse section of the 
pelvis (Figure 3-16) or longitudinal section of the 
abdomen and appears as a sonolucent structure that 

FIGURE 3-14 Cord insertion. 
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FIGURE 3-15 Kidneys transverse view. 
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FIGURE 3-16 Bladder. 
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FETAL MOVEMENTS
Normal fetuses usually demonstrate some movements 
over the time period needed for a routine second-
trimester scan. Persistently absent fetal movements or 
awkward fetal positions should trigger further evalu-
ation and follow-up.

AMNIOTIC FLUID VOLUME
A subjective assessment of the amniotic fluid volume 
is adequate. Quantitative measurements of amniotic 
fluid volume such as deepest vertical pool (DVP) and 
amniotic fluid index (AFI) can be made if it appears 
subjectively reduced/increased, but both techniques 
suffer from significant intra-observer and inter-
observer variability.

FIGURE 3-17 Upper limb. 
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FIGURE 3-18 Lower limb. 
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FIGURE 3-19 (A) Female genitalia; (B) male genitalia. 
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Five metacarpals and five metatarsals should be con-
firmed on a coronal view of the hands (palm print) 
and feet (footprint) respectively. Counting fingers and 
toes is not considered part of the routine assessment. 
Obtaining a longitudinal view of the lower leg, with 
the foot in a sagittal section, should confirm a normal 
carrying angle and excludes talipes equinovarus 
(Figure 3-18).

GENITALIA
Examination of the external genitalia is not considered 
part of the routine fetal anomaly scan and reporting 
of fetal gender should take into account local policies. 
Normal views of male and female genitalia are shown 
in Figure 3-19.
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• Increased nuchal fold.
• Echogenic bowel.
• Pyelectasis.
• Short femur.
• Short humerus.
• Nasal bone hypoplasia.
• Aberrant right subclavian artery (ARSA).
Several studies have reported that fetuses with 

trisomy 21 have a higher incidence of these ‘markers’ 
at the second-trimester scan than euploid fetuses, and 
as such, the presence of one or more markers can be 
used to recalculate the risk of Down syndrome in the 
second trimester. A recent meta-analysis of studies 
published since 1995, examined the screening per-
formance of second-trimester sonographic markers for 
the detection of trisomy 21 and calculated pooled 
estimates for likelihood ratios for trisomy 21 for  
individual markers. The authors concluded that the 
markers with a greatest effect on the risk of trisomy 
21 were ventriculomegaly, nuchal fold thickness and 
an aberrant right subclavian artery (ARSA), which 
each increase the pre-test risk 3 to 4-fold, if isolated, 
and absent or hypoplastic nasal bone which increases 
the risk 6.6-fold.40 The authors suggest that the detec-
tion of any one of the markers during the routine scan 
should stimulate the sonographer to look for other 
markers or defects but also, that in the absence of all 
major defects and markers there is a 7.7-fold reduc-
tion in risk of trisomy 21.

However, the interpretation of this meta-analysis 
suffers from significant heterogeneity between the 
published studies in many factors including the study 
design (retrospective or prospective), population 
screened (high or low risk), gestation at assessment 
and definitions used for the presence of a marker. 
Furthermore, with improving detection rates for 
routine first-trimester risk screening for trisomy 21, 
most cases will already have been identified prior to 
the second-trimester scan, and hence the implications 
of finding a ‘marker’ at this stage must be reconsidered.

FASP have recommended that an established Down 
syndrome screening result (based on a nationally 
approved screening test) should not be recalculated at 
the second-trimester scan. The NHS FASP guidelines 
encourage the use of the term ‘normal variants’ rather 
than ‘Down soft markers’ and recommend that in 
women given a ‘low-risk’ result, neither choroid plexus 
cysts, dilated cisterna magna, echogenic foci in the 

PLACENTA
The general appearance of the placenta, as well as its 
location and relationship with the internal os of the 
cervix should be assessed (Figure 3-20). If the leading 
edge of the placenta extends across the internal os, an 
additional scan at 32 weeks is recommended to assess 
for placenta praevia.1 Consideration should be given 
to the possibility of a morbidly adherent placenta in 
cases of low-lying placenta and previous delivery by 
Caesarean section, and referral to someone with the 
expertise in this area should be made, as these tech-
niques are outside the remit of the routine second-
trimester scan (see Chapter 5).

UTERUS, CERVIX, ADNEXAE
The presence of uterine fibroids should be noted, and 
in particular those in the lower segment or cervix, 
which could cause complications with delivery. Cervi-
cal length measured by transvaginal scan has been 
shown to a have strong correlation with the risk of 
spontaneous preterm birth38,39 but this is not currently 
a recommended standard for routine second-trimester 
screening in most units in the UK.1

Soft Markers/Normal Variants
The term ‘soft markers’ encompasses a large number 
of sonographic findings, which include:

• Intracardiac echogenic focus.
• Ventriculomegaly.

FIGURE 3-20 Relation between the placenta and the cervix. 
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20. Cash C, Set P, Coleman N. The accuracy of antenatal ultrasound 
in the detection of facial clefts in a low-risk screening popula-
tion. Ultrasound Obstet Gynecol 2001;18(5):432–6.
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natal diagnosis of cleft lip with or without cleft palate and cleft 
palate by ultrasound: experience from 20 European registries. 
EUROSCAN study group. Prenat Diagn 2000;20(11):870–5.
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ultrasound at 18-22 weeks: our experience on 7,236 fetuses.  
J Matern Fetal Med 1999;8(2):64–9.
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Ultrasound Obstet Gynecol 2002;19(4):329–33.
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genic lung: evolution and outcome. Ultrasound Obstet Gynecol 
2005;26(2):145–9.

25. Cardiac screening examination of the fetus: guidelines for per-
forming the ‘basic’ and ‘extended basic’ cardiac scan. Ultra-
sound Obstet Gynecol 2006;27(1):107–13.

26. Hyett J, Moscoso G, Papapanagiotou G, et al. Abnormalities of 
the heart and great arteries in chromosomally normal fetuses 
with increased nuchal translucency thickness at 11-13 weeks 
of gestation. Ultrasound Obstet Gynecol 1996;7(4):245–50.

27. Wald NJ, Morris JK, Walker K, Simpson JM. Prenatal screening 
for serious congenital heart defects using nuchal translucency: 
a meta-analysis. Prenat Diagn 2008;28(12):1094–104.

heart or two-vessel cord should be routinely reported 
and no further assessment of the risk of trisomy 21 
should be made. However, for the following findings 
it is agreed that further assessment is required: nuchal 
fold greater than 6mm, ventriculomegaly (atrium 
greater than 10 mm), echogenic bowel (with density 
equivalent to bone), renal pelvic dilatation (AP meas-
urement greater than 7 mm) or small measurements 
compared to dating scan (significantly less than 5th 
centile on national charts).

It is also important to consider the impact of inclu-
sion of soft markers on the specificity of routine ultra-
sound scanning. By including soft markers Boyd et al 
reported a 4% increase in detection of malformations 
(from 51% to 55%) but a 12-fold increase in false-
positive rate (from 0.04% to 0.53%).41

Audit
NICE recommends that units performing routine 
anomaly scans should participate in regional congeni-
tal anomaly registers and/or UK National Screening 
Committee-approved audit systems, in order to facili-
tate the audit of detection rates. The NHS Fetal 
Anomaly Screening Programme has agreed on 11  
specific conditions that ultrasound units should be 
screening for and for which their detection rates 
should be auditable (Table 3-1).

REFERENCES
1. National Institute for Health and Clinical Excellence. [Antenatal 

care]. [CG62]. London: National Institute for Health and Clini-
cal Excellence; 2010.

2. Salomon LJ, Alfirevic Z, Berghella V, et al. Practice guidelines 
for performance of the routine mid-trimester fetal ultrasound 
scan. Ultrasound Obstet Gynecol 2011;37(1):116–26.

3. Kirwan D 18+0 to 20+6 Weeks Fetal Anomaly Scan: National 
Standards and guidance for England 2010 Exeter NHS FASP 2010 
ISBN: 978-0-9562084-1-5.

4. Bricker L, Garcia J, Henderson J, et al. Ultrasound screening in 
pregnancy: a systematic review of the clinical effectiveness, 
cost-effectiveness and women’s views. Health Technol Assess 
2000;4(16):i–vi, 1–193.

5. Kalter H. Five-decade international trends in the relation of 
perinatal mortality and congenital malformations: stillbirth and 
neonatal death compared. Int J Epidemiol 1991;20(1):173–9.

6. Ewigman BG, Crane JP, Frigoletto FD, et al. Effect of prenatal 
ultrasound screening on perinatal outcome. RADIUS Study 
Group. N Engl J Med 1993;329(12):821–7.

7. Saari-Kemppainen A, Karjalainen O, Ylostalo P, Heinonen OP. 
Ultrasound screening and perinatal mortality: controlled trial 
of systematic one-stage screening in pregnancy. The Helsinki 
Ultrasound Trial. Lancet 1990;336(8712):387–91.



80 3 Routine Fetal Anomaly Scan

45. Shirley IM, Bottomley F, Robinson VP. Routine radiographer 
screening for fetal abnormalities by ultrasound in an unselected 
low risk population. Br J Radiol 1992;65(775):564–9.

46. Luck CA. Value of routine ultrasound scanning at 19 weeks: a 
four year study of 8849 deliveries. BMJ 1992;304(6840): 
1474–8.

47. Roberts AB, Hampton E, Wilson N. Ultrasound detection of 
fetal structural abnormalities in Auckland 1988-9. N Z Med J 
1993;106(966):441–3.

48. Crane JP, LeFevre ML, Winborn RC, et al. A randomized trial 
of prenatal ultrasonographic screening: impact on the detec-
tion, management, and outcome of anomalous fetuses. The 
RADIUS Study Group. Am J Obstet Gynecol 1994;171(2): 
392–9.

49. Levi S, Schaaps JP, De Havay P, et al. End-result of routine 
ultrasound screening for congenital anomalies: the Belgian Mul-
ticentric Study 1984–92. Ultrasound Obstet Gynecol 1995;5(6): 
366–71.

50. Papp Z, Toth-Pal E, Papp C, et al. Impact of prenatal mid-tri-
mester screening on the prevalence of fetal structural anoma-
lies: a prospective epidemiological study. Ultrasound Obstet 
Gynecol 1995;6(5):320–6.

51. Anderson N, Boswell O, Duff G. Prenatal sonography for the 
detection of fetal anomalies: results of a prospective study and 
comparison with prior series. AJR Am J Roentgenol 1995; 
165(4):943–50.

52. Carrera JM, Torrents M, Mortera C, et al. Routine prenatal 
ultrasound screening for fetal abnormalities: 22 years’ experi-
ence. Ultrasound Obstet Gynecol 1995;5(3):174–9.

53. Geerts LT, Brand EJ, Theron GB. Routine obstetric ultrasound 
examinations in South Africa: cost and effect on perinatal out-
come–a prospective randomised controlled trial. Br J Obstet 
Gynaecol 1996;103(6):501–7.

54. Smith NC, Hau C. A six year study of the antenatal detection 
of fetal abnormality in six Scottish health boards. Br J Obstet 
Gynaecol 1999;106(3):206–12.

55. Eurenius K, Axelsson O, Cnattingius S, et al. Second trimester 
ultrasound screening performed by midwives; sensitivity for 
detection of fetal anomalies. Acta Obstet Gynecol Scand 
1999;78(2):98–104.

56. Wong SF, Chan FY, Cincotta RB, et al. Routine ultrasound 
screening in diabetic pregnancies. Ultrasound Obstet Gynecol 
2002;19(2):171–6.

57. Tabor A, Zdravkovic M, Perslev A, et al. Screening for congeni-
tal malformations by ultrasonography in the general population 
of pregnant women: factors affecting the efficacy. Acta Obstet 
Gynecol Scand 2003;82(12):1092–8.

58. Nakling J, Backe B. Routine ultrasound screening and detection 
of congenital anomalies outside a university setting. Acta Obstet 
Gynecol Scand 2005;84(11):1042–8.

59. Richmond S, Atkins J. A population-based study of the prenatal 
diagnosis of congenital malformation over 16 years. BJOG 
2005;112(10):1349–57.

60. Fadda GM, Capobianco G, Balata A, et al. Routine second tri-
mester ultrasound screening for prenatal detection of fetal mal-
formations in Sassari University Hospital, Italy: 23 years of 
experience in 42,256 pregnancies. Eur J Obstet Gynecol Reprod 
Biol 2009;144(2):110–14.

28. Eckoldt F, Woderich R, Smith RD, Heling KS. Antenatal diag-
nostic aspects of unilateral multicystic kidney dysplasia–sensi-
tivity, specificity, predictive values, differential diagnoses, 
associated malformations and consequences. Fetal Diagn Ther 
2004;19(2):163–9.

29. Abbott JF, Levine D, Wapner R. Posterior urethral valves: inac-
curacy of prenatal diagnosis. Fetal Diagn Ther 1998;13(3): 
179–83.

30. Robyr R, Benachi A, Daikha-Dahmane F, et al. Correlation 
between ultrasound and anatomical findings in fetuses with 
lower urinary tract obstruction in the first half of pregnancy. 
Ultrasound Obstet Gynecol 2005;25(5):478–82.

31. Ruano R, Molho M, Roume J, Ville Y. Prenatal diagnosis of fetal 
skeletal dysplasias by combining two-dimensional and three-
dimensional ultrasound and intrauterine three-dimensional 
helical computer tomography. Ultrasound Obstet Gynecol 
2004;24(2):134–40.

32. Offerdal K, Jebens N, Blaas HG, Eik-Nes SH. Prenatal ultra-
sound detection of talipes equinovarus in a non-selected popu-
lation of 49 314 deliveries in Norway. Ultrasound Obstet 
Gynecol 2007;30(6):838–44.

33. Campbell S, editor. Ultrasound in Obstetrics and Gynecology. 
Boston: Little Brown; 1993. p. 187–98.

34. Salomon LJ, Bernard JP, Duyme M, et al. Feasibility and repro-
ducibility of an image-scoring method for quality control of 
fetal biometry in the second trimester. Ultrasound Obstet 
Gynecol 2006;27(1):34–40.

35. Chervenak FA, Skupski DW, Romero R, et al. How accurate is 
fetal biometry in the assessment of fetal age? Am J Obstet 
Gynecol 1998;178(4):678–87.

36. Hadlock FP, Harrist RB, Shah YP, et al. Estimating fetal age 
using multiple parameters: a prospective evaluation in a racially 
mixed population. Am J Obstet Gynecol 1987;156(4):955–7.

37. Sonographic examination of the fetal central nervous system: 
guidelines for performing the ‘basic examination’ and the ‘fetal 
neurosonogram’. Ultrasound Obstet Gynecol 2007;29(1): 
109–16.

38. Iams JD, Goldenberg RL, Meis PJ, et al. The length of the cervix 
and the risk of spontaneous premature delivery. National Insti-
tute of Child Health and Human Development Maternal Fetal 
Medicine Unit Network. N Engl J Med 1996;334(9):567–72.

39. To MS, Skentou C, Liao AW, et al. Cervical length and funneling 
at 23 weeks of gestation in the prediction of spontaneous early 
preterm delivery. Ultrasound Obstet Gynecol 2001;18(3): 
200–3.

40. Agathokleous M, Chaveeva P, Poon LC, et al. Meta-analysis of 
second-trimester markers for trisomy 21. Ultrasound Obstet 
Gynecol 2013;41(3):247–61.

41. Boyd PA, Chamberlain P, Hicks NR. 6-year experience of pre-
natal diagnosis in an unselected population in Oxford, UK. 
Lancet 1998;352(9140):1577–81.

42. Rosendahl H. Kivenen S. Antenatal detection of congenital mal-
formations by routine ultrasonography. Obstet Gynecol 
1989;73(6):947–51.

43. Chitty LS, Hunt GH, Moore J, Lobb MO. Effectiveness of 
routine ultrasonography in detecting fetal structural abnormali-
ties in a low risk population. BMJ 1991;303(6811):1165–9.

44. Levi S, Hyjazi Y, Schaapst JP, et al. Sensitivity and specificity of 
routine antenatal screening for congenital anomalies by ultra-
sound: the Belgian Multicentric Study. Ultrasound Obstet 
Gynecol 1991;1(2):102–10.



4 Amniotic Fluid

81

Chapter Outline

Introduction
Disorders of Amniotic Fluid Volume
Normal Amniotic Fluid Regulation
Ultrasound Evaluation of Amniotic Fluid Volume

Quantification of the Amniotic Fluid
Single Deepest Pocket Technique
Amniotic Fluid Index
Subjective Assessment
Amniotic Fluid Volume in Twinning

Sonographic Technique of Measurement
Important Details of the Measurement
Pitfalls in Measurement

Oligohydramnios
Pre-Term Premature Rupture of Membranes 

(PPROM)
Intrauterine Growth Restriction (IUGR)
Fetal Anomaly
Prognosis

Polyhydramnios
Aetiology 1: Head
Aetiology 2: Throat/Mouth
Aetiology 3: Heart
Aetiology 4: Chest
Aetiology 5: Oesophagus and Upper 

Gastrointestinal Tract
Aetiology 6: Fetal Tone
Aetiology 7: Placental Pathology
Aetiology 8: Intra-Amniotic Bleeding
Aetiology 9: Twinning
Aetiology 10: Fetal Tumours
Aetiology 11: The Fetus with a Skeletal Dysplasia
Aetiology 12: Maternal Causes
Idiopathic Polyhydramnios

Chapter 4 

Amniotic Fluid
Anne Marie Coady

Amniotic Fluid Particulate Matter
Second Trimester
Third Trimester

Summary and Key Points
References

Introduction
Amniotic fluid (AF) is an essential complex 
and dynamic environment that changes in 
nature and amount as pregnancy progresses. 
Amniotic fluid surrounds the fetus during 
intrauterine development and normal levels 
are essential to fetal well-being. The presence 
of normal amniotic fluid throughout gesta-
tion not only allows for normal development 
of the fetal respiratory and musculoskeletal 
systems, development and maturation of the 
gastrointestinal and urinary tracts as well  
as continued fetal growth in a sterile and  
thermally controlled environment, it also 
reflects fetal and maternal health throughout 
gestation.1

The amount of amniotic fluid present, i.e. 
amniotic fluid volume is:

• gestational-age dependent;
• maintained within a normal range;
• highly regulated.

Disorders of Amniotic Fluid Volume
Disorders of amniotic fluid volume reflect 
both fetal health and perinatal outcome. 
Both deficient (oligohydramnios) and excess 
liquor (polyhydramnios) conditions are asso-
ciated with increased perinatal morbidity 
and mortality. A thorough understanding of 
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FIGURE 4-1 Comparison of amniotic fluid volume indices in normal 
populations. (From Lei, Wen, Magann et al. Amniotic fluid and the clinical 
relevance of the sonographically estimated amniotic fluid volume oligohy-
dramnios. JUM, 2011; 30(1):1573–1585.)
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TABLE 4-1 Amniotic Fluid Circulation

Principal Pathways Contributing to the Production 
of Amniotic Fluid

Fetal urination 800–1200 mL/day
Respiratory tract fluid 10 mL/day
Oral secretions 170 mL/day
Trans-membranous across the 

cord and the placenta
? 25 mL/day

Principal Pathways Contributing to Removal of Fluid 
from the Amniotic Cavity

Fetal swallowing 500–1000 mL/day
Intra-membranous 200–500 mL
Respiratory tract fluid 170 mL

the mechanisms of amniotic production and regula-
tion are fundamental to the appropriate management 
of these conditions. It is only by understanding 
how amniotic fluid is produced and regulated that 
ultrasound will determine the underlying cause of 
amniotic fluid abnormalities.2

Liquor volume will be discussed under the follow-
ing headings:

1. Normal conditions and the mechanisms respon-
sible for the dynamics of amniotic fluid volume.

2. Ultrasound evaluation of amniotic fluid volume: 
the techniques used for measurement.

3. The pathological states of:
• oligohydramnios;
• polyhydramnios;
• particulate amniotic fluid.

Normal Amniotic Fluid Regulation
One single factor does not control amniotic fluid 
volume which in part explains the wide variations in 
normal amniotic fluid volume between fetuses of the 
same gestational age, as shown in Figure 4-1.3

The pathways described below are those of amni-
otic fluid regulation from 12 weeks onwards. Prior to 
that gestational age, the fluid within the amniotic 
cavity is thought to be due to passive transfer of fluid 
across the amniotic membranes from the chorionic 
cavity. Before 20 weeks’ gestation the fluid is isotonic 
and its composition approximates to maternal plasma.

After keratinization of the fetal skin begins at  
19 weeks, AF volume is determined by factors that 
comprise the AF circulation, a term which is used to 
describe the pathways of exchange between the amni-
otic space and the fetal and placental tissues  
(Table 4-1).1

Production of AF is accomplished by:
• Excretion of fetal urine (this will amount to 

about 300 mL/kg fetal weight/day or 800 to 
1200 mL/day near term). The production of 
fetal urine begins at approximately 10 weeks’ 
gestation. There is a directly proportional linear 
production of urine with increasing gestational 
age, with accelerated production after  
32 weeks.

• Secretion of oral, nasal, tracheal, and 
pulmonary fluids (which amounts to 60 to 
100 mL/kg fetal weight/day).

Removal of AF is accomplished by:
• Fetal swallowing of approximately 200 to 

250 mL/kg fetal weight/day. Swallowing by the 
fetus begins almost simultaneously with fetal 
urination and by late pregnancy swallowing of 
volumes of 450 to 1500 mL/day have been 
reported.
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Ultrasound Evaluation of Amniotic  
Fluid Volume
QUANTIFICATION OF THE AMNIOTIC FLUID
The most accurate methods for determining total 
amniotic fluid volume are direct measurements at the 
time of hysterotomy and dye-dilution techniques, 
neither of which is clinically applicable; however his-
torically they do represent a reference allowing for 
evaluation of the accuracy of all other ultrasound 
measurements of AFV.

The most clinically relevant method should be the 
one which best determines the volume of amniotic 
fluid associated with adverse outcome rather than one 
that best calculates volume abnormalities outside a 
normal range, i.e. a method of measurement which 
measures for example a 95% confidence interval for 
gestational age may not be of use in the everyday clini-
cal setting.6

The fact that there are so many different techniques 
is an indicator of the inaccuracies inherent in each of 
the methods of measurement and each different 
modality will have different cut-off threshold points 
for the diagnosis of low and high amniotic fluid levels. 
This will have implications in clinical practice, report-
ing between department and centres and when com-
paring studies.

SINGLE DEEPEST POCKET TECHNIQUE
The single deepest pocket (SDP) measurement refers 
to the vertical dimension of the largest pocket of amni-
otic fluid which must not contain umbilical cord or 
fetal extremities and which is measured at a right angle 
to the uterine contour. This naturally requires an 
assessment of the entire cavity before measurement.

Using an SDP measurement the following defini-
tions apply:1

• Oligohydramnios: depth of 0 to 2 cm.
• Normal: depth of 2.1 to 8 cm.
• Polyhydramnios: depth greater than 8 cm.

AMNIOTIC FLUID INDEX
The amniotic fluid index (AFI) measurement is calcu-
lated by first dividing the uterus into four quadrants 
using the linea nigra for the right and left divisions 
and the umbilicus for the upper and lower quadrants 
(Figure 4-2 A and B). The maximum vertical amniotic 

The intramembranous pathway is believed to be 
the mechanism which compensates for the normal 
excess of about 400 mL in the amniotic cavity when 
the total amount of fluid removed by swallowing is 
subtracted from the total amount of fluid produced by 
fetal urine and secreted fetal fluid.

The intramembranous pathway refers to the move-
ment of water and solutes into the fetal circulation 
across the fetal vessels on the surface of the placenta, 
due to an osmotic difference between the fetal circula-
tion and the amniotic fluid.

There is a strong relationship between the maternal 
fluid status and fluid balance within the fetal circula-
tion and the AFV. It is likely that it is via the intra-
membranous pathway that fetal volume status is 
maintained at normal levels during times of maternal 
dehydration. Kilpatrick et al. showed that maternal 
hydration with 2 L of water in a patient with a low 
AFV can increase the human fetal amniotic fluid index 
(AFI) by up to 31%.4

The actual importance of the transmembranous 
pathway as a major contributor to the AFV in the 
second half of pregnancy is highly questionable. It is 
obvious why this mechanism has been proposed to 
regulate amniotic fluid volume, but knowledge of this 
pathway remains deficient.5

Amniotic fluid volume regulation is maintained 
by the delicate balance between production, essen-
tially by fetal urine and to a lesser extent lung 
secretion, and removal by swallowing and intra-
membranous absorption of fluid in the amniotic 
cavity. Several studies demonstrate that despite appar-
ent inequalities, in that the amount removed by 
fetal swallowing is smaller than that produced by 
fetal urination, amniotic fluid volume remains in a 
fairly stable equilibrium.5 The relative stability of 
AF volume in spite of large fluid shifts suggests 
that control mechanisms do exist which take on a 
greater importance in some fetuses with certain 
abnormalities. For example, only half of fetuses with 
oesophageal atresia, and two-thirds of fetuses with 
duodenal or proximal jejunal atresia develop poly-
hydramnios. This must mean that other mechanisms 
besides swallowing are involved in AF volume regu-
lation and the intramembranous pathway must be 
the means of compensation which explains these 
fluid anomalies.5
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This has always been considered the most robust 
method but an abnormal AFI has, however, been 
shown to be neither accurate nor predictive of 
adverse outcome.7 The AFI will falsely diagnose 
many normal pregnancies as abnormal and a large 
number with truly abnormal amniotic fluid volumes 
will be missed.

SUBJECTIVE ASSESSMENT
Subjective assessment of amniotic fluid volume refers 
to visual interpretation by the ultrasonographer 
without sonographic measurements, and it has been 
accepted that this method performed by an experi-
enced practitioner performs well, particularly in cases 
of normal liquor volume. The subjective method of 
assessment does not allow for comparison between 
different practitioners monitoring the same pregnancy, 
nor does it allow accurate comparative monitoring of 
a changing condition. The subjective technique and 
all quantitative ultrasound methods determine low 
and high volumes poorly.

AMNIOTIC FLUID VOLUME IN TWINNING
The measurement of the amniotic fluid in diamniotic 
twin pregnancies is even more inaccurate than in sin-
gleton gestations because the position of the dividing 
membrane affects the interpretation of the pool to be 
measured.8

All three methods have similar inaccuracies  
when used for multiple gestations as for singleton 
pregnancies.

None of the methods used to assess the amniotic 
fluid level are very accurate or more importantly 
without harm. The diagnosis of oligohydramnios 
may lead to intervention with acknowledged increased 
rates of induction of labour and increased Cae-
sarean section rates following on a diagnosis of 
third trimester oligohydramnios. Such intervention 
has not shown an overall improvement in perinatal 
outcome.

In clinical practice the measurement of amniotic 
fluid volume, either the AFI or SDP, is not a measure-
ment that should ever used in isolation. It should be 
used as part of the clinical evaluation of the patient 

fluid pocket diameter in each quadrant is measured in 
centimetres; the sum of these measurements is the 
AFI. Each quadrant pool must again be free of umbili-
cal cord and fetal parts.

Using the AFI the following definitions apply:11,12

• Oligohydramnios: 0 to <5 cm.
• Normal: 5 to 25 cm.
• Polyhydramnios: greater than 25 cm.

Amniotic fluid index

1+2+3+4 = AFI

1

4 3

2

A

FIGURE 4-2 (A) Amniotic fluid measurement diagram. (B) Amniotic 
fluid measurement ultrasound. 

B
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and involve additional sonographic assessment (e.g., 
biophysical profile, non-stress test, ultrasound exami-
nation for estimated fetal weight, anatomic survey etc) 
in an appropriate clinical scenario, i.e. the manage-
ment of a complicated pregnancy.

In our practice a subjective assessment of amniotic 
fluid volume is part of all ultrasound examinations. If 
the liquor is suspected to be abnormal then an objec-
tive measurement is performed. This allows for com-
parison and monitoring of a changing condition and 
allows for shared monitoring between the ultrasound 
department, antenatal day unit and labour and deliv-
ery wards.

On the basis of multiple reviews it would seem that 
whilst practitioners do favour the AFI, this method 
does lead to over-diagnosis of oligohydramnios and an 
increase in the number of labour inductions and  
Caesarean deliveries. The method considered now to 
be most accurate, which can also be used with just as 
much ‘accuracy’ in multiple as in singleton gestations 
is the single deepest pool (SPD).

The reports are conflicting but the key points on 
analysis seem to be:

• The AFI is more likely to lead to a false-
positive diagnosis of oligohydramnios.

• The method chosen within a unit should be 
uniform, i.e. all practitioners should use the 
same technique and the agreed technique must 
be used in all hospital departments.

• It cannot be emphasized enough that the 
definition for the quantitative assessment of 
normal and abnormal amniotic fluid must be 
consistent not only within departments and 
units but also within the pertinent literature.9 
The degree of variability quoted can be very 
worrying.

• The amniotic fluid measurement is only one 
part of an assessment with fetal biometry; a 
detailed anatomical survey and Doppler 
evaluation are all part of the process of 
diagnosis of a complicated pregnancy.

• No technique for measurement of amniotic 
fluid volume is ideal, but whatever method  
is used it must be obtained accurately and 
reported in the setting of a well-conducted 
assessment of the entire pregnancy as  
a whole.

Sonographic Technique of Measurement
IMPORTANT DETAILS OF THE MEASUREMENT
1. Reverberation Artefact
All of the quantitative methods of amniotic fluid meas-
urement involve in part a similar technique in that for 
the measurement of the pool of fluid the probe must 
be held perpendicular to the floor. A vertical measure-
ment is made from the inner edge of the anterior 
uterine cavity to the interior edge of the posterior part 
of the uterine cavity. Care must be taken to establish 
the inner edge very clearly and not to include rever-
beration artefact (Figure 4-3). This mistake potenti-
ated throughout all four measurements in the AFI 
could produce a very significant error!

2. A Very Narrow Pool
A pool that has a horizontal dimension of <1 cm 
should not be measured either as a single pool, nor 
included in the AFI assessment (Figure 4-4).10

FIGURE 4-3 Reverberation artefact: the two arrows indicate the dif-
ferent inner edges that may be measured. 

FIGURE 4-4 Width of the pool as <1 cm; this should not be included. 
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The six most common causes of oligohydramnios 
are:

• Maternal disease: medical or obstetric 
conditions associated with uteroplacental 
insufficiency, or maternal medication interfering 
with maternal blood pressure (ACE inhibitors), 
or maternal medication with an effect on fetal 
production of urine (indomethacin).

• Procedure-related, i.e. post-invasive procedure.
• Premature rupture of the membranes.
• Post-term pregnancy.
• Intrauterine growth restriction.
• Fetal anomalies including fetal aneuploidy 

– trisomy 13 and triploidy are the most 
common chromosomal abnormalities associated 
with early oligohydramnios.

There is a bimodal distribution of pregnancies  
with oligohydramnios: 13 to 21, and 34 to 42 weeks’ 
gestation.11,12

PITFALLS IN MEASUREMENT
Frequently, during measurements of the quadrant pool 
by whatever means – AFI or SDP – portions of the 
umbilical cord are observed in the pockets of fluid. 
The accepted protocol is that if the SDP or AFI con-
tains multiple loops of umbilical cord, that pocket is 
usually not measured. However, if only a single loop 
of umbilical cord is present, then the decision whether 
to measure the cord-containing pocket is less certain 
and there are then inconsistencies due to measure-
ment to, or through, the loop of cord! (Figure 4-5).

As the primary most pressing reason for the estima-
tion of AF volume is the identification of reduced or 
deficient AF volume, it would seem more accurate to 
measure to a persistent single loop of umbilical cord.

Irrespective of the technique being used, the fol-
lowing features must apply:

1. The horizontal component of this vertical 
dimension must be at least 1 cm.

2. Great care must be taken to avoid the reverbera-
tion artefact from the inner edge.

Oligohydramnios
Oligohydramnios complicates 0.5% to 8% of pregnan-
cies and the prognosis for pregnancies complicated by 
oligohydramnios is dependent on the gestational age 
and the underlying aetiology.10 The first impression 
when scanning a pregnancy complicated by oligohy-
dramnios is that of a crowding of fetal parts (Figure 
4-6 A and B).

FIGURE 4-5 Cord within the pool which must not therefore be 
included in the liquor volume assessment. 

FIGURE 4-6 Crowding of fetal parts in oligohydramnios. 

A

Bladder

B

Kidneys
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• Severe oligohydramnios i.e. <5 cm AFI or 
severe defined by whichever method used.

The marked discrepancy in survival between spon-
taneous rupture of the membranes (10%) and rupture 
of the membranes after amniocentesis (90%) is due to 
the fact that amniotic fluid is far more likely to reac-
cumulate back to normal levels after amniocentesis. 
Borgida et al. reported that the mean duration until 
the amniotic fluid volume returned to normal was 2 
weeks.15

INTRAUTERINE GROWTH RESTRICTION (IUGR)
The association between oligohydramnios and IUGR 
has long been recognized (approximately 20 years). 
Low AF volume is considered to reflect those pregnan-
cies in which chronic hypoxia has preferentially 
shunted fetal blood to the more vital organs: the brain, 
heart and adrenal gland away from fetal organs such 
as the kidney. Whilst it may not be mediated through 
hypoxia as has always been thought, there is a direct 
relationship between reduced amniotic fluid volume 
and IUGR.16,17

FETAL ANOMALY
Congenital anomalies occur in 4.5 to 37% of fetuses 
with oligohydramnios. Patients presenting in the 
second trimester with oligohydramnios have a higher 
prevalence of structural malformations than those 
presenting in the third trimester (50.7% vs. 22.1%) 
(see Table 4-2). As a consequence of the severity 
of some of these defects and the gestational age 
at diagnosis, there is also a lower survival rate 
when oligohydramnios is detected early (10.2% vs. 
85.3%).18

The fetal defects associated with oligohydramnios 
usually involve the urinary tract:

The aetiology of oligohydramnios varies between 
the second and the third trimesters, not in the actual 
type of anomaly but in the prevalence of each anomaly 
(Table 4-2).

PRE-TERM PREMATURE RUPTURE  
OF MEMBRANES (PPROM)
Spontaneous pre-term premature rupture of the mem-
branes (PPROM) occurs in 1.7 to 6% of pregnancies 
between 24 and 34 weeks and it occurs in approxi-
mately 1% of pregnancies between 16 and 26 weeks 
of gestation.

Points of note:
1. Not all patients with PPROM will have sono-

graphic oligohydramnios.
2. The earlier in the gestation at which oligohy-

dramnios is diagnosed, the less likely is prema-
ture rupture of membranes as an explanation of 
oligohydramnios, i.e. a structural cause is more 
likely, and this should be diligently searched for 
during the anatomical survey.

PPROM is associated with an immediate risk of 
miscarriage in 40% of cases; this is usually due to a 
superimposed chorioamnionitis and it occurs within 
the first 5 days after fluid loss.13 Fifty percent of the 
remaining pregnancies complicated by PPROM before 
24 weeks will be complicated by pulmonary hypopla-
sia because the presence of normal amniotic fluid is 
required for the terminal canalicular phase of develop-
ment of the fetal respiratory tract which occurs 
between 16 and 25 weeks.

The poor prognostic features which confer a mor-
tality rate of >50 to 60% from PPROM are:14,15

• Onset prior to 24 weeks, in particular onset 
between 16–18 weeks.

• Duration of severe oligohydramnios of >2 weeks.

TABLE 4-2 Aetiology in the Second and Third Trimesters

Aetiology in the Second Trimester Aetiology in the Third Trimester

Fetal anomaly 50.7% Idiopathic oligohydramnios (commonest cause of oligohydramnios) 52.5%
Ruptured membranes 33.6% Fetal anomaly 22.1%
Abruption 7.1% Intrauterine growth restriction 20.5%
Intrauterine growth 

restriction
4.7% Ruptured membranes 3.3%

Idiopathic 3.9% Abruption 1.6%
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oligohydramnios due to PPROM. The postu-
lated aetiology of this cardiac feature is the lack 
of proline production by the kidney leading to 
pulmonary hypoplasia and resulting pulmonary 
hypertension.

2. Bilateral multicystic dysplastic kidneys with or 
without aneuploidy association.

3. Bladder outlet obstruction, particularly severe 
early-onset lower urinary tract obstruction such 
as posterior urethral valves and urethral atresia 
(Figure 4-8).

1. Bilateral renal agenesis. The degree of oligohy-
dramnios associated with renal anomalies, in 
particular renal agenesis, is absolute (Figure 
4-7). With PPROM in the author’s experience, 
there will be pockets of fluid (not fulfilling the 
criteria for measurement, but there will be 
some). In renal agenesis there are NO pockets 
at all. Furthermore the fetus with renal agenesis 
at or beyond 20 weeks will have cardiomegaly, 
and in particular right ventricular hypertrophy 
which this author has never encountered in 

FIGURE 4-7 Bilateral renal agenesis: (A), arrow indicating the lying-down adrenal glands and (B), curved arrow indicating the lack of a bladder 
between the umbilical arteries. 

A B

FIGURE 4-8 Anhydramnios and megacystis due to urethral atresia (the arrow indicating the dilatation of the proximal urethra and complete 
bladder outlet obstruction). 

A B
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of lung development which occurs between 16 and 25 
weeks. Oligohydramnios after the second trimester is 
unlikely to result in pulmonary hypoplasia because 
the canalicular phase has largely been completed by 
this stage.19

The prevalence of pulmonary hypoplasia after oli-
gohydramnios depends on several factors:

• the gestation at onset;
• the severity;
• the duration.
Bilateral renal agenesis, bilateral multicystic or 

polycystic kidneys and renal dysplasia as a conse-
quence of early-onset bladder outlet obstruction from 
either posterior urethral valves or urethral stenosis, are 
lethal abnormalities in the neonatal period due to 
pulmonary hypoplasia.

During fetal development, the kidney is a major 
source of proline production which aids in the forma-
tion of collagen and mesenchyme in the lung. It is the 
absence of this vital protein that may in part explain 
the severe pulmonary hypoplasia seen in renal agen-
esis and dysplasias.19,20

Isolated oligohydramnios (no defects in a normally 
grown fetus) during the third trimester is not neces-
sarily associated with poor perinatal outcome.21

When the oligohydramnios is of early onset and 
significantly severe, the fetus will display a number of 
deformations that are due to marked intrauterine con-
straint. This is the so-called Potter syndrome or 
sequence.

Polyhydramnios
When the sonographer has measured amniotic fluid 
volume at 24 cm or greater, a careful detailed exami-
nation of the fetal anatomy is warranted. More than 
100 fetal anomalies are associated with polyhydram-
nios however, and this task can seem daunting. Some 
of the causes are very easy to detect, others not so, but 
it is the assessment of the entire fetus that needs to be 
emphasized.22

The frequency of defects associated with polyhy-
dramnios is as follows, and so if a limited survey 
is being performed (not recommended) then the 
assessment can be concentrated on detecting the fol-
lowing aetiologies:

4. Infantile polycystic kidney disease and syndro-
mic cystic kidneys such as in Meckel–Gruber 
syndrome (Figure 4-9).

Aneuploidy is present in up to 4% of fetuses with 
oligohydramnios. The symmetrically small growth-
restricted fetus with marked oligohydramnios in the 
first and early second trimesters should always (in this 
author’s experience) raise the possibility of trisomy 18 
or triploidy.

PROGNOSIS
Since there are multiple aetiologies for a significant 
reduction in amniotic fluid volume, the perinatal  
mortality risk associated with oligohydramnios should 
be assessed on an individual patient basis and not as 
a group.

Oligohydramnios is a sign of fetal/maternal disequilib-
rium. It is not a disease. The report that a pregnancy is 
complicated by oligohydramnios should always have a 
qualifying statement suggesting aetiology.

Furthermore oligohydramnios is not always a hall-
mark of severe perinatal compromise and a sign of a 
poor prognosis. The gestational age at the onset of 
oligohydramnios is important with respect to aetiol-
ogy and its prognosis.

The Fetal Sequelae of Oligohydramnios
1. Pulmonary hypoplasia.
2. Skeletal deformities.
Severe oligohydramnios from 16 weeks onwards 

appears to preclude further pulmonary development 
due to interference with the crucial canalicular phase 

FIGURE 4-9 Bilateral renal cystic dysplasia in Meckel–Gruber syn-
drome, the arrows indicating the markedly enlarged echogenic 
kidneys with multiple medullary cysts. 

KIDNEYS



90 4 Amniotic Fluid

goitre, micrognathia and teratoma. This author has 
never seen marked or moderate polyhydramnios with 
a simple cleft lip/alveolus; if severe polyhydramnios 
develops with a facial cleft, always think of the pos-
sibility of associated aneuploidy (Figure 4-11).

AETIOLOGY 3: HEART
Is there fetal heart failure? Pathologically increased 
cardiac output can be caused by any number of 
conditions producing severe anaemia, such as isoim-
munization or fetal parvovirus viral infection or by 
a vascular teratoma/haemangioma elsewhere in the 
body. In the setting of polyhydramnios and cardi-
omegaly, always consider anaemia and assess the peak 
systolic velocity (PSV) in the middle cerebral artery 
by Doppler in order to confirm or exclude this 
diagnosis.

Decreased output can also result in cardiac failure 
originating from fetal arrhythmias (heart block or 
supraventricular tachycardia), or from complex cardiac 
malformations (Figure 4-12).

Is there a conotruncal cardiac defect? These are 
cardiac anomalies characterized by a defect in the 
conotruncal septum and they encompass defects such 
as ventricular septal defect with an overriding aorta, 
tetralogy of Fallot, absent pulmonary valve syndrome, 
double outlet right ventricle, transposition of the great 
arteries, as well as truncus arteriosus. In the setting of 

1. Gastrointestinal malformations (39%) (particu-
larly if the polyhydramnios occurs in the third 
trimester).

2. CNS malformations (26%).
3. Circulatory defects (22%).
4. Urinary tract anomalies (13%).
However in order to ensure that NO defect is over-

looked, a detailed anatomical survey is required. The 
sonographic examination begins at the fetal head and 
works caudally down the fetal body to answer 11 
specific questions. An 8-step assessment as per  
www.thefetus.net23 is described below, to which over 
time and with, experience this author has added addi-
tional parameters requiring assessment and it is hoped,  
some additional helpful points.

AETIOLOGY 1: HEAD
Is there a structural abnormality in the brain that is 
causing poor swallowing and thus increased fluid? 
This can be seen with fetal hydrocephalus, holopros-
encephaly, anencephaly (in which polyhydramnios is 
the norm and it is often very severe), intracranial ter-
atomas (a third trimester diagnosis which must not be 
overlooked) and almost all other brain malformations 
(Figure 4-10).

AETIOLOGY 2: THROAT/MOUTH
Is swallowing obstructed above the oesophagus? This 
can be seen with choanal atresia, median facial cleft, 

FIGURE 4-10 Hemi-megalencephaly. The block arrow indicates the 
side of the fetal brain affected by overgrowth of the brain substance 
with ventriculomegaly (thin arrow). 

FIGURE 4-11 Lymphangioma of the fetal mouth producing polyhy-
dramnios. The tumour is protruding through the fetal mouth (block 
arrow) and has extended out from under the mandible producing 
hyper-extension of the fetal neck (thin arrow). 
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AETIOLOGY 4: CHEST
Is there a lesion in the fetal chest causing compression 
or diversion of blood? In congenital high airway 
obstruction syndrome (CHAOS) and congenital cystic 
adenomatoid malformation (CCAM) (Figures 4-14 
and 4-15), polyhydramnios may be due to either 
oesophageal or cardiac compression. In a congenital 
diaphragmatic hernia (CDH) polyhydramnios is often 
due to partial obstruction of the herniated gastrointes-
tinal tract in addition to the compression of the heart 
and oesophagus by the herniated stomach, bowel and 
occasionally liver. With in-utero management of a 
CDH with tracheal occlusion surgery, polyhydramnios 
is inevitable.

a conotruncal defect and polyhydramnios, this author 
always considers the possibility of DiGeorge del22q11 
syndrome. The severity and the time of onset of the 
polyhydramnios in DiGeorge (DG) and velocardiofa-
cial syndrome (VCFS) can be variable, but has been 
reported as being already present before 20 weeks.24 
The most likely explanation for the polyhydramnios 
is a decreased swallowing of amniotic fluid. Infants 
with DG/VCFS are well-known to have feeding diffi-
culties, with poor sucking, prolonged feeding, and 
nasal reflux in infancy. These problems are related to 
velopharyngeal insufficiency or cleft palate and pha-
ryngeal hypotonia, and have been reported in the fetus  
(Figure 4-13).

FIGURE 4-12 Fetal tachycardia of 246 bpm. 

FIGURE 4-13 Fetus with Di George syndrome: Left axis deviation due to an interrupted arch (block arrow), micrognathia (thin arrow) and 
polyhydramnios. 

FIGURE 4-14 The block arrow indicates the microcystic right-sided 
CCAM which has produced shift of the upper mediastinum to the left. 
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Is an obstruction distal to the stomach causing 
regurgitation/reflux of fetal fluid? This is seen with 
duodenal atresia (double-bubble sign) and obstruc-
tion within the small intestine. There will be multiple, 
circular, fluid-filled loops of bowel visible and the 
greater the degree of polyhydramnios the higher  
the level of obstruction, i.e. proximal obstructions 
such as oesophageal atresia, duodenal atresia, or 
jejunal atresia are particularly likely to produce poly-
hydramnios. Distal obstructions are less likely to be 
associated with polyhydramnios.22,23,26

AETIOLOGY 6: FETAL TONE
Is there an abnormality in the neurological function of 
the fetus causing poor trunk and limb movement and 
also abnormal swallowing? This is a feature of several 
of the arthrogryposis syndromes (see Chapter 8, Diag-
nosis of Hydrops and Multiple Malformation Syn-
dromes), and aneuploidy.27 The chromosomal defect 
which must always be considered with arthrogryposis, 
in particular a distal hand arthrogryposis and talipes, 
is Edwards syndrome (trisomy 18). Of specific note, 
the combination of talipes/arthrogryposis and polyhy-
dramnios is associated with two lethal defects that 
must be considered and excluded/confirmed: a fetal 
akinesia sequence (a term covering a huge spectrum 
of fetal anomalies as above), or trisomy 18.

FIGURE 4-15 Laryngeal atresia with very large echogenic lungs pro-
ducing diaphragmatic eversion (thin arrow). The upper trachea is 
visible as a fluid-filled structure in the upper thorax (block arrow). 

AETIOLOGY 5: OESOPHAGUS AND UPPER 
GASTROINTESTINAL TRACT
Is a normal-sized stomach bubble visible? If not and 
the amniotic fluid is increased, then oesophageal 
atresia or tracheoesophageal fistula (TOF) should be 
considered. It is vital to consider the actual size of the 
stomach in the presence of polyhydramnios.25 Even in 
atresia the stomach may be small and just visible due 
to gastric secretions. A small stomach in the presence 
of polyhydramnios should raise suspicion of oesopha-
geal atresia (Figure 4-16). This author believes that a 
small stomach and normal liquor volume is far less 
worrying.

FIGURE 4-16 Oesophageal atresia and polyhydramnios: note the polyhydramnios and the absence of a fetal stomach. Gall bladder indicated 
by arrow. 

A B

CORD INS



934 Amniotic Fluid

dysplasia. A large placental chorioangioma (Figure 
4-18) has been reported as the most likely cause for 
acute onset of polyhydramnios in a singleton preg-
nancy.29 The sonographic features of placental mesen-
chymal dysplasia (Figure 4-19) should raise the 
suspicion of Beckwith–Wiedemann syndrome and 
these fetuses may not only have polyhydramnios due 
to macrosomia, but the associated macroglossia will 
interfere with the mechanisms of swallowing.30

AETIOLOGY 8: INTRA-AMNIOTIC BLEEDING
Is the polyhydramnios due to intra-amniotic bleeding? 
Is the presence of blood within the amniotic cavity 
inhibiting the transplacental removal of amniotic 
fluid? There may well be clues to such a process 
including: echogenic bowel as bright as bone 
(EBABAB), gastric debris or a gastric pseudo-mass 
(Figure 4-20). The polyhydramnios in this situation 
tends not to progress and indeed often resolves over 
the course of a few weeks.

AETIOLOGY 9: TWINNING
Polyhydramnios associated with a monochorionic 
twin gestation is always a concern. There are many 
causes of discrepancy of amniotic fluid with polyhy-
dramnios of one sac and oligohydramnios of the other 
in this type of twin gestation such as:

1. Twin-to-twin transfusion syndrome (TTTS) 
which affects 10 to 15% of monozygous twin 
pregnancies with monochorionic placentation. 
The sonographic features of this syndrome and 

This important observation centres on the evalua-
tion of the overall tone of the fetus. Is the fetus moving 
normally?

The fetal hands should be seen to open and shut 
clearly. Are the feet strangely postured and fixed, i.e. 
is there talipes or do they turn and flex easily? Is there 
normal movement of the fetal mouth?

Whether every fetus that has polyhydramnios but 
no obvious anatomic abnormality should be offered 
genetic karyotyping is controversial.28 The confidence 
of the ultrasonographer is crucial. Fetuses with Down 
syndrome typically do not have polyhydramnios 
unless there is a physical abnormality that predisposes 
them to that condition, such as bowel obstruction or 
a significant cardiac anomaly. Fetuses with lethal tri-
somies usually have obvious and characteristic hand 
deformities such as clenching (Figure 4-17), and 
several additional anatomic abnormalities; the associa-
tion with growth restriction is also recognized as being 
extremely important. Careful scrutiny of the hands is 
mandatory when trying to ascertain a cause for 
polyhydramnios.28

If there is no anatomic lesion, the hands are 
moving normally and the fetus is growing normally, 
there is deemed to be little quantifiable increased 
risk for trisomy 21 and therefore no need for inva-
sive testing.

AETIOLOGY 7: PLACENTAL PATHOLOGY
The placenta should always be examined for a chorio-
angioma or features suggestive of mesenchymal 

FIGURE 4-17 (A) Extended leg (red arrow) and micropenis (orange 
arrow) and (B), distal arthrogryposis (blue arrow) and plentiful liquor 
in a fetus with trisomy 18. 

A B

FIGURE 4-18 A large placental chorioangioma with the umbilical 
cord insertion (arrow) into the placenta at the margin of this mass 
(a feature often associated along with size as an indicator of fetal 
anaemia). 
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FIGURE 4-19 (A) Placental mesenchymal dysplasia (arrow) associated with Beckwith–Wiedemann syndrome. Beckwith–Wiedemann syndrome 
with (B) hepatomegaly (calipers), (C) macroglossia (arrow), and polyhydramnios. 

A

B C

the sonographic staging will be addressed in 
Chapter 9, Assessment of Twin Gestation. When 
twin-to-twin transfusion begins in the second 
trimester, it produces some of the most severe 
cases of acute polyhydramnios seen during 
pregnancy. Acute hydramnios is a sudden accu-
mulation of amniotic fluid and is almost always 
associated with significant maternal symptoms 
such as breathlessness, oedema and oliguria. 
This acute hydramnios is almost exclusively due 
to the early (pre-26 weeks) onset of twin-to-twin 
transfusion (Figure 4-21).31

2. Fetal anomalies (as the monochorionic twin pair 
will be discordant for structural defects, i.e. 
anencephaly).

3. Severe early intrauterine growth retardation 
affecting one fetus.

AETIOLOGY 10: FETAL TUMOURS
Fetal tumours such as sacrococcygeal teratoma  
(Figure 4-22), intracranial tumours, cervical teratoma, 
haemangiomas, congenital mesoblastic nephroma, 
adrenal neuroblastoma, epignathus, mediastinal 
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compression/obstruction, i.e. goitre lym-
phangioma.

2. Excessive production of liquor, i.e. sacrococcy-
geal teratoma.

3. Decreased resorption by abnormal lung tissue 
such as is seen in fetuses with a CCAM.

4. Polyhydramnios occurs in as many as 50% of 
fetuses with an intracranial tumour, which must 
be due in part to a central brain effect and may 
be hypothalamic in aetiology.

AETIOLOGY 11: THE FETUS WITH  
A SKELETAL DYSPLASIA
Thanatophoric dysplasia and achondroplasia are the 
dysplasias most frequently associated with polyhy-
dramnios. In assessing a fetus with polyhydramnios in 
the third trimester, always perform fetal biometry as 
the next step after the assessment of liquor volume as 
this may allow diagnosis of achondroplasia straight 
away.

AETIOLOGY 12: MATERNAL CAUSES
Undiagnosed maternal diabetes may be the causative 
factor in about 15 to 20% of pregnancies, especially if 
the condition has occurred in previous pregnancies.33 
The exact mechanism for the excessive liquor in these 
pregnancies is unclear, but it is likely to be due in part 

teratoma, placental chorioangioma and metastatic 
neuroblastoma may be associated with polyhydram-
nios. The mechanism of the excess liquor tends to 
vary with the type of tumour and on occasion is 
due to more than one mechanism. Polyhydramnios 
is an important general sign; almost 50% of fetal 
tumours are accompanied by a significant increase 
in liquor volume.32

Potential causes for polyhydramnios in fetal 
tumours include mechanical obstruction, i.e.:

1. Gastrointestinal and facial tumours interfere 
directly with swallowing due to focal 

FIGURE 4-20 Particulate fluid due to intra-amniotic bleeding (straight 
line arrow) and a gastric pseudo-mass (curved arrow). 

FIGURE 4-21 Acute oligohydramnios (with a small bladder [arrow-
head] and the amniotic membrane [block arrow] very close to the 
body of the donor)/polyhydramnios sequence in acute TTTS. 

Bladder FIGURE 4-22 Sacrococcygeal teratoma, the large mass also extended 
into the fetal pelvis. 
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Polyhydramnios has a huge differential so it is 
imperative to have a foolproof system for determining 
the cause. Polyhydramnios is associated with an 
increase in obstetric complications such as preterm 
labour, premature rupture of the membranes, placen-
tal abruption, umbilical cord prolapse and post-
partum uterine atony with haemorrhage. The risk of 
these complications will obviously be related to the 
severity of the liquor accumulation, the speed of onset 
and the underlying aetiology, but appropriate manage-
ment requires a working diagnosis. Polyhydramnios is 
a sign, it must have a cause!

Amniotic Fluid Particulate Matter
Approximately 4% of first and early second trimester 
pregnancies will have particulate amniotic fluid. By 
35 weeks this sonographic feature will be seen in 
approximately 88% of pregnancies and is thought to 
be related to the passage of bowel contents and 
increasing skin loss (vernix caseosa) and it is not 
usually a concern.23

Particulate matter in the first two trimesters of 
pregnancy has been associated with intra-amniotic 
bleeding as previously discussed. Remember the 
absence of a history of bleeding does not preclude this 
diagnosis (Figure 4-23).36,37 With subsequent swal-
lowing of the blood by the fetus, gastric pseudo-
masses may be visualized and the fetus will start to 
develop sonographic echogenic bowel.

SECOND TRIMESTER
Free-floating particles in the amniotic fluid in the first 
and second trimesters have been associated with fetal 
anomalies such as:37

• acrania/anencephaly;
• skin disorders such as harlequin ichthyosis and 

epidermolysis bullosa lethalis.
Harlequin ichthyosis is the most severe form of 

congenital ichthyosis. There is profound thickening of 
the keratin layer in fetal skin and the entire fetus is 
covered in diffuse plaque-like scales. Sonographically 
the diagnosis is suggested by a persistently open, 
rounded, thick-lipped fetal mouth, arthrogryposis 
with fixed flexion of the extremities and very echo-
genic amniotic fluid38 (see Chapter 13, Abnormalities 
of the Face and Neck).

to poor glycaemic control and therefore fetal glycosu-
ria. The fetus may also be macrosomic with increased 
skin thickness; both of these features are valuable 
clues to the underlying aetiology in the setting of 
polyhydramnios.34

The mechanism by which maternal infection and 
consequent fetal infection produces polyhydramnios 
is variable and often multifactorial. The possibility 
must however be considered. Oligohydramnios is in 
this author’s experience, a much more common feature 
of fetal infection with congenital cytomegalovirus due 
to fetal kidney damage, than polyhydramnios. Polyhy-
dramnios will complicate parvovirus infection in the 
setting of fetal anaemia; if the placenta looks big and 
the heart is enlarged, consider parvovirus as a cause 
of polyhydramnios.

If there is absolutely no other abnormality or 
feature of concern, the association of a mild degree of 
polyhydramnios with a large fetus is well-recognized 
and acceptable as a causative factor.

IDIOPATHIC POLYHYDRAMNIOS
The incidence of true idiopathic polyhydramnios is 
related to severity; the more severe the excessive accu-
mulation of liquor the more likely there is to be an 
underlying cause, and one should be very careful 
about labelling polyhydramnios as idiopathic. This 
author always returns to the fetal profile to assess the 
fetal jaw just before I label a pregnancy as complicated 
by idiopathic polyhydramnios. Micrognathia in this 
setting is in my opinion always indicative of a signifi-
cant defect (otocephaly sequence or Pierre Robin for 
example).

• When a single pool depth measurement of 
greater than 12 cm is found on ultrasound, a 
cause for the excess liquor will be identified in 
75% to 91% of cases.

• When a single pool depth measurement of 
between 8 and 12 cm is found on ultrasound, 
a cause for the excess liquor will be identified 
in 17% to 29% of cases.34

If a detailed systematic sonographic evaluation of 
the fetus and the placenta is normal, the risk of a major 
anomaly is approximately 1% with mild hydramnios, 
2% with moderate hydramnios, and 11% with severe 
hydramnios.35
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ongoing inflammation in the amniotic fluid. Further-
more it has been suggested that ‘sludge’ is associated 
with shortening of the cervix. Does this mean or 
should it be interpreted as meaning that there is an 
inflammatory process which will lead to a short cervix? 
Of course it may also be interpreted the other way 
round, i.e. patients with a short cervix may be at par-
ticularly high risk of developing an ascending infec-
tion and therefore of developing sludge. These claims 
have not been substantiated.41

The presence of intra-amniotic (IA) sludge detected 
sonographically has therefore been proposed as a 
potential risk factor for a host of adverse pregnancy 
outcomes as follows.

• Intra-amniotic infection and preterm delivery.
• Spontaneous preterm delivery and PPROM.
• The presence of sludge with a short cervix may 

further increase the risk of preterm delivery.40–42

• Even the asymptomatic patient with sludge is 
thought to be at risk of histological 
chorioamnionitis and therefore at high risk for 
preterm delivery.40,41,43

• It has been shown that in both symptomatic 
and asymptomatic preterm patients with 
amniotic sludge, there is a significantly higher 
percentage of vaginal bleeding. However, is the 
sludge a consequence of intra-amniotic bleeding 
and therefore an expected observation?39,42

Whether amniotic sludge is meconium, blood 
products, due to infection or a combination of all 
three, still remains unclear. The important point, 
however, is not to treat the often coincidental sono-
graphic finding of intra-amniotic sludge, but to 
manage the patient and the clinical situation in which 
this feature has been found. Amniotic sludge is seen 
frequently, but is infrequently problematic.

Summary and Key Points
• Abnormalities in amniotic fluid volume (AFV), 

both oligohydramnios and polyhydramnios, are 
associated with a multitude of pregnancy-
related problems.7,19,21,22

• Amniotic fluid volume should be assessed 
either qualitatively or quantitatively at every 
antenatal ultrasound examination. The same 
measurement modality must always be used.

Epidermolysis bullosa lethalis is the term used to 
describe a group of inherited bullous disorders. In this 
group of conditions, blistering of the skin occurs in 
response to even very slight mechanical trauma. One 
of the ultrasonographic criteria for diagnosis of this 
very rare defect is the behaviour of the particulate 
matter in the amniotic fluid, the ‘snow flake’ sign.39 
This feature together with polyhydramnios will suggest 
the diagnosis. There are multiple additional findings 
in these fetuses such as gastric outlet obstruction, 
malformed ears, renal abnormalities and fixed flexion 
of the hands, presumably due to skin fibrosis.

THIRD TRIMESTER
Particulate matter in the third trimester has been 
attributed to the presence of vernix caseosa and/or 
meconium. Irrespective of the aetiology, echogenic 
amniotic fluid is not predictive of fetal distress in  
the third trimester and should not alter antenatal 
management.

A particular type of amniotic fluid matter called 
amniotic sludge is worthy of mention, as it is a feature 
seen most frequently at transvaginal scan, often per-
formed for an unrelated clinical concern such as pla-
cental position.

At ultrasound examination, ‘sludge’ appears as 
free-floating hyperechogenic material close to the 
cervix (Figure 4-24). The precise nature of the par-
ticulate material and its aetiology are unclear, but it 
must in part be due to pooling of echogenic amniotic 
debris.40

It has been suggested that the detection of amniotic 
fluid ‘sludge’ represents a sign that microbial invasion 
of the amniotic cavity has occurred and that there is 

FIGURE 4-23 Particulate amniotic fluid. 
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• All sonographic methods of amniotic fluid 
volume assessment are more reliable for 
identifying normal amniotic fluid volume than 
abnormal amniotic fluid volume.6

• In clinical practice, the ultrasound estimation 
of amniotic fluid volume should be used  
in conjunction with other clinical and 
sonographic assessments to provide the most 
useful and appropriate information for 
managing complicated pregnancies.

• A thorough and accurate sonographic 
assessment of the fetus and placenta is key to 
management of a pregnancy complicated by a 
liquor anomaly.
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Chapter 5 

Background
Placenta praevia and placenta accreta are a source of 
maternal and fetal morbidity and mortality. They are 
associated with increasing healthcare costs. Their inci-
dence is rising as the number of Caesarean sections 
and maternal age increase. The importance of these 
conditions is reflected by the provision of manage-
ment guidelines by the Royal College of Obstetricians 
and Gynaecologists.1

Development and Structure
The human placenta has a discoid shape with a diam-
eter of 20–25 cm at term with a birth weight of about 
500 g. The placenta is derived from maternal decidua 
and fetal chorionic villi. The placenta and the chori-
onic membranes have the same origin. The early 
chorion surrounding the gestation sac has chorionic 
villi all around it. Trophoblast associated with the cap-
sular decidua becomes atrophied, probably due to 
nutritional deficiency, to form the chorion laeve, 
whereas the trophoblast in contact with the basal 
decidua proliferates to form the chorion frondosum.2 
Chorion laeve becomes the chorionic membrane and 
the chorion frondosum becomes the placenta. Inevi-
tably these two structures are always joined, with the 
chorionic membrane leading to the edge of the pla-
centa. The site of placental formation can often be seen 
with transvaginal ultrasound from 8 weeks menstrual 
age, but more commonly it is only discernable after 9 
weeks (Figure 5-1). The polarization of the chorion 
into chorionic membrane and placenta usually appears 
complete on ultrasound by 12 weeks, but may not be 
pathologically so until 17 weeks.3 The normal 
placenta grows in a uniform fashion provided the 
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placental substance; the only differentiating features 
are detailed below. The significance of these lesions 
has to be evaluated in the clinical setting and obvi-
ously the management is the management of the fetal 
problem not the placental lesion!

Subchorionic Fibrin Deposition
These are plaques of laminated fibrin in the placenta; 
they can appear as early as 12 weeks and then gradu-
ally decrease in size. Occasionally slow flow may  
be visible within, but they are of no clinical 
significance.

Intervillous Thrombosis
This is thrombosis in the intervillous space due to fetal 
haemorrhage and may be seen in up to 40% of uncom-
plicated term placentas; once again they are not con-
sidered clinically significant.

Perivillous Fibrin Deposition
As a consequence of pooling of blood in the intervil-
lous space, perivillous fibrin deposition results. Once 
again this will be found in 25% of uncomplicated term 
placentas and has no clinical significance. This lesion 
may have an echogenic rim on ultrasound.

Anechoic Hypo-Echoic Lakes
These lesions probably represent a stage in the evolu-
tion of either perivillous fibrin deposition or inter-
villous thrombosis; they are not uncommon and 
occasionally flow is seen within (Figure 5-2).

Septal Cysts
These are simply cysts, seen in up to 19% of uncom-
plicated pregnancies, that have no significance.

VELAMENTOUS CORD INSERTION
A velamentous cord insertion describes the insertion 
of the umbilical cord into the membranes at the pla-
cental margins rather than directly as normal onto the 
placental surface. Its importance lies in the association 
with vasa praevia and the risk of severe fetal haemor-
rhage in labour9 (Figure 5-3).

Bilobed or multilobed placentas of roughly equal 
parts occur in up to 4% of pregnancies and the  
placental lobes may be linked by a thin bridge of 

vascular supply and oxygen delivery system are intact. 
In general, the placental thickness in millimetres is 
equivalent to the gestational age in menstrual weeks.4

Placental grading is based on the original work by 
Grannum et al.5 Whilst the original premise that pla-
cental calcification predicts lung maturity has been 
discounted, there has been renewed interest in how 
placental architecture might influence pregnancy.

For instance it has been suggested that:
1. Placental calcification is associated with an 

increase in intrauterine growth retardation.
2. Placental lakes are more prevalent in those with 

threatened miscarriage.
3. Increased placental thickness is associated with 

a higher rate of fetal acidosis.6

4. A lateral placental position is commoner in 
growth retardation.7

Smoking in pregnancy is associated with premature 
placental calcification.

PLACENTAL ARCHITECTURAL FEATURES
Common Placental Hypo-Echoic Lesion
There are multiple causes of hypo-echoic lesions 
within the placenta which are usually very easy to see 
but harder to explain in terms of impact if any on 
pregnancy outcome.8 These lesions include: subchori-
onic fibrin deposition, intervillous thrombosis, perivil-
lous fibrin deposition, anechoic hypo-echoic lakes and 
septal cysts. All present as hypo-echoic lesions in the 

FIGURE 5-1 Transvaginal scan of a 9-week embryo showing a pos-
terior placental site (arrow). The image shows the echogenic rim of 
the decidua is thicker at the site of future placental formation. (Cour-
tesy of Dr Anne Marie Coady.)
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increased chance of post-partum haemorrhage and 
infection.

Placental Position
PLACENTA PRAEVIA
Placenta praevia describes the condition of the pla-
centa being implanted over the internal cervical os 
(Figure 5-4). The location of the placenta is readily 
ascertained with ultrasound and many centres include 
a comment in the second trimester anatomy scan 
report on whether the lower edge of the placenta lies 
close to the internal cervical os.

chorionic tissue. Once again their significance lies in 
the association with velamentous cord insertions.

A succenturiate lobe is an accessory lobe, usually a 
relatively small amount of placental tissue, that is near 
to but separate from the main placental body. It is 
however joined to the main placental mass by a bridge 
of chorionic vessels. An increased incidence has been 
reported in women over the age of 35 years and in 
those who have had assisted reproduction.10 The clini-
cal risk of a succenturiate lobe arises when the acces-
sory lobe is near the internal cervical os. Rupture of 
the bridging vessels during labour with fetal blood loss 
may be catastrophic. In addition this accessory lobe 
may be retained in utero after delivery, resulting in an 

FIGURE 5-2 (A and B) Transabdominal scan of a posterior placenta showing a small hypo-echoic placental lake (arrow). This lesion was not 
vascular. 

A

B

A B

FIGURE 5-3 Colour Doppler image showing the umbilical cord 
inserting into the membranes (arrow) before running to the placenta 
– a velamentous insertion. 

FIGURE 5-4 Complete placenta praevia. The body of the placenta lies 
over the internal cervical os (arrow). 
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abnormal lie and painless or unprovoked bleeding 
suggest a low-lying placenta and further ultrasound 
should then be done.1 Some centres restrict further 
ultrasound to only those who had a placenta in the 
lower third of the uterus at the second trimester scan, 
but this runs the risk of missing an accessory lobe or 
other abnormality that was occult at the second tri-
mester scan.

ASSOCIATIONS AND RISK FACTORS
Placenta praevia has a prevalence of between 4.2 and 
13.9 per 1000 singleton births.13,14 There are racial 
and ethnic differences in the prevalence of placenta 
praevia, with Asians and African-Americans having 
the highest risk.15

There are pitfalls in assigning the true 
relationship:

• An overfull maternal bladder or a uterine 
contraction may compress the lower segment 
of the uterus mimicking an internal os close to 
the placenta (Figure 5-5).

• The lower edge of a posterior placenta may be 
hidden by the fetal head.

• Development of the lower uterine segment 
means that the placenta may not be low-lying 
by term (Figure 5-6 A and B).

It has been shown that only if the placental edge 
overlies the internal os by over 2 cm in the second 
trimester does it predict true praevia at term.11 Regres-
sion analyses for factors associated with resolution of 
a low-lying placenta by term show that only gesta-
tional age and distance from the cervical os at diagno-
sis are associated with resolution.12 A total of 98% of 
apparently marginal (those whose lower edge reached 
the internal os) placenta praevias resolved at a mean 
gestational age of 28.6 ± 5.3 weeks, suggesting that a 
third trimester follow-up ultrasound is not needed for 
these.

Clinically, suspicion for placenta praevia should be 
raised in all women with vaginal bleeding regardless 
of previous imaging. A high presenting part, an 

FIGURE 5-5 False-positive low-lying placenta. An overfull bladder 
compresses the lower uterus so that the placental edge appears to 
be low (small arrow), whereas the internal os is really further away 
(large arrow). 

FIGURE 5-6 (A and B) Transvaginal ultrasound in the mid-trimester 
demonstrated overlap of the internal os by 17 mm, however by the 
third trimester development of the lower segment meant the placenta 
was no longer low lying. (Courtesy of Dr Anne Marie Coady.)

A

B

A B
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achieve the same information and is particularly useful 
with posterior placentas where the fetus may obscure 
the lower placental margin on ultrasound. MRI may 
also help by providing an overview of the placental 
position preoperatively and so guide the surgeon in 
selecting the site of uterine incision during Caesarean 
section. Ultrasound can be used for the same purpose 
intraoperatively. Ultrasound cannot, however, predict 
antenatal bleeding episodes nor the need for an emer-
gency Caesarean section to control antenatal bleeding 
– signs such as the type of praevia, lacunae, lack of a 
sub-placental clear zone and sinus venosus at the pla-
cental edge do not help.19 Sudden bleeding during 
pregnancy can occur in placenta praevia in the absence 
of any other signs. However, finding a short cervical 
length does predict massive bleeding during the oper-
ation to remove a placenta praevia. The threshold 
length is 2.5 cm with a sevenfold relative risk increase 
compared to those with a longer cervical length.20 If 
antenatal bleeding does occur, then MRI outperforms 
ultrasound in the assignment of cause, being better 
able to identify placental abruptions.21

VASA PRAEVIA
Vasa praevia denotes cord vessels running over the 
internal os unprotected by placenta or umbilical cord 
(Figure 5-7). This carries no significant maternal risk, 
but does pose a significant risk to the fetus. In the 
absence of any imaging, vasa praevia usually presents 
with fresh vaginal bleeding at the time of membrane 
rupture and is associated with fetal heart rate 

The prevalence of placenta praevia increases with:
• Prior Caesarean section.14 It is thought the 

prevalence of placenta praevia in an unscarred 
uterus is 0.26%, compared to 0.65% in those 
who have had one prior Caesarean section and 
up to 10% in those who have had four sections.

• The rising rate of Caesarean sections and repeat 
sections will increase the prevalence of placenta 
praevia with an approximated 6-year lag of 
complication rates behind the Caesarean 
rates.16

• Increasing maternal age.
• Infertility treatment.
• Increasing gravidity.
The prevalence of placenta praevia does not  

increase with smoking, hypertension or pregnancy- 
associated hypertension.13

The assumption is that all the adverse factors have 
their effect by altering placental perfusion, such that 
differentiation of the chorion into chorion laeve and 
frondosum is altered. Chorion frondosum will persist 
at sites of greater uterine perfusion or will cover a 
greater area of the uterine surface if overall perfusion 
is reduced. This increases the chance of the placenta 
forming over the os.

ULTRASOUND SIGNS
The best method to assess the site of the placenta and 
to avoid the pitfalls described above is to use trans-
vaginal ultrasound. The use of a transvaginal probe 
does not increase the risk of bleeding and it has long 
been viewed as the ‘gold standard’.17 Comparison has 
been made between transabdominal, transperineal, 
transrectal and transvaginal routes of ultrasound 
examination. The transabdominal and transperineal 
routes gave the poorest views and were the least accu-
rate. The transvaginal route was the best, but the trans-
rectal route was almost equivalent. Some authors claim 
that the transrectal route carries less potential trauma 
or infection to the pregnancy and should be used in 
preference. However, patient acceptance and comfort 
is better for the transvaginal route.18

The position of the internal cervical os needs to be 
located accurately and then the relationship of the 
edge of the placenta to the os determined. The pres-
ence of any accessory placental lobe also needs to be 
identified. Magnetic resonance imaging (MRI) can 

FIGURE 5-7 Vasa praevia. Colour Doppler shows cord vessels over-
lying the os and running between two elements of the placenta. 
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• A low cord insertion.
• A velamentous cord insertion.
• Placenta praevia.
MRI scan has been shown to be able to identify vasa 

praevia, but usually as a byproduct of a scan indicated 
for something else26 (Figure 5-8). Special interest 
groups have set up imaging algorithms for those who 
wish to pursue screening in a research setting. In the 
meantime, the UK National Screening Committee rec-
ommendation that screening for vasa praevia is not of 
proven benefit can be found at www.screening.nhs.uk/
vasapraevia.

Attachment Disorders
Normal placental development is described above. 
The chorion normally attaches to the endometrial 
decidua. If the decidua is thinned or denuded, then 
the chorion may attach directly to the myometrium 
(Figure 5-9).

The degree of abnormal attachment is classified 
according to the depth of myometrial invasion:

• Placenta accreta: the chorionic villi attach to 
the myometrium, but do not invade it (75% of 
cases, though some authors maintain a greater 
proportion are just accreta).

abnormalities and a risk of fetal death of about 60%.1 
If the diagnosis is made prior to labour then survival 
rates are up to 97%.

The reported incidence is between 1 in 2000 and 
1 in 6000 pregnancies. Associated factors are:

• In-vitro fertilization pregnancies.
• Bilobate or succenturiate placentas.
• Second-trimester placenta praevia.22

Recommendations have been made by various 
bodies about the management and detection of vasa 
praevia, including the Royal College of Obstetricians 
and Gynaecologists1 and the Society of Obstetricians 
and Gynaecologists of Canada.23 Generally, these 
bodies accept that there are signs that allow the ante-
natal diagnosis of vasa praevia but that there is as  
yet no consensus on the benefits versus harms of 
instituting a screening service. Indeed, one survey of 
opinion in England and Wales showed that most 
obstetricians feel that a screening service is not 
possible.24

The problem is that the prevalence of the condition 
is generally low and that screening would require 
transvaginal ultrasound. The skills of looking for vasa 
praevia and a velamentous cord insertion have not 
been generally taught. Maternal obesity, scarring, and 
fetal position can influence accuracy and there is the 
pitfall of overcalling a cord presentation as vasa 
praevia.

Some groups have shown that it is possible to strat-
ify the population into those at higher risk by assess-
ing the site of cord insertion in the late first/early 
second trimester. Cases of vasa praevia only occurred 
in those who had a cord insertion in the lower third 
of the uterus between 9 and 13 weeks gestation.25 
Likewise, if screening is confined to those who are 
shown to have:

• a low-lying placenta;
• accessory lobe in the second trimester;
• multiple pregnancy;
• in vitro fertilization;

then the numbers needed to screen in the third tri-
mester can be reduced.

Other signs in the second trimester that predict an 
increased risk of vasa praevia are:

• A descending cord (one that passes downwards 
from its placental insertion below the 
presenting fetal part).

FIGURE 5-8 Axial view from an MRI scan showing an unsupported 
vessel (arrow) running between two elements of the placenta – likely 
to be vasa praevia. 
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• prior endometrial ablation;29

• prior dilation and curettage;
• myomectomy;
• congenital uterine anomalies;

the strongest associations are with:
• increasing maternal age;
• prior Caesarean section;
• placenta praevia.
The more sections that have occurred, the greater 

the chance there is of accreta, which does allow some 
degree of risk stratification. A woman aged over 35 
years, with two previous sections and a current pla-
centa praevia has about a 40% chance of accreta – in 
other words considerably higher than the background 
risk.30 Bayes’ theorem reminds us that the pre-test 
probability of a condition affects the post-test proba-
bility. So, any imaging test applied to a very high-risk 
group is likely to perform well compared to its per-
formance in a low-risk group. Three prior Caesarean 
sections and a current placenta praevia give a risk of 
60% for accreta regardless of any other imaging.

ULTRASOUND IMAGING FINDINGS
Ultrasound is the primary diagnostic tool.1

Findings thought to be of use are:
• Grey scale:

• loss of the retroplacental sonolucent zone;
• irregular retroplacental sonolucent zone;
• thinning or disruption of the hyperechoic 

serosa;
• focal masses invading the bladder;
• multiple irregular lacunae in the placental 

substance.
• Colour Doppler:

• hypervascularity of serosa;
• crossing vessels from placenta to serosa.

• 3D power Doppler:
• hypervascularity;
• numerous coherent vessels involving the 

uterine serosa.
The normal placenta has a uniform grey-scale echo-

genicity with a dark retroplacental sonolucent zone 
corresponding to the vessels of the decidua basalis 
(Figure 5-10). Beneath this is the thin rim of myo-
metrium, which is usually less echogenic than the 
placenta. These features are more readily visible if the 
correct ultrasound transducer and focal zone are used. 

• Placenta increta: the villi, at least in some 
areas, invade into the myometrium (20% of 
cases).

• Placenta percreta: the villi penetrate to or 
through the serosa (5% of cases).

The significance of abnormal attachment of the 
placenta is that it causes significant maternal morbid-
ity and mortality. In the absence of prior diagnosis, an 
abnormally deeply attached placenta presents during 
the third stage of labour when the placenta will not 
deliver easily and there is substantial post-partum 
haemorrhage at the time of separation. Blood loss can 
be between 3 and 5 litres, which can lead to dissemi-
nated intravascular coagulopathy, adult respiratory 
distress syndrome, renal failure and death.

ASSOCIATIONS AND RISK FACTORS
Overall prevalence of abnormal attachment of the pla-
centa is about one in 2500 deliveries, though some 
authors suggest a rate nearer one in 500.27

The accepted wisdom is that anything that alters 
the amount of endometrium overlying the myo-
metrium can give an increased incidence of placenta 
accreta.

So whilst there is an association with:
• fibroids;
• Asherman syndrome;28

FIGURE 5-9 First-trimester ultrasound scan showing the double ring 
sign. The inner echogenic ring is the trophoblast of the gestation sac 
(straight arrow); the outer echogenic ring is the decidua of the uterus 
(angled arrow). If the decidua were focally denuded, this would 
expose the underlying myometrium to trophoblast attachment. 
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FIGURE 5-10 Ultrasound of the normal placenta. Note the placenta 
has a uniform grey echogenicity. The arrow shows the retroplacental 
sonolucent zone, which corresponds to the vessels of the decidua 
basalis. The echogenic myometrium is seen outside this. 

An anterior placenta in a slim woman may have these 
features hidden in reverberation artefact from a 
3.5 MHz curved array, whereas they can be clearly 
seen when a higher frequency linear probe is used 
(Figure 5-11 A–D).

Since there is such a strong association with prior 
Caesarean section (Figure 5-12), it can be worth 
assessing the site of placental formation in the first 
trimester. Finding the trophoblast to overlap the site 
of the scar at 11–14 weeks helps to stratify women 
into a high-risk group for follow-up.31 Furthermore, if 
the placenta not only overlies the old scar, but also has 
many large and irregularly shaped lacunae, it strongly 
indicates the presence of accreta.32

Multiple Irregular Lacunae in the Placental Substance
Placental lacunae form the single most valuable grey-
scale sign of placenta accreta in the presence of pla-
centa praevia (Figure 5-13). They have a high-sensitivity 
and good positive predictive value for accreta and 
predict the need for massive peri-partum transfu-
sion.33 They typically present a ‘moth-eaten’ or ‘Swiss 
cheese’ effect. The lacunae have varying size and 
shape, may be indistinct and show turbulent flow. 
This is in contrast to placental lakes that have a dis-
tinct outline and show laminar flow.27

Loss and/or Irregularity of the Retroplacental 
Sonolucent Zone

Loss of the retroplacental clear space or sonolucent 
zone is associated with placenta accreta, but it is not 
specific as this loss is often seen in normal placenta-
tion (Figure 5-14). It should however prompt a search 
for other signs of accreta. This shouldn’t be confused 
with proliferation of the decidua basalis vessels, a 
normal but uncommon appearance of numerous par-
allel echo-poor channels lying beneath the placenta 
(Figure 5-15). In this author’s experience, this is not 
associated with abnormal placental attachment.

Thinning or Disruption of the Hyperechoic Serosa
The presence of a thin myometrium of less than 1 mm 
has been found to be associated with placenta accreta, 
but not all authors find this a reliable sign (Figure 
5-16). Alternatively, finding that the echobright line of 
the serosa between bladder and uterus is interrupted 
is very specific for placenta percreta, especially if asso-
ciated crossing blood vessels are also shown. Very 
rarely, a discrete mass of placental tissue will be seen 
extending into the bladder – a true percreta.

Colour Doppler signs comprise complex turbulent 
flow at the utero-placental margin and the presence of 
crossing vessels particularly if associated with grey-
scale signs (Figure 5-17 A–C). Turbulent flow in the 
lacunae is considered by some to be predictive, as is 
finding a gap in the marginal decidua basalis flow. 
Most series use a composite of grey-scale and colour 
Doppler signs to provide sensitivities of the order of 
90% and specificities in the high 90s%.34,35

The commonest sites of involvement by placenta 
accreta are in the low anterior uterus at the site  
of previous Caesarean scar and into the cervix in 
co-existent placenta praevia. The length of cervix is 
a predictor of bleeding in those with placenta praevia, 
with lengths less than 2.5 cm having a greater risk 
of bleeding. Accreta also occurs at other sites of 
surgical intervention, so it is important to correlate 
the history with the site of the placenta (Figure 5-18 
A and B). Bear in mind that Caesarean sections 
carried out as an emergency procedure during labour 
are inadvertently done through the effaced cervix in 
about a third of cases, so the risk of accreta is less 
in this group.
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FIGURE 5-11 Placental interface depiction varies depending on the probe and settings used. (A) 3.5 MHz probe with focal zone set too deep; 
(B) 3.5 MHz probe with focal zone at correct level; (C) 6 MHz linear probe and (D) 6 MHz linear probe with colour Doppler showing flow in 
the decidua basalis vessels. 
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FIGURE 5-12 Transvaginal ultrasound image of an early pregnancy 
implanted into a previous Caesarean section scar (bold arrow). This 
would inevitably form a placenta accreta should the pregnancy 
progress. Thin arrow indicates the decidua of the gestation sac. CRL, 
crown rump length. Line arrow indicates early placental site; double 
arrow indicates the line of the LSCS scar. (Courtesy of Dr Anne Marie 
Coady.)

CRL

FIGURE 5-13 Transvaginal ultrasound image of a placenta, contain-
ing multiple irregularly shaped lacunae. This is a strong sign associ-
ated with placenta accreta. (Courtesy of Dr Anne Marie Coady.)

FIGURE 5-14 Ultrasound image of the placenta showing loss of the 
retroplacental clear zone (arrow). A relatively weak sign of placenta 
accreta as it can be seen in normal cases. 

FIGURE 5-15 Ultrasound image of proliferation of vessels within the 
decidua basalis clear space (block lines indicating the extent and 
variability of the clear space). This is not a feature of placenta accreta 
and has no significance. 

FIGURE 5-16 Ultrasound of a normal placenta. Note the myometrial 
layer beneath the placenta is of good thickness. A thickness of less 
than 1 mm is associated with placenta accreta. 
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FIGURE 5-17 (A) Transvaginal ultrasound of multiple placental 
lacunae producing a moth-eaten appearance to the placenta. (B) Loss 
of the retroplacental clear space (arrow); (C) colour Doppler showing 
vessels crossing the serosa (arrow). (A, Courtesy of Dr Anne Marie 
Coady.)

A
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3D power Doppler is advocated as a way to improve 
the ultrasound diagnosis of placenta accreta.36 The 
orientation with which the 3D data set is viewed alters 
the criterion used. So hypervascularity and chaotic 
intervillous branching is best observed on the lateral 
view and numerous coherent vessels involving the 
uterine serosa/bladder junction are best seen on the 

basal view. There are clearly limitations that arise from 
the post-processing required to view the data, with the 
thresholds set for transparency and relative weighting 
of grey scale and Doppler information having a large 
effect on the eventual image. This is such that some 
authors have shown that 3D has very poor reproduc-
ibility and hence reliability in detecting accreta.37
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Different authors have found myometrial thinning 
to be of varied use depending on the machine used 
and its ability to resolve the thin myometrium. 
However, if it is visible, interruption of the myo-
metrium is a useful sign.

The heterogeneous signal within the placenta may 
represent either areas of haemorrhage or the lacunae 
that are seen on ultrasound. Care needs to be taken 
with the dark intraplacental bands not to confuse 
them with the normal thin placental septa (Figure 
5-21). The intraplacental bands tend to be thicker and 
more irregular and have a random distribution. Meas-
uring the volume of the intraplacental band has been 
proposed as a way of predicting accreta, with the 
greater volumes being associated with accreta.38 MRI 
can also indicate cervical invasion by showing disrup-
tion of the dark stromal ring (Figure 5-22). Recently, 
interest has grown in MRI’s ability to detect abnormal 
vascularity as a marker for accreta, similar to the signs 
seen at ultrasound.39

Pitfalls at MR imaging occur with artefacts mim-
icking placental bands, with varices (Figure 5-23)  
mimicking invasion through the serosa and patient 

MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging (MRI) is fast finding a 
role in the diagnosis of placenta accreta. The advent 
of faster acquisition sequences has meant that fetal 
movement (Figure 5-19) is no longer an issue for 
image degradation.

The most useful signs on MRI are thought to be:27

• Focal convex uterine bulging (Figure 5-20A).
• Dark intraplacental bands on T2-weighted 

images (Figure 5-20B).
• Heterogeneous signal within the placenta 

(Figure 5-20C).
• Placenta praevia.
• Direct visualization of invasion of adjacent 

structures (usually the bladder).

FIGURE 5-18 Grey-scale (A) and colour Doppler (B) of placenta 
accreta at a site of previous myomectomy. 

A

B

FIGURE 5-19 Modern fast-acquisition T2-weighted sequences can 
show exquisite fetal and placental detail even in quite overweight 
women. This image shows a cross-section through the fetal chest as 
well as showing the placenta. 



FIGURE 5-20 MRI signs of placenta accreta on T2-weighted 
images. (A) Focal bulge of the placenta (arrow) deforming 
the margin of the uterus. (B) Dark intraplacental band 
(arrow). (C) Axial image showing a very uneven signal from 
the placental substance as well as a placental band (arrow), 
focal bulging and accessory lobes (angled arrow). 

A B

C

FIGURE 5-21 T2-weighted MR image showing a normal thin intra-
placental septum (arrow). 

FIGURE 5-22 Axial T2-weighted images through the cervix. The 
image shows the dark stromal ring is incomplete – this is a sign of 
placental invasion into the cervix. 
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• Leaving the placenta in place and giving 
methotrexate to promote involution.

• Interventional radiology techniques of 
balloon placement or embolization to  
control blood loss.

• Elective Caesarean hysterectomy with the 
placenta in-situ.

The route of access for Caesarean needs to be 
planned to avoid having to cut through the placenta. 
A classic section through the fundus may be 
necessary.

Successful cases have been described with all the 
above management strategies. Advocates of meth-
otrexate say that it reduces the chance of a late post-
partum haemorrhage if the placenta is left in place;40 
others say it makes no difference to the transfusion 
rate. Antibiotics will be needed if the placenta is 
retained to prevent infection.

Interventional radiology to place occlusion bal-
loons either in the aorta or the internal iliac arteries 
prior to delivery have been shown to reduce trans-
fusion requirements41 though it may not prevent 
the need for hysterectomy. Other complications of 
fetal bradycardia, dislodgement of the balloons or 
late secondary iliac aneurysm formation have all 
been described. The need to transfer the woman 
from radiology to the delivery suite may also create 
problems.

If the couple have completed their family, it  
may be best to opt for an elective Caesarean 
hysterectomy.

CONCLUSION
There is no doubt that ultrasound and MRI are able 
to detect placenta praevia and placenta accreta with 
equal sensitivity and specificity. They are complemen-
tary tests. Do they make a difference to patient 
outcome? Most would say they do. Imaging benefit 
in placenta praevia is not in doubt. There is more 
argument with placenta accreta, with some studies 
showing that scanning has no effect on delivery mode 
and that scanning makes it more likely for a Caesarean 
hysterectomy to be done,42 whereas others point to 
antenatal diagnosis reducing the need for peri-partum 
transfusion.43 This is an evolving field and it is to be 
expected that new developments and consensus have 
yet to be reached.

FIGURE 5-23 An MRI scan pitfall. Sagittal image showing varices 
(arrow) in the bladder. These should not be mistaken for placenta 
percreta to the bladder. 

movement degrading the images. MRI tends to have 
the advantage over ultrasound in obese people, but 
otherwise the two techniques are complementary. 
There have been several studies comparing ultra-
sound and MRI with equal numbers favouring one 
technique or the other, likely related to local 
expertise.

MANAGEMENT
The management of a known case of placenta accreta 
is centred on preventing substantial post-partum 
haemorrhage with a secondary aim of preserving the 
uterus and perhaps future fertility. With this in mind, 
the Royal College of Obstetricians and Gynaecologists 
has issued guidelines.1 A proper discussion with the 
woman and her partner regarding the risks is essential 
so that the timing and mode of delivery are planned. 
She should know the potential for blood transfusion 
so that any objections or queries can be dealt with. 
Delivery should be in a unit with facilities for blood 
transfusion and high dependency care. Consultant 
obstetric and anaesthetic staff need to be directly 
involved.

Options include:
• Cell salvage techniques for auto-transfusion.
• Leaving the placenta in place undisturbed.
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Additional Primary Placental Abnormalities
Structural abnormalities of the placenta may be clas-
sified as:

• Simple placental lesions.
• Tumours of the placenta including gestational 

trophoblastic disease.
• Complex placental malignancy.

‘Jelly-Like’ Placenta
This term describes a placenta that sonographically 
appears thickened and heterogeneous. The placenta is 
larger, the texture is abnormal with patchy areas of 
hyper- and hypoechogenicity. When agitated gently 
with the ultrasound probe this abnormal placenta 
does ‘wobble’ like jelly.8,44 It is usually seen in cases 
of severe early-onset IUGR and therefore the fetus  
will be small with abnormal umbilical artery and  
middle cerebral artery Dopplers, and low liquor 
volume. The placental appearances are probably due 
to a combination of massive perivillous fibrin deposi-
tion, intervillous or subchorionic thrombosis into the 
placental substance, with placental haemorrhage 
superimposed in some cases. The prognosis is very 
poor given the very early age of onset of the growth 
restriction, the severity of the change and the likely 
inexorable deterioration (Figure 5-24 A and B).

Calcification
Calcification predominantly affects the basal plate and 
septa and is a normal feature of placental maturity 
(Figure 5-25).

CHORIOANGIOMA
Chorioangiomas are the most common tumour of the 
placenta, with an estimated prevalence of 1%. The 
majority are of small size and will not be detected 
either sonographically or pathologically. They are vas-
cular tumours and most are single, well-encapsulated 
masses and whilst they are within the body of the 
placenta they will quite typically project from the 
surface into the amniotic cavity.45

Even when detected, small chorioangiomas tend to 
remain asymptomatic and do not complicate the 
course of the pregnancy.

A large or giant chorioangioma is defined as being 
more than 4–5 cm in diameter. These are more often 

A

PLACENTA

FIGURE 5-24 (A and B) ‘Jelly-like’ placenta associated with oligohy-
dramnios and reversed end diastolic flow at 25 weeks. (Courtesy of 
Dr Anne Marie Coady.)

B

FIGURE 5-25 Placental calcification. (Courtesy of Dr Anne Marie Coady.)
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fetal haemorrhage, microangiopathic 
haemolysis within the vessels of the tumour 
itself or haemodilution.

• Polyhydramnios: Polyhydramnios may be due 
to the hyperdynamic fetal circulation and or 
transudation of fluid from the tumour surface.

• Growth restriction:46 Growth restriction has 
also been reported, but the exact cause is 
unknown. It has been suggested that it could 
be a consequence of a reduction in total 
functional capacity of the placenta but this 
seems unlikely. The close proximity to the cord 
insertion and compromise here may play a part 
in some cases.

In view of the association between placental chorio-
angioma and poor pregnancy outcome, further ul-
trasound scans monitoring growth, liquor volume  
and assessing the risk of fetal anaemia should be 
performed.45,46

PLACENTAL MALIGNANCY
Diseases include:

• Gestational trophoblastic disease (GTD).
• Intraplacental chorio-carcinoma.
• Placental mesenchymal dysplasia.

GESTATIONAL TROPHOBLASTIC DISEASE (GTD)
Gestational trophoblastic disease is a term used to 
describe a spectrum of abnormalities that includes:

• Hydatidiform molar pregnancies:
• partial;
• complete.

• Persistent gestational trophoblastic neoplasia.
There is a lot of confusion surrounding GTD, in 

part due to varying terminology but also to the exist-
ence of conditions that may mimic this pathology. In 
many cases the correct prenatal diagnosis will be made 
based on specific clinical symptoms, ultrasound fea-
tures and biological markers.

Hydatidiform Molar Pregnancies
Complete hydatidiform mole (CHM) occurs in around 
1 in 500 to 1 in 700 pregnancies. The majority of 
women present with signs and symptoms of early 
pregnancy loss, and patients with this form of molar 
placentation are most frequently seen in early preg-
nancy assessment units. The incidence of molar 

FIGURE 5-26 Large hypo-echoic chorioangioma projecting from the 
placental surface. (Courtesy of Dr Anne Marie Coady.)

diagnosed prenatally by ultrasound imaging and have 
an estimated prevalence varying from 1: 9000 to  
1: 50,000 pregnancies.45,46

Ultrasound Features
A chorioangioma presents as a smooth oval or rounded 
hypo-echoic tumour projecting into the amniotic 
cavity (Figure 5-26).

Large chorioangiomas, especially those which are 
adjacent to the cord insertion into the placenta (Figure 
5-27), have been associated with a significant increase 
in pregnancy complications including:

• Anaemia, high output cardiac failure, 
hydrops: anaemia (and very occasionally 
thrombocytopenia) may be a consequence of 

FIGURE 5-27 Large hypo-echoic chorioangioma with the cord 
inserting into the placenta adjacent to the tumour. (Courtesy of Dr Anne 
Marie Coady.)
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pregnancies has been estimated to be 1 per 41 miscar-
riages but the exact incidence is unknown.47

The pathological features of a complete mole 
are:48,49

• The absence of any significant fetal 
development.

• Generalized villous hydrops (swelling of most 
of the villi).

• Diffuse trophoblastic hyperplasia.
Around 80% of CHM will be detected now on 

transvaginal ultrasound at 8–10 weeks and this major 
shift in the timing of the diagnosis means that the 
diagnostic histological criteria will need to be 
updated.50

The first-trimester sonographic features are usually 
non-specific, most often simply resembling a failed 
intrauterine pregnancy.51 As the pregnancy progresses 
to beyond 9–10 weeks’ gestation the more classic 
sonographic appearances may be seen:

• A distended (large for dates) uterine cavity 
containing multiple sonolucent ‘cystic’ areas of 
varying size and shape (classic ’snow-storm’ 
appearance) with NO associated embryonic or 
fetal structures (Figure 5-28 A and B).

• Theca lutein cysts of the ovaries, which have a 
‘soap bubble’ or a ‘spoke wheel’ appearance, 
develop secondary to the very high βhCG 
levels. Classically they occur beyond 10 weeks 
in up to 50% of cases (Figure 5-29).

The differential for the endometrial sonographic 
features includes:

• A simple miscarriage which can be associated 
with a cystic-looking trophoblast, i.e. so-called 
hydropic degeneration of the early trophoblast 
which may occur in 1–3% of all pregnancies. 
Fifty percent of cases with an ultrasound label 
of ‘molar’ change will actually be a simple 
non-molar miscarriage on histological 
review8,44,51 (Figure 5-30).

• Placental mesenchymal dysplasia (see below).

Partial Hydatidiform Mole (PHM)
Sonographically in a partial HM the degree of cystic 
change within the placenta is much less marked and 
an abnormal fetus may be identifiable eventually. This 
form of GTD is more likely to cause diagnostic confu-
sion with a non-molar miscarriage (see above). These 

FIGURE 5-28 Uterine distension at 14 weeks (A) with tissue consist-
ing of multiple sonolucent ‘cystic’ areas (arrow) of varying size and 
shape (‘snow-storm’ appearance) without associated embryonic or 
fetal structures and (B) a 7-week example of CHM. (Courtesy of Dr Anne 
Marie Coady.)

A

B

FIGURE 5-29 A theca lutein cyst demonstrating a ‘soap bubble’ 
appearance of the right ovary. (Courtesy of Dr Anne Marie Coady.)
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pregnancies are also often scanned in the context of 
early pregnancy loss and at 8 to 10 weeks the embryo 
will not usually appear abnormal (Figure 5-31 A  
and B). Confirmation of this diagnosis often warrants 
an initial ‘wait and see’ policy.

A CHM and a PHM can be found in association 
with a normal fetus in the setting of a dizygotic twin 
pregnancy.52

Twin pregnancies with a CHM are easier to recog-
nize, as two distinct types of placenta (normal and 
molar placental tissue) will be seen adjacent to each 
other (Figure 5-32 A and B and Figure 5-33). Early in 
pregnancy due to the close proximity of the placentas, 
it may appear as if there is only one placental mass 
with ‘focal molar change’. In this situation it is impor-
tant to concentrate on the embryo/fetus. If the fetus is 
normal, then a twin with molar change needs to be 
considered and once again confirmation of normality 
may not be possible until late in the first trimester.

In the rare case of PHM and normal co-twin, two 
fetuses will be seen, one structurally normal and the 
other with growth restriction and structural defects.52

Parents who decide to continue with a twin preg-
nancy complicated by a molar gestation must be aware 
that overall there is only a 40% chance of a live birth 
and that in 15–20% of cases the mother will develop 
post-delivery persistent gestational trophoblastic 
disease.8

Close surveillance of fetal well-being is required 
and the mother must be monitored regularly. Manage-
ment of such cases should be in specialist centres by 

FIGURE 5-30 Hydropic degeneration (arrow) of a non-molar miscar-
riage. (Courtesy of Dr Anne Marie Coady.)

a perinatal team with experience in high-risk obstet-
rics and access to neonatal care.

INTRAPLACENTAL CHORIOCARCINOMA
Choriocarcinoma is a malignant tumour which widely 
metastasizes to the lungs, liver and brain. It arises from 
chorionic villous trophoblast with the majority of 
cases following on from a hydatidiform molar preg-
nancy, particularly a complete molar gestation.53

However there are reports of choriocarcinoma 
arising from completely normal villous tissue within 
an otherwise normal non-molar third-trimester pla-
centa, but fortunately these are very rare cases.54

There is a range of possible presentations of pla-
cental choriocarcinoma. The manifestations form a 
spectrum of disease from:

FIGURE 5-31 Cystic placental change with a triploid fetus. (Courtesy 
of Dr Anne Marie Coady.)

A

B
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PLACENTAL METASTASIS FROM  
MATERNAL DISEASE
Approximately 1 in 1000 to 1 in 1500 pregnancies is 
complicated by maternal malignant disease, but 
reports of placental metastases are rare and fetal 
metastases from maternal disease are even more 
unusual.

The most common maternal tumours reported as 
involving the placenta and most commonly seen in the 
setting of an affected pregnant patient are:

• Malignant melanoma.
• Breast and bronchial cancer.
The most common fetal tumour involving the pla-

centa is a fetal neuroblastoma (see Chapter 20, Fetal 
Tumours).

PLACENTAL MESENCHYMAL DYSPLASIA
Placental mesenchymal dysplasia (PMD) is a rare con-
dition presenting with sonographic features suggestive 
of molar change, i.e. a placenta with cystic change 
within55 (Figure 5-34). The affected placenta may also 
be larger than expected, but the fetus will appear 
essentially normal (at least initially). The differential 
diagnosis between PMD and partial mole is crucial to 
prevent unnecessary termination of pregnancy and 
any decision about termination must be delayed until 
the fetus has been thoroughly assessed sonographi-
cally and triploidy excluded. In contrast to partial 
moles, the fetus in PMD is usually fully viable though 

FIGURE 5-32 (A and B) A twin pregnancy (first and third trimester) consisting of CHM molar placental tissue (thick arrows) and a normal 
placenta (thin arrows); the fetus was morphologically normal (star). (Courtesy of Dr Anne Marie Coady.)

A B

FIGURE 5-33 MRI scan of a twin pregnancy with CHM molar pla-
cental tissue (thick arrow) and a normal placenta (thin arrow); the 
fetus was morphologically normal (star). 

• A serendipitous incidental small lesion 
diagnosed on placental pathological 
examination.

• Disseminated maternal metastatic disease with 
symptoms including irregular vaginal bleeding 
secondary to uterine or vaginal metastasis and 
cough or haemoptysis due to pulmonary 
metastasis.

• Metastatic disease affecting the neonate 
(infantile choriocarcinoma of the liver) which is 
extremely rare.
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Haemangiomas have been associated with:
• elevated maternal serum α-fetoprotein levels;
• polyhydramnios;
• hydrops fetalis;
• fetal haemorrhage due to rupture.
Umbilical cord teratomas are benign lesions derived 

from ectopically located germ cells. A teratoma is far 
more likely to be heterogeneous in appearance with 
both cystic and solid components. The tumour mass 
may also have foci of calcification within.

Umbilical Cord Haematoma
Spontaneous haematomas (excluding iatrogenic 
lesions: trauma during CVS and/or cordocentesis) of 
the umbilical cord are rare but are associated with a 
high mortality rate and unfortunately the aetiology is 
not known.56 Sonographically these lesions are similar 
to haemangiomas, teratomas and chorioangiomas, 
however they have no preferred location within the 
umbilical cord and they usually do not appear cystic 
on ultrasound.57

When a cord tumour is suspected regular monitor-
ing for fetal growth, fetal hydrops and fetal well-being 
throughout pregnancy should be considered, irrespec-
tive of the proposed aetiology.
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UMBILICAL CORD TUMOURS
Masses within the umbilical cord are extremely rare. 
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• Tumours such as haemangioma (the most 
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coma.
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clear and there are very limited data concerning mor-
tality, morbidity, outcome and prognosis.

FIGURE 5-34 Placental mesenchymal dysplasia (PMD) presenting 
with sonographic features of molar change. (Courtesy of Dr Anne Marie 
Coady.)

RT PLACENTA
FIGURE 5-35 Possible umbilical cord haemangioma, a small echo-
genic lesion (arrow) completely separate from the abdominal cavity 
contents with a degree of cystic degeneration of Wharton’s jelly. This 
fetus died at 16 weeks. (Courtesy of Dr Anne Marie Coady.)
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Chapter 6 

Introduction
Viral infections are a concern to practitioners in pre-
natal diagnosis, particularly in the interpretation of an 
abnormal fetal ultrasound examination.

It must be emphasized that the risks of transpla-
cental transmission and fetal damage are pathogen- 
and gestation-specific.

An optimal approach requires understanding of:
• the expected teratogenicity of infection;
• its potential appearance on ultrasound;
• the dynamics of the progress of maternal–fetal 

infection;
• the anticipated progression of the disease and 

its symptoms.
There are three main reasons why infection needs 

to be considered in a pregnant woman:
1. Maternal exposure to an infectious pathogen.
2. Finding sonographic markers of fetal infection 

during a routine ultrasound scan.
3. Symptomatic maternal infection.
Raising the question of a possible intrauterine 

infection in the face of an ultrasound feature or group 
of features should prompt a series of investigations 
starting with the woman’s serological status. At this 
stage, the only serological profile which allows exclu-
sion of an infection as the possible cause of the sono-
graphic features is that of negative IgM and negative 
IgG (Figure 6-1).

All other serological profiles will require further 
virological and immunological assessment, for 
example:

1. The presence of isolated IgM is not suggestive 
of a seroconversion if this is not followed by the 
appearance of IgG within 2 weeks.

2. The presence of isolated IgG could either mean 
that the infection occurred before the current 
pregnancy or during the pregnancy, although 

Prenatal Diagnosis of Fetal Infections
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Cytomegalovirus
Cytomegalovirus (CMV), is a member of the herpes-
viridae family and it is the commonest cause of con-
genital viral infection, affecting 1% of all pregnant 
women. Around 50% to 85% of all women are immune 
by childbearing age in most industrialized countries.1 
Congenital CMV is mainly related to primary maternal 
infection. The risk of vertical transmission is 40% in 
the first and second trimesters of pregnancy and fetal 
damage occurs in about 10% of these cases. Transmis-
sion occurs in about 80% of cases in the third trimes-
ter but it is usually asymptomatic after 27 weeks of 
gestation.2,3 Although immunity to CMV is not entirely 
protective of vertical transmission, in cases with sec-
ondary infection the transmission rate is assumed to 
be 2–3%.3

Maternal infection is usually asymptomatic, or 
presents as general malaise, fever, pharyngitis and 
lymphadenopathy. The incubation period is 4–8 
weeks. Viraemia occurs 2–3 weeks after infection.1

TERATOGENICITY
Congenitally Infected Baby

1. Symptomatic (10%)
a. 50% will have typical features of CMV inclu-

sion disease;
b. 50% will have atypical features.

2. Asymptomatic 90%
a. These infants though infected at birth will 

have no symptoms.

Outcome of Fetal Infection with CMV
The overall risk of damage in fetuses infected as a 
result of primary maternal infection is about 25%. The 
earlier the fetus is affected the more severe the disease 
tends to be. Children with congenital CMV infection 

long enough ago for the IgM to disappear.
In the presence of isolated IgG there are two ways 

of determining the likely onset of an infection in rela-
tion to the start of pregnancy. One is to test a previous 
sample; preferably a booking sample, however when 
this cannot be obtained, measuring the IgG avidity 
allows dating of the infection as older than 3 months 
or within 3 months of testing.

It is well known that antibodies bind less avidly 
(tightly) to antigens during the early stages of infection 
and this observation forms the basis of an avidity test. 
An avidity test result of <30% indicates infection 
within the preceding 3 months, whilst a measured 
avidity of >40% indicates infection more than 6 
months earlier. This test may help to distinguish 
between primary infection and reactivation/reinfection 
by dating the infection as older than or within 3 
months of testing.

When the onset of viral infection can be docu-
mented during the pregnancy with the appearance of 
IgG, usually following that of IgM, transplacental 
passage can take up to 6 weeks to occur and prenatal 
diagnosis by recovering the virus from the amniotic 
fluid is only reliable when fetal diuresis is well estab-
lished and therefore usually not before 20 weeks’ 
gestation.

It is very important to remember that:
• detection of a virus alone does not always 

mean fetal damage;
• fetal infection does not always lead to the fetus 

being affected;
• a negative result does not completely exclude 

the possibility of fetal infection.
The most prevalent congenital viral infection is 

cytomegalovirus (CMV) and this is also the infection 
which produces the richest semiology on prenatal 
ultrasound.

FIGURE 6-1 Interpretation of cytomegalovirus serology in the three trimesters of pregnancy. T1,T2,T3: first trimester, second trimester, third 
trimester PI: primary infection. 
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for symptomatic and asymptomatic forms of infection 
based on neonatal outcome.6 This is mainly due to the 
dynamic evolution of the infection and its correspond-
ing but often subtle ultrasound features.7–10

The natural history can be illustrated by the follow-
ing sequence although features should be sought  
individually and the whole spectrum is rarely 
documented.

Placentitis appears as a thick and heterogeneous 
placenta with both hyper- and hypo-echoic areas 
(Figure 6-2). Although it is difficult to define a cut-off 
thickness, any value above 40 mm in the second tri-
mester can be considered a thick placenta.

Once the placenta can no longer act as a barrier 
against infection, the virus reaches the fetal circulation 
and its high affinity for renal tissue may cause fetal 
nephritis. Fetal nephritis may manifest as diffuse renal 
hyperechogenicity, but this is very unusual. The 
kidneys are usually normal sonographically but being 
affected may show transient dysfunction and therefore 
oligohydramnios. Replication of CMV in the fetal 
kidneys will allow the virus to be excreted in the fetal 
urine and hence the prenatal diagnosis to be made in 
the amniotic fluid.

When symptomatic acute systemic infection ensues, 
the following ultrasound features may be detected:

• hepatomegaly;
• splenomegaly;
• hyperechogenic bowel (Figure 6-3);
• ascites;

following first-trimester infection are more likely to 
have central nervous system sequelae, especially sen-
sorineural hearing loss.

Symptomatic infected newborns present with at 
least one of these abnormalities:

• Prematurity.
• Petechiae/purpura, thrombocytopenia, 

haemolysis.
• Conjugated hyperbilirubinemia/jaundice, 

hepatosplenomegaly, elevated alanine 
aminotransferase levels (>80 UI/L).

• Neurological findings (microcephaly, hypotonia, 
seizures) and increased cerebrospinal fluid 
proteins.

• Symptomatic CMV inclusion disease (ID) has a 
mortality rate of around 6%.

Long-term follow-up of the 10% of children who 
are infected at birth has shown that in 90% of the 
subjects in this subgroup there will be at least one 
sequela such as:

• psychomotor delay (70%);
• sensorineural hearing loss (SNHL) (50%);
• ocular abnormalities (mainly chorioretinis) 

(54%).
Asymptomatic neonates are known to have a better 

long-term prognosis with 10% to 15% developing 
sequelae (mainly SNHL) usually within the first 2 
years of life.

CMV congenital infection is likely to be the cause 
of one third of all SNHL in childhood. Antiviral treat-
ment of neonates showing SNHL leads to improved 
audiologic performance.4,5

Since infection in a healthy mother with normal 
immunity is frequently asymptomatic, testing for CMV 
during pregnancy is usually precipitated by the dis-
covery of a fetal marker during a routine ultrasound 
examination. If CMV infection of the fetus is sus-
pected, the maternal infection status needs to be estab-
lished initially. Once primary infection or reactivation 
of maternal CMV is confirmed, prenatal diagnosis can 
be offered to determine the risk of fetal infection.

ULTRASOUND FINDINGS
A wide range of sonographic abnormalities has been 
associated with CMV infection. However the diagnos-
tic accuracy of prenatal ultrasound alone to diagnose 
fetal infection is only around 25% and this is similar 

FIGURE 6-2 Placentitis in a fetus with CMV infection which appears 
as a thick and heterogeneous placenta with both hyper- and hypo-
echoic areas (arrows). 
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Splenomegaly (Figure 6-5)

Splenomegaly is measured in a transverse plane of the 
fetal abdomen limited by the lowest rib, the stomach 
bubble and the spine. A longest diameter of at least 
40 mm during the same gestational window is com-
patible with splenic enlargement. Splenomegaly may 
produce a small stomach bubble, shifted somewhat 
towards the midline, and is often associated with 
increased amniotic fluid volume resulting from the 
compression of the stomach by the enlarged spleen 
and or liver.

Cardiomyopathy
Cardiomyopathy may be seen usually as part of 
hydrops fetalis related to either anaemia or generalized 
metabolic failure.

Hyperechogenic Bowel (Figure 6-3)

Hyperechogenic bowel is a subjective finding but in 
this context must be echogenic bowel as bright as 
bone (EBABAB). EBABAB may be due to meconium 
ileus. Meconium peritonitis may follow bowel perfora-
tion by the virus itself, this feature is often also tran-
sient9,10 (Figure 6-6).

• calcification of the liver, the lungs and the 
myocardium. The calcific foci are usually 
parenchymal with infection;

• oligohydramnios (see above).

Hepatomegaly (Figure 6-4)

Fetal liver measurements show quite a wide confi-
dence interval but a 40 mm thickness between the 
gallbladder and the diaphragm measured either in a 
parasagittal plane or a frontal plane usually qualifies 
for hepatomegaly during the second and early third 
trimester.

FIGURE 6-3 Coronal view of the fetal abdomen showing murally 
located echogenic bowel as bright as bone (EBABAB) (arrow). (Cour-
tesy Dr Anne Marie Coady.)

FIGURE 6-4 A parasagittal view of the abdomen demonstrating fetal 
hepatomegaly (between calipers). 

1

FIGURE 6-5 The enlarged slightly echogenic spleen (thin arrow) has 
produced subtle shift of the stomach towards the midline (block 
arrow). 
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Particular attention should be paid to the aspect 
and size of the pericerebral spaces, where a delay or 
lack of gyration of the main and secondary fissures 
and sulci and increased pericerebral spaces will be 
evident, particularly on coronal views (Figure 6-10).

The ultrasound examination of the fetal brain in 
infected fetuses should comply with the requirements 
of a full neurosonogram examining both axial, coronal, 
sagittal and parasagittal planes searching for some-
times subtle features. However meticulous serial dedi-
cated neurosonograms can be, it is advisable to 
perform fetal brain MRI in the third trimester of 

Hydrops
Hydrops in CMV infection usually presents with mod-
erate ascites, and pleural and pericardial effusions. 
Skin oedema is usually mild. Hepatosplenomegaly 
and hyperechogenic bowel are usually present once 
the fetus is hydropic.

Fetal Brain Involvement
Fetal brain involvement is the main prognostic factor 
of fetal infection.

The intracranial findings include11–13:
1. Signs of a ventriculitis:

• ventriculomegaly;
• ventricular septations;
• echogenic ventricular rims (Figure 6-7 A 

and B).
2. Periventricular hyperechogenicity, calcification 

or porencephaly all of which are a consequence 
of periventricular leukomalacia.

These intracranial features are often associated with 
hyperechogenicity and pseudocysts of the germi-
nal matrix and neuronal migration abnormalities 
including polymicrogyria11–13 (Figure 6-8).

3. Cerebellar abnormalities often present as hyper-
echoic areas and cerebellar hypoplasia (Figure 
6-9).

4. Microcephaly is the end result of brain atrophy 
and is usually associated with some or all of  
the above described signs.

FIGURE 6-6 Meconium peritonitis actually outlining the peritoneal 
surface of the liver (arrow). Also note the anhydramnios (crowding 
of fetal parts). (Courtesy of Dr Anne Marie Coady.)

FIGURE 6-7 (A) Axial and (B) coronal scans of a fetus with intra-
cranial CMV demonstrating the very typical echogenic rim to the 
ventricular system (arrows). 

A

B
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FIGURE 6-9 Axial view of the posterior fossa showing a very hetero-
geneous looking cerebellum with hypo- and hyperechoic areas 
(arrows). 

FIGURE 6-10 This coronal view through the fetal brain at the level 
of the frontal lobes demonstrates lack of gyration of the fissures and 
sulci and an increase in size of the pericerebral spaces. 

FIGURE 6-8 This parasagittal view of the fetal brain demonstrates 
hyperechogenicity and pseudocysts of the germinal matrix (arrow). 

pregnancy since some features, especially migration 
and gyration abnormalities, will be better seen by 
MRI.13

Growth restriction is described in up to half of 
symptomatic neonates but also in about a third of 
asymptomatic ones and this could be due either to 
placental insufficiency related to infection or else due 
to severe symptomatic fetal infection.

PRENATAL DIAGNOSIS
The use of invasive prenatal testing for CMV is based 
on amplification of the viral genome by polymerase 

chain reaction (PCR) in the amniotic fluid retrieved by 
amniocentesis.14,15

Timing of amniocentesis is important in order to 
minimize the risk of false-negative results. Lower sen-
sitivities are expected before 20 weeks and when the 
sample is performed less than 6 weeks following 
maternal infection. Despite appropriate timing, up to 
8% of the neonates tested negative during pregnancy 
will be born with positive viruria. This is likely to 
reflect late transplacental passage and has not been 
associated with any developmental problem in the 
infected infants.

There is no role for fetal blood sampling and analy-
sis in the diagnostic work-up of potential CMV infec-
tion. However fetal thrombocytopenia below 100,000/
dL is an independent prognostic factor from fetal 
imaging and a complete prognostic assessment in the 
presence of confirmed fetal infection should include 
fetal blood analysis.16

MANAGEMENT AND COUNSELLING
Patients should be counselled about the risk of fetal 
damage in relation to the gestational age at which 
infection occurred and the results of a detailed ultra-
sound examination. It is very important to appreciate 
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weeks of gestation and 25% between 15–20 weeks: 
this rises to 70% towards term.22

The prospective risk of developing symptomatic 
fetal infection following maternal seroconversion is 
around 10%.24–27

TERATOGENICITY
The primary targets for parvovirus B19 are erythroid 
precursor cells. The host cell receptor is a blood group 
antigen, globoside, situated not only on the surface of 
erythrocyte progenitor cells (erythroblasts), but also 
on that of other cells such as endothelial cells, fetal 
myocardial cells, placental cells, mature erythrocytes 
and megakaryocytes.

Inside the host erythroid precursor cells, parvovi-
rus B19 replicates inducing apoptosis and toxic cell 
injury.23 Although B19 infection shows no direct tera-
togenicity to the developing brain, severe anaemia and 
thrombocytopenia can cause hypoxic and haemor-
rhagic lesions in the most severe cases. A direct tera-
togenic effect on the myocardium is rare but 
hypertrophic cardiomyopathy is associated with a 
poor prognosis.28

Rarely maternal symptoms of ‘mirror-hydrops’ or 
‘Ballantyne syndrome’ happen secondary to lysis of the 
hydropic villi of the placenta and this is responsible 
for maternal pre-eclampsia-like syndrome with 
oedema, hypertension, proteinuria and mild anaemia.29

Complications are as follows:
1. There is an excess fetal loss rate of 9% to 10% 

before 20 weeks of gestation. Most deaths occur 
4–6 weeks following the onset of maternal symp-
toms but they can occur up to 3 months later.26

2. Risk of hydrops is low (3%) but it has a mortal-
ity rate of 50%. Hydrops usually occurs about 5 
weeks after maternal infection (range 2–12 
weeks) and spontaneous resolution may occur 
1–7 weeks after diagnosis.30

ULTRASOUND FINDINGS
The sonographic features are primarily those of fetal 
anaemia and its related complications. In the early 
stage of anaemia the only sign will be that of an ele-
vated peak systolic velocity (PSV) in the middle cer-
ebral artery Doppler (MCAD). There is a positive 
correlation between this value and the degree of 
anaemia (Figure 6-11).31

that a normal initial ultrasound whilst reasssuring, is 
not a guaranteee of later normality, nor does it exclude 
the presence of neurological abnormalities at birth. A 
recent study of 50 pregnancies with confirmed vertical 
transmission of CMV reported postnatal neurological 
abnormalities in up to 19% of cases where there were 
no prenatal sonographic defects.17 Furthermore several 
manifestations of congenital CMV are not detectable 
by prenatal ultrasound.

Prenatal treatment of symptomatic fetuses (without 
brain involvement) with oral valaciclovir to the preg-
nant woman is likely to decrease the number of symp-
tomatic neonates.18,19 An earlier intervention with 
hyperimmune globulins given intravenously to the 
pregnant woman soon after seroconversion may help 
decrease the transplacental transmission.20

Parvovirus
Parvovirus B19 is an erythrovirus and is the only 
parvovirus which can cause human disease. Out-
breaks are more frequent in winter or spring and 
usually occur in day care centres and pre-primary 
schools. It is spread by respiratory droplets and is 
highly infectious. Most children present with an ery-
thematous facial rash (‘slapped-cheek’), followed by 
a more widespread rash. In adults it usually presents 
as inflammatory arthritis.21 The incubation period 
from infection to initial symptoms ranges from 4–14 
days, but can be as long as 21 days after exposure. 
Women are infectious for 3–10 days post-exposure 
or until the rash appears. Symptoms peak around 
day 9 and the rash may appear up to 18 days after 
exposure.

Testing for parvovirus B19 during pregnancy is 
most commonly the result of a history of recent mater-
nal exposure or the finding of fetal hydrops during 
sonographic examination.

About two-thirds of women of childbearing age will 
have acquired lasting protective immunity. The 
primary infection rate in pregnant women, as meas-
ured by the frequency of seroconversion, is about 
1.1% per year. IgM levels are particularly unreliable 
and in the absence of IgG at the time of infection 
weekly serial maternal serology should be checked.22,23

Vertical transmission rate is 20% to 50%: transpla-
cental transmission occurs in 15% of cases before 15 
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Pleural or pericardial effusions can also be seen in 
spontaneously resolving cases when MCA PSV is 
normal. Hyperechogenic bowel is likely to reflect 
resolving ascites.

The full-blown picture of established B19-related 
hydrops fetalis shows:

Later signs include:
• Cardiomegaly (Figure 6-12).
• Mild pericardial effusion.
• Pleural effusion and ascites usually precede or 

are associated with skin oedema, in particular 
of the upper part of the body.

FIGURE 6-11 In the early stage of anaemia the only sign will be that of an elevated PSV in the MCAD. The PSV on the MCAD in this fetus at 
18 weeks was 41.6 cm/sec (1.55 MoM at this gestational age: 34.8 cm/sec). (Courtesy of Dr Anne Marie Coady.)

FIGURE 6-12 With progression of anaemia cardiomegaly (white thin arrow) and polyhydramnios (block arrow) developed in this fetus with 
parvovirus infection. (Courtesy of Dr Anne Marie Coady.)
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oxygen-carrying capacity of the fetal circulation 
can be restored and stabilized to improve the 
fetal heart function.

• The half-life of formed erythrocytes is 
approximately 120 days, which may allow time 
for the intrinsic fetal immune system to 
develop or for maternal antibodies to cross the 
placenta and assist in the resolution of viral 
infection.

• It is accepted that passive transfer of anti-
parvovirus antibody can be expected along 
with the red cells from a seropositive donor.33

Resolution of hydrops should occur following 
transfusion, although the time taken for this varies.36

Very severe anaemia should be anticipated prior 
to performing a fetal blood sample (FBS) and it 
would be unwise to perform FBS in these cases 
without being set-up for transfusion should this be 
required at contemporaneous Hb concentration meas-
urement. In these cases, full blood count will also 
assess the reticulocyte count.34 High reticulocyte 
count is suggestive of regenerative anaemia carrying 
a better potential for recovery and a lesser need 
for repeat transfusion.

Later in gestation the risks of intrauterine therapy 
should be balanced against the risks of premature 
delivery and extrauterine transfusion.

Fetal hydrops secondary to parvovirus B19 infec-
tion can resolve spontaneously in up to one-third of 
cases; however, there are no clinical or ultrasound 
criteria that will differentiate these cases from those 
that will progress inexorably.34

There is no reliable epidemiological evidence of 
adverse long-term effects in babies who were hydropic 
and mothers should be reassured that, following reso-
lution, no long-term problems are expected in the 
majority of cases.33,34

PRENATAL DIAGNOSIS
Fetal infection can be diagnosed by detection of 
human parvovirus B19 IgM or viral DNA using amni-
otic fluid or fetal blood.

Given the low risk of fetal disease as opposed to 
simple viral transmission, and the availability of a 
good non-invasive test for fetal disease, invasive 
testing has a lesser role in prospective parvovirus 
management than in other congenital infections. In 

• tense ascites;
• thick oedema of the scalp and fetal face.
In cases with B19-related cardiomyopathy the 

usual appearance of thin-wall dilated cardiomegaly 
related to anaemia is replaced by a hypertrophic 
cardiomyopathy.24

Initial as well as follow-up ultrasound examination 
should always pay particular attention for signs of 
brain haemorrhagic or hypoxic lesions.32

MANAGEMENT AND COUNSELLING
The confirmation of acute maternal infection should 
prompt fetal monitoring based on screening for fetal 
anaemia by serial measurements of peak systolic 
velocities in the middle cerebral artery. Sonographic 
assessment should start 4 weeks after the onset of 
illness or date of seroconversion and be continued 
every 1-2 weeks for up to 12 weeks.31,33 The aim of 
monitoring is to identify potential fetal anaemia prior 
to signs of decompensation due to anaemia. Fetal 
anaemia generally develops 6 weeks (range 3–12) after 
maternal infection and is most commonly diagnosed 
at 22 weeks’ gestation. It is unusual to see severe fetal 
anaemia secondary to maternal seroconversion after 
21 weeks.33,34

An increased peak systolic velocity in the middle 
cerebral artery above 1.5 MoM for the gestational age 
is the earliest and most reliable feature of fetal 
anaemia.35 An increased MCA-PSV has 100% sensitiv-
ity for moderate and severe anaemia, with a false-
positive rate of 12%. In well-trained operators, the 
intra- and interobserver variability of this measure-
ment is small.35

Fetal blood sampling (FBS) and transfusion can be 
carried out from 18 weeks but ideally are performed 
after 22 weeks. Fetal blood sampling may be indicated 
when the MCA-PSV is >1.5 multiples of the median 
or where there is ascites or hydrops.31,34

Cordocentesis is associated with a 1% procedure-
related loss rate. Possible transfusion sites include the 
placental insertion of the umbilical cord, the cardiac 
ventricles or the straight portion of the intrahepatic 
umbilical vein.

The benefits of fetal transfusion in the treatment of 
B19-induced hydrops are33:

• Mature erythrocytes are not susceptible to 
parvovirus infection and so the 
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Testing in early pregnancy often shows non-specific 
or persisting IgM and serological analysis can be 
difficult.

TERATOGENICITY
Rubella is highly teratogenic and is responsible for an 
embryopathy and a fetopathy through a direct cyto-
pathic effect (eye, heart) and blood vessel damage 
(brain, growth).36–38 Manifestations include hearing 
loss, learning disability, cardiac malformations and 
ocular defects.

The congenital rubella syndrome is a well-described 
classic triad of:

• cataract;
• deafness;
• cardiac malformation.

CLINICAL SYNDROMIC MANIFESTATIONS
1. Cardiac features of fetal rubella infection include:

a. patent ductus arteriosus;
b. pulmonary artery stenosis;
c. pulmonary valvular stenosis;
d. rare manifestations include coarctation of the 

aorta, ventricular and atrial septal defects.
2. Deafness in congenital rubella occurs in 70–90% 

of children with the syndrome and may be the 
only manifestation in around 50% of cases. This 
will range from mild unilateral deafness through 
to profound bilateral hearing loss.

3. Ocular defects due to rubella infection are 
described as:
a. a ‘salt and pepper’ retinopathy caused by 

abnormal growth of the pigmentary layer of 
the retina;

b. cataract and microphthalmia which often 
accompany cataract;

c. rarely primary glaucoma.
These defects can be diagnosed early after birth. 

Other ocular manifestations can have a late onset 
including abnormalities of the anterior chamber of  
the eye.

ULTRASOUND FINDINGS
Features described in World Health Organization 
(WHO) definitions of the syndrome which might be 
potentially diagnosed by ultrasound:

cases of fetal anaemia which requires a fetal blood 
sample and intrauterine transfusion, the diagnosis can 
be made by viral genome amplification by PCR in 
fetal blood.

Rubella
The rubella virus is an RNA virus. Congenital rubella 
syndrome still exists, and outbreaks of rubella infec-
tion continue to be reported especially in migrant 
populations from regions where vaccination programs 
do not exist.37 There has been reduced protection fol-
lowing the adverse publicity surrounding the MMR 
vaccination programme. The proportion of women of 
childbearing age thought to be susceptible to rubella 
is approximately 1–2%.

The mean incubation period is 14 days and women 
are infectious from 7 days before until 7 days after the 
onset of the rash. Maternal rubella infection is gener-
ally asymptomatic or a mild flu-like illness of malaise, 
headache, coryza and lymphadenopathy, followed by 
a diffuse, fine maculopapular rash. In contrast, the 
effects on the fetus can be devastating if infected in 
the first trimester.

Vertical transmission occurs during maternal virae-
mia which occurs 5–7 days after exposure. The risk 
is considered to be low if maternal rash occurred 
within 12 days of the last menstrual period. Trans-
mission rates for this virus is dependent on the 
gestational age38:

• close to 90% prior to 11 weeks’ gestation;
• 55% between 11 and 16 weeks;
• 34% between 17 and 30 weeks;
• 70% in the late third trimester.
The risk of congenital defects due to fetal  

infection is38–40:
• close to 100% between 3 and 6 weeks’ gestation;
• 90% before 12 weeks;
• 20% between 12–16 weeks;
• deafness remains a risk up until 20 weeks 

though the risk of damage after 17 weeks is 
negligible.

Reinfection can occur and is more likely after pro-
longed or intense exposure and with vaccine-induced, 
rather than natural, immunity. However, it is usually 
subclinical and the risk to the fetus is thought to  
be <5%.
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is endemic in the UK and as 90% of the antenatal 
population are seropositive for varicella-zoster virus 
IgG, primary infection is uncommon in pregnancy and 
chickenpox only complicates around 2/1000 pregnan-
cies.41 The virus is infectious up to 21 days prior to 
the onset of the typical rash.

Fetal varicella syndrome does not occur at the time 
of initial fetal infection but is the result of herpes 
zoster reactivation in utero and appears to happen 
only when infection occurs before 20 weeks of gesta-
tion. The risk of fetal varicella syndrome and the 
severity of fetal damage is related to the timing of the 
maternal infection.42 The overall risk of fetal varicella 
syndrome is 1% to 2%. Most reported cases of con-
genital varicella syndrome follow maternal infections 
that occurred during the first or early second trimester 
with an overall rate of congenital defects of 0.7%.43

• Up to 13 weeks of gestation: the risk of fetal 
varicella syndrome is 0.4%.

• Between 13–20 weeks: the risk of fetal varicella 
syndrome is 2%.

• Between 20–36 weeks of gestation: there does 
not appear to be any risk to the fetus but 
in-utero infection at this time may present as 
shingles in the first few years of life.

• After 36 weeks, or when delivery occurs within 
4 weeks of maternal infection, 50% of babies 
are infected and about a quarter of neonates 
develop clinical varicella.44

Localized varicella-zoster virus infection (herpes 
zoster, shingles) reflects reactivation of latent virus, 
which has not been shown to be of any risk to the fetus.

TERATOGENICITY45,46

The congenital syndrome typically consists of:
1. Skin lesions made of scars and skin loss (76%).
2. Eye abnormalities (51%):

a. cataract and microphthalmia or chorioretinis.
3. Limb deformities (49%):

a. hypoplasia;
b. equinovarus;
c. absent digits.

4. Neurological abnormalities (60%):
a. cortical atrophy;
b. microcephaly.

5. Abnormalities of the intestinal and the urinary 
tracts.

• Hepatosplenomegaly.
• Microcephaly.
• Fetal growth restriction.
• Microphthalmia and cataracts.
• Cardiac manifestations including myocarditis, 

pulmonary stenosis, and Ebstein’s anomaly, but 
a range of complex cardiac malformations have 
been described (see above).

• Non-specific signs of brain infection such as 
ventriculomegaly and calcifications, which are 
reported much less commonly than in CMV 
infection.

PRENATAL DIAGNOSIS
Because a proven maternal case of rubella during preg-
nancy is not always associated with a vertical transmis-
sion, and a fetal infection is not always indicative of 
fetal defects, prenatal diagnosis is important to iden-
tify those cases with fetal involvement.

The need for prenatal diagnosis will be determined 
by the gestational age at which the infection is likely 
to have occurred. Fetal infection can be proven by 
direct isolation of the virus or genome by amplifying 
the viral RNA genome by RT–PCR using amniotic fluid 
samples obtained by amniocentesis at least 6 to 8 
weeks after maternal infection to avoid false-negative 
results.

MANAGEMENT AND COUNSELLING
If invasive testing is positive, transmission to the fetus 
is assumed. A prognosis can be drawn considering the 
timing of maternal infection, virological diagnosis of 
fetal infection and associated ultrasound findings (see 
above).

If the pregnancy continues once testing is positive 
then the fetus will need to be monitored regularly. The 
ultrasound assessment must include fetal echocardio-
graphy to identify the cardiac features of congenital 
rubella syndrome in addition to fortnightly scans to 
assess fetal growth. It must be remembered that many 
features of congenital rubella syndrome are not detect-
able by ultrasound.

Varicella
Varicella-zoster virus (VZV) (Herpesvirus varicellae) is 
a member of the herpes family. Varicella-zoster virus  
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detection of viral DNA in fetal tissue does not reflect 
fetal varicella syndrome and serial detailed and tar-
geted ultrasound evaluation should allow the detec-
tion of a large proportion of the features of fetal 
varicella syndrome.46,47

MANAGEMENT AND COUNSELLING
Current recommendations are to scan initially at 
16–20 weeks’ gestation or 4–5 weeks following mater-
nal infection with serial examination thereafter, 
because fetal varicella has been documented to develop 
up to 19 weeks after maternal infection.42 Aside from 
isolated hepatic calcifications, demonstration of any of 
the other features of fetal varicella syndrome appears 

6. Prematurity, low birth weight, zoster in infancy, 
mental retardation, seizures and limb paresis.

There is less information about the risks of fetal 
varicella later in pregnancy. The accepted wisdom is 
that later infection may result in shingles in early 
childhood, but not in fetal malformation.

ULTRASOUND FINDINGS47

The mainstay of diagnosis of fetal varicella syndrome 
is detailed ultrasound scanning, which appears to have 
reasonably good correlation with fetal outcome at 
birth. It has been suggested that a targeted ultrasound 
examination at five or more weeks after the initial 
infection should identify most cases of varicella 
embryopathy. However a latency period of 5 to 19 
weeks between maternal infection and sonographic 
detection of fetal anomalies has been reported in serial 
assessment of high-risk fetuses.

Common sonographic findings include:
• Intestinal and hepatic echogenic foci 

(Figure 6-13 A and B).
• Hydrops.
• Musculoskeletal anomalies which may be 

related to scar formation and lead to limb 
contractures and hypoplasia which are 
accessible to ultrasound diagnosis.

• Cerebral anomalies documented with 
ultrasound:
• ventriculomegaly;
• hydrocephalus;
• microcephaly with polymicrogyria;
• porencephaly.

• Ocular anomalies include congenital cataract 
and microphthalmia.

• Growth restriction and polyhydramnios have 
also been reported.

• Lung lesions mimicking macrocystic CCAM 
have also been described.

Skin lesions following a dermatomal distribution 
are typical of varicella embryopathy but are not always 
present and usually not identifiable by ultrasound 
examination.

PRENATAL DIAGNOSIS48

Although tempting where women are anxious, the use 
of invasive testing must be used with caution. The 

FIGURE 6-13 (A) Hepatic hyperechogenicities (arrow) in a fetus with 
varicella infection; this is a very non-specific sign with multiple pos-
sible additional aetiologies. (B) Hepatic hyperechogenicities (arrow) 
in a fetus with ascites. 

A

B
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immune filtration assay, immunoabsorbent agglutina-
tion assay or other methods. IgG becomes detectable 
1 to 2 weeks after infection and remains elevated 
indefinitely. IgM becomes detectable within the first 
few days and rapidly increases reaching a peak and 
remaining elevated for 2 to 3 months. Immunological 
diagnosis requires a specific IgM test and a dye test 
titre greater than 300 iu/mL. However IgM can persist 
for up to 1 year and the use of IgG avidity has improved 
the diagnostic accuracy.52,53 Seroconversion usually 
occurs within 2 weeks.

Only seroconversion places a fetus at risk for devel-
oping congenital toxoplasmosis. Human infection 
results from ingestion of oocysts and up to 12% of 
infected women present with symptoms, the most 
common of which is lymphadenopathy.

TERATOGENICITY
Congenital toxoplasmosis typically consists of a  
triad of:

• chorioretinitis;
• hydrocephalus;
• intracranial calcification.

TRANSMISSION RATE53–55

Fetal transmission increases linearly with gestation 
and is approximately 10%, 30% and 60% in first, 
second and third trimesters respectively. Transmission 
may occur either at the time of parasitaemia prior to 
the development of maternal immunity or later in 
gestation when placental foci release the parasite into 
the fetal circulation.

The risk of congenital abnormality is related to the 
gestational age at which maternal infection occurs i.e. 
the risk of having an affected fetus, given proven 
maternal primary infection, is highest in the middle 
of pregnancy at 13–28 weeks.56

ULTRASOUND FINDINGS57

The acute fetal infective phase has no specific sono-
graphic features, but possible findings include:

• Hyperechogenic bowel.
• Hepatomegaly and hepatic calcifications.
• Splenomegaly and splenic calcifications.
• Ascites.
• Diffuse endocardial hyperechogenicity has been 

described in over half of cases.

to carry high mortality and morbidity risks for the 
fetus. Counselling where only apparently physical 
damage is detected is complex.

There is no conclusive evidence that fetal varicella 
syndrome can be prevented or ameliorated by the 
maternal administration of varicella immunoglobulin 
or antiviral chemotherapy.33

In the presence of ultrasound abnormalities con-
sistent with fetal varicella syndrome and a confirmed 
diagnosis of maternal varicella prior to 20 weeks of 
gestation, a severely affected baby is likely and termi-
nation of pregnancy may be offered.

PERINATAL INFECTION
This is defined by the occurrence of varicella in 
neonates within 10 days of birth. It is mainly related 
to maternal infection near term when chickenpox 
develops in 24% to 50% of the neonates. The interval 
between the onset of maternal rash and that of neo-
natal infection is 9 to 15 days. When delivery occurs 
within 10 days of the onset of maternal clinical infec-
tion, maternal IgG cannot develop and cross the pla-
centa to protect the fetus/neonate. Neonatal chickenpox 
is lethal in up to 30% of cases.49

Toxoplasmosis
Toxoplasmosis is a protozoan infection whose reser-
voir is the domestic cat. Humans can be infected with 
Toxoplasma gondii by ingestion or handling of under-
cooked or raw meat (mainly pork and lamb) contain-
ing cysts as well as ingestion of infectious oocysts 
which are excreted by cats or which are present in 
contaminated soil/water.50

The prevalence of T. gondii antibodies has been 
steadily falling in various countries over the last few 
decades. In the United States, the seroprevalence is 
only around 15% among women of childbearing age. 
The incidence of congenital infection is 2–3 per 1000 
livebirths in France, 2 to 5-fold higher than in the 
United States.51 In the UK, 90% of women of child-
bearing age are susceptible to toxoplasma infection 
and the incidence of maternal infection is approxi-
mately 2 per 1000 pregnancies.

Primary infection during pregnancy is diagnosed 
by seroconversion. IgM and IgG are detected by 
immunofluorescence antibody tests, enzyme-linked 
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infants will develop chorioretinitis with some degree 
of visual impairment in half of these.57

The prediction of outcome in fetal infection is con-
troversial – and the best predictor is gestational age at 
seroconversion.58 A normal ultrasound cannot exclude 
either postnatal subclinical toxoplasmosis or postnatal 
chorioretinitis. However the presence of intracranial 
calcifications on ultrasound is not necessarily predic-
tive of poor outcome.59 In the setting of a normal 
ultrasound examination, the risk to the fetus is low 
but there remains a small risk of symptomatic con-
genital toxoplasmosis and parents must be made 
aware of this.

The most contentious issue is whether antibiotic 
therapy during pregnancy reduces fetal transmission 
or morbidity.60–62 Early studies suggested that the use 
of spiramycin and/or sulphonamide-pyrimethamine 
during pregnancy reduced both transmission and 
morbidity and this approach has become routine prac-
tice. However, more recent studies have cast doubt on 
the efficacy of prenatal therapy. A systematic review in 
1999 highlighted the variability and heterogeneity of 
studies and concluded that current evidence was inad-
equate to support that prenatal treatment was benefi-
cial. Subsequently it was suggested that morbidity, but 
not transmission, was reduced by prenatal treatment. 
European groups have tried to examine both the effect 
of early treatment and the type of treatment. No dif-
ference in the rate of transmission was demonstrated 
by early treatment at any gestational age or by treat-
ment with the more aggressive regime in large retro-
spective and prospective studies.

A recent review in the British Journal of Obstetrics 
and Gynaecology (an RCOG publication in UK) rec-
ommended that confirmed maternal infection be 
treated with spiramycin 1 g tds post-confirmed mater-
nal infection. In cases of confirmed fetal infection, the 
options include maternal drug therapy with a 
pyrimethamine/sulfadiazine regimen (sulfadiazine 1 g 
three times daily, pyrimethamine 50 mg once daily 
with folinic acid 50 mg weekly) throughout preg-
nancy, with ultrasound surveillance for evidence of 
fetal damage, or termination of pregnancy.33

PRENATAL DIAGNOSIS63–65

Amplification of the parasite genome in amniotic fluid 
following amniocentesis is the method of choice. This 

• Fetal growth restriction is uncommon.
• Brain involvement usually manifests as:

• ventriculomegaly which usually begins in 
the posterior horns of the lateral ventricles;

• intracranial or periventricular calcifications 
which are usually larger echogenic foci than 
those related to CMV.

• periventricular hyperechoic foci are the 
hallmark of intracranial calcification  
(Figure 6-14).

• vasculitis with calcifications of the 
thalamostriate arteries is characteristic.

• Cataracts.
Destructive lesions can be rapidly progressive but 

microcephaly is uncommon.
The possibility for the placenta to behave as a res-

ervoir and therefore lead to delayed fetal infection 
makes ultrasound surveillance difficult. The evolution 
of many of these abnormalities is poorly understood 
and could occur up to 20 weeks from the time of 
maternal infection.

MANAGEMENT AND COUNSELLING
Perinatal mortality and intracranial lesions are more 
common following first trimester infection and spon-
taneous miscarriage is common. However ocular 
lesions can develop across gestation.

Surviving infants with evidence of cerebral lesions 
demonstrate profound disability. Long-term outcome 
of asymptomatic infants suggest that most untreated 

FIGURE 6-14 Cerebral toxoplasmosis. Periventricular hyperechoic 
foci are the hallmark of intracranial calcification (arrows). (Courtesy 
Professor Luc De Catte.)
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Conclusion
The approach to the prenatal diagnosis of congenital 
infection varies according to the gestational age and 
the likely infectious agent. The following statements 
are worth remembering irrespective of the agent 
involved:

• Maternal infection must be confirmed 
serologically by testing for pathogen-specific 
IgG and IgM. Remember that interpretation of 
serological results can be difficult and input 
from a virologist is always worthwhile.

• The pathogen involved and the gestational age 
at which infection occurs will determine the 
risk of fetal transmission and of fetal damage.

• Detection of the presence of RNA or DNA by 
PCR on amniotic fluid is the mainstay of 
diagnosis of fetal infection. The timing of the 
test is however crucial.33

• Confirmation of infection is NOT THE SAME 
as confirmation that the fetus is affected and 
has suffered damage. Most infected fetuses are 
sonographically normal but equally a normal 
scan cannot predict a normal outcome.

• Ultrasound is the primary tool for determining 
the degree of prenatal damage but the 
ultrasound features detected may not predict 
postnatal outcome.33
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Introduction
The geneticist’s approach to the unexpected finding of 
fetal structural malformations is to determine whether 
they constitute a recognizable abnormal pattern of 
morphogenesis. The pattern and nature of the anoma-
lies can often suggest the timing and cause of an 
embryological insult and, together with information 
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weeks3 showed single malformations in 4.7% and 
multiple problems in a further 4.9%. It is impossible 
to be certain that an abnormality is isolated from ultra-
sound examinations, no matter how experienced the 
operator.

MULTIPLE MALFORMATIONS
A careful search should be made to determine if there 
are other structural malformations, growth distur-
bance or unusual movements.

If several anomalies are present, they may fall into 
a pattern that suggests a specific diagnosis. Common 
recognizable patterns of major anomalies are most 
likely to be due to chromosomal imbalance, but 
certain combinations of anomalies may also suggest 
rare single gene or dysmorphic syndromes, which can 
be diagnosed in utero in the absence of a previous 
family history. Abnormalities may develop with time 
and therefore repeat examinations may be required to 
make a diagnosis.

Determining the Underlying Cause from the 
Nature and Pattern of Anomalies
Reviewing the embryonic origin of the tissue or organ 
involved in a specific anomaly can be helpful in 
attempts to determine its cause or timing, particularly 
with multiple abnormalities, when such an approach 
may suggest a common embryological origin.

The nature of an anomaly is related to the  
stage of embryogenesis at which genetic and environ-
mental factors acted during organogenesis or during 

gleaned from family and parental medical histories, 
may be helpful in determining whether the insult was 
environmental or genetic. The rapid advances in 
molecular genetics may now allow a precise prenatal 
diagnosis. Hence close co-operation between the Fetal 
Medicine Unit and the genetics clinicians and labora-
tories has become more necessary.

This chapter outlines this approach and it includes 
a description and explanation of the modes of inherit-
ance, including inherited chromosomal anomalies.

To determine a genetic origin for an anomaly it is 
necessary to:

• determine if an anomaly is isolated or 
associated with other abnormal findings;

• determine the underlying cause from the 
nature and pattern of anomalies;

• collect information from family, pregnancy and 
personal medical histories;

• attempt to make a diagnosis, assess prognosis 
and recurrence risks using information from as 
many sources as possible and advise on further 
testing during the pregnancy and at birth;

• discuss all the information available and 
possible management options with the parents.

Determining if an Anomaly is  
Isolated or Not
When an unexpected structural anomaly is found on 
fetal ultrasound examination, the first step is to deter-
mine if the anomaly is an isolated single anomaly or 
whether there are other ultrasound findings.

ISOLATED SINGLE ANOMALY
Single malformations may occur in an otherwise 
normal child. Careful detailed scanning should be per-
formed to confirm that all other fetal structural and 
growth parameters are normal because single anoma-
lies can be markers for malformation syndromes.

The most common single primary defects in live-
borns are shown in Table 7-1.1

Studies from Kyoto and London on induced and 
spontaneous abortions have been used2 to show that 
congenital heart disease, cleft lip and palate, and 
neural-tube defects are at least twice as common in 
late embryos and early fetuses as in liveborns. The 
London series of spontaneous abortions at 8–28 

TABLE 7-1 The Most Common Single 
Primary Defects in Liveborns

Prevalence per 
1000 births (UK)

Deformations

Congenital hip dislocation 3.2
Talipes equinovarus 6.2

Malformations

Cleft lip and/or cleft palate 1.2
Congenital cardiac defects 6.9
Defect in neural-tube closure 3.6
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but the fetus may be at risk from extrinsic factors, such 
as fetal constraint and hypoxia.

Malformations initiated during early organogenesis 
tend to have more complex outcomes: a single mal-
formation can result in a cascade of secondary and 
tertiary events, resulting in what appears to be multi-
ple anomalies (see malformation sequence below). 
Some defects can be identified as having occurred in 
organs already normally developed, due to compres-
sion, constriction or immobility.

NATURE OF THE ANOMALIES
Anomalies can be classified into three main types of 
abnormal morphogenesis:

• malformations;
• deformations;
• disruptions.

maturation. During human development there are 
critical times when organ systems are susceptible 
(Figure 7-1). The embryology of each organ system is 
described in the relevant chapter in this book.

Table 7-2 gives a summary of the timing before 
which insults must have occurred to result in some 
major anomalies.

Teratogenic influences (genetic or environmental) 
acting during the first 2 weeks of development are 
likely to result in the death of the embryo rather than 
cause malformations. The 3rd to the 8th week post-
conception is the embryonic period during which 
organogenesis occurs and so most major malforma-
tions arise during this critical period. The final stage 
of development is from the 3rd month to birth. As this 
is the period of somatic growth and maturation of 
tissues, few malformations may be expected to arise, 

FIGURE 7-1 Critical periods of development (purple shaded areas denote highly sensitive periods). (Reproduced with permission from Moore & 
Persaud, The Developing Human – Clinically Oriented Embryology, 6th edn. Philadelphia: WB Saunders, 1998.)

Embryonic period [in weeks] Fetal period [in weeks] Full term

Heart

Ear

Ear

Ear

Teeth

Teeth

Palate

Palate

External genitalia

Brain

Central nervous system

Upper limbs

Eyes

Lower limbs

Prenatal death Major morphological abnormalities Physiological defects & 
minor morphological abnormalities

1 2 3 4 5 6 7 8 9 16 20-36 38

Period of dividing 
zygote, implantation 
& bilaminar embryo

Indicates common site of 
action of teratogen

Arm
Leg

CNS HeartEye Eye

Heart

Usually not 
susceptible to 
teratogens

External genitalia



142 7 Fetal Anomalies – The Geneticist’s Approach

Disruption
A disruption is due to a destructive force acting upon 
an otherwise normal developing structure. Anomalies 
caused by disruptive forces can present a distinctive 
appearance because of the loss of tissue and aberrant 
differentiation of adjacent tissues with which adhe-
sions may have developed. The mechanisms include 
cell death or tissue destruction because of vascular 
anomalies, anoxia, teratogens, infections or mechani-
cal forces. Examples include some cases of poren-
cephaly, facial clefts and missing digits or limbs.

Table 7-3 gives a comparison of the features of 
malformations, deformations and disruptions.4

THE PATTERN OF ANOMALIES
• Isolated anomaly;
• malformation syndrome/sequence;
• association.
An anomaly may be an isolated malformation, or 

one of several in a malformation syndrome. Some 
anomalies may be secondary to a primary malforma-
tion, deformation or disruption resulting in a malfor-
mation sequence. Even if a precise aetiological agent 
cannot be identified, recognizing into which group a 
patient’s anomalies fall can provide information about 

Although it may appear academic to determine 
whether an anomaly is likely to be due to one of these 
causes, classifying anomalies in this way can suggest 
a differential diagnosis and direct subsequent 
investigations.

Malformation
A malformation is caused by an abnormality of mor-
phogenesis due to an intrinsic problem within the 
developing structure. Underlying mechanisms include 
altered tissue formation, growth or differentiation 
caused by genetic or environmental factors or a com-
bination of both. Examples include spina bifida, cleft 
lip/palate and congenital heart defects.

Deformation
A deformation is an abnormality of morphogenesis 
caused by extrinsic force being applied to a normally 
developing or developed structure. Deformations 
usually occur in late fetal life and are caused by lack 
of fetal movement through mechanical (uterine abnor-
malities and abnormal fetal positions) malformational 
(spina bifida and renal agenesis) or functional factors 
(fetal neuromuscular disorders). Examples of defor-
mation include craniofacial asymmetry, arthrogryposis 
and talipes.

TABLE 7-2 Embryological Timing of Some Anomalies

Malformation Defect in Cause prior to

Holoprosencephaly Prechordal mesoderm 23 days
Sirenomelia Caudal axis 23 days
Anencephaly Anterior neuropore 26 days
Meningomyelocoele Posterior neuropore 28 days
Transposition of the great vessels Direction of development of bulbous 

cordis septum
36 days

Radial aplasia Development of radius 38 days
Cleft lip Development of primary palate 6 weeks
Ventricular septal defect Closure of ventricular septum 6 weeks
Diaphragmatic hernia Closure of pleuropotential canal 6 weeks
Syndactyly Programmed cell death between digits 6 weeks
Duodenal atresia Recanalization of duodenum 7–8 weeks
Omphalocoele Intestinal loop return to abdominal cavity 10 weeks
Bicornuate uterus Fusion of lower portion of Mullerian 

ducts
10 weeks

Cleft palate Development of secondary palate 10 weeks
Hypospadias Fusion of urethral folds 12 weeks
Cryptorchidism Descent of testes 7–9 months
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orofacial clefting when amputations and ring constric-
tions are present. Monozygotic twins have a higher 
frequency of disruptions, which are likely to have a 
vascular cause related to arterial-to-venous anastomo-
ses in the placenta.5 Monozygotic twins also have an 
increased risk of malformations related to the twin-
ning process and epigenetic factors, which are separate 
from placental connections between the two fetal 
circulations.

Malformation Syndrome
A recognizable pattern of multiple defects is described 
as a ‘malformation syndrome’, when a common 
cause has resulted in a number of anatomically 
unrelated errors in morphogenesis. Primary devel-
opmental anomalies in two or more systems result 
in structural defects. Causes (and examples) include 
chromosomal abnormalities (Down syndrome), tera-
togens (fetal alcohol syndrome) and single-gene 
defects (Meckel–Gruber syndrome).

Association
An ‘association’ is a recognizable combination of 
anomalies that occur together more frequently than by 
chance, but that is known not to have a common cause 
nor to be the result of a sequence. Examples are the 
VATER, VACTERL and MURCS associations (Table 
7-4). It is likely that ‘associations’ will be reclassified 
into other existing or new groups when their aetiology 
can be determined. CHARGE syndrome used to be 
considered an association until the molecular aetiol-
ogy of mutations in the CHD7 gene was identified.

genetic risks, prognosis and appropriate management 
for the affected individual.

When trying to elucidate if a pattern of multiple 
malformations is the result of a sequence or represents 
a true malformation syndrome, it is helpful to consider 
the organ systems involved and ask if all the abnor-
malities can be explained by a single anomaly or 
problem that has led to a cascade of subsequent struc-
tural defects (a sequence). The converse is to consider 
whether the multiple structural defects present appear 
to be independent embryologically, and cannot be 
attributed to a single initiating abnormality and its 
consequences (malformation syndrome).

Malformation Sequence
A sequence occurs when a primary anomaly itself 
determines additional defects, e.g.

• The oligohydramnios (Potter) sequence where 
facial appearance, lung hypoplasia and joint 
contractures are all the result of constraint 
because of insufficient amniotic fluid.

• Micrognathia is the primary anomaly in the 
Pierre Robin sequence: the normally sized 
tongue pressing against the palate preventing 
its fusion.

The cause of the original abnormality may be a 
malformation, deformation or disruption. Some 
anomalies, such as anencephaly, can be the result of 
a primary malformation or an early embryonic dis-
ruption. Before the lower recurrence risk associated 
with a disruption is given, it is important to search 
for confirmatory features, such as amniotic bands or 

TABLE 7-3 Comparison of the Features of Malformations, Deformations and Disruptions

Features Malformations Deformations Disruptions

Time of occurrence Embryonic Fetal Embryonic/fetal
Level of disturbance Organ Region Area
Perinatal mortality + – +
Clinical variability of a given anomaly Moderate Mild Extreme
Multiple causes of a given anomaly Very frequent Less common Less common
Spontaneous correction – + –
Correction by posture – + –
Correction by surgery + ± +
Relative recurrence rate Higher Lower Extremely low
Approximate frequency in newborns 2–3% 1–2% 1–2%



144 7 Fetal Anomalies – The Geneticist’s Approach

FIGURE 7-2 Symbols used in the drawing of pedigrees. 

Male, female [unaffected]

Affected male and female

Two unaffected males

Sex unknown

Deceased [and unaffected]

Individual without offspring

Consanguineous marriage

Abortion [spontaneous or induced]

Dizygotic twins

Monozygotic twins

Heterozygote [autosomal recessive]

Heterozygote [X-linked]

2

TABLE 7-4 Examples of Recognized Associations

VATER VACTERL MURCS

V vertebral anomalies V vertebral defects MU Mullerian duct aplasia
A anal atresia A anal atresia R renal aplasia

TE tracheo-oesophageal fistula C cardiovascular anomalies CS cervico-thoracic somite dysplasia
R radial and renal anomalies TE tracheo-oesophageal fistula

R radial and renal anomalies
L limb defects

Contributing Information from Family, 
Pregnancy and Personal Medical Histories
FAMILY HISTORY
Documenting the family history is an essential step in 
trying to determine if the anomalies are likely to have 
a genetic cause, because autosomal dominant, X-linked 
and inherited chromosomal disorders may give a rec-
ognizable pedigree pattern of affected people. This is 
especially important for anomalies where the risk of 
recurrence would usually be low, e.g. congenital con-
tractures or cleft palate. The absence of a family history 
does not necessarily rule out a genetic cause, however, 
because autosomal recessive inheritance or a new 
dominant mutation can result in an isolated case.

Drawing a pedigree is the best way to record genetic 
information about a family. The agreed pedigree nota-
tion is shown in Figure 7-2.

It is important to record at least basic details on 
both sides of the family, even if it is obvious that a 
disorder is segregating on one side.

Interpreting the Pedigree
Table 7-5 summarizes pedigree patterns that would be 
suggestive of Mendelian inheritance.

Other pointers include:
• A history of miscarriages, stillbirths or early 

neonatal deaths, especially if the causes of 
death are unexplained or ambiguous. This 
pattern suggests the possibility of a parental 
balanced chromosome rearrangement.

• Abnormal features in either parent in common 
with the fetus. This raises the possibility of an 
autosomal dominant disorder which can be 
very variable within the same family and hence 

careful examination of the parents may be 
necessary.

• The presence of consanguinity. This does not 
prove autosomal recessive inheritance, but 
makes it more likely.

• Similarly affected male relatives of a male patient 
on the maternal side. This pattern suggests an 
X-linked disorder. It may be necessary to 
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regression are strongly associated with maternal 
diabetes and may be due to deranged maternal 
metabolism.

• Phenylketouria may result in microcephaly in 
the fetus.

Occupations such as a primary school teacher may 
make fetal infection a more likely underlying cause of 
fetal abnormality.

Making a Diagnosis; Assessing Prognosis 
and Recurrence Risks
A definitive diagnosis depends on recognizing the par-
ticular pattern of anomalies. Even with the additional 
information available after birth, a diagnosis cannot be 
made in about half the patients with dysmorphic syn-
dromes seen in tertiary referral genetic clinics. Prenatal 
diagnosis presents even greater challenges, particu-
larly as individual anomalies are often non-specific 
and even rare defects may be found in several condi-
tions. In addition, there may be variable expression of 
features associated with a particular disorder. However, 
the diagnosis of a malformation syndrome or being 
able to place a group of anomalies in a likely aetiologi-
cal category can inform management plans.

confirm that the ultrasound sex is the same as 
the karytotypic sex if this is relevant.

• Non-paternity and de novo mutations may 
explain discrepancies.

PREGNANCY AND PERSONAL MEDICAL HISTORIES
Pregnancy history is of crucial importance because it 
may reveal a specific non-genetic cause, such as drug 
therapy or misuse, or maternal illness, such as an 
infection. Severe hyperemesis may cause a skeletal 
disorder similar to chondrodysplasia punctata. An 
abnormal fetal intrauterine position may suggest a 
mechanical uterine factor, such as fibroids or uterine 
anomalies causing deformation or disruption. Pre-
existing risk factors may be suggested from informa-
tion on parental ages, occupations, past medical and 
drug history.

Maternal Disease
• Autoimmune disorders such as myasthenia 

gravis and systemic lupus erythematosis may 
cause fetal abnormalities.

• Diabetes mellitus is increasingly common with 
the rising incidence of obesity and delayed 
motherhood: sacral agenesis and caudal 

TABLE 7-5 Summary of Pedigree Patterns for Single Gene Disorders

Autosomal Dominant Inheritance

1. Males and females affected in equal proportions
2. Transmitted from one generation to next (‘vertical transmission’)
3. All forms of transmission are observed (i.e. male to male, female to female, male to female, female to male)

Autosomal Recessive Inheritance

1. Males and females affected in equal proportions
2. Individuals affected in a single sibship in one generation
3. Consanguinity in the parents provides further support

X-Linked Recessive Inheritance

1. Males affected almost exclusively
2. Transmitted through carrier females to their sons (‘knight’s move’ pattern)
3. Affected males cannot transmit the disorder to their sons

X-Linked Dominant Inheritance

1. Males and females are affected although females are usually less severely affected than males
2. While affected females can transmit the disorder to male and female children, affected males transmit the disorder 

only to their daughters, all of whom are affected
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extracted from the maternal circulation is increasingly 
used in a diagnostic setting.

Biochemical studies currently prove helpful in only 
a small proportion of dysmorphic infants (e.g. peroxi-
somal disorders such as Zellweger syndrome). Fetal 
hydrops with hepatosplenomegaly may suggest a lyso-
symal storage disorder and enzyme analysis can be 
helpful.

Further maternal tests maybe indicated, for example 
looking for steroid ratios in maternal urine and serum 
in a fetus with a suspected diagnosis of Smith–Lemli–
Opitz syndrome.

Fetal MRI may help clarify fetal brain malforma-
tions, providing additional information over ultra-
sound after 22 weeks’ gestation.

Whilst the majority of congenital malformation 
syndromes are diagnosed from recognition of external 
malformations, autopsy by an experienced paediatric 
pathologist may be extremely helpful.

USE OF DATABASES
Computerized databases are useful diagnostic tools. 
The Winter–Baraitser Dysmorphology Database 
(WBDD) (formerly London Dysmorphology Database, 
LDDB)6 and POSSUM7 are two in common use. The 
WBDD, for example, contains information on over 
4700 multiple congenital anomaly syndromes, includ-
ing single-gene disorders, sporadic conditions and 
those caused by environmental agents. Although 
WBDD mainly contains information about non-
chromosomal multiple congenital anomaly syndromes, 
it also includes information about distinctive microde-
letion syndromes and those resulting from uniparental 
disomy.

The database generates a list of possible diagnoses 
by searching on combinations of clinical features. As 
it is often impossible to assess which are the most 
characteristic or constant features of a rare syndrome, 
some clinical experience is required to assess the like-
lihood of the diagnoses suggested.

The clinical features chosen for the computer 
search should be those anomalies that are easily rec-
ognizable as being abnormal, do not merge with 
normal variation and are not common to a large 
number of syndromes. It is also important to consider 
that a feature might not be a primary phenomenon, 
but perhaps the end result in a sequence, e.g. a 

SOURCES OF INFORMATION
A particularly useful source of advice is available from 
clinical geneticists with specialist skills in the diagno-
sis of dysmorphic and multiple malformation syn-
dromes and many ultrasound services have formal 
links with their local clinical genetics services. Clinical 
geneticists have access to specialist literature and can 
also advise on DNA diagnosis for single-gene disor-
ders, risks associated with familial chromosome rear-
rangements and for organ/system anomalies.

FURTHER INVESTIGATIONS
Chromosome analysis is always indicated where mul-
tiple malformations affecting several different organ 
systems are identified when there is no obvious diag-
nosis. Certain combinations of defects may suggest a 
small chromosomal deletion; close links between clin-
ical and laboratory staff will help when determining if 
specific additional studies are needed such as fluores-
cence in-situ hybridization (FISH) or comparative 
genomic hybridization (CGH). For example, the iden-
tification of a conotruncal defect on cardiac ultrasound 
will always require the karyotype to be examined for 
a 22q11.1 deletion. It is important to request this 
information at the time the sample arrives in the labo-
ratory, as it may be possible to undertake a rapid 
investigation at this stage rather than wait for the 
cultured chromosomes which will take approximately 
2 weeks.

Extraction of DNA from an amniocentesis may 
require a further 3 weeks to grow the cells for an 
adequate volume of DNA to be available. CGH (com-
parative genomic hybridization) is increasingly used 
prenatally for unexplained multiple malformation syn-
dromes, but it is necessary to discuss with the parents 
the possibility of finding variations of unknown 
significance.

DNA analysis during the pregnancy is becoming 
increasingly useful for specific malformations to 
confirm the underlying cause, for example a single 
rhabdomyoma is associated with tuberous sclerosis in 
50% of cases and analyses of the genes TSC1 and 
TSC2 will identify the majority of affected babies. 
Multiple rhabodmyomas are always associated with 
tuberous sclerosis and therefore DNA diagnosis does 
not add information for the parents. Free fetal DNA 
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Discussions with families have to be honest: too 
often definitive answers cannot be found during preg-
nancy, even with the best information and facilities 
available. This uncertainty can be difficult to accept 
in an age when medical investigations are widely 
expected to be able to answer all questions. In such 
cases, a discussion of the various possibilities and 
outcomes takes considerable time, but it is vital that 
the family members fully understand the certainties 
or uncertainties of the collective medical opinion. The 
geneticist may be able to offer an opinion separate 
from the fetal medicine specialist.8 Discussions with 
paediatric surgeons or neonatologists about treatments 
available and the likelihood of success can help 
parents to reach decisions. Decisions may have to be 
taken rapidly when the couple are emotionally trau-
matized by the information they have been given, 
hence time offered by the medical professionals is 
essential and it is frequently necessary to offer a 
second appointment.

Families particularly want to know if a condition 
is lethal or severely disabling, and if the burden of 
the disease could be very high they may have a lower 
threshold for deciding whether or not they will con-
tinue with pregnancy. For example, if a baby survives 
following the repair of a diaphragmatic hernia, the 
future quality of life is likely to be good even though 
the survival may only be 50%. If a fetus has multiple 
rhabdomyoma, and therefore tuberous sclerosis, there 
is an approximate 10% risk of severe mental retarda-
tion and therefore the long-term burden of disease 
may be much greater, even though the risk of serious 
outcome is less. Unless the diagnosis is certain the 
risk to future pregnancies should await discussion 
until after delivery as it may be inaccurate, and it is 
unlikely that the couple will be able to look rationally 
at the future at this time of grief. The increasing use 
of CGH antenatally will result in the diagnosis of 
many very rare microdeletion/duplication syndromes. 
The support of organizations such as UNIQUE9 is 
invaluable.

Couples with a family history of abnormality who 
have received this information before embarking upon 
a pregnancy, have time to decide the options that they 
consider correct for them.

Options available to a couple for future pregnancies 
may include:

high-arched palate may be the result of long-standing 
hypotonia and may not be an important feature in 
itself. On the other hand, some secondary features are 
extremely important, such as joint contractures result-
ing from fetal akinesia secondary to neuromuscular 
abnormalities. The features of a patient selected for 
database searching should be the most unusual, clear-
cut and unequivocal. Above all, the approach must be 
flexible, using different combinations of features 
during searches, as patients described in the literature 
may not have had all the features found in the patient 
awaiting diagnosis. The aim is to find a small number 
of possible diagnoses and then to review the features, 
photographs and abstracts on the database, followed 
by the original references to see whether the overall 
features of the condition fit the pattern in the patient. 
The pattern may not fit exactly with those patients 
with the same syndrome in the literature, as syn-
dromes can be so variable. Equally, it is important that 
the patient should not be forced into a diagnostic 
category that is not correct, as this may have important 
management consequences. Although the computer 
may suggest diagnoses, clinical skill and experience in 
assessing normal variability and those with syndromes 
are required. The databases have been created on post-
natal data which may be inappropriate antenatally as 
a key feature such as mental retardation cannot be 
used antenatally.

OMIM (On-Line Mendelian Inheritance in Man) is 
a useful summary of genetic phenotypes and limited 
searches can be made. It has the advantage of online 
free access and links to gene databases which, with the 
advent of CGH, allows information to be obtained on 
potential abnormalities that might affect the fetus.

Discussing Available Information and 
Diagnostic Dilemmas with Parents
The unexpected diagnosis of a malformation syn-
drome or serious genetic disorder during pregnancy 
may leave the family with little time to understand the 
severity and consequences of the disorder, the options 
open to them (including any treatments available) or 
to discuss genetic implications. Families report that 
they find the support offered during this time by spe-
cially trained nurses in fetal medicine departments, or 
clinical genetics units, to be extremely valuable.
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which therefore has to rely on the patterns of major 
malformations, growth and fetal movement.

Further investigations at this stage may be possible 
if DNA has been stored. This is important in all cases 
of unknown aetiology as an unexpected recurrence 
may require review of the previous baby.

Identifying Families at Highest Risk
Rarely maternal disease such as myasthenia gravis may 
result in a 100% recurrence risk without treatment of 
the maternal disease. It is essential to recognize these 
disorders, as successful treatment can result in a suc-
cessful pregnancy. Families with single-gene disorders 
and parental chromosomal anomalies may have a high 
risk of recurrence which may be ascertained by taking 
a family pedigree. The family may suspect that the 
family tree is suggestive of a genetic disorder and offer 
this information; in others, the high risk is appreciated 
only when a formal history is taken.

Confirmation of Diagnosis
Accurate genetic information requires an accurate 
diagnosis. Confirmatory documents, such as special-
ists’ letters and results of laboratory or necropsy inves-
tigations, may be required to confirm a diagnosis. 
Apparently unaffected individuals should be assessed 
to exclude mild or early disease, especially in auto-
somal dominant disorders such as neurofibromatosis 
and tuberous sclerosis, where the features may vary 
greatly between family members. Occasionally a 
parent may only carry the gene mutation in a propor-
tion of their cells and therefore can be mildly affected 
(so-called somatic mosaicism). Alternatively they have 
no abnormal cells except in the sperm or the eggs 
(so-called germinal mosaicism). Both of these can lead 
to an unexpectedly high recurrence risk if not recog-
nized. There is nearly always a higher recurrence risk 
in a future pregnancy whatever the genetic mechanism 
that caused the previous abnormality.

Ultrasound Examination in  
Subsequent Pregnancies
For families with a previously affected child, con-
sulting the literature will help in determining the 

• having no (more) children;
• accepting the risk;
• undertaking prenatal diagnosis (if available);
• seeking adoption;
• gamete donation;
• pre-implantation diagnosis.
A couple’s choice will depend on many factors: 

social, economic, moral and practical.

Examining the Fetus/Baby after Birth
Whatever the outcome of the pregnancy, all efforts 
must be made to achieve a diagnosis, so that the 
genetic implications can be considered. As with all 
aspects of genetic counselling, accuracy of diagnosis 
is paramount. Information obtained prenatally should 
be supplemented by information from neonatal exam-
ination, or from a detailed examination by a perinatal 
pathologist, if the pregnancy is terminated or the fetus 
is stillborn. Photographs of the main features will be 
helpful when seeking the diagnostic advice of a clini-
cal geneticist.

Diagnosis of a syndrome after birth can incorporate 
further information from the pattern of major and 
minor anomalies.

Major anomalies occur in 3–5% of newborns and 
usually require medical or surgical intervention. Minor 
anomalies are variants that are of no serious medical 
or cosmetic significance, and occur in less than 4% of 
the population, but can serve as indicators of altered 
morphogenesis and clues to patterns of malformation. 
They are found in those physical features that have a 
complex and variable development, and include 
anomalies of hair patterning, eye spacing, ear form, 
palmar creases and digits. As almost any minor variant 
may occasionally be found as a usual feature in a 
particular family, parents and other family members 
should be examined before assuming that the feature 
is part of the syndrome.

Three or more minor anomalies are found in only 
0.5% of babies, but 90% of these have one or more 
major defects as well. The finding of several minor 
anomalies in an individual is unusual and often indi-
cates that a more serious problem in morphogenesis 
has occurred. Although minor variants are extremely 
helpful in the diagnosis of syndromes postnatally, 
most cannot be detected prenatally by ultrasound, 
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Genetic Causes of Malformations
Chromosomal abnormalities, specific genes or more 
complex genetic mechanisms may interact with envi-
ronmental factors to produce an abnormal fetal 
phenotype.

SINGLE CONGENITAL MALFORMATION
The genetic contribution to single birth defects has 
long been recognized. The observed increase in risk 
for first-degree relatives of people with common anom-
alies, such as neural-tube defects and cleft lip and 
palate, was highly suggestive that a genetic component 
was involved. This was strengthened by the finding 
that there was a lesser risk for second- and third-degree 
relatives, but this was still greater than the population 
risk. Environmental factors have been identified that 
contribute to the occurrence of certain defects. As not 
all embryos subjected to a particular environmental 
factor develop a malformation, it is assumed that those 
who are affected have a genetic predisposition. The 
combination of genetic and environmental influences 
is the basis of the multifactorial model, as described 
below. Even with known teratogenic disorders the pen-
etrance is variable between pregnancies.

Isolated congenital malformations rarely have a 
mutation in a single gene as their cause. A few, such 
as the autosomal dominant condition Van der Woude 
syndrome, which causes cleft lip and palate, are well 
known. More are now being identified, such as the 
sonic hedgehog gene, mutations of which have been 
found in some cases of holoprosencephaly. Next gen-
eration sequencing (2nd) (NGS) has the ability to 
identify new single gene disorders much more rapidly 
and effectively than Sanger sequencing.

MULTIPLE MALFORMATION SYNDROMES
The causes of some multiple malformation syndromes 
have been delineated and found to be the result of 
chromosomal imbalance, single-gene mutations or 
teratogens. The number of syndromes with a known 
cause is increasing exponentially with the introduction 
of new molecular technologies.

ABNORMALITIES OF CHROMOSOME  
STRUCTURE AND NUMBER
Chromosomal anomalies cause developmental abnor-
malities by disturbing the action of multiple genes and 

ultrasound features and earliest gestation that these 
might be seen in a future pregnancy. Discussion and 
evaluation of the pattern of anomalies with a clinical 
geneticist with a special interest in dysmorphology 
may aid identification of a dysmorphic syndrome. It 
should be noted that not all features of a syndrome 
may be present in an affected patient. There are no 
databases that concentrate on the sonographic find-
ings of syndromes and therefore these are often 
extrapolated from the known postnatal features. This 
can be problematic particularly with brain abnormali-
ties that evolve during the pregnancy.

Syndrome recognition relies on the recognition of 
patterns of major and minor anomalies. Ultrasound 
examination during future pregnancies would be 
expected to detect major anomalies associated with 
the syndrome; however the minor anomalies, which 
are helpful in postnatal syndromic diagnosis, may not 
be diagnosable. There is a huge pressure to diagnose 
a condition as early as possible in the pregnancy, but 
certain malformations cannot be detected before a 
certain gestation and hence scanning before this time 
will give no help to the patient. Some abnormalities 
may also have a much later presentation in future 
pregnancies and therefore scanning may have to con-
tinue until late presentation has been excluded.

Variability of Anomalies in  
Malformation Syndromes
The anomalies in malformation syndromes can show 
variation in their expression. It is well-recognized 
from syndromes of known aetiology that not every 
affected patient has exactly the same combination of 
malformations, some being more frequent than others. 
It is likely that single-gene disorders causing malfor-
mation syndromes create their effects by altering the 
relative amounts of the specific gene product in a 
dosage-sensitive pathway; therefore, differences in the 
appearance of the numbers and types of malforma-
tions may vary between affected individuals. This is 
especially true for dominant disorders. A subsequently 
affected fetus may show a different spectrum of anom-
alies from the affected child. For most syndromes of 
known aetiology the frequencies of given malforma-
tions are known, as is the range of variation of those 
malformations.
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Types of Genetic Disorder
SINGLE-GENE DISORDERS
Single-gene (Mendelian) disorders behave as though 
they are under the control of only one pair of the 
approximately 20,000 genes in the human genome. 
As they have high risks of recurrence, it is important 
to recognize families where such a mode of inheritance 
is operating, usually by a combination of the precise 
clinical diagnosis and the pedigree pattern (see Table 
7-5).

The genes for many Mendelian disorders have 
been isolated and their DNA sequences read, allow-
ing direct mutation detection in affected families. 
Presymptomatic diagnosis, carrier detection and pre-
natal diagnosis are, therefore, possible for many 
Mendelian conditions. Box 7-1 lists some common 
single gene conditions not usually associated with 
malformations.

Genes for many malformation syndromes have 
been identified and DNA diagnosis by mutation analy-
sis for these may be possible, usually where the famil-
ial mutation is known. Although ultrasound 
examination will remain for some time as the mainstay 
of prenatal diagnosis for most malformation syn-
dromes, up-to-date information should be obtained 
from a clinical genetics department, since advances are 
too rapid for published literature to keep up to date 
and access to online databases is required. The advent 
of second generation sequencing has resulted in a 
massive increase in the number of syndromes where 
DNA diagnosis is now possible. Tests useful for pre-
natal diagnosis may have become available or improved 
by the time a couple is considering another child. 
Many syndromes may have mutations in multiple dif-
ferent genes that are the cause of the underlying syn-
drome and the phenotype is indistinguishable between 
these. The advent of 2nd generation sequencing allows 
multiple genes to be examined at the same time which 
may allow prenatal diagnosis by DNA analysis in 
future pregnancies in the first trimester. The develop-
ment of gene panels is rapidly expanding at the present 
time.

Autosomal Dominant Inheritance Including Mosaicism
A dominant trait is one that manifests in a heterozy-
gote (only one altered copy of the gene is required) 

so affect gene dosage. Additional copies of genes 
(either by trisomy of whole chromosomes or duplica-
tion of chromosomal segments) result in increased 
levels of the gene products. Decreased levels of gene 
products are the consequence of monosomy or dele-
tions. Specific patterns and malformations associated 
with major aneuploidies are discussed in Chapter 2. 
Mosaicism and chromosomal microdeletions are other 
mechanisms of fetal maldevelopment and these are 
discussed below.

Several hypotheses have been proposed to explain 
the clinical effects of aneuploidy.10

SINGLE-GENE MALFORMATION SYNDROMES, 
MAJOR DEVELOPMENTAL PATHWAYS  
AND NEOPLASIA
The cellular pathways involved in the pathogenesis 
of some malformation syndromes are being deline-
ated, often by analyzing genes shown to be vital 
for normal development in other species. Muta-
tions of a number of these genes have been 
shown to be responsible for human single-gene 
malformation syndromes, offering the possibility 
of DNA diagnosis. There are examples of genes 
that are important in the direct regulation of many 
other genes (e.g. NIPBL in Cornelia de Lange 
syndrome). Others, through haploinsufficiency in 
a dosage-sensitive developmental pathway, may 
result in differing levels of normal gene products 
(e.g. sonic hedgehog in some forms of holopros-
encephaly) which can lead to alteration of tran-
scription of other genes (e.g. PTCH mutations in 
Gorlin syndrome).

Several genes associated with congenital malforma-
tions predispose to neoplasia later in life. The neopla-
sia occurs when the normal gene is inactivated by 
somatic mutation in a cell that already has a germ-line 
mutation in the other gene of the pair. Examples 
include PAX3 (Waardenburg syndrome/alveolar rhab-
domyosarcoma), RET (Hirschsprung’s disease, multi-
ple endocrine neoplasia type 2B/medullary thyroid 
carcinoma), WT1 (Denys–Drash syndrome, Wilms’ 
tumour) and PTCH (macrocephaly, cleft lip and palate, 
medulloblastoma and basal cell carcinomas). These 
examples show that similar pathways control cellular 
growth and differentiation in the embryo and the 
adult.
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Indeed, some dominant traits are so variable in their 
expression that careful physical examination is needed 
to detect the minute signs that a parent has the gene, 
e.g. a child may inherit the gene for autosomal domi-
nant ectrodactyly and have severe hand anomalies, but 
the affected parent may show signs only on radiology. 
Unfortunately, a parent with minor signs of a domi-
nant trait can have a severely affected child. Very 
rarely, a person who must carry the gene for an auto-
somal dominant condition fails to show any signs of 
the condition, the gene is said to be ‘non-penetrant’ in 
this individual.

and is usually transmitted from one generation to the 
next (‘vertical transmission’) (Figure 7-3). Isolated 
cases within a family may arise as a new mutation. 
Each offspring of a parent with an autosomal domi-
nant trait has a 1 in 2 chance of inheriting the condi-
tion (Figure 7-4).

Autosomal dominant traits can exhibit variable 
expressivity, reduced penetrance and sex limitation. 

DNA diagnosis is available for some malformation 
syndromes caused by abnormal single genes.
DOMINANTLY INHERITED DISORDERS

Achondroplasia
Adult polycystic kidney disease
Marfan syndrome
Myotonic dystrophy
Noonan syndrome
Tuberous sclerosis

RECESSIVELY INHERITED DISORDERS

Congenital adrenal hyperplasia
α Thalassaemia
Autosomal recessive polycystic kidney disease
Short rib polydactyly syndromes
Meckel–Gruber syndrome

X-LINKED DISORDERS

X-linked hydrocephalus (L1CAM)
DISEASES WITH NO ULTRASOUND ABNORMALITIES

Ultrasound will not identify any abnormalities in affected 
pregnancies and a couple will have to have had a 
previously affected pregnancy to recognize the risk in 
subsequent pregnancies. Carrier status may have been 
identified from family history or population screening as is 
available for thalassaemia in some populations.
AUTOSOMAL DOMINANT

Neurofibromatosis
Huntington’s chorea

AUTOSOMAL RECESSIVE

Sickle cell disease
β Thalassaemia
Cystic fibrosis (rarely)
Frederich’s ataxia

X-LINKED

Fragile X
Haemophilia A or B
Duchenne muscular dystrophy

BOX 7-1 SINGLE-GENE DISORDERS WHICH MAY 
PRESENT WITH ULTRASOUND ABNORMALITIES

FIGURE 7-3 Autosomal dominant inheritance. Three generations are 
affected, including male-to-male transmission. 

FIGURE 7-4 Autosomal dominant inheritance. If one parent is 
affected by a disorder caused by a dominant trait, his/her offspring 
have a 50% (1 in 2) risk of also inheriting the disorder. 
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X-linked Recessive Inheritance
X-linked recessive traits are determined by genes on 
the X chromosome. Males have one X chromosome 
and one Y chromosome, females have two X chromo-
somes. X-linked recessive traits, therefore, manifest 
usually only in males, because males have only a single 
copy of the gene (Figure 7-7). A female with  
a recessive trait on one X chromosome usually has a 
normal gene on the other X chromosome and so is 
clinically unaffected, but is a carrier for the trait.

Although females have two X chromosomes, only 
one is active in somatic cells (in accordance with the 
Lyon hypothesis). A female heterozygous for an 
X-linked condition is therefore a mosaic of normal 
and affected cells. The pattern of X-inactivation is 
random, which can make carrier detection in X-linked 
recessive disorders very difficult with biochemical 
tests. For example, about 30% of known carriers of 
haemophilia A or Duchenne muscular dystrophy have 
biochemical tests within the normal range. Many cases 
of the more serious X-linked diseases are caused by 

Some patients with severe autosomal dominant 
conditions appear to be sporadic cases. If both parents 
are unaffected, and there is no family history, then 
the child’s disease is likely to be due to a new muta-
tion. The recurrence risk for parents is small, but the 
child is at 50% risk of passing on the disease to their 
future children. There is a slight chance that a parent 
of a child with an apparently new dominant mutation 
has gonadal mosaicism: the germ line contains two 
populations of cells, one with the mutation, and one 
with the normal gene. This is likely to be the expla-
nation for the rare cases of two children with the 
same autosomal dominant condition being born to 
unaffected parents. Germinal mosaicism is a real phe-
nomenon and therefore future affected pregnancies 
are a possibility.

Autosomal Recessive Conditions
An autosomal recessive trait is one in which a person 
who has two copies of the altered gene (homozygote/
compound heterozygote) manifests the trait, but het-
erozygotes (carriers) are unaffected. A person with 
an autosomal recessive condition often appears to  
be the only person affected in a family (Figure 7-5). 
Offspring of parents who are both heterozygous for 
the same autosomal recessive condition have a 1 in 
4 chance of being affected (Figure 7-6). An unaffected 
sibling of an affected person has a two in three chance 
of being a carrier. If an affected person is able to 
reproduce, offspring will be at risk only if their partner 
is a carrier.

FIGURE 7-5 Autosomal recessive inheritance. In this family, the 
parents of the affected person are first cousins. 

FIGURE 7-6 Autosomal recessive inheritance. If both parents carry 
the same altered gene for a recessive condition, an offspring has a 
25% (1 in 4) risk of inheriting the altered gene from both parents 
and being affected. 

Offspring
Unaffected Carrier Carrier Affected

Parents

Carrier Carrier

Gametes



1537 Fetal Anomalies – The Geneticist’s Approach

GENETIC HETEROGENEITY
Genetic heterogeneity occurs when a single clinical 
disorder can be caused by several genes. Examples 
include tuberous sclerosis, which is caused by muta-
tions in a gene on either chromosome 9 or chro-
mosome 16, and retinitis pigmentosa, which has 
autosomal dominant, recessive and X-linked recessive 
forms.

Unusual Patterns of Inheritance
Unusual patterns of inheritance (non-Mendelian) may 
be explained by phenomena such as mosaicism, antic-
ipation, imprinting, uniparental disomy and mito-
chondrial mutations.

MOSAICISM
Mosaicism occurs when an individual’s tissues or 
organs contain more than one genetic type of cells: the 
mutant cells may contain a chromosome anomaly or 
an altered single gene. The finding of mosaicism can 
be a very difficult prenatal diagnostic counselling 

new mutations, which also make it difficult to counsel 
parents unless reliable carrier detection is available. 
Some conditions result in non-random X inactivation 
in female carriers as the cells that were expressing 
the abnormal X were selected against. Occasionally 
this can be a useful test if considering an X-linked 
disorder. However, DNA analysis may be able to 
answer these questions with certainty for many 
X-linked conditions.

Each offspring (male or female) of a female hetero-
zygous for an X-linked recessive allele has a 1 in 2 
chance of inheriting the allele from their mother 
(Figure 7-8).

Daughters of affected males are obligate heterozy-
gotes. If male-to-male transmission can be demon-
strated, then X-linkage is excluded. Rarely, females 
show signs of an X-linked recessive disease, because 
they are homozygous for the allele (e.g. colour blind-
ness), have a single X chromosome (Turner syndrome), 
have a structural rearrangement of an X chromosome, 
or are heterozygous but show skewed or non-random 
X-inactivation.

X-LINKED DOMINANT INHERITANCE
There are a few disorders that are seen almost exclu-
sively in females such as incontenti pigmenti and Rett 
syndrome; these conditions are lethal in males unless 
there is a very mild mutation, as a male fetus sponta-
neously miscarries at an early gestation.

FIGURE 7-7 X-linked inheritance where the grandfather has a non-
lethal X-linked disorder (e.g. haemophilia). Males affected in several 
generations are linked through unaffected females. Daughters of 
affected men are obligatory carriers. 

FIGURE 7-8 X-linked recessive inheritance. If a woman carries an 
altered recessive gene on one of her X chromosomes, a son has a 
50% (1 in 2) risk of being affected. A daughter has a 50% (1 in 2) 
chance of being a carrier. 

Father Mother

Daughter Daughter Carrier Son Son Affected

X X XY

Parents

Carrier

Gametes

Offspring



154 7 Fetal Anomalies – The Geneticist’s Approach

For example, a parent carries a single abnormal copy 
of a gene but the fetus receives two copies of this as 
he/she has two copies of the same chromosome or it 
involves an imprinted region of a chromosome.

GENOMIC IMPRINTING
The mechanism of imprinting results in differential 
expression of the maternally or paternally inherited 
allele during development from the embryo to the 
adult. Alteration of gene expression at imprinted loci 
can result in neurodevelopmental disorders, abnor-
malities of growth and malformations. For example, 
Angelman and Prader–Willi syndromes are caused by 
altered parental imprints at chromosome 15q11–13, 
and Beckwith–Wiedemann syndrome (characterized 
by overgrowth, exomphalos and facial dysmorphism) 
by disturbance of imprinting at 11p15. Only certain 
chromosomal regions are imprinted and therefore it is 
possible to inherit mutations that are silent if inherited 
from one parent and only cause the disease if inherited 
from the parent from which the gene would be active. 
For example the maternal copy of the CDKN1C gene 
should be active, but if it has a mutation that causes 
it to be silenced and this is passed on to a baby, then 
the baby will have Beckwith–Wiedemann syndrome. 
If the father carries the same CDKN1C silencing muta-
tion this will not cause any abnormalities in the baby 
as the paternal allele is not normally expressed.

ANTICIPATION
A few diseases may become more severe as they pass 
through the generations as the mutation changes. This 
has been seen in a group of disorders known as the 
triplet repeat disorders whereby the number of copies 
of the repeat vary between generations and may alter 
the severity of the disorder. The two best known of 
these are Fragile X syndrome and myotonic dystrophy. 
The latter can be a disorder that results only in late-
onset cataracts at one end of the spectrum to a condi-
tion that is lethal at birth from pulmonary hypoplasia 
with arthrogryposis.

Chromosomal Anomalies
THE KARYOTYPE REPORT: NOMENCLATURE
Karyotyping is labour intensive, as high-resolution (or 
extended) chromosome preparations reveal over 850 

problem, because the phenotype will lie somewhere 
between the full disorder and normal. The proportion 
of abnormal cells in one tissue cannot be taken as an 
indication of the proportions in other tissues. For 
instance, placental mosaicism with a chromosomally 
normal fetus is a well-recognized phenomenon. In the 
presence of a normal ultrasound two thirds of CVS 
identified as chromosomal mosaics will have normal 
fetal chromosomes.10 Identification of placental mosai-
cism needs to be followed by an amniocentesis to 
ascertain whether it is true fetal mosaicism or confined 
placental mosaicism. The mosaicism may be identified 
by molecular techniques such as rapid testing by 
qfPCR for trisomy 21, 13 and 18. The number of dif-
ferent peaks identified may indicate if the abnormality 
is of meiotic origin, i.e. at conception, when three 
peaks will be identified; or, if it is mitotic, where there 
will only be two peaks, i.e. occurred after conception, 
then it is more likely to be confined to the placenta.

It is not possible to give exact figures for the off-
spring risk of individuals with chromosome or single-
gene mosaicism, because these depend on the numbers 
of mutant cells in the gonads.

An additional concern when autosomal trisomy 
mosaicism is found at prenatal diagnosis is that the 
apparently normal cell line may have been generated 
by a trisomic fetus having ‘lost’ one of the three copies 
of the chromosome involved to ‘correct’ the imbalance 
(trisomic zygote rescue). If both remaining copies of 
the chromosome originated from the same parent 
(uniparental disomy), this, too, could give an abnor-
mal phenotype. Chromosomal analysis in this case 
would be normal in the fetus.

UNIPARENTAL DISOMY
Uniparental disomy (UPD) implies that two copies of 
a given chromosome or chromosome segment have 
been inherited from one parent with no contribution 
at these loci coming from the other parent. UPD for 
chromosome 15 is one of the mechanisms leading to 
Angelman syndrome and Prader–Willi syndrome. In 
a triploid pregnancy, a partial molar pregnancy results 
if the extra set of chromosomes is paternal. If the 
extra set of chromosomes is from the mother this 
results in an asymmetric growth-retarded embryo and 
underdeveloped placenta. Uniparental disomy is only 
a concern if it reveals an autosomal recessive disease. 
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• abnormalities or variants of whole 
chromosomes or their arms (‘p’ and ‘q’ refer to 
the short ‘petit’ and long arms respectively).

Breakpoints involved in structural rearrangements 
are described according to the arm involved, the 
region of that arm, and then by band and sub-band(s) 
within that region. For example, band Xq27.3 is found 
on the long arm of the X chromosome, in region 2, 
band 7 and sub-band 3.

Examples:
• Normal: 46,XY – normal male.
• Sex chromosome aneuploidy: 47,XXY – 

Klinefelter syndrome.
• Autosomal aneuploidy: 47,XX,+21 – female 

with trisomy 21 (Down syndrome).
• Deletion: 46,XY,del(18)(q21) – deletion of part 

of long arm of one chromosome 18 from band 
q21 to the end of the long arm.

• Translocation: 46,XX,t(3;11)(p14;p13) – female 
with balanced reciprocal translocation between 
chromosomes 3 and 11, with breakpoints on 
the short arms – at p14 on chromosome 3 and 
p13 on chromosome 11.

Cytogenetics laboratories are always pleased to 
discuss abnormal results.

ANEUPLOIDIES
Chromosomal aneuploidies cause malformations by 
disturbing the actions of multiple genes by increasing 
the amounts of gene products in trisomies or duplica-
tions, and by reducing gene products in monosomies 
or deletions. Rapid analysis for the major trisomies 13, 
18, 21 X and Y is now routine in many laboratories 
undertaking prenatal diagnosis which allows the 
results for the commonest abnormalities to be identi-
fied within 48 hours of the invasive procedure. This 
is the QFPCR which is a DNA based test and looks at 
the quantity of DNA across these chromosomes at 
certain markers; it relies on dosage peaks for 
interpretation.

CHROMOSOMAL MICRODELETIONS/CONTIGUOUS 
GENE SYNDROMES
Contiguous gene syndromes, also known as micro-
deletion syndromes, have extremely variable clinical 
manifestations, depending on the amount of genetic 
material involved. Molecular techniques such as 

bands on microscopy. Occasionally, only a limited 
analysis may be possible because of poor elongation 
of the chromosomes. Chromosomes analyzed from 
chorionic villi may be shorter than those from blood 
(Figures 7-9 and 7-10).

The karyotype of a cell is reported in an interna-
tionally agreed format giving a precise description of 
an abnormality.

It has three parts separated by a comma:
• the total number of chromosomes (e.g. 46, 45, 

47);
• the sex chromosome constitution (e.g. XX, XY, 

X, XXY);

FIGURE 7-9 Standard karyotype. 

FIGURE 7-10 Ideogram of a normal male karyotype. (Courtesy of 
Stephen Morris, Clinical Cytogeneticist, St James’ Hospital, Leeds.)
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present time use of CGH prenatally should not replace 
standard karyotyping as has been the case postnatally, 
it should be reserved for cases with a high risk of 
chromosome abnormalities not indentified on a stand-
ard karyotype.

The introduction of testing free fetal DNA in the 
maternal circulation for the common aneuplodies may 
alter this approach in the near future.

CHROMOSOMAL TRANSLOCATIONS
A translocation occurs when there has been transfer 
of genetic material between chromosomes, requiring 
breakage of both chromosomes and repair in an 
abnormal arrangement. If the exchange results in no 
overall loss or gain of DNA, the individual is clinically 
normal and is said to have a balanced translocation. 
Such a translocation carrier is, however, at risk of 
producing chromosomally unbalanced gametes, which 
may result in a chromosomally abnormal baby, miscar-
riage, stillbirth or infertility, depending on the origin 
and amount of chromosomal material involved. Gen-
erally, the smaller the chromosomal segment involved, 
the greater the chance of viable offspring. The cytoge-
netic literature may reveal whether a viable child with 
the potentially unbalanced products of the particular 
translocation has been reported. It may be possible to 
calculate a theoretical risk figure so the clinical genet-
ics or cytogenetics services should be consulted. For 
most couples, however, a precise risk figure is not as 
important as being able to undertake prenatal diagno-
sis in future pregnancies.

There are two types of translocation:

a. Reciprocal Translocation
In reciprocal translocations, chromosomal material 
distal to (i.e. beyond) the breaks in two chromosomes 
is exchanged. The long or short arms of any chromo-
somes may be involved.

When a fetus has inherited a parental apparently 
balanced reciprocal translocation, there appears to be 
no increased incidence of phenotypic abnormality in 
the child, especially if the translocation is present 
without effect in several family members. If the appar-
ently balanced translocation has arisen de novo in 
the fetus, a detailed anomaly scan is required to look 
for possible abnormalities arising from a microdeletion 
or microduplication that cannot be identified. CGH 

fluorescence in-situ hybridization (FISH), compara-
tive genomic hybridization (CGH) or multiplex 
ligation-dependent probe amplification (MLPA) must 
be employed for those where the gain or loss of 
material is beyond the limit of light microscopy.

Table 7-6 lists the common conditions due to 
microdeletions. The ones likely to present with struc-
tural anomalies during ultrasound scanning are:

• Miller–Dieker syndrome, del(17)(p13): 
lissencephaly.

• Shprintzen (DiGeorge) syndrome, del(22)(q11): 
heart lesions.

COMPARATIVE GENOMIC HYBRIDIZATION (CGH)
New techniques of whole genome scanning for chro-
mosome imbalance by comparative genomic hybridi-
zation (CGH) are increasingly used to assess fetuses 
with malformations of unknown cause. CGH com-
pares DNA quantities across the whole genome, i.e. it 
is a much more detailed karyotype than can be identi-
fied by standard cytogenetics using the light micro-
scope, where the resolution is at its best prenatally of 
8–10 Mb. In view of the variation across the genome 
it can be difficult to interpret whether a difference 
between the reference genome and the patient genome 
is part of normal variation or is disease causing. Hence 
interpretation must be made with someone skilled at 
assessing these abnormalities. Frequently parental 
DNA may be needed to assess the significance of the 
findings which will delay the final results. At the 

TABLE 7-6 Chromosomal Microdeletion 
Syndromes

Alagille (20p12)
Alpha-thalassaemia with mental 

disability
(16p13)

Angelman (15q11–q13)
Beckwith–Wiedemann (11p15)
DiGeorge/velocardiofacial (usually 22q11; 

rarely 10p13)
Langer–Giedion (8q24)
Miller–Dieker lissencephaly (17p13.3)
Prader–Willi (15q11–q13)
Rubenstein–Taybi (16p13.3)
Smith–Magenis (17p11.2)
Williams (7q11)
Wilms’ tumour–aniridia and WAGR (11p13)
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analysis may be advisable to look for this. If a chro-
mosome translocation has arisen de novo in a fetus, 
there is a 6% chance of a fetal abnormality. CGH can 
confirm the absence of a deletion or a duplication 
around the breakpoint but it will not identify disrup-
tion of a gene (Figures 7-11 and 7-12). Chromosome 
translocations involving the X chromosome may result 
in an even more variable outcome in view of 
X-inactivation which may involve the autosome con-
cerned in the translocation.

b. Robertsonian (Centric Fusion)
A Robertsonian translocation is one in which, effec-
tively, the whole of a chromosome is joined end to 
end with another. This type of translocation involves 
only chromosomes 13, 14, 15, 21 and 22, because 
the ends of their short arms have similar repetitive 

FIGURE 7-11 Comparative genomic hybridization (CGH) showing loss of chromosome material from 6q (A) and gain of chromosome material 
from 9p (B). 
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FIGURE 7-12 Ideogram of a female karyotype with a balanced recip-
rocal translocation between the short arm of chromosome 2 and the 
long arm of chromosome 4. (Courtesy of Stephen Morris, Clinical Cytoge-
neticist, St James’ Hospital, Leeds.)
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mental retardation of unknown cause will have a 
microdeletion or microduplication identified.

CHROMOSOME MOSAICISM
Not all cells may necessarily have the same karyotype. 
When two different karyotypes are identified in an 
individual this is called chromosome mosaicism. This 
can occur as a cultural artifact and will not be reported 
by the laboratory if they believe this is the cause as 
it will have no affect on fetal development. It may 
be confined to the placenta, where it may cause 
placental insufficiency, but the fetus will develop 
normally or it may be both in the fetus and the 
placenta and the fetus will be at high risk of fetal 
abnormalities (Figure 7-14).

Multifactorial Inheritance
The genetic contribution to many single congenital 
anomalies is through multifactorial inheritance, rather 
than single-gene or chromosomal mechanisms. Exam-
ples of multifactorial conditions in the newborn are 
cleft lip and palate, club-foot, congenital heart disease 
and neural-tube defects. Multifactorial conditions are 
more common than single-gene and chromosomal 
abnormalities and they do show a familial tendency, 
but do not follow simple Mendelian patterns. Multi-
factorial conditions are considered to be determined 
by the summation of the effects of multiple genes at 
different loci, together with environmental factors. 
These genetic and environmental factors combine to 
produce a population susceptibility curve, based on a 
Gaussian distribution; people whose predisposition is 
above a postulated liability threshold on this curve 
manifest the disease.

Human Malformations Associated with 
Environmental Factors
Environmental factors may be wholly or partly respon-
sible for some malformations. The main categories are 
given in Table 7-7. Many single congenital malforma-
tions are not solely genetically determined, but are the 
result of the interplay between genetic and environ-
mental factors. Neural-tube defects are an excellent 
example of how the environmental component can be 
modified by maternal treatment with folic acid.11

FIGURE 7-13 Robertsonian translocation possible between two 
acrocentric (13, 14, 15, 21, 22) chromosomes. 
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DNA sequences that predispose to their fusion. A 
Robertsonian translocation is one of the most common, 
balanced structural rearrangements in the general 
population, with a frequency in newborn surveys of 
about 1 in 900. Families with Robertsonian transloca-
tions involving either chromosome 13 or 21 are at 
high risk of having children with translocation Patau 
or Down syndrome respectively (Figure 7-13).

DELETIONS/DUPLICATIONS OF  
CHROMOSOMAL MATERIAL
A child can inherit either the normal homologue or 
the chromosome with the deletion or duplication from 
a parent with a resultant partial autosomal monosomy 
or trisomy. The risk of the child inheriting the parental 
chromosomal abnormality, therefore, is theoretically 
50%.

A cryptic translocation is one which cannot be 
identified by conventional cytogenetics – it may be 
suspected following the birth of two children with 
different unexplained malformation syndromes. 
Increasingly, routine analysis of the karyotype by CGH 
will identify this before the birth of a second affected 
child. There is evidence to suggest that in the postnatal 
population an extra 10–15% of children with a mal-
formation syndrome or isolated moderate–severe 
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FIGURE 7-14 Chromosome mosaicism with different cells with different karyotypes; this may be whole chromosomes or marker 
chromosomes. 

Diploid
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TABLE 7-7 Environmental Factors Contributing to Human Structural Anomalies

Agent Example Structural anomaly

Drugs Alcohol Microcephaly, dysmorphism, heart defect
Androgens Masculinization of females
Cocaine Vascular disruptions
Phenytoin Cleft lip and palate, heart defect
Sodium valproate Spina bifida
Vitamin A Mandibular, ear abnormalities
Carbimazole Choanal atresia, cutis aplasia

Infection Rubella Microcephaly, cataracts, heart defect
Cytomegalovirus Microcephaly, polymicrogyria, congenital heart disease,

hyperechogenic bowel
Toxoplasma Hydrocephalus
Varicella Limb defects, scarring

Maternal factors Diabetes Neural-tube defect, heart defect
Phenylketonuria Microcephaly, heart defect

Physical agents Hyperthermia Neural-tube defect, central nervous system anomalies
X-rays Microcephaly
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affect the basic processes of cells, not only may a tera-
togen have a general effect on several tissues, but dif-
ferent teratogens may produce common effects. Some 
teratogens do, however, produce a characteristic 
pattern of anomaly. For example carbimazole for the 
treatment of thyrotoxicosis causes choanal atresia, 
cutis aplasia with distinctive facial features.

All women should be asked about drug exposure 
both therapeutic and recreational, as well as over-the-
counter medications whose availability vary consider-
ably between countries.
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Teratogens
A teratogen is an environmental agent that can cause 
abnormalities of form or function in a fetus exposed 
to the agent. Susceptibility to teratogenesis depends 
on the genotype of the conceptus, timing of exposure, 
dosage and interaction with other environmental 
factors and maternal genetic factors.

TIMING OF EXPOSURE
If exposure to the teratogen occurs before the differ-
entiation of the three germ layers, either embryonic 
death results or no abnormalities are apparent. A high 
degree of sensitivity then occurs during organogenesis 
from about fetal age 18–60 days, with peak suscepti-
bility at approximately 30 days. The type of malforma-
tion is dependent on which organ is susceptible at 
exposure, an organ being most susceptible early in its 
differentiation. Because the fetal period (3rd to 9th 
months) is characterized by histogenesis (refined cel-
lular and tissue changes) and functional maturation, 
teratogenic insults during this time will result mainly 
in mental and growth retardation.

DOSE AND INTERACTION WITH OTHER 
ENVIRONMENTAL AND GENETIC FACTORS
For some, but not all teratogens, there is a dose-related 
effect, higher doses resulting in more malformations. 
The potency of some teratogens can be increased in 
the presence of other environmental factors: the tera-
togenicity of some anti-convulsants is increased, for 
example, if used in combination with another drug. 
There also appears to be a difference in susceptibility 
between individuals: the same dose of sodium val-
proate is associated with a neural-tube defect in the 
fetus of one mother but not another, and it may not 
be present in the next baby even if the dose and dosing 
regime has not changed.8 The peak dose concentration 
may be relevant and therefore changing preparations 
to either slow release formula or lower, more frequent 
dosage may reduce the risk in further pregnancies.

MECHANISMS OF TERATOGENS IN THE CAUSATION 
OF MALFORMATIONS
Teratogens affect morphogenesis, development and 
differentiation through cell death, failed cell interac-
tions or alterations in the movement of cells. As these 
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Diagnosis of Hydrops and Multiple 
Malformation Syndromes
Tessa Homfray

Introduction
Multiple malformation syndromes may be identifiable 
by ultrasound following the identification of one 
abnormality and associated investigations.

There are thousands of malformation syndromes, 
many too rare for the scope of this book and many 
not amenable to ultrasound identification. However, 
identification of any malformation should immedi-
ately alert the sonographer to look for further abnor-
malities. This chapter will be a guide for possible 
syndrome diagnosis following the initial identification 
of an abnormality.

A number of abnormalities may be identified which 
will lead to a specific examination for other features. 
The individual abnormalities will be discussed in other 
chapters and in this chapter there will be particular 
reference to possible malformation syndromes.



162 8 Diagnosis of Hydrops and Multiple Malformation Syndromes

Fetal Hydrops
Fetal hydrops is defined as the presence of excess fluid 
in more than one body cavity, a combination of two 
or more from skin oedema, pleural effusions, pericar-
dial effusion and ascites (Figures 8-1 to 8-3).

PATHOPHYSIOLOGY (TABLES 8-1 TO 8-3)

Hydrops requires an imbalance between intravascular 
and extravascular fluid. The driving force out of the 
vascular space is the difference between the capillary 
hydrostatic pressure and the colloid oncotic pressure 
of interstitial fluid. Colloid oncotic pressure depends 
on both the concentration of osmotically active mol-
ecules and the efficacy with which differences in 
oncotic pressure can cause water shifts. The fetal capil-
laries are more permeable, thus colloid oncotic pres-
sure is less of a driver than after birth and fetal tissues 
are more compliant resulting in an increased loss of 
intravascular fluids before a rise in interstitial colloid 
oncotic pressure checks the flux.1

FIGURE 8-1 Gross fetal oedema (arrow) due to monosomy X. 

FIGURE 8-2 Pleural effusions (arrows) due to trisomy 18. 

FIGURE 8-3 Fetal ascites (arrow) due to fetal infection. 

TABLE 8-1 Causes of Fetal Hydrops at 
Less Than 20 Weeks’ Gestation

Abnormality Group % Cases

Chromosomal causes 63
Infection 7.3
Cardiovascular 2.1
Fetal akinesia 8.3
Multiple malformation 2.1
Other anatomical defect 3.1
Haematological cause 1.1
Unknown cause 10.3

TABLE 8-2 Proportion of Causes of 
Hydrops by Gestational Age

Cause
<24–28 weeks' 

gestation
>24–28 weeks' 

gestation

Chromosomal 34.5% 5.4%
Cardiovascular 9.0% 24.2%
Genetic or 

syndromal
8.8% 8.2%

Infective 4.8% 5.8%
Pulmonary 7.4% 13.2%
Unknown 15.0% 22.1%



1638 Diagnosis of Hydrops and Multiple Malformation Syndromes

underlying cause was fetal anaemia secondary to 
Rhesus incompatability. Since the introduction of 
anti-D this complication has become much rarer,7,8 
and although other blood group antigens can cause 
red blood cell incompatability, it is now an uncommon 
cause of fetal anaemia.

Fetal anaemia remains a significant cause of hydrops 
but the underlying causes of the anaemia are different 
(Table 8-4).

ULTRASOUND FEATURES
Specific features on ultrasound may give an indication 
as to the underlying cause of the fetal hydrops. There 
are other signs that are less specific but may help with 
directing further investigations, these include:

• Increased peak systolic velocity (PSV) in the 
middle cerebral artery Doppler (MCAD) → 
anaemia (Figure 8-6).

• Pericardial effusion and ascites → anaemia.
• Hepatosplenomegaly → metabolic syndrome, 

infection.

Fetal Anaemia
HAEMORRHAGE
A fetal bleed should be suspected if a heterogeneous 
mass lesion is identified on ultrasound: an intracranial 
haemorrhage is the most common manifestation of a 
fetal bleed (Figure 8-7).9

Fetal thrombocytopenia secondary to alloimmune 
thrombocytopenia is a recognized cause of fetal intra-
cranial haemorrhage. This is due primarily to anti-
bodies against the platelet antigen HPA1a.10 It occurs 
in 80% of cases in the first pregnancy and may present 

Lymph flow is increased in the fetus but delayed 
development of the lymphatics will prevent this. 
Clearance of lymph fluid is dependent on the outflow 
pressure in the great veins of the neck. If the negative 
pressure is not maintained, lymph flow is reduced, 
with the consequence of development of interstitial 
fluid and hydrops. Hence a rise in central venous pres-
sure (CVP) is a final common pathway for many 
causes of fetal hydrops (Figure 8-4).

Fetal anaemia raises the CVP secondary to high 
cardiac output, and anoxia due to anaemia leads to 
increased capillary permeability.1

Accumulation of osmotically active lactic acid  
may underlie some metabolic causes of hydrops 
(Figure 8-5).

The presence of fetal hydrops in the first trimester 
is a sign of impending demise and the survival rate  
is practically 0%. Major chromosomal abnormalities 
including 45X will account for the majority of cases.2–4 
Identification of major chromosomal abnormalities by 
first-trimester screening with raised nuchal translu-
cency and abnormal serum biochemistry has reduced 
the underlying chromosomal burden of hydrops, as 
many of these high-risk fetuses will have aborted prior 
to the development of hydrops.

Raised nuchal translucency may proceed to fetal 
hydrops in later pregnancy. There may initially appear 
to be an improvement followed by hydrops either 
identified at the 20-week scan or later. Persistence of 
the nuchal fold without the development of fetal 
hydrops would raise concerns that the baby has 
Noonan or a Noonan-related syndrome.5,6

Fetal hydrops was historically divided into immune 
and non-immune hydrops, as the commonest 

TABLE 8-3 Causes of Fetal Hydrops (After First Trimester)

High Output Cardiac Failure 1° Cardiac Causes Non-Cardiac Causes

Fetal anaemia Supraventricular tachycardia (SVT) Infection
Fetal thyrotoxicosis Hypertrophic cardiomyopathy Metabolic syndromes
Twin-to-twin transfusion Dilated cardiomyopathy Lung malformations
Arteriovenous malformation Structural cardiac abnormalities Chromosomal
Fetal/placental tumours Fetal bradycardia Single gene disorders

Lymphatic abnormalites Fetal akinesia
Musculoskeletal
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FIGURE 8-4 General pathophysiologic pathways in various causes of non-immune hydrops fetalis (NIHF). (Reproduced by kind permission of Bellini 
C, Hennekam RCM. Non-immune hydrops fetalis: A short review of etiology and pathophysiology. Am J Med Genet Part A 2012; 158A: 597–605.)
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Other causes of fetal haemorrhage include fetal 
haemophilia. Factor VIII and factor IX deficiency are 
the commonest haemophilia syndromes but they do 
not cause fetal bleeds; however factor V and factor X 
deficiencies can present antenatally.11 Clotting studies 
antenatally remain unsatisfactory as the blood volume 
required for such analysis is not possible at present 
from a live fetus.

before 20 weeks. Intravenous immunoglobulin (IVIG) 
may help to reduce its severity and the risk of intra-
ventricular bleed. The risk of recurrence is approxi-
mately 80% (see Chapter 19, Haematological 
Disorders).

Thrombocytopenia can also be caused by haemo-
phagocytic lymphohistiocytosis, a rare autosomal 
recessive disorder.

FIGURE 8-5 Detailed pathophysiologic pathways: effects of hypoxia leading to non-immune hydrops fetalis (NIHF). (Reproduced by kind permission 
of Bellini C, Hennekam RCM. Non-immune hydrops fetalis: A short review of etiology and pathophysiology. Am J Med Genet Part A 2012; 158A: 597–605.)
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Mutations in Col4A1 and Col4A2 have recently been 
identified as genetic causes of porencephalic cysts. 
These mutations may cause fetal anaemia as a conse-
quence of haemorrhage, although the more usual 
presentation is as ultrasound-detected intra-cranial 
abnormalities in the third trimester.12

OTHER CAUSES OF ANAEMIA
Aplastic anaemia secondary to Diamond-Blackfan syn-
drome is a rare disorder which is inherited as an 
autosomal dominant disorder in 10–25% of cases. It 
is secondary to mutations in a number of ribosomal 
proteins.13,14 Many affected patients are steroid-
dependent, but can maintain a haemoglobin count of 
around 7 mg/100 mL. No prenatal treatment with 
steroids has been attempted. A number of cases will 
arise as de novo mutations, so the absence of a family 
history will not exclude this diagnosis. Fetal infection 
with cytomegalovirus (CMV)15 and parvovirus may 
cause aplastic anaemia. Identification of parvovirus 
infection is particularly important as fetal blood trans-
fusion may be required for survival of the fetus prior 
to spontaneous recovery.16 Fetal hydrops secondary to 
CMV is multifactorial.

Haemolytic anaemia is caused by a defect in a 
number of red cell enzymes but these rarely cause a 
severe enough anaemia antenatally to cause hydrops. 
Mutations in all four of the α-thalassaemia genes will 
cause fetal hydrops from the lack of production of the 
α chains in haemoglobin.This is incompatible with life 
and will always cause fetal demise. In this situation 
the mother may become very unwell due to mirror 
syndrome.17

TABLE 8-4 Causes of Fetal Anaemia

Blood Group Incompatibility (Haemolytic) Rhesus, ABO, Kell
Aplastic anaemia Diamond-Blackfan syndrome
Inherited anaemia α Thalassaemia
Red cell enzyme disorders Pyruvate kinase deficiency, glucose 6 

phosphate isomerase deficiency
Red cell membrane defects Platelet abnormality, platelet antibodies
Fetal haemorrhage Haemophilia

Feto-maternal haemorrhage
Twin–twin transfusion

Infection (aplastic) Parvovirus, CMV

FIGURE 8-6 Raised PSV in a fetus at 20 weeks due to parvovirus 
infection (normal range at 34 weeks normal range at 34 weeks 
48 cm/sec 1 MoM  to 82 cm/sec 1.7 MoM). (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 8-7 Fetal intracranial haemorrhage (line arrow) indicates the 
acute echogenic bleed. (Courtesy of Dr Anne Marie Coady.)
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thyrotoxicosis or very rarely primary hypothyroidism 
in the baby. A fetal goitre can be identified on ultra-
sound and fetal thryroid function can be assessed on 
cordocentesis (Figure 8-9).

TWIN-TWIN TRANSFUSION SYNDROME
See Chapter 9, Assessment of Twin Gestation.

ARTERIOVENOUS (AV) MALFORMATIONS
AV malformations such as a Vein of Galen malforma-
tion have a very poor prognosis, not only because they 
cause high-output cardiac failure secondary to shunt-
ing of blood, but they may also cause bleeding  
and hydrocephalus secondary to a mass effect. Vein of 
Galen malformations have been associated with  
capillary malformation-arteriovenous malformation  
disorder which is an autosomal dominant disorder 
secondary to RASA1 mutations.21 This disorder can be 
highly variable within a family. Examination of both 
parents for the presence of haemangiomas may suggest 
a diagnosis of a capillary haemangioma syndrome.

FETAL AND PLACENTAL TUMOURS
Chorioangiomas of the placenta can cause fetal 
hydrops which may be severe and it may be necessary 
to occlude the feeding vessels of the tumour by laser 
ablation if hydrops presents pre-viability. The aetiol-
ogy of tumour-induced hydrops is multifactorial: from 
the high-output cardiac failure caused by anaemia 
and/or arteriovenous shunting in sacrococcygeal 
tumours to the vascular compression hydrops of pha-
ryngeal teratomas.22

Cardiac Causes of Fetal Hydrops
DYSRHYTHMIAS
Fetal Bradycardia
Fetal bradycardia can be caused by structural cardiac 
lesions, particularly left isomerism (Figure 8-10).

More commonly however fetal bradycardia is 
related to complete heart block resulting from the 
destruction of the cardiac conduction system by 
maternal antibodies. Anti-Ro and anti-La antibodies 
have been particularly implicated and a maternal 
history of systemic lupus erythematosus (SLE) should 
be sought.23–25

Fetal leukaemia may cause hydrops and in Down 
syndrome there may be a transient myeloproliferative 
disorder, however the anaemia may be so severe as to 
cause still birth (Figure 8-8).18,19

Additional Causes of High Output  
Cardiac Failure
FETAL THYROID DYSFUNCTION
Fetal thyrotoxicosis may cause fetal hydrops though 
this is rare.20 Fetal thyrotoxicosis is normally second-
ary to maternal Graves’ disease and is autoimmune in 
aetiology. Ultrasound findings may include fetal goitre, 
tachycardia and growth restriction. Fetal hypothy-
roidism may occur due to over-treatment of maternal 

FIGURE 8-8 Enlarged liver (arrow) due to a transient myeloprolifera-
tive state in a fetus with trisomy 21 which produced anaemia at 32 
weeks. (Courtesy of Dr Anne Marie Coady.)

FIGURE 8-9 Fetal goitre seen in cross section of fetal neck. (Courtesy 
of Dr Anne Marie Coady.)
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• Parental ECGs should be performed at some 
stage looking for evidence of long QT 
syndrome as well as asking for a history of 
fainting and sudden death within the family.

Fetal Tachycardia
These are supraventricular in origin in the majority of 
cases with re-entry pathways the major cause of sus-
tained fetal tachycardia (Figure 8-11A and B).27,28 Sus-
tained fetal tachycardias are much more likely to cause 
fetal hydrops than intermittent tachycardias, but 
hydrops has been described in the latter condition. An 
intermittent tachycardia may well be missed and 
require recurrent examinations prior to being identi-
fied. It should be considered in any baby with unex-
plained hydrops in the third trimester. Treatment is 
usually started with digoxin and or flecanide. Treat-
ment of the baby needs to continue for the first few 
weeks of life until there has been adequate maturation 
of the conduction system.

STRUCTURAL CARDIAC CAUSES  
OF FETAL HYDROPS
These include:

• Left isomersism.
• Premature closure of the ductus arteriosus.
• Premature closure of the foramen ovale.

Channelopathies can rarely cause fetal hydrops. 
Autosomal recessive long QT syndrome (Jervell–
Langer–Nielson syndrome) causes severe prolongation 
of the QT interval and sensorineual deafness.26 Long 
QT syndrome is normally an autosomal dominant dis-
order; 12 causative genes have been identified to date 
and there are others still to be discovered. Long QT 
1-3 account for about 60% of all cases of long QT 
syndrome. Late-onset fetal bradycardias have been 
noted, but rarely cause fetal hydrops. The fetal brady-
cardia may be first noted in labour, however, and  
be confused with fetal distress. Catecholaminergic 
polymorphic ventricular tachycardia (CPVT) may  
also present antenatally with fetal bradycardia, and 
although documented in a case report of fetal hydrops, 
it is uncertain if this was the primary cause. Postnatal 
investigation needs to be undertaken in all cases as 
complete heart block may lead to sudden death. CPVT 
is a highly dangerous condition with 30% chance of 
sudden death by the age of 40 years. The resting ECG 
and 24 hour tape are normal and it requires an exer-
cise ECG to reveal rhythm disturbances, which is not 
possible until approximately the 4th year of life.

Investigation of a fetal bradycardia should include:
• A fetal echocardiogram looking for evidence of 

congenital heart disease including left isomerism.
• Maternal blood for anti-Rho antibodies and 

anti-nuclear antibody (ANA).

FIGURE 8-10 Fetal bradycardia at 30 weeks gestational age, fetal heart rate 62 bpm, there was an underlying structural defect. (Courtesy of 
Dr Anne Marie Coady.)
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Many structural cardiac abnormalities may be part of 
a multiple congenital abnormality syndrome and the 
hydrops may be secondary to the underlying condi-
tion and not the cardiac lesion. For example, prema-
ture closure of the ductus arteriosus has been 
associated with fetal CMV and the hydrops may be 
caused by the underlying infection. The closure of the 
ductus arteriosus will cause fetal demise.29

Noonan syndrome is associated with both pulmo-
nary stenosis and hypertrophic cardiomyopathy, but 
in a few cases there is fetal hydrops. If the ductus 
venosus is absent secondary to a mutation in one of 
the Noonan genes then this causes fetal hydrops 
(Figure 8-12 A and B).30 Severe atrioventricular regur-
gitation, as can be seen in Ebstein’s anomaly, and 
severe outflow obstruction, as seen in hypoplastic 
right and left heart syndromes, may rarely cause 
hydrops. However, fetal compromise, even from severe 
structural congenital heart disease, remains unusual.

FETAL CARDIOMYOPATHY: DILATED  
AND HYPERTROPHIC
There are multiple causes of fetal cardiomyopathy. The 
fetus of a poorly controlled diabetic mother will have 
increased glycogen in the myocardium which may 
lead to a hypertrophic myocardium.31 Infection with 
cytomegalovirus, congential syphilis, fetal rubella and 
coxsackie infection may cause a dilated cardiomyopa-
thy. Improving diabetic control and treating congenital FIGURE 8-11 Two examples of a sustained fetal tachycardia. (Cour-

tesy of Dr Anne Marie Coady.)

A

B

FIGURE 8-12 (A and B) Noonan syndrome. This fetus had dilated lymphatics (line arrow) at 12 weeks which subsequently resolved. At 20 
weeks the nuchal pad (block arrow) was increased in size. (Courtesy of Dr Anne Marie Coady.)

BA
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of these babies have a primary lymphatic abnormality. 
Hence lymphatic disorders may be a very common 
cause of unexplained hydrops35 (Figure 8-13).

Non-Cardiac Causes of Fetal Hydrops
FETAL INFECTION
Congenital parvovirus, cytomegalovirus (CMV), syph-
ilis, coxsackie, and toxoplasmosis have all been associ-
ated with fetal hydrops (see Chapter 6, Prenatal 
Diagnosis of Fetal Infections).

CHROMOSOMAL ABNORMALITIES
Chromosomal anomalies are still the commonest iden-
tifiable cause of fetal hydrops below 28 weeks’ gesta-
tion. This is probably because they are the easiest to 
diagnose, most having been identified following first-
trimester screening.36 The proportion of babies with 
previously unexplained fetal hydrops which will be 
found to be due to a microdeletion or a microduplica-
tion syndrome will increase as comparative genomic 
hybridization (CGH) analysis becomes more available 
antenatally. Down syndrome may present later with 
fetal anaemia due to a transient myeloproliferative 
disorder.

LUNG MALFORMATIONS
Space-occupying lesions within the lung (diaphrag-
matic hernias and the spectrum of congenital cystic 
adenomatous malformations (CCAM) and pulmonary 

syphilis may cure these babies although the prognosis 
for the others is very poor.

Genetic Causes of Cardiomyopathy
Mitochondrial disorders of oxidative phosphorylation 
can cause a severe cardiomyopathy. Barth syndrome is 
an X-linked syndrome associated with mutations in 
tefazzin. It more commonly presents with a postnatal 
cardiomyopathy but a prenatal presentation with 
hydrops has been recorded. Non-compaction of the 
left ventricle in a male fetus should raise the suspicion 
of Barth syndrome.32

Other metabolic syndromes may be associated with 
a cardiomyopathy and will be discussed below.

Noonan syndrome can have hypertrophic cardio-
myopathy without pulmonary stenosis and pleural 
effusions may occur in the absence of other features 
of hydrops. Pulmonary stenosis in Noonan syndrome 
can be progressive and it may not be possible to iden-
tify this at the second trimester scan.30

Lymphatic Disorders
The underlying cause of a raised nuchal translucency 
remains uncertain but there is evidence that delayed 
development of the thoracic duct may be the  
underlying pathophysiology in the majority of cases.  
Abnormal development of the lymphatics causes lym-
phoedema postnatally, and mutations in VEGFR3 have 
been shown to cause Milroy’s disease, which in rare 
cases has presented with fetal hydrops.33 Milroy’s 
disease more frequently presents with isolated lower 
limb or pedal oedema. Lymphoedema is normally 
present from the neonatal period although it may 
improve during infancy to recur in late childhood/
adolesence. Penetrance is variable within the same 
family. Other causes of early onset lymphoedema 
include lymphoedema distichiasis syndrome caused 
by mutations in FOXC2. Fetal hydrops with normal 
nuchal translucency and severe persistent postnatal 
oedema is present with mutations in CCBE1, an auto-
somal recessive condition,34 and mutations in this 
gene also cause Hennekam syndrome which does not 
appear to have such severe congenital oedema, but is 
associated with mental retardation.

A recent study looking at the lymphatic develop-
ment of fetuses with fetal hydrops showed that 21% 

FIGURE 8-13 Lymphangiectasia of the axillary (line arrow) in a fetus 
with hydrops (block arrow) skin oedema. (Courtesy of Dr Anne Marie 
Coady.)
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FIGURE 8-14 (A and B) Hydrops (line arrows) due to a skeletal dysplasia (block arrow) in severe micromelia. (Courtesy 
of Dr Anne Marie Coady.)

A B

sequestration can cause a significant rise in central 
venous pressure and lead to fetal hydrops.37 The prog-
nosis for these lung tumours is excellent in the absence 
of fetal hydrops, but the development of hydrops is a 
very worrying sign and pleuro-amniotic shunting may 
be required.

SKELETAL DYSPLASIAS
Early onset lethal skeletal dysplasias such as short rib 
polydactyly syndrome may present with fetal hydrops. 
The underlying aetiology of the hydrops is thought to 
be narrowing of the chest but this is likely to be an 
oversimplistic explanation (Figure 8-14 A and B).38

METABOLIC SYNDROMES ASSOCIATED WITH FETAL 
HYDROPS (TABLE 8-5)

Although many metabolic abnormalities have been 
associated with fetal hydrops, in the absence of a 
family history the diagnosis is rarely made ante-
natally. Familial DNA mutations can be identified 
but at present sequence analysis in fetuses present-
ing with fetal hydrops is rarely undertaken and 
has a very low success rate. Hepatosplenomegaly 
in the presence of hydrops would suggest a meta-
bolic disease.39 The prognosis for this group of 
babies is very poor and neonatal demise would be 
expected.

It is unusual to identify a precise metabolic diag-
nosis following the identification of fetal hydrops. 

Many conditions do not cause fetal hydrops until the 
third trimester, and investigations may take 3–4 weeks 
as cultured amniocytes are required. The prognosis for 
all of these conditions is likely to be fetal or neonatal 
demise. It is however essential that the correct samples 
are collected so that a precise diagnosis can be made 
even following termination of pregnancy, stillbirth or 
neonatal death due to the high recurrence risk. Vacu-
olated lymphocytes in the fetal blood would indicate 
a metabolic storage disorder and the presence of foamy 
macrophages on placental histology would also suggest 
a metabolic aetiology.

FETAL AKINESIA/MUSCULOSKELETAL 
ABNORMALITIES
Fetal akinesia may be caused by a primary muscu-
loskeletal disorder, metabolic abnormality or primary 
neurological disorder.40 Further investigations will 
depend on additional findings. All fetuses should have 
a full karyotype and maternal infection screen as a 
minimal investigation. Fetal hydrops will suggest 
impending demise; see section which follows on 
arthrogryposis (Figure 8-15).

SINGLE GENE DISORDERS
A large number of single gene disorders have been 
associated with increased nuchal translucency and 
fetal hydrops. Many case reports describe fetal 
hydrops in these rare disorders, and the actual 



FIGURE 8-15 (A) Talipes (block arrow) and (B) upper limb contracture (line arrow). 

BA

TABLE 8-5 Metabolic Abnormalities Associated with Fetal Hydrops

Disorder
Additional Ultrasound 
Abnormalities

Prenatal Diagnostic 
Tests Specimen Requirements

Carbohydrate deficient 
glycoprotein syndrome

Cerebellar hypoplasia Phosphomannomutase
*Many different types 

that cannot be 
identified

Cultured amniocytes

Carnitine deficiency

Enzymopaenic anaemias Fetal FBC

Fumarase deficiency Amniotic fluid

Gaucher disease Hepatosplenomegaly B Glucosidase Amniotic fluid, cultured 
amniocytes

Glycogen storage disease 
11b (Danon disease)

Cardiomyopathy LAMP2 DNA from any tissue

Glycogen storage disease 
type IV (Brancher defect)

DNA from any tissue

GM1 gangliosidosis CVS, amniocentesis

Hurler disease (MPS 1) Alpha iduronidase CVS, amniocentesis, DNA

I-cell disease Short long bones, bone within 
bone

Amniotic fluid, lysosymal 
enzymes

Mevalonic aciduria CVS, amniocentisis

Morquio (MPS IVA) Short long bones Galactose 6 sulphatase Amniotic fluid

Mucolipidosis I (sialidosis) α Neuroaminidase

Multiple sulphatase 
deficiency

Niemann–Pick Type A Hepatosplenomegaly

Niemann–Pick Type C Hepatosplenomegaly, 
arthrogryposis

Filipin staining on cultured 
amniocytes or CVS

Sialic acid storage disease

Sly’s (MPS VII)

Smith–Lemli–Opitz Holoprosencephaly, polydactyly 7-Dehydrocholesterol CVS, amniotic fluid, 
maternal urine

Zellweger Flat mid face, epiphyseal stippling
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have isolated ascites and the prognosis for this group 
appears to be favourable with resolution of the ascites 
at birth or within a few weeks of birth. Bowel 
perforation may be the underlying cause. Careful 
examination of the baby and investigations as for 
fetal hydrops should be undertaken, including a 
fetal karyotype, but in the absence of any other 
underlying abnormalities the prognosis should be 
good.42

ISOLATED PLEURAL EFFUSIONS
As with isolated fetal ascites there may be progression 
to fetal hydrops and the examination and investiga-
tions should include those as for fetal hydrops.43 
Shunting may help in those cases of lung tumours 
which will tend to regress (failure to grow) during the 
pregnancy and therefore have an excellent outcome. 
Congenital chylothorax also has an excellent progno-
sis and, providing the correct management is insti-
gated in the neonatal period and infancy, it will resolve 
without long-term sequelae.

Investigation of Fetal Hydrops
Detailed ultrasound scan looking for other 
abnormalities.

ULTRASOUND ABNORMALITIES
• Intracranial bleed.
• Intracranial malformation.
• Increased middle cerebral artery peak systolic 

velocity.
• Lung tumour.
• Narrow chest.
• Fetal tachycardia.
• Fetal bradycardia.
• Cardiac tumour.
• Cardiomyopathy.
• Structural heart disease.
• Hepatosplenomegaly.
• Short long bones.
• Abnormal/lack of fetal movements.
• Abnormal fetal growth.
• Polyhydramnios.
• Placental tumours.
• Placental enlargement.

association with the syndrome is difficult to confirm 
in view of the rarity of the condition and the incon-
sistency of the association. Diseases that have been 
diagnosed postnatally presenting with hydrops 
include congenital myopathies, spinal muscular 
atrophy and Kabuki syndrome. A number of the 
severe skeletal dysplasias such as the short rib poly-
dactyly syndromes, osteogenesis imperfecta type 2 
and autosomal recessive hypophosphatasia more con-
sistently develop fetal hydrops.

DISORDERS OF THE MAP-KINASE PATHWAY
Noonan syndrome with mutations in PTPN11 is the 
commonest syndrome in this group.41 A number of 
other genetic disorders with a worse overall prognosis 
than Noonan syndrome are caused by mutations in 
the same pathway of interacting genes including: car-
diofacio cutaneous (CFC) syndrome and Costello syn-
drome.30 Costello syndrome may be associated with a 
severe cardiomyopathy, mental retardation and severe 
feeding difficulties. Antenatally the babies are margin-
ally overgrown which might give an indication of the 
the underlying diagnosis. Non-tense polyhydramnios 
prenatally is common. Specific HRas mutations 
account for the majority of cases. Panels of genes can 
now be simultaneously examined using 2nd genera-
tion sequencing which will allow antenatal diagnosis 
to be performed.

ISOLATED FETAL ASCITES
Fetal ascites may represent an early manifestation 
of hydrops fetalis (Figure 8-16). A proportion will 

FIGURE 8-16 Fetal ascites (block arrow) due to McKusick Kaufmann 
syndrome. Fluid in bladder and vagina (line arrows). (Courtesy of 
Dr Anne Marie Coady.)
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presenting metabolic disorders to excellent for the 
self-limiting fetal tachycardias and parvovirus infec-
tion. Many fetuses with antenatally diagnosed hydrops 
will die in utero or the pregnancy will be interrupted, 
hence the postnatal outcome will be much improved 
in the remaining pregnancies that continue to term. 
Full investigations antenatally need to be systematic 
for the highest diagnostic and prognostic yield. Preg-
nancies that continue following the identification of 
fetal hydrops should be delivered in a unit with exper-
tise in management of the sick neonate with ventila-
tory support available.

Other major fetal abnormalities frequently identified 
on ultrasound will be considered under the following 
headings:

• Joint contractures.
• Major brain malformations.
• Cardiac abnormalities.
• Limb abnormalities.
• Disorders of sexual development.

Arthrogryposis (Joint Contractures)
Arthrogryposis is the presence of multiple joint con-
tractures that are present from birth. They can be 
isolated or part of a multiple malformation syndrome. 
The commonest abnormality identified antenatally is 
bilateral talipes which has an excellent prognosis if 
it is isolated.44,45 The underlying cause remains 
unknown in the majority of cases but there appears 
to be a genetic predispostion. The commonest type 
of talipes is talipes equinovarus, which is often bilat-
eral (see Figure 8-15). If the talipes is equinus then 
the prognosis for a normal outcome is much less 
likely and other neurological abnormalities may be 
present.

The underlying causes of talipes may include 
fetal compression, joint dislocation, primary disorders 
of keratin and neuromuscular abnomalities. Fetal 
compression can be secondary to a malformation 
syndrome such as renal agenesis leading to oligo-
hydramnios and then secondary joint contractures. 
Keratin abnormalities, such as has been recognized 
in popliteal web syndrome secondary to mutations 
in Irf6, may be associated with other features such 
as cleft lip and palate.

OTHER INVESTIGATIONS
Maternal blood

• Infection screen in all cases with no obvious 
cause.

• Acetylcholine receptor antibodies if fetal 
akinesia.

• DNA analysis for myotonic dystrophy if fetal 
akinesia.

• Thyroid function tests.
• Antibodies for SLE, anti-Ro antibodies if 

congential heart block.
• Maternal urine for 7-dehydropregnanetrol 

(7PT)/pregnanetriol (PT) and 8-dehydro- 
oestriol (DHE3)/oestriol (E3) ratios  
if Smith–Lemli–Opitz suspected.

Invasive Testing
• Chromosome analysis for all cases with no 

obvious cause, CGH required if standard 
karyotype normal.

• Fetal blood for full blood count including 
platelet level and blood group.

• Amniotic fluid for metabolic investigation 
(store frozen at –20°C if uncertain and 
termination of pregnancy (TOP) to be 
performed).

• Fetal thyroid testing.
• DNA storage and testing if syndrome 

suspected.
• Amniotic fluid PCR for infection – CMV.

MANAGEMENT
• Fetal anaemia: transfusion.
• IVIG if fetal platelet antibodies.
• Maternal steroids for congenital heart block 

secondary to maternal SLE.
• Maternal anti-thyroid  drugs if fetal 

thyrotoxicosis.
• Fetal tachycardia: maternal digoxin or 

flecanide.
• Shunting of pleural effusions if lung tumour is 

causing fetal hydrops.
• Shunting of pleural effusions if fetal hydrops 

felt to be caused by primary hydrothorax.
The prognosis for fetal hydrops depends on the under-
lying cause – ranging from very poor for antenatally 
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FURTHER INVESTIGATIONS OF FETAL 
ARTHROGRYPOSIS

• Fetal karyotype.
• Maternal infection screen for CMV and 

toxoplasmosis.
• Examination of parents to look for signs of: 

distal arthrogryposis, joint dislocations, absent 
patella, abnormal nails.

Maternal examination:
• Myasthenia gravis: weakness and ptosis, 

particularly on repetitive movement.
• Myotonic dystrophy, myotonia, facial diplegia, 

ptosis, cataracts.
• Maternal acetylcholine receptor antibodies for 

myasthenia gravis and DNA for myotonic 
dystrophy.

• Fetal MRI only if brain abnormalities are 
suggested on ultrasound.

DNA investigations at the present time are not 
likely to be helpful although if there has been a recur-
rence of arthrogryposis and no other cause has been 
found, mutational analysis of the acetyl choline recep-
tor genes postnatally may be indicated.

A postmortem should be strongly recommended if 
no cause has been found and if the pregnancy has 
either been terminated or there is a neonatal or in-
utero death.

Brain Malformations
The prognosis of a brain malformation may depend 
on the malformation, not on the underlying cause, and 
in others the underlying cause determines the prog-
nosis. Cranial abnormalities are dealt with elsewhere 
in this book (Chapter 11) and therefore this section 
will be limited to well-defined genetic syndromes 
associated with specific abnormalities.

• Macrocephaly.
• Microcephaly.
• Cerebellar abnormality.

MACROCEPHALY
A baby with a large head may have an overgrowth 
syndrome,50 or may have benign (familial) macroceph-
aly. Measurement of parental head size is essential 
before raising concerns. Hydrocephalus refers to 

JOINT DISLOCATIONS
Progressive joint dislocations may be part of Larsen’s 
syndrome. Nail patella syndrome is normally mild, 
but can present with multiple dislocations and both 
parents should be examined for the presence of 
patella and abnormal nail lacunae. A number of 
skeletal dysplasias including diastrophic dysplasia and 
Kniest syndrome may have associated joint abnor-
malities, but the presence of short long bones will 
suggest a primary skeletal abnormality. Short long 
bones may be present in fetal growth restriction due 
to placental insufficiency, however this can be dif-
ferentiated from skeletal dysplasias as in the latter 
the abdominal circumference growth should be main-
tained. The femoras appear to be more severely 
affected than the other long bones in growth restricted 
babies secondary to placental insufficency. The uterine 
artery Dopplers may remain normal.

NEUROMUSCULAR DISORDERS
Multiple contractures at presentation is most com-
monly caused by a neuromuscular disorder. Talipes 
presenting with equinus deformity suggests a neuro-
logical abnormality with a poor prognosis and associ-
ated upper limb contractures must be sought. The 
presence of polyhydramnios suggests poor fetal swal-
lowing and this combination is likely to be a lethal 
abnormality postnatally secondary to pulmonary 
hypoplasia.46–48 The development of fetal hydrops is 
also a sinister sign. In the absence of polyhydramnios 
the prognosis for babies with multiple joint contrac-
tures is mixed, with the mildest outcome being a 
distal arthrogryposis syndrome, which will improve 
after birth.49 Examination of both parents may suggest 
one of them had been similarly affected, as distal 
arthrogryposis is frequently an autosomal dominant 
disorder. Fetal movements need to be observed and 
if not present on the first scan the patient needs a 
further scan to confirm their absence as the baby 
may ‘wake’ on a subsequent scan.

Metabolic neuromuscular disorders, such as 
Niemann Pick type C, can present with fetal arthro-
gryposis. Investigation for this is unlikely to be indi-
cated antenatally at present as it is very rare and the 
results take many weeks to return. Investigations 
should be undertaken postnatally for the benefit of 
future pregnancies.
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and infection screen which will direct management in 
the present pregnancy.51 (Figure 8-17).

Fetal MRI should be offered in the third trimester 
to assess gyral development, which is delayed in 
primary microcephaly syndromes. Evidence of a  
neuronal migration disorder may suggest syndromic 
lissencephaly/polymicrogyria syndrome. Primary 
microcephaly syndromes are associated with moderate 
mental retardation and bilateral neuronal migration 
defects with severe mental retardation.

dilatation of the cerebral ventricles which may or may 
not result in macrocephaly depending on its severity 
and the development of the cerebral hemispheres.

Syndromes associated with macrocephaly, the asso-
ciated malformations and recommended investiga-
tions are shown in Table 8-6.

MICROCEPHALY
A head circumference below the 5th centile at the 
20-week scan is always a sinister sign and if there is 
evidence of dilated ventricles this is even more wor-
rying. A careful examination of the fetus may reveal 
symmetrical growth retardation but this would not be 
reassuring. Parental head circumferences should be 
measured and detailed chromosome analysis with 
CGH should be offered, but no reassurance can be 
offered with a normal result.

Microcephaly frequently develops in the third tri-
mester, or even after birth, so will be missed prenatally. 
Syndromes such as Wolf Hirschorn (chromosome 4p-) 
and Cornelia de Lange may show symmetrical growth 
retardation. The latter may have upper limb abnormal-
ites and 3D ultrasound may be useful in the diagnosis 
for the characteristic facial features. Many autosomal 
recessive genes have been implicated in primary 
microcephaly. Postnatal investigations are essential for 
future pregnancies, but are not yet useful during the 
pregnancy in view of the length of time taken to get 
results. Exceptions are detailed chromosome analysis 

TABLE 8-6 Overgrowth Syndromes

Syndrome Associated Fetal Abnormalities Parental Examination Genetic Investigation

Soto Generalized overgrowth NSD1
Gorlin Macrocephaly with large 

ventricles, cleft lip and 
palette

X-ray bifid ribs, calcification 
of falx cereberi, jaw cysts, 
basal cell nevi

DNA for PTCH1

Beckwith–Wiedemann Exomphalos, nephromegaly, 
macroglossis, large baby

Coarse facial features, large 
as child, Wilms’ tumour

11p15 analysis

Cowden FH cancer, autism, mental 
retardation, thyroid 
problems

PTEN

Pallister–Hall, acrocallosal Pre/post-axial polydactyly, 
other brain malformations

Polysyndactyly suggests 
Greig syndrome

GL13

Hemimegalencephaly Nil

FIGURE 8-17 Microcephaly, note the profound sloping of the fore-
head (arrow). (Courtesy of Dr Anne Marie Coady.)



1778 Diagnosis of Hydrops and Multiple Malformation Syndromes

should assess the heart to make the most accurate 
diagnosis.

Limb Abnormalities (Table 8-8)

Isolated limb abnormalities with unilateral terminal 
transverse defects of the upper limb and unilateral 
shortening of the femur are relatively common and 
are infrequently associated with other abnormalities.53 
Skeletal dysplasias are discussed in Chapter 16. The 
precise diagnosis of skeletal dysplasias antenatally 
is difficult but the lethality is normally possible to 
ascertain. A postmortem should always be recom-
mended in those babies that die or who undergo 
termination of pregnancy. X-Rays should be per-
formed and DNA stored for possible further analysis 
(Figure 8-18 A and B).

Disorders of Sexual Development (DSDs) 
(Table 8-9)

A DSD may be suspected following a karyotype that 
does not agree with the phenotypic sex on ultrasound 
or because ambiguous genitalia are identified on ultra-
sound (Figure 8-19). Prior to raising the possibility of 
a DSD on a discordant karyotype it is essential to 

Cardiac Malformations (Table 8-7)

Congenital cardiac malformations are one of the  
commonest major malformations. They can be  
divided into:

1. Structural abnormalities
2. Abnormalities of the cardiac muscle.
3. Cardiac tumours.

Hundreds of syndromes may be associated with con-
genital heart disease and the majority of cases will be 
isolated.

Cardiomyopathies, either fetal or neonatal, are fre-
quently secondary to a metabolic abnormality includ-
ing maternal diabetes.52 The additional finding of an 
associated brain malformation and growth restriction 
may point to a mitochondrial disorder, but primary 
investigations during pregnancy are usually unreward-
ing. Fetal hydrops may develop which will indicate a 
poor prognosis.

The commonest cardiac tumours are rhabdomyo-
mas which have a good prognosis and tend to regress 
postnatally. Multiple rhabdomyomas are strongly asso-
ciated with tuberous sclerosis which is associated 
with mental retardation and epilepsy of variable sever-
ity in >60% of cases. Other cardiac tumours include 
teratomas and fibromas. An expert fetal cardiologist 

TABLE 8-7 Cardiac Malformations Associated with Specific Syndromes that May Be 
Amenable to Prenatal Diagnosis

Cardiac Abnormality Syndrome Associated US Abnormalities Genetics

AVSD Down ↑NT, absent nasal bone,short 
femur, duodenal atresia

Trisomy 21

Mosaic trisomy 8 Mosaic trisomy 8
Microdeletion Ch 8

Ellis Van Creveld Short long bones EVC1, EVC2 (not 
poss PND)

Fallot’s tetralogy DiGeorge FISH 22q.11 
microdeletion

Other chromosomal 
abnormalities

Pulmonary stenosis
Hypertrophic 

cardiomyopathy
Cardiac rhabdomyoma

Noonan
Costello
Tuberous sclerosis

↑NT late polyhydramnios, 
absent ductus venosis, 
fetal hydrops

↑NT, polyhyrdamnios HC 
95th centile +

Fetal MRI cortical dysplasia

PTPN11
HRas
TSC1, TSC2
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TABLE 8-8 Sonographically Diagnosed Limb Abnormalities: Suggested 
Further Investigations

US Abnormality Associated Features
Differential 
Diagnosis/syndrome Further Investigation Gene

Preaxial polydactyly Macrocephaly Greig Fetal MRI GLI3
ACC Pallister–Hall Fetal MRI GLI3
+ other intracranial acrocallosal

Post axial 
polydactyly

Narrow chest + 
short long bones

Jeunes asphyxiating 
thoracic dystrophy

+ Exomphalos, 
hydrops

Short rib polydactyly

+ AV canal defect Ellis–Van Creveld EVC1, EVC2
Ambiguous 

genitalia
Smith–Lemli–Opitz ffDNA for sex

7-dehydrocholesterol
Radial aplasia Presence of thumb TAR CGH for 1q 

microdeletion
Verterbral, cardiac, 

2 vessel cord, 
renal

VATER Chromosome 
breakage to exclude 
Fanconi

None Fanconi Chromosome 
breakage

Cardiac Holt–Oram TBX5 TBX5
Ectrodactyly Small size, cardiac Cornelia de Lange PAPP-A 2nd trimester

Small CGH for 
rearrangement

Bent bones Short asymmetrical Osteogenesis 
imperfecta

ColAI, ColA2 ColA1, ColA2

Abnormal scapula, 
ambiguous 
genitalia

Campomelic 
dysplasia

Fetal sex, 
rearrangement

Ch 17 q
Sox9

Sox9

Bent femur short all 
bones

Thanatophoric 
dysplasia

FGFR3 on ffDNA FGFR3

Syndactyly Craniosynostosis Apert FGFR2 on ffDNA FGFR2
Renal, 

anophthalmia
Frazer

polydactyly Greig GLI3
Large hallux, 

craniosynostosis
Pfeiffer FGFR2

FIGURE 8-18 (A and B) Hanhart’s syndrome. Complete absence of fetal feet, the lower limbs end in soft tissue stumps (arrows). (Courtesy of 
Dr Anne Marie Coady.)
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check that the laboratory has not made an error in 
either reporting the wrong sex or a sampling error has 
taken place.

If ambiguous gentialia are identified the genetic sex 
should be identified using free fetal DNA from a 
maternal blood sample.

Investigations will be be very different for 46XX 
and 46XY ambiguous genitalia.54–56

46XX sex reversal is much rarer, duplications 
upstream from Sox 9 have been reported with total sex 
reversal,56–58 but more commonly ambiguous genitalia 
are identified secondary to congenital adrenal hyper-

plasia with 21 hydroxylase deficiency being the pre-
dominant underlying cause.59

Severe hypospadias may look like female genitalia 
and a diagnosis of Opitz G syndrome should be con-
sidered and hypertelorism should be looked for on 3D 
ultrasound.

A karyotype of 45X/46XY mosaicism is not uncom-
monly identified on CVS. The phenotype of the fetus/
baby can vary from Turner female to normal male. 
Examination of the genitalia by ultrasound is the most 
important investigation in this group. An amniocente-
sis may clarify if there is likely to be a fetal abnormal-
ity. Normal male genitalia is reassuring for normal 
male development although future fertility for the 
baby is difficult to predict.

Summary
Identification of an abnormality should always prompt 
a more detailed scan. Referral to a tertiary centre or a 
Genetic Clinic is appropriate if multiple abnormalities 
are identified. Abnormalities such as arthrogryposis or 
microcephaly may be progressive and follow-up scans 
should always be arranged, if a disorder is progressive 
the diagnosis may need to be reassessed.

As molecular diagnosis becomes quicker and more 
accurate with the possibility of screening multiple 
genes at the same time, its utility will increase rapidly 

TABLE 8-9 Disorders of Sexual Development, Underlying Syndromes and Postnatal Features

Genitalia Other US Anomaly Syndrome
Possible Additional Postnatal 
Features

Female Nil Androgen insensitivity* Nil
Inguinal hernia

Nil 5α Reductase deficiency* Nil
SRY deletion Nil
SF1 deletion/mutation Adrenal hypoplasia
Lipoid congenital adrenal hyperplasia
STAR

Adrenal insufficiency

Frazier WT1 mutations (Renal failure)
Denys–Drash WT1 mutations (Renal failure, Wilms’ tumour)

Ambiguous Short bent long bones, 
absent scapula

Campomelic dysplasia, Sox 9 
deletion

IUGR, congenital 
heart disease

Smith–Lemli–Opitz
7-dehydrocholesterol deficiency

Craniosynostosis, 
maternal virilization

Antley–Bixler syndrome, P450 
oxidoreductase deficiency

Steroid dysgenesis

46XY Sex reversal * can be partial with ambiguous genitalia.

FIGURE 8-19 Ambiguous genitalia (line arrow), the genitalia do not 
resemble either male or female parts. (Courtesy of Dr Anne Marie Coady.)
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312:98–100.
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treatment for fetal congenital bradyarrhythmia. Circ J 2012; 
76:469–76.

26. Tranebjaerg L, Samson RA, Green GE. Jervell and Lange-
Nielsen Syndrome. [Updated 2012 Oct 4]. In: Pagon RA, Adam 
MP, Bird TD, et al., editors. GeneReviews™ [Internet]. Seattle 
(WA): University of Washington, Seattle; 2002. p. 1993–2013 
<www.ncbi.nlm.nih.gov/books/NBK1405>.

27. Knilans TK. Cardiac abnormalities associated with hydrops 
fetalis. Semin Perinatol 1995;19:483–92.

28. Simpson JM, Sharland GK. Fetal Tachyarrhythmias: manage-
ment and outcome of 127 consecutive cases. Heart 1998; 
79:576–81.

29. Wyatt-Ashmead J, Wyatt-Ashmead J. Antenatal closure of the 
ductus arteriosus and hydrops fetalis. Pediatr Dev Pathol 
2011;14:469–74.

30. Gaudineau A, Doray B, Schaefer E, et al. Postnatal phenotype 
according to prenatal ultrasound features of Noonan syndrome: 
a retrospective study of 28 cases. Prenat Diagn 2013;33(3): 
238–41.

31. Mitanchez D. Foetal and neonatal complications in gestational 
diabetes: perinatal mortality, congenital malformations, macro-
somia, shoulder dystocia, birth injuries, neonatal complica-
tions. Diabetes Metab 2010;36(6 Pt 2):617–27.

32. Schiff M, Ogier de Baulny H, Lombès A. Neonatal cardiomyo-
pathies and metabolic crises due to oxidative phosphorylation 
defects. Semin Fetal Neonatal Med 2011;16(4):216–21. [Epub 
2011 May 24]; Review.

33. Spiegel R, Ghalamkarpour A, Daniel-Spiegel E, et al. Wide 
clinical spectrum in a family with hereditary lymphedema type 
I due to a novel missense mutation in VEGFR3. J Hum Genet 
2006;51(10):846–50.

34. Connell FC, Kalidas K, Ostergaard P, et al. CCBE1 mutations 
can cause a mild, atypical form of generalized lymphatic dys-
plasia but are not a common cause of non-immune hydrops 
fetalis. Clin Genet 2012;81(2):191.

35. Bellini C, Boccardo F, Campisi C, Bonioli E. Congenital pulmo-
nary lymphangiectasia. Orphanet J Rare Dis 2006;1:43. [Epub 
2006 Oct 30].

for the confirmatory diagnosis of fetal abnormality. 
The prognosis may depend on the abnormality rather 
than the cause and this will be particularly the case 
for fetal brain malformations. Molecular diagnosis 
may not be able to ascertain the prognosis in the pre-
natal clinic although it will assist management of 
future pregnancies.
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Chapter 9 

Introduction
About 1 in 89 spontaneous conceptions results in the 
birth of twins. However, with the widespread use of 
artificial reproductive technologies, the incidence of 
twinning has increased dramatically worldwide, so 
that in some countries twins now occur once in every 
30 pregnancies. Of spontaneously conceived twins, 
55% are dizygotic, whereas 45% are monozygotic. 
Monozygotic cleavage therefore occurs in about 1 of 
200 spontaneous conceptions. Dizygotic twins always 
have separate placentas and are therefore by definition 
dichorionic. In spontaneous monozygotic twins 
depending on the timing of cleavage of the early 
embryo, 35% are dichorionic whereas 65% share a 
single placenta (monochorionic). Artificial reproduc-
tive technologies increase the chance of multiple preg-
nancies, mainly due to polyovulation. Depending on 
the method and number of embryos transferred, 1 in 
3 to 1 in 10 assisted pregnancies involves a twin preg-
nancy. Of these, 95% are dizygotic and the result of 
polyovulation. Nevertheless, 5% are monozygotic of 
which 20% are dichorionic and 80% monochorionic.1 
What is often neglected is the fact that artificial repro-
ductive technologies (ART) increase the risk of monozy-
gotic splitting which is increased to a risk of 1 in 50 
after in vitro fertilization and even to 1 in 25 after 
ovulation induction.2 Assisted monozygotic twins are 
also more likely to have a monochorionic placenta 
than spontaneously conceived monozygotic twins.1 In 
summary, because of ART, the incidence of twin preg-
nancies has risen significantly. Most of the assisted 
twin pregnancies are dizygotic and thus dichorionic. 
Nevertheless the risk of monozygotic cleavage is also 
increased and these assisted monozygotic twins are 
also more likely to have a monochorionic placenta.

It is neither zygosity nor mode of conception,  
but chorionicity that is the main determinant for 
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pregnancy outcome. The risk of death between the 
first trimester and 24 weeks is about 12% for a mono-
chorionic pair which is six times higher than the 2% 
risk of a dichorionic twin pregnancy. Although most 
deaths occur prior to 24 weeks, even after viability 
monochorionic twins remain at significantly increased 
risk.3 Complications of the shared circulation account 
for this excess mortality.4 During intrauterine life 
about 95% of monochorionic twins have vascular 
anastomoses on the placental surface that connect the 
two circulations (Figure 9-1).5,6

The nearly ever-present blood exchange in mono-
chorionic twin pregnancies is responsible for some 
unique complications, such as the twin-to-twin trans-
fusion syndrome (TTTS), the twin anaemia poly-
cythemia sequence (TAPS), the twin reversed arterial 
perfusion (TRAP) sequence and monoamniotic and 
conjoined twinning. Another consequence of the 
shared circulation is that the well-being of one twin 
critically depends on that of the other. After the diag-
nosis of spontaneous demise of one of a monochori-
onic pair, the survivor has a 15% risk of death and a 
25% risk of neurodevelopmental impairment because 
of acute exsanguination along the anastomoses into its 
demised co-twin.7 The fact that their well-being is 
interrelated also poses some specific problems in the 
management of poor growth and imminent demise of 
the growth-restricted twin, or if one twin has a severe 
anomaly and selective reduction is considered.

Compared to singletons, twins have a more com-
plicated intrauterine journey with higher risks of 
intrauterine demise, poor growth, congenital anoma-
lies, miscarriage and preterm birth. In monochorionic 
pairs, there is the added risk of the shared circulation 
that makes their well-being interrelated. Most impor-
tantly, the management of twin pregnancies is compli-
cated because the interests of both twins have to be 
taken into account. Ultrasound plays a key role in the 
surveillance of these pregnancies. The advantage of 
scanning a twin pregnancy is that growth and amni-
otic fluid can be compared as the co-twin can serve as 
a control. The downside is that visualization may be 
hampered and it is important to accurately label the 
twins to avoid scanning the same twin twice.

In this chapter, we will discuss the importance of 
the first trimester scan for an accurate determination 
of chorionicity. We will describe the complications 

A

FIGURE 9-1 (A) Typical placenta of an uncomplicated monochori-
onic diamniotic twin pregnancy after colour injection and removal of 
the amniotic membranes. Delivery was at 36 weeks, twin 1 weighed 
2665 g and twin 2 weighed 2625 g. The placenta is equally divided 
between both twins and both cords have an eccentric insertion in the 
placental disc. There are multiple vascular anastomoses: one small 
bidirectional arterioarterial anastomosis (full star) and venovenous 
anastomosis (dotted star) and multiple unidirectional arteriovenous 
anastomoses from twin 1 to twin 2 (full circle) and oppositely 
directed venoarterial anastomoses from twin 2 to 1 (dotted circle). 
(B) Typical placenta of an uncomplicated dichorionic twin pregnancy 
with fusion of the placental discs. There are no vascular anastomoses 
between the twins and the chorion forms part of the intertwin septum 
(arrow). 

B

unique to monochorionic twin pregnancies and the 
role of ultrasound in their management. We will also 
address the demise of one of the twins, poor growth 
and the presence of an anomaly, which are complica-
tions that occur in dichorionic as well as monocho-
rionic twins but require a different management 
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the amnionicity is not predicted by the number of yolk 
sacs. A minority of monoamniotic twins have two yolk 
sacs, whereas a minority of diamniotic twins have a 
single yolk sac.9 The literature often describes the 
dichorionic septum as a lambda sign, whereas the 
monochorionic septum is said to form a T sign on its 
uterine insertion. In our opinion, these terms are best 
avoided in the first trimester, as this is clearly a second 
trimester feature and may lead to misclassifications. In 
the first trimester, the close apposition of the two 
amniotic sacs forms a true lambda sign in monochori-
onic pairs, whereas the fusion of the two chorionic 
layers forms a twin peak sign (Figure 9-4).

After 14 weeks, when amnion and chorion have 
fused, it becomes impossible in a same sex twin  
pair to determine with certainty if the placenta is  
monochorionic or dichorionic. Therefore, each first- 
trimester scan should specify chorionicity and failure 
to determine this is truly a missed opportunity and 
considered substandard care. This is because of the 
potential major implications for management and 
follow-up. An image of the intertwin septum should 
be kept in the patient’s notes should any doubt arise 
later in the pregnancy.

In contrast to chorionicity, zygosity cannot always 
be determined on prenatal ultrasound scan. If the 
pregnancy is monochorionic, parents can be told that 
their twins are monozygotic. However, if the preg-
nancy is dichorionic and later scans confirm a similar 
sex, then only DNA fingerprinting can determine if 
the twins are mono- or dizygotic.

DATING
As in singleton pregnancies, knowledge of the exact 
gestational age in twin pregnancies is important, 
though induction of labour for post-term twin preg-
nancies is less of an issue. The problem of accurate 
dating only applies to spontaneous twin pregnancies; 
the date of ovum pick-up or insemination correctly 
determines the conception date in assisted twins. As 
in spontaneously conceived singletons, an accurate 
measurement of the crown–rump length reflects ges-
tational age in twin pregnancies more precisely than 
the last menstrual period. The problem arises when 
there is a significant difference in crown–rump length, 
and if the smaller, larger or an average crown–rump 
length should be used for pregnancy dating. Although 

depending on chorionicity. Finally, cervical length 
measurement in the prediction of preterm birth  
will be addressed. As a summary, we will provide a 
scheme that can be used for the assessment of twin 
gestations.

First Trimester Assessment of  
Twin Pregnancies
The first trimester ultrasound scan is of paramount 
importance in the evaluation of twin gestations for the 
determination of chorionicity, accurate dating, label-
ling of each twin, risk assessment for chromosomal 
anomalies and finally for the detection of major struc-
tural anomalies.

CHORIONICITY DETERMINATION
The management of twin pregnancies starts in the first 
trimester with an accurate determination of the chori-
onicity. It is of paramount importance to identify 
monochorionic twin pregnancies, for which increased 
monitoring will improve outcome. It is essential for 
genetic counselling and for the management of in 
utero demise, poor growth or an anomaly in one of 
the twins. The distinction between a high-risk mono-
chorionic and a lower risk dichorionic twin pair is 
most accurate at the 11 to 14 weeks’ scan8 because 
amnion and chorion have not yet fused. The sonogra-
pher simply has to count and assess the different layers 
that separate the twins. In a dichorionic twin pair, the 
twins are separated by three layers: one thick layer in 
the middle consisting of the two adjacent chorionic 
membranes with two thin layers of amniotic mem-
brane on each side. Also, the yolk sacs are in separate 
exocoelomic cavities. In monochorionic diamniotic 
twin pairs, separation is only by two thin amniotic 
membranes and in the rare monoamniotic twins, there 
is no separation and the common amniotic membrane 
encircles both twins (Figure 9-2). In monochorionic 
twins, the yolk sacs are in a common exocoelomic 
cavity. In contrast to common belief, the number of 
placental masses does not predict the chorionicity. 
Dichorionic placentas are commonly fused to a sup-
posedly single mass and monochorionic placentas can 
be bilobar and thus present as two apparently separate 
placental masses, which does not preclude the pres-
ence of vascular anastomoses (Figure 9-3). Similarly, 
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FIGURE 9-3 Bilobar monochorionic placenta with an anterior and 
posterior part. There was one large arterioarterial anastomosis (star) 
and a small arteriovenous connection (circle). The pregnancy was 
uncomplicated and delivery was at 35 weeks. Twin 1 weighed 2140 g 
and twin 2 weighed 2120 g. 

FIGURE 9-2 (A) Ultrasound image in the first trimester of a dichori-
onic diamniotic twin pregnancy. The twins are separated by a thick 
layer of fused chorionic membranes (large arrow) with two thin amni-
otic layers (thin arrows) on each side. (B) Ultrasound image in the 
first trimester of a monochorionic diamniotic twin pregnancy. The 
twins are separated by only two thin amniotic layers (thin arrows). (C) 
Ultrasound image in the first trimester of a monochorionic monoam-
niotic twin pregnancy. There is no separation between the twins and 
the single amniotic membrane (thin arrows) encircles both twins. 

BA

C

the literature gives no firm answers on the best option, 
taking the crown rump length of the larger twin seems 
most prudent because it will give the worst possible 
scenario in the assessment of discordant growth. 
Dating by the smaller crown–rump length may falsely 
reassure the sonographer that the larger twin is too 
large and the smaller is still growing appropriately.

LABELLING OF TWINS
For the purpose of serial follow-up in diamniotic preg-
nancies, we label each twin individually in the first 
trimester. As such, the twin that is most right-sided 
(from a maternal perspective) is called twin 1 and the 
most left-sided twin 2 (Figure 9-5). This works well 
in more than 90% of cases in the sense that each twin 
maintains its side of the uterus during the course of 
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FIGURE 9-4 (A) Image of the twin peak sign or full lambda sign in 
the first trimester, typical for a dichorionic twin pregnancy and caused 
by close apposition of the chorionic discs. (B) Image of the ‘empty’ 
lamda sign as seen in monochorionic diamniotic pregnancies in the 
first trimester, caused by close apposition of the two amniotic sacs. 

A

B

FIGURE 9-5 First-trimester image of a dichorionic twin pregnancy 
obtained by a transverse section. The twin on the maternal right is 
labeled as twin 1, whereas the twin on the maternal left is labeled as 
twin 2. 

Twin 1-right Twin 2-left

pregnancy. However, in the minority that are in a 
transverse position with one below and one above, 
then the most right sided cord insertion is chosen to 
be twin 1. Of course, the placental location and site 
of cord insertion are described for each twin for addi-
tional verification. In the third trimester, the present-
ing twin is also noted. In monoamniotic twins with 
concordant growth and no distinguishing ultrasound 
findings, labelling is not possible.

RISK ASSESSMENT FOR  
CHROMOSOMAL ANOMALIES
As in singleton pregnancies, parents can choose 
between three options: no screening (if a termination is 

not desired for aneuploidy), to screen (if parents would 
consider termination) or have a diagnostic test (if 
parents consider termination and want 100% certainty 
about the absence of aneuploidy). For patient counsel-
ling, diagnosis and management, knowledge of chori-
onicity is mandatory. As such, in dichorionic and thus 
most likely (90%) dizygotic twins, a selective reduc-
tion can be done if a chromosomal abnormality is 
diagnosed in one twin. If the diagnosis is made in the 
first trimester, selective reduction by intracardiac 
potassium injection by an experienced operator is 
associated with a 7% risk of loss of the entire preg-
nancy, and a 14% risk of birth before 32 weeks,10 and 
is probably somewhat safer when performed in the first 
trimester. On the other hand, in monochorionic twin 
pregnancies and thus by definition monozygotic twin 
pregnancies, one would expect both fetuses to be 
affected and a termination of pregnancy may be per-
formed. Nevertheless, discordance for all common 
human aneuploidies (trisomy 13, 18, 21, Turner syn-
drome and triploidy) has been reported in mono-
chorionic twin pairs. This discordance known as 
heterokaryotypia is only diagnosed by amniocentesis 
of both sacs.11 In the event of heterokaryotypic mono-
chorionic twin pregnancies, selective reduction by 
umbilical cord occlusion can be offered from 16 weeks 
onwards, but at a procedure-related loss rate of about 
20% for the healthy twin.12 Parents must be thoroughly 
counselled about the different possible scenarios before 
they can give their informed consent for screening.
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especially if two punctures are necessary. The risk of 
contamination is probably also higher and the need 
for later re-sampling is increased as well.

In monochorionic twin pregnancies, an increased 
nuchal translucency of one or both twins is present in 
13% and may be a manifestation of an early twin 
transfusion imbalance rather than indicating the pres-
ence of a chromosomal anomaly. Quoting the risk of 
the fetus with the largest nuchal measurement may 
overestimate the true risk and increase false-positive 
rates. Therefore, in a monochorionic pair, the risk 
assessment should be done by taking the average of 
the two nuchal measurements. For monochorionic 
twin pairs, a pregnancy-specific risk is calculated, in 
the assumption that both are expected to be affected 
in a monozygotic pair. Detection rates are similar to 
those in dichorionic twin pregnancies, but with a 
higher false-positive rate of 13%.

Because chorionic villus sampling may miss the 
presence of the aneuploid or euploid fetus in the 
setting of heterokaryotypic twins, we always perform 
an amniocentesis of both amniotic sacs at 16 weeks. 
If at 16 weeks, there are signs of developing TTTS, 
we defer the karyotyping to 18–20 weeks to avoid 
bloodstained amniotic fluid should a laser procedure 
be necessary later on. An exception to a dual sampling 
may be that the invasive test is done for maternal 
anxiety when both twins have normal appearance, 
in which case it may be acceptable to sample only 
one twin. In order to avoid an iatrogenic monoam-
niotic twin, we always perform a double transab-
dominal puncture instead of a single puncture with 
septostomy.

Detection of Major Structural Anomalies
Structural anomalies are more common in twins than 
in singletons. Unfortunately, most studies do not sub-
group incidence by either zygosity or placentation. 
The rate per fetus in dizygotic twins is probably the 
same as in singletons, whereas it is two to three times 
higher in monozygotic twins. Abnormalities associ-
ated with twins include neural tube defects, brain 
lesions, facial clefts, gastrointestinal defects, anterior 
abdominal wall defects and cardiac anomalies. Even 
in monozygotic twins, concordance for a structural 
anomaly is rare (<20%).15 Vascular events in early 

The best screening test for aneuploidy in twin  
pregnancies is by a combination of maternal age and  
measurement of the nuchal translucency in the  
first trimester. Its performance can be improved  
by adding maternal serum biochemistry, but adjust-
ments are necessary to correct for chorionicity. In di-
chorionic twin pregnancies, levels of free β-human 
chorion ic gonadotropin and pregnancy-associated 
plasma protein-A are twice as high as in singletons, 
whereas in monochorionic twins levels are lower than 
in dichorionic twins.13 No specific studies are available 
on how the addition of other markers such as nasal 
bone, tricuspid regurgitation and ductus venosus flow 
affect screening in twins, but they are likely to improve 
screening, at least in dichorionic twins. Nuchal trans-
lucency measurements in euploid dichorionic twins 
are correlated and this correlation is more than simply 
a sonographer effect, so for risk calculation this should 
be taken into account as well.14 For dichorionic twins 
(dizygotic in 90%) it makes sense to quote the specific 
risks for each twin separately. As such, combined first-
trimester screening (ultrasound and biochemistry) 
will detect about 90% of affected fetuses, with a false-
positive rate of 3% per fetus but 6% per pregnancy. 
As two fetuses are evaluated separately, the chance that 
the test will classify one of them at increased risk is 
6%, i.e. the false-positive rate is thus twice as high as 
in singleton pregnancies and patients need to be in-
formed of this. The main advantage of first-trimester 
screening in dichorionic twin pregnancies is that an 
early first trimester selective reduction can be done if 
the chorionic villus sampling confirms aneuploidy in 
one of the twins. Also, the increased nuchal translu-
cency helps to identify the affected fetus.

The standard of care is to perform a chorionic  
villus sampling for the diagnosis of chromosomal 
anomalies in dichorionic twins: ideally both twins 
should be sampled as only 10% of dichorionic twins 
are monozygotic. Sampling can be done transabdomi-
nally, transvaginally or by a combination of both. To 
avoid a reduction of the wrong twin, it is important 
to map the placentas and cord insertions accurately 
and preferably both the diagnostic test and later selec-
tive reduction is done by the same operator. Although 
no good data are available, it seems fair to counsel the 
patient that the risk of miscarriage is somewhat higher 
than the 1 in 100 that is usually quoted in singletons, 
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of a free-floating intertwin membrane rules out the 
presence of TTTS.

The exact pathophysiology of TTTS is not fully 
understood. Certainly, vascular anastomoses are nec-
essary for its development, but there is no unique 
pattern of anastomoses that causes TTTS, although 
the presence of a bidirectional artery-to-artery anas-
tomosis seems to be protective.5 Cordocentesis studies 
have shown that as a rule the recipient is not  
polycythemic and the donor is not anaemic.17 An 
elevated middle cerebral artery-peak systolic velocity 
(>1.5 MoM) is present in only 4% of donors and in 
3% of recipients.18 Therefore, TTTS is not caused by 
a simple transfer of red blood cells. Instead TTTS is 
a problem of amniotic fluid imbalance. Therefore 
endocrine factors related to fluid and pressure home-
ostasis are likely to be involved as well. The intertwin 
blood exchange exposes one twin to the endocrine 
environment of the other. As such, transfer of renin-
angiotensin-aldosterone effectors from the donor may 
partly explain the recipient’s hypertensive cardiomyo-
pathy and volume overload.19

Discordant growth with a larger recipient and 
smaller donor is usually present, but is not essential 
for the diagnosis. Also, signs of mostly right ventricu-
lar dysfunction are commonly present in the recipient 
with cardiomegaly due to increased myocardial thick-
ness, tricuspid regurgitation and right ventricular 
outflow tract obstruction.20 These signs of cardiac dys-
function are neither essential for the diagnosis nor 
specific for TTTS as they also commonly occur in the 
larger twin in discordant growth without TTTS.21 Nev-
ertheless, detailed echocardiography with documenta-
tion of cardiac function forms an integral part of each 
pre- and postoperative assessment, but as cardiac dys-
function predicts neither the development of TTTS 
nor the survival after treatment, so treatment decisions 
will not usually depend on the degree of cardiac dys-
function. Treatment will be offered as soon as the 
amniotic fluid criteria are fulfilled.

The severity of TTTS is usually assessed according 
to the Quintero staging system,22 based on the pres-
ence (stage 1) or absence (stage 2) of bladder filling, 
abnormal Doppler patterns (stage 3), hydrops (stage 
4) or intrauterine demise (stage 5). The usefulness of 
this staging system has been questioned, because 
firstly it does not represent a timescale of progressive 

embryogenesis and later fetal life contribute to dis-
cordant brain and heart anomalies encountered in 
monochorionic twins. In our series of 202 monocho-
rionic twin pairs, major discordant congenital anoma-
lies occurred in 1 in 15 pregnancies and always 
affected only one twin.4

The first-trimester scan is an ideal opportunity to 
check the fetal anatomy of both twins and exclude any 
major anomalies. A recent large series showed that 
nearly half of all major anomalies can be identified on 
the first-trimester ultrasound scan. Abnormalities that 
are always detectable are anencephaly, alobar holo-
prosencephaly, omphalocoele, limb body wall defect, 
megacystis and gastroschisis and, in a monochorionic 
twin pregnancy, the twin reversed arterial perfusion 
sequence.16 Other anomalies, such as absence of limbs, 
facial clefts, structural heart defects, renal agenesis, 
and diaphragmatic hernia may also be detectable, but 
these require more experience and time, better equip-
ment and often a combination of vaginal and abdomi-
nal scanning (Figure 9-6).

Complications Unique to Monochorionic 
Twin Gestations
TWIN-TO-TWIN TRANSFUSION SYNDROME (TTTS)
TTTS complicates 1 in 10 monochorionic diamniotic 
twin pregnancies and usually occurs between 16 and 
26 weeks.4 TTTS is strictly a sonographic diagnosis, 
characterized by amniotic fluid discordance with poly-
hydramnios and a distended bladder in the volume-
overloaded polyuric recipient, and oligohydramnios 
and a small or empty bladder in the volume-depleted 
oligouric donor. Because amniotic fluid varies with 
gestation, most European centres use a gestational age-
dependent cut-off to define polyhydramnios in the 
recipient: a deepest vertical pocket of >8 cm is used 
prior to 20 weeks, whereas >10 cm is used after 20 
weeks. In the United States, >8 cm is used as a cut-off 
throughout gestation. The definition of oligohydram-
nios in the donor sac is similar in Europe and the  
USA, and is set at <2 cm. The sonographic diagnosis 
of TTTS is thus straightforward and simple. It does 
not require any advanced skills besides being able to 
measure the deepest vertical amniotic fluid pocket in 
each sac (Figure 9-7). Alternatively the documentation 
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FIGURE 9-6 (A) First-trimester image of acrania in one of dichorionic 
twins. (B) First-trimester image of a small omphalocoele in one of 
dichorionic twins. (C) First-trimester image of megacystis and single 
umbilical artery in one of monoamniotic twins. (D) First-trimester 
image of an overriding aorta and right arch in one of monochorionic 
diamniotic twins. (E) First-trimester diagnosis of a twin reversed arte-
rial perfusion sequence in one of monochorionic diamniotic twins. 
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doubles from approximately 30% in untreated cases 
to 60% after laser therapy, outcome is still far from 
perfect. In experienced hands, in about 50% to 60% 
of cases, both twins survive in 30% one baby survives 
and in 10% to 20%, both are lost.24 Most double losses 
are miscarriages or severe preterm births and less com-
monly related to residual anastomoses. Most single 
deaths are an intrauterine demise typically within the 
first postoperative weeks and probably related to 
unequal placental sharing, cardiac failure, periopera-
tive exsanguination or missed anastomoses. Of surviv-
ing infants, 11% have some form of developmental 
impairment, of which cerebral palsy is the most 
common (present in 5%).25 An early gestational age at 
birth is the single most important predictor of 
impairment.26

After laser treatment with dual survival, close ultra-
sound surveillance remains necessary. About 1 in  

deterioration. As such, pregnancies can progress 
directly from stage 1 to stage 5, without passing 
through stage 2, 3 and 4. Secondly, it only correlates 
weakly with outcome, and treatment is the same for 
stage 1 to 4. Nevertheless, because it describes differ-
ent manifestations of the same disease, its ease of use 
and the lack of a better alternative, the Quintero 
staging system is still universally used.

TTTS is the most important cause of death and 
disability in a monochorionic diamniotic twin preg-
nancy, even with the best care.23 Because TTTS occurs 
in the pre-viable period, its prognosis is dismal without 
treatment. Polyhydramnios-related miscarriage or the 
preterm birth of two sick neonates is common as well 
as intrauterine demise of one or both twins. Feto-
scopic laser coagulation of all vascular anastomoses is 
currently the best treatment, regardless of disease stage 
(Figure 9-8).24 There is still debate on whether stage 
1 disease (normal Doppler assessment and bladder 
filling in the donor) should be treated with laser, and 
a current randomized control trial is comparing imme-
diate laser treatment with initial expectant manage-
ment for stage 1 disease. Laser aims to cure the disease 
by disconnecting the two fetal circulations (Figure 
9-9). Successful interruption leads to a normalization 
of urine output, amniotic fluid volumes and cardiac 
function in the recipient twin. Although survival 

FIGURE 9-7 Illustration of the intertwin septum of a monochorionic 
diamniotic twin pair with measurement of the vertical pockets. The 
fact that there is fluid on both sides rules out a twin–twin transfusion 
syndrome. 

FIGURE 9-8 (A) Fetoscopic laser coagulation of the vascular anas-
tomoses. Entry is always in the sac of the recipient and as perpen-
dicular as possible to the vascular anastomoses. (B) Fetoscopic 
image of an arteriovenous anastomosis. The vein is bright red and 
carries oxygen-rich blood, whereas the artery is dark blue as it 
transports deoxygenated blood. 

A

B
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Recurrent TTTS is typically associated with large 
residual anastomoses and usually the polyhydramnios 
recurs within the first 3 weeks after the initial laser 
procedure.28 The demonstration of bladder filling and 
increasing amniotic fluid of the donor is a sign of reso-
lution of TTTS. However, fluid only normalizes in the 
donor twin after one week. If there was an accidental 
septostomy during the procedure, then both twins will 
have an equal amount of amniotic fluid immediately 
after the procedure and it is important to look for 

10 pairs will develop twin-anaemia polycythemia 
sequence (iatrogenic TAPS) or recurrent TTTS due to 
missed anastomoses. TAPS usually only occurs several 
weeks after the procedure with a recipient that becomes 
anaemic and the former donor becoming poly-
cythemic.27 Iatrogenic TAPS is associated with missed 
small-calibre anastomoses (<1 mm) (Figure 9-10), 
which owing to the polyhydramnios and increased 
intrauterine pressure, may be invisible at the time of 
surgery. A chronic net transfusion via these hairlike 
anastomoses may lead to severe haemoglobin discord-
ances several weeks later.28 TAPS is usually not associ-
ated with severe amniotic fluid discordance and is only 
picked up by serial measurement of the middle cere-
bral artery-peak systolic velocity (MCA PSV). Typi cally 
MCA PSV will progressively rise above 1.5  
multiples of the median (MoM) in the anaemic twin  
and decrease below 1 MoM in the polycythemic 
co-twin. Once TAPS is suspected, a cordocentesis will 
confirm the diagnosis and an intrauterine transfusion 
may gain some extra time. However, if the anaemia 
recurs within a week, an elective birth, a repeat laser 
procedure or selective reduction by cord coagulation 
can be offered depending on gestational age, the acces-
sibility of the anastomoses and the condition of the 
twins.

FIGURE 9-9 Typical placenta after a successful fetoscopic laser 
coagulation for twin–twin transfusion syndrome. The procedure was 
done at 20 weeks and the patient delivered at 36 weeks. Twin 1 
weighed 2450 g and twin 2 weighed 2700 g. There are no anasto-
moses left and the line of coagulation (dotted line) is visible in 
between the two parts. 

FIGURE 9-10 (A) Placenta after fetoscopic laser coagulation for 
twin–twin transfusion syndrome at 21 weeks complicated by a mild 
twin-anaemia polycythemia sequence at birth because of one tiny 
velamentous arteriovenous anastomosis that was missed (boxed 
area). The line of coagulation is visible on the chorionic surface (large 
arrow). Delivery was by an emergency Cesarean section at 31 weeks 
with the birth of an anemic ex-recipient (twin 1: 1550 g-Hb: 9 g/dL) 
and a polycythemic ex-donor (twin 2: 750 g-Hb: 18 g/dL). (B) Detail 
of the small missed velamentous anastomosis. 
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possible cord entanglement. Similar to TAPS, the man-
agement of recurrent TTTS also depends on gesta-
tional age, the accessibility of the anastomoses and 
fetal condition. Possible options are an elective birth, 
amnioreduction, a repeat laser procedure or selective 
reduction. For the detection of these late complica-
tions, it is generally recommended that surviving pairs 
are scanned weekly for the first 4 postoperative weeks 
and 2-weekly thereafter. MCA PSV measurement 
should be part of the surveillance to allow timely 
detection of TAPS.

After successful laser treatment, cardiac dysfunc-
tion generally normalizes in the recipient within 1 
month while the donor suffers from a temporary 
impairment of cardiac function.20 Rarely, the donor 
may show one or more hydropic signs which are 
usually mild and transient. Nevertheless, 8% of recipi-
ent twins will have pulmonary artery stenosis at  
birth29 and 4% of survivors will suffer antenatal brain 
damage.30 Functional heart problems and antenatal 
cerebral lesions may only become obvious in the third 
trimester and careful assessment of the heart and brain 
are required throughout pregnancy. To detect brain 
anomalies, such as migration and proliferation disor-
ders, we offer a fetal brain MRI at 30 weeks to all 
survivors after laser treatment. Special attention is 
paid to limb development as the recipient twin is  
at risk for amputation,31 mostly of the lower limbs 
due to thrombi or more rarely amniotic bands  
(Figure 9-11).

Several first-trimester markers such as discordance 
in nuchal translucency or in crown-rump length meas-
urement or reversed a-wave in the ductus venosus 
have been proposed to predict TTTS. Of these, a 
reversed a-wave in the ductus venosus in one or both 
twins seems the best predictor. Yet, an abnormal 
ductus venosus will pick up only 38% of all pregnan-
cies that develop TTTS, and of those predicted to be 
at high risk only 30% will ultimately develop TTTS.32 
TTTS is therefore mostly unpredictable, but a timely 
diagnosis is necessary to offer laser treatment before 
intrauterine demise, ruptured membranes or cervical 
changes occur. Therefore, it is recommended that all 
monochorionic twin pregnancies require an ultra-
sound scan every fortnight to exclude TTTS. All 
patients expecting monochorionic twins should 
receive information about the symptoms of TTTS and 

FIGURE 9-11 (A) Amniotic band with constriction of the right index 
finger in the surviving recipient of a pregnancy that underwent laser 
treatment at 18 weeks. (B) Amputation of three toes of the right foot 
in the same fetus as in (A). 
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be instructed to seek medical advice should they expe-
rience sudden abdominal distension, difficulty breath-
ing or menstruation-like abdominal pain.

SPONTANEOUS TWIN ANAEMIA POLYCYTHEMIA 
SEQUENCE (TAPS)
Spontaneous TAPS complicates about 1 in 20 mono-
chorionic diamniotic twin pregnancies and is a 
complication of the third trimester which usually 
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haemorrhage and polycythemia may cause cerebral or 
limb infarctions. If a severely preterm birth is neces-
sary this may obviously complicate the outcome too. 
The best treatment is not well established but will 
primarily depend on the gestational age at diagnosis. 
Once TAPS is suspected antenatally based on discord-
ant MCA PSV, then we repeat the assessment in 2–3 
days, unless there are signs of hydrops in the anaemic 
donor. If discordance persists in a pregnancy below 
34 weeks, we perform a cordocentesis and transfusion 
and monitor middle cerebral artery-peak systolic 
velocities every 2–3 days. If discordance recurs, a 
second transfusion may be considered. If there is rapid 
recurrence of the anaemia after two transfusions, the 
options are elective birth, selective reduction or (re)
laser of the vascular anastomoses, depending on gesta-
tion, fetal condition and accessibility of the equator. 
In rapidly recurring anaemia, the risk of hyperviscosity-
related complications in the receiving twin is increased, 
so usually only two transfusions are given. A feto-
scopic laser procedure for TAPS is more difficult than 
for TTTS, because of the lack of polyhydramnios, the 
minuscule anastomoses and more advanced gesta-
tional age. After 30 weeks and administration of  
steroids, an elective birth seems the most rational 
approach.

Because TAPS may cause late intrauterine demise 
in previously uncomplicated pregnancies, and will 
not necessarily present with discordance in growth 
or amniotic fluid, we measure the MCA PSV rou-
tinely every fortnight from 20 weeks until birth. 
Although TAPS rarely occurs before 26 weeks, with 
serial measurements a gradual and progressive dis-
cordance is picked up more easily when the meas-
urements are plotted. In pairs with worsening growth 
discordance after 24 weeks, one should be suspi-
cious of TAPS.

TWIN REVERSED ARTERIAL PERFUSION  
SEQUENCE (TRAP)
TRAP is a rare condition, affecting 1 in 100 monocho-
rionic twin pregnancies. In TRAP, blood flows from an 
umbilical artery of the healthy pump twin in a reversed 
direction into the umbilical artery of its co-twin, via 
an arterioarterial anastomosis and usually returns via 
a venovenous anastomosis back to the pump twin. 
The perfused twin is thus a true parasite and usually 

occurs after 26 weeks. TAPS is characterized by a 
haemoglobin discordance with a polycythemic re-
cipient and anaemic donor.4 Iatrogenic TAPS may 
occur after laser treatment for TTTS in up to 1 in 
10 pregnancies with 2 surviving twins.27 The ante-
natal diagnosis is based on the presence of an el-
evated MCA PSV (>1.5 MoM) in the donor and a 
decreased middle cerebral artery-peak systolic velocity 
MCA PSV (<1 MoM) in the recipient and anaemia 
is best confirmed by cordocentesis. The postnatal 
diagnosis requires the presence of an intertwin hae-
moglobin difference of more than 8 g/dL in com-
bination with proof of a chronic transfusion 
imbalance: either a placenta with only small anas-
tomoses (<1 mm) or a donor/recipient reticulocyte 
count ratio of more than 1.7.33 Discordant amniotic 
fluid is commonly present. Rarely, the fluid discord-
ance is severe and fulfills the criteria for TTTS. In 
that case, the condition will be diagnosed and treated 
as TTTS. Discordant growth is present in about half 
the TAPS cases with a small anaemic donor and 
large plethoric recipient, but it is not essential for 
the diagnosis. Typically in TAPS, the growth discord-
ance only develops after 20 weeks, so a progressive 
increase in estimated fetal weight difference in the 
latter half of pregnancy should prompt assessment 
for TAPS.4 Additional ultrasound findings in TAPS 
include differences in placental echogenicity and 
thickness with a bright, thickened section for the 
donor twin and an echolucent thin recipient section. 
The placentas of spontaneous and iatrogenic TAPS 
are strikingly similar. The liver of the polycythemic 
twin may have a starry sky pattern due to dimin-
ished echogenicity of the liver parenchyma and an 
increased brightness of the portal venule walls. Finally, 
if the anaemia is severe, signs of hydrops may be 
detected in the donor (Figure 9-12).

The pathophysiology of TAPS is thought to be dif-
ferent from that of TTTS. The anastomoses in TAPS 
are minuscule and few, which suggests that TAPS is a 
true intertwin transfusion imbalance due to a chronic 
net transfer of red blood cells.33

Because spontaneous TAPS typically occurs in the 
viable period when elective birth is an option, it does 
not usually lead to death and disability. Nevertheless, 
if undiagnosed, severe anaemia can cause intrauterine 
demise,4 and cerebral damage such as cerebellar 
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move but has no functional cardiac activity of its own. 
Rarely a rudimentary heart may show pulsatility. 
Marked hydrops and cystic hygroma are frequently 
present, especially towards the end of pregnancy. 
Doppler studies reveal the pathognomonic features of 
reversed arterial perfusion through an arterioarterial 
anastomosis (Figure 9-13). Sometimes the cord of the 
acardiac twin arises directly from the pump twin’s 
cord. TRAP can easily be distinguished from single 

does not have any cardiac activity of its own, hence 
the name acardiac twin. The acardiac twin’s blood 
supply is by definition deoxygenated and this results 
in variable degrees of deficient development of the 
head and upper limbs. Oxygen-depleted blood usually 
returns via a venovenous anastomosis to the pump 
twin, causing some degree of hypoxaemia.

TRAP is a first-trimester diagnosis and is character-
ized by a grossly abnormal twin that grows and may 

FIGURE 9-12 (A) Elevated middle cerebral artery peak systolic velocities in the ex-recipient at 27 weeks of a pregnancy that underwent feto-
scopic laser surgery for twin–twin transfusion syndrome at 19 weeks and was diagnosed with twin anaemia polycythemia sequence 7 weeks 
later. The week before two intrauterine transfusions were administered for haemoglobin levels of 3.1 g/dL and 4.9 g/dL. Because of the rapid 
recurrence of the anemia and because of ruptured membranes, it was decided to deliver the twins. Haemoglobin at birth was 7 g/dL. There 
was one small missed arteriovenous anastomosis next to the site of the trocar entry and so invisible at the time of laser. (B) Decreased middle 
cerebral artery peak systolic velocities in the corresponding ex-donor at 27 weeks. Haemoglobin at birth was 22 g/dL. (C) The ‘starry sky’ 
aspect of the fetal liver in the polycythemic twin due to a decreased echogenicity of the liver parenchyma and therefore a brighter aspect of 
the hepatic vasculature. (D) Thickened and brighter placental part (thick arrow) that belongs to the anaemic twin (thick arrow) and the thinner 
darker part (thin arrow) that belongs to the polycythemic twin (thin arrow). 
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should be considered and the umbilical artery exam-
ined for reversal of flow.

TRAP is associated with a high risk of perinatal 
death caused by a combination of high-output cardiac 
failure and polyhydramnios-related preterm birth.34 
There is also concern about long-term neurologic con-
sequences for the pump twin because of chronic 
hypoxaemia, cardiac failure and preterm birth. The 
outcome may be improved by arresting the circulation 
of the acardiac twin. The type of procedure is best 
adapted to the clinical presentation and may consist 
of coagulation of the umbilical cord and/or placental 
anastomoses or of intrafetal laser or radiofrequency 
ablation. After such an intervention, 80% to 90% of 

demise by the presence of fetal movements and the 
typical retrograde perfusion.

Two criteria are necessary for the development of 
TRAP sequence. The first prerequisite is a large arterio-
arterial and venovenous anastomosis and the second 
is a discordant development or an intrauterine demise 
of one of the monochorionic twins, allowing for the 
reversal of blood flow. In dichorionic twin pregnan-
cies, intrauterine demise of one twin in the first tri-
mester invariably leads to a ‘vanishing twin’, whereas 
in monochorionic twins, existing anastomoses may 
actually prevent ‘vanishing’. Each time a single demise 
is diagnosed in a monochorionic twin pregnancy in 
the first trimester, the possibility of TRAP sequence 

FIGURE 9-13 (A) First-trimester image of the structurally normal pump twin of a monochorionic pair complicated by twin reversed arterial 
perfusion sequence. (B) First-trimester image of the acardiac twin that typically presents as an amorphous and edematous mass. (C) 3D colour 
Doppler image of the reversed flow from the cord of the healthy pump twin (large arrow) towards the cord of the acardiac co-twin (thin arrow). 
(D) Radiofrequency ablation as a means to arrest the flow in a twin reversed arterial perfusion sequence. The device is positioned under 
ultrasound guidance in the acardiac twin near the cord insertion. 
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the defect increases in size and the twins only join the 
same amniotic sac later on in pregnancy (Figure 9-16). 
Pseudodiamniotic pregnancies would be a more 
appropriate term as their cords eventually entangle 
and follow-up is similar as that for true monoamniotic 
pairs. Nevertheless, it is important to identify these 

pump twins survive with an average gestational age at 
birth between 35–36 weeks.

TRAP is now mostly diagnosed in the first trimes-
ter. However, intrauterine intervention to arrest the 
flow is usually performed only after 16 weeks, after 
fusion of amnion and chorion. As such, all our patients 
are offered a prophylactic intervention at 16 weeks, 
because pump twin demise is difficult to predict in the 
early second trimester and it precludes the difficulty 
of achieving arrest of flow in the larger and often 
hydropic mass later on in pregnancy. Nevertheless, 
parents need to be aware that there is a 1 in 3 risk of 
intrauterine demise of the pump twin before the time 
of the planned intervention.35 To address the high 
mortality of TRAP in the first trimester, small case 
series 36 have examined the outcome of intrafetal coag-
ulation in the first trimester. Although these show 
promising results, larger series are necessary to confirm 
the safety of this procedure.

MONOAMNIOTIC TWINNING
One in 20 monochorionic twins are monoamniotic; 
these twins not only share their placenta but also 
their amniotic sac. They probably result from a late 
splitting of the inner cell mass, at a time when the 
ectodermal plate and the amniotic sac have already 
been formed. The cords usually insert close to one 
another with large-calibre anastomoses connecting 
the two fetal circulations (Figure 9-14). Cord entan-
glement is the rule and is usually already present 
in the first trimester.

Monoamniotic twinning is a first-trimester diagno-
sis and is based on the absence of a dividing mem-
brane between two twins that show unrestricted 
movement. In case of doubt, the absence of the inter-
twin membrane is best confirmed by transvaginal 
scan. Colour and pulsed wave Doppler ultrasound 
contribute to the diagnosis by demonstrating the cord 
entanglement. On pulsed wave Doppler, two distinct 
arterial waveform patterns with different heart rates 
are seen within the same sampling gate (Figure 9-15). 
Rarely, twins that appear to be diamniotic in the first 
trimester with a clear intertwin septum, turn out to be 
monoamniotic later on in pregnancy. These twins are 
known as pseudomonoamniotic twin pregnancies. 
Probably in these cases, the intertwin septum is 
incomplete from the start, but with uterine growth, 

FIGURE 9-14 Monoamniotic placenta with side-by-side insertion of 
the umbilical cords. There is a large arterioarterial and venovenous 
anastomosis and the circulation is entirely shared. Delivery was by 
an elective Caesarean section at 32 weeks. Twin 1 weighed 1590 g 
and twin 2 weighed 1640 g. 

FIGURE 9-15 First-trimester image of cord entanglement in a 
monoamniotic twin pregnancy. On pulse wave Doppler, the heart-
beats of both twins are recorded within the same sampling gate. 
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occurs in 15% after 20 weeks and 4% after 32 weeks.38 
The comparable figures for monochorionic diamniotic 
twins are 6% and 1.2%. TTTS rarely occurs in 
monoamniotic twins, because of the large-calibre 
anastomoses.38 Umbilical cord entanglement was 
long-considered to be the cause of the sudden and 
unpredictable demise, however, because nearly all 
have entangled cords from early on in pregnancy, 
other mechanisms are likely to be involved. Monoam-
niotic twin pregnancies typically have cords that insert 
close to one another on the chorionic surface with 
large-calibre anastomoses. Acute exsanguination across 
these, probably triggered by cord compression, is most 
likely an important co-factor.

Although death is usually unexpected, careful sur-
veillance and planned preterm birth improves survival 
rates to 80–90%, which is similar to that in monocho-
rionic diamniotic twins.4,39 Generally, follow-up is 
2-weekly as for all monochorionic twins. Typical for 
monoamniotic twins is the observation of notching of 
the umbilical artery waveform. This phenomenon is 
thought to arise from cord compression and entangle-
ment, but is not usually associated with fetal distress 
(Figure 9-18).

If a severe anomaly is detected in one twin, selec-
tive feticide can be performed by ultrasound-guided 
bipolar cord coagulation and subsequent fetoscopic 
laser transection of the cord. Release of the 

cases to avoid unpleasant surprises at the time of a 
vaginal birth, such as a first-born twin that is entan-
gled by the cord of the second. Therefore the intertwin 
membrane should be documented at each scan, not 
only to record normal amniotic fluid in each sac, and 
thus exclude TTTS, but also to confirm that the twins 
are still in separate sacs. During invasive fetal therapy 
such as laser for TTTS or umbilical cord coagulation, 
an accidental or intentional disruption of the intertwin 
septum will lead to an iatrogenic monoamniotic twin 
pregnancy (Figure 9-17). The follow-up is the same 
as for true monoamniotic pairs.

TRAP sequence is not uncommon in a monoam-
niotic setting and all conjoined twins are by defini-
tion monoamniotic. Both are readily detectable in 
the first trimester, but prognosis is determined pri-
marily by these complicating features rather than 
by the monoamnionicity itself. Even in the absence 
of TRAP and conjoined twinning, monoamniotic 
twins are at higher risk of adverse outcome than 
diamniotic twins.

Discordant anomalies are more common, affecting 
up to 1 in 5 monoamniotic37 compared to 1 in 15 
diamniotic twin pregnancies.4 Late embryonic cleav-
age and imbalances across the large-calibre anastomo-
ses possibly account for this increased prevalence.

Monoamniotic twins are at increased risk of unex-
pected and mostly double intrauterine demise. This 

FIGURE 9-16 Monochorionic twin placenta with a partial intertwin 
septum. In the first trimester, the pregnancy was diagnosed to be 
diamniotic, whereas at 20 weeks, both twins were in the same sac 
and their cords were entangled. The pregnancy was further managed 
as a monoamniotic twin pregnancy. Delivery was by an emergency 
Caesarean section for placental abruption at 31 weeks. Twin 1 
weighed 1630 g and twin 2 weighed 1440 g. 

FIGURE 9-17 Large defect in the intertwin membrane due to an 
unintentional septostomy at the time of a fetoscopic laser coagulation 
of the vascular anastomoses for twin–twin transfusion syndrome at 
19 weeks. 
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maturation. In our experience with such management, 
no fetal losses occurred after viability, although 1 
in 5 patients had an earlier Caesarean section because 
of repetitive decelerations on cardiotocography.

CONJOINED TWINNING
Conjoined twinning is probably the rarest complica-
tion, occurring in less than 1 in 100 monochorionic 
twin pregnancies and is thought to result from an 
incomplete split of the embryonic disc after the 12th 
day of fertilization. By definition, conjoined twins are 
monoamniotic and girls predominate 3 to 1.

The diagnosis of conjoined twinning is made in the 
first-trimester by the close and fixed apposition of the 
fetal bodies with fusion of the skin lines at some point40 
(Figure 9-20). Conjoined twins are classified by the site 
of union followed by the suffix ‘pagus’, a Greek word 
meaning ‘what is fixed’. Thoracopagus is the most 
common form, these twins face each other and have 
major junctions between chest and abdomen often 
with conjoined livers, hearts and intestinal structures. 
Intrauterine demise occurs in 60% of conjoined twins, 
and of those that are liveborn, the majority die due to 
severe anomalies or as a consequence of surgery.41 
Although techniques for surgical separation have 
improved and outcome depends on the degree and site 
of fusion, most parents choose a termination of preg-
nancy, especially after a first-trimester diagnosis.

entanglement is important to prevent demise of the 
healthy twin later in pregnancy. Cord transection is 
technically challenging; therefore although the sur-
vival rates seem comparable to those of cord coagu-
lation in diamniotic twins, the preterm premature 
rupture of the membranes (PPROM) rates are some-
what higher and gestational age at birth lower in 
monoamniotic twin pregnancies.

TTTS, although less common, does occur in 
monoamniotic pairs and the diagnosis is based on the 
presence of polyhydramnios (>8 cm before and 
>10 cm after 20 weeks) in the common amniotic sac 
with a small or empty bladder in one twin and a dis-
tended bladder in the other twin. Management is 
similar to that of diamniotic twins, although it may 
sometimes be impossible to coagulate the anastomoses 
if the cord insertions are too close together (Figure 
9-19). In these cases, a cord coagulation and transec-
tion will probably give the best chance to have at least 
one surviving infant.

There is no firm evidence to guide management 
after viability, but most fetal medicine specialists 
would start in-patient monitoring from 28 weeks 
onward and deliver electively by lower segment Cae-
sarean section (LSCS) at 32 to 33 weeks after the 
administration of antenatal corticosteroids for lung 

FIGURE 9-18 Notching of the umbilical artery Doppler flow as occa-
sionally seen in monoamniotic twins. Because of the cord entangle-
ment, sampling of the umbilical artery in is best done next to the 
bladder as to ascertain the sampling of both twins separately. 

FIGURE 9-19 Preoperative image of the placenta with the two cord 
insertions of a monoamniotic twin pair complicated by twin–twin 
transfusion syndrome at 22 weeks. Despite the side-by-side insertion 
of the cords, it was possible to successfully separate these monoam-
niotic twins. 
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weeks. Nowadays, most are single deaths after selec-
tive reduction or laser treatment of TTTS. Spontane-
ous single demise is rare (about 1 in 100),4 most 
present as double demise from the start because of 
exsanguination of the survivor during or soon after the 
demise of its co-twin along the vascular anastomoses. 
Furthermore, if the co-twin survives, 1 in 4 may expe-
rience neurodevelopmental impairment due to acute 
peri-mortem exsanguination and/or preterm birth 
which occurs in 7 out of 10 such pregnancies.7

If single fetal demise is diagnosed in the first tri-
mester, then the demised twin should be interrogated 
with colour Doppler and follow-up is necessary to 
exclude the development of a TRAP sequence. Later 
on in pregnancy, it is important to establish a cause 
for single demise, such as TTTS or selective growth 
restriction, and look for signs of anaemia in the surviv-
ing twin by interrogation of the middle cerebral artery. 
Careful follow-up of fetal brain development is indi-
cated. Antenatal brain damage in the setting of single 
demise is detectable on prenatal ultrasound scan, but 
only becomes apparent several weeks after the insult 
(Figure 9-21). Magnetic resonance imaging is offered 
to all single demise cases at around 30 weeks, although 
it may detect ischaemic brain lesions earlier and with 
better definition.42

Complications Not Unique to 
Monochorionic Twin Gestations, but 
Requiring a Different Approach in the 
Monochorionic Twin Pregnancy
DEMISE OF ONE TWIN
(1) In a Monochorionic Pair
Demise of one of the twins occurs in about 1 in 15 
monochorionic pregnancies and mostly prior to 24 

FIGURE 9-20 (A) 3-D image of thoraco-omphalopagus conjoined 
twins with fusion of the hearts and liver in the first trimester. (B) 3-D 
colour Doppler image of the same conjoined twins to demonstrate 
the fusion of the hearts. 

A

B

FIGURE 9-21 Fetal brain demonstrating ventriculomegaly and an 
increased periventricular echogenicity at 27 weeks, 2 weeks after 
demise of the growth-restricted co-twin. An intrauterine transfusion 
was given immediately after the diagnosis of single demise for a 
haemoglobin of 7 g/dL. Infarction of the entire neocortex and white 
matter was diagnosed on MRI and in view of the poor prognosis the 
pregnancy was terminated. 
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impairment is low (1 in 50) and mostly related to 
preterm birth, which occurs in half of the cases.7

A first-trimester diagnosis of single demise in a 
dichorionic twin pregnancy will lead to ‘vanishing 
twin syndrome,’ whereas from 16 weeks onward, the 
demised fetus remains usually visible on ultrasound 
scan. It may be useful to try to identify a cause for the 
single demise such as growth restriction or a discord-
ant chromosomal/structural anomaly. Since the main 
risks are miscarriage and severe preterm birth, con-
servative management is advocated with regular ultra-
sound scans to check the growth and well-being of the 
survivor.

POOR GROWTH IN ONE OF THE TWINS
Twins are particularly prone to poor intrauterine 
growth, as the human uterus is not designed to ade-
quately nurture more than one fetus to term. As such, 
one in four twins has a birthweight below the 10th 
percentile.45 Growth curves for twins are similar to 
those of singletons up to 28 weeks’ gestation, when 
the growth velocity begins to fall.46 The degree of 
discordant growth, expressed in percentages, is deter-
mined as (A-B)×100/A, where A is the weight of the 
heavier fetus and B is the weight of the lighter fetus. 
Typically, one twin has a normal growth, whereas the 
other twin is growth restricted. Clinically relevant dis-
cordant growth is defined as a weight difference of 
more than 25%, which occurs in about 1 in 10 twin 
pregnancies4 with similar incidences in monochori-
onic and dichorionic twin pregnancies. The difference 
in abdominal circumference is a good estimate for 
discordant growth and it is helpful to put the images 
of both abdominal circumferences with similar mag-
nification next to one another for comparison (Figure 
9-22). In the work-up of discordant growth, it is 
essential to keep in mind the possibility of chromo-
somal anomalies, genetic syndromes and congenital 
infection as a cause.

(1) In a Monochorionic Pair
Isolated discordant growth is defined as a weight dif-
ference of more than 25% in the absence of TTTS. 
Most monochorionic twins with isolated discordant 
growth have discordant amniotic fluid with less in the 
smaller twin and often a mild increase in the larger, 
but this should not be so severe as to comply with the 

The outcome of the surviving co-twin probably 
depends on the size and type of vascular anastomoses 
and the timing of death. The presence of large arterio-
arterial anastomoses may be associated with higher 
rates of death and neurologic damage.43 In contrast, 
in the setting of TAPS with minuscule anastomoses or 
after selective reduction or laser separation, double 
demise and neurologic damage due to exsanguination 
is probably far less likely. Demise in the early second 
trimester is probably more likely to result in a double 
demise, but if the co-twin survives the risks of neuro-
logic damage may be less. Conversely, when demise 
occurs in the late 2nd and 3rd trimester, the co-twin 
is more likely to survive but also more likely to sustain 
brain damage.44

If the middle cerebral artery peak systolic velocities 
are within normal limits, then major exsanguination 
is unlikely and the outcome is probably good. If velo-
cities are elevated in the middle cerebral artery, then 
an intrauterine transfusion may help this twin to 
survive but it will almost certainly not prevent brain 
damage that will only become obvious several weeks 
later. If the parents opt for an intrauterine transfusion, 
it is important to have the option of late termination, 
should significant brain damage subsequently become 
apparent. Because exsanguination of the survivor 
occurs during or soon after the demise of its co-twin, 
a pre-emptive preterm delivery is inappropriate, as it 
will only worsen the outcome by adding the complica-
tions of a preterm birth.

In a monoamniotic setting, single demise is even 
less common and because of the large anastomoses 
double death is usually the rule. Even so, in about a 
third of these rare cases with an initial single demise, 
co-twin death occurs several weeks later.38 This sug-
gests that the cord of a demised twin is more constric-
tive than a pulsating one. If technically possible, it may 
therefore be beneficial to transect the cord in cases 
with single demise in a monoamniotic pair to release 
the entanglement.

(2) In a Dichorionic Pair
Demise of one of the twins occurs in one in 50 pairs 
mostly prior to viability.3 Because of the separate cir-
culations, the outcome is usually favorable for the 
surviving twin and the main risks are miscarriage and 
severe preterm birth. The risk for neurodevelopmental 
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growth is diagnosed based on a more than 25% dif-
ference in estimated fetal weight.

By definition all monochorionic twins are monozy-
gotic, thus differences in genetic growth potential 
cannot explain the difference in size. Three factors 
determine the venous return upon which each twin 
depends for its oxygen and nutritional supply: the 
division of the single placenta between the twins, the 
vascular anastomoses and the quality of implantation. 
Unequal placental sharing is the most important cause 
of discordant growth in a monochorionic twin preg-
nancy.6 Unfortunately, we cannot estimate the size of 
each individual placental territory on prenatal ultra-
sound. Yet, the site of cord insertion can be reliably 
determined48 and the combination of a velamentous 
and central cord insertion serves as a substitute for 
unequal placental sharing and identifies a group of 
monochorionic twins at high risk for discordant 
growth.49 Vascular anastomoses also influence growth 
and an unbalanced net arteriovenous transfusion as in 
TTTS and TAPS, may restrict and promote the growth 
of the donor and recipient twin, respectively.5 Also, 
unequally shared placentas have larger arterioarterial 
anastomoses and a larger net flow over arteriovenous 
anastomoses than equally shared placentas. This elab-
orate intertwin blood exchange fulfills a beneficial and 
often life-saving role by increasing the availability of 
oxygen and nutrients to the twin with the smaller 
placental part.6 Finally, a suboptimal implantation of 
part of the placenta may also cause growth restriction 
of the corresponding twin (Figure 9-22). Rarely, mono-
chorionic twins can be discordant for chromosomal 
anomalies and genetic syndromes. In the setting of 
discordant growth, the possibility of trisomy 18, trip-
loidy and Beckwith–Wiedemann syndrome should be 
considered. The typical anomalies of trisomy 18 and 
triploidy are usually obvious, whereas Beckwith–
Wiedemann has more subtle findings. A small ompha-
locoele in the larger twin may be detected early, but 
the macroglossia and visceromegaly present late.  
Discordancy for Beckwith–Wiedemann syndrome is 
more common in monozygotic female twins50 (Figure 
9-23).

Isolated discordant growth is as common as TTTS, 
but has a much better prognosis and usually does not 
require any invasive treatment. In half the cases, the 
growth discordance is present from before 20 weeks 

criteria of TTTS. As such, a growth difference with 
severe oligohydramnios of less than 2 cm in the 
smaller twin, but only a deepest vertical pocket of 
7 cm in the larger is labelled and managed as isolated 
discordant growth and not as TTTS. Discordant 
growth in a monochorionic pair is always a provisional 
diagnosis as TTTS may develop on top of the initial 
growth discordance.

In the first trimester, the degree of growth discord-
ance is assessed by the difference in crown-rump 
length. The 90th centile of crown-rump length differ-
ence is 10 mm.47 From 16 weeks onwards, discordant 

A

FIGURE 9-22 (A) Concordant growth in a monochorionic twin pair 
at 35 weeks. By placing both abdominal circumferences next to one 
another, it is easy to spot a significant discordance. (B) Significant 
discordant growth in a monochorionic diamniotic twin pair at 24 
weeks. 

B
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a cyclical variation in the diastolic flow component 
and an intermittent absent or reversed end-diastolic 
flow pattern in the umbilical artery of the smaller twin 
(Figure 9-25). In singletons, absent end-diastolic flow 
indicates poor trophoblastic invasion and reduced 
uteroplacental blood flow. Conversely, in monochori-
onic twins, the umbilical artery Doppler pattern is 
primarily determined by the flow across the anasto-
moses. The smaller twin of a growth discordant mono-
chorionic pair may thus either have a normal flow 
pattern (Type I), a persistent absent or reversed end-
diastolic flow (Type II) or an intermittent absent or 
reversed end-diastolic flow (Type III). Each of these 
types has distinct placental characteristics and differ-
ent clinical outcomes. Large arterioarterial anastomo-
ses (>2 mm) are present in 70%, 18% and 98% of 
Type I, Type II and Type III, respectively. Pregnancies 
with normal umbilical artery Doppler measurements 
in the smaller twin (Type I) have the most favorable 
outcome with a low risk of deterioration and a survival 
rate of nearly 100%. On the other hand, a persistent 
absent end-diastolic flow (Type II) is in our opinion 
the least common type but also carries the worst 

and in the other half it arises in the latter stages of 
pregnancy. Twin pregnancies with early-onset discord-
ant growth typically have an unequally shared pla-
centa with large anastomoses. Intrauterine demise 
occurs in about 20% of twins and most have an abnor-
mal umbilical artery Doppler pattern from 16 weeks 
onwards (Figure 9-24). On the other hand, pregnan-
cies with progressively increasing growth discordance 
after 26 weeks have more equally shared placentas 
with smaller anastomoses. Doppler examination of the 
umbilical artery of the smaller twin is always normal 
and the survival rate is nearly 100%. Nevertheless, 
about one in three pregnancies with late-onset dis-
cordant growth have severe haemoglobin differences 
at the time of birth and these placentas typically have 
a few small and mostly unidirectional arteriovenous 
anastomoses as seen in TAPS placentas. Late-onset 
discordant growth in a monochorionic twin pair 
should therefore raise the suspicion of TAPS and is an 
indication for PSV MCA measurements.47

Growth-discordant monochorionic pairs can also 
be classified according to the Doppler characteristics 
of the umbilical artery of the smaller twin. If a large 
arterioarterial anastomosis is present, as in cases with 
early-onset discordant growth, then this may result in 

FIGURE 9-23 3-D image of the face of the larger twin of the pair with 
early-onset discordant growth of Figure 9-22B, suggesting mac-
roglossia. The twins were born by semi-elective Caesarean section 
at 31 weeks because of arrest of growth in the smaller twin. The 
larger weighed 1785 g and the smaller 985 g. Beckwith–Wiedemann 
syndrome due to abnormal methylation of LIT1 was confirmed after 
birth in the larger twin. 

FIGURE 9-24 Typical placenta of a monochorionic diamniotic twin 
pair with discordant growth diagnosed at 16 weeks and an intermit-
tent absent end-diastolic flow in the umbilical artery of the smaller 
twin. Delivery was by an elective Caesarean section at 32 weeks. Twin 
1 weighed 1640 g and twin 2 weighed 1180 g. Twin 2 had the smaller 
part of the placenta as defined by its venous drainage (purple veins). 
There was a large arterioarterial anastomosis (star) and several arte-
riovenous (full circle) and oppositely directed venoarterial anastomo-
ses (dotted circle). 
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stenosis in the larger twin and aortic coarctation in the 
smaller twin may be found in these discordant mono-
chorionic pairs.

In contrast to TTTS, the management of discordant 
growth in monochorionic twin pairs is not well estab-
lished. We follow pregnancies with early-onset dis-
cordant growth and an abnormal umbilical artery 
Doppler evaluation (Type II and III) on a weekly basis 
to timely detect evolution to TTTS and look for signs 
of imminent demise. In the pre-viable period, we offer 
a laser coagulation of the vascular anastomoses if there 
is progression to TTTS or a selective reduction if signs 
of imminent demise of the smaller twin, such as arrest 
of growth and anuria with anhydramnios (<1 cm).52 
A selective reduction by coagulation of the smaller 
twin’s cord aims to protect the appropriately growing 
twin against exsanguination and possible death or 
brain damage. At 28 weeks, Type II and III patients 
are usually hospitalized for in-patient monitoring after 
a first course of antenatal corticosteroids for lung mat-
uration and are delivered electively at 32 to 33 weeks 
after a repeat course of steroids. Pairs with late-onset 

FIGURE 9-25 The different Doppler flow patterns in discordant growth in monochorionic twin pregnancies. 

Type I

Type II

Type III

prognosis as 90% eventually deteriorate and survival 
rates are only 60%. Type II is probably caused by 
deficient placentation and the Doppler patterns show 
a similar pattern of progressive worsening as in single-
tons so that demise can be predicted. Pregnancies with 
an intermittent absent end-diastolic flow pattern (Type 
III) have an intermediate prognosis with an 85% sur-
vival, but are the most unpredictable. Because of the 
large arterioarterial anastomoses, unexpected demise 
of the smaller twin without any signs of deterioration 
occurs in about 15% of pregnancies. In about half of 
these cases, there is also demise of the larger twin. In 
Type III the larger twin may be at increased risk of 
antenatally acquired brain injury, due to the large 
arterioarterial anastomosis: short episodes of brady-
cardia and hypotension in the smaller twin may lead 
to large volume shifts to the larger twin, increasing the 
risk of ischaemic brain lesions. Also, in one in five 
Type III cases, the larger twin shows cardiac hypertro-
phy with increased ventricular wall thickness, proba-
bly caused by the burden of perfusing the placental 
territory of the smaller twin.51 Pulmonary artery 
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restriction, but discordance in chromosomal anoma-
lies, genetic syndromes or congenital infection may 
be responsible.

In dichorionic twins, expectant management with 
possible intrauterine demise of the smaller twin is the 
best option if prior to 30 weeks and if the estimated 
weight of the smaller twin is too low for intact sur-
vival. Clearly, any decision for iatrogenic preterm birth 
to prevent intrauterine demise of the smaller twin 
must be weighed against the risks of demise and disa-
bility for each twin as determined by gestational age 
and the estimated weight of the smaller twin. An elec-
tive birth to rescue the growth-restricted twin will 
expose the appropriately grown twin to the risks of 
preterm birth. Therefore, it is preferable to delay birth 
until the risk of demise and disability are minimal for 
the appropriately grown twin, irrespective of the con-
dition of the growth-restricted twin. In one series, 
such an expectant management until 32 weeks, or 
when weight of the appropriately grown twin was 
more than 1500 g, resulted in intrauterine demise of 
the small twin in 35% of pregnancies, but no demise 
or disability in the normal co-twin.54 The timing of any 
intervention depends on the clarity of the diagnosis in 
the growth-restricted twin and the chances of survival 
and disability for each fetus. The initiation of intensive 
fetal surveillance and administration of maternal ster-
oids for lung maturation must be planned accordingly.

(3) In Twins of Unknown Chorionicity
Although this should now be a problem of the past, 
determining chorionicity in same-sex twins with  
discordant growth in the second trimester can be chal-
lenging. Oligohydramnios with the intertwin mem-
brane plastered around the growth-restricted twin 
makes assessment of membrane thickness or the pres-
ence or absence of a lambda sign especially unreliable. 
It is estimated that just 3 out of 10 same-sex twins are 
monochorionic.

In these instances:
• The detection of an arterioarterial anastomosis 

with its characteristic bidirectional waveform 
confirms monochorionicity with 100% 
reliability.

• DNA determination of zygosity by 
amniocentesis generally rules out 
monochorionicity if dizygosity is confirmed.

discordant growth and a normal umbilical artery 
Doppler evaluation in the smaller twin are also moni-
tored on a weekly basis with measurement of the 
PSV-MCA to exclude evolution of TAPS and are usually 
delivered around 34 to 35 weeks.

We do not routinely offer laser coagulation of the 
vascular anastomoses as a treatment for discordant 
growth with abnormal umbilical artery Dopplers, as 
at least for Type III, most do well without intervention. 
After laser coagulation, demise of the smaller twin 
occurs in 70% of cases probably because too little 
placenta is left for survival. Compared to expectant 
management, laser treatment improves neither the 
survival rates, nor the neurologic outcome in Type III. 
Furthermore, the procedure is technically more chal-
lenging due to the absence of polyhydramnios and 
entry is always in the sac of the appropriately grown 
twin with the best chances of survival. Also, in Type 
III cases, the surgery is hindered by the multiple large 
anastomoses.53 Therefore, in cases with imminent 
demise of the smaller twin (anhydramnios and arrest 
of growth), we prefer a selective reduction as it prob-
ably has the lowest risk of disability and the highest 
chance of a healthy survivor.

(2) In a Dichorionic Pair
A difference in estimated weight of >25% affects 1 in 
10 dichorionic twins, which is similar to the incidence 
in monochorionic twins. Discordant growth can be 
present from the first trimester, but in the overall major-
ity it arises in the latter half of pregnancy. The pattern  
of deterioration of the growth-restricted twin follows 
that of a growth-restricted singleton with progressive 
worsening of the umbilical arterial, middle cerebral 
artery and ductus venosus Dopplers, and biophysical 
profile score derangements. Intensive surveillance 
should only be started once the decision to deliver 
preterm has been taken. The frequency and methods of 
surveillance are similar to those in singletons.

Dichorionic twins are dizygotic in about 90% of 
cases, and therefore a different genetic growth poten-
tial may be responsible for discordant growth. As 
such, the smaller twin may be normal small for ges-
tational age. Additionally, each twin has its own pla-
centa without vascular anastomoses. Suboptimal 
trophoblastic invasion of placenta of the smaller twin 
is probably the most important cause of growth 
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preterm birth. The benefits of the procedure for the 
affected twin must be balanced against the risks to the 
healthy twin. Offering such a procedure can be con-
sidered in life-threatening conditions where the pro-
cedure is life-saving, such as shunt placement for 
severe hydrothorax with hydrops, especially if it is 
performed after 30 weeks.

For counselling on outcome for conditions that 
require immediate postnatal surgery, it is important to 
take into account that twins have a higher risk of low 
birthweight. This may be especially relevant for cardiac 
conditions such as aortic coarctation or transposition 
of the great arteries.

(1) In Monochorionic Twin Pregnancies
In about 1 in 15 monochorionic diamniotic4 and 1 in 
6 monoamniotic twin pregnancies,37 there is a major 
congenital anomaly that typically affects only one 
twin. The twinning process itself is possibly tera-
togenic due to an unequal distribution of the inner 
cell mass or to cleavage after laterality gradients have 
already been determined, resulting in malformations 
such as midline defects. Vascular imbalances also 
account for some of the acquired heart and brain 
defects. The prevalence of cardiac anomalies in mono-
chorionic twins is reported to be 2% in those without 
TTTS, and 7% in those with TTTS, compared to 0.6% 
in the general population. Pulmonary valve stenosis in 
recipients accounts for the additional congenital heart 
defects found in TTTS cases, suggesting a causative 
role for the haemodynamic imbalance.56 Monochori-
onic twin pregnancies that are complicated by single 
demise, TTTS or TAPS are at risk for antenatally 
acquired brain lesions due to ischaemia, bleeding or 
infarction. Because functional heart and brain lesions 
may occur until birth, detailed echocardiography and 
neurosonography is indicated both in the second and 
third trimesters.

Once a major congenital anomaly is detected in one 
of the twins, it is important to establish the risks of in 
utero demise and the possible threat to the healthy 
co-twin. A genetic amniocentesis is usually part of the 
work-up and firstly the sac of the affected twin can be 
sampled. If aneuploidy is demonstrated, then the 
healthy twin may be sampled to document possible 
heterokaryotypic monochorionic twins. If the risk of 
in utero demise is high, such as in discordancy for 

• A cord insertion on the intertwin membrane is 
proof of a dichorionic pregnancy as this cannot 
occur in a monochorionic diamniotic 
pregnancy.

In cases of persistent doubt, it is prudent to manage 
the pregnancy as a monochorionic twin gestation.

A STRUCTURAL ANOMALY IN ONE OF THE TWINS
In dichorionic and thus mostly dizygotic twins, the 
risk of a structural anomaly is probably not increased, 
but the chance that at least one of the twins has a 
structural anomaly is twice as high as in singletons, 
because there are two fetuses present. In monochori-
onic and thus by definition monozygotic twins, the 
risk is probably two to three times higher than in 
singletons. In mono- and dichorionic twins, a selective 
reduction avoids the birth of a severely disabled child 
and parents must balance the benefits of a reduction 
against the potential risks of the procedure for the 
healthy twin. Selective reduction in dichorionic twins 
is done by intracardiac injection of potassium chlo-
ride, which in experienced hands is associated with a 
loss rate of 7% and a risk of birth prior to 32 weeks 
of 14%,10 and may be safer when performed in the 
first trimester. In monochorionic twin pregnancies, 
selective reduction cannot be performed by intracar-
diac injection because of the shared circulation. Here, 
the preferred method is by bipolar coagulation of the 
umbilical cord of the affected twin (Figure 9-26) per-
formed after 16 weeks, which protects the healthy 
twin against exsanguination into the body of its 
demised co-twin. Intrafetal radiofrequency ablation is 
technically easier than cord coagulation and is very 
effective in acardiac twins, but is less effective to arrest 
the flow in a twin with normal cardiac function.55 
Cord coagulation has a 20% loss rate and a risk of 
birth prior to 32 weeks of 21%.12 For conditions that 
are lethal and carry a high risk for intrauterine demise, 
such as severe Ebstein’s anomaly, a conservative man-
agement is preferred in dichorionic twins, whereas in 
monochorionic twin pregnancies this would warrant 
intervention to protect the healthy co-twin against the 
adverse effects of spontaneous demise.

An ethical dilemma arises when elective preterm 
birth for ex utero treatment or antenatal invasive pro-
cedures to ameliorate the outcome for the affected 
twin places the normal co-twin at risk of iatrogenic 
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disabled child, such as in severe ventriculomegaly, 
then a late selective reduction can be offered after 30 
weeks to avoid the risks of miscarriage or an early 
preterm birth of the healthy twin. If the condition is 
not lethal in utero but incompatible with postnatal life, 
such as bilateral kidney agenesis, it seems preferable 
not to expose the healthy twin to the risks of an inva-
sive procedure and conservative management is advo-
cated. Anencephaly in one of the twins is a relatively 
common discordant anomaly in monochorionic twins. 
It does not usually lead to intrauterine demise but may 
threaten the co-twin due to polyhydramnios-related 
preterm birth. In monochorionic diamniotic twin 
pregnancies a conservative management may be pref-
erable, because cord coagulation in itself carries a high 
risk of procedure-related miscarriage and preterm 
birth.57 However, in monoamniotic pairs, a cord coag-
ulation and transection may be preferable as it elimi-
nates the risks of sudden demise due to cord 
entanglement and thus improves outcome and simpli-
fies management.58

(2) In Dichorionic Twin Pregnancies
A major congenital anomaly occurs in about 1 in 25 
dichorionic twin pregnancies and usually one fetus is 
affected. A genetic chorionic villus sampling or amnio-
centesis is usually performed if the anomaly is associ-
ated with a chromosomal abnormality. Selective 
reduction can be accomplished by intracardiac injec-
tion of potassium chloride. This procedure has lower 
loss rates in the first trimester. Therefore it is impor-
tant that all dichorionic twin pregnancies have a 
detailed anatomy screen at the time of the first trimes-
ter scan.

Once a major congenital anomaly is detected in one 
of the twins, it is important to establish the risks of in 
utero or postnatal demise and the possible threat to 
the healthy co-twin. In anomalies that are lethal but 
pose no threat (bilateral renal agenesis), conservative 
management is preferable. However, if lethal and a 
threat to the co-twin, such as in anencephaly where 
there is a risk of polyhydramnios-related preterm 
birth, selective reduction is preferred over expectant 
management as it leads to a higher gestational age at 
birth for similar perinatal survival rates. For non-lethal 
anomalies, parents have to balance the risks of a selec-
tive reduction for the healthy twin against the burden 

FIGURE 9-26 (A) Bipolar coagulation of the umbilical cord as a 
means of selective reduction in a monochorionic twin pregnancy. The 
cord is grasped under ultrasound guidance by the bipolar forceps. 
(B) Ultrasound image of the bipolar forceps grasping the cord. (C) 
Fetoscopic image confirming complete coagulation of the cord. 

A

B

C

Turner syndrome, or if the condition threatens the 
healthy co-twin, such as in TRAP sequence, then a 
selective reduction is best offered after 16 weeks. If 
the condition is not lethal in utero and does not 
threaten the co-twin but would lead to a severely 
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FIGURE 9-27 sonographic follow-up scheme of monochorionic and dichorionic twin pregnancies. Ua: umbilical artery; mca psv: middle cerebral 
artery-peak systolic velocity. 
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of a disabled child. For these non-lethal anomalies, it 
has been proposed to defer selective feticide to 28 to 
32 weeks. This is only an option in countries where 
late termination is legal and may be emotionally more 
difficult to accept for both parents and doctors.

Preterm Birth and Cervical  
Length Measurement
Sixty percent of twins deliver before 37 weeks and 
15% before 32 weeks. Preterm birth is the most 
important cause of neonatal death in twin pregnan-
cies.59 The strongest mid-pregnancy predictor of birth 
prior to 32 weeks is a cervical length of 20 mm or less 
as measured by transvaginal ultrasound scan at the 
time of the 20-week scan.60 However, in contrast to 
singletons, there is at present no useful intervention 
to prevent preterm birth in twin pregnancies.61 There-
fore, we do not routinely measure the cervical length 
at the 20-week scan. The only useful application of 
cervical length measurement in twins is in patients 
presenting with threatened preterm labour. If the cer-
vical length is more than 25 mm, the risk of birth 
within 1 week is extremely small. Conversely, if the 
cervical length is less than 25 mm, these patients 
require tocolysis, corticosteroids and transfer to a terti-
ary care unit if necessary.

Follow-Up Scheme of Twins  
Throughout Pregnancy
Figure 9-27 summarizes the sonographic follow-up 
we use in monochorionic and dichorionic twin preg-
nancies. As a tertiary care centre, we offer alternating 
follow-up with referring institutions for monochori-
onic twin pregnancies at 12, 16, 20 and 30 weeks. 
From 32 weeks onward, we do weekly biophysical 
profile scores in all monochorionic twins. Evidence as 
well as expert opinion suggest that uncomplicated 
monochorionic twin pregnancies are best delivered at 
36–37 weeks and uncomplicated dichorionic twins at 
37–38 weeks,62–64 because at these time points the 
intrauterine mortality of twins equal those of post-
term singleton pregnancies.65 Finally, during the 2nd 
stage of labour and after the birth of the first-born 
twin, the availability of a bedside scanning machine is 

helpful to accurately determine the position of the 2nd 
twin and assist internal or external version if necessary.

Conclusion
Ultrasound plays a key role in the management of twin 
pregnancies. Twin pregnancies in general are more 
complicated because of the increased risk of intrauter-
ine demise, poor growth, congenital anomalies, mis-
carriage and preterm birth. At all times the interests 
of two fetuses have to be taken into account. Mono-
chorionic twins in particular have the added compli-
cations of their shared circulation and their well-being 
is interrelated.

The first-trimester scan is of utmost importance for 
the establishment of chorionicity and the detection of 
chromosomal and structural anomalies. High-risk 
monochorionic twin pregnancies must be identified in 
the first trimester and 2-weekly follow-up should be 
arranged. Screening for chromosomal anomalies is 
most accurate in the first trimester and the early detec-
tion of structural anomalies is particularly relevant in 
dichorionic twin pregnancies, because a selective 
reduction is probably safer when done early. In mono-
chorionic twin pregnancies, the first trimester scan 
should identify all cases of TRAP and monoamniotic 
and conjoined twinning. A dedicated sonographic 
follow-up will detect most structural anomalies and 
cases with poor growth in twins in general, and diag-
nose TTTS and TAPS. From 32 weeks onward, bio-
physical profile scores and fortnightly growth checks 
may be helpful to confirm fetal well-being and deter-
mine the optimal time of birth. Even in the delivery 
room, ultrasound is useful to guide the birth of the 
second twin. So from the first trimester up to the time 
of birth itself, ultrasound scan plays an indispensable 
role in fetal surveillance and in optimizing outcome of 
twins.
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Chapter 10 

Introduction
Fetal size and weight at birth are functions of genetic 
potential and substrate supply. Genetic factors are 
largely responsible for growth control in the first half 
of pregnancy, whereas environmental factors are more 
important in the second half of pregnancy. Normal 
fetal growth relies on three things; normal implanta-
tion, trophoblastic invasion of maternal spiral arteri-
oles and development of chorionic villi.

Fetal growth is important because there is an 
increase in perinatal and infant morbidity and mortal-
ity in babies born growth restricted and in those born 
macrosomic.

This chapter’s main focus is on the challenge of 
diagnosis and management of early and late fetal 
growth restriction. This is the primary cause of still-
birth in 6.6% of cases, and an associated cause in 19% 
of cases.1

Fetal Macrosomia/Large  
Gestational Age Babies
Over the last 20 to 30 years there has been an increase 
in the number of large babies born. Statistics for deliv-
eries in NHS hospitals in England for 2010–2011 
report 12% of singletons with a birthweight >4 kg.2

DEFINITION
Currently, there is no consensus on the definition of 
macrosomia or large for gestational age (LGA) fetuses. 
The term LGA is often used to describe fetuses with 
an estimated fetal weight (EFW) greater than the 90th 
centile for gestation. Macrosomia is used to describe a 
newborn with birthweight above a certain limit – 
usually 4 or 4.5 kg. The American College of Obstetri-
cians and Gynaecologists uses a birthweight of >4.5 kg 
to define macrosomia, as both maternal and perinatal 
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CLINICAL IMPORTANCE – PERINATAL 
CONSEQUENCES
Infants with a birthweight between 4000 g and 4499 g 
are not at increased risk of adverse outcome compared 
with birthweights of 3500 g to 3999 g. However, a 
birthweight of 4500 g to 4999 g has significantly 
increased risks of perinatal morbidity and mortality, 
birth injury (shoulder dystocia), meconium aspiration 
and Caesarean delivery. Babies with a birthweight of 
>5000 g are at even higher risk as they are twice as 
likely to die from sudden infant death syndrome as 
babies of normal birthweight.6

LONG-TERM CONSEQUENCES OF MACROSOMIA
Fetal macrosomia is associated with long-term health 
problems including adult obesity, hypertension and 
impaired glucose tolerance.

MANAGEMENT
Ultrasound plays a key role in the diagnosis and man-
agement of fetal macrosomia, but it is important to use 
it appropriately with a thorough clinical assessment 
including maternal BMI, weight gain and past obstet-
ric history.

There is little evidence to support the routine use 
of either induction of labour or elective Caesarean 
section to prevent adverse outcome in non-diabetic 
women with an ultrasonically diagnosed LGA baby of 
less than 5000 g. However if the EFW is calculated to 
be >5000 g there is evidence to support elective Cae-
sarean section.

Fetal Growth Restriction (FGR)
Fetal growth restriction (FGR) refers to a fetus that has 
slow or static growth in utero. Percentile limits are 
often used to define FGR and the most common is 
estimated fetal weight less than the 5th centile for 
gestation. FGR is associated with significant morbidity 
and mortality in perinatal and adult life.7 The diagnos-
tic challenge is in distinguishing small for gestational 
age (SGA) babies from FGR babies. Early antenatal 
detection of FGR pregnancies allows timely interven-
tion which can reduce perinatal morbidity and mortal-
ity by four- to five-fold.

complications begin to increase above that fetal 
weight.3

CAUSES
Many of the risk factors for macrosomia are fixed. 
These include male sex, multiparity, increased mater-
nal age at first pregnancy, increased maternal height, 
white race and gestational age greater than 41 weeks. 
A previous macrosomic baby is a strong risk factor for 
high birthweight.

Other risk factors that can be controlled or modi-
fied include pre-pregnancy Body Mass Index (BMI), 
which is independent of diabetes/impaired glucose 
tolerance and excess weight gain in pregnancy 
(increase in BMI of >25%).

DIAGNOSIS
Clinical and ultrasound methods are inaccurate in the 
prediction of macrosomia because the measurement of 
the height of the uterus is subject to significant varia-
tion. Ultrasound methods use either a single measure-
ment, such as abdominal circumference, or calculate 
EFW from a combination of measurements. There is 
no difference in any of these ultrasound methods in 
the prediction of a macrosomic baby at birth.

A positive test result is a more accurate way of 
ruling in macrosomia than a negative test is at exclud-
ing it. The accuracy of predicting macrosomia at birth 
can be improved by combining amniotic fluid index 
(>60th centile) with EFW (>71st centile) in the third 
trimester (positive predictive value 85%).4

When compared, clinical and ultrasound methods 
have similar and limited power to predict fetal weight 
>4 kg. In both methods, the areas under the receiving 
operator curve are between 0.81 and 0.95, which is 
defined as useful in statistical terms. However, the 
mean absolute error in estimating weight of macro-
somic babies is 250 g to 500 g in most studies using 
both clinical and sonographic methods.5

Serial sonographic measurements may improve the 
positive predictive value, but can be impractical in 
terms of time and cost. Whichever ultrasound formula 
is used to calculate EFW, the accuracy decreases as the 
birthweight increases. There is a clear need for 
improved methods to estimate fetal weight and body 
proportions.
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requiring delivery before 32 weeks.9 A recent system-
atic review on the use of uterine artery Doppler in  
the first and second trimester for the prediction of 
FGR (61 studies; n = 41,131) showed an increased PI 
in the uterine arteries with notching is the best pre-
dictor of all fetal growth restriction (positive likeli-
hood ratio 9.1) and of severe intrauterine growth 
restriction (positive likelihood ratio 14.6) among low-
risk women.10

A number of studies have assessed the use of mater-
nal serum biochemistry in the prediction of adverse 
pregnancy outcomes. A raised maternal serum alpha 
fetoprotein (AFP) is associated with an increased risk 
of low birthweight in the absence of structural abnor-
malities. Low levels of maternal serum pregnancy-
associated plasma protein A (PAPP-A) are associated 
with an increased risk of a growth-restricted infant. A 
recent multicentre study examined the relationship 
between first-trimester PAPP-A and second-trimester 
AFP and adverse pregnancy outcomes. In women with 
a high AFP, the odds ratio for delivering an SGA baby 
was 0.9 (95% CI 0.5–1.6); for women with a low 
PAPP-A it was 2.8 (95% CI 2.0–4.0). However when 
a low PAPP-A at 10–14 weeks’ gestation and a high 
AFP between 15 and 21 weeks’ gestation were combined, 

Accurate pregnancy dating is key to the diagnosis 
of FGR. With the exception of IVF pregnancies, all 
pregnancies are dated according to the crown-rump 
length (CRL) in the first trimester. Abnormal fetal 
growth is detected by abdominal palpation where the 
symphysis fundal height measures small for dates. 
However both abdominal palpation and symphysis 
fundal height measurement have a very low sensitivity 
(30% and 27% to 86% respectively).8 The most sensi-
tive and clinically practicable single physical param-
eter in the diagnosis of FGR is a measurement of the 
abdominal circumference (AC) <5th centile.

Differential diagnoses and their distinguishing fea-
tures are listed in Table 10-1.

SCREENING FOR FGR
Successful trophoblastic invasion of the maternal 
spiral arterioles is responsible for decreasing blood 
flow impedance in the placenta by the end of the first 
trimester. Uterine artery Doppler provides useful 
information on maternal perfusion abnormalities 
(Figure 10-1). Martin et al. reported that increased 
uterine artery Doppler pulsatility index (PI) at 11 to 
14 weeks had a sensitivity of 12% for detecting birth-
weight less than the 10th centile, and 28% for FGR 

TABLE 10-1 Differential Diagnosis of FGR

Wrong dates Structurally normal
Symmetrically small
Normal amniotic fluid index (AFI), activity and Doppler
Normal growth velocity over 2 weeks

Normal small Structurally normal
Symmetrically small
Normal AFI, activity and Doppler
Decreased growth velocity over 2 weeks

Starving small Structurally normal
Asymmetrically small (AC, FL >HC)
Reduced AFI and activity
Increased pulsatility index (PI) in the uterine/umbilical arteries; reduced PI in middle cerebral 

artery (MCA); abnormal ductus venosus ± abnormal CTG
Marked decrease in growth over 2 weeks

Abnormal small Fetal abnormalities
Symmetrically small or asymmetrical decrease in the head or limbs
AFI and fetal activity decreased, increased or normal
CTG and Dopplers normal or abnormal
Decreased growth over 2 weeks

AC: abdominal circumference, HC: head circumference, FL: femur length, CTG: cardiotocograph.
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abnormality. Normal growth is defined by measure-
ments of the head (biparietal diameter, head circum-
ference), abdomen circumference (AC) and femur 
length within the normal ranges for gestation. Fetal 
weight can be estimated by combining these para-
meters in a pre-determined formula. Abnormal growth 
is defined as measurements of the head and/or 
abdomen and/or limbs falling below the normal 
ranges.

Before the clinical onset of growth delay, there is a 
decrease in the umbilical venous (UV) volume flow 
and reduction in fetal cardiac output. Venous redistri-
bution leads to the downregulation of the glucose-
insulin-IgF growth axis and to decreased glycogen 
storage in the liver. Therefore, liver size is reduced 
with a fall in the AC before the EFW falls below the 
10th centile.

Fetal growth decline and the rate of decline in late 
pregnancy are both important considerations. Simple 
percentile cut-offs may be insufficient in the diagnosis 

the odds ratio for delivering an SGA infant was 8.5 
(95% CI 3.6–20.0).11 A large screening study involv-
ing more than 30,000 singleton pregnancies attending 
for routine care at 11–13 weeks established an algo-
rithm for the prediction of SGA in the absence of 
pre-eclampsia (PE). This was derived from maternal 
characteristics (history and uterine artery Dopplers) 
and serum biochemical markers (PAPP-A, β-human 
chorionic gonadotrophin (β-HCG), placental growth 
factor (PLGF) and AFP). Early estimation of patient-
specific risks for SGA could potentially improve preg-
nancy outcomes by shifting antenatal care from a 
series of routine visits to a more individualized package 
of care.12

Antenatal Monitoring
FETAL BIOMETRY
Fetal growth is dynamic and serial measurements at 2 
to 3 week intervals are needed to define normality and 

FIGURE 10-1 (A) The apparent cross over of the uterine artery and the external iliac vessels. (B) Normal uterine artery waveform with good 
diastolic flow. (C) Transvaginal scan of the para cervical uterine artery. (D) Flow velocity waveform of the uterine artery at 24 weeks in a 
pregnancy with impaired placentation: in early diastole there is a notch. 
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long-term variation. Decrease in short-term variation 
<3.5 ms is suggestive of fetal hypoxaemia.16

BIOPHYSICAL PROFILE
The biophysical profile (BPP) score incorporates 
dynamic fetal variables (tone, breathing and move-
ments), AFI and CTG into a composite scoring system. 
While individual components show correlation with 
fetal status, a composite score of all variables is the 
best predictor. Typically fetal breathing movements are 
the first to be affected in FGR, followed by fetal move-
ments and then fetal tone. In FGR, it is likely that 
Doppler changes occur prior to deterioration of the 
BPP score and therefore its use in FGR is limited.17 
However, many professionals would advocate the use 
of both the BPP score and Doppler in the monitoring 
of FGR fetuses.

FETAL DOPPLER
Umbilical Artery
Doppler assessment of the umbilical artery (UA, Figure 
10-2) evaluates blood flow from the fetus to the pla-
centa and as a result reflects placental vessel resistance. 
UA Doppler is the most commonly used surveillance 
tool in women diagnosed with FGR because it helps 
to distinguish FGR caused by placental disease from 
non-hypoxic or constitutional causes of SGA pregnan-
cies. Monitoring FGR pregnancies using UA Doppler 
has been shown to reduce mortality rate (OR 0.67, 
95% CI, 0.47–0.97) and lower the need for antenatal 
admissions, induction of labour, and Caesarean deliv-
eries.18 In contrast, routine Doppler in low-risk popu-
lations does not improve the outcome for mother or 
baby. Early in placental dysfunction there is an increase 
in the resistance to blood flow through the UA, and 
this is seen as increased systolic/diastolic (S/D) flow 
ratio or pulsatility index (PI). Abnormal UA Doppler 
indices are associated with fetal acid–base compro-
mise. Nicolaides et al. performed cordocentesis in 39 
FGR fetuses. Absent end diastolic flow in the umbilical 
artery was seen in 22 cases; 80% of these fetuses were 
found to be hypoxaemic and 46% also acidemic. In 
contrast only 12% of the fetuses with positive end 
diastolic flow were hypoxaemic and none was aci-
demic.19 In severe placental insufficiency, diastolic 
flow becomes absent or reversed (Figure 10-2), this is 

of FGR. The use of customized growth charts by 
Gardosi et al. has been shown to improve the detec-
tion of FGR.13 Gardosi et al. have developed a formula 
that adjusts for maternal factors to calculate the 
‘optimal weight’ at each gestation from 24 weeks. 
These factors have been incorporated into a software 
programme, GROW (gestation-related optimal weight; 
www.gestation.net). However, there is a lack of pro-
spective studies addressing its efficacy.

AMNIOTIC FLUID VOLUME ASSESSMENT
By the second trimester, the amniotic fluid volume 
primarily reflects fetal urine production. Placental 
dysfunction and fetal hypoxaemia may both cause 
redistribution of renal blood flow leading to oligohy-
dramnios. Therefore, amniotic fluid index (AFI)  
assessment is an essential part of fetal surveillance. In 
a meta-analysis, an antepartum AFI of 5 cm or below 
was associated with an increased risk of Caesarean 
section for fetal distress and an Apgar score of less 
than 7 at 5 minutes.14 Therefore, weekly AFI is re-
commended in FGR and more frequent fetal surveil-
lance once oligohydramnios is confirmed. Many 
professionals would advocate delivery if there is a 
sudden deterioration in the amniotic fluid volume 
after 34 weeks’ gestation.

FETAL HEART RATE MONITORING
The use of cardiotocography (CTG) is widely used 
antenatally and in labour to detect fetal hypoxia. The 
fetal heart rate (FHR) pattern can be analyzed visually 
by describing the baseline, variability and cyclical 
changes. In fetal hypoxia, the fetal heart rate increases 
with a reduction in the baseline variation. A systematic 
review of randomized control trials comparing ante-
natal CTG with controls in intermediate- and high-
risk pregnancies did not demonstrate any reduction in 
perinatal morbidity and mortality.15 The use of CTG is 
prone to a significant intraobserver and interobserver 
variation and, therefore, a high false-positive rate for 
abnormality. In preterm infants with FGR, the inter-
pretation of the CTG can be challenging. Furthermore 
in 50% of fetuses with a non-reassuring CTG, there is 
no evidence of acidosis in the neonate. The introduc-
tion of computerized FHR analysis has reduced the 
variability in the interpretation and redefines the 
parameters and allows the determination of short and 
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FIGURE 10-2 (A) Colour flow image of umbilical cord demonstrating two arteries and one vein. (B) The umbilical artery should ideally be 
interrogated at the placental end of the cord where the PI is lower. The normal umbilical artery waveform with normal flow in diastole. (C) The 
normal sequence of changes in the umbilical artery waveform as the fetus progresses from normal through hypoxia and acidosis: initially 
reduced flow in diastole, then absent flow in diastole to reversed end diastolic flow. 
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associated with increased perinatal mortality and 
morbidity.20

Early Signs of FGR – Middle Cerebral  
Artery (MCA) Doppler
Once 30% of the placental villous vasculature is oblit-
erated, the UA Doppler index becomes persistently 
increased and fetal blood pressure and oxygen transfer 
may decrease.21 The growth-restricted fetus reorgan-
izes its blood flow, shunting blood from visceral, less 
essential organs to vital organs such as the brain, heart 
and adrenal glands. In normal pregnancies the MCA 
peak systolic velocity (PSV) increases, and the MCA 
PI decreases, with gestation. In FGR fetuses, the ‘brain-
sparing’ effect is detected by a decrease in systolic/
diastolic (S/D) ratios or PI of the MCA (Figure 10-3). 
In severe fetal hypoxia, there is a rebound increase in 
S/D ratio and a diminished perfusion to the brain. 
Although the MCA Doppler does not consistently 
predict fetal deterioration, more recent data have 
shown that fetuses with normal UA Dopplers and 
abnormal MCA waveforms have earlier deliveries, 
more SGA, more Caesarean sections and increased 

neonatal unit admissions.22 The combination of 
reduced MCA PI with UA Doppler may have a role in 
optimizing the timing of the delivery of FGR fetuses.

Late Sign of FGR – Ductus Venosus (DV) Doppler
Once more than 50% of the placental villous vascula-
ture becomes obliterated, the UA EDF may be absent 
or reversed with worsening venous Doppler. At the 
aortic isthmus, there is a reduction in the diastolic 
forward flow, progressing to reversal in the diastolic 
flow as resistance in the fetoplacental unit increases. 
As a result more nutritional blood is diverted to the 
myocardium and cerebral circulation. The fetal veins 
that are evaluated by Doppler include the ductus 
venosus (DV), inferior and superior vena cava, and the 
umbilical vein (UV). The changes in blood flow in 
these vessels reflect the fetal heart compliance and its 
ability to cope with the preload. A decreased or 
reversed a-wave in the DV (Figure 10-4) is a result of 
decreased forward flow in atrial systole, while pulsa-
tions in the umbilical vein reflect increased central 
venous pressure.23 Abnormal venous Doppler indices, 
specifically reverse ‘a’ wave in the DV and UV 
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finally, changes in the DV and inferior vena cava Dop-
plers. Perinatal mortality was significantly higher if 
short-term variation and DV PI were abnormal com-
pared to only one or neither being abnormal. DV PI 
and short-term variation of FHR were important indi-
cators for the optimal timing of delivery before 32 
weeks gestation. In cases requiring delivery before 32 
weeks, the UA and MCA Dopplers and amniotic fluid 
changed on average, at least 4 weeks prior to delivery 
and the DV and CTG only one week prior to 
delivery.

Baschat et al. investigated the alterations in the 
haemodynamic circulation and the timing of the 
Doppler changes in relation to the biophysical profile 

pulsatility are typical in preterminal decompensation 
of the fetus. These findings indicate that the fetus is 
at high risk of acidaemia and stillbirth.

Surveillance of the  
Growth-Restricted Fetus
Numerous studies have evaluated the sequence of 
abnormal Doppler in FGR fetuses with placental dys-
function. Hecher et al. analyzed the sequence of 
changes in fetal monitoring variables in FGR.24 The 
first changes are a reduction in AFI and a rise in the 
UA PI, followed by a reduction in MCA PI, then a 
decrease in the short-term variation on the CTG and, 

FIGURE 10-3 (A) The circle of Willis and selection of the correct site of measurement of the MCA Doppler waveform. The arrow shows the 
best site of measurement of the MCA Doppler waveform. (B) Graph demonstrating the normal change in PI value in the MCA Doppler with 
increasing gestational age. (C) Power Doppler image of the circle of Willis. (D) The change that occurs as the fetus becomes hypoxic, there is 
redistribution with increasing flow in diastole in the fetal cerebral vessels. 
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delivery in 50% of cases.26 Furthermore, DV abnor-
mality preceded the loss of short-term variability in 
FHR and in 90% of cases it became abnormal only 48 
to 72 hours before the biophysical profile (Figure 
10-5).27

There is evidence that FGR fetuses have altered 
cardiac function as demonstrated by a raised myocar-
dial performance index (MPI) before the arterial and 
venous Doppler become abnormal.28 However, in a 
recent large prospective study, multivessel Doppler 
assessment was carried out in FGR fetuses (UA, MCA, 
DV, aortic isthmus index and MPI). UA and MCA 
remained the most practical tool in identifying adverse 
perinatal outcome in FGR fetuses.29

Timing the Delivery of the Growth-
Restricted Fetus
EARLY-ONSET FGR <34 WEEKS
In early-onset FGR, safe prolongation of pregnancy  
is a primary management goal, as gestational age at 

score in severe FGR fetuses. Forty-four of 236 FGR 
fetuses (19%) required delivery for abnormal biophys-
ical profile scoring. Three patterns of Doppler deterio-
ration were observed: worsening UA PI, with cerebral 
redistribution and venous deterioration (72%); abnor-
mal pre-cordial venous flows (14%) and abnormal DV 
only (9%). In the majority (71%), Doppler deteriora-
tion occurred 24 hours before the biophysical profile 
score declined. In the remaining cases, Doppler dete-
rioration occurred simultaneously with a biophysical 
profile score of less than 6.25

An observational study was carried out by Ferrazzi 
et al. on FGR fetuses before 32 weeks’ gestation where 
they compared Doppler changes on five fetal vessels 
in the peripheral and central circulations. Delivery was 
based on an abnormal CTG and not on Doppler infor-
mation. They found that in 50% of cases, early changes 
in UA and MCA Doppler occurred 15 to 16 days 
before delivery. Late changes including reverse flow in 
the UA and abnormal Doppler in the DV, aortic and 
pulmonary outflow tracts occurred 4 to 5 days before 

FIGURE 10-4 (A) The normal anatomy of the ductus venosus. (B) Spectral analysis of the ductus venosus waveform. (C) The changing appear-
ance of the ductus venosus waveform as the fetus becomes hypoxic and then acidotic. 
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prematurity. Such an integrated monitoring approach 
can safely delay delivery for up to 2 weeks.

The diminishing glucose supply forces the brain 
and heart to metabolize lactate and ketones as their 
primary energy sources. With worsening placental 
function, the transfer of these essential nutrients 
becomes impaired and impacts on long-term neurode-
velopment. Fetal acidaemia, rather than hypoxaemia, 
carries a greater risk for irreversible developmental 
delay.31 Intact survival increases substantially with 
gestation by about 2% per day between 24 and 28 
weeks and then about 1% per day until 32 weeks. 
Consequently, the threshold for delivery should be 
inversely related to gestation. The European Growth 
Restriction Intervention Trial (GRIT) compared the 
effect of preterm delivery (at 24 to 36 weeks), based 
on UA Doppler, with that of delayed delivery by other 
clinical factors.32 It concluded that earlier delivery is 

delivery impacts both short-term and neurodevelop-
ment outcomes. Clinical progression can be predicted 
by UA and DV Doppler. Umbilical artery Doppler 
analysis has been shown to reduce perinatal morbidity 
and mortality in high-risk groups. Ductus venosus 
Doppler has moderate predictive value for acidaemia 
and adverse outcome and is useful for the surveillance 
and timing of delivery in the preterm small for gesta-
tional infants with abnormal UA Doppler.8 The rate of 
progression from abnormal umbilical artery to venous 
Doppler deterioration varies between 4 to 6 weeks.30 
When UA EDV is present and there are no additional 
obstetric factors, weekly surveillance is appropriate. 
Absence or reversal of UA end diastolic velocity, 
increasing DV Doppler indices, and decreasing AFI 
indicate disease acceleration and require increased fre-
quency of monitoring – up to daily monitoring 
perhaps, if delivery cannot be justified due to severe 
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FIGURE 10-5 (A) The changes that occur in the umbilical 
artery, middle cerebral artery and ductus venosus as the 
fetus becomes hypoxic and then acidotic. (B) The 
sequence of Doppler, FHR variation and AFI changes with 
time before delivery in FGR fetuses. 
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diverts blood towards the basal ganglia at the expense 
of the frontal lobe. Monitoring intervals should be 
adjusted based on MCA Doppler and FHR parameters. 
There is a low threshold for recommending delivery 
after 34 weeks in FGR babies. When any parameter is 
abnormal (i.e. low MCA PI, elevated UA PI or reduced 
AFI), there is no advantage in delaying delivery later 
than 37 weeks.

Term FGR babies are often unrecognized and con-
tribute to over 50% of unanticipated stillbirths. Term 
FGR infants have a five- to seven-fold risk of devel-
oping cerebral palsy compared with gestational age-
matched infants with normal birthweights. The 
Disproportionate Intrauterine Growth Intervention 
Trial at Term (DIGITAT) compared induction of labour 
with expectant management in suspected IUGR at 
term. The incidence of short-term neonatal morbidity 
in FGR babies at term is comparable. Women who  
are keen on non-intervention can opt for expectant 
management with intensive maternal and fetal 
monitoring.35

However, infants will become relatively smaller the 
longer the pregnancy continues and being born 
severely growth restricted appears to be associated 
with worse long-term outcomes. Inducing labour in 
these cases means that babies who will not grow any 
further can be removed from their hostile environ-
ment. Therefore, it is reasonable to offer induction of 
labour after 38 weeks to prevent possible neonatal 
morbidity and stillbirth.35

Figure 10-6 presents a proposed pathway for the 
antenatal monitoring of FGR pregnancies.

NEURODEVELOPMENT IN FGR
Compared to normally grown babies, FGR infants are 
at an increased risk of hypothermia, hypoglycaemia, 
respiratory distress, polycythemia, intraventricular 
haemorrhage and necrotizing enterocolitits during the 
neonatal period. In FGR infants, the overall perinatal 
mortality rate is increased 8 to 10 times. Fetal acidae-
mia has a stronger adverse neurodevelopmental impact 
than hypoxaemia alone. Gestation at delivery and 
birthweight are significant determinants of neurode-
velopment. Even in mild FGR, cerebral redistribution 
is associated with abnormal neurodevelopment.36 Fur-
thermore, these infants are at an increased risk of adult 

associated with higher neonatal mortality and 
increased neurodevelopmental delay secondary to pre-
maturity complications. FGR neonates delivered 
before 26 weeks and/or with a birthweight <500 g 
have survival chances below 50%. Between 26 to 29 
weeks, each day in utero improves the survival rate 
by up to 2%. Delaying delivery until biophysical 
parameters become abnormal can potentially prolong 
pregnancy up to 10 days with an estimated 20% 
increase in survival chances.

Baschat et al. studied predictors of poor neonatal 
outcome in 604 early-onset FGR infants. Gestational 
age was the most significant determinant of neonatal 
survival until 26+6 weeks’ gestation and a significant 
contributor to major morbidity until 29+2 weeks. 
Beyond this, the DV Doppler and cord artery Ph at 
delivery predicted neonatal mortality. DV Doppler 
alone predicted intact survival. Baschat et al. found a 
neonatal mortality rate of 20% in FGR infants and an 
intact survival rate of 58%.33 There is an ongoing 
randomized multicentre study (Trial of Umbilical and 
Fetal Flow in Europe, TRUFFLE) that looks at the 
timing of delivery in early-onset FGR between 26 and 
32 weeks’ gestation.34 It evaluates the role of DV 
assessment (early DV changes (PI > 95th centile) and 
late DV changes (absent ‘a’ wave)) compared to FHR 
monitoring (short-term variation) for timely delivery 
of early-onset FGR. The primary outcome is survival 
without neurodevelopmental impairment at two years 
of age, corrected for prematurity. The final results are 
still not known. The secondary outcome measure from 
the TRUFFLE study looked at the composite neonatal 
morbidity and mortality. The preliminary results 
showed that the majority of babies were born by Cae-
sarean section within 1 to 2 weeks of randomization 
and one fifth of the fetuses died or suffered from severe 
sequelae. The most important contributors to neonatal 
outcome were gestational age and umbilical : middle 
cerebral artery pulsatility.

LATE-ONSET FGR >34 WEEKS
Term FGR presents with subtle Doppler and biophysi-
cal abnormalities. In late-onset FGR, fetal biometry is 
asymmetrical with reduced AFI and a mature placenta 
on ultrasound. Isolated brain sparing in the absence 
of UA index elevation and loss of FHR reactivity are 
characteristic abnormalities. The ‘brain sparing’ effect 
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Conclusion
Preterm and term growth restriction are considered  
as two separate entities. The decision to deliver 
depends upon balancing the risks of continued chronic 
hypoxia against the risks of prematurity. Management 
strategies for pregnancies that are complicated by FGR 
need to be individualized. Further randomized trials 
are needed in order to test specific management 
options.
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metabolic syndromes such as heart disease, hyperten-
sion and Type 2 diabetes later in life.

PROTON MAGNETIC RESONANCE SPECTROSCOPY
Proton magnetic resonance spectroscopy (MRS) is a 
non-invasive method of obtaining measurements of 
several metabolites of biological importance from the 
brain.37 Lactate is a product of anaerobic respiration 
which is elevated in FGR fetuses in cord blood at 
delivery.38 Previous studies have shown that lactic acid 
is undetectable in the normal neonatal brain at term. 
In contrast, high lactate : choline ratio has been cor-
related with adverse neurological outcomes in neonates 
with hypoxic-ischaemic encephalopathy. Further 
research is needed to understand the significance of 
lactate and other metabolic markers of hypoxaemia 
during prenatal life in FGR fetuses.

FIGURE 10-6 Proposed pathway for the antenatal monitoring of FGR pregnancies. AEDF, absent end diastolic flow; REDF, reversed end diastolic 
flow. 
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Chapter 11 

Embryology
INTRODUCTION
The rate of change in the appearances of the develop-
ing fetal brain is quite remarkable and ultrasound has 
undoubtledly opened a new window into developing 
embryology. However it is important to realize that 
normality of the brain can only be determined if  
the gestational age is accurately known, and with 
knowledge and appreciation of the evolution and 
development of the human brain. It is through under-
standing human embryology that we recognize with 
ultrasound any deviations from normal anatomy that 
may occur.

The basic embryology will be described below 
(Table 11-1); however in addition, development of the 
prominent structures within each of the essential 
planes will be described in more detail later. It is the 
timing of the scan that is vital when attempting a firm 
diagnosis with ultrasound; it is important to know 
when a particular anatomical structure should always 
be recognizable on scan rather than the earliest docu-
mented sighting, i.e. the concept of the threshold 
versus the discriminatory level for exclusion of an 
abnormality. For example, the cerebellar vermis does 
not fully form until 19 weeks’ gestation and therefore 
exclusion of inferior vermian agenesis, an important 
diagnosis prognostically, may not be made with con-
fidence until this time.1,2

Brain Structure in Terms of the  
Ultrasound Scan
The brain may be divided into supratentorial struc-
tures (cerebral hemispheres, ventricular system and 
midline structures) and infratentorial structures  
(cerebellar hemispheres, vermis and fourth ventricle), 
and achieving a diagnosis of abnormality requires the 

Cranial Abnormalities
Anne Marie Coady
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TABLE 11-1 Normal Human Brain Development

Week 5 Primitive streak becomes the neural plate
Neural plate becomes neural groove

Week 6 Neural groove folds to form a tube (Figure 11-1)
Upper 2

3  the brain (rostral or anterior 
neuropore)

The lumen of the anterior neuropore forms:
• the ventricular system

The substance thickening to form the brain 
substance

Bottom 1
3 the cord (caudal or 

posterior neuropore)
The lumen of the posterior 

neuropore forms:
• the central canal

The substance thickening to 
form the spinal cord

Three primary brain vesicles develop:
• forebrain (prosencephalon)
• midbrain (mesencephalon)
• hindbrain (rhombencephalon)

The optic vesicle which later forms the retina 
and optic nerves

Insults at this stage result in anencephaly Insults at this stage result in 
neural tube defects

Week 7 Prosencephalon divides into the telencephalon 
and diencephalon (Figure 11-2):

The telencephalon forms:
• the cerebral hemispheres
• the caudate and the putamen
• the accompanying lateral ventricles.

The diencephalon forms:
• the thalami, hypothalamus
• the globus pallidus
• the accompanying third 

ventricle.
Mesencephalon forms the midbrain and the accompanying aqueduct of Sylvius.
Rhombencephalon divides into the metencephalon and myelencephalon:
The metencephalon forms:

• the pons and cerebellar hemispheres,
• vermis
• it contributes to the 4th ventricle

The myelencephalon forms:
• the medulla
• it contributes to the 4th 

ventricle
During this week the eyes, nasal pits and mouth begin to develop.
Insults at this stage result in abnormalities of midline development such as 

agenesis of the corpus callosum and holoprosencephaly
Week 8–Term By this stage, differentiation has occurred to form the basic template of the 

structure of the brain; thereafter there is further growth and development.

sonographer not only to detect that there is an abnor-
mality present, but to also to define which parts of the 
brain are involved.

There are two components to the assessment of the 
brain by ultrasound:

• The first is to confirm that early embryological 
development has proceeded normally. This is 
based on the assumption that normal brain 
shape indicates normal brain structure and 
development.

• The second is to be familiar with the changes 
in the brain that occur with advancing 
gestational age and how these impact upon the 
ultrasound image.

There are three axial image planes through the fetal 
brain that allow for an effective screen for normality. 
Studies show that 95% of all central nervous system 
abnormalities may be detected using this approach.3

1. The transthalamic view (Figure 11-3A) is  
that initially used for measuring the head  
circumference and the biparietal diameter  
(Figure 11-4).

2. The transventricular view (Figure 11-3B) is 
obtained superior and parallel to plane (A) at 
the level of the ventricular atrium (Figure 11-5).

3. The transcerebellar view (Figure 11-3C) is 
inclined inferiorly through the posterior fossa 
(Figure 11-6).
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FIGURE 11-1 Neural tube formation, developmental stage at a gestational age of 6 weeks 2 days. (A) Dorsal aspect; (B) lateral aspect. 
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FIGURE 11-2 Embryonic brain development with primary vesicles (prosencephalon, mesencephalon and rhombencephalon), secondary 
vesicles and postnatal tissues and cavities. 
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Normal Anatomy and Development  
of the Brain
Each plane of assessment will be described with 
respect to the anatomical landmarks and the struc-
tures that can be assessed within this plane.

TRANSTHALAMIC PLANE
Transthalamic plane (Figures 11-3 and 11-4): the 
landmarks for this plane are:

1. Cavum septum pellucidum (CSP) which is a 
small anechoic rectangular box situated in the 
midline at the junction of the anterior and 
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a. Midline prosencephalon.
The corpus callosum is a bundle of fibres that 
connects the two cerebral hemispheres across 
the midline. It comprises four sections that 
develop from 7 weeks’ gestation beginning 
with the most anterior portion called the 
genu. The body and splenium subsequently 
and sequentially develop, with the rostrum 
(continuous with the genu extending inferi-
orly and then posteriorly) being the last 
section to develop. The corpus callosum has 
formed in its entirety by 20 weeks after which 

FIGURE 11-4 Transthalamic plane. CSP (block arrow), thalami 
(double headed arrow), and Sylvian fissure (line arrow). 

FIGURE 11-5 Transventricular plane. CSP (line arrow), atrium of the 
lateral ventricle containing the choroid plexus (block arrow), and 
frontal horns (curved arrow). 

FIGURE 11-6 Transcerebellar plane. CSP (curved arrow), cerebellum 
(line arrow), and cisterna magna (block arrow). 

FIGURE 11-3 Sagittal view of the fetal head showing the three image 
planes used in the assessment of fetal cranial anatomy: (A) transtha-
lamic; (B) transventricular; (C) transcerebellar. 

A

B

C

middle one-thirds. It is very important to note 
that there are no echoes within the CSP and it 
does not have a well-defined anterior and pos-
terior border.

2. Posterior to the CSP are the paired hypo-echoic 
thalamic nuclei separated by the slit-like 3rd  
ventricle (this is normally less than 2 mm in size).

3. The Sylvian fissure is an indentation on the 
outer surface of the cerebral hemisphere  
whose size and shape varies with advancing  
gestational age.

Anatomical structures assessed on this section:
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gestation diagnosis of abnormalities can be 
achieved with accuracy. Insults during devel-
opment that occur prior to 12 weeks result 
in complete agenesis, with partial agenesis 
(dysgenesis) after this gestation. The devel-
opment of the cavum septum pellucidum 
and the corpus callosum are intimately 
related; if the corpus callosum is not present 
then the cavum septum pellucidum will not 
have formed, however the converse is not 
true, the CSP can be absent in the presence 
of an intact corpus callosum (Figure 11-7).

b. Supratentorial ventricular system.
c. Cerebral hemispheres.
d. Head size, shape and cranial vault ossifica-

tion.
Pitfalls and normal variants of this plane:
1. The fornices of the hypothalamus will also 

appear as a box-like midline structure just below 
the level of the CSP. The fornices will always 
have a midline echo through the centre of the 
box (Figure 11-8).

2. The cavum septum vergae is a recognized 
normal variant and it is simply a posterior exten-
sion of the cavum septum pellucidum. It is not 
an abnormality (Figure 11-9).

TRANSVENTRICULAR PLANE
Transventricular plane (Figures 11-3 and 11-5): this 
plane is parallel and superior to the transthalamic 
plane and the landmarks for this plane are:

FIGURE 11-7 (A) Sagittal view of corpus callosum. The normal complete curved hypo-echogenic corpus callosum is seen in its entirety (line 
arrow). (B) The normal rectangular hypo-echoic corpus callosum (line arrow) is seen just below the echogenic falx cerebri (block arrow). 

A B

FIGURE 11-8 Normal cavum septum pellucidum and normal for-
nices, sonographic appearance at 21 weeks. This set of images 
demonstrates how easy it is to confuse the fornices with the CSP. 
The CSP is completely anechoic (line arrow), the fornices are sepa-
rated (block arrow). In a slightly more caudal parallel section, the 
midline is actually not interrupted. The two commissural fibre 
bundles running parallel to the midline, the fornices, may give the 
false impression of the presence of a cavum septum pellucidum. 

1. Choroid plexus within the lateral ventricle par-
ticularly within the atrium of the lateral ventricle 
(Figure 11-5).

2. Hypo-echoic featureless cerebral hemispheres, 
with the lateral sulcus or the Sylvian fissure the 
only real infolding seen at the time of the fetal 
anomaly scan at 18 to 22 weeks (Figures 11-5  
and 11-6).

Anatomical structures assessed on this section:
a. Supratentorial ventricular system.

The ventricular atrium is stable in size 
throughout gestation from 15 weeks to term, 
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and there is greater clarity of the cerebral borders 
with the ventricular walls becoming more clearly 
defined and the arachnoid surface distinct. 
From 20 weeks onwards there is a well-
recognized rate of appearance of the sulci and 
the fissures of the brain, sulci are first seen as 
little notches of the brain surface which become 
more well-defined infoldings with age (Figure 
11-11; Table 11-2).
c. Head size, shape and cranial vault ossifica-

tion.
The fetal head is essentially elliptical (occa-

sionally rounded) being broader posteriorly and 
symmetric without irregularity of contour. Ossi-
fication of the skull vault is complete by 12 
weeks’ gestation with the sutures remaining 
visible throughout pregnancy. The skin overly-
ing the vault is thin, measuring 1 to 2 mm thick-
ness, increasing slightly posteriorly (nuchal 
thickness) to a maximum that varies with gesta-
tional age.8

TRANSCEREBELLAR PLANE
The landmarks for this plane are (Figures 11-3 and 
11-6):

1. Cerebellar hemispheres.
2. Superior vermis.
3. Cisterna magna.
4. Cavum septum pellucidum.

with a mean measurement first reported as 
7.6 mm ± 0.6 mm SDs, giving a measurement 
of 10 mm as +4 SD above the mean (Figure 
11-10). Ventriculomegaly is diagnosed when 
the atrium measures 10 mm and above.4,5 Ven-
tricular symmetry is assumed in the routine 
assessment of the atria using the ventricular 
atrial measurement. The cerebral hemispheres 
should be symmetrical in thickness and shape. 
In the late first /early second trimester (before 
16 weeks), the dominant features on images 
of the cerebral hemispheres are the highly 
echogenic choroid plexi which fill each of the 
lateral ventricles. The third ventricle becomes 
more readily visible, defined laterally by its 
walls, which are echogenic, linear and separated 
by 1–2 mm.
b. Cerebral hemispheres.

The cerebral hemispheres are themselves fea-
tureless and hypo-echoic with both ventricular 
and arachnoid surfaces being indistinct, unless 
the surfaces are perpendicular to the ultrasound 
beam when they produce a strong specular 
echo. By mid-second trimester (18–20 weeks), 
folding (sulcation) of the cerebral hemispheres 
begins with the definition of the lateral sulcus 
or Sylvian fissure (Figure 11-5): this is first seen 
as a rectangular-shaped indentation on the 
surface of the brain. As the pregnancy progresses 
the cerebral tissue becomes less hypo-echoic 

FIGURE 11-9 The normal cavum septum vergae (line arrow). FIGURE 11-10 Normal fetal cerebral lateral ventricle. 
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FIGURE 11-11 The normal parieto-occipital fissure on the medial 
aspect of the hemisphere (line arrow). 

TABLE 11-2 Gestational Age at Which Primary Fissures and Sulci Become Visible at US 
and MRI Examinations6,7

Ultrasound MRI

Structure

1st Seen:
Gestational 
Age in Weeks

Always Seen:
Gestational 
Age in Weeks

1st Seen:
Gestational 
Age in Weeks

Always Seen:
Gestational 
Age in Weeks

Parieto-occipital fissure 18.5 20.5 18–19 22–23
Calcarine fissure 18.5 21.9 18–19 22–23
Cingulate sulcus 23.2 24.3 24–25 28–29
Convexity sulci 23.2 27.9 26–27 28–29
Central sulcus 26–27 26–27

Pitfalls and Normal Variants of This Plane
If this plane is assessed by over-angling inferiorly then 
a cleft in the inferior vermis may be seen simulating 
an inferior vermian problem, the cisterna magna will 
measure more than the normal 10 mm and a mega 
cisterna magna is diagnosed.

Anatomical structures assessed on this section:
a. Midline prosencephalon.
b. Posterior fossa anatomy.

The cerebellum consists of paired, round hemi-
spheres connected by an echogenic midline bridge, 
the vermis, which has two discrete components: the 
superior and the inferior vermis. The cisterna magna 
lies posterior to the vermis and is crescentic in shape. 
It is measured in the midline from the posterior  
aspect of the vermis to the internal surface of the 
occipital bone, and should measure between 4 and 
10 mm (Figure 11-6). The posterior fossa structures 
can be reliably imaged in 90% of fetuses between 15 

and 25 weeks’ gestation.3 In the midline within the 
cisterna magna, several fine echogenic lines may be 
observed in 92% of scans between 15 and 38 weeks’ 
gestation. These are thought to represent arachnoid 
septae and are not of pathological significance  
(Figure 11-12).

The cerebellar hemispheres are recognized on 
ultrasound as discrete structures from 12 to 13 weeks’ 
gestation with the vermis recognizable approximately 
1 week later. The cerebellum changes in size and 
appearance with advancing gestational age. Initially, 
the hemispheres are hypo-echoic with echogenic 
margins but, with increasing development of the folds 
of the surface (known as folia), they become increas-
ingly echogenic with a characteristic appearance by 
the late second trimester. Formation of the vermis 
itself is not complete until 19 weeks and it is consist-
ently echogenic on ultrasound.9 The fourth ventricle 
is a fluid-filled, triangular structure, sited anterior to 
the vermis in the midline. The vermis always inter-
poses between it and the cisterna magna from 19 
weeks when vermian development is complete (Figure 
11-13 A and B). The cerebellum is sometimes more 
elegantly demonstrated even between 21 and 39 
weeks’ gestation by transvaginal (TV) ultrasound.10 
There are normal values for all dimensions of the 
vermis and normal values for the transcerebellar diam-
eter also.11

Fetal Neurosonography
The introduction of high-resolution probes, a greater 
understanding of the normal embryology and a recog-
nition that the assessment of the neonatal cranial 
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2. The entire fetus must be carefully examined to 
search for any associated abnormalities in other 
body systems.

3. It may be appropriate to consider invasive 
testing to detemine fetal karyotype as the risk of 
aneuploidy is increased if there are multiple 
systems involved, or if certain central nervous 
system abnormalities, such as Dandy–Walker 
malformation, holoprosencephaly and encepha-
locoele are diagnosed.

Abnormalities of the Cranial Vault
1. Anencephaly and exencephaly sequence.
2. Abnormalities of head size.
3. Abnormalities of head shape.

ANENCEPHALY
Anencephaly is the most severe form of neural tube 
defect which results from failure of closure of the 

anatomy through the still-open fontanelles could be 
applied to the developing fetus has resulted in the 
concept of the fetal neurosonogram.

The views of the fetal neurosongoram can, with 
practice and skill, be obtained enabling the fetal brain 
to be imaged in a variety of additional planes. There 
are at least seven additional views as defined by the 
term neurosonography: three sagittal planes and four 
to five coronal planes. These planes are assessed 
through the anterior fontanelle and the technique is 
a well-recognized sweep from side to side in the sag-
ittal plane and from front to back in the coronal 
plane.12

A pictorial review of these planes is the best way to 
illustrate the technique and the structures that can be 
evaluated at each plane (Figures 11-14 to 11-21).

The Sonographic Approach to Central 
Nervous System Abnormalities
GENERAL PRINCIPLES
In the assessment of any central nervous system 
abnormality there are a few general principles that are 
important in helping to establish the prognosis and 
hence help the parents to reach a decision regarding 
management.

1. The entire brain must be carefully examined to 
establish how many abnormalities are present; 
remember that midline abnormalities such as 
Dandy–Walker malformation and agenesis of 
the corpus callosum often go together.

FIGURE 11-12 Normal arachnoid septations in the cisterna magna 
(line arrow). 

A

FIGURE 11-13 (A) Normal axial appearances of the inferior vermis 
(line arrow) and the 4th ventricle (curved arrow). (B) Beautiful sagittal 
anatomy of the posterior fossa. Inferior vermis: line arrow; 4th ven-
tricle: curved arrow; and brainstem: block arrow. 

B
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FIGURE 11-14 Coronal section 1. This is a plane through the frontal 
lobes anteriorly. Hallmark: middle hemispheric fissure (arrow). 

FIGURE 11-15 Coronal section 2. This is a plane through the anterior 
horns of the lateral ventricle (arrow). 

FIGURE 11-16 Coronal plane 3. This is a plane through the genu of 
the corpus callosum: the cavum septum pellucidum (CSP) (line 
arrow) and the hypo-echoic corpus callosum (CC) (block arrow) are 
beautifully demonstrated. Sylvian fissures (curved arrow). Wings of 
the sphenoid bone (closed arrowhead). Superior orbital margins 
(open arrowhead). 

FIGURE 11-17 Coronal plane 4. This is a plane through the thalami. 
Body of the lateral ventricle containing the choroid plexus (block 
arrow). Thalami (double arrow). Brainstem (curved arrow). 

FIGURE 11-18 Coronal plane 5. This is a plane through the occipital 
horns of the lateral ventricle. Lateral venticles (line arrows). Cerebel-
lum (block arrow). 

FIGURE 11-19 Midline sagittal plane 1. CC (block arrow). CSP 
(upper curved arrow). Cerebellum (double arrow). 4th ventricle (line 
arrow). Pons (lower curved arrow). 
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The incidence according to EUROCAT data is 3.75 
per 10,000 births which is undoubtedly decreasing 
due to prenatal diagnosis and termination of 
pregnancy.

It is believed that anencephaly is the end stage of 
a sequence of events14 that begins with lack of the 
skull vault (‘acrania’) with exposure of the delicate 
fetal brain to the amniotic fluid. The exposed brain 
which may be referred to as the angiomatous stroma 
is initially quite normal in appearance (Figure 11-23). 
The bulging of the brain above the orbits produces 
‘the Mickey Mouse face’ sign which now allows for 
diagnosis of this lethal defect in the first trimester 
(Figure 11-24);15 this phase is the exencephaly 
phase.16,17 Finally, due to destruction of the cerebral 

rostral neuropore (see Embryology, above) and is rec-
ognized by failure of development of the skull vault. 
This defect was traditionally diagnosed at the anatomy 
scan when the bones of the cranium were found to be 
deficient above the level of the orbits. The character-
istic sonographic feature at this stage is the so-called 
‘frog’s face’ appearance which is due to complete lack 
of bone and brain above the level of the orbits, with 
the eye sockets appearing enlarged (Figure 11-22). 
With the widespread introduction of the 11 to 13 
week scan, most cases of anencephaly are diagnosed 
at this stage of gestation.13

FIGURE 11-20 Midline sagittal plane 2. Anterior cerebral artery 
(block arrow). First part of the peri-callosal artery following the 
corpus callosum (line arrow). 

FIGURE 11-21 Parasagittal plane 3. Parasagittal plane. Lateral ven-
tricle (line arrows). Choroid plexus (block arrow). 

FIGURE 11-22 Anencephaly at 20 weeks. Curved arrow: relatively 
normal extruded brain substance without covering cranium. Line 
arrow: frog’s eye appearance due to lack of bone above the orbits. 

FIGURE 11-23 Acrania: the extruded cranial contents may almost 
look normal (line arrow). 
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Associated Anomalies and the Risk of an Associ-
ated Chromosomal Defect. Additonal defects are 
seen in 25–50% of cases and these tend to be neural 
tube defects such as spina bifida, iniencephaly and 
craniorachischisis; however cleft lip/palate, omphalo-
coele, congenital heart disease and limb anomalies 
have also been described. From the literature it is dif-
ficult to ascertain how many of these reported associ-
ated anomalies were not part of an original amniotic 
band syndrome! If the anencephaly is isolated, then 
the risk of an underlying chromosomal defect is con-
sidered to be very low, but any additional defects on 
ultrasound will increase this risk to 11%.18

Obstetric Management. As this is a lethal anomaly, 
termination of pregnancy can be considered as an 
option. In fact, only a few cases survive more than a 
week after birth.

Encephalocoele
An encephalocoele is also characterized by a defect in 
the skull and dura through which the meninges herni-
ate with or without skin covering. Encephalocoeles 
may be classified according to their location, i.e. the 
bone of the brain affected.

• Midline occipital, 85% of cases.19,20

• Eccentric parietal, 15% of cases.
• Frontal (very rare).
The encephalocoele may also be classified accord-

ing to the contents of the meningeal sac: a cranial 
meningocoele contains only meninges whereas a true 
encephalocoele contains brain tissue (Figure 11-26 A 

FIGURE 11-24 Exencephaly: the coronal facial appearance of the 
‘Mickey Mouse face’ due to the fact that the almost intact brain 
hemispheres resemble, on a coronal view, large Mickey Mouse ears 
(arrow). 

hemispheres, the typical anencephaly stage is then 
reached (Figure 11-22).

Differential Diagnosis
At the exencephalic stage of the sequence the defect  
may resemble a large posterior encephalocoele; how-
ever with an encephalocoele there will always be some 
normal cranial bone visible which is obviously not the 
case with anencephaly (Figure 11-25 A and B).18

The amniotic band syndrome may actually produce 
anencephaly, but the true nature of the aetiology  
will be evident when the additional defects of this 
syndrome such as limb amputation, spinal anomalies 
– especially scoliosis, and large abdominal wall defects 
are seen.

FIGURE 11-25 (A and B) Early encephalocoele: the defect of the cranial vault is never complete and parts of the various bones are always 
recognizable (thin arrows) which is not the case for anencephaly. Encephalocoele (block arrow). 

A B
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anencephaly, but there will always be visible bone 
above the orbits (Figure 11-28). As with anencephaly 
the amniotic band syndrome may actually produce an 
encephalocoele (Figure 11-29).

Associated Anomalies and the Risk of Chromo-
somal Defects. In the presence of an encephalocoele 
there is a risk of an associated cerebral and extracer-
ebral abnormality in 60–80% of cases.19,20 Encephalo-
coeles may be one component of a genetic syndrome 
or condition of which the most common are Meckel–
Gruber syndrome and Walker–Warburg syndrome. It 
is important to recognize these syndromes as many are 
autosomal recessive conditions with a risk of recur-
rence of 1 in 4, and as they can be recognized on 
ultrasound, there is the opportunity to offer earlier 
targeted screening in subsequent pregnancies. The lit-
erature suggests a 13–44% risk of chromosomal 
abnormality, in particularly trisomy 13 and 18, and 
therefore karyotyping should be discussed and 
offered.19,20

Prognosis, and hence management, will depend  
on the site, size and content of the encephalocoele,  
the karyotype, associated abnormalities and ease of 
surgical reduction and repair. Should the chromo-
somes be abnormal, this will be the determining prog-
nostic factor. If there are associated abnormalities, 
clinical geneticists should be consulted for their advice 

and B). The Chiari III malformation is the term for an 
encephalocoele which contains the cerebellum.

Sonographically a sac containing either fluid or 
herniated brain is seen along with the underlying 
cranial vault abnormality in 80% of cases. There is 
considerable variation in the size of these defects and 
some small lesions may be missed altogether (Figure 
11-27). In addition the appearance will change 
throughout gestation with gradual destruction of  
the extruded brain to produce a picture very like 

FIGURE 11-26 (A) A moderate-sized occipital encephalocoele demonstrating the herniated brain substance (line arrow) and the cranial defect 
(block arrow). (B) A cranial meningocoele which contains membranes and fluid only. 

A B

FIGURE 11-27 True encephalocoele. This very small lesion (arrow) 
was initially only detected on a transvaginal scan. 
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as to the likelihood of a syndrome unifying the scan 
features that will allow a prognosis and risk of recur-
rence to be ascertained.21

Good prognostic indicators are defects that are 
anterior, contain no brain, and have no other anoma-
lies identified. Poor prognostic features on scan are 
encephalocoeles that are posterior and large, or those 
that contain brain and are associated with other system 
anomalies. Prenatal series report low survival rates of 
21%, with significant developmental delay in the sur-
vivors, compared with an overall survival rate in a 
postnatal series of 71%.21,22

Further abnormalities of the cranial vault detecta-
ble on the transthalamic and the supraventricular 
planes are now described.

FIGURE 11-28 The changing appearances of an occipital encephalocoele: from top left, clockwise progression to profound microcephaly (line 
arrow). 

FIGURE 11-29 An encephalocoele due to amniotic band syndrome, 
with the arrows demonstrating the amnion attachment to the herni-
ated brain substance. 
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Scaphocephaly and brachycephaly are abnormali-
ties of skull shape that are not always associated with 
abnormal outcome. Scaphocephaly occurs when the 
skull vault is elongated in axial section (Figure 11-32). 
The head circumference is normal, but the biparietal 
diameter is small and is most commonly seen in cases 
with oligohydramnios; the intracranial anatomy 
remains normal.

Brachycephaly occurs when the biparietal diameter 
is large in comparison to the head circumference and 
whilst it may be observed in normal fetuses, a search 
should be made for any suggestive features of 
aneuploidy.

Other head shapes are:
1. The strawberry-shaped head of trisomy 18  

(Figure 11-33).
2. Cloverleaf head shape of the craniosynostoses 

(e.g. Apert syndrome) or short-limbed dwarfism 
(e.g. thanatophoric dwarfism).

ABNORMALITIES OF THE CEREBRAL MANTLE
Primary Underlying Brain Abnormalities Including 
Defects of Sulcation

• Ventriculomegaly.
• Lissencephaly.
• Schizencephaly.
• Heteropias.

Acquired Defects of the Cerebral Mantle/Cerebral Cortex
• Ventriculomegaly.
• Intracranial haematoma.
• Porencephaly.
• Periventricular leukomalacia.
• Hydranencephaly.
• Infection.

Ventriculomegaly (VM)
Ventriculomegaly is simply a descriptive term for 
enlargement of the intracranial ventricular system 
which is distinct from hydrocephalus, which implies 
not only enlargement, but also raised pressure within 
the system. Ventriculomegaly is defined as a ventricu-
lar atrium, at any gestation, which measures 10 mm 
or greater and it is reported in 0.05% to 0.3% of all 
pregnancies.4

ABNORMALITIES OF HEAD SIZE
Microcephaly
The diagnosis of a small head is based on a head cir-
cumference below the 3rd centile for gestational age, 
as established ideally by early scan biometry or by last 
menstrual period date.

Microcephaly is found in any condition that retards 
normal brain growth; these conditions may be due to:

1. Underlying structural brain abnormalities such 
as holoprosencephaly, abnormalities of sulca-
tion or neuronal migration defects (Figure 11-30 
A and B). These abnormalities may have a mul-
tifactorial aetiology, i.e. they may be chromo-
somal, genetic or due to inherited syndromes.

2. Acquired brain defects due to infection, ischae-
mia and other vascular disruptive events, and 
teratogens.23

Microcephaly may become apparent early in the 
second trimester and this in my experience is the case 
with holoprosencephaly and an encephalocoele for 
example, but it is more usually diagnosed within the 
third trimester (this type of microcephaly usually 
being secondary to some disruptive event).

Macrocephaly
Macrocephaly is a head circumference above the 97th 
centile for gestational age.

Typically the term macrocephaly refers to all causes 
of enlargement excluding hydrocephalus and may be 
due to a primary underlying abnormality of the fetus. 
Triploidy typically causes a large-looking head but the 
measurements are within normal limits and it is the 
body that is small! The most likely causes of a large 
head (hydrocephalus due to obstructive ventriculom-
egaly excluded) are, overgrowth syndromes, achon-
droplasia, brain tumours and hemimegalencephaly.

ABNORMALITIES OF HEAD SHAPE
This section covers those abnormalities in which the 
head shape whilst abnormal, is associated with an 
entirely intact skull vault, unlike anencephaly and an 
encephalocoele as described above. The most common 
abnormality of head shape seen in the fetus is the 
‘lemon-shaped’ head due to frontal bone scalloping in 
the fetus with an open spinal dyspraphism and the 
Arnold Chiari II malformation (Figure 11-31).
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FIGURE 11-30 (A) Profound microcephaly due to an encephalocoele. (B) Profound microcephaly due to an unknown syndrome consisting of 
microcephaly, frontal lobe atrophy and cerebellar hypoplasia. 

A

B

FIGURE 11-31 The ‘lemon-shaped head’ of Arnold Chiari II malfor-
mation due to an open spinal dysraphism. The lemon-shaped head 
is due to frontal bone scalloping (arrow). FIGURE 11-32 Scaphocephaly due to anhydramnios, though this 

fetus also had Dandy–Walker malformation (line arrow) and had 
triploidy confirmed on invasive testing. 
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There should now be absolute uniformity in terms 
of the measurement used for the assessment of the  
size of the fetal cerebral ventricles. The only accepted 
method is that of Cardoza, described in 1988 in which 
the size of the fetal cerebral ventricles is described as 
the width of the atrial trigone.4

The criteria required for this view and accurate 
measurement are as follows. This method and land-
marks have been endorsed by the The International 
Society of Ultrasound in Obstetrics and Gynecology 
(ISUOG) guidelines for sonographic examination of 
the fetal CNS.26

1. The plane selected is the transventricular plane 
with the infolding of the parieto-occipital fissure 
on the medial aspect of the lateral ventricle, a 
very useful and stable reference point (Figures 
11-10 and 11-11).

FIGURE 11-33 The strawberry-shaped head of trisomy 18. 

FIGURE 11-34 Ventriculomegaly associated with agenesis of the 
corpus callosum, lateral atrial diameter 12 mm. 

Holoprosencephaly
Agenesis of the corpus callosum
Dandy–Walker complex
Aneurysm of the vein of Galen
Arachnoid cyst
Arnold–Chiari II malformation in neural tube defects
Schizencephaly

BOX 11-1 PRINCIPLE CONGENITAL BRAIN 
ABNORMALITIES LINKED WITH 
VENTRICULOMEGALY

Causes of Ventriculomegaly (Box 11-1). Fetal ven-
triculomegaly can result from a number of underlying 
pathological mechanisms which include: obstruction 
to the normal flow of cerebrospinal fluid produced by 
the choroid plexus; brain atrophy due to fetal infec-
tion: cytomegalovirus, toxoplasmosis; fetal cranial 
haemorrhage (which may also cause obstruction of the 
flow of CSF); or from abnormal brain development and 
structural central nervous system anomalies.24,25

1. Primary congenital brain abnormalities:
• Arnold Chiari II malformation;
• holoprosencephaly;
• agenesis of the corpus callosum 

(Figure 11-34);
• Dandy–Walker malformation;
• arachnoid cysts;
• schizencephaly.

2. Obstruction to the flow of cerebrospinal fluid.
3. Acquired abnormalities of the brain:

• ischaemic damage;
• infection.

Associations of Ventriculomegaly. The chromo-
somal defects associated with ventriculomegaly  
are trisomies 13, 18, 21 and translocations of 7p and 
9p. Cranial abnormalities as described above are seen 
in 14% to 67% of cases of ventriculomegaly, with 
neural tube defects as the most common underlying 
pathology, accounting for 32–50% of all the central 
nervous system anomalies. Ventriculomegaly is also 
associated with structural abnormality outside the 
central nervous system and with fetal infection, and it 
is therefore essential to examine the fetus in detail to 
get the diagnosis correct every time.
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when the ventricle is dilated. The much more useful 
fixed landmark at this level is the internal parieto-
occipital sulcus (one of the first sulci to be seen sono-
graphically on the inner border of the hemisphere as 
early as 20 weeks) which in practice definitely pro-
vides a much more useful reproducible measurement 
plane (Figure 11-11).26

True isolated ventriculomegaly is defined as the 
absence of sonographic evidence of associated malfor-
mations or markers of aneuploidy at the time of the 
initial scan.

Isolated Mild Fetal Ventriculomegaly
Isolated mild VM is a diagnosis of exclusion and estab-
lishing the VM as isolated is the cornerstone of the 
assessment of the fetus. A thorough examination of  

2. The calipers are placed on the inner borders  
of the near and far side of the ventricle just 
within the echogenic lines which represent the 
ependymal lining.

3. The measurement is made on an axis perpen-
dicular to the long axis of the lateral ventricle at 
the level of the glomus of the choroid plexus.

This technique for measurement is obtainable in 
99% of sonographic studies,3,27 thereby providing a 
reliable and reproducible measurement assuming the 
criteria for assessment are accurately obtained. The 
ventricular atrium is stable in size throughout gesta-
tion from 15 weeks to term, with a mean measurement 
first reported as 7.6 mm ± 0.6 mm SD, giving a meas-
urement of 10 mm as +4 SD above the mean.4,5 
Ventriculomegaly is diagnosed when the atrium meas-
ures 10 mm and above and ventricular symmetry is 
assumed in the routine assessment of the atria using 
the ventricular atrial measurement.28

An atrial measurement between 10.0 and 12.0 mm 
constitutes mild VM (also called borderline) (Figure 
11-35). Moderate ventriculomegaly refers to a meas-
urement between 12 mm and 15 mm. An atrial meas-
urement in excess of 15.0 mm constitutes severe VM 
(Figure 11-36).29 There is a large variation in reported 
incidence of isolated mild ventriculomegaly which is 
no doubt in part due to the difficulty in obtaining a 
reliable measurement, especially when the measure-
ment is close to the upper limit of normal (10 mm). 
The incidence has been reported as being between 
1/50 and 1/1600 pregnancies according to various 
studies in low-risk populations.30 One study reported 
a variation in measurement of 0.3 mm for a given fetus 
among expert practitioners in 10% of cases!31 There 
are a number of well-documented ways in which 
measurement errors can occur leading to false-positive 
results. Measurement errors occur due to an off-axis 
image plane; an angled measurement and an improper 
choice of ventricular boundary.32 It is however reas-
suring to know that whilst measurement errors will 
make a normal ventricle appear abnormal the con-
verse is not true; a measurement error will not normal-
ize an abnormal ventricle.

Using the glomus as the reference point for measur-
ment has long been recognized as a means of error in 
measurement which is due to the fact that the glomus 
will vary in position within the ventricle, particularly 

FIGURE 11-35 Mild VM: (A) borderline measurement 10.2 mm; (B) 
lateral atrial diameter 11.4 mm. 

A

B
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variable, ranging from 3% to 27% in single series 
to 3–10% when pooled data from a literature review 
are examined.33–35 A recent study addressing this 
issue highlighted that this finding (mild isolated VM) 
is present in 0.15% of euploid fetuses and in 1.4% 
of trisomy 21 fetuses, giving a likelihood ratio of 
9 for the risk of aneuploidy.36 In truly isolated ven-
triculomegaly, the risk of aneuploidy is likely to be 
about 3%. The risk has been quoted as high as 
36%, however, in the presence of additional abnor-
malities; therefore invasive testing may be entirely 
appropriate in these fetuses.

It has long been recognized that congenital infec-
tion with toxoplasma, cytomegalovirus (CMV) and 
rubella can cause mild VM. The incidence of CMV as 
a cause of mild VM varies from 0 to 5%, but in the 
majority of cases mild VM is not the only ultrasound 
feature of congenital infection.37,38

Sonographic features suggesting infection as the 
cause of the ventriculomegaly are:

1. ventricular asymmetry;
2. echogenicity of the lining of the ventricles and 

intraventricular synechiae due to ventriculitis;
3. intraventricular haemorrhage;
4. porencephaly.
It is unlikely that mild bilateral VM will be the only 

sonographic feature in an infected fetus, however 
serum testing is simple and cheap and should there-
fore be offered.

Many studies have indicated that MRI adds impor-
tant information to that obtained by ultrasound 
imaging, i.e. that MRI of the fetal brain is a more 
superior imaging modality than ultrasound. MRI has 
a particular advantage in assessing the evolution of 
gyration and in the detection of heterotopic anomalies 
and will have a particular advantage in the third tri-
mester. In two large studies involving fetuses with a 
ventricular width of 10–12 mm, information relevant 
enough to modify obstetric management was obtained 
in 6% to 9% of cases.39,40

Counselling for mild VM should always take into 
account that, as normal in utero development of the 
brain continues throughout gestation, the isolated 
mild VM of the second trimester may not be isolated 
in later gestation.41 At least one additional detailed 
ultrasound examination of the whole fetus should be 
performed at between 28 and 34 weeks in order to 

the entire fetal brain and the entire fetus is indicated. 
The prognosis for a fetus can be altered dramatically 
depending on coexisting anomalies. Once it has been 
determined that the fetus has isolated mild ventricu-
lomegaly, there are several key areas of concern that 
must be considered in order to accurately counsel 
parents.

Should every fetus with mild isolated VM have an 
invasive test to exclude aneuploidy? Should serum 
testing for infection be perfomed? Should every fetus 
with mild isolated VM have an MRI scan? Does it 
matter more if mild ventriculomegaly is found in a 
female fetus? Does asymmetrical mild VM have a 
better or a worse prognosis than bilateral VM?

The article by Melchiorre et al. is extremely useful 
in providing a practical day-to-day approach to these 
areas of concern.29

In a large number of studies, isolated mild VM 
has been associated with chromosomal abnormalities, 
mainly trisomy 21. As expected the quoted risk is 

A

FIGURE 11-36 (A) Severe VM with a lateral atrial diameter which 
measures 22.2 mm. The severity of the ventricular enlargement is 
such that the CSP has been disrupted (line arrow). (B) Severe hydro-
cephalus due to aqueduct stenosis (enlarged 3rd ventricle, line 
arrow). 

B
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search for additional cerebral and extracerebral abnor-
malities that may not have been evident during the 
second-trimester examination, in particular abnor-
malities of neuronal migration such as lissencephaly. 
Parents must be informed that there are limitations to 
stating that there is truly isolated mild VM, due to the 
possible detection of initially occult abnormalities that 
may be in the region of 13%.42,43

It has been reported that there is a male predomi-
nance among fetuses with diagnosis of mild VM, and 
that male gender significantly correlates with a better 
neurodevelopmental outcome. However this has not 
been borne out by recent studies in which no differ-
ences between male and female infants were found, 
but in this author’s experience resolution of mild bor-
derline ventriculomegaly does seem to occur more 
frequently in male fetuses.29

Within the human fetal brain there is usually a 
degree of asymmetry of the lateral ventricles; however 
if both ventricles are of normal size then asymmetry 
is not a concern5. Unilateral ventriculomegaly does 
occur and at present the aetiology and outcome of 
unilateral and bilateral ventriculomegaly are consid-
ered to be similar, so counselling and management are 
generally the same. Counselling is limited by the 
overall small number of documented cases, however, 
and both lower and higher rates of neurodevelopmen-
tal delay have been reported in asymmetric ventricu-
lomegaly. It is very important to exclude a primary 
unilateral underling brain abnormality and MRI may 
actually be even more important in this group of 
fetuses (Figure 11-37).

At present, the available evidence indicates that 
about 90% of children with a prenatal diagnosis of 
isolated mild VM have a normal neurodevelopmental 
outcome at least in infancy, but whether or not isolated 
mild VM is associated with an increased frequency of 
neurological problems over the general population 
remains uncertain.29

Once a fetus has been identified as having truly 
isolated mild ventriculomegaly, for the purposes of 
prognosis, two further features seem to be of crucial 
importance: the association with other abnormalities 
not detected at first examination and the in utero 
progression of ventricular dilatation.

The change in ventricular atrial size with time 
seems to be more relevant to the outcome than the 
severity of the ventricular enlargement at first presen-
tation. Whether the fetus has mild, moderate or severe 
ventriculomegaly, the prognosis is better when ven-
triculomegaly improves or disappears. When the  
ventriculomegaly resolved to normal values during 
pregnancy, then those fetuses had a survival rate of 
90% with a rate of normal development of about 78%. 
The risk of progression to a more severe level of VM 
is considered to be in the region of 16%.

The emphasis placed on the diagnosis, manage-
ment and counselling of isolated mild ventriculomeg-
aly may initially appear unusual, but this topic is more 
complex than that of isolated severe VM or frank 
hydrocephalus; it is not as easy to counsel for the 
milder forms of this pathology!

The causes of severe ventriculomegaly include all 
conditions described with mild VM, but it is also far 
more likely to have a severe underlying aetiology.44 
The most severe causes of ventricular enlargement will 
be due to either obstructive hydrocephalus or destruc-
tive ventriculomegaly (Figure 11-36 A and B).

Intracranial haemorrhage can cause obstruction to 
cerebrospinal fluid flow resulting in obstructive hydro-
cephalus upstream from the obstruction, but it is also 
a cause of destructive ventricular enlargement.

Infections like CMV, toxoplasmosis and others may 
cause obstruction due to inflammatory adhesions 
within the ventricular system, but they too will cause 
destructive ventricular enlargement following paren-
chymal haemorrhage.

The combination of abducted thumbs and hydro-
cephaly is typical for X-linked hydrocephalus.44

FIGURE 11-37 Asymmetrical hydrocephalus in a fetus at 34 weeks 
due to intracranial haemorrhage. Note how the ventricle of the distal 
hemisphere is much more dilated. 
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Type II lissencephaly is characterized by a disorgan-
ized unlayered cortex in which neurons move too  
far into the subpial space, and it is known as the ‘cob-
blestone’ complex. This is the type of lissencephaly 
seen in Walker–Warburg syndrome (also known as 
HARD-E [hydrocephalus, agyria, and retinal dysplasia 
with or without encephalocele]) syndrome.6

Schizencephaly
Schizencephaly means ‘split brain’ in which there is a 
complete cleft through the cerebral hemisphere, 
resulting in a communication between the ventricular 
system and the subarachnoid space (Figure 11-38 
A–C). These clefts are lined by grey matter, and there-
fore have the echogenic characteristics of the normal 
brain surface.

What causes the cleft of schizencephaly is unknown; 
it has been proposed that schizencephaly is part of  
a spectrum of disorders that result from vascular  
infarction, but more recent work suggests a primary  
neuronal migrational anomaly as a more likely 
aetiology.47,48

There are two types of schizencephaly: open- and 
closed-lip schizencephaly. The cleft always extends 
from the pial lining to communicate with the epend-
yma of the ventricles; however in the open-lip form 
the edges of the cleft are splayed apart whereas in the 
closed-lip form the edges are apposed.47–49 The clefts 
are frequently asymmetric, may be unilateral and are 
most commonly located in the parietal lobe. The 
cavum septum pellucidum is absent in 80–90% of 
cases, especially when the schizencephaly is bilateral 
(Figure 11-39). Additional recognized structural asso-
ciations include ventriculomegaly, ACC, polymicrogy-
ria and heterotopic abnormalities.

The prognosis ranges from a seizure disorder or 
hemiparesis (depending on the site of brain involved) 
for a unilateral, isolated cleft to global developmental 
delay, seizures and extensive motor abnormality for 
bilateral clefts.

Heterotopias
Heterotopias are disorders of neuronal migration of 
the grey matter and are not recognizable on ultra-
sound scan, but are known to be associated with a 
number of structural abnormalities that can be recog-
nized. They are collections of grey matter in abnormal 

Lissencephaly
The fetal brain develops the normal gyri (ridges) and 
sulci (grooves) as it matures due to the process of 
neuronal migration: impaired neuronal migration will 
produce lissencephaly (smooth brain) which is a 
severe malformation of the cerebral cortex. The brain 
surface in lissencephaly is smooth and featureless, as 
the affected brain shows either an absence of gyri 
(agyria) or a paucity of gyri (pachygyria).45

Familiarity with the normal ultrasonographic (US) 
and magnetic resonance (MR) imaging appearance of 
the fetal cerebral cortex at various stages of gestation 
is essential for the early diagnosis of this disorder (see 
section Fetal neurosonography and Table 11-2).6,7

Lissencephaly is almost always associated with 
additional cranial abnormalities particularly heteroto-
pias (also disorders of neuronal migration) and disor-
ders of midline development such as agenesis of the 
corpus callosum (ACC). The association of lissenceph-
aly with ACC is almost always syndromic (see Box 
11-2). These pathologies result in a poor prognosis 
with severe learning deficit and global developmental 
delay.

Traditionally the ‘type’ of lissencephaly has been 
differentiated histologically on the basis of cortical 
layering and position within the cortical plate.

Type I classic lissencephaly has an abnormally 
thick, disorganized, four-layer cortex (normally there 
are six cortical layers).45 Classic lissencephaly may be 
isolated or associated with Miller–Dieker syndrome or 
Norman–Roberts syndrome. There is an association 
between Miller–Dieker lissencephaly and abnormality 
of chromosome 17 (monosomy 17p13) and targeted 
chromosomal analysis is recommended.46

TYPE 1
Miller–Dieker
Norman–Roberts
Isolated

TYPE 2
Walker–Warburg
Cerebro-oculomuscular
Unclassified
Neu–Laxova

BOX 11-2 SYNDROMES ASSOCIATED 
WITH LISSENCEPHALY
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locations as a result of failure of normal radial  
migration and are most commonly found in the sub-
ependymal or periventricular region. Their impor-
tance lies in the adverse impact their presence has on 
prognosis and patients with heterotopias nearly always 
develop seizures. Lissencephaly, schizencephaly, ACC 
and holoprosencephaly are known to be associated 
with heterotopias.

Hemimegalencephaly
Hemimegalencephaly is a rare abnormality of unknown 
aetiology in which all or part of a cerebral hemisphere 
is enlarged. It is a non-familial congenital central 
nervous system abnormality which results from 
numerous pathological abnormalities in neuronal 
migration, glial proliferation and cortical architecture. 
The affected hemisphere shows dilated ventricles and 
abnormalities of sulcation including agyria, pachy-
gyria, or polymicrogyria.50

The sonographic features of hemimegalencephaly 
include:

1. An echogenic round-shaped mass in the affected 
visualized lobe which may be mistaken for a 
congenital brain tumour.51 This mass may be 
due to abnormal hypermyelination and/or dys-
plasia of the neural and glial tissue of the affected 
white matter.

2. In addition there may be signs of hemispheric 
asymmetry due to enlargement of the affected 
hemisphere (Figure 11-40), unilateral ventricu-
lar dilatation (Figure 11-41) and midline shift 
(Figure 11-41).

The major clinical presentations of affected neonates 
are mental retardation, developmental delay, motor 
deficits and intractable epilepsy.52

ACQUIRED DEFECTS OF THE CEREBRAL  
MANTLE/CEREBRAL CORTEX

• Intracranial haematoma.
• Porencephaly.
• Periventricular leukomalacia.
• Hydranencephaly.
• Infection.

The most common causes of intrauterine infection  
are cytomegalovirus, parvovirus and toxoplasmosis. 
Maternal infection, often asymptomatic, occurs with 
variable transmission across the placenta. The fetus 

FIGURE 11-38 (A and B) Open-lip schizencephaly. (A) best demon-
strates the communication with the ventricle (line arrow). (B) and (C) 
best demonstrate the echogenic lining of the lips of the cleft (line 
arrow). 

A

B

C
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FIGURE 11-39 Open-lip schizenceph-
aly associated with septal agenesis. 

FIGURE 11-40 Hemimegalencephaly with midline shift and enlarge-
ment of the affected hemisphere. 

FIGURE 11-41 Hemimegalencephaly: ventricular asymmetry and 
asymmetric hemispheres. 

may be infected (have an antibody response) but is 
not always affected (symptomatic) by the agent or 
virus. The diagnosis may be made following maternal 
infection, or because of ultrasound findings that are 
suspicious for fetal infection. Diagnosis is achieved by 

maternal serology, amniotic fluid studies including 
PCR (for CMV infection) or by fetal blood sampling 
(lgM and culture).

CMV
In utero infection may exhibit a number of sono-
graphic findings, reported in a variable proportion of 
affected fetuses ranging from 31% to 95%, with multi-
system abnormalities seen in nearly 50%.53,54 Infection 
of the brain (42%) may manifest as haemorrhage.55 
This is the most common presentation and is usually 
due to anaemia and thrombocytopaenia induced by 
the infectious agent resulting in an intracranial bleed. 
Haemorrhage may occur into the ventricles and cause 
a chemical ventriculitis, resulting in obstructive hydro-
cephalus, or may occur in the brain substance and 
ultimately break down to form a porencephalic cyst. 
Haemorrhage into the brain substance may mimic a 
tumour and it is the change in appearance of the 
haemorrhage with time that allows the distinction  
to be made (Figure 11-42). Other sequelae include 
cerebral necrosis from ischaemia (Figure 11-43), cal-
cification and ventriculomegaly. It has also been rec-
ognized that early infection may affect neuronal 
migration and result in lissencephaly.

When any of these brain abnormalities are observed 
in the presence of a cardiac abnormality (cardiomeg-
aly, hydrops), and calcification (particularly hepatic) 
elsewhere in the fetus, the possibility of infection 
should be considered.

The prognosis for fetuses with in utero infection is 
variable. If the infection is diagnosed as a result of 
abnormal ultrasound findings, prognosis is worse; 
outcome in this group is poor with mortality rates of 
63–100% and developmental impairment in many 
survivors. Fetal infections are further discussed in 
Chapter 6, Prenatal Diagnosis of Fetal Infections.
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ventricular system or into the posterior fossa, produc-
ing hydrocephalus.

The prognosis is determined by site and extent, and 
pooled data from several series show a poor outcome 
in 68% of all cases (haemorrhage in cerebral, ventricu-
lar and extra-axial sites).57 The outcome is however 
worse for parenchymal haemorrhage (92%), followed 
by extra-axial bleeds (88%), with intra-ventricular 
haemorrhage (IVH) faring better with a poor outcome 
in 45% of cases. As with postnatal IVH, further sub-
division of these cases shows that those with the most 
favourable outcome (100% normal or mild sequelae) 
have a Grade 1 haemorrhage confined to the germinal 
matrix.57,58

The recognition of porencephaly or haemorrhage 
in utero should prompt a search for the underlying 
aetiology. In the absence of apparent other causes, 
haematological, infectious and traumatic causes 
should be sought. Whatever the underlying insult and 
aetiology, however, the prognosis for antenatally 
detected intracranial haemorrhage is poor for all 
groups other than Grade 1 ventricular bleeds.

Porencephaly
This term is used for a smooth-walled defect of the 
cerebral cortex that usually communicates with  
the ventricles. Porencephaly is an area of destroyed 
parenchyma replaced by CSF; the lining of the defect 
is therefore white matter (compared with the grey 

Intracranial Haematoma
Symptomatic intracranial haematoma in a full-term 
neonate is considered a fairly unusual event, especially 
in a well baby with a normal clotting mechanism. The 
incidence in the fetal population is unknown, but it is 
a reported phenomenon.56

The ultrasound appearance of an intracranial hae-
matoma will be variable depending on the amount of 
haemorrhage that has occurred and the age of the 
haemorrhage relative to the timing of the US examina-
tion. As with haemorrhage anywhere within the body, 
the appearances change with time due to degradation 
and resolution of the blood products. On ultrasound 
acute fresh haemorrhage is echogenic, the bleed may 
be well- or poorly defined depending on the area of 
the brain into which it has occurred (Figure 11-44). 
Haemorrhage may occur not only into the brain sub-
stance (giving rise to porencephaly), but also into the 

FIGURE 11-42 Intracerebral haemorrhage secondary to CMV; note 
the multifocal nature of the abnormality (line arrows). 

FIGURE 11-43 Multifocal cerebral necrosis due to CMV (line 
arrows). 

FIGURE 11-44 Echogenic mass within the hemisphere consistent 
with acute haemorrhage. 
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unusual. Depending on the area of the brain affected, 
there may or may not be a communication with the 
ventricular system, giving the appearance of a dilated 
ventricle and on occasion producing confusion with 
lissencephaly56 (Figure 11-43).

The reported overall prevalence of porencephaly is 
2.5% of all children who have suffered perinatal brain 
injury from whatever cause.

Periventricular leukomalacia
Periventricular leukomalacia (PVL) refers to white 
matter necrosis in a very characteristic distribution 
which most frequently occurs in premature infants of 
less than 32 weeks gestation; it has been reported in 
utero. This pathological process is thought to be due 
to ischaemic hypoxia and it occurs very typically in 
the so-called ‘watershed areas of the white matter’ i.e. 
posterior and lateral to the external angles of the 
lateral ventricles.59

The sonographic appearance depends on the age of 
the lesion as with previously described haemorrhage, 
but the key feature to this pathological process is that 
the process of haemorrhage and ischaemia occurs in 
the periventricular area. All the sonographic features 
of haemorrhage will be seen, including the formation 
of ‘cysts’ producing cystic PVL (Figure 11-46). The 
overall prognosis of cystic PVL, as with porencephaly, 
is poor.

matter lining of schizencephalic clefts). Porencephaly 
is not a mass, nor does it exert a mass effect. The 
CSF defect is almost never midline in location and 
a porencephalic cyst should not be considered in 
the differential of a midline cystic abnormality. Por-
encephaly is the end stage of a number of processes, 
most commonly but not exclusively, intra-cerebral 
(parenchymal) haemorrhage.

The aetiology of the original damage includes:
• intraparenchymal haemorrhage which may be 

due to infection, materal antibodies or 
thrombocytopenia;

• infection or surgery;
• monochorionic twins: an acute response of 

twin-to-twin transfusion or death of a co-twin;
• abuse of vasoactive drugs such as cocaine and 

heroin;
• fetal blood hyperviscosity or embolic disease.
As porencephaly is frequently the sequel to haem-

orrhage, the sonographic appearances change with 
time. If seen in the acute stage (which rarely happens) 
haemorrhage may appear as an echogenic sonographic 
lesion. As the clot retracts, the initial hyperechogenic-
ity is replaced by a hypo-echogenic centre with an 
echogenic border (Figure 11-45). Over time as the 
clot retracts completely the cystic area is filled with 
CSF and becomes completely anechoic. Calcification 
of the periphery of the damaged parenchyma is 

FIGURE 11-45 Due to clot retraction the hyperechoic area is replaced 
by a central hypo-echogenicity (block arrow) with an echogenic thick-
ened border (line arrow). 

FIGURE 11-46 Initially a hyperechoic area develops in a distinctive 
fashion in the periventricular area and then tiny cysts actually develop 
within the araea of haemorrhagic infarction (line arrow). (Courtesy 
Professor Luc de Catte.)
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The hallmark sign of ACC is of course the lack of 
visualization of this structure on the midline sagittal 
plane and the anterior coronal plane (Figure 11-47).

However, there are several subtle, but very specific 
indirect signs that can be recognized in the axial 
screening views:

1. Absence of the cavum septum pellucidum 
(Figures 11-7 A and B; 11-8; 11-19; 11-48).

2. Mild ventriculomegaly (ACC is thought to be 
present in at least 10% of cases of mild ventricu-
lomegaly)60,61 (Figure 11-35).

3. Colpocephaly (dilatation of only the occipital 
horns of the lateral ventricles) resulting in the 
so-called teardrop-shaped ventricle which is 
often first appreciated as mild ventriculomegaly 
(Figure 11-49).

Abnormalities of the Midline Structures
ABNORMALITIES OF THE CAVUM  
SEPTUM PELLUCIDUM

• Agenesis of the corpus callosum.
• Holoprosencephaly.
• Septal agenesis.

MIDLINE/ECCENTRIC CYSTIC ABNORMALITIES
The presence of a midline cyst which may be either:

1. Supra-tentorial in origin:
arachnoid cyst;
vein of Galen aneurysm;
dural sinus thrombosis.

2. Not quite midline – an eccentric cyst:
connatal cyst;
subependymal cyst.

Agenesis of the Corpus Callosum (ACC)
The corpus callosum is a bundle of fibres that con-
nects the two cerebral hemispheres across the midline. 
It comprises four sections that develop from 7 weeks’ 
gestation beginning with the most anterior portion 
called the genu. Subsequently and sequentially the 
body and splenium develop with the rostrum (con-
tinuous with the genu extending inferiorly and then 
posteriorly) being the last section to develop. The 
corpus callosum has formed in its entirety by 20 
weeks (Figures 11-7 A and B; 19) after which gesta-
tion, diagnosis of abnormality can be achieved with 
accuracy. Insults during development that occur prior 
to 12 weeks result in complete agenesis with partial 
agenesis (dysgenesis) after this gestation.

FIGURE 11-47 Absence of the corpus callosum on the coronal plane 
(compare with Figure 11-7B). 

FIGURE 11-48 Absence of the CSP on the axial and the coronal planes. 
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• Structural abnormalities of the central nervous 
system in 85% of cases; midline arachnoid 
cysts and lipoma; neuronal migration disorders 
(lissencephaly, heterotopias); Dandy–Walker 
complex; Arnold–Chiari II malformation; and 
encephalocoele.62

• Non-central nervous system structural 
abnormalities occur in 62% of cases. A number 
of genetic or malformation syndromes may 
exhibit ACC: acrocallosal syndrome; Aicardi 
syndrome; Andermann syndrome; Apert 
syndrome; fetal alcohol syndrome; frontonasal 
dysplasia; Joubert syndrome; Neu–Laxova 
syndrome; oro–facial–digital 1 syndrome; 
Rubenstein–Taybi syndrome; inborn errors  
of metabolism; and aneuploidies (present  
in 7–17%; particularly trisomies 8, 13  
and 18).61,63

As these factors generally adversely influence prog-
nosis, it is mandatory to perform a full structural 
survey and to offer a karyotype procedure before 
counselling.

Prognosis depends on the sonographic findings 
and on the results of chromosomal analysis. A chro-
mosomal abnormality overrides all other findings and 
alone determines the prognosis. The most common 
chromosomal abnormalities seen with agenesis of the 
corpus callosum are trisomies 8, 13 and 18. Whilst 
the majority of cases with trisomies 13 and 18 will 
have additional abnormalities on scan, those with 
trisomy 8 are isolated.60,64

In the presence of normal chromosomes, isolated 
cases have the best prognosis, with the likelihood of 
a normal outcome reported as approximately 85%. In 
contrast, in the presence of any additional abnormality 
on scan, only 13% of cases had a developmentally 
normal outcome. Fetal MRI at an appropriate time is 
important in agenesis of the corpus callosum (ACC) 
to detect additional subtle abnormalities (such as gray 
matter heterotopias) that will have been be missed on 
sonography in more than half of cases.63

Cases with additional anomalies and those with 
with mental retardation and seizures in early child-
hood have the worst prognosis. Some series have sug-
gested that sonographically isolated agenesis of the 
corpus callosum carries a better prognosis in males 
than females; this probably reflects the fact that some 

Additional signs visible on detailed neurosonogra-
phy can include:

1. A particular shape of the frontal horns of the 
lateral ventricles producing the ‘steer horn’ sign 
in the coronal plane (Figure 11-50). This appear-
ance is due to the fact that the Probst bundles, 
instead of crossing the midline in the corpus 
callosum, turn posteriorly parallel to the midline, 
causing an inward bulging of the the medial 
borders of the frontal horns of the lateral 
ventricles.

2. A high-riding third ventricle between widely 
separated, parallel lateral ventricles.

3. Several subtypes of interhemispheric cyst.
4. A lipoma in the expected location of the CC.
5. An abnormal course or absence of the perical-

losal artery.
Post-mortem studies in fetuses and postnatal 

follow-up of survivors with agenesis of the corpus 
callosum have shown association with:

FIGURE 11-49 Colpocephaly. 

FIGURE 11-50 Steer horn appearance due to Probst bundle 
re-orientation. 
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Most cases of holoprosencephaly are sporadic, but 
chromosomal, genetic, and teratogenic causes have 
been detected.67

Alobar and semilobar forms of HPE are generally 
easily recognized and the sonographic features 
common to all three forms are:

• Absence of the cavum septum pellucidum.
• Absence of the corpus callosum.
• Monoventricle with varying degrees of fusion 

across the midline (Figure 11-52).
In the alobar type, in addition to the features 

described, the following structures are also absent: (a) 
the falx and the interhemispheric fissure; (b) the 3rd 
ventricle and the neurohypophysis; (c) olfactory bulbs 
and tracts. The thalami are fused (Figure 11-53) and 
the single monoventricle has a ‘horseshoe’ shape 
(Figure 11-51). This lethal alobar variety has been 
further subdivided sonographically into three types 
based on the shape of the residual cerebral tissue, i.e. 
whether the remaining cortex is ‘a pancake’ (Figure 
11-53); ‘a cup’; or ‘a ball’. The alobar form has the 
most severe associated mid-face developmental 
abnormalities.

In semilobar HPE the monoventricle is still present, 
but there is some separation of the cerebral hemi-
spheres posteriorly which may be very subtle sono-
graphically. The thalamus may be partially or fully 
fused and the 3rd ventricle though usually absent may 
occasionally be very small.49 Facial abnormality is also 
common in this type.

The anatomical features of lobar HPE, which is the 
least severe type, may be difficult to diagnose as there 

of the genetic syndromes are found only in females as 
the male form is lethal.

Aicardi Syndrome
This X-linked dominant disorder has lethal conse-
quences for male fetuses. In a female fetus the combi-
nation of ACC with posterior fossa malformations 
(posterior fossa cysts and/or cerebellar hypoplasia) in 
addition to a cortical dysplasia suggests Aicardi syn-
drome. The diagnosis is even more likely if there are 
also eye abnormalities such as microphthalmia and 
coloboma. The diagnosis is confirmed on postnatal 
ophthalmologic examination.49

Holoprosencephaly
Holoprosencephaly (HPE) is a rare anomaly which 
results from a failure of development of the normal 
prosencephalon. HPE and acrania/exencephaly consti-
tute the major brain anomalies detectable at the 11–14 
weeks scan (Figure 11-51).

HPE is a complex congenital brain malformation 
characterized by failure of cleavage of the prosen-
cephalon in the 7th week of gestation.62,65,66 HPE com-
prises a spectrum of brain anomalies which is classified 
into three types depending on the degree of incom-
plete separation of the cerebral hemispheres. These are 
(in order of decreasing severity): alobar, semilobar, 
and lobar holoprosencephaly. The severity of the 
abnormalities in these structures determines the sever-
ity of the neurodevelopmental outcome and associated 
sequelae.65,66

FIGURE 11-51 Holoprosencephaly diagosed at 12 weeks with a 
horseshoe-shaped monoventricle. FIGURE 11-52 Absence of all midline structures. 
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Abnormalities of the Face and Neck). These anomalies 
include: hypotelorism (Figure 11-55) or cyclopia, 
median cleft lip and palate, a flat nose with a single 
naris (cebocephaly) and a proboscis superior to the 
level of the eyes (ethmocephaly) (Figure 11-56).

There is a high risk of aneuploidy in cases of holo-
prosencephaly, in particular trisomy 13. The diagnosis 
traditonally was made in the mid-second trimester, 
but increasingly cases are being recognized and diag-
nosed, particularly on vaginal scanning, as early as 13 
weeks.68

Fetuses with the most severe forms of holoprosen-
cephaly and associated facial defects do not survive. 
The lobar and semilobar types are frequently associ-
ated with developmental delay, with significant mor-
tality in the semilobar group. The prognosis is poor 
for those who elect to continue with the pregnancy 
(80% perinatal mortality). There are no reported 
normal survivors from prenatal series. Parents should 

is partial development of the inter-hemispheric fissure 
and the falx, with a variable degree of fusion at the 
level of the frontal horns of the lateral ventricles, 
which produces a very characteristic fusion of the 
frontal horns. The roof of the fused frontal horns is 
flat and square. Of course whilst the cavum septum 
pellucidum and the corpus callosum are absent, pos-
teriorly the brain is almost completely divided into 
two hemispheres.

All types of HPE are often associated with micro-
cephaly (Figure 11-54), though there have been very 
occasional reports of macrocephaly as a result of 
hydrocephalus due to aqueduct stenosis.

A wide variety of midline facial abnormalities  
are often associated with HPE and the more severe  
the degree of holoprosencephaly the more abnormal 
the described facial defects (see Chapter 13, 

FIGURE 11-53 HPE with fusion of the thalami (arrow). 

FIGURE 11-54 HPE associated with microcephaly: sloping of the forehead (line arrow). 

FIGURE 11-55 Hypotelorism. 
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fornices and normal CSP.49,69 Septo-optic dysplasia 
(also known as De Morsier syndrome) is a rare con-
genital disorder characterized by absence of the CSP 
with (1) hypoplasia of the optic nerves and chiasm 
leading to alterations in visual acuity and (2) 
hypothalamic-pituitary abnormalities.69–71

In septal agenesis there are a number of features 
which will allow accurate differentiation from other 
prosencephalic defects:

1. The thalami are normal and not fused (Figure 
11-57).

2. The corpus callosum is of normal appearance as 
are the columns of the fornix, anterior cerebral 
arteries, and falx cerebri.70,71

When prenatal diagnosis of an absent septum  
pellucidum is made by ultrasound, detailed fetal 

be offered chromosomal analysis, and should they 
elect termination of the pregnancy, post-mortem and 
genetic evaluation.

A search for an underlying aetiology is important 
in individual cases in order to accurately counsel 
regarding recurrence risk.

Isolated Septal Agenesis Including  
Septo-Optic Dysplasia (SOD)
Isolated septal agenesis is a rare brain malformation 
characterized by partial or complete absence of the 
septum pellucidum, the exact incidence of which is 
unknown. Isolated absence of septum pellucidum rep-
resents a difficult prenatal diagnosis, as an artifact (the 
fornices of the hypothalamus) can mimic the presence 
of septa within the ventricular cavity (Figure 11-8), 

FIGURE 11-56 HPE with associated ethmocephaly. 

FIGURE 11-57 Absence of the CSP 
(block arrow), normal CC (line arrow) 
and normal thalami. 
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neurosonography should be performed; fetal magnetic 
resonance imaging is also very important as it can 
demonstrate associated features such as schizenceph-
aly (Figure 11-38 A–C) or a cortical dysplasia. 
However, fetal MRI cannot exclude optic dysplasia. 
With continuing technical advances in 2- and 
3-dimensional sonography and MRI, it may eventually 
become possible to evaluate the optic chiasm and 
nerves for additional information in cases of septal 
agenesis to confirm or exclude a possible SOD.70,71

Prognosis in apparently isolated absence of septum 
pellucidum is controversial as it is impossible to truly 
ascertain the risk of associated optic nerve defects and 
the potential risk of endocrinopathy later in life, i.e. it 
may be impossible to state that the sonographic abnor-
mality is that of true isolated septal agenesis. Whether 
biochemical analysis of fetal pituitary function should 
be incorporated into the diagnostic work-up is debat-
able, as there are limitations which need to be explained 
to parents. Prenatal endocrine data for this condition 
are naturally scarce, and normal fetal pituitary func-
tion cannot rule out an association with other endo-
crinological anomalies which can only be confirmed 
after birth. In short the full impact of the disease sever-
ity cannot be determined prenatally.65,70,71

CYSTIC ABNORMALITIES OF MIDLINE STRUCTURES 
INCLUDING SUPRATENTORIAL MIDLINE  
VASCULAR ABNORMALITIES

• Arachnoid cyst.
• Connatal cyst.

• Subependymal cyst.
• Vein of Galen aneurysm.
• Dural sinus thrombosis.

Arachnoid Cyst
Congenital arachnoid cysts are benign accumulations 
of clear CSF fluid which occur in relation to the arach-
noid membrane and which do not communicate with 
the subarachnoid space or ventricular system. Arach-
noid cysts represent approximately 1% of all intracra-
nial space-occupying lesions.

Primary arachnoid cysts are avascular and usually 
lie in the midline. They will be either related to 
the posterior end of the third ventricle and therefore 
supratentorial within the interhemispheric fissure 
(75%,72 Figure 11-58) or they lie posterior to 
the cerebellar vermis in the posterior fossa (25%,73 
Figure 11-59). On occasions they are eccentric and 
lie in the subarachnoid space overlying the cerebral 
hemispheres.

Correct diagnosis has important implications for 
counselling, especially with respect to continuation of 
pregnancy and treatment options. Whilst ultrasound 
performs extremely well in diagnosis and follow-up, a 
prenatal MRI is often requested to confirm the diag-
nosis and exclude other possible central nervous 
system anomalies such as agenesis of the corpus cal-
losum and cortical gyral abnormalities.74,75

Arachnoid cysts may progressively enlarge and 
cause ventriculomegaly in utero due to obstructive 
hydrocephalus (which is more likely with posterior 

FIGURE 11-58 Supratentorial arachnoid cyst. 
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is of early postnatal evaluation and the opportunity 
for surveillance with early intervention, if necessary, 
aiming to minimize neurological damage.79

Connatal Cysts
These cysts are a well-known entity to neonatologists 
as they are reported to occur in 0.7% of low birth-
weight preterm infants. The exact cause of these cysts 
is not known; they are believed to be a normal variant 
due to approximation of the walls of the frontal horns 
of the lateral ventricles but regardless they usually 
resolve without sequelae.76

They are being detected more frequently prenatally 
and it is very important to get the diagnosis correct  
so as to reassure the parents and then to ignore the 
finding!

Connatal cysts are located at or just below the 
superolateral angles of the frontal horns/body of the 
lateral ventricles anterior to the foramina of Monro 
(Figure 11-60). It is the symmetrical nature and the 
location of the cysts that enable the correct diagnosis 
to be made.76

Subependymal Cysts
Supependymal cysts are pseudocysts and they usually 
occur secondary to haemorrhage and congenital viral 
infections (CMV and rubella) when reported in the 
fetus. They are mentioned here for completeness as 
they may present as a hypo-echoic lesion, most com-
monly located in the region of the caudothalamic 
notch.56,80

lesions) and therefore require serial sonographic 
examinations.76,77

Prenatal sonography shows an arachnoid cyst as a 
hypo-echoic lesion as early as 20 weeks’ gestation and 
there have been reports of first-trimester diagnosis by 
transvaginal sonography.78

There are three main objectives when evaluating an 
arachnoid cyst and establishing follow-up and the 
prognostic outcome: (1) the presence of other anoma-
lies especially midline defects; (2) the size of the ven-
tricular system; and (3) changes in cyst size with 
advancing gestational age.

Fetal arachnoid cysts have been reported with 
chromosomal abnormalities (trisomy 18 and triploidy) 
and prenatal diagnosis of an arachnoid cyst, especially 
in association with structural abnormalities, should 
prompt a recommendation for invasive karyotyping.

Arachnoid cysts without associated structural 
anomalies or chromosomal abnormalities can have a 
favourable outcome. Indications for an early delivery 
include rapidly increasing ventriculomegaly or head 
circumference. Both timing and mode of delivery 
should be discussed with the local neurosurgeons 
and neonatal team and ideally delivery should occur 
where there is the opportunity to perform postnatal 
evaluation with ultrasound and other cross-sectional 
imaging (computed tomography or MRI) as indicated, 
with access to a neurosurgical unit advisable to 
arrange follow-up and intervention (cyst-peritoneal 
shunting or fenestration of hydrocephalus) if neces-
sary. Morbidity is dependent on size, rate of growth 
and location, and the benefit of prenatal diagnosis 

FIGURE 11-59 Posterior arachnoid cyst. 
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trimester with hydrops should have a critical evalu-
ation of the intracranial contents to exclude an aneu-
rysm of the vein of Galen as the underlying cause. 
The vascular shunt can also result in cerebral ischae-
mia and leukomalacia.83

In the past due to rapidly developing hydrops and 
uncontrollable heart failure, the prognosis, even with 
prenatal diagnosis, has been dismal with very few 
survivors.

Reliable prenatal diagnosis and postnatal interven-
tional neuroradiology with intravascular embolization 
techniques have the potential to alter the prognosis of 
this condition, with dedicated centres reporting suc-
cessful embolization and good neurologic outcome in 
two-thirds of cases.

Supratentorial Midline Vascular Abnormalities
Aneurysm of the Vein of Galen. The term is a mis-
nomer as it is actually the result of an arteriovenous 
malformation that has formed between primitive 
choroidal vessels and the median prosencephalic vein 
of Markowski, and it is the median prosencephalic 
vein that is dilated.81 The persistent flow through the 
abnormal connection results in failure of involution of 
the embryonic vein and failure of development of the 
vein of Galen. It is a midline abnormality located 
supratentorially in the midline in the quadrigeminal 
plate cistern which represents 1% of all vascular brain 
malformations.81

Sonographically the vein of Galen malformation  
is an anechoic vascular tubular structure situated 
supratentorially in the midline above the cerebellum 
(Figure 11-61). Vein of Galen malformations can be 
treated postnatally and have a good outcome, but a 
large arteriovenous malformation carries a much 
worse prognosis. Prenatal MRI is very useful as this 
diagnostic distinction is not likely to be made at all on 
prenatal ultrasound.81

The diagnosis of an aneursym of the vein of Galen 
is rarely made before the third trimester because this 
is a dynamic abnormality whose appearance will  
alter with increasing flow and shunting as gestation 
advances. As the lesion increases in size and the vas-
cular shunt becomes haemodynamically significant, 
the fetus can develop high-output cardiac failure (94% 
of newborns).82 This manifests by cardiomegaly and 
cardiac failure with hepatic venous congestion  
and finally hydrops. A fetus presenting in the third 

FIGURE 11-60 Connatal cysts (arrows). 

FIGURE 11-61 Vein of Galen aneurysm. (Courtesy Professor Luc de 
Catte.)
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consideration when massive eccentric 
tumour growth has occurred. The tumour 
will present as a lesion with mass effect 
which will alter the appearance of adjacent 
normal structures.

• Intracranial haemorrhage:
• Once again most of the haematomas seen 

prenatally are parenchymal, but if the bleed 
is extra-axial, then diagnostic confusion may 
arise. The appearances of haemorrhage and 
thrombosis will both evolve and change 
with time. A developing haemorrhage may 
have considerable mass effect, and extension 
into the underlying brain may be detected 
sonographically which does not occur with 
a dural sinus thrombus.

• Arachnoid cyst:
• This is usually a simple avascular cyst, with 

a smooth wall and on occasion a mass 
effect. The arachnoid cyst will only be 
confused with the dilatation of the venous 
sinus.

• Aneurysm of the vein of Galen:
• This is a cystic structure with turbulent 

venous and arterial flow which is usually 
accompanied by fetal hydrops.

Poor prognostic lesions prenatally are those with 
hydrops, abnormal texture of the brain (hyperechoic 
owing to oedema) and retrograde flow in the descend-
ing aorta during diastole.83–85

Dural Sinus Thrombosis
Prenatal thrombosis of the dural sinuses is rare, the 
precise aetiology is unknown in most cases and the 
natural history is variable. Studies of dural sinus 
thrombosis in neonates emphasize an association with 
trauma and underlying systemic conditions such as 
sepsis, meningitis and dehydration, but it is impossi-
ble to extrapolate these aetiological factors to the fetus.

Only a few antenatal cases with long-term follow-up 
have been reported. The ultrasound features can 
mimic those of a tumour, and this may lead and 
indeed has led to misdiagnosis and interruption of the 
pregnancy.86

The typical ultrasound findings are an avascular 
supratentorial hyperechogenic mass in the posterior 
fossa above the cerebellum, surrounded by a triangu-
lar sonolucent area (the dilated venous sinus) (Figures 
11-62 and 11-63). These features are consistent with 
thrombosis of the posterior sinus associated with 
major dilation of the sinus.

The differential diagnosis of this extra axial cystic 
abnormality includes:

• A supratentorial brain tumour:
• As a tumour is usually an intraparenchymal 

abnormality, this is really only a 

FIGURE 11-62 Dural sinus thrombosis. (Courtesy Dr Sarah Bower.) FIGURE 11-63 Dural sinus thrombosis. (Courtesy Dr Sarah Bower.)
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EFFACEMENT OF THE CISTERNA MAGNA
In the Arnold–Chiari II malformation there is descent 
of the brainstem and cerebellar structures into the 
widened foramen magnum and upper cervical spine. 
This is recognized on ultrasound as effacement of the 
cisterna magna with accompanying distortion of the 
cerebellum: the so-called ‘banana sign’. It is best not 
to rely on recognizing a ‘banana’ configuration as the 
cerebellum may adopt a number of differing configu-
rations in this condition: it may become hypoplastic 
and bowed around the brainstem. The ‘banana sign’ 
has been observed to be most prominent before 24 
weeks’ gestation. The Arnold–Chiari II malformation 
is pathognomonic of an open spinal dysraphism 
(Figure 11-64).

CEREBELLAR HYPOPLASIA
The cerebellum controls reflex and voluntary motor 
function including posture, gait, ocular movement, 
memory, motivational behaviour and learning. The 
most common abnormalities affecting the cerebellum 
are the Dandy–Walker malformation and inferior 
vermian agenesis, which are discussed separately 
below. Cerebellar hypoplasia may, however, be 
observed on scan with no accompanying vermian 
abnormality (Figures 11-65 and 11-66).

When cerebellar hypoplasia is observed, it is 
important to examine the cerebellar hemispheres and 
the vermis very carefully. If the hemispheres appear 
fused and abnormally ‘immature’ looking with poor 
detail of the folia, then rhombencephalo-synapsis 
needs to be considered. If the cerebellum is normal 

Once the diagnosis is suspected an MRI should be 
arranged to confirm the diagnosis, accurately describe 
its location and size and exclude an additional brain 
abnormality. The pregnancy should then be monitored 
with serial ultrasound including colour Doppler. A 
repeat MRI after 6–8 weeks to exclude infarction and 
haemorrhage of the cerebral parenchyma is recom-
mended. A normal head size with decreasing throm-
bus size indicate a favourable prognosis, and even 
neonatally management is usually non-interventional 
in these cases. This is a relatively new prenatally diag-
nosed entity and caution must be applied when coun-
selling parents; ideally it is important to encourage an 
initial ‘wait and see’ management in these cases.87

Abnormalities of the Midline  
Posterior Fossa
This is a complex area of the fetal brain to assess and 
accurately understand, and it is one area that remains 
challenging sonographically. Pathology of the poste-
rior fossa can be at times misleading and confusing. 
The inconsistencies in diagnostic terminology mean 
that attempts to counsel parents about some of these 
defects may at times be quite poor, and until we can 
achieve a consensus in anatomical definitions and ter-
minology then we will continue to give poor quality, 
contradictory prognostic information. It is hoped that 
the multiplanar abilities of MRI will with time, allow 
for a precise classification of posterior fossa defects 
based on a multiplanar assessment of anatomy.

It is very important to arrive at the correct diagnosis 
of the abnormality of the posterior fossa. It is increas-
ingly recognized that some pathologies will have a 
favourable outcome, whereas others will most cer-
tainly not. The two conditions that will have a more 
favourable outcome than the Dandy–Walker malfor-
mation and vermian hypoplasia are a mega cisterna 
magna and a Blake’s pouch cyst.

The abnormalities recognizable and covered in this 
section are:

• Effacement of the cisterna magna due to Arnold–
Chiari II malformation and neural tube defects.

• Cerebellar hypoplasia.
• Enlarged cisterna magna:

• mega cisterna magna;
• Blake’s pouch cyst.

• Dandy–Walker malformation FIGURE 11-64 Arnold–Chiari II malformation on transvaginal scan. 
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within. Remember that paired linear echoes may be 
seen traversing the cisterna magna – this appearance 
may simulate a cyst, but these are thought to represent 
arachnoid septations and are not pathological. The 
importance of recognizing these echoes is to ensure 
that they do not represent cystic change within the 
posterior fossa (Figure 11-12).

Mega Cisterna Magna
A mega cisterna magna is an enlarged cisterna magna, 
which measures more than 10 mm from the posterior 
aspect of the vermis to the internal aspect of the skull 
vault with no identifiable structural abnormality either 
supra- or infratentorially.88 This is essentially a diag-
nosis of exclusion and care must be taken to ensure 
that the cisterna magna has been properly measured, 
as this diagnosis may be falsely made if the plane used 
for the transcerebellar view is over-tilted and too near 
the coronal plane.

In order to assign the label of a mega cisterna 
magna to a posterior fossa appearance it is essential to 
ensure that the cerebellar hemispheres are of normal 
size, that the inferior vermis is present, that there are 
no cystic abnormalities within the cisterna magna and 
that all supratentorial brain structures are normal.  
The presence of any of these abnormal findings will 
adversely affect prognosis and require chromosomal 
and thorough ultrasound analysis. A mega cisterna 

then the vermis needs to be examined very closely in 
order to assess whether it is complete or not. If the 
vermis is judged to be normal in all dimensions, then 
all possible causes of hypoplasia need to be considered 
(Box 11-3). A full history should establish both the 
drug history and family history to look for features 
suggesting an inherited disorder. Maternal blood 
should be tested for viral antibody levels to reveal 
evidence of a recent infection. The prognosis will nec-
essarily be determined by the underlying aetiology 
and can vary from asymptomatic to severe develop-
mental delay and early death (see Box 11-4).

ENLARGED CISTERNA MAGNA
The cisterna magna may be primarily enlarged or it 
may appear enlarged due to cystic abnormalities 

FIGURE 11-65 Isolated cerebellar hypoplasia. 

FIGURE 11-66 Frontal lobe atrophy with cerebellar hypoplasia. 

Viral infection
Teratogens
Multiple genetic syndromes – Joubert’s syndrome
In utero ischaemic event
Arnold–Chiari II in neural tube defects
Chromosomal abnormality – trisomy 18

BOX 11-3 CAUSES OF CEREBELLAR 
HYPOPLASIA

Moderate-to-severe developmental delay
Ataxia, broad-based gait
Hypotonia
Nystagmus, intention tremor, titubation
Seizures
Microcephaly

BOX 11-4 CLINICAL SYMPTOMS IN 
CEREBELLAR HYPOPLASIA
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The sonographic diagnosis is made on the basis of:
1. The ‘classic keyhole sign’ in the posterior fossa 

on the axial view91 (Figure 11-67).
2. The fluid within the cyst appears much more 

hypo-echoic than the normal cisterna magna 
fluid.

3. Normal anatomy and size of the vermis and of 
the cisterna magna.

4. Moderate anti-clockwise rotation of the vermis.
It has been suggested that the BPC may perforate 

with time, explaining the frequent reports of normali-
zation of this structure with advancing gestation, but 
this may simply mean that the normal sequence of 
formation of the foramen of Magendi is occurring, i.e. 
it is normal evolution, not pathological ‘perforation’.
As with a mega cisterna magna, a BPC is not usually 
associated with other abnormalities (this needs con-
firming with neurosonography and MRI scanning). 
These entities are not usually associated with underly-
ing chromosomal abnormalities and in the vast major-
ity of cases (>90%) there will be normal postnatal 
neurological development.92

magna occurs in approximately 1% of all brains 
imaged postnatally, and has been associated with in-
farction (however this may be due to the fact that the 
cerebellar hemispheres are globally small following 
infarction), CMV infection and chromosomal abnor-
malities, especially trisomy 18.56,89

Blake’s Pouch Cyst
There is undoubtedly much confusion about the true 
nature and underlying aetiology of a Blakes’ pouch 
cyst (BPC), and it has become a very interesting pre-
natally detected feature. The most favoured theory is 
that there is a delayed or failed regression of the Blake’s 
pouch, an embryological structure continuous with 
the fourth ventricle.91,92 This pouch may persist 
because there is a primary failure of one of the primi-
tive membranes, ‘the posterior membrane’, to undergo 
fenestration. If this fenestration does not take place the 
midline foramen of Magendi fails to form initially and 
the invaginated membrane becomes a cyst which pro-
trudes into the cisterna magna just below the normal 
inferior vermis.90–92

FIGURE 11-67 Blake’s Pouch Cyst: multiple images demonstrating evolution throughout gestation. 
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• Ventriculomegaly is found in 33% of cases and 
is more likely if there is vermian hypoplasia 
rather than complete agenesis.

• Ventricular enlargement does not always 
develop in utero and the appearance may be 
delayed until 6 months of age. This is 
important to consider in counselling of parents.

Additional central nervous system abnormalities 
occur in 45% of cases and are usually midline defects 
which are more likely to occur with complete vermian 
agenesis including:

• Holoprosencephaly.
• Agenesis of the corpus callosum (25%).
• Occipital encephalocoele (Figure 11-70).
• Neuronal migration disorders (heterotopias and 

lissencephaly) are seen in 5–10% postnatally and 
cannot be reliably excluded by ultrasound in the 
second trimester.

Non-CNS abnormalities occur in 66% of all cases. 
These are more likely if complete vermian agenesis is 
present; 81% versus 46%.95

Eighteen different chromosomal abnormalities and 
40 different genetic syndromes have been reported 
with the Dandy–Walker malformation!

It is important to identify any likely specific syn-
drome, as this can influence both prognosis and recur-
rence risk. Involvement of clinical geneticists in 
establishing the differential diagnosis and in counsel-
ling can be very helpful.

The most critical prognostic factors with the 
Dandy–Walker malformation are the presence or 
absence of associated central nervous system abnor-
malities and associated karyotypic abnormalities. 
Should a chromosomal abnormality be found, the 
prognosis for this will override that for the Dandy–
Walker malformation alone. The prognosis is also 
poorer if Dandy–Walker malformation is diagnosed 
before 21 weeks of gestation, and better in cases diag-
nosed postnatally.

Prenatal series report a termination rate of 57–68% 
and a 40% risk of fetal or neonatal death in the  
non-terminated cohort. Of the liveborn survivors, 
there is a high risk of abnormality and significant 
morbidity.95,96

The role of MRI in the assessment of fetal cranial 
abnormalities has changed our way of approaching 
abnormalities of the posterior fossa. This is due not 

DANDY–WALKER MALFORMATION
The Dandy–Walker malformation represents a well-
defined anatomical entity, characterized by the follow-
ing three criteria:56

a. Complete or partial failure of development of 
the vermis (hypoplasia or agenesis) with 
cephalad rotation of the vermian remnant 
(Figure 11-68).56

b. Cystic dilatation of the posterior fossa  
communicating with the fourth ventricle 
(Figure 11-69 A and B).

c. Enlargement of the posterior fossa causing 
an abnormally high tentorium and torcula. 
In this situation the torcula is above the 
level of the lambdoid suture which is a 
reversal of the normal situation. This feature 
will only be appreciated on high-resolution 
sagittal ultrasound of the posterior fossa or 
fetal MRI.56

The prevalence of the Dandy–Walker malformation 
is about 1 per 25,000–35,000 livebirths worldwide.93 
The abnormalities reported with this complex cerebral 
malformation are as follows:

• Chromosomal abnormalities occur in 15–45% 
of cases, in particular trisomies 13, 18 and 
21.94,95

• The risk is reduced if the ventricles are 
enlarged: 54% risk if normal sized ventricles, 
21% if ventriculomegaly is present.

FIGURE 11-68 Dandy–Walker malformation with cephalad rotation 
of the vermian remnant (line arrow). 
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FIGURE 11-69 Dandy–Walker malformation. (A) Complete absence of the inferior vermis. (B) Absence of the inferior vermis and a cystic dilata-
tion of the posterior fossa. 

A

B

FIGURE 11-70 Dandy–Walker malfor-
mation with an occipital encephalocoele 
(arrow). 
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only to the multiplanar advantages of MRI imaging, 
but also due to the anatomical detail obtained espe-
cially with advancing gestation when the increasing 
ossification of the bone of the fetal cranial vault makes 
the ultrasound assessment of the posterior fossa dif-
ficult on occasion.

The complex dynamic changes in the fetal cranial 
appearances that we are beginning to appreciate more 
and more with increasingly high resolution ultra-
sound, are even more apparent with fetal MRI. 
Reported results of the power of MRI in fetal diagnosis 
reveal that it does have a contribution to make in some 
cases of fetal cranial abnormality. It has been shown 
to add additional information in a significant number 
of cases (27% to 55% depending on the study)97,98 and 
to change the counselling and management in a sig-
nificant proportion (50% to 39%). See Chapter 21, 
Fetal MRI.

MRI does provide a viable adjunct to ultrasound in 
the diagnosis of fetal abnormality and is perhaps most 
powerful in imaging of the brain in fetal abnormality 
in terms of diagnostic yield. High-resolution ultra-
sound in skilled and experienced hands, however, 
remains the most widely used technique and it is very 
important to emphasize the complementary nature of 
these techniques. A well-performed ultrasound exami-
nation that is a direct targeted and focused examina-
tion should continue to be the mainstay of fetal 
diagnosis.
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Chapter 12 

Introduction
Anomalies of the fetal spine, particularly spina bifida, 
are amongst the commonest fetal malformations 
detectable. Anencephaly and spina bifida are the com-
monest neural tube defects (NTDs), accounting for 
up to 95% of all NTDs, and they occur with a nearly 
equal frequency of 1 in 1000 births though there is 
some variation depending on geographic location and 
sex of the fetus.1 Historically the UK and Ireland have 
had the highest prevalence of neural tube defects. 
Before the use of folic acid supplementation, Ireland 
had the highest incidence in the world at 1% of all 
births. There has been a marked decline over the last 
30 years and at present the incidence is believed to 
be 0.8/1000 total births in England.2 Prevalence rates 
are becoming harder to compare because of the 
increasing impact of antenatal diagnosis and termina-
tion of pregnancy. The diagnosis of spinal abnormali-
ties is closely linked with observation of anomalies 
in the head so that there is overlap between this 
chapter and Chapter 11, Cranial Abnormalities. 
However, there are a number of more subtle malfor-
mations such as occult spinal dysraphisms, diastem-
atomyelia, lipomeningocoeles and scoliosis that 
require detailed observation of the spinal anatomy 
itself if the diagnosis is to be made prenatally. These 
anomalies have a potentially huge impact on neuro-
logical and orthopaedic services as well as family life. 
It is to this end that considerable resources have been 
devoted to their prenatal detection, both through 
biochemical tests and ultrasound.

Diagnosis of Spina Bifida and Other 
Dysraphisms in the Fetus
Dario Paladini
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other neural tube defects are the transventricular and 
the transcerebellar views5 (Figure 12-1 A, B).

On the transventricular view, the secondary ven-
triculomegaly often associated with spina bifida and 
the frontal bone scalloping (‘lemon sign’) (Figure 
12-1C) are diagnosed with the Arnold–Chiari II mal-
formation (‘banana sign’) recognized on the transcer-
ebellar view (Figure 12-1D). The degree of descent of 
the cerebellum may be significant, and due to shadow-
ing from the occipital bones, the cerebellar abnormal-
ity may only be seen with a transvaginal (TV) scan 
(Figure 12-2).

It is only with three-dimensional ultrasound that 
the prenatal assessment of cranial bones, in the  
normal and abnormal fetus, has become reproducible 
and adequate (Figure 12-3). This imaging modality 
allows:6

• detailed evaluation of the fetal brain;
• neat characterization of cranial bones, sutures 

and fontanelles.
In this way, both delayed ossification or premature 

closure of the fontanelles and/or sealing of the sutures 
(synostosis) has become readily recognizable in utero. 
This modality can therefore be advantageously 
employed to also characterize the bony component in 
encephalocoeles.

FETAL SPINE
The sonographic assessment of the fetal spine depends 
on the visualization of the ossification centres of the 
fetal vertebral bodies in the coronal, sagittal and trans-
verse planes.7

Each vertebral body has three ossification centres: 
one in the body and one at the base of each transverse 
process (Figure 12-4).

Ossification of the vertebral body (also known as 
the centrum) begins at the thorocolumbar junction 
and progresses in cephalic and caudad directions.

There may be at least three initial centres of ossifi-
cation for the neural arch with ossification progressing 
cranially and caudally from each. Within the lumbar 
region ossification progresses in a caudad direction, 
possibly more quickly in females.8

Within the neural arches of the lumbosacral region 
ossification progresses caudally at a rate of one verte-
bral level every 2 to 3 weeks after 16 weeks (Figure 
12-5 A and B; Table 12-2).

Embryology
The human embryo passes through 23 stages of devel-
opment after conception, each stage lasting approxi-
mately 2–3 days3 (Table 12-1).

Two different processes form the CNS:
• The first stage in which the neural structures 

are formed into a tube is called primary 
neurulation, and this results in the formation 
of the brain and the spinal cord.

• In the next stage, called secondary neurulation, 
there is formation of the lower spinal cord, 
which gives rise to the lumbar and sacral 
elements.3

• The neural plate is formed at stage 8, the 
neural fold occurs at stage 9 and then fusion of 
the neural folds occurs at stage 10.

The current role and future potential of prenatal 
ultrasound in the diagnosis of cranial and spinal dys-
raphisms is discussed below.

The Normal Head and Spine
The normal examination of the fetal brain is covered 
very systematically in Chapter 11 and the reader is 
advised to review this anatomy before embarking on 
this chapter.

FETAL HEAD
On two-dimensional ultrasound, the views of interest 
for initial screening and diagnosis of spina bifida and 

TABLE 12-1 Defects Resulting from 
Disruption at the Different Stages of 
Development4

Days of Gestation
Disruption at this Stage: 
Resulting Fetal Malformation

0–18 Death or unclear effect
18 Anterior midline defects
22–23 Hydrocephalus (18–60 d)
24–26 Anencephaly
26–28 Cranium bifidum, spina bifida 

cystica, spina bifida occulta
32 Microcephaly (30–130 d), 

migration anomalies
33–35 Holoprosencephaly
70–100 Agenesis of the corpus callosum
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FIGURE 12-1 Axial views of the fetal head used for mid-trimester ultrasound screening of central nervous system malformations in the fetus. 
(A) Normal fetus at 21 weeks of gestation. The axial transventricular plane, cutting through the lateral ventricles (arrow), demonstrates absence 
of ventriculomegaly (atrial width less than 10 mm) and normal cerebral anatomy. (B) Normal fetus. The axial transcerebellar view demonstrates 
a normal posterior fossa, with an unremarkable cerebellum and a normal amount of fluid in the cisterna magna (arrows). (C) Fetus with open 
spina bifida at 20 weeks of gestation. The transventricular plane demonstrates clear moderate–severe ventriculomegaly (arrows) and scalloping 
of the frontal bones (arrowheads), the so called ‘lemon’ sign (from the shape of the fetal head). (D) Fetus with open spina bifida at 20 weeks 
of gestation. The transcerebellar plane demonstrates the Arnold–Chiari II malformation, with obliteration of the cisterna magna, and the abnormal 
shape of the cerebellum (‘banana’ sign, from its shape – arrowheads). 

A B

C D

FIGURE 12-2 A TV scan of a 20-week fetus with an open neural tube 
defect. The degree of distortion and descent of the cerebellum (arrow) 
could only be seen transvaginally due to shadowing from the occipital 
bones. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 12-3 Three-dimensional ultrasound enables clear visualization of cranial bones, sutures and fontanelles. (A) Lateral view of the fetal 
head showing the coronal suture and the mastoid and temporal fontanelles; (B) frontal view of the fetal head, demonstrating the frontal bones 
(F), the metopic sutures, and all the facial bones; (C) the fetal head seen from above, showing the anterior fontanelle; (D) posterior view of the 
occipital region, showing the posterior fontanelle (arrow) and the sagittal suture. F: frontal bones; Occ: occipital bone; P: parietal bones. 

A B

C D
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FIGURE 12-4 Each vertebral body has three ossification centres: one 
in the body (block arrow) and one at the base of each transverse 
process (line arrows) as seen on this transverse scan of the upper 
lumbar spine. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 12-5 (A and B) Within the neural arches of the lumbosacral 
region ossification progresses caudally at a rate of one vertebral level 
every 2 to 3 weeks after 16 weeks. Compare this 16-week coronal 
spine (A) to a 20-week coronal spine (B) in terms of the degree of 
ossification. (Courtesy of Dr Anne Marie Coady.)

A

B

TABLE 12-2 Neural Arch Density Similar 
to the Iliac Wings

Vertebral Body Level

Gestational Age at which the 
Degree of Ossification is 
Similar to the Iliac Wings

L5 16 weeks
S1 19 weeks
S2 22 weeks
S3 24 weeks
S4 25 weeks
S5 27 weeks

Axial View. The three ossification centres will appear 
as three dots of bone. The two posterior elements 
should converge towards each other to form an arch. 
However the normal arching of the posterior ossifica-
tion centres is far better appreciated in the prone fetus 
with its back to the transducer (Figure 12-6). This 
view also allows for assessment of the integrity of the 
overlying skin.

Pitfall 1. The fetus lying decubitus will appear to 
have posterior elements that are in parallel to each 
other (Figure 12-7).

Pitfall 2. Splaying of the posterior elements in the 
lumbosacral region will be produced by angling too 
obliquely when attempting to image axially (Figure 
12-8). This effect may be exaggerated by side lobe 
artefact producing an apparent meningocoele.

Coronal View. In this view the three ossification 
centres give a three line appearance. The inter-
pedicular distance is essentially constant throughout 
the spine (Figure 12-9). This view also allows the level 
of a defect to be determined as the 12th rib will be 
seen.

Pitfall 3. There is a normal physiological widening 
in the upper spine before the cranio-occipital junction 
and at the lumbosacral spine just prior to the normal 
tapering towards the sacrum (Figure 12-10 A and B).

Sagittal View. This view demonstrates two bony 
structures: the ossification centre of the vertebral body 

FIGURE 12-6 Axial view of the ossification centres, the two posterior 
elements converge towards each other to form an arch (arrows) 
which is very well appreciated in the prone fetus with its back to the 
transducer. Note the integrity of the overlying skin. (Courtesy of Dr Anne 
Marie Coady.)

The importance of recognizing this normal evolu-
tion is that too early a scan may not be able to exclude 
a neural tube abnormality in fetuses at high risk for a 
neural tube defect. The technique for examination 
must take into account fetal gestational age as dis-
cussed and fetal position.
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FIGURE 12-8 Splaying of the posterior elements in the lumbosacral 
region will be produced by angling too obliquely (arrows) when 
attempting to image axially. (Courtesy of Dr Anne Marie Coady.)

FIGURE 12-9 Coronal spine: the three ossification centres give a 
three line appearance: the inter-pedicular distance is essentially con-
stant throughout the spine. (Courtesy of Dr Anne Marie Coady.)

FIGURE 12-7 The fetus lying decubitus will appear to have posterior 
elements that are in parallel to each other. (Courtesy of Dr Anne Marie 
Coady.)

and also the junction of the posterior ossification 
centres. The all-important integrity of the overlying 
skin covering will be visualized.

This view will also demonstrate the normal hypo-
echoic spinal cord tapering to the level of the upper 
sacrum and its continuity with the echogenic cauda 
equina (Figure 12-11).

Pitfall 4. A true sagittal view of the lower sacrum 
may only demonstrate the ossification centre of the 
body due to an insufficiently ossified neural arch.

Pitfall 5. Splaying in the thoracic region will be 
mimicked by imaging the ribs and not the ossification 
centre of the transverse process.

FIGURE 12-10 (A) There is a normal physiological widening in the upper spine at the cranio-occipital junction (A) and (B) at the lumbosacral 
spine (B) just prior to the normal tapering towards the sacrum. (Courtesy of Dr Anne Marie Coady.)

A B
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The main difference between two and three-
dimensional ultrasound is that with three-dimensional 
ultrasound a volume dataset of the whole spine is 
acquired. After acquisition, the operator can choose 
to navigate through this volume, applying in post-
processing a series of rendering modalities to highlight 
the skin contour, the bony skeleton and to render the 
coronal plane. This, in turn, determines a higher 
degree of accuracy in reaching the final diagnosis and 
in its characterization both from a diagnostic and a 
prognostic standpoint6,9,10,11 (Figure 12-13).

Spinal Anomalies
INIENCEPHALY
Iniencephaly is included here as it has features of both 
a cranial and a spinal lesion.

• This is a rare abnormality with a prevalence of 
0.1–10:10,000 births. It has a pronounced 
female predilection F9: M1.

• This is a rare dysraphic malformation which 
has three major primary defects: a deficient 
occiput and inion combined with rachischisis 
of the cervical and thoracic spine with 
retroflexion of the head.12

• The exact aetiology is unknown, but seasonal 
and yearly variations exist. Other contributing 
factors include low parity and low 
socioeconomic status.

The diagnostic criteria for iniencephaly are:13

• A variably sized deficit of the occipital bones 
resulting in an enlarged foramen magnum 
(Figure 12-14).

• Partial or total absence of several cervical and 
thoracic vertebrae with incomplete closure of 
the vertebral arches and/or bodies. Any 
vertebrae that are visible are often abnormally 
fused to each other.

• Significant shortening of the spinal column due 
to marked lordosis and hyperextension of the 
malformed cervical–thoracic spine.

• The profound fixed hyperextension and lack of 
a neck will result in an upward-turned face 
and mandibular skin directly in continuity with 
the skin of the chest (Figures 12-15 and 
12-16) and the fetal occiput will be adjacent to 
the thoracic spine (Figure 12-16).

Delayed Ossification of the Fetal Spine. The 
sacrum may show incomplete ossification prior to 25 
weeks’ gestational age8 (Figure 12-12).

3D Fetal Spinal Ultrasound. Three-dimensional 
imaging is able to provide the sonologist with even 
more self-explanatory images of the fetal spine and 
rib-cage. In most cases a transabdominal approach 
suffices, but in obese women and in those in which a 
breech fetal lie is obscuring a more direct approach to 
the spine, transvaginal scanning is able to provide 
dramatic images of spinal anatomy, especially if three-
dimensional ultrasound is used.6,9,10,11

FIGURE 12-11 This sagittal view demonstrates the normal hypo-
echoic spinal cord tapering to the level of the upper sacrum (black 
arrow) and its continuity with the echogenic cauda equina (block 
arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 12-12 The sacrum may show incomplete ossification prior 
to 25 weeks’ gestational age (the arrow indicates a poorly ossified 
spine at 22 weeks). (Courtesy of Dr Anne Marie Coady.)



27112 Diagnosis of Spina Bifida and Other Dysraphisms in the Fetus

FIGURE 12-13 Three-dimensional ultrasound of the normal fetal spine at 22 weeks of gestation. In (B), a magnified axial view of a lower 
thoracic vertebra is shown. 

A B

C D

FIGURE 12-14 A variable deficit of the occipital bones resulting in 
an enlarged foramen magnum (arrow). (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 12-15 Upward-turned face and mandibular skin directly 
continuous with that of the chest due to the lack of neck (arrow). 
(Courtesy of Dr Anne Marie Coady.)
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FIGURE 12-16 The fetal occiput will be adjacent to the thoracic spine ((A) arrowheads at the fetal cranium and the line arrows indicate the 
fetal thoracic spine), the face will be upturned and the mandibular skin will be directly continuous with that of the chest due to the lack of neck 
((B) the line arrow indicates the lack of a fetal neck). 

A B

There are almost always (84% of cases) additional 
abnormalities in this invariably fatal defect.

OPEN SPINAL DYSRAPHISMS
Spinal cord malformations are collectively referred to 
as spinal dysraphisms. They are generated from defects 
occurring in the early embryologic stages of gastrula-
tion (weeks 2–3), primary neurulation (weeks 3–4), 
and secondary neurulation (weeks 5–6).3,4

SPINA BIFIDA
Incidence: 1 in 1000 at birth. There is a higher preva-
lence in Whites and in Hispanics than in African-
Americans and Asians. The birth prevalence of spina 
bifida is slowly decreasing due to the increased prena-
tal detection rate.

Aetiology and Pathogenesis
Open spinal dysraphisms originate from defective 
closure of the primary neural tube, which leads to the 
persistence of a segment of non-neurulated placode. 
The majority of cases are located at the lumbosacral 
level, and the placode is terminal. Since neurulation 
does not occur, the cutaneous ectoderm does not 
detach from the neural ectoderm and remains in a 
lateral position. This results in a midline skin defect. 
Therefore, the external surface of the placode is 
directly visible on inspection.

Definition
There are many confusing terms used to describe 
spina bifida defects. The definition is actually quite 
simple.
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FIGURE 12-17 Coronal view of an open spinal dysraphism with 
exposure of abnormal nervous tissue through a skin defect (the 
arrow points to the adherent neural tissue). (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 12-18 Closed spinal dysraphism in which there is complete 
skin coverage of the underlying malformation. The arrow indicates 
the thick skin overlying the defect. (Courtesy of Dr Anne Marie Coady.)

The term spina bifida (which refers to the defective 
fusion of the posterior spinal bony elements) includes:

1. Spina bifida occulta.
This should not actually be considered a defect 
or a ‘spina bifida lesion’. Spina bifida occulta 
consists of a minor failure of fusion of the neural 
arches but there is no protrusion of neural tissue 
of any type. There may be a cutaneous lesion 
e.g. tuft of hair, dimple, etc.14

2. Spina bifida cystica which is a saccular protru-
sion of tissue of neural origin through the spinal 
defect. The contents of the saccular protrusion 
may be:
a. a meningocoele without neural tissue (5%);
b. a myelomeningocoele where the spinal cord 

forms part of the cyst wall (90–95%).
The terms open or closed spinal dysraphism can 

also be used, but the defect is primarily a spina bifida 
cystica lesion which can then be considered either 
open or closed:14

• Open spinal dysraphisms (80%) (OSDs), in 
which there is exposure of abnormal nervous 
tissues through a skin defect (Figure 12-17).

• Closed spinal dysraphisms (20%) (CSDs), in 
which there is complete skin coverage of the 
underlying malformation (Figure 12-18).

Open spinal dysraphisms basically include mye-
lomeningocoele and rare abnormalities such as myelo-
coele and hemimyelo(meningo)coele. With an OSD 

there is a leakage of cerebrospinal fluid into the amni-
otic cavity which results in hypotension within the 
subarachnoid spaces. This intracranial hypotension 
then triggers a cascade of events which eventually 
results in the Arnold–Chiari II malformation.

Ultrasound Diagnosis
The diagnosis of an open neural tube defect is based 
on the recognition of the indirect (cranial) signs and 
the direct visualization of the spinal abnormality.15,16

Indirect (Cranial) Signs
1. Arnold–Chiari II malformation.
2. Reduced cranial biometry.
3. Ventriculomegaly.
4. Abnormal head shape:

• Acorn-shaped head in the first trimester.
• Frontal bone scalloping (‘lemon sign’) 

thereafter (Figure 12-19).
There is a constant association between OSDs and 

the Arnold–Chiari II malformation. This malformation 
is characterized by a small posterior fossa associated 
with downward displacement of a dysmorphic vermis, 
the brainstem and the 4th ventricle into the foramen 
magnum or even into the cervical spinal canal.

This cluster of events is determined by the failed 
closure of the neuropore. As a result, the posterior 
fossa will be too small to accommodate the growing 
brainstem and cerebellum, which will herniate through 
the cervical canal behind the upper cervical cord.16
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gestation until term, though it should be remembered 
that the ultrasound examination of the fetal posterior 
fossa is severely hampered in the third trimester by 
increased mineralization of the fetal skull.18

The cerebellar appearances are due to downward 
descent of the cerebellum which becomes moulded 
around the midbrain with obliteration of the cisterna 
magna. The cerebellum is initially banana-shaped but 
as the condition progresses the cerebellum may not be 
visualized at all and appears absent.

The frontal bone scalloping (‘lemon sign’) develops 
early. It is thought to be due to decreased intracranial 
pressure and collapse of the soft frontal bones. This 
appearance will be seen in 98% of fetuses with an 
open defect before 24 weeks and in only 13% of cases 
after 24 weeks. This appearance has been described 
as an isolated feature in fetuses that are completely 
normal in all other respects.

Ventriculomegaly is a relatively late-onset sign. 
Mild to moderate ventriculomegaly appears in the late 
second trimester in most cases (70%) and worsens 
thereafter (80–90%). When ventriculomegaly is 
detected in utero it is worth noting that 33% of the 
fetuses will have a neural tube defect.

Fetal Cranial Biometry
The fetal biparietal diameter (BPD) and head cir-
cumference (HC) are usually reduced below the 5th 
centile in a proportion of fetuses: 60% and 26% 
respectively.

The ultrasound diagnosis of the Arnold–Chiari II 
malformation is based upon the recognition of a con-
stellation of signs including:

1. Obliteration of the cisterna magna <2 mm 
(Normal range 2–8 mm) (Figure 12-20A).

2. A dysmorphic and dysplastic cerebellum with 
an abnormal anterior curvature (‘banana sign’) 
(Figure 12-20 A and B).17

3. Scalloping of the frontal bones which is respon-
sible for the ‘lemon sign’.

4. Hypoplasia of the cerebellum.
Obliteration of the cisterna magna and the cerebel-

lar ‘banana sign’ are the most sensitive features with 
the percentage of false-positives being close to 
zero.15,17,18 These signs can be found from 16 weeks of 

FIGURE 12-19 Frontal bone scalloping: ‘lemon sign’. (Courtesy of Dr 
Anne Marie Coady.)

FIGURE 12-20 (A) Dysmorphic and dysplastic cerebellum with an abnormal anterior curvature (‘banana sign’, arrow). (B) Sagittal view of the 
posterior fossa and the upper spine showing the degree of descent of the cerebellum (line arrow) down onto the spine (block arrow). (Courtesy 
of Dr Anne Marie Coady.)

A B
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Sagittal Plane
• Presence of a saccular protrusion (Figure 12-23).
• Loss of integrity of the overlying skin.
• Visualization of a gibbus. In some cases, the 

spina bifida is complicated by the presence of 
severe abnormalities of the affected segment; in 
particular, the lumbosacral spine may be 
severely distorted, showing acute posterior 
convexity (Figure 12-24).

• Evaluation of the cranio-caudal extent of the 
defect.

Points to Ponder
• The fewer the number of segments affected the 

more difficult the lesion will be to spot.
• A supine fetal position or fetal proximity to the 

uterine wall will hinder detection.
• A transvaginal approach may be very useful in 

the breech supine fetus particularly in maternal 
obesity.

The presence of any one of the indirect cranial signs 
(apart from isolated frontal bone scalloping) indicates 
the presence of a spina bifida lesion.

As mentioned, it is thanks to these indirect cerebral 
signs that the prenatal detection rate of open spina 
bifida has reached figures in the range of 68–90%, 
with 68% of the diagnoses before 24 weeks of gesta-
tion in Western countries.17,18,19

One of the indirect cranial features (that of an 
abnormal head shape) is thought to be present from 
as early as 12 weeks’ gestation, though in fetuses this 
size it is described as an acorn-shaped cranium. The 
cerebral peduncles have also been reported to align  
in parallel in early neural tube defects, but this author 
would advise caution interpreting this finding.  
Cerebellar signs will not be seen this early on any 
modality.

Direct Spinal Signs
Direct sonographic recognition of the spinal defect 
requires systematic examination of each neural arch, 
from the cervical region to the lower sacrum in all 
three standard planes: coronal, axial and midsagittal.

Sites Affected on Prenatal Scans
• Lumbosacral spine (64%).
• Sacral spine (23%).
• Thoracolumbar region (12%).
• Cervical spine (1%).

Ultrasound Features
Coronal Plane

• Abnormal splaying/widening of the posterior 
ossification centres (abnormal widening of the 
interpedicular distance, remembering that there 
is a normal physiological lumbar expansion 
(Figure 12-21)).

• Abnormal saccular protrusion (Figure 12-17).

Axial Plane
• Abnormal widening of the posterior ossification 

centres producing an open ‘U’ or ‘V’ 
configuration, due to absence of the dorsal 
arches (Figure 12-22).

• Presence of a saccular protrusion.
• Loss of integrity of the overlying skin (Figure 

12-22 A and B).

FIGURE 12-21 (A and B) Abnormal splaying/widening of the poste-
rior ossification centres (abnormal widening of the interpedicular 
distance, arrows). (Courtesy of Dr Anne Marie Coady.)

A

B
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FIGURE 12-22 Loss of integrity of the overlying skin with abnormal 
widening of the ossification centres producing a ‘U’ or ‘V’ configura-
tion (arrows). (Courtesy of Dr Anne Marie Coady.)

A

B

FIGURE 12-23 A sagittal view through the lower lumbar spine in a 
34-week fetus with an OSD, showing the abnormal saccular protru-
sion (arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 12-24 Visualization of a gibbus. In some cases there will be 
severe abnormalities of the affected vertebral segment particularly in 
the lumbosacral spine where the degree of distortion produces an 
acute posterior convexity (arrow). (Courtesy of Dr Anne Marie Coady.)

The three planes mentioned can be demonstrated 
advantageously on the same panel of images using the 
multiplanar display allowed by three-dimensional 
ultrasound (Figure 12-25). It should be underlined 
that the direct recognition of the defect is not always 
so straightforward; in a significant number of cases the 
spinal lesion is missed on initial evaluation and is 
diagnosed only because the operator has detected the 
previously described indirect signs at the level of the 
fetal head.

Fortunately, even small lesions of the spine are 
associated with secondary cerebral abnormalities, 
provided that the spinal defect is an open one. 
Indirect cranial signs are associated with open spinal 
defects in more than 99% of the cases.20 Conversely, 
closed spinal dysraphisms are never associated with 
cranial signs and can only be recognized on direct 
inspection of the spine. However it is possible, by 
two- and three-dimensional ultrasound, to recognize 
the level and the extent of the spinal defect very 
accurately.

This information is important because the level of 
the spinal lesion dictates to a certain extent the motor 
and the neurofunctional outcome of fetuses with OSD. 
This information can be advantageously employed 
during prenatal counselling sessions, when the neuro-
surgeon will need this information to fine-tune his/her 
consultation.
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The role of MRI in the prenatal assessment of open 
spina bifida is rather limited, especially because ultra-
sound is able to accurately characterize open spinal 
defects, as mentioned above, and to diagnose the asso-
ciated cerebral signs and their importance.

Differential Diagnosis
This includes sacrococcygeal teratoma, in which the 
indirect signs related to the posterior cranial fossa are 
absent and where the absence of a vertebral cleft can 
be demonstrated on a careful scan of the spine.

Associated Anomalies
• Scoliosis.
• Talipes, usually bilateral and sustained, may 

develop in a significant percentage of cases 
(Figure 12-26).

• Moderate to severe pyelectasis and/or bladder 
distension are rarely seen, but may represent 
neurofunctional damage.

FIGURE 12-25 The three planes mentioned can be demonstrated advantageously on the same panel of images using the multiplanar display 
allowed by three-dimensional ultrasound. Open spina bifida at 22 weeks of gestation – direct signs on multiplanar imaging of the same case 
(A–C): (A) sagittal view showing the absence of the posterior processes (arrows); (B) axial view showing the U sign, with the vertebral canal 
open posteriorly (arrowhead); (C) coronal view, showing splaying of the lateral processes; (D) another case with a dorsal sac (arrowhead). 

A B

C D

FIGURE 12-26 Bilateral talipes. Talipes is usually bilateral and sus-
tained and may be very severe with scissoring. (Courtesy of Dr Anne 
Marie Coady.)
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ultimate size of the cerebral ventricles. The higher 
the lesion the greater the likelihood of mental retar-
dation with lower scores on all measures of intel-
ligence, academic skills, and adaptive behaviour; 
however this is not invariable. The initial intelligence 
level of children with neural tube defects is normal. 
Loss of intellectual function seems to correlate sig-
nificantly with the presence of hydrocephalus. The 
greater the number of shunt revisions the less likely 
is independence in adulthood, but it is difficult to 
account for the impact of recurrent hospitalization 
and ‘social and intellectual deprivation’ in this group 
of children. This suggests that close medical manage-
ment in order to minimize episodes of increased 
intracranial pressure and thus the need for hospital 
inpatient stays and operations may improve overall 
quality of life.24,25,27,28

3. Ambulation. The ability to walk in patients with 
myelomeningocoele is related to the strength of ilio-
psoas, gluteus medius, hamstrings, and/or quadriceps.26 
A motor level of L5 in the first 3 years of life is predic-
tive of a reasonable chance of ambulation. In a 25-year 
follow-up study of young adults with myelomeningo-
coele, no patient with a lesion at L3 or above ambu-
lated consistently.26 The ability to walk is usually 
achieved by the time the child is 8–9 years old; 
however thereafter several evolving factors will deter-
mine whether ambulation continues. These factors 
include increasing body dimensions, higher energy 
requirements and lower-extremity muscle deteriora-
tion. Obesity and psychological features will contrib-
ute to a functional decline, particularly with increasing 
age in patients with myelomeningocoele.

4. Sphincter Control. The data on continence from 
the literature are variable. Lower urinary tract dys-
function is very common (95%); however it has been 
reported that 40–85% of children achieve bladder 
continence; 50–85% achieve bowel continence; and 
25% of patients will be continent of both bowel and 
bladder function.27,28 Social continence is far more 
likely to occur when aggressive training is instituted 
early, ideally before the age of 7 years. The psychoso-
cial consequences of achieving bowel and bladder 
continence can be dramatic for children with myelo-
meningocoele, especially in adolescence.27,28

Risk of Chromosomal Anomalies
This risk is quoted as ranging from 8–16%21,22,23 with 
trisomy 18 accounting for the majority of the karyo-
typic abnormalities. There is a risk even in the setting 
of isolated spina bifida of 2–4%. The risk of associa-
tion of non-chromosomal syndromes is low.

Obstetric Management
The defect should be accurately assessed in terms of 
type, sac contents, segments involved and uppermost 
affected level.

Additional abnormalities need to be excluded.
Fetal karyotyping may be indicated in the presence 

of associated anomalies.
Delivery by Caesarean section is recommended to 

avoid any trauma to, and possible infection of, the 
myelomeningocoele during transit through the birth 
canal, however this indication is still controversial.

Prognosis
The best prognosis is for low closed lesions which 
contain cerebrospinal fluid only.

Counselling parents with respect to the postnatal 
prognosis is complex; these babies can have myriad 
problems, but a systematic consideration of outcome 
needs to be considered in terms of all aspects of the 
disorder.24

1. Mortality. About 25% of fetuses with spina bifida 
are stillborn and as a rule survival depends on the 
upper level of the spinal defect, the severity of the 
lesion in terms of number of affected levels and  
the presence or absence of a gibbus. Associated  
abnormalities including aneuploidy will of course  
also adversely affect outcome.25,26,27,28 The mortality 
rate for infants with myelomeningocoele is greater 
than the general population risk in the first year of  
the life, with death usually due to hydrocephalus  
or intracranial infection if untreated. Survival rates  
have improved dramatically with the introduction  
of antibiotics and developments in management of 
hydrocephalus.

2. Intelligence. The factors that determine the 
developmental outcome and cognitive function 
include: the upper level of the spinal lesion and the 
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further categorized based on the association with low 
spinal subcutaneous masses.

CSDs with an associated mass include:
• Meningocoele: this refers to herniation of a 

cerebrospinal fluid (CSF)-filled sac lined by 
dura and arachnoid mater. The spinal cord is 
not located within the sac but it may be 
tethered to the neck of the CSF-filled sac. The 
majority are posterior in location herniating 
through an osseous defect of posterior spinal 
elements. They are usually lumbar or sacral in 
location (Figure 12-18).

• Lipomyelomeningocoele and lipomyelocoele: 
these abnormalities result from a defect in 
which mesenchymal tissue enters the neural 
tube and forms fatty/lipomatous tissue. With a 
lipomyelocoele, the placode–lipoma interface 
lies within the spinal canal, whereas with a 
lipomyelomeningocoele, the placode–lipoma 
interface lies outside of the spinal canal.

• Myelocystocoele: a myelocystocoele occurs 
when a dilated central canal herniates through 
a posterior spina bifida defect. Myelocystocoeles 
are covered with skin and can occur anywhere, 
but are most commonly seen in the cervical or 
cervicothoracic regions (Figure 12-27).

Closed CSDs without a mass may be simple (as 
described above) or complex.

A complex dysraphic state includes:
• diastematomyelia;
• caudal agenesis and spinal segmental 

dysgenesis.

Renal compromise occurs because of problems 
related to neurogenic bladder with the inevitable 
sequelae of reflux and infection. Renal failure is still 
the leading cause of death in patients with myelo-
meningocoele after the first year of life. The aim of 
aggressive management of neurogenic bladder is to 
preserve normal renal function and to avoid the addi-
tional debilitating complications of renal dialysis.

Long-term survival into adulthood and advanced 
age is now common.

Recurrence risks: see Table 12-3.

CLOSED SPINAL DYRAPHISMS
Closed spinal dysraphisms (CSDs) are so named 
because the spinal defect is covered with skin, and are 

Reproduced with permission from: Nussbaum RL, McInnes 
RR, Willard HF. Genetics of disorders with complex 
inheritance. In: Thompson and Thompson, Genetics in 
Medicine, 6th edn. Philadelphia (PA): WB Saunders 
2001, p. 289. Copyright © 2001 Elsevier.

TABLE 12-3 Recurrence Risk of Neural 
Tube Malformations

Affected Relatives
Risk of Anencephaly and 
Spina Bifida (Percent)

No Siblings

Neither parent 0.3
One parent 4.5
Both parents 30

One Sibling

Neither parent 4
One parent 12
Both parents 38

Two Siblings

Neither parent 10
One parent 20
Both parents 43

One Sibling and One Second-Degree Relative

Neither parent 7
One parent 18
Both parents 42

One Sibling and One Third-Degree Relative

Neither parent 5.5
One parent 16
Both parents 42

FIGURE 12-27 Myelocystocoele. (Courtesy of Dr Anne Marie Coady.)
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ultrasound. It is also referred to as a Tarlov cyst and 
it is an anterior herniation of meninges only into the 
pelvis. The sacral defect is not a failure of fusion, but 
rather an enlargement of the sacral foramina. If found 
prenatally it would be part of the differential diagnosis 
of a pelvic cyst including ovarian cyst, enteric duplica-
tion cyst and a meconium pseudocyst (Figure 12-29).

Lipomyelomeningocoele. The classic lipomyelo-
meningocoele is an open spina bifida with fat within 
the spinal canal. On occasions there may not be a very 
significant bony defect.

DIASTEMATOMYELIA
Diastematomyelia consists of complete or partial clef-
ting of the spinal cord in a sagittal plane into two 

It should be underlined that the prenatal detection 
rate of CSDs is decidedly lower in comparison with 
that of OSDs, due to the fact that CSDs do not have 
any cranial abnormalities, i.e. loss of the indirect 
signs.15,16,17

CLOSED SPINA BIFIDA WITH MENINGOCOELE
A posterior meningocoele is a skin-covered, CSF-filled 
mass that is continuous with the CSF in the spinal 
canal. It can be associated with a tethered cord or 
hydromyelia, neither of which is detectable prenatally 
(Figure 12-28 A and B).

The prenatal diagnosis requires direct visualization 
of the lesion on the sagittal view of the spine. There-
fore, only some of the largest lesions are usually 
detected prenatally as a cystic mass, at the caudal 
end of the spine. With some attention, the continuity 
between the cystic mass and the spinal canal can 
also be seen. By definition, the skin overlying the 
defect is intact. If a lipoma is associated then it is 
a lipomeningocoele.

Spina Bifida Variants
• Rachischisis.
• Anterior sacral meningocoele.

Rachischisis. This is defined as a complete cleft of 
the vertebral bodies and the spinal cord, predomi-
nantly of the upper spine.

Anterior Sacral Meningocoele. This is not usually 
a diagnosis made prenatally, indeed it often presents 
in adult females as a mass found coincidentally on 

FIGURE 12-28 CSD: two examples of a posterior skin covered mass. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 12-29 Anterior sacral meningocoele in a young woman. 
(Courtesy of Dr Anne Marie Coady.)
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FIGURE 12-30 Widening of the interpedicular distance in a fetus with 
diastematomyelia with a central echogenic focus (arrow). (Courtesy of 
Dr Anne Marie Coady.)

symmetric or asymmetric hemicords, usually at the 
thoracolumbar level of the spine. The cord usually 
reunites more distally.29,30,31

Two subtypes of this lesion are recognized:
Type A: the two hemicords are contained within a 

single dural and arachnoid lining without any 
fibrous or bony dividing spur.

Type B: each hemicord has its own dural and arach-
noid sac and there is a spur of bone or a fibrous 
septum separating the two hemicords.

Cutaneous stigmata such as a hairy patch or a capil-
lary hemangioma may be present postnatally at the site 
of the anomaly. Cord tethering and syringohydromy-
elia are commonly associated.

Prenatal diagnosis of type B is usually subtle, but has 
been reported in an increasing number of cases.29,30,31

In the coronal plane there will be:
1. A widening of the interpedicular distance 

(Figures 12-30 and 12-31).
2. A central posterior echogenic focus – ‘the bony 

spur’ – between the posterior ossification centres 
at the point of widening (Figure 12-31). This 
bony focus should not be mistaken for a 
lipomeningocoele. A lipomeningocoele will be 
echogenic, but the echogenicity is not as bright 
as adjacent bone and it is all less well-defined 
and more diffuse. In contrast the bony spur will 
be well-defined and as bright as the adjacent 
bone of the developing ossification centres 
(Figure 12-32).

This diagnosis is made more confidently with 
three-dimensional imaging.

FIGURE 12-31 A central posterior echogenic focus – ‘the bony spur’ 
– between the posterior ossification centres at the point of widening. 
The echogenic focus is as bright as the adjacent posterior ossification 
centres. 

A

B

FIGURE 12-32 Diastematomyelia type B (30 weeks of gestation). (A) 
Magnified three-dimensional ultrasound. Coronal view showing the 
bony spur in the middle of the spinal canal (arrow); (B) Postmortem 
image. The posterior processes have been removed to show the cord. 
Note the bifurcation of the cord in the two hemicords at the level of 
the bony spur (arrow). 

A B
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FIGURE 12-33 (A) A Diastematomyelia (bony spur, block arrow) with (B) an associated B open neural tube defect (line white arrow). (Courtesy 
of Dr Anne Marie Coady.)

BA

FIGURE 12-34 (A,B) Hemivertebra of the lower lumbar region pro-
ducing intrauterine scoliosis. (Courtesy of Dr Anne Marie Coady.)

A

B

Prenatal Associations
A diastematomyelia will co-exist in 36% of myelo-
meningocoele cases. In one postnatal series there was 
an associated kyphoscoliosis due to hemivertebrae or 
block vertebrae in 85% of cases.

The most important feature is the exclusion of a 
spina bifida defect (Figure 12-33).

Babies with an isolated diastematomyelia may be 
completely normal at birth. Twenty percent will have 
‘the orthopaedic syndrome’ consisting of a unilaterally 
weak hypoplastic lower leg and foot. The degree of 
neurological defect cannot be determined in utero.

HEMIVERTEBRA
Structural anomalies of the vertebrae may result from 
failure of formation or segmentation.32,33,34,35

The term segmentation defect refers to cases where 
the vertebral body has not developed normally result-
ing in the formation of:

• a hemivertebra (Figure 12-34 A and B);
• a fused hemivertebra (the hemivertebra is fused 

with the normal body of the vertebra above or 
below);

• a butterfly vertebra (poor development of the 
mid portion of the vertebral body);

• any combination of the above.
It can affect the development of the posterior ver-

tebral elements as well as the vertebral body. There is 
no known risk of aneuploidy vand thus invasive 
testing is not required. All of these vertebral anomalies 
may produce a kyphosis or scoliosis.
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It is essential to consider the following when a 
segmentation defect(s) is diagnosed:32,35

• the level and extent of the anomalies (Figure 
12-35 A and B);

• rib involvement (Figure 12-36);
• identify the spinal cord and its lower limit;
• examine the spinal cord for evidence of a 

syrinx or duplication;
• assess limb posture;
• assess the fetus as a whole, in particular look 

for abnormalities of the heart and genito-
urinary system;32,35

• consider referral for MRI to detail the extent of 
anomalies, especially those of the cord that 
affect morbidity.

FIGURE 12-35 The level and extent of the anomaly. (Courtesy of Dr Anne Marie Coady.)

A B

FIGURE 12-36 Extensive rib involvement in a fetus with multiple 
segmentation defects (all arrows indicate the rib anomalies on 2D 
(A) and 3D (B) imaging). 
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FIGURE 12-37 A fetus with absent radius as part of the VACTERL 
constellation of abnormalities. (Courtesy of Dr Anne Marie Coady.)

Prognosis will depend on the extent of the segmen-
tation defects and the presence of cord and other 
system anomalies. The VACTERL constellation of 
abnormalities should always be considered when 
hemivertebra(e) are found on scan (Figure 12-37). 
When a vertebral anomaly is mild and isolated, the 
prognosis is good. The scoliosis due to a hemivertebra 
may progress in childhood: approximately 25% will 
progress rapidly, 25% do not progress and the remain-
ing 50% progress slowly. Obviously the presence of 
associated anomalies is reported to reduce the survival 
to <50%.

SCOLIOSIS (TABLE 12-4)

A scoliosis is best appreciated on the sagittal and 
coronal planes when an abnormal spinal angulation 
persists despite fetal movement.
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• Renal defects.
• Limb anomalies (radial aplasia) (Figure 12-37).
A kyphosis of the fetal spine is more unusual, but 

it may result in a pronounced unchanging curvature 
of the upper spine.

CAUDAL REGRESSION SYNDROME, SACRAL 
AGENESIS AND SIRENOMELIA (TABLE 12-5)

In combination with anal atresia these conditions  
are sometimes considered to be on a spectrum of 
disorders of development of the lower spine and legs; 
however, these are best considered as two separate 
entities.36

Both sacral agenesis (Figure 12-38 A to D)  
and caudal regression are strongly associated with 
maternal diabetes and may be due to deranged mater-
nal metabolism. The adverse effects of the metabolic 
abnormalities have their effect in the first few weeks 
of pregnancy and therefore good diabetic control 
should be maximized before conception.

The commonest site of these defects is the lower 
thoracic region; more than one vertebral level may 
be affected and associated rib defects may be 
appreciated.

Scoliosis may be associated with:
• neural tube defects;
• malformation associations such as amniotic 

band syndrome and VATER/VACTERL  
defect.

Isolated vertebral abnormalities with or without  
a scoliosis are not associated with an abnormal 
karyotype.

The VACTER-VACTERL-VATER complex: the 
actual acronym depends on the different anomalies 
present at the same time:

• Vertebral defects: fusion, hemivertebrae and 
scoliosis (Figure 12-36).

• Anorectal atresia.
• Cardiac defects (tetralogy of Fallot, 

transposition of the great vessels).
• Oesophageal atresia.

TABLE 12-4 Syndromes Associated with Vertebral Body Abnormalities Such as 
Hemivertebrae

Syndrome Classic Description Common Ultrasound Findings Occasional Ultrasound Findings

Klippel–Feil 
syndrome

Short neck, low posterior 
hairline, severe 
restriction of neck 
motion because of 
complete fusion of 
cervical vertebrae

Scoliosis, cervical vertebral 
defects

Cleft palate, rib abnormalities, 
renal abnormalities, cardiac 
abnormalities

Poland’s 
syndrome

Congenital aplasia of the 
sternocostal head of the 
pectoralis major, 
associated with 
ipsilateral syndactyly

Syndactyly Vertebral abnormalities, renal 
aplasia, brachydactyly, 
ectrodactyly, forearm 
hypoplasia, rib defects

VATER Vertebral, anal, 
tracheoesophageal, 
radial, renal 
abnormalities

Radial ray abnormalities, 
hemivertebrae, scoliosis, 
tracheoesophageal fistula, 
renal abnormalities

Spinal dysraphism, 
polydactyly, clinodactyly, 
heart defects, humeral 
hypoplasia

Velocardiofacial Cleft palate, cardiac 
anomalies, and 
characteristic facies

Cleft palate, micrognathia, 
cardiac defects

Scoliosis, clubfoot, thumb 
phocomelia, clinodactyly

Goldenhar Asymmetric microsomia of 
otocraniofacial 
structures

Scoliosis, hemivertebrae Rib defects, clubfoot, thumb 
abnormalities, phocomelia, 
clinodactyly
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TABLE 12-5 The Features which Enable Differentiation Between 
Caudal Regression and Sirenomelia

Caudal Regression Syndrome Sirenomelia

Umbilical arteries 2 1
Lower limbs 2, hypoplastic 1 single or fused limbs
Renal defects Non-lethal Renal agenesis
Anal defects Atresia Absence of the anus
Absence of the lower spine Yes Yes
Maternal diabetes Yes No
Liquor volume Normal Oligohydramnios

Caudal regression syndrome is 250 times more 
common in diabetic mothers. 22% of fetuses with 
sacral agenesis will have diabetic mothers and 1% of 
fetuses born to diabetic mothers will have sacral 
agenesis.

Ultrasound Diagnosis
Making the diagnosis of sacral agenesis requires 
knowledge of the normal rate of sacral ossification (see 
the beginning of the chapter).

The normal curve of the sacrum is lost and the 
spine appears shortened.

Caudal regression describes a condition in which 
there is:

• incomplete development of the lower portion 
of the spine ranging from partial sacral agenesis 
through to absence of the spine below the 
lower thoracic region;36,37

• reduction in the length of the spine (resulting 
in lower than expected CRL in the first 
trimester);

• deformities of and abnormality in the position 
of the pelvic bones;

• lower limb postural defects;
• an association with abnormal development 

of the lower gut and genito-urinary  
systems;

• the liquor volume is normal.

FIGURE 12-38 Caudal regression sequence at 21 weeks of gestation. (A) Two-dimensional imaging. The arrowheads indicate the large spinal 
defect involving the lumbosacral area. The inset shows the associated severe renal dysplasia. (B) Three-dimensional ultrasound showing the 
sacral agenesis (arrow): no vertebrae are visible below the lumbar tract. Note the irregularity of the whole spine. (C) Three-dimensional ultra-
sound. Surface-rendering showing the large back mass (arrowheads) and the associated talipes (arrow). (D) Confirmation after termination of 
pregnancy: the back mass (arrowheads) and the talipes (arrow) are evident. 
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As a consequence of anhydramnios it may be dif-
ficult to elucidate the abnormality. There is a prepon-
derance of males affected (2.6:1 M:F) but due to 
absence of recognizable external genitalia, this is only 
known following karyotype. There is no link with 
maternal diabetes mellitus. This condition is lethal 
(Figure 12-41).38,39

SPLIT NOTOCHORD SYNDROME
Split notochord syndrome (SNS) represents an 
extremely rare and pleomorphic form of spinal 
dysraphism characterized by a wide spinal defect 
and a persistent communication between endoderm 
and ectoderm, manifest as an endoectodermal fistula 
opening in the dorsal area. There are several vari-
ants dependent on the type of the spinal defect 
and the site of the associated anomalies. Anomalies 
usually involve the gastrointestinal tract and the 

The prognosis is necessarily variable and depends 
on the extent of regression and the involvement of 
other body systems, not all of which are amenable  
to prenatal assessment. MRI can be helpful in  
the assessment of the extent of the pelvic and  
spinal abnormalities when endeavouring to give a 
prognosis.36,37

Sirenomelia is a condition in which the lower limbs 
are fused with varying degree of agenesis of the bony 
components ((Figures 12-39 and 12-40).38 It affects 
the development of the pelvis with sacrococcygeal 
agenesis and it is associated with renal tract malforma-
tion, particularly renal agenesis (Figure 12-41).

FIGURE 12-39 A transvaginal scan demonstrating sirenomelia: with 
a single femur (black arrow) and fusion of the lower limbs (block 
arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 12-40 A transvaginal scan of sirenomelia demonstrating 
sacrococcygeal agenesis (arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 12-41 Sirenomelia at 15 weeks of gestation. (A) Coronal 
scan of the two legs: there are two separate sets of long bones 
(but no fibulae), but the soft tissues appear fused. The arrow 
demonstrates the abnormal bony remnant of the fibulae, shown 
also on axial plane (inset). (B) Axial scan of the sacral spine, 
demonstrating the absence of the sacral vertebrae (arrowheads) 
between the two iliac wings, consistent with a diagnosis of 
sacral agenesis, and the single dysplastic horseshoe kidney 
(arrows). (C) Confirmation after termination of pregnancy: note 
that the fusion of the lower limbs is total, extending to the 
feet as well. 

A

B

C
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FIGURE 12-42 Split notochord syndrome at 22 
weeks of gestation. (A) On transvaginal ultra-
sound, the fetal breech contour was altered by 
the presence of a cystic terminal meningocoele 
(arrowhead) and an intestine-like appendix 
(arrows), at the level of the postero-lateral peri-
neal region; (B) after surgery, the presence of 
the back mass, consisting of a lipomeningo-
coele (arrowhead) and of an ectopic intestinal 
loop – already partially resected (arrows) – was 
confirmed. In association, anal atresia (?) was 
diagnosed; (C) before surgery, the whole length 
of the ectopic intestinal loop (arrow) is evident. 
(?, anal atresia). 

A B C

?

?

central nervous system. Less often anomalies of the 
urogenital tract have been described.40 Considering 
their overall rarity and their complex anatomy, 
these lesions are seldom detected prenatally. When 
the defect is diagnosed prenatally, SNS is suspected 
on the basis of the association between a sacral 
back mass and some additional abnormal findings 
(Figure 12-42).41
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Abnormalities of the Face and Neck
Srividhya Sankaran and Phillipa Kyle

Introduction
The face is the focus of social interaction, and there-
fore facial abnormalities have a significant impact both 
in psychological and emotional terms. Facial abnor-
malities are often associated with other anomalies1 and 
may be a clue to the detection of chromosomal disease2 
or a more complex syndrome.3,4 This has practical 
implications in terms of need for invasive tests to 
identify karyotype and genetic counselling. The detec-
tion of isolated facial anomalies is also important as 
the parents then have time to prepare themselves for 
the abnormality and can be counselled by paediatric 
and plastic surgeons as to the treatment options and 
long-term outlook for the baby.

It is important, therefore, to make as precise a 
diagnosis as possible in order to give parents a clear 
picture of the abnormality. In this respect, the intro-
duction of 3D imaging5 may well have an impact not 
only for improving the parents’ understanding of the 
defect, but also to give paediatric surgeons a clearer 
assessment of the problem.
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growth of the nasal septum separates the left and right 
nasal passages (Figure 13-2B).

The eyes first appear in the 4th week in the form 
of a pair of lateral grooves, the optic sulci, which grow 
out from the primitive forebrain to reach the surface 
ectoderm to form the optic vesicle (Figure 13-3). The 
optic vesicle differentiates into the optic cup and lens, 
so that by the 8th week the basic structure of the eye 
is established. The developing lens is supplied by the 
hyaloid artery, which is the terminal branch of the 
ophthalmic artery. The portion of the artery that 
crosses the vitreous degenerates at the end of the 
second trimester,14 and the remainder of the artery 
forms the central artery of the retina. The eyelids  
form at about 8 weeks and remain fused until approxi-
mately 20 weeks. The orbits form around the develop-
ing eye from the hypophyseal cartilages and the greater 
and lesser wings of the sphenoid.13

The ear has a complex embryology with the exter-
nal and middle ears arising from the first and second 
pharyngeal arches, whereas the inner ear develops 
from an epidermal tissue mass, the otic placode, which 
appears during the 3rd week. Development of the 
inner and middle ear is complete by the 8th week. The 
pinna of the ear is formed from six auricular swellings, 
which appear at 6 weeks and fuse by approximately 
10 weeks. Therefore by 10 weeks the basic structure 
of the face is complete.

Sonographic Technique
Standard 2D ultrasound (US) is used to screen for 
facial abnormalities. Once an abnormality is identified 
3D US may be used to obtain additional information 
about the nature of the defect.

In 2D US, scanning of the fetal face is essentially 
carried out in three planes – transverse axial, coronal 
and sagittal planes. All three scanning planes have 
importance and each plane provides different informa-
tion about the face.15

CORONAL PLANE
This plane will allow assessment of the:

• Orbits (Figure 13-4).
• Lens of the eye (Figure 13-4).
• Lips (Figure 13-5).

Detection Rates
In the UK, routine ultrasound screening is offered to 
all pregnant women at 20 weeks’ gestation and exami-
nation of the face with a view to exclude cleft lip is an 
integral part of the fetal anomaly screening pro-
gramme.6 Detection rates for fetal facial abnormalities 
vary however: reported series range from 17.5% to 
75% in the low-risk population.7–10 Detection rates in 
a high-risk population are difficult to assess: Pilu et al 
detected 12 out of 14 cases of facial malformation in 
223 patients at high risk for carrying fetuses with 
craniofacial malformations.11

Embryology
The embryology of the face is a complex process but 
knowledge of embryology is useful in understanding 
some of the facial abnormalities, in particular facial 
clefting.

The human face is formed between the 4th and 
10th week of pregnancy by the fusion of five facial 
swellings, an unpaired frontonasal process, a pair of 
maxillary swellings and a pair of mandibular swellings 
(Figure 13-1A). The maxillary and mandibular swell-
ings constitute dorsal and ventral regions respectively 
of the first pharyngeal arch, and give rise to the upper 
and lower jaws.12

During the 5th week two swellings appear on the 
frontonasal process, which form the medial and lateral 
nasal processes (Figure 13-1B). In the 6th week the 
two medial nasal swellings migrate medially and by 
the 7th week fuse to form the central portion of the 
nose, the lateral nasal processes form the nostrils. The 
maxillary swellings also migrate medially so that by 
the 10th week they have fused in the midline to form 
the philtrum of the upper lip and the primary (ante-
rior) palate (Figure 13-1C and D).

The posterior or secondary palate forms from two 
thin soft tissue bands that arise from the medial walls 
of the maxillary swellings, termed the palatine shelves. 
These two palatine shelves appear during the 8th and 
9th week and grow medially to fuse in the midline at 
approximately 10 weeks. Fusion commences anteri-
orly and progresses posteriorly (Figure 13-2A) to  
form the secondary palate.13 During the same period, 
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FIGURE 13-2 Embryology of the palate. (A) Appearances at 8 weeks. (B) Appearances at 10 weeks. (Reproduced with permission from Larsen WJ. 
Human Embryology. London: Churchill Livingstone; 1993.)
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FIGURE 13-1 Embryology of the face. (A) 5-week fetus. (B) 6-week fetus. (C) Late 7th week. (D) 10th week. (Reproduced with permission from 
Larsen WJ. Human Embryology. London: Churchill Livingstone; 1993.)
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FIGURE 13-3 Embryology of the eye. Appearances at 3 1
2 weeks. 

(Reproduced with permission from Larsen WJ. Human Embryology. London: 
Churchill Livingstone; 1993.)

Optic vesicle

FIGURE 13-4 Coronal scan through the orbits demonstrating the 
normal lens (line arrow). 

FIGURE 13-5 Coronal scan through the lips showing the nostrils, 
lips and chin. 

FIGURE 13-6 Transverse scan through the orbit showing the lens of 
the eye and the hyaloid artery (arrow). 

• Chin (Figure 13-5).
• Nostrils (Figure 13-5).

TRANSVERSE AXIAL PLANE
This plane will allow assessment of the:

• Orbits (Figure 13-6).
• Measurement of orbital diameters (Figure 13-7 

A and B).
• Upper lip.
• Maxilla.
From about 16 weeks’ gestation, tooth buds will be 

visualized, mainly those of the four incisor and  

the two canine teeth (Figure 13-8). The junction 
between the incisor and canine teeth marks the line 
of fusion between the primary and secondary palate 
(Figure 13-9).16

• Tongue (Figure 13-10).
• Mandible (Figure 13-8).

SAGITTAL PLANE
This must be a true midline sagittal view and will 
allow assessment of:

• Forehead (Figure 13-11).
• Nasal bone (Figure 13-11).
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FIGURE 13-7 Graphs of orbital measurements. (A) Ocular diameter 
vs. gestational age. (B) Interocular distance vs. gestational age. 
(Reproduced with permission from Radiological Society of North America 
from Jeanty P et al. Fetal ocular biometry by ultrasound. Radiol 1982; 
143:513–516.)
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FIGURE 13-8 Transverse scan through the mandible (A) and the 
maxilla (B) showing tooth buds. (Courtesy of Dr Anne Marie Coady.)

A B

FIGURE 13-9 The human palate in the axial plane showing the suture 
between the primary and secondary palate. (Reproduced with permission 
from Radiological Society of North America from Bab-Cook CJ et al. Evalua-
tion of fetal mid-face anatomy related to facial clefts. Use of ultrasound. Radiol 
1996; 201:113–118.)

Incisor teeth Premaxillary part 
of the maxilla

Suture between 
premaxillary part 
of the maxilla and 
palatine process 
of maxilla

• Alignment of the maxilla and mandible 
(Figure 13-11).

The sagittal plane is particularly useful in detecting 
conditions such as micrognathia and frontal bossing. 
It can also provide additional information in cases of 
facial clefting.

The sagittal view is also of value in demonstrating 
the fetal ear17,18 and ear lobe morphology can be 
assessed (Figure 13-12). Low-set ears are best demon-
strated in the coronal plane, where the relationship of 
the ear to the temporal bone and shoulder is easier to 
evaluate (Figure 13-13 A and B).
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FIGURE 13-10 Transverse scan 
through the mouth showing the fetal 
tongue (arrows). (Courtesy of Dr Anne 
Marie Coady.)

A

FIGURE 13-11 (A, B) Mid-sagittal section of the face. 

B

FIGURE 13-12 A sagittal scan through the fetal ear. (Courtesy of Dr Anne 
Marie Coady.)
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Sonographic Approach
The visualization of the fetal face consists of scanning 
the face in the three scanning planes as outlined above.

1. Demonstration of the orbits should reveal that 
both orbits are of equal size and that there is no 
evidence of hypertelorism (orbits too far apart) 
or hypotelorism (orbits too close together). 

FIGURE 13-13 (A) A coronal scan through the ear and shoulder 
showing relationship of ear to head and shoulder – normal appear-
ances.(Courtesy of Dr Anne Marie Coady.) (B) Coronal scan through 
the ear and shoulder showing relationship of ear to head and shoul-
der – low-set ears. 

A

B

FIGURE 13-14 Sagittal scan of the fetal face demonstrating mild 
micrognathia, a break in the normal smooth curve running from 
forehead to nose to maxilla and mandible. 

There are charts available for orbital measure-
ments,19 but as a rule of thumb the interorbital 
distance is approximately equal to the orbital 
diameter (Figure 13-7 A and B).
Both lenses should always be demonstrated and 
should appear anechoic, thus excluding con-
genital cataracts.

2. Both lips should be visualized using both coro-
nal and transverse scans to exclude facial 
clefting.

3. The mandible is best assessed using the profile 
view to exclude micrognathia. The profile view 
should form a smooth curve running from fore-
head, nose, and maxilla to mandible – any break 
in this smooth curve Figure 13-14 is suspicious 
and warrants careful assessment. In addition, an 
unduly flat profile is also worrying and raises 
the possibility of chromosomal disease.

4. The presence of both ears should also be estab-
lished and their relationship to the temporal 
bone should also be assessed to exclude low-set 
ears.

With the wider availability of 3D ultrasound 
machines, the assessment of the face is completed by 
surface rendering (Figure 13-15A), tomographic ultra-
sound imaging (TUI) of the area of interest in 3D 
(Figure 13-15B and Figure 13-15C) and live scanning 
using 4D probes. Application of these techniques in 



296 13 Abnormalities of the Face and Neck

Occasionally the umbilical cord can cause prob-
lems in interpretation particularly if the cord is draped 
over the upper lip in a vertical direction. This can 
produce the false impression of a facial cleft. Scanning 
whilst the fetus is opening its mouth or during fetal 
movement should show the cord moving away from 
the lip. The other alternative is to use colour flow 
Doppler in order to demonstrate blood flow within 
the cord.

Turner and Twining assessed the ability to visualize 
the fetal face in coronal and sagittal sections and found 
that at 16–20 weeks, coronal and sagittal sections were 
obtained in 97% and 95% of cases respectively. 
However, this fell to 89% and 78% of cases at 35–40 
weeks’ gestation.15

assessment of cleft lip/palate is described later in the 
chapter.

Finally, a full assessment of the fetus should always 
be carried out as many facial abnormalities are often 
part of a more complex syndrome.

PITFALLS AND ARTEFACTS
Visualization of the fetal face can be time-consuming 
if the baby is not in a good position.

If the fetal head is positioned low in the pelvis or 
facing posteriorly it may not be possible to obtain 
coronal or sagittal sections.

If the face is pressed close to the side wall of the 
uterus there will be difficulties in demonstrating the 
facial features.

FIGURE 13-15 (A) 3D Surface rendering of normal face. (Courtesy of 
Prof. Benoit, Nice, France. Contribution of HD live pictures taken on 
Voluson E8/S8 by GE Voluson, UK). (B) Tomographic Imaging (TUI) 
of normal views of face in transverse plane. (Courtesy of Prof. Pilu, 
Italy. Contribution of pictures by GE Voluson, UK.) (C) Tomographic 
imaging (TUI) of normal views of face which will aid in visualizing 
palate. (A, Courtesy of Prof. Benoit, Nice, France. Contribution of HD live 
pictures taken on Voluson E8/S8 by GE Voluson, UK. B and C, Courtesy of 
Prof. Pilu, Italy. Contribution of pictures by GE Voluson, UK.)

A

B

C
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produce under-development of the first arch, resulting 
in craniofacial microsomia.12 This is thought to be the 
aetiology of syndromes such as Goldenhar and hemi-
facial microsomia21 (see later section).

Outcome/Prognosis
Poor outcome has been reported in case series with a 
less than 20% neonatal survival rate because of associ-
ated abnormalities.2,22 Vettraino et al. described 15 
cases of apparently isolated micrognathia postnatally: 
11 were found to have a cleft of the soft palate, seven 
had mild-to-severe airway obstruction that required 
intervention and 13 had feeding difficulties. Long-
term follow-up revealed that eight of the children were 
doing well with five reported to have mild-to-moder-
ate developmental delay.23

The main cause of death in many cases is related 
to respiratory difficulties secondary to micrognathia, 
and to complications secondary to associated malfor-
mations. In view of this, it is important to ensure that 
paediatric support is present at delivery to carry out 
endotracheal intubation, if required.

Associated Abnormalities and Syndromes
Fifty-four syndromes have been listed in which micro-
gnathia is a common feature.24 Turner and Twining 
reported nine cases of micrognathia in a series of 24 
antenatal diagnoses of facial abnormalities and the 
majority were associated with either chromosomal 
disease or skeletal dysplasias.15 Nicolaides et al. 
reported 146 cases of facial abnormality detected ante-
natally and, of these, there were 56 cases of microg-
nathia. All cases demonstrated other malformations, 
and chromosomal abnormalities were seen in 66%.2 
Bromley and Benaceraff also found a wide range of 
syndromes among their series of 20 fetuses with 
micrognathia24 (Table 13-1).

Chromosomal Disease
Micrognathia is a well-documented feature of certain 
chromosomal abnormalities. Bromley and Benaceraff 
found chromosomal disease in 25% of their series of 
20 fetuses with micrognathia.22,23 It is most commonly 
seen in trisomy 18, where it occurs in up to 53% of 
cases (Figure 13-16 A and B).2

Classification of Facial Abnormalities
There are many different facial abnormalities and over 
150 syndromes involving the head and neck have 
been described.20

A large number of facial malformations can be clas-
sified based on pathogenesis, location of the anatomic 
defect and the structures involved.

Stewart has proposed a classification into four 
major groups:3

1. Otocraniofacial syndromes, i.e. syndromes pre-
dominantly involving the mandible and ear such 
as Treacher Collins and Goldenhar syndromes.

2. Facial clefting.
3. Mid-face syndromes, such as holoprosen-

cephalic malformation syndromes and fronto-
nasal dysplasia.

4. Craniosynostosis syndromes.3

Although this classification will be incorporated 
into the discussion on facial abnormalities, the ultra-
sound findings will be described on an anatomic 
basis: commencing with abnormalities of the man-
dible, then lips and mouth, nose and orbits, the 
ears and finally facial anomalies associated with 
abnormalities of the skull. In this way the discussion 
will follow a step-by-step approach evaluating the 
facial structures from mandible to skull in a logical 
fashion.

The Mandible
MICROGNATHIA
A mild form of micrognathia may be a normal variant 
and is probably overlooked during routine scanning. 
More marked micrognathia is seen in a large number 
of chromosomal and genetic syndromes.

Pathogenesis
The cause of micrognathia is unclear, but as the man-
dible is formed from the first pharyngeal arch, it is 
known that damage to the developing pharyngeal arch 
complex can cause abnormalities of the mandible, 
maxilla and ear. It has been postulated that ischaemic 
necrosis, caused by an expanding haematoma arising 
from the stapedial artery system, which provides the 
initial blood supply to first pharyngeal arch, can 



298 13 Abnormalities of the Face and Neck

(TCS3) is caused by compound heterozygous muta-
tion in the POLR1C gene on chromosome 6. An ante-
natal diagnosis has been made on several occasions.26,27

The main features of the syndrome affect structures 
derived from the mesenchyme of the first and second 
pharyngeal arches:

• symmetrical hypoplasia of the malar bones;
• antimongoloid slant of the palpebral fissures;
• micrognathia;
• abnormalities of the ears;
• cleft palate is seen in up to 30% of cases;
• polyhydramnios may also be an accompanying 

feature.27

Intelligence is normal in most cases.
Antenatal diagnosis in a family at risk is based on 

the demonstration of micrognathia associated with 
small malformed ears (Figure 13-17).26 Meizner et al. 
reported a case where severe micrognathia was asso-
ciated with an absent ear on one side and a low-set 
ear on the other, the fetus also had a facial cleft. With 
the development of 3D and 4D scanning technology, 
the antenatal diagnosis has been made with confi-
dence.28 The phenotypic expression is extremely vari-
able and so subtle cases can be missed. Normal 
sonographic findings do not completely exclude the 
syndrome.26

Nager Acrofacial Dysostosis Syndrome. This is a 
similar syndrome that has an autosomal recessive form 
of inheritance. This syndrome has also been detected 
antenatally.29 The main differentiating features from 
the Treacher Collins syndrome is the presence of 
hypoplasia or aplasia of the thumb with hypoplasia or 
absence of the radius also.

Goldenhar Syndrome and Hemifacial Microsomia 
(Facio-Auriculo-Vertebral Syndrome). Whereas the 
Treacher Collins syndrome produces symmetrical 
deformity of the face, Goldenhar syndrome and hemi-
facial microsomia present with quite asymmetrical 
facial involvement (Figure 13-18). Although most 
cases are sporadic, there is a 2% recurrence risk and 
a few autosomal dominant cases have been reported.30 
It has been estimated to have an incidence of 1:3500 
deliveries.3

As mentioned earlier all of these syndromes are 
secondary to underdevelopment of the first and second 

The other major chromosomal anomaly where 
micrognathia is a feature is triploidy, where it may 
be seen in over 40% of cases. Micrognathia is occa-
sionally seen in trisomy 13, however, facial clefting 
is a much more common finding in this autosomal 
trisomy.24

Skeletal Dysplasias
Bromley and Benaceraff reported two skeletal abnor-
malities in their series of 20 cases of micrognathia, 
including osteochondrodysplasia and arthrogryposis 
multiplex congenita.22 Turner and Twining described 
three skeletal dysplasias in their series comprising 
camptomelic dysplasia, diastrophic dysplasia and 
short-rib polydactyly syndrome (Figure 13-16 B.15 

Genetic Syndromes
Treacher Collins Syndrome (Mandibular Facial 
Dysostosis). Treacher Collins syndrome-1 (TCS1) is 
caused by heterozygous mutation in the ‘treacle’ 
TCOF1 gene located on the long arm of chromosome 
5.25 Treacher Collins syndrome-2 (TCS2) is caused 
by heterozygous mutation in the POLR1D gene on 
chromosome 13q12.2. Treacher Collins syndrome-3 

TABLE 13-1 Causes of Micrognathia

Idiopathic Mild form
Chromosomal disease Trisomy 18, triploidy
Skeletal dysplasias Camptomelic dysplasia

Diastrophic dysplasia
Short-rib polydactyly 

syndrome
Achondrogenesis
Osteochondrodysplasia

Genetic syndromes Treacher Collins syndrome
Goldenhar syndrome
Hemifacial microsomia
Pierre Robin syndrome
Seckel syndrome
Pena–Shokair syndrome
DiGeorge syndrome
Hydrolethalus syndrome
Roberts syndrome*
Miller syndrome*
Mohr syndrome*

*Associated with facial clefting (see next section).
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• preauricular tags (Figure 13-18);
• middle-ear defects which often lead to deafness.
There may be hemivertebrae affecting the cervical 

spine and a fairly high incidence of cardiac abnormali-
ties, mainly ventriculoseptal defects and Fallot’s tetra-
logy.24 Severe central nervous system involvement is 
rare, but hydrocephalus, encephalocoele and mental 
retardation have been described.

The main finding on ultrasound is micrognathia 
associated with asymmetrical ear abnormalities. The 
presence of cardiac abnormalities and the asymmetri-
cal and often unilateral nature of the defect should 
help to differentiate this syndrome from the Treacher 
Collins syndrome. In addition, there will be a family 
history of the defect in the Treacher Collins syndrome, 
whereas Goldenhar syndrome and hemifacial micro-
somia are usually sporadic. The prenatal diagnosis has 
already been reported on 2D, 3D31 and MRI.32,33

Pierre Robin Syndrome (Robin Anomalad). This 
sporadic syndrome is associated with:

• micrognathia;
• posteriorly positioned tongue, which can 

produce airways obstruction in the neonate 
(glossoptosis);

• cleft palate or high arched palate.34

FIGURE 13-16 (A) Micrognathia – sagittal scan through a fetus with 
trisomy 18 showing micrognathia (arrow points to hypoplastic  
mandible). (B) Micrognathia – Severe micrognathia which was  
associated with a bent femur in this fetus. (Courtesy Dr Anne Marie 
Coady).

A

B

FIGURE 13-17 Malformed and rotated ear. 

S

pharyngeal arches, and produce asymmetrical and, in 
70% of cases, unilateral defects.

The main findings in Goldenhar syndrome are:
• micrognathia, which may be severe 

(Figure 13-18);
• small deformed ears, (Figure 13-18);
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The profile view is very characteristic (Figure 
13-19) and this condition is often associated with 
polyhydramnios. There is moderate shortening of  
the long bones and there may be clinodactyly of the 
fifth finger. There is usually moderate-to-severe 

The palatal defect is very characteristic as it has an 
inverted U-shape as opposed to the normal inverted 
V-shape, and it has been postulated that the defect is 
produced by the posteriorly positioned tongue, which 
prevents the normal closure of the palatine shelves 
that fuse to produce the normal palate (see Embryo-
logy section).

The antenatal diagnosis has been described where 
micrognathia and polyhydramnios were detected at 35 
weeks’ gestation in a patient who had had a previously 
affected child.35 The authors stressed the importance 
of the antenatal diagnosis in order that paediatric 
support be present at the delivery to prevent airways 
obstruction in the neonatal period.

It is of interest that there is the potential for the 
mandible to catch up in growth to produce a normal 
appearance in later childhood.24

Seckel Syndrome (Bird Headed Dwarfism). This 
autosomal recessive condition is characterized by:

• micrognathia;
• microcephaly;
• intrauterine growth retardation;
• a receding forehead;
• a large beaked nose36;
• the ears are often malformed and low-set.

FIGURE 13-18 Goldenhar syndrome: hemiver-
tebrae and scoliosis (block arrows), small 
deformed ears and pre-auricular tags and 
micrognathia (line arrows). (Courtesy of Professor 
Dr Luc De Catte.)

FIGURE 13-19 Seckel syndrome. Profile view showing severe micro-
gnathia (line arrows) and small sloping forehead secondary to micro-
cephaly (block arrow). (Courtesy of Professor Dr Luc De Catte.)
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DiGeorge Syndrome. This rare condition is thought 
to be caused by abnormal development of the third 
and fourth pharyngeal arches.

The syndrome comprises:
• facial abnormalities: including micrognathia, 

low-set abnormal ears, hypertelorism and cleft 
palate;

• cardiac anomalies, mainly persistent truncus 
arteriosus and interrupted aortic arch but also 
the combination of Fallot’s tetralogy and a right 
sided aortic arch (Figure 13-20 A and B);

• thymic aplasia or hypoplasia with 
hypoparathyoidism37 (Figure 13-20 A and B).

About one-third of patients have partial monosomy 
of the proximal long arm of chromosome 22, i.e. 
del22q11.40

There does appear to be significant overlap of this 
syndrome with Shprintzen’s syndrome (velo-cardio-
facial syndrome), which also shows abnormalities of 
chromosome 22 and has similar clinical features:

• micrognathia;
• microphthalmia;
• microcephaly;
• cardiac abnormalities – ventriculoseptal defects, 

pulmonary stenosis and double outlet right 
ventricle.37

These two diagnoses should be considered when 
micrognathia is seen in association with cardiac abnor-
malities. Cytogenetic examination should confirm the 
diagnosis.

mental retardation.37 Majoor-Krakauer et al. reported 
a recurrence of Seckel syndrome in a patient at  
20 weeks’ gestation. Ultrasound scanning revealed 
growth retardation with severe microcephaly, micro-
gnathia and moderate shortening of the long bones. 
Polyhydramnios was also present. Featherstone  
et al. confirmed a prenatal diagnosis at 30 weeks  
in a family without a previous history of Seckel 
syndrome.38

Pena–Shokeir Syndrome. This lethal condition is 
characterized by, and antenatal diagnosis is based on, 
the demonstration of:

• micrognathia;
• camptodactyly;
• multiple arthrogryposes;
• pulmonary hypoplasia;
• polyhydramnios.
The hands show typical flexion of the fingers with 

overlapping and there is bilateral talipes.39 Differentia-
tion from chromosomal abnormalities, such as trisomy 
18, can be difficult, but the heart is usually normal in 
Pena–Shokeir syndrome, whereas cardiac anomalies 
are common in trisomy 18.

Karyotyping is required to exclude chromosomal 
disease. The outlook is poor, with most babies dying 
in the neonatal period from pulmonary hypoplasia.

Recurrence risks are high, in the order of 10–15%, 
and some cases are inherited in an autosomal recessive 
manner.10

FIGURE 13-20 (A) Absent thymus: there is no intervening thymic tissue (asterisk) between the great vessels in the mediastinum and the bone 
of the sternum (arrow) in a fetus with Fallot’s tetralogy (ventriculoseptal defect and aortic overlap). Karyotype confirmed as del22q11. Compare 
with normal thymus. (B) Normal intervening thymic tissue between the great vessels in the mediastinum and the bone of the sternum (arrow). 
(Courtesy of Dr Anne Marie Coady.)

A B
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recent years.45 Detection of CL(P) is important 
because nearly half the cases have associated anoma-
lies and 18% of these cases are part of a syndrome 
or sequence. Even in isolated cases, the perinatal 
mortality is about three times greater than the back-
ground population.46 The reasons for this have not 
been clearly identified.

Prevalence
Facial clefting is the most common congenital facial 
abnormality, with an incidence of approximately 1.3 
per 1000 in White populations. There is quite a wide 
racial variation, with an incidence of 1.5–2.0 per 1000 
in Asians and 0.5 per 1000 in Africans.47 Cleft lip with 
or without cleft palate occurs twice as commonly in 
males as females, except in the African population, 
where males have a very low incidence of cleft lip.48 
Unilateral cleft lip occurs twice as frequently on the 
left side as on the right and is more common than 
bilateral cleft lip and palate.

Classification
Nyberg et al. proposed a classification of facial clefts 
into five types (Figure 13-22) based on the ultrasound 
findings. All the clefts demonstrated will be discussed 
apart from type 5, which describes bizarre vertical and 

Hydrolethalus Syndrome. The name of this auto-
somal recessive syndrome stems from the fact that 
although micrognathia is a prominent feature the 
other features are hydrocephalus and polyhydramnios 
with most cases being lethal.41 Other possible features 
include:

• hypertelorism;
• small or absent thumbs;
• postaxial polydactyly in the hands;
• preaxial polydactyly is seen in the feet with a 

markedly angulated extra first toe 
(characteristic feature);

• ventriculoseptal defects may be seen in up to 
50% of cases;

• an occipital encephalocoele may also be 
present.

The syndrome can be differentiated from the 
Meckel–Gruber syndrome as the kidneys are normal.

Application of 3D in the Diagnosis of Micrognathia
Using a 2D US sagittal view alone may lead to the 
misdiagnosis of micrognathia if the plane is oblique 
and not truly sagittal. A careful review of all the three 
planes using 3D US multiplanar imaging will detect 
this error and a true sagittal plane may be obtained by 
manipulation of all three planes.42 Using the norma-
tive data established by Rotten and co-workers, micro-
gnathia is defined by the ratio of mandibular/maxillary 
width (Md/Mx of less than 0.785). In the axial plane, 
the width of maxilla and mandible are measured along 
a line perpendicular to the sagittal axis at 10 mm from 
the anterior interosseous border.

Using 2D US, it is also possible to differentiate 
retrognathia (receding jaw) from micrognathia when 
the inferior facial angle (IFA) is less than 50 degrees.43,44 
Inferior facial angle is measured on the facial profile 
(sagittal view) as the angle between the line perpen-
dicular to the vertical part of forehead, drawn at the 
level of the synostosis of nasal bones and another line 
joining the tip of mentum to the more protrusive lip 
(Figure 13-21).

The Lips and Mouth
FACIAL CLEFTING
The detection rate for facial clefts, especially cleft lip 
and or palate (CL(P)) has improved significantly in 

FIGURE 13-21 2D ultrasonogram to measure inferior facial angle for 
objective diagnosis of micrognathia. 
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lateral clefts usually associated with the amniotic band 
syndrome. These fetuses will usually demonstrate  
multiple abnormalities including encephalocoeles, 
anencephaly, limb and body wall defects and scoliosis.

There are four common combinations of facial clef-
ting (Figure 13-23):

1. Unilateral cleft lip.
2. Unilateral cleft lip and palate.
3. Bilateral cleft lip and palate.
4. Isolated cleft palate.

Terminology
• Anterior cleft lip/palate.

• Cleft lip (CL)
• Cleft lip and alveolus (CLA).

• Posterior cleft palate 
• Cleft in secondary palate (CP).
• Both: Cleft lip and palate (CLP).

The distribution of clefts is as follows:
1. Cleft lip – 25%;
2. Cleft lip and palate – 51%;
3. Cleft palate – 24%.
Cleft lip is likely to be severe when there is an 

associated cleft palate.49

Recurrence
Cleft lip with or without cleft palate is a distinct entity 
from cleft palate alone and both have a different 

FIGURE 13-22 Ultrasound classification of facial clefts. (Reproduced 
with permission from Radiological Society of North America from Nyberg et 
al. Fetal cleft lip with and without cleft palate: Ultrasound classification and 
correlation with outcome. Radiology 1995; 195:677–684.)

Normal Type 1

Type 2 Type 3

Type 4 Type 5

FIGURE 13-23 Facial clefting. The four common types of facial 
clefting. (A) Unilateral cleft lip. (B) Unilateral cleft lip and palate.  
(C) Bilateral cleft lip and palate. (D) Isolated cleft palate. 

Normal A B

C D
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The mainstay of diagnosis of cleft lip and alveolus 
is by 2D US. Once a cleft lip is suspected, further 
targeted detailed scanning using 2D and 3D US is 
employed to evaluate the exact anatomical defect, the 
extent of the cleft and the associated cleft in the palate 
and other abnormalities.52,53 This approach has been 
shown to be useful in improving the diagnostic  
accuracy in targeted screening when facial cleft is 
suspected.

Cleft Lip and/or Alveolus: 2D US Approach
Coronal View. The hallmark of unilateral cleft lip is 
the demonstration of a vertical transonic area within 
the upper lip, usually just to the left or right of the 
midline (Figure 13-24 A and B).

Axial or Transverse View. Scanning in the trans-
verse plane with the fetus facing upwards will demon-
strate the defect in the alveolar ridge (Figure 
13-24A and B and Figure 13-25) in addition to the 
cleft in the lip (Figure 13-26).

Sagittal View or Facial Profile View. In cases of 
isolated unilateral cleft lip, this view may be normal 
and is likely to miss the cleft lip so detection does not 
rely on this view alone.

Bilateral Cleft Lip: 2D US Approach
Bilateral cleft lip and/or palate is recognized by the 
presence of a central echodense mass in the region of 
the upper lip (Figure 13-27A). This mass is known as 
the premaxillary protrusion and it represents abnor-
mal alveolar and gingival tissue due to uninhibited 
growth of the premaxilla caused by lack of continuity 
of the bony, gingival and lip structures. The mass itself 
can be large and often obscures the clefts, which are 
present on either side. The paranasal mass appears to 
be most prominent at around 20 weeks’ gestation and 
becomes less obvious later in pregnancy.54 Premaxil-
lary protrusion is best demonstrated in the sagittal and 
transverse planes (Figure 13-27A). Coronal scans 
show the clefts (Figure 13-27C) best and transverse 
scans show the bilateral defects in the alveolar ridge 
(Figure 13-27B).

Sagittal (profile) view may be normal in bilateral 
incomplete cleft lip.

embryological basis. Siblings of patients with cleft lip 
with or without cleft palate have an increased fre-
quency of cleft lip with or without cleft palate, but not 
of cleft palate alone. Similarly, siblings of patients with 
cleft palate alone only have an increased frequency of 
cleft palate alone and not cleft lip.47 Recurrence risks 
for cleft lip and palate and cleft palate alone are out-
lined in Table 13-2.

Aetiology
Cleft lip and or palate occurs secondary to a failure of 
fusion of the medial nasal swellings with the maxillary 
swellings (see Embryology section, earlier in this 
chapter). The vast majority of cases of cleft lip and/or 
palate are idiopathic; however, a number of drugs 
have been implicated, including phenytoin, car-
bamazepine, steroids and diazepam.50 In addition, 
chromosomal disease and malformation syndromes 
are also associated with facial clefting and some of 
these are outlined in Table 13-3. In trisomy 13 the 
facial clefting is usually median (midline cleft) or bilat-
eral cleft lip and palate, and occurs in up to 65% of 
cases. Facial clefting is seen in 30% of fetuses with 
triploidy, up to 15% of fetuses with trisomy 18 and 
0.5% of fetuses trisomy 21.20,24

Sonographic Appearance
Christ and Meininger were the first to use ultrasound 
to diagnose cleft lip and palate in 1981; since then the 
technique has become well established.51

(Reproduced with permission from Larsen WJ. Human 
Embryology. London: Churchill Livingstone; 1993.)

TABLE 13-2 Recurrence Risks for 
Idiopathic Cleft Lip With or Without  
Cleft Palate and Cleft Palate Alone

Affected person Risk (%)

Cleft Lip With or Without Cleft Palate

One parent 2%
One child 4–7%
One parent plus one child 11–14%
Two children 10%

Cleft Palate Only

One parent 7%
One child 2–5%
One parent plus one child 14–17%
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FIGURE 13-24 (A and B) Coronal scan of a cleft lip only, the vertical 
defect in the upper lip only (line arrow). (B) The underlying alveolus 
is intact (block arrows). (C) Coronal scan of unilateral cleft lip and 
cleft alveolus (block arrow). (B, Courtesy of Dr Anne Marie Coady.)

A

B

C

FIGURE 13-25 Axial scan of unilateral cleft lip and cleft alveolus 
(arrow). 

FIGURE 13-26 (A) Unilateral cleft lip and palate – postnatal photo-
graph before repair. (B) Unilateral cleft lip and palate – after repair 
(A,B, Courtesy: Miss Aina Greig, Consultant in Cleft Surgery, Guy’s and St. 
Thomas’ Foundation NHS Trust, London.)

A

B
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FIGURE 13-27 (A–C) Bilateral cleft lip and palate: sagittal scans 
showing premaxillary protrusion (straight arrow). (D) Bilateral cleft 
lip and palate: axial scan showing premaxillary protrusion (block 
arrow) and the bilateral defects in the alveolar ridge (line arrows). 
(E) Coronal scan showing the clefts on either side of the premaxillary 
protrusion. 
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Midline Cleft Lip: 2D US Approach
Midline cleft is demonstrated as a wide central gap  
in the upper lip involving the palate (Figure 13-28A  
and B).

Cleft Lip and/or Alveolus: 3D US Approach
Surface rendering techniques help in the confirmation 
of diagnosis of cleft lip and in explaining the extent  
of defect to parents and to the clinicians (members of 
the cleft team) counselling the parents (Figure 13-29). 
However it does not improve the diagnostic accuracy.

Cleft Palate: 2D US Approach
The demonstration of an isolated cleft palate is very 
difficult, as it is the posterior part of the palate that is 
usually involved. Shadowing from the facial bones and 
the palate make it difficult on 2D US to detect or 
delineate the extent of cleft palate. The normal poste-
rior palate can occasionally be demonstrated on the 
sagittal scan when the pharynx contains amniotic fluid 
and this can outline the soft palate (Figure 13-30).

Colour flow Doppler carried out during fetal 
breathing reveals flow in both the mouth and 
nasopharynx (Figure 13-31A).55 The demonstration of 
flow across the palate would indicate the presence of 
a palatal defect, usually larger clefts as in Fig 13-31B.55

Cleft Palate 3D: US Approach
Initial 3D volume acquisition may be obtained in the 
sagittal view and cleft palate may be demonstrated in 
all three orthogonal planes in multiplanar display as 
in Figure 13-32. In multiplanar display, the following 
techniques have been described:

1. Reverse face view – initially described by Camp-
bell and coworkers. 3D volume acquisition of 
the sagittal view of the face is performed. A 180 
degree rotation of frontal view of face around the 
vertical axis aids visualization of palate from 
behind in a surface-rendered image, thus avoid-
ing the bony shadows. Even though the width 
of the cleft cannot be measured accurately by 
this technique, it is helpful in identifying larger 
clefts by protrusion of tongue through the defect 
and planning the surgery as in Figure 13-33.56 
Diagnosis of cleft palate and intact palate was 
accurately made using this technique in 71% 
and 78% of cases respectively.57

FIGURE 13-28 Midline cleft lip and alveolus. (A) Coronal scan 
through the upper lip showing a median cleft lip. (B) Postmortem 
photograph of affected fetus showing median clefting. (Courtesy of Dr 
J Zucollo, Department of Paediatric Pathology, Nottingham.)

A

B
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FIGURE 13-29 3D surface rendering view of cleft lip and alveolus. 
(Courtesy of Dr Benoit, Nice, France. Contribution of HD live pictures taken 
on Voluson E8/S8 by GE Voluson, UK.)

FIGURE 13-30 Sagittal scan through the fetal face showing amniotic 
fluid within the oropharynx. Arrows point to the posterior part of the 
soft palate. 

FIGURE 13-31 (A) Sagittal scan through the fetal face showing flow 
through the nose and mouth demonstrated by colour flow Doppler 
– normal. (B) Sagittal scan through the fetal face showing flow 
through the nose and mouth demonstrated by colour flow Doppler 
– cleft palate. 

A

B

2. Flipped face view – described by Platt and col-
leagues. Using 3D sonography, a static volume 
of fetal face in supine position is acquired. Fol-
lowing acquisition of the volume, this is rotated 
90 degrees so that the cut plane is directed in a 
plane from the chin to the nose. The volume cut 
plane is then scrolled from the chin to the nose 
to examine in sequential order the lower lip, 
mandible, and alveolar ridge; tongue; upper lip, 
maxilla, and alveolar ridge; and hard and soft 
palates as in Figure 13-34A and B.58 Diagnosis 
of cleft palate and intact palate was accurately 
made using this technique in 86% and 84% of 
cases respectively.57
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FIGURE 13-32 Demonstration of unilateral cleft lip in multiplanar display using omniview technique. (Courtesy of Prof. Pilu and GE Voluson, UK.)

3. Angled insonation technique - described by Pilu 
et al. A midsagittal plane of the fetal face is 
obtained using 2D and then the ultrasound 
beam is then insonated at an angle of about 45 
degrees to the palate with the beam looking 
obliquely up at the hard palate from below. 
Static 3D volumes are acquired and the integrity 
of palate assessed using tomographic visualiza-
tion as in Figure 13-35 A and B.59 Diagnosis of 
cleft palate and intact palate was accurately 
made using this technique in 100% and 86% of 
cases respectively.57

Several modifications of these techniques have 
been described. A study comparing these three tech-
niques has shown that the angled insonation tech-
nique with the availability of omniview may visualize 
the secondary palate and soft palate (Figure 13-36 A 
and B).

Soft Palate
Faure et al. have described a technique to identify the 
integrity of soft palate (velum and uvula) using 3D 

ultrasound.60 The main characteristics of the tech-
nique were axial acquisition at the level of fetal maxilla 
to avoid shadowing effects, rotation of A plane along 
the x axis, exclusion of the fetal tongue on the ren-
dered image by adjustment of the green view bar, and 
consideration of the physiological inclination of the 
soft palate, which is at 30° to the hard palate. Similar 
technique is shown in Figure 13-36A. A case report 
of a cleft soft palate without lip and hard palate 
involvement has been reported in a fetus with Fryns 
syndrome.61

Brundy et al. have suggested that polyhydramnios 
and a small stomach bubble may indicate the presence 
of a cleft palate.62 Magnetic resonance imaging (MRI) 
may also prove useful in assessing the posterior palate 
as preliminary studies using MRI scanning in the sagit-
tal plane suggest that this technique can accurately 
assess the depth of a posterior palatal defect.63

Other Facial Clefts
Type 5 Facial Clefting (Nyberg’s classifica-
tion). These are bizarre vertical and lateral clefts 
usually associated with the amniotic band syndrome. 
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FIGURE 13-33 Pictures on the left show progressive scrolling through the traditional frontal view which demonstrates the difficulty in viewing 
the palate due to shadowing. Pictures on the right show intact palate in the reverse face view to avoid shadowing. (Reproduced with permission 
from Wiley Interscience, from Campbell S et al, Ultrasound antenatal diagnosis of cleft palate by a new technique: the 3D ‘reverse face’ view. Ultrasound Obstet 
Gynecol 2005;25:12–18.)
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FIGURE 13-34 (A) Flipped face view – normal. 
(B) Flipped face view – cleft palate. (A, Reproduced 
with permission from Wiley Interscience, from Platt LD, 
Devore GR, Pretorius DH, Improving cleft palate/cleft 
lip antenatal diagnosis by 3-dimensional sonography: 
the ‘flipped face’ view. J Ultrasound Med 2006; 
25(11):1423–1430. B, Courtesy Mr. Darryl Maxwell, 
Retired Consultant in Fetal Medicine Unit, London.)
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FIGURE 13-35 (A) Angled insonation and acquisition of 3D images. (B) The technique described by Pilu et al. (Reproduced with permission from 
Wiley Interscience, from Pilu G and Segata M. A novel technique for visualization of the normal and cleft fetal secondary palate: angled insonation and three 
dimensional ultrasound. Ultrasound Obstet Gynecol 2007;29:166–169.)
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FIGURE 13-36 (A) Omniview 3D ultrasonogram showing the visualization of secondary palate and soft palate. (B) 3D pictures demonstrating 
bilateral cleft lip and palate using omniview technique (Courtesy: Prof. Pilu, Italy. Contribution of pictures by GE Voluson, UK.)
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Bilateral cleft lip + palate
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FIGURE 13-37 (A) Atypical facial cleft – 2D view. (B) Atypical facial 
cleft – 3D surface rendering. (C) Atypical facial cleft – postnatal 
photograph. (Courtesy of Mr. Darryl Maxwell, Retired Consultant in Fetal 
medicine, London and Miss Sinha, Consultant Obstetrician, Conquest Hos-
pital, Hastings, UK.)
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These fetuses usually demonstrate multiple abnor-
malities including encephalocoeles, anencephaly, limb 
and body wall defects and scoliosis.

In 1976, Tessier, a maxillofacial surgeon, classified 
facial clefts into 15 types using the orbit as a reference 
point. Bilateral64 and Unilateral Tessier 765 cleft has 
been reported using 2D and 3D ultrasonography.  
An example of an atypical cleft is shown in  
Figure 13-37 A–C.

Pitfalls. Both 2D and 3D views of facial clefts are 
limited by fetal position, maternal habitus, liquor 
volume, cord and placenta in very close proximity to 
face, and experience of the sonographer. In 3D, 

multiplanar imaging is better than surface rendering 
images because of avoiding pseudoclefts.

Diagnostic Approach. Once a diagnosis of facial 
clefting has been made a thorough search should be 
carried out for other anomalies, particularly features 
of trisomy 13, 18 and triploidy. The presence of mul-
tiple abnormalities carries a high risk for these aneu-
ploidies. Isolated cleft lip and palate carries a low 
incidence of chromosomal defects.2

In addition, special attention should always be paid 
to the heart, as patients with cleft lip and palate have 
a high incidence of cardiac abnormalities, estimated to 
be in the region of 7%.
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• prominent eyes;
• malformed ears.
Additional features include:
• Major limb reduction defects: phocomelia to 

moderately severe limb shortening with radial 
or humeral aplasia with typically more severe 
defects in the upper limbs.

• Other defects include congenital heart disease 
and cystic dysplasia of the kidneys.

• The profile view of the face is often bizarre, 
produced by the combination of micrognathia 
and severe facial clefting.

Prenatal diagnosis has been reported in both the 
second and first trimesters. The outlook overall is very 
poor, with most babies dying in the neonatal period; 
survivors will show mental retardation.

Centromeric staining of chromosomes shows  
premature centromere separation (chromosome puffs) 
and this can be used for prenatal diagnosis.

Miller Syndrome. This autosomal recessive syn-
drome comprises:

• micrognathia;
• cleft lip;
• prominent eyes;
• absence of the fifth digits on all four limbs;
• incurving of the forearms with ulnar and radial 

hypoplasia.
Intelligence is normal.

Mohr Syndrome. The main features of this auto-
somal recessive condition are:

• a midline cleft of the upper lip;
• micrognathia;
• a high or cleft palate;
• postaxial polydactyly in the hands;
• pre- and postaxial polydactyly in the feet;
• severely hypoplastic tibiae.
The chest is relatively normal allowing survival.

ABNORMALITIES OF THE TONGUE
Technique of measurement of fetal tongue and nomo-
grams have been established by Achiron et al.66

Technique
In a transverse axial plane perpendicular to the long 
axis of the neck just above the level of the lower jaw, 
the probe is positioned and readjusted to view the 

In the situation where there is facial clefting and 
other abnormalities and the karyotype is normal, 
genetic syndromes should be considered.63

Some of these are outlined in Table 13-3 and are 
discussed below:

• Ectrodactyly-ectodermal dysplasia-clefting (EEC) 
syndrome.

• Roberts syndrome.
• Miller syndrome (acrofacial dysostosis with post-

axial defects).
• Mohr syndrome (orofacial digital syndrome).

EEC Syndrome. This autosomal dominant syndrome 
combines cleft lip and palate with limb defects, usually 
the hands and feet. The characteristic findings are  
cleft hand or foot with wide separation of the fingers, 
sometimes described as the lobster-claw deformity 
(Figure 13-38).

The features may be very variable so confident 
exclusions of the syndrome using ultrasound may be 
difficult.

Other features include:
• syndactyly and reduced numbers of fingers;
• hydronephrosis;
• vesicoureteric reflux.
Diagnosis has been described in the early second 

trimester utilizing transvaginal scanning.

Roberts Syndrome. This autosomal recessive syn-
drome comprises:

• cleft lip with or without cleft palate;
• micrognathia (Figure 13-39 A and B);
• prominent premaxilla;

FIGURE 13-38 Ectrodactyly: cleft foot with syndactyly. (Courtesy of 
Dr Anne Marie Coady.)
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tongue as an ovoid echogenic structure bordered later-
ally by the echogenic mandibular rim, and posteriorly 
by the hypo-echoic laryngeal pharynx, which always 
contains fluid. Using this technique, the tongue was 
visualized in 77% of cases and two cases with fetal 
tongue abnormalities were detected.66 The mean of 
three measurements of circumference (ellipse method) 
of tongue has been measured and charted in the nom-
ogram established for fetuses between 14 and 26 
weeks.

Macroglossia
Before the nomograms were established, in-utero diag-
nosis of macroglossia was made subjectively by visu-
alization of tongue beyond the alveolar ridge.67

FIGURE 13-39 Roberts syndrome. (A) Sagittal scan through the face showing micrognathia and bizarre appearance secondary to facial clefting 
(arrows). (B) Postmortem photograph of same fetus. (Courtesy of Dr J Zucollo, Department of Paediatric Pathology, Nottingham.)

A B

Macroglossia is commonly associated with:
• chromosomal abnormalities (trisomy 21);
• genetic abnormalities (Beckwith–Wiedemann 

syndrome (BWS));
• idiopathic muscular hypertrophy;
• congenital hypothyroidism;
• metabolic storage disorders.
It may however be an isolated hereditary trait.68

In a paediatric series of cases with macroglossia, 
BWS was the commonest underlying syndrome even 
in the isolated cases. Specific genetic syndromes other 
than BWS were detected in 42% of cases.69 Nicolaides 
et al. reported a group of 13 fetuses with macroglossia 
and of these, nine were found to have trisomy 21 and 
two BWS.2
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Beckwith–Wiedemann syndrome is character-
ized by:

• macroglossia (Figure 13-40);
• omphalocoele;
• enlargement of the liver, spleen, kidney and 

adrenals;
• adrenal and hepatic cysts have also been 

reported prenatally.
Prenatal diagnosis is based on the demonstration of 

macrosomia, visceromegaly, omphalocoele and mac-
roglossia.70 This syndrome carries an increased risk of 
malignancy in childhood, particularly Wilms’ tumour. 
Intelligence is usually normal.

Coffin Lowry syndrome is characterized by:
• macroglossia;
• hypertelorism;
• constantly open mouth;
• thoracolumbar scoliosis;
• cavum excavatum.
This syndrome is associated with severe mental 

retardation.

Microglossia
Microglossia has been reported to be associated with 
chromosomal abnormalities (trisomy 1) and genetic 
syndromes.61

FIGURE 13-40 Sagittal view of macroglossia in a fetus with con-
firmed BWS; note the polyhydramnios. (Courtesy of Dr Anne Marie 
Coady.)

The Nose and Orbits
The most important group of malformations to affect 
the orbits, nose and to a certain extent the upper 
lip, are the mid-face syndromes, which include 
holoprosencephaly (associated with hypotelorism) 
and frontonasal dysplasia syndrome, frontal encepha-
locoele and craniosynostosis syndrome (associated 
with hypertelorism).

HOLOPROSENCEPHALY
Holoprosencephaly is a complex intracranial abnor-
mality produced by incomplete separation of the pros-
encephalon to form the two cerebral hemispheres. The 
result is a monoventricular cavity, fused thalami and 
absence of midline structures, such as the corpus  
callosum and falx cerebri.71 There is usually micro-
cephaly and the striking and often dramatic facial 
abnormalities seen in holoprosencephaly are due to 
defects of the facial structures arising from the fronto-
nasal prominence (see Embryology section, earlier in 
this chapter). The failure of formation of the medial 
nasal processes results in agenesis of the intermaxillary 
process and a reduction or absence of other mid-facial 
structures such as the nasal bones, nasal septum and 
ethmoid. Craniofacial anomalies are present in 80% of 
individuals with holoprosencephaly.72 The holopros-
encephalic facies, characterized by hypotelorism, are 
grouped into five major categories73 (Figure 13-41):

1. Cyclopia: a single eye or partially divided eyes 
in a single orbit with a proboscis above the eye 
(Figure 13-42 A and B).

2. Ethmocephaly: severe hypotelorism and a pro-
boscis between the eyes (Figure 13-43).

3. Cebocephaly: hypotelorism with a single nostril 
and a blind-ended nose (Figure 13-44).

4. Absent intermaxillary segment with central 
defect and hypotelorism.

5. Intermaxillary rudiment with hypotelorism (sol-
itary median maxillary single central incisor).

The findings in the face are so characteristic  
that it prompted De Meyer et al. to state that in holo-
prosencephaly the face predicts the brain.74 The con-
verse, however, is not true, as the face can be entirely 
normal in holoprosencephaly.

Holoprosencephaly can be an isolated finding, but 
is often associated with other fetal abnormalities and 
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FIGURE 13-41 Facial appearances in holoprosencephaly. (Reproduced 
with permission from Nyberg BA (ed.). Diagnostic ultrasound of fetal anoma-
lies: text and atlas. St Louis: Mosby Year Book Publishers; 1990).

Normal Cyclopia

Ethmocephaly Cebocephaly

Midline facial cleft Lateral facial cleft

FIGURE 13-42 (A) Cyclopia – transverse scan through a single orbit 
(arrows). (B) Cyclopia – postmortem photograph of a fetus showing 
cyclopia and a proboscis. (Courtesy of Dr J Zucollo, Department of Pae-
diatric Pathology, Nottingham.)
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B



320 13 Abnormalities of the Face and Neck

FIGURE 13-43 Ethmocephaly: sagittal view of a 15-week fetus dem-
onstrating a proboscis (arrow) at the level of the orbits. (Courtesy of 
Dr Anne Marie Coady.)

chromosomal diseases, in particular trisomy 13 (70%), 
trisomy 18 and triploidy.75 In about 25% of cases, it 
is also associated with multiple abnormalities in the 
presence of normal karyotype in well-defined genetic 
syndromes, including:

• CHARGE syndrome.
• Pallister Hall.
• Smith-Lemli-Opitz.
• Rubinstein–Taybi.

FIGURE 13-44 Cebocephaly: angled coronal view through the fetal 
face showing a single nostril (arrow). (Courtesy of Dr Anne Marie Coady.)

• Meckel.
• Pseudotrisomy 13.
• Velo-cardio-facial syndrome.
• Holoprosencephaly and fetal akinesia.
• Lambotte syndrome.
• Steinfeld syndrome.76

CYCLOPIA
Cyclopia is seen in 10–20% of fetuses with holopros-
encephaly and represents varying degrees of ocular 
fusion.71,77 In most cases the fusion is not complete 
and two fused eyes can be seen within a single orbit 
(Figure 13-42 A and B). The nose is situated above 
the eye in the form of a proboscis. The mouth may be 
small or absent and the ears are often low-set.

ETHMOCEPHALY
Ethmocephaly is probably the least common facial 
abnormality seen in holoprosencephaly and comprises 
severe hypotelorism associated with a proboscis at the 
level of the orbits (Figure 13-43).

CEBOCEPHALY
Cebocephaly is characterized by a single nostril and 
marked hypotelorism (Figure 13-44). The profile view 
is very variable but tends to be flattened. The single 
nostril produces a rudimentary nose, which is said to 
resemble the platyrrhinic monkey face.71

HYPOTELORISM
Hypotelorism may be the only finding associated with 
holoprosencephaly and may be very mild (Figure 
13-45). There are very few other syndromes in which 
hypotelorism is a frequent finding. It is an occasional 
feature of the Meckel–Gruber syndrome.

MEDIAN CLEFTING
Median clefting is common in holoprosencephaly and 
is often associated with hypoplasia of the nose and 
hypotelorism (Figure 13-46). This is often difficult to 
demonstrate in the coronal plane, as the profile of the 
face is so flat. Bilateral cleft lip and palate is also seen 
but is less common than median clefting. McGahan et 
al have also reported two cases of unilateral cleft lip 
associated with holoprosencephaly.71
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FRONTONASAL DYSPLASIA  
(MEDIAN CLEFT SYNDROME)
Hypertelorism is the hallmark of frontonasal dysplasia 
which is the other important mid-face syndrome78 
(Figure 13-47). A number of other syndromes are 
associated with hypertelorism and these are outlined 
in Box 13-1. The main feature of frontonasal dysplasia 
is marked hypertelorism with a broad nasal tip that is 
frequently cleft (Figure 13-48). There may also be a 
median cleft lip.79 Most cases are sporadic, but a few 
autosomal dominant cases have been reported. Frat-
tarelli et al reported a case diagnosed in a dizygotic 
twin pregnancy at 21 weeks’ gestation. The affected 
fetus demonstrated marked hypertelorism, an abnor-
mally widened nose with separation of the nostrils, 
and an occipital encephalocoele.80

FIGURE 13-46 Median clefting. (A) Sagittal scan through a fetus with holoprosencephaly showing a flat profile, nasal hypoplasia and absence 
of the upper lip, indicating median clefting (block arrow points to absence of the upper lip; open arrow, hypoplastic nose). (B) Postmortem 
photograph showing median clefting. (Reproduced with permission from Blackwell Publishing Ltd from Turner G, Twining P. The facial profile in the diagnosis 
of fetal abnormalities. Clin Radiol 1993; 47:389–395.)

A B

FIGURE 13-45 Hypotelorism: coronal view of the face demonstrating 
hypotelorism in a fetus with holoprosencephaly. (Courtesy of Dr Anne 
Marie Coady.)
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FIGURE 13-47 Hypertelorism: coronal view of the face demonstrat-
ing hypertelorism in a fetus with holoprosencephaly. (Courtesy of Dr 
Anne Marie Coady.)

Reproduced with permission from Larsen WJ. Human Embryology. 
London: Churchill Livingstone; 1993.

Syndromes Associated with Hypertelorism

Frontonasal dysplasia
Frontal encephalocoeles
Craniosynostosis syndromes

Aperts syndrome
Saethre Chotzen syndrome
Pfeiffer syndrome
Crouzon syndrome

DiGeorge syndrome
Hydrolethalus syndrome
Coffin Lowry syndrome
Noonan syndrome
Larsen syndrome

BOX 13-1 HYPERTELORISM

Intelligence is normal when the abnormality is  
isolated and craniofacial reconstructive surgery can 
produce good cosmetic results.

FRONTAL ENCEPHALOCOELE
Encephalocoeles have an incidence of approximately 
1 in 5000–10,000 live births. Frontal encephalocoeles 
account for only 10% of all encephalocoeles.81 Frontal 
encephalocoeles are far more common in the East and 
are associated with better outcomes than posterior 
encephalocoeles.82 The main problems in children 

FIGURE 13-48 Frontal nasal dysplasia. (A) Photograph of a child 
with frontal nasal dysplasia. Note the severe hypotelorism and cleft 
nose. (B) Transverse scan of a fetus at 22 weeks’ gestation showing 
marked hypertelorism. (A, Reproduced with permission from Baraitser M 
(ed.) Colour atlas of congenital malformation syndromes. London: Mosby 
Wolfe; 1996.)
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Bronshtein et al. reported eight cases of orbital 
abnormalities, which included two cases of microph-
thalmia. The two cases were associated with intracra-
nial abnormalities (hydrocephalus) and extracranial 
anomalies. Both cases were diagnosed between 15 and 
17 weeks’ gestation.85

Microphthalmia
Unilateral. Asymmetry of the orbital diameters 
(Figure 13-50).

Bilateral. Reference should always be made to nomo-
grams of orbital measurements in order to confirm  
the diagnosis (Figure 13-7 A and B). In mild cases it 
may not be possible to make a prenatal diagnosis.

Schauer et al. reported a case of bilateral microph-
thalmia and hypertelorism at 18 weeks’ gestation in a 
fetus with Fraser syndrome.86 The fetus also demon-
strated oligohydramnios secondary to bilateral renal 
agenesis and enlarged echodense lungs secondary to 
laryngeal atresia. Syndactyly of the fingers is a frequent 
finding.

Clearly, if microphthalmia is seen in utero, then a 
careful assessment of the orbit should be made to 
establish the presence of the lens. The remainder of 
the fetus should be assessed for further abnormalities 
and karyotyping considered if additional defects 
found.

FIGURE 13-49 Frontal encephalocoele due to an amniotic band: 3D 
ultrasound scan and the postmortem appearances of the same fetus. 
(Courtesy of Professor Dr Luc De Catte.) FIGURE 13-50 Microphthalmia. Transverse scan through the fetal 

head showing microphthalmia (arrows). (Courtesy of Professor Dr Luc 
De Catte.)

with frontal encephalocoeles are facial disfigurement, 
anosmia and visual problems, which can be present in 
up to 50% of cases.82

Sonographically frontal encephalocoeles present as 
quite marked hypertelorism associated with an ante-
rior midline calvarial defect (Figure 13-49). Brain 
tissue may herniate into the defect and there may be 
associated intracranial anomalies, such as hydroceph-
alus, agenesis of the corpus callosum and microceph-
aly. Orbital abnormalities such as anophthalmia and 
facial clefting may be associated.

Craniosynostosis Syndromes
These syndromes are discussed later.

OCULAR ABNORMALITIES
Targeted examination in families with history of eye 
abnormalities in previous offspring has detected recur-
rent abnormalities by transvaginal scan as early as 
14–15 weeks.83

Microphthalmia
Microphthalmia is a rare condition that is associated 
with chromosomal disease, genetic syndromes and 
also intracranial abnormalities.

It is estimated to occur in 1 in 5000 live births.84 
Clinically, it may be difficult to differentiate severe 
microphthalmia from cases of true anophthalmia as 
the orbit is small in both defects. However this distinc-
tion should be possible sonographically in the fetus 
by the presence of lens in microphthalmia.
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with absent orbits and nose. Both ears were situated 
anteriorly in the midline.89 Sonographically this con-
dition would be most likely to resemble anencephaly; 
however, the absence of orbits and opposition of the 
ears anteriorly in the midline should suggest the 
diagnosis.

Congenital Cataracts
Congenital cataracts account for 30% of congenital eye 
malformations in liveborn babies and have an esti-
mated incidence of 1 in 5000 to 1 in 10,000 births.84

Causes of cataracts include:
• Congenital infections such as rubella, 

cytomegalovirus and toxoplasmosis (36%).
• Enzymatic disorders such as G6PD deficiency, 

galactokinase deficiency, homocystinuria and 
galactosaemia (23%).

• Chromosomal aberrations (trisomy 21).
• Genetic syndromes such as Lowes syndrome, 

Hallerman Streiff, and Smith-Lemli-Opitz 
syndromes (9%).

In 32% there is no known cause.90

Monteagudo describes three sonographic appear-
ances of fetal cataracts (Figure 13-51A):

1. The normal lens is completely hyperechoic. 
(Figure 13-51B)

2. Double ring appearance where the outer ring 
represents the border of the lens and the inner 
ring the cataract. (Figure 13-51A)

3. Central hyperechoic area within the lens.84

Dacrocystocoele
Dacrocystocoeles are cysts of the lacrimal duct and 
most of the cysts that present at birth resolve sponta-
neously in the first few months of life.91 Approxi-
mately 30% of all newborns have non-patent 
nasolacrimal duct, but because of mild or absent 
symptoms and the tendency for spontaneous resolu-
tion, dacrocystocoeles are under-reported.

The cysts are typically located inferomedially to the 
orbit and are completely transonic (Figure 13-52). In 
contrast to a frontal encephalocoele, the orbital anat-
omy and interorbital distance is normal.91 Most dacro-
cystocoeles measure no more than 1 cm in diameter 
and most are diagnosed after 30 weeks’ gestation.92 
Pre- and postnatal resolution have been reported.

If the karyotype is normal, genetic syndromes 
should be considered:

• Lenz microphthalmia syndrome,
• Oculo-dento-digital syndrome,
• Microphthalmia linear skin defect syndrome 

(MLS).
The outlook for the fetus to a large extent depends 

on the associated abnormalities or syndrome. Recon-
structive surgery can be carried out to improve the 
cosmetic appearance.

Anophthalmia
Anophthalmia is a rare condition that is estimated to 
have an incidence of 1 in 20,000 livebirths.87 Most 
cases are sporadic, but an autosomal recessive form 
has been described.85 Anophthalmia may also form 
part of a number of rare genetic syndromes.24

Primary anophthalmia is caused by failure of for-
mation of the optic pit and optic outgrowths from the 
forebrain resulting in absence of the lens, optic nerves 
and chiasma. True or primary anophthalmia is incom-
patible with life because, in such cases, the primary 
optic vesicle stops developing within the first few 
weeks after conception and is associated with major 
defects in the brain.88

Sonographically anophthalmia is diagnosed when 
there is a small orbit with absence of the lens. Bron-
shtein et al in their series85 reported two cases of 
isolated anophthalmia, both occurring in patients with 
a family history of anophthalmia syndromes. It is of 
interest to note that in both cases the fetal orbits and 
lenses were normal in the first trimester. This prompted 
the authors to suggest that in some cases, anophthal-
mia may occur later in pregnancy and may be related 
to premature occlusion of the hyaloid artery, produc-
ing secondary degeneration of the fetal eye.85 In view 
of this, it would certainly be prudent to carry out scans 
later in pregnancy if the initial scans are normal in any 
patient with a family history of microphthalmia or 
anophthalmia. If a positive diagnosis of anophthalmia 
is made, then a careful search should be carried out 
for other abnormalities.

Anophthalmia has been diagnosed by Wong et al. 
using 3D reverse view of the face.88

Cayea et al. reported a case at 26 weeks’ gestation 
with a large anterior encephalocoele associated  
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Birholz described the normal appearance of the 
fetal ear and noted abnormally shaped ears in four 
cases of lethal dwarfism.17 Jones listed 88 causes 
of malformed ears and 20 causes of low-set ears, most 
of which are rare genetic syndromes with well-
documented recurrence risks.

Ear length is measured in coronal view as the 
maximum distance between the superior and the infe-
rior aspect of the ear. A small ear has been shown to 
be associated with aneuploidies.18,93,94

Sonographically the detail of the ear is best dem-
onstrated in the sagittal plane (Figure 13-12). However, 
low-set ears are more easily appreciated on the coronal 
plane, where the relationship to the temporal bone 
and shoulder can be assessed (Figure 13-13 A and B).

Visualization of the ears should be attempted wher-
ever a fetal anomaly is demonstrated, particularly a 
facial abnormality, as useful information may be 
detected that could narrow the differential diagnosis.

Reference intervals for measurement of fetal ear  
by 3D surface rendering technique from 19–24  
weeks have been determined and are shown to be 
reproducible.95

The Forehead
FRONTAL BOSSING
Frontal bossing is present when the forehead is very 
prominent with depression of the nasal bridge, and 

The Ear
The ear has received little attention in the ultrasound 
literature and this is probably because visualization of 
the ears is not part of the routine assessment of the 
fetus. Even in detailed scanning the ears can be over-
looked if other major anomalies are present.

FIGURE 13-52 Dacrocystocoele: a completely anechoic cyst medial 
to the orbit. (Courtesy of Professor Dr Luc De Catte.)

FIGURE 13-51 (A) Fetal cataracts. Diagram showing the four different ultrasound appearances of cataracts. (B) Transverse scan through the 
fetal orbit demonstrating a congenital cataract (diffuse opacification). (Courtesy of Professor Dr Luc De Catte.)
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THE FLAT PROFILE
In contrast to frontal bossing, a flat profile shows a flat 
facial contour. This appearance has been described in 
a number of conditions,24 but an important associa-
tion is Down syndrome (see Chapter 2, Fetal 
Aneuploidies).

Facial Abnormalities Associated With 
Abnormalities of the Skull
CRANIOSYNOSTOSIS SYNDROMES
Craniosynostosis or premature fusion of the sutures is 
a non-specific abnormality that can be isolated or 
associated with various syndromes. Premature fusion 
of the cranial bones causes subsequent limitation of 
expansive growth normally accommodated by that 
suture.3 Premature fusion of a cranial suture produces 
a characteristic appearance with increased growth of 
the skull parallel to the fused suture. This premature 
fusion can lead to secondary changes in the brain 
through the effects of raised intracranial pressure and 
subsequent deformation (Table 13-4).

All the sutures, apart from the metopic suture 
which fuses between 18 months to 2 years, remain 
open until the fourth decade.

Sonographic approach
Patel et al. has described the normal appearance of the 
cranial sutures in utero.96 Sonographically, the sutures 
appear as linear translucencies within the skull and 
have a characteristic location and distribution (Figure 
13-54).

3D Ultrasound. The appearance of the frontal bones 
and metopic suture has been studied between 9 and 
34 weeks using volumes of the fetal skull obtained in 
midsagittal plane and analyzing the volume employing 
surface rendering and transparent maximum mode.97

2D Ultrasound. Premature fusion of the sagittal 
suture produces an elongated or dolicocephalic skull 
shape (Figure 13-55).

Premature fusion of the coronal sutures produces  
a rounded (brachycephalic) skull shape with a  
pointed appearance to the vertex (acrocephaly or 
turricephaly).

has been described in a number of syndromes. Some 
of these are outlined in Box 13-2. Frontal bossing is 
best demonstrated on the sagittal plane, where the 
relationship of the forehead to the mid face can be 
readily appreciated (Figure 13-53). Turner and Twining 
reported three cases of frontal bossing, two associated 
with thanotophoric dysplasia and the third with het-
erozygous achondroplasia.15 The authors noted that in 
the case of heterozygous achondroplasia, the frontal 
bossing was not evident until the third trimester. The 
other main associations are with the craniosynostosis 
syndromes and some rare genetic syndromes.

FIGURE 13-53 Frontal bossing. Sagittal scan through a fetus with 
achondroplasia. 

Syndromes Associated with Frontal Bossing

SKELETAL DYSPLASIAS

Achondroplasia
Thanatophoric dysplasia
Achondrogenesis
Craniosynostosis syndromes
Crouzon syndrome
Pfeiffer syndrome
Craniofrontonasal dysplasia

OTHER SYNDROMES

Russell Silver syndrome
Robinson syndrome
Hurler syndrome

BOX 13-2 FRONTAL BOSSING
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TABLE 13-4 Craniosynostosis Syndromes

Syndrome Inheritance Features Intelligence Suture(s) Affected

Apert syndrome Autosomal 
dominant

Hypertelorism
Prominent eyes
Syndactyly of digits 2–5 and 

occasionally the thumb
Syndactyly of the toes

50% mental retardation Turricephaly

Carpenter 
syndrome

Autosomal 
recessive

High forehead
Mid-facial hypoplasia
Flat facial profile
Postaxial polydactyly in the hands
Pre-axial polydactyly of feet

Variable
Can be normal
IQs range from 54 to 

104

Crouzon 
syndrome

Autosomal 
dominant

Proptosis, hypertelorism
Frontal bossing
Beaked nose

Usually normal Premature closure of 
coronal sutures

Cloverleaf skull is 
common

Pfeiffer syndrome Autosomal 
dominant

Broad or duplicated big toes
Broad thumbs
Variable soft tissue syndactyly

Neurological 
compromise is 
common

Cloverleaf skull in 
particular associated 
with a poor prognosis

Craniosynostosis of 
coronal suture

Cloverleaf skull is 
common

Saethre–Chotzen 
syndrome

Autosomal 
dominant

Hypertelorism
Mid-face hypoplasia
High, flat forehead
Small ears

Most normal Craniosynostosis of 
coronal and 
lambdoid sutures

Craniofrontonasal 
dysplasia

X-linked 
dominant

Females are more severely 
affected than males

Hypertelorism
Frontal bossing
Syndactyly of fingers and toes

Usually normal

FIGURE 13-54 Diagram of the skull showing the position of the sutures. 
1, sphenoid fontanelle; 2, mastoid fontanelle; 3, posterior fontanelle;  
4, anterior fontanelle. (Published with permission of The McGraw-Hill Companies 
from Romero R (ed.) Prenatal diagnosis of congenital anomalies. New York: Appleton 
and Lang; 1988.)
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Premature closure of all the sutures in association 
with hydrocephalus produces the characteristic clo-
verleaf skull (Figure 13-56 A and B).

There are a number of syndromes associated with 
craniosynostosis and the main features of these syn-
dromes are outlined in Table 13-4. The prenatal  
diagnosis is based predominantly on the demonstra-
tion of an abnormal head shape in association with 
facial abnormalities, which include hypertelorism, 

FIGURE 13-55 Craniosynostosis. Diagram showing the common appearances of craniosynostosis. (A) Premature fusion of the sagittal suture. 
(B) Premature fusion of the metopic suture. (C) Premature fusion of the coronal sutures. (D) Unilatural fusion of the coronal suture. (E) Pre-
mature fusion of the coronal and sagittal sutures. (F) Cloverleaf skull. Premature fusion of all sutures with hydrocephalus. (Reproduced with 
permission of The McGraw-Hill Companies from Romero R (ed.) Prenatal diagnosis of congenital anomalies. New York: Appleton and Lang; 1988.)

A B

C D

E F

exophthalmos, mid-face hypoplasia, frontal bossing 
and digital abnormalities such as polydactyly and 
syndactyly.98–101

In a large series of antenatal diagnoses of fetal cranio-
synostosis, the authors note that there were no false 
negative cases on ultrasound screening for fetal cranio-
synostosis. Dysmorphism and abnormal shape of the 
fetal skull preceded the closure of sutures which was 
detected much later.102
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Unusual Facial Defects
DIPROSOPUS
Diprosopus (two faces) is a rare form of symmetric 
conjoined twins consisting of a single neck and body 
and a spectrum of duplication of craniofacial struc-
tures. In its mildest form, isolated duplication of the 
nose occurs; in the most severe forms the fetus has 
two complete faces. The term tetrophthalmos is 
applied to a fetus with four eyes. The two median eyes 
may be partially fused, be separate but share a central 
orbit or may occupy completely separate orbits.103

Okajaki et al. reported a case at 28 weeks’ gestation 
demonstrating four eyes with the two median globes 
sharing the same orbit. The intracranial structure was 
partially duplicated with two pairs of lateral ventricles, 
one set of which was dilated, and a single large cystic 
structure involving the posterior fossa. Dextro-cardia 
was noted but no other abnormality was present. 
Three weeks later the fetus died in utero and a still-
born female diprosopus infant was delivered by Cae-
sarean section. Fontanorosa et al.104 diagnosed a case 
in the first trimester associated with cranio-rachischisis 
and case reports of diprosopus have shown a common 
association with both neural tube defects and anterior 
duplication.105

When the diagnosis is made prior to viability, ter-
mination of pregnancy can be offered to the parents. 
Later diagnosis allows for counselling of the patient in 
terms of the prognosis and of the possibility that Cae-
sarean section may be necessary due to cepholopelvic 
disproportion. If significant hydrocephalus is the 
major cause of macrocephaly, cephalocentesis under 
sonographic guidance may be offered to avoid Caesar-
ean section.103

OTOCEPHALY
Otocephaly (synotia) is a rare complex malformation, 
which in its simplest form represents marked under-
development of the mandible. There are many forms 
of otocephaly and some forms resemble cyclopia. In 
isolated otocephaly the brain is not involved, other 
forms represent true combinations of otocephaly and 
cyclopia.106

HARLEQUIN ICHTHYOSIS
This autosomal recessive condition is characterized by 
thickened skin that is fissured and separated into 

A specific antenatal diagnosis may well be very  
difficult as there can be clinical overlap between  
these syndromes and subtle or mild forms of these 
conditions may not be amenable to prenatal diagnosis 
by ultrasound. Many cases of craniosynostosis do  
not develop until the infant period when sutures  
close, and so are not amenable to prenatal diagnosis 
at all.

A

FIGURE 13-56 (A) Axial scan showing cloverleaf skull. (Courtesy of 
Professor Dr Luc De Catte.) (B) Postnatal photograph of an infant 
with cloverleaf skull. (A, Courtesy of Professor Dr Luc De Catte. B, Repro-
duced with permission from Baraitser M (ed.) Colour atlas of congenital 
malformation syndromes. London: Mosby Wolfe; 1996.)

B
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meningomyelocoele may be seen. Occipital encepha-
locoeles may be cystic, solid or of mixed echotexture; 
however, there will always be either associated intra-
cranial abnormalities or a skull defect.

Anterior masses are teratomas, haemangiomas can 
occur anywhere but may have characteristic Doppler 
signals. Most teratomas and haemangiomas are hetero-
genous: solid and cystic lesions. Rarely, an anterior 
neck mass may be due to a fetal goitre.

Cystic Hygroma
This is the commonest neck abnormality occurring in 
0.5% of spontaneous miscarriages,109 up to 1 in 700 
low-risk pregnancies,110 but is seen rarely in the 
neonate.

Cystic hygroma is a lymphatic malformation that 
produces a multiseptated cystic mass in the posterior 
cervical area. It is thought to represent overdistension 

polygonal plaques. It is these plaques that may resem-
ble the diamond pattern on the costume of the arche-
typal harlequin that are responsible for the name of 
this disorder. Ectropion (eyelid eversion) and ecla-
bium (eversion of the lips) are typically present.107

The diagnosis can be established by fetal skin 
biopsy,108 but the ultrasound features are characteris-
tic. Sonographically the fetal skin may be thickened 
and Milalko et al. reported a thickened membrane of 
skin floating freely in the amniotic fluid but attached 
to the anterior abdominal wall. This represented 
sloughed, abnormally thickened skin.107 The mouth is 
held fixed and open and is ‘O’ shaped with the lips 
everted. Cystic masses are seen anterior to the orbits 
due to the pronounced ectropion. The markedly 
thickened skin can also produce flexion deformities of 
the limbs (Figure 13-57 A and B).

The outlook is very poor and most affected neonates 
die within hours or days after birth. Causes of death 
include sepsis, mechanical restriction of breathing and 
electrolyte imbalance.107

Neck Abnormalities
INTRODUCTION
Abnormalities of the fetal neck are uncommon, 
however the most important anomalies are:

• cystic hygroma;
• occipital encephalocoele;
• cervical meningomyelocoele;
• cervical teratoma;
• haemangioma or a fetal goitre are very rare.

SONOGRAPHIC APPROACH
Ultrasound examination of the neck includes assess-
ment of the occipital region of the head, the cervical 
spine, the oropharynx (Figure 13-30) and vessels of 
the neck.

Most neck abnormalities are masses that are pre-
dominantly either cystic or solid. Careful attention to 
the position and extent of a neck mass should provide 
sufficient information to narrow the differential 
diagnosis.

Tumours of the face and the neck will be covered 
in Chapter 20, Fetal Tumours.

Posterior neck masses are usually either a cystic 
hygroma or occipital encephalocoele – rarely a cervical 

FIGURE 13-57 (A and B) Harlequin ichthyosis: 3D ultrasound scans 
showing grossly thickened skin (block arrows) and the characteristic 
open mouth with eversion of the lips (line arrow). Courtesy of Prof 
Dr Luc De Catte.

A
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FIGURE 13-58 Cystic hygroma. Axial scan showing posterior cystic 
hygroma; the hallmark of a cystic hygroma is the midline septum 
(arrow) that extends into the hygroma. 

FIGURE 13-59 Cystic hygroma (block arrow) with extension of the 
abnormal lymphatic dilatation into the axillary regions (line arrow). 
Note the small thorax and the short ribs (curved arrow) in this fetus 
with a lethal skeletal dysplasia. 

of the jugular lymphatic sacs as a consequence of 
failure of communication with the internal jugular 
vein. Secondary dilatation of the lymphatic channels 
draining the chest and limbs results in peripheral  
lymphoedema and development of non-immune 
hydrops.109

Bronshtein et al. have described two types of cystic 
hygroma, septated and non-septated.111

A septated hygroma is a multiseptate cystic mass 
affecting the back of the fetal neck. There is always a 
midline septum that extends into the cystic hygroma 
(Figures 13-58 and 13-59).

A non-septated hygroma appears as small unilocu-
lar sonolucent sacs, located bilaterally in the antero-
lateral cervical region. Bronshtein et al. found that 
non-septated cystic hygromata had a better prognosis 
and much lower incidence of chromosomal disease 
than septated cystic hygromata.111 However, it may be 
that this differentiation is only an effect of size, i.e. 
smaller lesions may be non-septated, with septations 
appearing as the lesion gets larger (Figure 13-60).

Cystic hygroma has a high incidence of chromo-
somal disease, cardiac abnormalities and hydrops.

The commonest chromosomal abnormality is 
Turner syndrome, which occurs in 75% of cases; 
trisomy 18 occurs in 5% and trisomy 21 in 5%. The 
remaining fetuses may have a normal karyotype.

The main cardiac abnormality seen in fetuses  
with cystic hygroma is coarctation of the aorta, and 
this can be seen in up to 48% of fetuses with Turner 
syndrome.109

Hydrops is a common association with cystic 
hygroma and is seen in up to 68% of fetuses with 
Turner syndrome and 82% of chromosomally normal 
fetuses.89 Although chromosomal disease is the com-
monest association, cystic hygromata have also been 
reported in association with Noonan syndrome, fetal 
alcohol syndrome and familial pterygium colli.112

FIGURE 13-60 A non-septated cystic hygroma: small unilocular 
sonolucent sacs (arrows). (Courtesy of Dr Anne Marie Coady.)
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result from the fetus being hypo-or hyperthyroid.
Transplacental passage of thyroid stimulating antibod-
ies in a mother with a recent diagnosis of Graves 
disease (usually within the preceding 6–12 months) 
can lead to fetal hyperthyroidism with a goitre, tachy-
cardia and fetal growth restriction.

Congenital hypothyroidism occurs in approxi-
mately 1:5000 livebirths and is usually caused by 
treatment with antithyroid drugs for maternal thyro-
toxicosis. Antithyroid agents can easily cross the pla-
centa and, if this occurs during the period of fetal 
thyroid development at 10–16 weeks’ gestation, it can 
produce fetal hypothyroidism which manifests as 
intrauterine growth retardation, fetal bradycardia and 
delayed appearances of ossification centres and goitre.

Sonographically, the appearance is of a bilobed, 
predominantly solid mass affecting the anterior neck. 
The enlargement of the gland may cause polyhydram-
nios and occasionally, fetal neck extension (Figure 
13-61 A and B).
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Chapter 14 

Introduction
Cardiac abnormalities are among the most common 
birth defects and are the leading cause of death in 
children from congenital defects.1 They occur in about 
8–11 cases per 1000 livebirths but only 3 per 10002 
are major cardiac abnormalities requiring early inter-
vention. Despite well-recognized risk factors3 (Table 
14-1), most cardiac abnormalities occur in low-risk 
pregnancies. Hence, the best practice is to screen the 
entire population by assessing the fetal heart during 
routine fetal ultrasound examination. The fetal heart 
is fully formed by 8 weeks post-ovulation, therefore, 
an experienced sonographer with advanced ultra-
sound equipment is able to assess the fetal heart and 
exclude the majority of the severe heart malformations 
as early as 12 weeks of gestation. However, the 
optimum time for a detailed heart examination is 
20–22 weeks’ gestation. Furthermore, the fetal heart 
should be reassessed during any subsequent scans as 
some rare conditions such as valvar stenosis, cardiac 
tumours or tachycardia can present as late as the third 
trimester.

The methodology of fetal heart examination was 
first described and successfully implemented more 
than 30 years ago.4–7 For several reasons, fetal echocar-
diography cannot be directly compared to a postnatal 
scan. Firstly, the fetal heart lies more horizontally due 
to the large fetal liver. Secondly, both ventricles are 
equal in size, with the right ventricle lying directly 
anterior in the fetus whereas postnatally it is inferior. 
As the foramen ovale and arterial duct are widely patent 
in the fetus, they both are readily seen prenatally. 
Finally, the lungs are not aerated but fluid-filled during 
fetal life, therefore do not obstruct cardiac imaging as 
they do postnatally.

Cardiac Abnormalities and Arrhythmias
Vita Zidere and Lindsey D Allan
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One complete rib (Figure 14-2) should be seen to 
confirm that the section is accurately transverse and 
so correct.8 The next step is to orientate and identify 
the cardiac chambers in the normally connected and 
positioned heart within the thorax.

Firstly the spine should be located, then the ante-
rior chest wall (sternum), which is opposite the spine.

Examination
The first step towards successful examination of the 
fetal heart is to obtain a perfect transverse section, as 
all the details of the heart anatomy can be seen in a 
transverse sweep of the ultrasound beam from 
abdomen to neck. Subsequently the heart can be 
readily analyzed in terms of three basic segments: the 
atria, the ventricular mass and the great arteries. The 
atria, ventricular chambers and the great arteries are 
paired structures with distinguishable left and right 
characteristics.8

THE FOUR-CHAMBER VIEW
This is the most important view, which is easy to 
obtain and shows many features of both normality and 
abnormality. Therefore, the four-chamber view should 
be imaged perfectly and analyzed systematically.

Before beginning to examine the four-chamber 
view:

• The position of the fetus within the uterus 
must be established.

• The stomach and heart must be confirmed as 
both lying on the left of the fetus.

• The position of the aorta in front of the spine 
in the abdomen, with the inferior vena cava 
anterior and to the right, establishes normal 
situs (Figure 14-1).

The four-chamber view is obtained in a horizontal 
section of the fetal thorax just above the diaphragm. 

TABLE 14-1 Risk Groups for Fetal Heart Abnormality and Indications for Referral to 
Specialist Fetal Cardiologist

Fetal Maternal Familial

• Suspicion of a heart abnormality
• Arrhythmia
• Increased nuchal translucency 

during first-trimster scan
• Tricuspid regurgitation during 

first-trimester scan
• Any extracardiac anomaly
• Chromosomal abnormality or 

suspected genetic disorder
• Hydrops
• Polyhydramnios
• Twin to twin transfusion syndrome

• Metabolic disorders
• insulin-dependent diabetes 

mellitus
• phenylketonuria

• Maternal congenital heart disease
• Exposure to teratogens

• valproic acid
• lithium
• alcohol

• Maternal infection
• Rubella

• Maternal autoantibodies
• anti-Ro, anti-La

• History of congenital heart disease 
in first-degree relative
• paternal
• sibling
• previously affected fetus

• Genetic disorder in one of parents 
(e.g. Di George, Williams, Noonan 
syndrome)

FIGURE 14-1 A cross-section of the upper abdomen demonstrates 
the stomach lying on the left of the fetus in the usual position relative 
to the abdominal aorta and inferior vena cava. The abdominal aorta 
lies anterior and to the left of the spine, with the inferior vena cava 
anterior and to the right of the aorta. 

IVC

Ao stomach

SpineR L
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• The right ventricle lies beneath the anterior 
chest wall.

• The descending aorta is seen as a circular 
structure lying anterior to the spine.

• The left atrium lies anterior to the aorta.
• The right atrium is the only chamber located in 

the right thorax.
• The left ventricle lies posterior to the right 

ventricle (Figure 14-3).
The appearance of the four-chamber view will vary 

according to the fetal position (Figure 14-4 A–C), but 
whatever the position, four features of normality 
should be evaluated: size, position, structure and 
function.8

Normal Size
The heart occupies one-third of the thorax or one-half 
of the thoracic circumference. The size of the fetal 
heart can be assessed by eye. However, the cardiotho-
racic ratio can be easily measured in the four-chamber 
view should there be any doubt. The approximate 
normal range is 0.55 ± 0.05 (Figure 14-5).

Normal Position
The heart lies mainly in the left chest with the apex 
pointing to the left. The angle between the ventricular 

A

FIGURE 14-2 (A) The correct horizonal plane demonstrates a circular shape of the thorax and one nearly complete rib (yellow arrow). (B) An 
oblique section across the thorax demonstrates multiple ribs (red arrows); in this plane, the heart cannot be adequately analyzed. 

B

FIGURE 14-3 The spine should be located, then the anterior chest 
wall (Sternum), which is opposite the spine. The right ventricle lies 
beneath the anterior chest wall. The descending aorta is seen as a 
circular structure lying anterior to the spine. Anterior to the spine is 
the left atrium. The right atrium is the only chamber located in the 
right thorax. The left ventricle lies posterior to the right ventricle. 
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FIGURE 14-4 (A) The heart is seen in an apical four-chamber 
view. (B) The heart is seen in a lateral four-chamber view. This 
is the best orientation for examining the ventricular septum.  
(C) The heart is seen in a ‘back up’ four-chamber view, the least 
favourable fetal position. The appearance of the four-chamber 
view varies according to the fetal position. However, the method 
of orientation starting from the spine should be the same, and 
the four features of normality can be evaluated. 
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septum and the midline of the thorax is approximately 
45 degrees (Figure 14-6).

Normal Structure
1. There are two equally sized atria and ventricles, 

with equal wall thickness. The right ventricle 
appears more trabeculated than the left and its 
apex contains the moderator band (Figure 14-7).

2. The atrioventricular valves meet the ventricular 
and atrial septum forming the centre of the heart 
or crux. The right sided tricuspid valve is a little 

closer to the apex than the left sided mitral 
valve, creating characteristic off-setting at the 
crux (Figure 14-8).

3. The atrioventricular valves are equal in size. 
They open simultaneously in ventricular dias-
tole and close in systole.

4. The ventricular septum should appear intact 
(Figure 14-4).

5. There is an interatrial communication (the 
foramen ovale) occupying about one-third of the 
atrial septum (Figure 14-9). The foramen ovale 
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FIGURE 14-5 The heart is seen in an apical four-chamber view. It 
occupies about one-third of the thorax. If the circumferences are 
measured, the normal cardiothoracic ratio is 0.55 ± 0.05. 

FIGURE 14-6 The heart is seen in an apical four-chamber view. The 
normal angle between the interventricular septum and the midline of 
the thorax is about 45 degrees. 

is guarded by a flap valve, which oscillates in 
the left atrium as a result of blood flow from the 
right to left atrium in the normal fetal heart.

6. Usually two pulmonary veins are seen at the 
back of the left atrium. However, they should be 
confirmed by colour Doppler (Figure 14-9 and 
Figure 14-10).

7. In the normal four-chamber view, there is only 
one vessel, the descending aorta, seen in the 
posterior mediastinum lying in front and slightly 
to the left of the spine (Figure 14-3).

8. The appearance of a black rim around the ven-
tricles represents fluid in the pericardial sac and 
is normal (Figure 14-11).

9. In the last 10 weeks of gestation, the normal 
fetal heart becomes asymmetric to some extent 
as the right ventricle (Figure 14-12) and  
pulmonary artery become slightly larger than 
the left-sided structures.

Function
Two equally opening atrioventricular valves and 
equally contracting ventricles should be identified. It 

is necessary to use the colour Doppler in order to 
demonstrate equally filling ventricles and competent 
atrioventricular valves (Figure 14-13).

THE GREAT ARTERY AND ARCH VIEWS
Obtaining the Views
The great arteries and their ventriculo-arterial connec-
tions are best seen in a series of transverse planes, 
imaged in a continuous sweep moving cranially from 
the four-chamber plane. The aorta is the first vessel 
seen sweeping towards the right as it arises just above 
the level of the four-chamber plane (Figure 14-14). In 
order to image the left ventricular outflow tract per-
fectly, it might be necessary to rotate the transducer 
slightly in order to ‘open out’ the aorta. It is very 
important to image the left ventricular outflow tract 
sufficiently clearly to ensure that the anterior wall of 
the aorta is continuous with the ventricular septum 
(Figure 14-15).

Moving sequentially towards the fetal head, the 
next transverse section will demonstrate the pulmo-
nary artery (Figure 14-16). The pulmonary artery 



34114 Cardiac Abnormalities and Arrhythmias

FIGURE 14-7 The heart is seen in an apical four-chamber view. The two atria and ventricles are seen in transverse section. The atria and 
ventricles are of approximately equal cavity size (A, green lines). The atrioventricular valve orifices are of approximately equal size (A, red lines). 
The walls and septum are of approximately equal thickness (B, yellow arrowheads). The moderator band (white arrow) is a thick muscle bundle 
in the apex of the right ventricle, a useful marker to distinguish the morphological right from the morphological left ventricle. 
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FIGURE 14-8 The fetal heart is seen in an apical 
four-chamber view. The crux of the heart (A, dashed 
circle) is zoomed to emphasize the ‘off-setting’ of 
the atrioventricular valves. The slight difference in 
the level of the valves is denoted by red line (B). The 
septal leaflet of the tricuspid valve (TV) is inserted 
lower in the ventricular septum than the mitral valve 
(MV). Note the ventricular septum appears intact 
from apex to crux. 
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FIGURE 14-9 The fetal heart is seen in an apical four-chamber view. (A) The foramen ovale (dashed circle) occupies about one-third of the 
atrial septum. (B) The primum septum (dashed, yellow arrow) forms the crux of the heart. The posterior third of the atrial septum is well seen 
in this example. 
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FIGURE 14-10 (A) The fetal heart is seen in a four-chamber view. The right and left pulmonary veins (PV) are seen connecting to the back of 
the left atrium on either side of the descending aorta on the 2D image. (B) Two pulmonary veins can be seen to be draining into the left atrium 
on colour flow mapping. 
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FIGURE 14-11 The fetal heart is seen in an apical four-chamber view. 
The appearance of a black rim (arrow) represents normal pericardial 
fluid. 

spine

LV

RA

FIGURE 14-12 The fetal heart is seen in a lateral four-chamber view. 
The ventricles should appear equal in size. However, in the third 
trimester, the normal fetal heart may become slightly asymmetric as 
the right ventricle dominates over the left. 
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FIGURE 14-13 The fetal heart is seen in an apical four-chamber view. 
Colour Doppler demonstrates equal flow from the atria to the ventri-
cles during ventricular diastole. PV: pulmonary veins. 
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arises anteriorly, close to the chest wall and is directed 
straight back towards the spine. This plane demon-
strates the three vessel view (3VV). It images the right 
ventricular outflow tract and duct, with the aorta and 
superior vena cava cut in short axis and lying to the 
right of the pulmonary artery. A further sweep crani-
ally will demonstrate the transverse arch (Figure 
14-17). Slight angling of the transducer on this plane 
will allow the duct and arch to be seen in the same 
section (Figure 14-18). The initial direction of the 
aorta, at its origin from the heart, is cranial and towards 
the right shoulder, then it turns posteriorly and 
towards the left shoulder to form the aortic arch. In 
contrast, the pulmonary artery course is straight, just 
to the left of the midline and directed posteriorly 
towards the spine.

An advanced study may include examination of 
origin of the head and neck vessels from the aortic 
arch. Normally the most proximal major branch of the 
aortic arch is the right common carotid and right 
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FIGURE 14-14 (A) The aorta is seen arising from the left ventricle in 
a transverse section just above (cranial to) the four-chamber view. 
The ventricular septum is continuous with the anterior wall of the 
aorta (yellow line). (B) Colour Doppler confirms forward flow in the 
left outflow tract and across the aortic valve. 
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FIGURE 14-15 (A) The fetal heart is seen in a lateral four-chamber 
view, the ‘septal view’. In this view, the ventricular septum can be 
more confidently confirmed to be intact from apex to crux. (B) The 
aorta is arising just above the four-chamber view. The septum is 
straight between the ventricles but the curved yellow line demon-
strates the line of continuity between the septum and the aorta. This 
is because of the initially anteriorly sweeping course of the aorta.  
(C) Colour Doppler demonstrates forward flow across the aortic 
valve. 
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FIGURE 14-16 (A) The horizontal section cranial to the plane demonstrated in Figure 14-14 will demonstrate the pulmonary artery. The pul-
monary artery (PA) arises anteriorly, close to the chest wall and is directed straight back towards the spine. (B) This plane demonstrates the 
classic three-vessel view (3VV). It images the right ventricular outflow tract and duct, with the aorta and superior vena cava (SVC) cut in short 
axis and lying to the right of the pulmonary artery. Note the trachea (T) lies between the transverse portion of the aortic arch and the spine. 
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evaluating the four features of normality: size, posi-
tion, structure and function.

Size
The two arteries are almost equal in size. The pulmo-
nary artery is slightly bigger than the aorta from  
the second trimester onwards. The aortic arch 
(isthmus) is slightly bigger than the duct in a normal 
mid-trimester fetus (Figure 14-18).

Position
The aorta arises wholly from the left ventricle. It lies 
in the centre of the chest, unlike the pulmonary artery, 
which arises entirely from the anterior or right ventri-
cle and is close to the anterior chest wall. The pulmo-
nary trunk crosses over the aortic origin, so that the 
pulmonary valve lies to the left of the aortic valve 
(Figure 14-18).

subclavian artery arising as a common vessel (the right 
brachiocephalic artery). Normally the right subclavian 
artery is seen as a tortuous vessel directed towards the 
right arm, in a course which passes anterior to the 
trachea (Figure 14-19). The left common carotid and 
then the left subclavian arteries arise more distally 
from the arch in separate origins.

An experienced sonographer might find it useful to 
use long-axis or sagittal planes of the fetus, as it may 
be possible to demonstrate the pattern of branching 
of the head and neck vessels from the aortic arch, as 
well as crossover of the pulmonary artery (Figure 
14-20). In a sagittal plane, the systemic venous con-
nections to the right atrium, the inferior and superior 
vena cava can be seen in longitudinal cut (Figure 
14-21). However, all these structures can be well seen 
and analyzed in the transverse views, which are easier 
to obtain and understand.

The great arteries should be examined using the 
same principles applied to the four-chamber view by 
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FIGURE 14-17 (A) Directing the ultrasound beam cranial to the three-vessel view will demonstrate the transverse arch, the most 
superior arterial vessel, crossing the midline in front of the trachea from right to left. (B) Colour Doppler confirms forward flow in 
the transverse arch. 
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Structure
The aorta gives rise to the aortic or upper arch with 
characteristic head and neck vessels arising superiorly. 
These are the first visible branches of the aorta during 
fetal life, since the coronary arteries are too small to 
be seen. In contrast, the pulmonary artery branches 
early and laterally into the left and right pulmonary 
arteries and the arterial duct (Figure 14-22). The  
arterial duct is a straight continuation of the main 
pulmonary trunk and forms the lower or ductal arch. 
The left aortic arch crosses the midline in front of the 
trachea and meets the arterial duct in front of the spine 
creating the so-called ‘V’ shaped appearance (Figure 
14-18).

Both arterial valve leaflets appear thin and mobile. 
They both consist of three leaflets, an anatomical 
feature which is not possible to see in the fetus during 
the second-trimester scan.

Function
It should be possible to see the arterial valves  
opening freely, disappearing in ventricular systole and 

appearing in diastole. Colour Doppler should demon-
strate unaliased forward flow in both great arteries, as 
well as in the duct and arch (Figure 14-18). There is 
no flow regurgitation seen on colour flow mapping or 
on pulsed Doppler of the arterial valves, as they should 
be competent in the normal fetal heart. The normal 
flow velocity in the great arteries should not exceed 
80cm/sec in the second trimester.

Abnormal Heart
There are several ways to classify congenital heart 
disease and it is widely varied in appearance and 
severity. It is not possible to describe every possible 
heart abnormality in one chapter; therefore, focus will 
be placed on the most common and readily distin-
guishable fetal heart malformations seen during 
routine obstetric practice. Important supplementary 
information is demonstrated in the accompanying 
tables. In addition, those who have a particular inter-
est in the field of fetal cardiology will benefit from 
associated supplementary reading.8,9
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FIGURE 14-18 (A) Slight angulation of the transducer from the plane 
demonstrated in Figure 14-17 will allow the duct and arch to be seen 
in the same section. (B) The left aortic arch crosses the midline in 
front of the trachea and meets the arterial duct in front of the spine 
creating the so-called ‘V’ shaped appearance (yellow lines). (C) Colour 
Doppler demonstrates forward flow within aortic arch and pulmonary 
artery. 
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ABNORMAL FOUR-CHAMBER VIEW
• Disproportion of the ventricles
• Abnormal centre (crux) of the heart:

• Atrioventricular septal defect.
• Absent left atrioventricular connection
• Absent right atrioventricular connection
• Both valves connected to one ventricle:

• Double inlet ventricle
• Reverse off-setting of the atrioventricular 

valves

• Additional malformations seen in the four-
chamber view:
• Tricuspid valve dysplasia
• Ebstein’s anomaly
• Ventricular septal defect

• Isomerism:
• Left atrial isomerism
• Right atrial isomerism



348 14 Cardiac Abnormalities and Arrhythmias

FIGURE 14-19 The horizontal view in the upper thorax, just above the 
aortic arch, showing the subclavian arteries arising from the aortic arch 
in long axis in front of the trachea. Yellow arrows indicate the tortuous 
right subclavian artery. 
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FIGURE 14-20 (A) A longitudinal view demonstrates the aortic arch and the head and neck vessels (yellow arrows). (B) Colour Doppler confirms 
normal flow pattern within aorta and inferior vena cava. 
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FIGURE 14-21 A longitudinal plane of the fetus shows the inferior 
vena cava and the superior vena cava draining into the right atrium. 
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FIGURE 14-22 (A) The branches of the pulmonary arteries are seen in the three-vessel view. This plane is obtained in a slightly lower cut than 
in classic three-vessel view. (B) Colour Doppler confirms forward flow in pulmonary artery and branches. 
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Disproportion of the Ventricles
Disproportion is a descriptive term with several differ-
ent causes. However, it does not refer to mitral or 
tricuspid valve atresia where the abnormality is imme-
diately obvious.

The disproportionate heart usually presents with 
both left sided chambers appearing smaller than the 
right. Both atrioventricular valves are patent. The 
appearance of disproportion may be physiological in 
the last 10 weeks of pregnancy (Figure 14-12). On the 
other hand, this appearance can be associated with 
extracardiac causes such as:

• diaphragmatic hernia;
• absent ductus venosus;
• intrauterine growth retardation (Figure 14-23);
• uncommon genetic syndromes;
• arteriovenous malformation (vein of Galen 

aneurysmal malformation);
• anaemia.
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FIGURE 14-23 The fetal heart is seen in a four-chamber view. The 
heart appears enlarged with right heart dominance. This was due to 
intrauterine growth retardation. 

RA
LV

spine

FIGURE 14-24 The fetal heart is seen in an apical four-chamber view. 
There is moderate ventricular disproportion in this fetus at 20 weeks’ 
gestation. This picture is suggestive of coarctation of the aorta. 
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However, in the last two, usually there is a global 
cardiomegaly.

The most common cause of disproportion is coarc-
tation of the aorta. Examination of the great arteries 
and aortic arch confirms this diagnosis, but suspicion 
is first raised during four-chamber assessment (Figure 
14-24). The disproportion varies, as it is dependent 
on the severity of coarctation. The most likely explana-
tion for disproportion of the aorta in coarctation is that 
the increased afterload of the left ventricle results in a 
diminished right to left shunt at the foramen ovale. 
This reduces the left heart flow and therefore the size 
of the ventricle. The implications of this malformation 
are described under malformations of the great 
arteries.

ABNORMAL CENTRE (CRUX) OF THE HEART
Atrioventricular Septal Defect
It is essential to obtain a correct four-chamber view at 
the level of the atrioventricular valves to assess the 
crux. If the transverse section is too low or oblique, 
the coronary sinus may be evident which may give a 
false appearance of an atrioventricular septal defect 
(Figure 14-25). If there is loss of off-setting of the 

FIGURE 14-25 The fetal heart is seen just below the four-chamber 
view and at the level of the coronary sinus (arrow). This view can 
give a false impression of atrioventricular septal defect as the atrio-
ventricular valves could be interpreted as a straight line without 
off-setting. 
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FIGURE 14-26 (A) The apical four-chamber view demonstrates normal ‘off-setting’ (red line in zoomed image). (B) The loss of ‘off-setting’ 
(red dashed line in zoomed image) demonstrates a partial atrioventricular septal defect. 
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atrioventricular valves, the most likely reason is a 
common atrioventricular valve. A partial atrioven-
tricular septal defect consists solely of an atrial com-
ponent (Figure 14-26), a complete atrioventricular 
septal defect involves both atrial and ventricular com-
ponents (Figure 14-27). In both variants of this condi-
tion, there will be loss of differential insertion of the 
two atrioventricular valves. As a consequence, the 
echocardiographic appearance is of a single valve 
opening into both ventricular chambers. In a typical 
atrioventricular septal defect, both ventricles are equal 
in size. However, an unbalanced atrioventricular 
septal defect is a variation of this malformation, where 
one of the ventricles is small.

Atrioventricular septal defect seen in the context 
of normal atrial situs is one of the most common 
forms of fetal heart disease. This heart abnormality 
is commonly associated with extracardiac abnormali-
ties and chromosomal defects, in particular trisomy 
21.10,11 It is also frequently associated with atrial isom-
erism, although, in such cases the karyotype is usually 
normal. In addition, an atrioventricular septal defect 
can be part of more complex heart abnormalities such 
as tetralogy of Fallot and double outlet right 
ventricle.

In isolated cases of atrioventricular septal defect, 
the treatment and prognosis for cardiac repair is 
good. In more complex conditions, for example in 
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FIGURE 14-28 (A) The heart is seen in a normal lateral four-chamber view. (B) A different appearance from the normal is seen in this case. 
There is a small left ventricle, which does not form the apex. This appearance is indicative of mitral valve atresia. 

LV

RA

spine

A

LV

RA

spine

B

unbalanced ventricles, multiple surgical interventions 
may be necessary and therefore the prognosis is 
guarded. An isolated complete defect is usually 
repaired in the first six months of age, whereas a 
partial atrioventricular septal defect is repaired 
between two to three years of age. For some patients 
with left sided atrioventricular valve insufficiency, 
repeated surgery may be necessary later in infancy 
or adulthood.

Absent Left Atrioventricular Connection
An absent connection between the left atrium and the 
left ventricle is a known as mitral atresia. Diagnosis 
is made in the four-chamber view; the atrioventricular 
valve does not open on the left side and the left ven-
tricle will appear small or slit-like in appearance 
(Figure 14-28). There will be no demonstrable flow 
from the left atrium to the left ventricle on colour 
Doppler flow mapping (Figure 14-29).

Mitral atresia is part of a common complex  
fetal heart abnormality – the hypoplastic left heart 
syndrome, which is discussed further under aortic 
atresia. However, mitral atresia can be part of other 
complex heart abnormalities, such as double outlet 
right ventricle.

Mitral atresia can be associated with chromosomal 
anomalies such as XO, trisomy 18 or 13. The treat-
ment of mitral atresia usually involves staged surgeries 
that lead to a one-ventricle (Fontan type) circulation 
with a high perioperative mortality (40%), limited 
quality of life and short life expectancy for survivors.12

Absent Right Atrioventricular Connection
An absent connection between the right atrium and 
the right ventricle is indicative of tricuspid atresia. 
When seen in the four-chamber view, there will be no 
atrioventricular valve opening on the right side and 
the right ventricle will be small (Figure 14-30). A 
ventricular septal defect is usually associated with tri-
cuspid atresia. The size of the right ventricle depends 
on the size of the ventricular septal defect. There will 
be no demonstrable flow from the right atrium to the 
right ventricle when using colour Doppler flow 
mapping.

Cases of tricuspid atresia may be difficult to dif-
ferentiate from severe pulmonary stenosis/atresia with 
an intact interventricular septum. The appearance of 
the four-chamber view can be quite similar in both 
malformations. However, in pulmonary atresia, the 
tricuspid valve is patent, although very small with 
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FIGURE 14-29 (A) Colour Doppler demonstrates normal flow across both atrioventricular valves in a normal heart. (B) In an example of mitral 
atresia, with the fetus lying in the same position as in A, there is no flow across the mitral valve on colour flow mapping. Note the size of the 
left ventricle may vary. 
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FIGURE 14-30 (A) The heart is seen in a normal apical four-chamber view. (B) There is no patent tricuspid valve (red arrow) and the right 
ventricle appears very small. This is an example of tricuspid atresia. The ventricular septal defect, which is part of the diagnosis in tricuspid 
atresia, was very small in this case. 
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FIGURE 14-31 (A) The right ventricle is hypertrophied and very small. However, there is a patent tricuspid valve. (B) Colour flow mapping 
demonstrates flow within left ventricle and tricuspid regurgitation (dashed arrow), usually high velocity on pulsed Doppler. Both images dem-
onstrate an appearance of abnormal four-chamber view in a case of pulmonary atresia with an intact ventricular septum. 
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limited excursion. A trace of flow across the tricuspid 
valve can be demonstrated with colour flow mapping 
(Figure 14-31), whereas in tricuspid atresia there will 
be no flow across the right atrioventricular connection 
and, instead of a patent tricuspid valve, brightly echo-
genic tissue will be visible in the position of the valve.

Further investigation of the great arteries is impor-
tant. In the majority of cases of tricuspid atresia, the 
great arteries are normally related and patent, but in 
about 20% of cases, they can be transposed. Tricuspid 
atresia is rarely associated with extracardiac and chro-
mosomal anomalies.

Although tricuspid atresia is a relatively uncom-
mon malformation, treatment is well established. Sur-
gical intervention consists of a one-ventricle repair 
(Fontan circulation). The presence of transposed great 
arteries, pulmonary atresia or coarctation will make 
surgical repair more complex. As in other conditions 
where biventricular repair is not possible, the long-
term outcome is guarded and quality of life can be 
limited in young adulthood.

BOTH VALVES CONNECTED TO ONE VENTRICLE
Double Inlet Ventricle
A double inlet connection is a rare abnormality where 
both atrioventricular valves drain predominantly to 
one ventricle (Figure 14-32). Typically, one dominant 
and one rudimentary ventricle are seen. The four-
chamber view will not demonstrate the interventricu-
lar septum dividing both ventricles and atrioventricular 
valves equally. Colour Doppler will confirm flow 
across both atrioventricular valves into the same  
ventricle, which is usually of left ventricular 
morphology.

Assessment of the great arteries also will demon-
strate an abnormal appearance. The arteries are fre-
quently transposed and arise in parallel orientation. 
The aorta arises from the rudimentary chamber, which 
communicates with the main chamber via a ventricu-
lar septal defect. Double inlet ventricle is rarely associ-
ated with extracardiac abnormalities and genetic 
syndromes. The usual treatment is a one-ventricle 
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repair carrying a poor long-term prognosis and limited 
quality of life.

Reverse Off-Setting of the Atrioventricular Valves
Reverse off-setting of the atrioventricular valves is 
a rare congenital heart abnormality, seen in a four-
chamber view (Figure 14-33). This is the charac-
teristic feature of corrected transposition, where 
the morphological right atrium connects to the mor-
phological left ventricle and the morphological left 
atrium to the morphological right ventricle. In addi-
tion, the great arteries are transposed. Therefore, 
there is a double discordance and as a result, the 
pathway of blood is ‘corrected’. This condition is 
usually found in isolation with no associated extra-
cardiac or chromosomal anomalies.

Symptoms of corrected transposition may not 
become evident until adulthood when the heart starts 
to fail. However, if there are additional defects, such 
as a ventricular septal defect, pulmonary stenosis or 
Ebstein’s anomaly, as frequently occurs, intervention 

FIGURE 14-32 The apical four-chamber view demonstrates an 
example of double inlet ventricle. In this case, there are two atria and 
two atrioventricular valves seen, but they open into a single (usually 
left) ventricle. Note there is the loss of offsetting of the atrioventricu-
lar valves and no ventricular septum is seen dividing the ventricular 
mass. 
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FIGURE 14-33 The four-chamber view demonstrates an example of congenitally corrected transposition. (A) There is a normal ‘off-setting’ 
seen seen in a normal lateral four-chamber view. (B) There is reversed ‘off-setting’ of the atrioventricular valves. There is an atrioventricular 
valve in the left ventricle arising nearer to the apex (always the tricuspid valve) than that on the right side (mitral valve). However, the atria are 
in normal position. Hence, this is an atrioventricular discordance. 
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FIGURE 14-34 The four-chamber view demonstrates an example of the tricuspid valve dysplasia. (A) There is marked cardiomegaly due to 
severe enlargement of the right atrium. The tricuspid valve appears thickened. (B) Colour Doppler demonstrates severe regurgitation of the 
tricuspid valve. 
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may be necessary in infancy. In addition, a complete 
heart block is a common feature of corrected 
transposition.13

ADDITIONAL MALFORMATIONS SEEN IN THE 
FOUR-CHAMBER VIEW
Tricuspid Valve Dysplasia
Tricuspid valve dysplasia is characterized by normal 
off-setting but dysplastic leaflets. As a result, the tri-
cuspid valve is incompetent and the right atrium 
dilated. The four-chamber view will demonstrate car-
diomegaly (Figure 14-34). Significant cardiomegaly 
may cause secondary lung compression and conse-
quent hypoplasia, which can be life-threatening. Tri-
cuspid valve dysplasia is commonly associated with 
pulmonary stenosis or atresia and may be associated 
with a chromosomal abnormality.

Ebstein’s Anomaly
In Ebstein’s anomaly, there is more pronounced off-
setting of the tricuspid valve than normal, with the 

attachments of the tricuspid valve displaced down-
ward into the right ventricle. The degree of displace-
ment varies and will influence the prognosis,14 as does 
the degree of associated tricuspid valve regurgitation. 
Dilatation of the right atrium will depend on the sever-
ity of tricuspid valve regurgitation; both will be seen 
in the four-chamber view. As in tricuspid dysplasia, 
significant cardiomegaly may cause secondary lung 
compression and consequent hypoplasia, which can 
be life-threatening. In addition, pulmonary stenosis or 
atresia is often associated (Figure 14-35). Ebstein’s 
anomaly is rarely associated with extracardiac or chro-
mosomal anomalies.

Ventricular Septal Defect
A ventricular septal defect can be located anywhere in 
the septum. They can be single or multiple and vary 
in size. However, only moderate or large defects are 
usually seen in the fetus. Small ventricular septal 
defects, which are common, are likely to be missed 
during prenatal scans. An inlet defect will be detect-
able in a conventional four-chamber view. This defect 
is between the atrioventricular valves and may cause 
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FIGURE 14-35 (A) The four-chamber view demonstrates an example of Ebstein’s malformation of the tricuspid valve. The attachment of the 
septal leaflet (red dashed arrow) of the tricuspid valve is displaced into the right ventricle. The right atrium is enlarged due to a displacement 
and regurgitation of the tricuspid valve. (B) The great artery view demonstrates disproportion of the great arteries. The pulmonary artery is 
smaller than the aorta. However, there is a forward flow across both great arteries. This indicates additional pulmonary stenosis. 
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loss of differential insertion of the atrioventricular 
valves (Figure 14-36). As a result, this defect is occa-
sionally misdiagnosed as being an atrioventricular 
septal defect. In addition, a muscular defect may be 
seen in the four-chamber view (Figure 14-37). 
However, outlet and perimembranous ventricular 
septal defects will be seen just below the arterial valves 
in the left ventricular outflow tract view (Figure 
14-38). True defects should be distinguished from 
artefact. True defects are seen in different projections 
and have bright edges. Colour Doppler will demon-
strate bidirectional flow across the defect, when the 
ultrasound beam is parallel to the flow and thus per-
pendicular to the intra-ventricular septum (Figure 
14-37). Most ventricular septal defects will be either 
asymptomatic or close spontaneously and will require 
no treatment. A large isolated ventricular septal defect 
may need intervention in childhood and surgical 
closure can be accomplished at a very low mortality 
rate (less than 1%) with a good long-term outlook. 
However, it is important to remember that ventricular 
septal defects are commonly associated with extracar-
diac and chromosomal abnormalities.

ISOMERISM
Left Atrial Isomerism
Left atrial isomerism (otherwise known as heterotaxy, 
polysplenia or Ivemark syndrome) indicates that both 
atria are morphologically left atria. The inferior vena 
cava is interrupted, and therefore either the azygous 
or hemiazygous vein carries venous blood from the 
lower part of the body and drains into the superior 
vena cava. The hepatic veins drain directly to the 
floor of the atrial chamber. In a transverse section 
of the upper abdomen or thorax, left isomerism is 
readily identified as two vessels are seen in front of 
the spine (Figure 14-39). In addition, the stomach 
and heart are on opposite sides of the fetus in about 
50% of cases. In the longitudinal view, two parallel 
vessels are seen crossing the diaphragm, with a dilated 
azygous vein running behind the descending aorta 
(Figure 14-40). Left atrial isomerism is often associ-
ated with major structural intracardiac anomalies such 
as an atrioventricular septal defect. However, in a 
few cases only an interrupted inferior vena cava is 
found. Since there are two morphologically left atria, 
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FIGURE 14-36 (A) An intact ventricular septum is seen in an apical four-chamber view in a normal heart. (B) A case of an inlet ventricular 
septal defect is seen in a four-chamber view. The yellow asterisk sits on the edge of the ventricular septum in the magnified picture. Note there 
is the loss of ‘off-setting’. However, this is not an atrioventricular septal defect. 
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there is no sinus node and one of the presenting 
features may be complete heart block. This can be 
observed as early as the first trimester. In cases of 
left atrial isomerism where there is a complex heart 
abnormality and especially when accompanied with 
complete heart block, the overall outlook for the 
child is poor.15 Cases presenting with early complete 
heart block may result in non-immune hydrops and 
intrauterine death. Left isomerism is not commonly 
associated with chromosomal abnormalities.

Right Atrial Isomerism
Right atrial isomerism indicates that both atria are 
morphologically right atria. In this abnormality, there 

is asplenia. At the abdominal level, the transverse 
section shows an abnormal relationship between the 
descending aorta and the inferior vena cava, as both 
vessels are seen on the same side of the abdomen with 
the inferior vena cava lying immediately in front of the 
descending aorta (Figure 14-41). There is a discrep-
ancy of position between the stomach and heart in 
more than 50% of cases of right isomerism. Right 
isomerism always involves a major structural heart 
abnormality: anomalous pulmonary venous drainage; 
atrioventricular septal defect; double outlet right ven-
tricle with pulmonary artery stenosis or atresia. The 
postnatal management will depend on the details of 
the heart abnormality but overall surgical results carry 
a high risk of mortality and morbidity with guarded 
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FIGURE 14-38 The septal four-chamber view demonstrates a large 
perimembranous ventricular septal defect. The red dashed line indi-
cates the loss of continuity of the ventricular septum to the anterior 
wall of the aorta. 
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FIGURE 14-37 The septal four-chamber view demonstrates a case of a small mid-
muscular ventricular septal defect with bidirectional flow. (A) The red colour (arrow) 
indicates a right to left shunt and the blue colour (B, arrow) indicates a left to right flow 
direction across the septum. (C) The pulsed Doppler may confirm bidirectional flow 
pattern. 
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FIGURE 14-41 In a transverse section of the abdomen, the descend-
ing aorta and the inferior vena cava are seen on the same side of the 
abdomen with the inferior vena cava lying in front of the descending 
aorta. Note the stomach is on the right in this case. This is a typical 
appearance of right atrial isomerism. 
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FIGURE 14-39 In a transverse section of the abdomen, two vessels 
are seen in front of the spine indicating interruption of the inferior 
caval vein with azygos vein continuation in left atrial isomerism. The 
stomach lay on the right side. 
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FIGURE 14-40 In a longitudinal view, two parallel vessels are seen 
crossing the diaphragm, with the dilated azygos vein running behind 
the descending aorta, typical of left atrial isomerism. 
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long-term outlook.16 Right isomerism is not associated 
with chromosomal abnormalities.

Diagnostic algorithms for abnormalities in the size 
and position of the fetal heart are given in Figures 
14-42 and 14-43, with abnormal appearances shown 
in Figures 14-23 and14-44.

Great Artery Abnormalities
• The aorta is smaller than the pulmonary artery:

• Aortic atresia
• Aortic stenosis

• Potential reason why the aortic arch may be 
smaller than normal:
• Coarctation of the aorta

• Potential reasons why the pulmonary artery 
may be smaller than normal:
• Pulmonary atresia with intact ventricular 

septum
• Isolated pulmonary stenosis
• Tetralogy of Fallot

• Parallel appearance of the great arteries:
• Simple transposition of the great arteries
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FIGURE 14-42 Potential reasons for abnormal cardiac size. (Adapted from Allan LD, Cook AC and Huggon IC. Fetal Echocardiography: A Practical Guide. 
Cambridge: Cambridge University Press; 2009.)
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FIGURE 14-43 Potential reasons for abnormal cardiac position. (Adapted from Allan LD, Cook AC and Huggon IC. Fetal Echocardiography: A Practical 
Guide. Cambridge: Cambridge University Press; 2009.)
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FIGURE 14-44 (A) The four-chamber view reveals a normal axis. (B) and 
(C) demonstrate a variable degree of deviation towards the left. This appear-
ance is often seen in tetralogy of Fallot or in common arterial trunk. 

• Right aortic arch
• Four vessels seen in ‘three-vessel view’:

• Persistent left superior vena cava

THE AORTA IS SMALLER THAN  
THE PULMONARY ARTERY
A small aorta and a large and readily seen pulmonary 
trunk usually indicate that the aorta is receiving less 
blood flow than normal. This is typical of aortic 
atresia, aortic stenosis or coarctation and therefore 
detailed assessment of the aorta is required.

Aortic atresia is defined as complete obstruction 
of the aortic valve. There is no forward flow into the 
aorta from the left ventricle and the aorta is small or 
hypoplastic. This is usually seen as an element of the 
hypoplastic left heart syndrome in combination with 
mitral valve atresia. This abnormality is characterized 
by a small left ventricle which appears echogenic and 
contracts poorly17 (Figure 14-28). The left ventricle 
can vary in size with no discernable flow into the 
ventricular cavity. Generally, the left atrium will also 
be small and a left to right shunt at the foramem ovale 
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FIGURE 14-45 The four-chamber view demonstrates an intact atrial 
septum (yellow asterisk) in a case of critical aortic stenosis. The left 
atrium is markedly enlarged. The left ventricle appears bright and 
dilated. 
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will be seen. However, if the foramen ovale is either 
restrictive or intact, the left atrium will be enlarged 
(Figure 14-45). The hypoplastic left heart syndrome 
is further typified by hypoplasia of the ascending aorta 
and aortic arch (Figure 14-46 A). There is reverse flow 
on colour Doppler in the aortic arch (Figure 14-46 B), 
as the blood reaches the head and neck vessels and 
the coronary arteries retrogradely from the duct.

In fetal life, the hypoplastic left heart syndrome 
can be associated with chromosomal anomalies, such 
as XO and trisomy 18. This is one of the most 
common complex fetal heart abnormalities and is the 
most difficult to treat postnatally. The treatment of 
hypoplastic left heart syndrome involves staged sur-
geries that lead to a one-ventricle (Fontan type) cir-
culation. Despite constant improvements in surgical 
outcomes, the cumulative mortality rate is still high 
(nearly 40% by five years), quality of life is impaired 
and life expectancy curtailed.12

Aortic stenosis is a narrowing at, or close to, 
the level of the valve. In valvar aortic stenosis, the 
valve is thicker than normal and does not ‘disappear’ 
in systole. The colour flow map shows turbulence 

FIGURE 14-46 (A) This image demonstrates an example of hypoplasia of the aortic arch. (B) There is reverse flow on colour Doppler in the 
aortic arch indicating aortic atresia. 
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FIGURE 14-48 Transverse section at the level of the arch and duct. 
The aortic arch (red dashed arrow) is smaller than normal and 
smaller than the arterial duct in a case of aortic coarctation. Note the 
superior vena cava also appears bigger than the aorta. 
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FIGURE 14-47 The four-chamber view demonstrates a case of criti-
cal aortic stenosis presenting with a dilated, hyperechogenic and 
poorly contracting left ventricle. 
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known as aliasing. The pulsed Doppler flow velocity 
is increased (above 100 cm/sec during the second 
trimester). Isolated aortic stenosis is an uncommon 
fetal heart abnormality. The severity of aortic stenosis 
varies from mild to severe. Aortic stenosis can evolve 
during pregnancy. If the left ventricular function is 
preserved, balloon valvoplasty may be performed, 
either in the neonatal period or later in infancy. 
However, when the aortic stenosis is critical, there 
is a dilated, densely echogenic and poorly contracting 
left ventricle due to endocardial fibroelastosis, which 
usually indicates irreversible damage to the myocar-
dium (Figure 14-47). Treatment of this condition is 
similar to the hypoplastic left heart syndrome and 
has been outlined above. In some countries, neonatal 
heart transplant may be an alternative option. Prenatal 
treatment of critical aortic stenosis is possible and 
involves stretching the affected valve with a balloon. 
However, this is an experimental method with 
guarded results and not yet available as routine treat-
ment. Aortic stenosis is usually an isolated fetal 
abnormality and is rarely associated with extracardiac 
and genetic conditions.

POTENTIAL REASONS WHY THE AORTIC ARCH MAY 
BE SMALLER THAN NORMAL
Coarctation of the aorta is a narrowing in the aortic 
arch at the isthmus, the portion of the aortic arch 
between the origin of the left subclavian artery and the 
entrance of the arterial duct. However, in both neonates 
and in the fetus, the entire aortic arch can be hypo-
plastic. The easiest and most reliable way to assess the 
aortic arch is in the transverse view of the upper 
thorax, where the arch and duct can be compared in 
size. The aortic arch is smaller than normal and smaller 
than the arterial duct in coarctation (Figure 14-48). 
The colour flow map will demonstrate forward flow 
across the aortic valve and within the aortic arch 
(Figure 14-49).

Coarctation of the aorta is one of the commonest 
fetal cardiac anomalies. Treatment of this condition is 
well established and overall surgical results are good 
(mortality is less than 5%). The quality of life and 
long-term outcome should be good in babies with 
isolated coarctation of the aorta. However, this is one 
of the most difficult diagnoses to make prenatally and 
there is a high incidence of false-positives.18 It is 
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POTENTIAL REASONS WHY THE PULMONARY 
ARTERY MAY BE SMALLER THAN NORMAL
A small pulmonary artery and a large and readily seen 
aorta usually indicate that the pulmonary artery is 
receiving less blood flow than normal. This is typical 
of both pulmonary atresia and pulmonary stenosis. 
In addition, in cases of tricuspid atresia, the pulmo-
nary artery also receives less blood flow because of 
obstruction at the level of the inflow valve. Pulmonary 
artery stenosis or atresia can be a common component 
of complex heart disease, such as double outlet right 
ventricle, tricuspid valve dysplasia, Ebstein’s anomaly 
and the above-mentioned tricuspid atresia. However, 
the most common fetal abnormality associated with 
pulmonary stenosis or atresia is tetralogy of Fallot.

Isolated pulmonary stenosis is a narrowing at, or 
close to, the level of the valve. Similar to valvar aortic 
stenosis, the pulmonary valve is thicker than normal, 
and in contrast to the normal valve, it does not  
‘disappear’ in systole. The colour flow map shows 
turbulence and aliasing but with forward flow in the 
arterial duct (Figure 14-50). Pulsed Doppler flow 
velocity across the pulmonary valve is increased 
(above 100 cm/sec during second trimester). The 
severity of pulmonary stenosis varies from mild to 
severe. The mild forms of this condition may not be 
diagnosed during pregnancy. Pulmonary stenosis can 
also progress during pregnancy to more severe steno-
sis or to complete atresia of the pulmonary valve. In 
cases where pulmonary artery stenosis is either mild 
or moderate, the right ventricle may appear normal. 
However, if pulmonary stenosis is severe, there may 
be hypertrophy of the right ventricle and tricuspid 
valve regurgitation. Decreased right ventricular func-
tion can be observed in some cases. If the right ven-
tricular function is preserved, balloon valvoplasty may 
be performed either in the neonatal period or later in 
infancy and is associated with good long-term out-
comes. Isolated pulmonary stenosis is an uncommon 
fetal heart abnormality and rarely associated with 
chromosomal abnormalities. However, in cases of per-
sistent increased nuchal translucency, the possibility 
of Noonan syndrome should be considered.

Pulmonary atresia with intact ventricular 
septum is complete obstruction of the pulmonary 
valve. The pulmonary artery may be smaller than  
the aorta and there will be no forward flow in the 

FIGURE 14-49 The colour flow map demonstrates forward flow 
across the large pulmonary artery and within the small aortic arch in 
a case of coarctation of the aorta. Note there is a persistent left 
superior vena cava (dashed arrow) in addition. 
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prudent to manage the patient as if the condition was 
definitely present until it can be excluded postnatally, 
as the consequences of missing this diagnosis are 
potentially fatal.

Coarctation can be an isolated abnormality or an 
aspect of multiple abnormalities in the fetus. There-
fore, if there are any other abnormalities found, karyo-
typing should be offered. A genetic condition such as 
Turner syndrome may be seen in the first trimester, 
especially in those with a substantially increased 
nuchal fold.

Interrupted aortic arch (usually type B where the 
interruption is between the left carotid artery and left 
subclavian artery; types A and C are exceptionally 
rare) may be considered as a differential diagnosis if 
the transverse arch is difficult to image, especially in 
transverse views. In this condition, there is always a 
large ventricular septal defect in addition. In contrast 
to coarctation, which is a common abnormality, inter-
rupted aortic arch is rare, but is commonly associated 
with 22q11.2 deletion (50%). Surgical treatment can 
be accomplished with mortality rates around 10%, but 
re-interventions may be necessary during the child’s 
lifetime.
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FIGURE 14-51 Pulmonary atresia. (A) The pulmonary artery is only slightly smaller than the aorta. (B) However, there is a retrograde flow in 
the arterial duct on colour flow mapping. 
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FIGURE 14-50 (A) The colour flow map shows turbulence and aliasing (a mosaic of colour within the stream) but with forward flow in the 
arterial duct indicating pulmonary artery stenosis in this fetus during the 12-week scan. (B) Pulsed Doppler confirms increased flow velocity 
in the pulmonary artery. 
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pulmonary trunk. The pulmonary arteries receive ret-
rograde flow from the arterial duct. Therefore, the 
distinguishing feature between pulmonary stenosis 
and atresia is reverse flow on colour Doppler in the 
arterial duct, which is smaller than normal (Figure 
14-51). By definition, the interventricular septum is 
intact. Hence, the right ventricle is usually small, 
hypertrophied and contracts poorly. The tricuspid 

valve will be patent but barely opening, with variable 
degrees of high-velocity regurgitation (Figure 14-31). 
If the right ventricle is hypoplastic, the postnatal treat-
ment will involve multiple interventions resulting in a 
one-ventricle repair (Fontan circulation) with a 
guarded long-term outcome.19 Pulmonary atresia pre-
senting with an intact septum is relatively uncommon 
in the fetus and is usually an isolated abnormality.
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Tetralogy of Fallot is one the most common fetal 
heart abnormalities. In postnatal life, it is charcterized 
by four features; a malalignment ventricular septal 
defect, anterior deviation of the aorta, infundibular 
pulmonary stenosis (Figure 14-52) and right ventricu-
lar hypertrophy. However, it is not possible to visualize 
right ventricular hypertrophy in the fetus and pulmo-
nary stenosis may not be very significant prenatally 
(Figure 14-53). More severe variants of tetralogy of 

Fallot include pulmonary atresia (Figure 14-54) or the 
absent pulmonary valve syndrome (Figure 14-55). 
The four-chamber view is usually normal (Figure 
14-52A). Continuous sweep up towards the fetal head 
from the four-chamber view reveals the first great 
artery (aorta) arising from the heart, sitting astride the 
crest of the ventricular septum (overriding aorta) 
above the ventricular septal defect (Figure 14-52B). 
The aorta is identified by its branching pattern. The 

FIGURE 14-52 (A) This picture demonstrates a normal four-chamber view 
in a case of tetralogy of Fallot. (B) Continuous sweep up towards the fetal 
head from the four-chamber view reveals the aorta sitting astride the crest 
of the ventricular septum (yellow asterisk) above the ventricular septal 
defect. (C) The pulmonary artery is smaller than the generous aorta. 

LV

RA

spine

A

spine

Ao

RV

B

PA

Ao

spine

SVC

C



36914 Cardiac Abnormalities and Arrhythmias

FIGURE 14-53 The colour flow map demonstrates forward flow 
across the large aorta and within the small pulmonary artery in a case 
of tetralogy of Fallot. 
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FIGURE 14-54 Pulmonary atresia in a case of tetralogy of Fallot. (A) The pulmonary artery is hypoplastic (yellow cross hairs and receives 
retrograde flow from the small arterial duct (B). 
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pulmonary artery is smaller than the usually generous 
aorta (Figure 14-52C); however, it will cross over the 
aorta in the normal fashion.

Classic tetralogy of Fallot (with pulmonary steno-
sis) usually requires one operation during childhood 
between 6 and 9 months of age. Surgery can be 
accomplished with low mortality (less than 5%) and 
a good long-term outcome. However, where the find-
ings are more complex, such as with pulmonary 
atresia, more than one intervention is usually neces-
sary and the outcome may be less favourable than 
when classic tetralogy of Fallot is diagnosed. The 
outcome in absent pulmonary valve syndrome, where 
the pulmonary artery is very dilated, is guarded. The 
degree of dilatation of the pulmonary arteries and 
subsequent lung and airway compression will dictate 
the functional result.

Tetralogy of Fallot is commonly associated with 
extracardiac malformations, chromosomal abnormali-
ties and genetic conditions with a reported incidence 
of 30%. In about 15% of cases, this congenital heart 
condition is associated with 22q11.2 deletion.20



370 14 Cardiac Abnormalities and Arrhythmias

FIGURE 14-55 Absent pulmonary valve syndrome with a markedly dilated pulmonary artery and incompetent pulmonary valve. Note there is 
usually no arterial duct seen as here. 
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The differential diagnosis of a subaortic ventricular 
septal defect with aortic override includes a common 
arterial trunk. In this condition, only one great artery 
arises from the heart, which then gives rise to both the 
aorta and pulmonary artery (Figure 14-56). The 
truncal valve is usually thickened and stenotic but it 
may be dysplastic and, as a result, regurgitant on 
pulsed or colour Doppler. This malformation will 
require repeated surgery throughout life. The inci-
dence of genetic conditions, including 22q microdele-
tion, is similar to tetralogy of Fallot.

Subaortic ventricular septal defect with aortic over-
ride but without pulmonary stenosis is found rarely 
in the fetus. This combination of malformations is 
commonly associated with trisomy 18.

PARALLEL APPEARANCE OF THE GREAT ARTERIES
When the great arteries are seen running in parallel to 
each other, rather than ‘crossing over’ as in the normal, 

this is usually due to simple transposition of the 
great arteries. However, a parallel arrangement of the 
great arteries may also be seen in double outlet right 
ventricle and corrected transposition.

Simple transposition of the great arteries is so 
called because the pulmonary artery arises entirely 
from the left ventricle and the aorta from the right. 
The four-chamber view is usually normal (Figure 
14-57). The first great artery seen above the level of 
the four-chamber view is the branching pulmonary 
artery (Figure 14-58). Further sweep towards the fetal 
head will then reveal the aortic valve in continuity 
with the aortic arch (Figure 14-59) and the head and 
neck vessels. There is no normal ‘crossing over’ of the 
great arteries; hence, the normal ‘three-vessel view’ is 
not seen (Figure 14-60) because the pulmonary artery 
and duct lie below the aorta and aortic arch. The great 
arteries arise in parallel orientation, usually with the 
aortic valve anterior and to the right of the pulmonary 
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FIGURE 14-58 (A) The first great artery arising above the level of the four-chamber view is the branching pulmonary artery in a case of simple 
transposition of the great arteries. (B) Colour Doppler confirms forward flow and branching pattern in the pulmonary artery. 
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FIGURE 14-57 Normal four-chamber view in case of simple trans-
position of the great arteries. 
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FIGURE 14-56 Common arterial trunk. The aortic arch and branch 
pulmonary arteries (asterisks) arise from the single great artery 
(arrow) arising from the heart. 

spine
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FIGURE 14-59 A further sweep from Figure 14-57 towards the fetal 
head, which reveals the aortic valve arising close to the anterior chest 
wall and giving rise to the aortic arch in a case of simple transposition 
of the great arteries. 
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FIGURE 14-60 (A) The classic normal ‘three-vessel view’ is seen in this picture. (B) In the position of the normal ‘three-vessel view’, there are 
only two vessels because the pulmonary artery and duct lie below the aorta and aortic arch in a case of simple transposition of the great 
arteries. 
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artery (Figure 14-61). Diagnosis of transposition of the 
great arteries is made using a conventional transverse 
sweep from the four-chamber view, through to the 
great arteries. However, this diagnosis can be con-
firmed in the sagittal view (Figure 14-62). Simple 
transposition of the great arteries requires surgical 
treatment in the first weeks of life. Surgical mortality 
is low (1–5%) and the long-term outcome is good. 
More complex forms of transposition of the great 
arteries include additional findings such as ventricular 
septal defect, pulmonary stenosis or tricuspid atresia. 
The outcome and surgical results will depend on the 
severity of the additional findings. Transposition is 
rarely associated with extracardiac or chromosomal 
anomalies.

A right aortic arch indicates that, rather than 
crossing the midline in front of the trachea and 
descending on the left, the aorta remains on the right 
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FIGURE 14-62 The sagittal view in a rendered image demonstrates 
parallel great arteries in a case of transposition of the great arteries. 
Note the aorta is anterior to the pulmonary artery. 
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FIGURE 14-63 Colour Doppler emphasizes the distinct appearance 
of right aortic arch, which forms a ‘U’ shape. 
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side of the trachea. In cases of right aortic arch, the 
first branch is a left brachiocephalic artery giving rise 
to both the left common carotid and subclavian arter-
ies. The right common carotid artery and the right 
subclavian artery are the last to arise from the arch. 
Therefore, the branching pattern is a mirror image to 
that of a left arch. However, in about 25% of cases 
there is an aberrant left subclavian artery. The distin-
guishing appearance in cases of a right aortic arch is 
a ‘U’-shape instead of a typical ‘V’ shape in the upper 
thorax. This ‘U’-shaped appearance arises because 
there is a left sided duct connecting with the descend-
ing aorta behind the trachea (Figure 14-63).

When found in isolation, a right aortic arch is rarely 
of any clinical significance. However, in some cases 
where there is an aberrant left subclavian artery 
running behind the trachea, a symptomatic vascular 
ring may occur in infancy. In addition, an isolated 
right aortic arch can be the only physical manifestation FIGURE 14-61 The great arteries arise in parallel orientation. Note 

the aortic valve is anterior and to the right of the pulmonary artery. 
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of 22q11.2 deletion apparent from ultrasound exami-
nation. Unfortunately, the prevalence of 22q11.2  
deletion associated with this condition is not yet fully 
established. A right aortic arch is often part of more 
complex heart disease, particularly tetralogy of Fallot 
or a common arterial trunk.21

FOUR VESSELS SEEN IN ‘THREE-VESSEL VIEW’
A persistent left superior vena cava is an abnormal-
ity which is seen in the great artery view. It is a 
common normal variant (the incidence in the normal 
population is about 1 : 300). A left superior vena cava 
drains into the coronary sinus behind the left atrium, 
causing dilatation of the coronary sinus. Hence, its 

distal portion is easily viewed in the four-chamber 
view (Figure 14-64), but in the ‘three-vessel view’, it 
is seen as a fourth vessel (Figure 14-65). A persistent 
left superior vena cava is found more commonly in 
fetuses with trisomy 18. However, in such cases, this 
marker is not found in isolation and other extracardiac 
abnormalities are also distinguishable by ultrasound. 
Although it is often part of a major cardiac abnormal-
ity, e.g. coarctation of the aorta, hypoplastic left heart 
syndrome, double outlet right ventricle, when seen in 
isolation, a persistent left superior vena cava is of no 
clinical significance.

Normal and abnormal appearances of the great 
arteries in the three-vessel view are compared in Table 
14-2.

FIGURE 14-64 Persistent left superior vena cava. There is a rounded 
structure (arrow) seen adjacent to the left lateral wall of the left atrium 
in a four-chamber view. 
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FIGURE 14-65 Four vessels are seen in the ‘three-vessel view’ in an 
example of a persistent left superior vena cava. 
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Primary Cardiac Tumours
Primary cardiac tumours are rare in fetuses, neonates 
and children. They are found in only 0.08% of chil-
dren referred for a cardiac examination. Rhabdomy-
oma is the most frequent cardiac tumour seen during 
fetal life (>60%).22 Teratoma and fibroma are less 
common, with myxoma, lipoma and cardiac vascular 
tumours also being described. All of these are histo-
logically benign but malignant rhabdomyosarcomas 
have been rarely reported. The most common fetal 
cardiac tumours are described here.

Cardiac tumours tend to appear between 20 and 
30 weeks of gestation and they are usually seen in the 
four-chamber view.

Rhabdomyoma can lie anywhere in the atrial or 
ventricular mass. This type of tumour appears as a 
homogeneous mass, slightly more echogenic than 
myocardium (and less echogenic than echogenic foci). 
Rhabdomyomas vary in size and can be single or mul-
tiple (Figure 14-66 B,C). They usually protrude into 
the cardiac cavity and may cause intracardiac flow 
obstruction.

Although rhabdomyomas may occur independ-
ently, they are often the earliest clinical sign of tuber-
ous sclerosis in the fetus. A single rhabdomyoma is 
associated with this disease in 50% of cases, and up 
to 95% when the tumours are multiple. Mental retar-
dation, epilepsy and skin lesions (hypopigmentation, 
angiofibromas) characterize tuberous sclerosis postna-
tally. However, cardiac rhabdomyomas may precede 
the skin and neurological symptoms by months or 
even years.23

Fetal cranial magnetic resonance imaging in the 
third trimester may visualize intracerebral masses. 
However, their absence prenatally does not exclude a 
later diagnosis of tuberous sclerosis. Rhabdomyomas 
may cause arrhythmia, hydrops and stillbirth in the 
fetus.

Partial or complete regression of rhabdomyomas 
has been observed in most newborns with this cardiac 
mass, regardless of the original size, number or loca-
tion. As a result, postnatal surgical treatment usually 
is unnecessary. Cardiological follow-up is required 
during infancy, until the cardiac masses have resolved 
spontaneously. Despite regression of cardiac masses, 
the presence of tuberous sclerosis will significantly 

increase the incidence of morbidity and mortality. 
Genetic counselling is necessary in all cases, even 
when there are no signs of tuberous sclerosis.

Teratoma is a single mass lying on the surface of 
the heart, usually attached to the great vessels, pro-
truding into the pericardial sac. It can be easily dif-
ferentiated from other tumours as it contains cysts of 
varying size. Teratoma is typically associated with a 
pericardial effusion, which is often large (Figure 
14-67).9,23

The tumour and/or pericardial effusion can obstruct 
venous return, triggering fetal hydrops and subse-
quent stillbirth. Prenatal laser treatment has been used 
in order to prevent progression of fetal heart failure, 
although there is yet little good evidence for its 
usefulness.

If the fetus survives pregnancy, surgical treatment, 
performed in first weeks of life, is usually successful 
with a good long-term outcome, as no recurrence of 
this type of cardiac tumour has been reported.

Fibroma is a single, usually large, homogeneous 
soft-tissue mass that may be either sharply margin-
ated or infiltrative with commonly associated cal-
cifications. Fibroma occurs most frequently within 
the left ventricular free wall or interventricular septum 
but occasionally is seen in the right ventricle. It 
may trigger arrhythmias or obstruct intracardiac 
blood flow leading to heart failure or sudden death. 
Spontaneous regression has not been observed, and 
surgical intervention may be required. However, if 
the child remains asymptomatic postnatally, con-
servative treatment may be the best option, as success 
of surgical intervention depends on the location of 
the mass.

Pericardial Effusion and Cardiac Failure
Pericardial effusion is best evaluated in the four-
chamber view. The appearance of a black rim around 
the ventricles represents a normal amount of fluid in 
the pericardial sac as previously demonstrated in 
Figure 14-11.

A pericardial effusion (Figure 14-68A) can be part 
of fetal hydrops. Note that fetal hydrops is not neces-
sarily a sign of cardiac failure. Usually fetal hydrops 
develops as a result of various extracardiac causes, 
such as fetal anaemia, twin to twin transfusion  
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syndrome or Turner syndrome. A small amount of 
pericardial effusion can be observed in fetuses with 
trisomy 21 without cardiac failure (Figure 14-68B).

It is well recognized that even very complex 
structural fetal heart anomalies, e.g. hypoplastic left 
heart syndrome, transposition of the great arteries 
or tetralogy of Fallot, do not cause fetal cardiac 
failure. The only primary cardiac causes of cardiac 

failure in the fetus are arrhythmias (bradycardia, 
tachycardia) or cardiomyopathies, which are relatively 
uncommon. A significant pericardial effusion is typical 
for cardiac teratoma (Figure 14-67). A severe peri-
cardial effusion can itself cause fetal cardiac failure 
by compressing venous return to the heart. In this 
setting, pericardial drainage may be an appropriate 
treatment.

spine

RA

LV

A

RA

LA

B

spine

RV

LV

C

FIGURE 14-66 (A) The four-chamber view demonstrates a single 
cardiac mass at the crux of the heart (red arrow). (B) and (C) dem-
onstrate multiple tumours (red arrows) of varying size. Note that  
in addition in case (C), there is a pericardial effusion (yellow arrow). 
The appearance of the cardiac masses is characteristic of 
rhabdomyomas. 
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FIGURE 14-67 A multicystic mass within the pericardium (red arrow) and a large pericardial effusion (yellow arrow) are seen during a scan 
at 24 weeks’ gestation. This is a typical example of teratoma, which was successfully surgically removed in the neonatal period. The tomographic 
imaging (TUI) allows appreciation of the immense size of this tumour, relative to the heart size. 
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Fetal Arrhythmias
This section will present the diagnosis and manage-
ment of fetal rhythm disturbances in a simplified 
manner. Further information about fetal rhythm dis-
turbances is available in fetal cardiology textbooks.8,9 
Whilst managing patients with a fetal arrhythmia, it is 
important to collaborate closely with the fetal or pae-
diatric cardiologist.

The normal fetal heart rate is between 130–170 
beats per minute; the mean is around 140 beats per 
minute at 20 weeks’ gestation. The fetal heart rate is 
slightly higher during the first trimester and drops to 
around 130 beats per minute closer to term. Short 
episodes of sinus bradycardia are commonly observed, 
especially in the mid-trimester, and are of no patho-
logical significance. When associated with fetal move-
ment, a heart rate of up to 190 beats per minute can 
be observed in a normal pregnancy. Sustained fetal 
sinus tachycardia can be associated with aneuploidy 
at the first-trimester scan. If a fetal heart rate of less 
than 100 beats per minute is observed or frequent 
ectopic beats are seen, further specialist investigation 
is required.

FIGURE 14-68 (A) A mild pericardial effusion (red arrow) is seen in a case of atrioventricular septal defect (yellow dashed arrow) and trisomy 
21. (B) A massive pericardial effusion (red arrows) where the effusion surrounds the heart, and both lungs (yellow arrows) are pushed 
backwards. 
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When a fetal cardiac arrhythmia is diagnosed, the 
fetal heart should be carefully examined to exclude 
structural and functional heart abnormalities. Patho-
logical arrhythmias such as complete heart block or 
supraventricular tachycardia may present with some 
degree of heart failure. The arrhythmia can be assessed 
either by using M-mode or pulsed Doppler. In the 
normal heart, every atrial contraction is followed by 
ventricular contraction, with a fixed time relationship 
of less than about 140 msec.

One of the first echocardiographic methods intro-
duced in fetal rhythm evaluation was the M-mode, 
where the cursor is positioned simultaneously through 
the atrium and the ventricle. The other method to 
record the relationship between atrial and ventricular 
contractions is by using pulsed Doppler. The current 
technique of simultaneous pulsed Doppler interroga-
tion of flow in the superior vena cava and the ascend-
ing aorta provides better differentiation between long 
and short ventriculo-atrial (VA) tachycardias, the 
importance of which is described below. The classic 
M-mode (Figure 14-69) might be the easiest method 
of assessment for specialist non-cardiologists, but with 
practice, correct use of pulsed Doppler in arrhythmia 
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important. They are not representative of a specific 
heart abnormality but congenital heart disease should 
be excluded by fetal echocardiography. Ectopic beats 
are not a sign of fetal distress and there is no indication 
for any form of intervention. The rhythm disturbance 
will disappear spontaneously towards term. It is pos-
sible to determine whether ectopic beats are atrial or 
ventricular in origin. However, localization of ectopic 
beats would not alter prenatal management. Rarely, 
atrial ectopic beats may induce a supraventricular 
tachycardia, which would require treatment. Thus, 
after the identification of frequent ectopic beats, the 
fetal heart rate can be reassessed by auscultation in the 
following weeks.

BRADYCARDIAS
There are three reasons for a sustained fetal bradycar-
dia below 100 beats per minute:

• fetal distress;
• blocked atrial ectopic beats;
• complete heart block.
Fetal distress as the result of profound hypoxia 

can present with a sustained sinus bradycardia. This 
occurs due to extracardiac reasons. There may be 
cardiomegaly with atrioventricular valve regurgitation 
or severe extracardiac malformations. Pulsed Doppler 
may show absent diastolic flow in the umbilical 
artery. Significantly reduced fetal movements and 
hydrops caused by low cardiac output indicate ter-
minal status.

Blocked atrial ectopic beats occur when the atrial 
ectopic beat is too close to the sinus beat to transmit 
every beat. As a result, only every second atrial con-
traction produces ventricular systole. The ventricular 
rate is usually half of the atrial contractions, lying 
between 70 to 100 beats per minute. However, some-
times it can be difficult to distinguish this condition 
from complete heart block. Blocked atrial ectopic 

evaluation can be achieved. Fetal rhythm disturbances 
are divided into three main groups: irregular rhythms, 
which are the most common, bradycardias and 
tachycardias.

An ectopic beat is an extra beat arising prematurely 
outside the heart’s natural pacemaker. Ectopic beats 
(Figure 14-70) are common, usually present in  
the third trimester and are not haemodynamically 

FIGURE 14-69 The M-mode tracing is seen with cursor positioned 
through the posterior wall of the left ventricle and posterior wall of 
the right atrium. There is one-to-one conduction with a normal time 
interval between them. 

LV LV

RA RA

FIGURE 14-70 Colour M-mode demonstrates frequent ectopic beats 
– bigeminy (arrows). 
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FIGURE 14-71 There is a complete dissociation between atrial and ventricular contraction. The ventricular rate is 49 bpm and the atrial rate 
at 146 bpm. This is an example of complete heart block. 
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A LV LV

RA RA RA RA
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beats are unlikely to cause heart failure, therefore the 
size and function of the heart is normal. This type of 
arrhythmia is benign, exists for a short period, usually 
disappears within a week and does not require further 
attention.

Complete heart block is diagnosed when there is 
complete dissociation between atrial and ventricular 
contractions. The ventricular rate is regular and much 
lower than normal. The ventricular rate is between 40 
to 90 beats per minute and is not exactly half that of 
the atrial beat (Figure 14-71).

Complete heart block can occur in the setting of 
congenital heart disease. The most common heart 
abnormality associated with complete heart block is 
left atrial isomerism. This is a complex heart abnor-
mality but if additionally complicated with heart block 
it carries a very poor prognosis, often resulting in 
hydrops and intrauterine death. In left isomerism, 
heart block can be found as early as the first trimester 
or can develop later in pregnancy.

Most commonly, complete heart block occurs in 
fetuses with a structurally normal heart. The reason 
for this is almost always maternal antibodies; in 90% 

of cases, maternal anti-Ro (SS-A) and anti-La (SS-B) 
antibodies are found. In this setting, heart block 
presents after 16 weeks of gestation, when the anti-
bodies can cross the placenta and initiate an inflam-
matory process in the conduction system. The 
four-chamber view shows at least mild cardio megaly, 
often with typical echogenic patches within the ven-
tricular and atrial walls (Figure 14-72). Cardiomegaly 
may progress and additional findings, such as atriov-
entricular valve regurgitation and pericardial effusion 
may be observed. Progressive heart failure can result 
in fetal hydrops with a poor outcome.

Satisfactory treatment of isolated complete heart 
block is not well established. Administration of mater-
nal dexamethasone is not yet proven to improve the 
outcome of complete fetal heart block.24

Beta-sympathomimetic medication such as salbuta-
mol or terbutaline may increase the fetal heart rate  
for a short period of time. Therefore, transplacental 
administration of a beta-sympathomimetic may be 
useful to avoid premature delivery, as a few more 
weeks in utero may decrease the risk of neonatal mor-
tality and morbidity.
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FIGURE 14-72 The four-chamber view in a case of complete heart 
block demonstrates moderate cardiomegaly with typical echogenic 
patches within the ventricular and atrial walls. Note there is also a 
pericardial effusion (asterisk). 

RA

LVspine

echocardiography, as Ebstein’s anomaly and cardiac 
tumours have been seen in association with fetal 
tachycardia.

Tachycardias are divided into the two categories of 
supraventricular and ventricular tachycardia.

Supraventricular tachycardia is the most common 
group presenting with a pathologically fast heart rate. 
There are two forms of supraventricular tachycardia: 
those with 1 : 1 atrioventricular conduction (i.e. atrial 
rate is equal to ventricular rate), and those with 2 : 1 
atrioventricular conduction, as found in atrial flutter. 
A supraventricular tachycardia with 1 : 1 conduction 
(Figure 14-73) and a heart rhythm above 200 beats 

If a hydropic fetus has reached 35 weeks of gesta-
tion, delivery should be considered. In non-hydropic 
cases delivery is usually planned close to term. Imme-
diate postnatal cardiac assessment is essential as heart 
failure treatment might be necessary. However, only a 
minority of neonates will require prompt pacemaker 
implantation.

Long QT syndrome is a very rare paediatric condi-
tion, which can present in the fetus with a sustained 
heart rate around 120 beats per minute, lower than 
the normal rate. The P–R interval is normal and mater-
nal antibodies are negative. This finding does not 
require any treatment during pregnancy but neonatal 
ECG at birth should be performed. If the QT interval 
is prolonged, further cardiologic and genetic review is 
indicated.

TACHYCARDIAS
Fetal tachycardias of pathological origin are rare  
and usually present in the third trimester. However, 
there have been a few cases of supraventricular  
tachycardia diagnosed even in the first trimester. 
Structural heart abnormalities should be excluded by 

FIGURE 14-73 Supraventricular tachycardia. The colour M-mode 
cursor passes through the right ventricle anteriorly, then through the 
left outflow tract and left atrial wall. There is one-to-one conduction 
between the atria (dashed arrow) and ventricles (arrowhead) at a rate 
of 280 bpm. 

45cm/s

–45cm/s
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and pericardial effusion. These findings can be mild 
but if the arrhythmia is left untreated, it will result in 
progressive fetal heart failure. Uncontrolled tachycar-
dia, even when intermittent, can cause fetal heart 
failure and the development of hydrops. It is more 
difficult to achieve rhythm control with anti-arrhythmia 
medication in a fetus presenting with hydrops.

The treatment of fetal tachycardia is well estab-
lished.25 The first choice of transplacental treatment is 
digoxin, which is safe and relatively easy to control. 
The treatment of fetal tachycardias is described in 
Figures 14-74, 14-75 and Table 14-3.

Early Fetal Echocardiography
Improvements in ultrasound technology have enabled 
fetal heart evaluation to become possible in the first 
trimester between 11 and 14 weeks’ gestation.26 
However, detailed heart evaluation is not always pos-
sible because of fetal size or mobility, or because of an 
unfavourable fetal position. Some conditions such as 
complete heart block, cardiomyopathies and cardiac 
tumours do not become evident until later in preg-
nancy. Other conditions including pulmonary artery 
and aortic valve stenosis tend to evolve and become 
more severe as the pregnancy progresses. Finally, iso-
lated ventricular septal defects can be easily over-
looked during the first-trimester scan.

A major benefit of performing a cardiac scan in 
early pregnancy is the opportunity to offer prompt 

per minute is either atrioventricular re-entry tachycar-
dia or, less frequently, permanent junctional recipro-
cating tachycardia (PJRT). Atrial re-entry tachycardia 
is part of the Wolf–Parkinson–White syndrome and 
characteristically has a short VA interval (VA/AV < 1) 
where in PJRT the VA interval is long (VA/AV > 1). An 
experienced specialist in fetal cardiology would be 
able to distinguish between these two. However, con-
sideration of VA interval will not usually help in the 
choice of anti-arrhythmic medication but would help 
to predict which tachycardia is likely to prove difficult 
to control.

Atrial flutter is distinguished by 2 : 1 block and a 
regular atrial rate of up to 500 beats per minute. Since 
the AV node is not able to conduct at such a high rate, 
alternate atrial beats are blocked giving a ventricular 
rate exactly half that of the atrial rate. Diagnosis, as in 
other rhythm disturbances, is made by using M-mode 
or pulsed Doppler.

Ventricular tachycardia is rarely seen in the fetus. 
The ventricular rate exceeds that of the atrial rate and 
is usually slower than in supraventricular tachycardia, 
around 200 beats per minute. Careful M-mode and 
Doppler assessment is necessary in order to distin-
guish from other forms of tachycardia. As in any other 
pathological arrhythmia, a cardiologist’s opinion is 
essential.

Any form of the above fetal tachycardias can present 
with cardiomegaly, atrioventricular valve regurgitation 

FIGURE 14-75 Management of fetal tachycardia. 
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TABLE 14-3 Most Commonly Used Transplacental Anti-Arrhythmic Drug Therapy

Medication/
Oral Dose Maternal Assessment

Rhythm 
Control 
Expected Follow-up

Lengths of 
Treatment Postnatal Management

Digoxin
0.25 mg 

three 
(maximum 
four) times 
daily

• Perform ECG prior and during 
treatment
• beware of pro-arrhythmic effect

• Check serum digoxin level 7 
days after commencing 
medication and during follow-up
• anticipated therapeutic serum 

level 1.6–2.5 μg/L; medication 
should be omitted 6 hours 
before blood sample is taken

in 1–2  
weeks

every 1–2  
weeks

until delivery • Perform neonatal ECG
• Seek immediate 

paediatric cardiologist 
advice

• Despite rhythm control 
anti-arrhythmic 
medication is usually 
continued up to 12 
months under 
cardiologist review

Flecainide
100 mg three 

times daily

• Perform ECG prior and during 
treatment
• beware of pro-arrhythmic effect

• Check serum flecainide level in 3 
days after commencing 
medication and during follow-up
• anticipated therapeutic serum 

level 400–700 μg/L; medication 
should be omitted 6 hours 
before blood sample is taken

in 48 h every 1–2  
weeks

until delivery

Sotalol
80 mg twice 

daily

• Perform ECG prior and during 
treatment
• beware of pro-arrhythmic effect

in 72 h every 1–2  
weeks

until delivery

referral to a specialist fetal cardiologist. Clearly, early 
referral is indicated following the suspicion of a fetal 
heart abnormality. Another important indication is a 
family history of severe congenital heart disease in a 
first-degree relative (a parent or sibling of the fetus) 
as there is significant value in providing early, though 
somewhat limited, reassurance for a family previously 
traumatized by their experience of congenital heart 
disease. Early cardiac scanning is also indicated for 
fetuses with a nuchal translucency measurement 
above the 99th centile (or over 3.5 mm), as these 
patients are at particularly high risk of both cardiac 
and chromosomal abnormalities.27 Within a fetal 
medicine unit, echocardiography can be offered rou-
tinely at the same clinic visit as the nuchal scan, and 
prior to chorionic villus sampling (CVS), if this is 
indicated. Alternatively, it is also possible to evaluate 

the fetal heart after obtaining the preliminary result 
from fetal karyotyping. Finally, scanning at 14 weeks 
is also beneficial in those cases where the 11–12-week 
scan was inconclusive. Two to three weeks addi tional 
growth makes a measurable difference in fetal heart 
size.

TECHNIQUE
It is customary to perform fetal cardiac scans using a 
transabdominal rather than transvaginal technique. 
However, in the setting of a fetal medicine unit, it is 
useful to have both methods available. The principles 
of heart assessment are the same in the first trimester 
as for later pregnancy. As in later pregnancy, a perfect 
orthogonal four-chamber plane is necessary in order 
to assess heart size, position, chamber sizes and  
the crux (Figure 14-76A). Colour flow mapping 
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FIGURE 14-76 (A) Transabdominal scan at 12 weeks’ gestation reveals a normal apical four-chamber view. (B) Colour Doppler shows equal 
flow ventricular filling. 
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RV LV

spine

demonstrates flow into both ventricles, whilst the 
degree of filling gives some indication of their relative 
sizes (Figure 14-76B).

It is generally possible to identify a normal crux 
and therefore to exclude atrioventricular septal defect 
(Figure 14-77) – subtle cases may be overlooked. The 
four chambers should be equal in size, therefore, any 
deviation from normal should raise concern.

The causes of a small left ventricle (hypoplastic left 
heart syndrome) (Figure 14-78) or a small right ven-
tricle between 11 and 14 weeks are as discussed for 
the 20–22-week scan.

The use of pulsed wave Doppler facilities allows 
identification of a normal inflow across the atrioven-
tricular valves. In the first trimester, tricuspid regurgi-
tation occurs in about 4% of normal fetuses but there 
is a significant association with both chromosomal and 
cardiac abnormalities.28

A continuous slow sweep upward towards the fetal 
head from the four-chamber plane will allow identifi-
cation of the great arteries, arch and duct. If only one 
great artery is seen clearly, this usually indicates that 

the other great artery is smaller than normal or may 
point to a common arterial trunk as the diagnosis. 
Hence, a large and well-seen pulmonary trunk with 
no obvious aorta is typical of aortic atresia or severe 
coarctation and therefore further aortic arch assess-
ment is required. Alternatively, a large aorta with a 
small or even no pulmonary artery evident is charac-
teristic of severe pulmonary stenosis or atresia. Further 
views of the outflow tract may demonstrate the large 
outlet ventricular septal defect typical of tetralogy of 
Fallot. Ventricular septal defect and aortic valve over-
ride can also be found in cases where the pulmonary 
artery is a good size. This finding is indicative of a 
chromosomal abnormality, trisomy 18 in particular. If 
both great arteries are identified and are similar in size, 
but have lost their normal ‘crossover’ relationship, 
transposition should be suspected even as early as the 
first trimester.

Colour flow mapping, with the velocity range set 
at around 0.3 m/sec can be helpful in delineating the 
great arteries and flow direction (Figure 14-79). Bidi-
rectional flow, either in one or both of the great arteries 
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FIGURE 14-78 An apical four-chamber view demonstrates an 
example of mitral atresia seen during the first-trimester scan. There 
is no flow across the mitral valve on colour flow mapping. 
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FIGURE 14-79 Colour Doppler demonstrates the pulmonary artery 
crossing over the aortic origin. It joins the transverse arch via arterial 
duct in front of the trachea forming a ‘V’ appearance. 
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FIGURE 14-77 An atrioventricular septal defect seen during the first-trimester scan. An apical four-chamber view demonstrates loss of off-
setting (red dashed line in zoomed image). 
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if it occupies half that of systole with a velocity of more 
than 0.6 m/sec (Figure 14-80).

Routine assessment of the tricuspid valve should 
lead to recognition of some major four-chamber view 
abnormalities and therefore provide the patient with 
either early diagnosis or, in potentially normal cases, 
with guarded reassurance.

Experience has proved that, with practice, the sub-
clavian artery can be successfully identified during the 
first-trimester scan. The presence of an aberrant right 
subclavian artery (Figure 14-81) in the fetus can also 
be used as an additional marker during risk assess-
ment for major chromosomal anomalies.30

Abnormal ductus venosus pulsed Doppler tracing 
is not specific to any particular congenital heart abnor-
mality in the fetus. Pulsed Doppler recording of the 
ductus venosus during the first-trimester scan is part 
of the assessment of the well-being of the fetus. 
However, as it can be inconsistent during the same 
scan it may be difficult to interpret. Alternatively, a 
consistently abnormal ductus venosus flow indicates 
an increased risk of chromosomal anomaly or even 
potential fetal demise.

FIGURE 14-80 (A) An apical four-chamber view demonstrates the correct position of the Doppler sample volume across the tricuspid 
valve during a first-trimester scan. (B) Pulsed Doppler shows holosystolic tricuspid regurgitation (red arrows) at a velocity of  
100 cm/sec. 
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is strongly associated with chromosomal anomalies at 
early gestation, particularly trisomy 18.29 Although it 
is important to exclude the common conditions 
described above, whenever a four-chamber or great 
artery abnormality is suspected, the possibility of 
more complex defects, which may become more 
evident at later scans, should also be considered.

Tricuspid Valve Assessment and  
Tricuspid Regurgitation
As there is an association between chromosomal 
anomalies and tricuspid valve regurgitation,28 best 
practice includes assessment of the tricuspid valve in 
the first trimester.

Correct assessment of the tricuspid valve requires 
an accurate apical four-chamber plane and a pulsed 
Doppler sample volume between 2.0 to 3.0 mm, posi-
tioned across the tricuspid valve so that the angle to 
the direction of flow is less than 30 degrees. In order 
to avoid incorrect identification of normal forward 
flow in the left ventricular outflow as tricuspid regur-
gitation, tricuspid regurgitation is viewed as positive 
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FIGURE 14-81 Colour Doppler demonstrates an example of an aber-
rant origin of the right subclavian artery (arrow). An aberrant right 
subclavian artery arises from the descending aorta, behind the 
trachea and below the level of the aortic arch at the level of the duct. 
Pulsed Doppler would prove an arterial flow profile. 
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Use of Spatio-Temporal Image Correlation 
(STIC) and Rendering
The acquisition and study of fetal cardiac volumes 
improves one’s knowledge of heart anatomy and often 
adds to the detailed understanding of a defect, but 
additional time is required for off-line analysis. Tomo-
graphic imaging is also a useful tool, where the images 
from a volume set are sliced in multiple sections 
(Figure 14-82). This method can improve the under-
standing of fetal heart structure and the relationships 
between intracardiac structures.

TECHNIQUE OF OBTAINING A STIC
Three-dimensional (3D) fetal echocardiography can 
be performed in nearly all cases at the time of diagno-
sis using high quality 3D equipment. The STIC 
volumes should be acquired in a transverse sweep 
through the fetal thorax at the level of the ascending 
aorta, or in a sagittal plane. The STIC volume should 
be acquired at the smallest angle (10–15° for first 
trimester and 20–25° for second trimester) in order to 
guarantee the highest frame rate and image quality. 

The optimal time for acquisition should be selected at 
7.5–15 sec depending on gestation. The acquired 
dataset is reviewed off-line by using 3D software of the 
basic multi-planar display. Image quality should be 
optimized with post-processing image settings. Each 
STIC volume should be standardized by rotational 
adjustment around X-, Y- and Z-axes and scrolling 
through the fetal heart along the original plane of 
acquisition in order to obtain an exact plane of 
interest.

Rendering is an additional technique which requires 
quite a lot of off-line manipulation but may become 
easier with advancing 3D technology in the future and 
hence, may be used more routinely in understanding 
both the normal and abnormal heart structure. With 
this technique, it is possible to produce impressive 
pictures (Figure 14-83), although they may add little 
to the final diagnosis.

Counselling and Management
Counselling is an essential part of fetal cardiology. 
However, it is a professional challenge for which 
doctors receive little, if any, education. Instilling con-
fidence and building trust are intrinsic aspects of com-
munication. Building trust means being open-minded, 
honest and using a structured approach.31

Before commencing the scan it is important to 
explain to the patient the reason for this particular 
examination. Inform them that the scan will take some 
time and concentration and that all findings will be 
explained, and questions answered, at the end of the 
scan. If an abnormality is recognized during the scan, 
it is preferable to turn the Doppler volume off, as 
hearing the fetal heart beat is a particularly emotional 
bonding experience for the parents.

The method in which bad news is conveyed is 
important. Once the scan is complete, it is ideal to 
counsel in a dedicated room away from the ultra-
sound machine. It is essential to give correct medical 
information about the cardiac abnormality and avail-
able treatment. It is helpful to draw a sketch to 
illustrate the cardiac malformation. The number of 
procedures likely to be needed and the mortality 
and morbidity rates associated with potential treat-
ment should be explained. Providing information 
about the overall long-term outlook for the child is 
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FIGURE 14-82 Tomographic imaging (TUI) in a case of transposition of the great arteries. The heart is sliced in eight sections at 3 mm 
distances, from the four-chamber view (upper row) to the upper thorax (bottom row). The reference image (top left) shows the relation-
ship of the cuts to the fetus in a long-axis projection. The central images show the origin of the pulmonary artery from the left ventricle 
where the bottom row demonstrates the aorta arising from the anterior ventricle and parallel appearance of the great arteries. 

essential. Note that the surgical results differ from 
country to country and from one paediatric cardiol-
ogy unit to other, so the counsellor must keep up 
to date with current results.

Parents should be assisted in understanding and 
coming to terms with the situation. It may be neces-
sary to repeat the information, and arrange a follow-up 
visit. The counsellor should empathize with their con-
cerns and emphasize that the baby’s cardiac condition 
has not arisen as a consequence of any action or omis-
sion on the part of the parents; they are not at fault. 
Parents often need to have private time to absorb bad 
news and new information.

Information on reliable websites, where parents can 
learn more about an abnormality in their own time 
may be beneficial. If appropriate, clarify the need for 
a second opinion and offer referral to a specialist fetal 
cardiologist.

There are many complex congenital heart abnor-
malities where surgical mortality is low, less than 5%, 
and the long-term outlook for the child is good (e.g. 
transposition of the great arteries, classic tetralogy of 
Fallot, coarctation of the aorta). However, where it is 
not possible to achieve a biventricular repair and only 
a one-ventricle (Fontan type) circulation is possible 
(e.g. hypoplastic left heart syndrome, tricuspid atresia, 
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However, only the patient/parents can decide whether 
they wish to continue with the pregnancy or whether 
they wish to terminate it. This is a major decision for 
them and therefore accurate and truthful information 
is paramount.

The time limit of termination of the pregnancy 
varies from country to country. In cases where preg-
nancies continue, reassessment of the fetal heart is 
usually offered. This is necessary as some abnormali-
ties may progress (e.g. aortic stenosis to aortic atresia) 
or development of non-immune fetal hydrops may be 
observed (e.g. severe Ebstein’s anomaly). In addition, 
parents may need to re-discuss information given 
during an earlier consultation. It may be appropriate 

and double inlet ventricle), a guarded long-term 
outcome should be given, as this will require multiple 
palliative operations with significant associated mor-
tality and morbidity.

Parents should be provided with truthful informa-
tion regarding the child’s heart abnormality and locally 
available treatment options. In addition, associated 
extracardiac malformations and genetic syndromes 
should be excluded by further investigation before 
they make any decisions about how to proceed. This 
is a very stressful time for the parents and objective 
additional information is essential.

Dependent on the diagnosis, it may be appropriate 
to discuss the option of termination of pregnancy. 

FIGURE 14-83 Rendering at the level of the crux. The atrioventricular valves are seen from the green line, as if from the atria. This demonstrates 
a normal atrioventricular junction, with two discrete valve orifices. 
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Chapter 15 

Ultrasound of the Normal and  
Abnormal Fetal Lungs
The fetal lungs are well-visualized either in the axial 
planes at the level of the four-chamber view (Figure 
15-1A), the three-vessel view (Figure 15-1B), the 
upper abdomen transition to the chest (Figure 15-2A) 
or in a parasagittal plane (Figure 15-2B). In a right 
parasagittal view the lung length can be best appreci-
ated showing the typical convex-shaped upper border 
and the concave-shaped lower border being the hypo-
echoic line of the diaphragm (Figure 15-2B).

The fetal lungs are generally subjectively assessed 
on ultrasound unless a suspicious finding is found. By 
virtually drawing a line from the spine to the anterior 
chest wall and dividing the chest into equal halves, 
the cardiac axis lies at a 45-degree angle to the left of 
the midline (Figure 15-1A). The right lung is larger 
than the left, since it has three lobes and the left lung 
two lobes, and by drawing this axis 2

3 of the heart lies 
in the left hemithorax and 1

3 on the right (Figure 
15-1A). Heart size and lung size relationship is best 
assessed by subjectively estimating or directly measur-
ing the ratio of cardiac circumference or cardiac area 
to the chest circumference or area obtained at the level 
of the four-chamber view. The cardiothoracic (C/T) 
circumference is nearly constant throughout gestation, 
with a mean value between 0.45 and 0.50. The echo-
genicity of the lungs is subjectively analyzed by com-
paring both lung lobes with each other and with liver 
echogenicity (Figure 15-2B), the lungs appearing 
slightly homogenously echogenic during the mid- 
trimester, with a reduction in echogenicity during 
gestation.

Using three-dimensional ultrasound the shape of 
the lungs and the relationship to other neighbouring 
organs can be best examined with the tomography 
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FIGURE 15-1 (A) Size and appearance of the lungs and the position 
of the heart with an axis of 45° to the left are best seen in the plane 
of the four-chamber-view of the heart in this 21-week fetus. (B) The 
upper mediastinum is assessed at the level of the three-vessel-
trachea-view. Thymus (Thy) is recognized between sternum and 
great vessels. Sp: spine; AO: aorta; PA: pulmonary artery; LV: left 
ventricle; RV: right ventricle; LL: left lung; RL: right lung. 
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FIGURE 15-2 Fetal lungs (L) appear slight echogenic in comparison 
to the liver. The difference of echogenicity and the diaphragm 
(arrows) can be visualized either in (A) a cross-section of the upper 
abdomen at the transition to the chest or in (B) a parasagittal view 
here on the right side with the cone-shaped lung. The upper border 
of the lung is the clavicle level (Clav.). 
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apart from a few conditions with lung hypoplasia or 
when the finding is part of a syndrome as listed in 
Table 15-1.

In this chapter we will focus on selected fetal pul-
monary abnormalities as observed during second- and 
third-trimester ultrasound.

Congenital Cystic Adenomatoid 
Malformation (CCAM) of the Lung
DEFINITION AND SPECTRUM OF DISEASE
Congenital cystic adenomatoid malformation of the 
lung (CCAM) is characterized by cystic tissue replac-
ing one part of the lung. The dysplastic bronchopul-
monary tissue consists of numerous bronchiolus-like 
structures of variable size. The finding is usually uni-
lateral and often restricted to one lobe (90% of cases), 
but can also affect an entire lung or very rarely be 
bilateral. CCAM of the lungs was proposed to be clas-
sified into macrocystic (Type 1), mixed (Type 2) and 

display either in axial planes (Figure 15-3) or in recon-
structed coronal views (Figure 15-4) demonstrating 
the clear border to the diaphragm and the normal 
conal shape of the thoracic cavity. In very specific 
conditions a volume measurement of the lung can be 
performed, but this technique needs specific expertise 
(Figure 15-5 A and B).

Anomalies affecting the fetal lungs are often sus-
pected according to indirect patterns such as:

1. an abnormal collection of fluid within or around 
the lung;

2. an increased echogenicity of a part of the lung;
3. a mediastinal shifting of the heart.
In addition, extracardiac signs that can be associ-

ated with pulmonary anomalies are:
1. changes in amniotic fluid;
2. suspicious fetal malformations;
3. hydrops.
Lung anomalies are often an isolated finding with 

a low recurrence risk for subsequent pregnancies, 

FIGURE 15-3 Demonstration of the fetal chest by three-dimensional ultrasound with tomographic display. This can be displayed for example 
as parallel axial views as usually seen during live scanning (compare with Figure 15-4). 
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FIGURE 15-4 Demonstration of the fetal chest by three-dimensional ultrasound with tomographic display. This can be demonstrated either as 
an antero-posterior or coronal view. Sp: spine; H: heart; St: stomach. Arrows show the diaphragm border. 
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FIGURE 15-5 Three dimensional ultrasound can occasionally be used to measure the volume of one lung lobe or structure of interest. After 
drawing the line around the outer limit of the lung (A) and completing measurements by rotating the volume, the software displays the lung 
shape and provides the calculated volume (B). In this case the software used was the Virtual Organ Computer-aided AnaLysis (VOCAL ®). 
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TABLE 15-1 Some Syndromes with the Typically Associated Pulmonary Abnormality

Syndrome Pulmonary Abnormality Characteristic Features Inheritance/Risk of Recurrence

Fraser 
syndrome

Tracheal/bronchial 
atresia (CHAOS)

Cryptophthalmos
Microphthalmia Syndactyly
Urogenital malformations

Autosomal recessive
25% recurrence risk

Scimitar 
syndrome

Right lung hypoplasia 
with dextroposition 
of the heart

Partial anomalous pulmonary venous 
drainage of the right pulmonary 
vein(s) into the inferior vena cava

Right pulmonary artery hypoplasia
Aortopulmonary collateral artery

No recurrence risk

Pallister–Killian 
syndrome

Diaphragmatic hernia Facial dysmorphism
Short limbs
CHD
Tetrasomy 12p detectable on 

amniocentesis and CVS but not in 
fetal blood

Sporadic occurrence
Low recurrence risk

Fryns syndrome Diaphragmatic hernia Facial dysmorphism
Short limbs
CNS anomalies

Autosomal recessive
25% recurrence risk

CVS, chorionic villus sampling; CNS, central nervous system; CHAOS, congenital high airway obstruction syndrome; CHD, 
congenital heart defect.
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microcystic (Type 3) forms.1 Almost all lesions 
are isolated to the lungs and the combination  
with extrapulmonary malformations or chromosomal 
anomalies is rare.

ULTRASOUND FINDINGS
The detection of a CCAM is straightforward once 
one or several cysts are visualized in the thoracic 
cavity (Figure 15-6 A and B), often associated with 
a deviation of the mediastinum (Figure 15-7 and 
Figure 15-8).

• Multiple cysts of different size (2 mm to 2–4 cm) 
within echogenic lung tissue (Figure 15-9).

• The whole affected lung is often enlarged 
(Figure 15-8).

The heart can be slightly shifted to the contralateral 
side but when the affected lung is large a compression 
of the unaffected lung can occur increasing the risk of 
lung hypoplasia (Figure 15-8).

CCAM is diagnosed after 15 weeks of gestation and 
rarely fetal hydrops is present at presentation. Three-
dimensional ultrasound can provide, with its tomo-
graphical view, a general figure of the lesion extent. 
Volume calculation of the cysts, the affected lung or 
the remaining lung can complete the information pro-
vided by 2D ultrasound.

DIFFERENTIAL DIAGNOSIS AND PITFALLS
The differential diagnosis of CCAM depends on the 
main ultrasound finding.

In cases with an isolated large cyst, a diaphragmatic 
hernia or a brochogenic cyst are the main differential 
diagnoses.

In cases with a hyperechogenic lung lesion, the 
differential lies between a bronchopulmonary seques-
tration or a transient bronchial obstruction due to a 
mucous plug. Colour Doppler enables a bronchopul-
monary sequestration and a CCAM to be differentiated 
from each other. An echogenic lung lesion without the 
presence of anechoic cysts and without an abnormal 
feeding vessel, could be simply a mucous plug and is 
not necessarily a microcystic CCAM (see section on 
Mucous Plug, later in chapter).

An intrathoracic teratoma will present as a hetero-
geneous cystic lung lesion of irregular outline,  
the overall size of which will increase throughout gesta-
tion (in a macrocystic CCAM it is the cystic element 

FIGURE 15-6 Congenital cystic adenomatoid malformation (CCAM) 
of the inferior right lung lobe. This is a macrocystic type of CCAM 
seen in the axial (A) and parasagittal (B) planes. Adjacent to these 
cysts there is often an echogenic area (arrows) suggesting the pres-
ence of microcysts. 
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only that may increase in size throughout gestation). 
Fetal MRI can provide additional information on size 
and location and may help in the differential diagnosis.

PROGNOSIS AND OUTCOME
The outcome of antenatally diagnosed CCAM is  
much better than previously reported with an overall 
survival rate into infancy of 90%.2 Outcome depends 
mainly upon:
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FIGURE 15-7 This fetus was referred with a macrocystic congenital 
cystic adenomatoid malformation of the upper left lung with multiple 
cysts (arrows) and mild heart (H) displacement anteriorly and to the 
right. 

H

FIGURE 15-8 In this fetus there is a large congenital cystic adeno-
matoid malformation mainly of microcystic type. The presence of  
two small echolucent cysts (arrows) supports the diagnosis. Colour 
Doppler excluded the main differential diagnosis of a lung sequestra-
tion. There is a significant shifting to the right and there is a risk that 
the right lung (RL) is hypoplastic. H: Heart. 

RL

H

FIGURE 15-9 Autopsy specimen of a macrocystic lung with large 
and small cysts in a CCAM, presenting with fetal hydrops at 20 weeks 
(Courtesy PD Dr. Cornelia Tenndstedt, Mühlhausen Germany.)

1. the size of the completely affected lung region;
2. the severity of compression of the contralateral 

lung;
3. the presence of hydrops at detection.
The development of hydrops is not an inevitable 

feature. When hydrops is not present at diagnosis 
there is only a small chance (<10%) that it will 
develop.

Fetal interventions such as puncture of cyst or 
cystic-amniotic shunting are occasionally performed 
but mainly in cases with fetal hydrops.3 Postnatal 
surgery is performed to remove the affected lung and 
avoid recurrent infections and potential malignant 
change. Isolated microcystic lesions may resolve in 
utero, but some of these may have been due to a 
mucous plug (see also section on Mucous Plug, 
below).3 Postnatal evaluation with chest X-ray and 
spiral CT scan can help to evaluate apparently resolved 
lesions.
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Bronchopulmonary Sequestration (BPS)
DEFINITION AND SPECTRUM OF DISEASE
Bronchopulmonary sequestration (BPS) is character-
ized by a segment of non-functioning broncho-
pulmonary tissue lacking communication with the 
tracheobronchial tree. The typical finding of a BPS is 
the arterial blood supply provided directly by the  
systemic circulation at the level of descending aorta. 
Venous return is often to the systemic circulation but 
can occasionally be to the left atrium. Histologically 
these lesions are of two types but in the fetus the 
extralobar sequestration is the most common sub-
group which is separated from the remaining lung 
parenchyma by its own pleural covering. The most 
common location is the basal region of the left hemi-
thorax (Figures 15-10 A and B, 15-11 A and B), but 
10% of cases can be present in the upper abdomen 
below the diaphragm: an infradiaphragmatic extralo-
bar bronchopulmonary sequestration. Most BPS cases 
are isolated findings but can also be combined with a 

FIGURE 15-10 In this fetus (A) the parasagittal view shows a hyperechogenic lung lobe and (B) the axial plane shows the enlarged size of this 
lung lobe with shift of the heart to the right. Normal echogenicity of the right lung (RL) can be used as comparison. Colour Doppler (see Figure 
15-11) revealed the diagnosis of lung sequestration (Sequ). 

Sequ

A

Sequ

RL

B

macrocystic CCAM or very rarely with a diaphrag-
matic hernia. The size of a BPS is small to moderate 
and it rarely fills the entire chest but the relative size 
tends to be reduced in the growing fetus (Figure 15-12 
A and B).

ULTRASOUND FINDINGS
The detection of a BPS is almost always achieved 
around 18–25 weeks’ gestation by visualizing a uni-
formly hyperechogenic lesion in a longitudinal or axial 
view of the fetal thorax, often resulting in a moderate 
mediastinal shift with heart displacement to the con-
tralateral side (Figure 15-10). The finding is often left 
basal and the hyperechogenic BPS can be well- 
discriminated from the normal echogenicity of the 
upper and contralateral lung lobe(s) (Figure 15-10). 
A small number of fetuses may present with a pleural 
effusion or extremely rarely with non-immune 
hydrops. Colour Doppler is mandatory to achieve 
diagnosis by demonstrating the typical feeding artery 
from the thoracic (Figure 15-11) or abdominal aorta, 
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FIGURE 15-11 (A) Parasagittal view of the fetus in Figure 15-10 with 
a hyperechogenic lung lobe due to a bronchopulmonary sequestra-
tion. The mapping of the lung systematically with the colour Doppler 
box revealed a large feeding artery (arrows) directly arising from the 
thoracic descending aorta (Ao). (B) Pulsed Doppler interrogation of 
this artery showed the typical pulsatile flow in bronchopulmonary 
sequestration (Sequ). 

Sequ

Ao

A

Sequ

B

FIGURE 15-12 This is a comparison of shifting of the heart and hyperechogenicity in a fetus with lung sequestration examined at 22 weeks 
(A) and at 29 weeks (B). At 22 weeks there is a significant difference in echogenicity between both lungs and the heart is shifted to the right. 
The right lung (RL) appears small. Less than 2 months later, the hyperechogenicity is reduced or has resolved, the heart is then in a more 
typical position and there is no suspicious finding. The feeding artery was still present and the child had to be operated after birth. 

Sequ

RL

A

Sequ

RL

B
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the latter crossing the diaphragm. Pulsed Doppler 
pattern shows a spectrum similar to the main pulmo-
nary artery with antegrade flow in both systole and 
diastole (Figure 15-11B). Occasionally the feeding 
vessel is recognized on gray-scale ultrasound when 
high resolution probes are used. The hyperechogenic-
ity of the lesion and the degree of mediastinal shift 
regress during the course of the pregnancy (Figure 
15-12) and in these cases the diagnosis can only be 
confirmed by colour Doppler in the third trimester. 
Three-dimensional ultrasound demonstrates in an 
overview, the extent of the lesion in comparison to the 
remaining lung by using a tomographical view,4 best 
in an anterior-posterior projection (Figure 15-13). 3D 
glass-body mode feature can display the vascular 
supply4 (Figure 15-14) and volume calculation can 
provide the volume of the lesion and if needed of the 
remaining lung tissue.

DIFFERENTIAL DIAGNOSIS AND PITFALLS
The typical differential diagnosis of BPS includes the 
rather rare isolated microcystic CCAM of the lung (see 
section on Congenital Cystic Adenomatoid Malforma-
tion (CCAM) of The Lung, earlier in chapter) and the 
harmless ‘mucous plug’ (see section on Mucous Plug, 
later in chapter). The shift of the mediastinum and 
heart is also found in a diaphragmatic hernia (Figure 
15-15), but high-resolution ultrasound and colour 
Doppler will demonstrate the intrathoracic abdominal 
organs. One of the major pitfalls in diagnosing a BPS 
is the reduced echogenicity and size of the affected 
lung lobe in the third trimester (Figure 15-12).

PROGNOSIS AND OUTCOME
Prognosis of isolated BPS is usually excellent.2,3 Preg-
nancy course is in general uneventful and there is no 
serious fear of development of cardiac failure, hydrops 
or lung hypoplasia. Regression of echogenicity and 
mediastinal shift is often found5 and does not mean 
that the lesion has resolved (abnormal tissue, feeding 
artery) and it is generally recommended to image these 
lesions at some point in the neonatal period with a CT 
scan as standard radiography will not pick these 
lesions up. The postnatal management is surgical 
removal of the BPS in order to avoid recurrent infec-
tions in infancy or later life. The operation is generally 
performed in the first year of life, but decision-making 

will be based on modern postnatal imaging techniques 
to confirm the prenatal finding and rule out associated 
conditions.

Congenital Diaphragmatic Hernia (CDH)
DEFINITION, SPECTRUM OF DISEASE  
AND INCIDENCE
Congenital diaphragmatic hernia (CDH) is a group of 
closure defects of the diaphragmatic wall with the 
subsequent protrusion of abdominal organs into the 
thoracic cavity potentially leading to lung hypoplasia. 
The most common localization is the posterolateral 
left side of the diaphragm (90% of cases), but the 
defect can be right-sided (10% of cases) and rarely 
bilateral (2%).6

There is an anatomical explanation for the pre-
dominantly left-sided occurrence. The closure of the 
pleuroperitoneal canal seals off the posterior aspect of 
the diaphragm and closure on the left side occurs a 
week after the right. Closure should coincide with 
resolution of the normal physiological herniation and 
complete return of the bowel into the fetal abdominal 
cavity.

This malformation can occur as an isolated finding, 
but in more than 30–50% of the cases there is an 
association with chromosomal anomalies, mainly 
trisomy 18 and tetrasomy 12p (Pallister–Killian syn-
drome) and other syndromic conditions (e.g. Fryns 
syndrome) (see Table 15-1) or with isolated organ 
defects (e.g. heart, renal, skeletal, CNS, facial). CDH 
is a common condition with an incidence of 1 : 4000 
livebirths.6

ULTRASOUND FINDINGS
The pattern of ultrasound findings in the diagnosis of 
CDH is varied but most commonly it is suspected in 
screening when a cystic structure (the stomach) is 
found in the left hemithorax adjacent to the heart with 
the subsequent shift of the heart from its position 
(Figure 15-15A). In other cases where the stomach is 
not obviously found in the thoracic cavity, CDH is 
suspected by detecting a shifting of the heart into the 
hemithorax contralateral to the side of the hernia 
(Figure 15-15B). The diagnosis is often more easily 
achieved in the second and third trimesters of gesta-
tion, but can be made in the first trimester. After 22 
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FIGURE 15-13 Lung sequestration demonstrated with three-dimensional ultrasound with tomographic display in coronal views. Tomography 
provides an overview of the lesion extent and the relationship to the neighbouring organs. 
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weeks CDH can be associated with polyhydramnios. 
The herniation of the stomach is often accompanied 
by other abdominal organs, such as bowel loops, 
spleen and most impressively by a part of the liver 
(‘liver-up’) (Figure 15-16). The use of high-resolution 
high-frequency transducers in combination with 
colour Doppler can be of major help in differentiating 
the intrathoracic herniated organs and identifying the 
borders of the ipsi- and contralateral lung.

Right-sided CDH (Figure 15-16) is more difficult 
to detect than left-sided lesions due to the fact that the 
herniated liver has a sonographic echogenicity very 
similar in appearance to lung tissue. Right-sided CDH 
should be suspected when there is cardiac shifting to 
the left and can be confirmed in longitudinal planes 
and by the use of colour Doppler, 3D ultrasound or 
MRI examination. Three-dimensional ultrasound pro-
vides a general view of the extent of the lesion and the 
volume of the suspected hypoplastic lungs can also  
be calculated, but the interpretation needs extensive 

FIGURE 15-14 Three dimensional rendering of a lung sequestration 
(Sequ) with the feeding artery arising from the descending aorta (Ao) 
demonstrated in the ‘glass-body mode’ which provides a general 
view of the spatial course of the vessel. 

Sequ

Ao

FIGURE 15-15 Two fetuses with a left-sided diaphragmatic hernia 
(CDH). (A) The stomach (St) is identified as a single ‘cystic’ intratho-
racic structure and there is a significant mediastinal shift with a 
dextroposition of the heart (H). (B) In this case of a left CDH the 
diagnosis is difficult since no stomach is seen in the thorax, but the 
heart is shifted to the right and high-resolution ultrasound shows that 
left to the heart the texture suggests the presence of bowel and is 
not the typical finding of homogenous lung tissue as seen in Figure 
15-1A. RL: Right lung. 
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PROGNOSIS, MANAGEMENT AND OUTCOME
Prognosis of CDH associated with additional anoma-
lies is considered poor. In isolated CDH an average 
mortality rate around 30% is reported at many 
centres and is mainly related to the associated lung 
hypoplasia.

Indirect signs of poor outcome are:
• the presence of liver herniation;
• polyhydramnios;
• a right-sided CDH.
The quantification of the related lung hypoplasia is 

still one of the main challenges in assessing prognosis. 
The lung to head ratio (Figure 15-17) was first pro-
posed as a measurement allowing prognosis assess-
ment,7 but several studies could not confirm the 
reliability of this parameter.6,8 Recently it has been 
proposed to measure the observed to expected lung  
to head ratio (o/e LHR) for a given gestational age9 
(Table 15-2).

Lung volume has been assessed by 3D ultrasound 
but this needs expertise and at many institutions MRI 
is used to visualize both lungs and to assess the degree 
of hypoplasia.

In isolated CDH with ultrasound features consist-
ent with a poor prognosis, different modes of fetal 
therapy have been intensively studied (protocolled 
and instituted as a multicentre study), in the last 
decade. PLUG was used as an abbreviation for ‘Plug 
the Lung Until it Grows’ and was performed by clip-
ping the trachea. More recently a balloon has been 
inserted to occlude the trachea in a procedure known 
as FETO (fetoscopic endoluminal tracheal occlusion). 
This occlusion of the trachea prevents the normal 
egression of fluid from the lung. The production of 
fluid in the lung leads to a dilation of the lung and 
this in theory stimulates lung growth in utero. One 
multicenter study has shown a significant benefit of 
the FETO procedure in isolated, severe left-sided CDH 
cases with a survival rate of 49.1% compared to 
24.1%, and in right-sided CDH cases of 35.3% com-
pared to 0%.10 The balloon should however be 
removed prior to delivery, or if not feasible, within the 
first minute of life at delivery.

At present pregnant women are being recruited to 
a European randomized trial, based at a small number 
of major centres, comparing FETO to expectant man-
agement in two groups; those fetuses with severe and 

experience. Fetal MRI allows a better discrimination 
of the size of both lungs in these conditions.

DIFFERENTIAL DIAGNOSIS AND PITFALLS
Among other anomalies CDH is by far the most 
common one encountered prenatally and is almost 
always considered first.

Differential diagnosis depends on the ultrasound 
finding:

• in cases with the stomach up, other cystic 
lesions should be considered such as:
• CCAM;
• bronchogenic cysts;
• congenital lobar emphysema.

• if CDH suspicion is only due to cardiac shift 
then the following should be considered in the 
differential:
• lung sequestration;
• unilateral lung agenesis or hypoplasia;
• CCAM;
• dextrocardia as part of a cardiac anomaly.

FIGURE 15-16 Autopsy in a fetus with a right-sided diaphragmatic 
hernia with a large part of the liver present in the thoracic cavity and 
shift of the heart to the left. In addition a pleural effusion was present. 
(Courtesy PD Dr. Cornelia Tenndstedt, Mühlhausen Germany.)
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FIGURE 15-17 One of the common measurements used to estimate the lung size in diaphragmatic hernia is the lung area to head circumfer-
ence ratio. (A) The lung on the contralateral side is visualized in the four-chamber view; two perpendicular measurements (in mm) are achieved 
and multiplied giving the lung area. (B) The result is then divided by the head circumference again measured in mm. Values of 1.4 and more 
have shown good outcome, values below 1 have an adverse outcome and values between are borderline. RL: Right lung. 

RL

A B

TABLE 15-2 Observed (o) to expected (e) 
lung-to-head (LHR) Measurements and the 
Relationship to Expected Survival Rates

O/E LHR 
Ratio

Classification of 
Degree of Pulmonary 
Hypoplasia

Expected  
Survival Rate

<15% Extreme 0%
15–25% Severe 15%
26–45% Moderate 30–60%
>45% Mild High survival rate

those with moderate pulmonary hypoplasia (TOTAL 
trial).11 The logistics of enrolling and supporting 
patients who are accepted into this trial should not be 
underestimated given the limited number of centres 
participating in the study.

Pleural Effusion or Hydrothorax
DEFINITION AND SPECTRUM OF DISEASE
A pleural effusion in the fetus is defined as fluid accu-
mulation in the pleural space and it can be unilateral: 
left- or right-sided (Figure 15-18 A and B), or bilateral 
(Figure 15-19).

The effusion can be:
1. as a result of lymphatic leakage, and in isolated 

cases primary chylothorax is the most common 
condition.

2. in association with, or as an early sign of, non-
immune fetal hydrops (Figure 15-20) or as a 
symptom of other malformations or chromo-
somal abnormality. All of the conditions dis-
cussed in this chapter such as CDH, CCAM, BPS 
and others can be complicated by the presence 
of a pleural effusion, and should be ruled out.
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FIGURE 15-18 This fetus presented with an isolated left-sided 
pleural effusion (*) at 18 weeks (A), with shift of the heart into the 
right hemithorax. The effusion increased in size in the subsequent 
two weeks. Karyotype was normal. (B) At 20 weeks the effusion was 
drained by a single puncture (here after the procedure) and the 
remaining fluid resolved a few days later. Further course of preg-
nancy was uneventful. L: Lung. 

L
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FIGURE 15-19 (A) Bilateral pleural effusions (*) at 34 weeks, of 
unknown aetiology and resolving spontaneously until 37 weeks and 
(B) bilateral pleural effusion with hypoplastic compressed lungs and 
a skin oedema (arrow) of unknown origin at 22 weeks leading to fetal 
demise. L: Lung. 
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FIGURE 15-20 Fetus at 19 weeks with generalized hydrops with pleural effusion (*), skin oedema (double arrow), ascites (Asc.) as shown on 
three-dimensional tomographic ultrasound. Amniocentesis revealed the diagnosis of trisomy 21. 

Asc.

Typically an ‘isolated’ pleural effusion will be seen 
in association with:

• Chromosomal anomalies such as trisomy 21 
(Figure 15-20) and Turner syndrome. In cases 
of isolated pleural effusion there is a 12% 
chance of a chromosomal abnormality and 
about half of these will have trisomy 21.  
Turner syndrome is only reported in 
association with isolated pleural effusions in 
the first trimester.12

• Syndromes with impaired lymphatic drainage 
such as Noonan syndrome.

Pleural effusions can resolve spontaneously and 
possible aetiologies of transient pleural effusions may 
be undetected fetal infection (e.g. cytomegalovirus), 
brief fetal cardiac failure associated with persistent 
arrhythmias or others.

Pleural effusion can also deteriorate into severe 
hydrothorax with lung compression and pulmonary 
hypoplasia or the development of generalized fetal 
hydrops.

This wide spectrum of unpredictable natural his-
tory makes this simple, easily detectable ultrasound 
sign, a challenge to every examiner.
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Any associated malformation or soft marker of pulmo-
nary or extrapulmonary origin should lead to the 
assumption of a secondary effusion.

PROGNOSIS, MANAGEMENT AND OUTCOME
The prognosis of fetuses presenting with pleural effu-
sion is variable and in a large series is considered 
guarded with a survival rate of up to 60%.13 Despite 
being a symptom of different underlying aetiologies 
and their associated prognoses, there are patterns of 
good and poor outcome.

Signs of favourable outcome:
1. Occurrence at/after 24 weeks.
2. Unilateral finding.
3. Absence of associated malformations.
4. Absence of other fluid collections.
5. Spontaneous resolution.
6. Resolution after one or few thoracenteses.
Irrespective of the underlying cause the presence of 

pleural effusion at birth can lead to severe respiratory 
insufficiency in the newborn and there is a rationale 
to perform a thoracocentesis in the fetus prior to deliv-
ery to facilitate ventilation.

Different therapeutic options in the fetus have been 
proposed13 and include single or serial thoracocente-
sis, the placement of a thoracoamniotic shunt, and 
more recently pleurodesis with an agent used in adults 
(OK-432) and premature delivery after 32 weeks. All 
these cases are based on individual experience, case 
reports and small series without scientific evidence of 
therapeutic effect or on the inclusion criteria.

Pulmonary Hypoplasia
Pulmonary hypoplasia (PH) is defined as a significant 
reduction in size of the otherwise normally developed 
lungs and is a lethal condition (Figure 15-22 A  
and B). The diagnosis at autopsy is based on a low 
lung/body weight ratio and histologically on a reduced 
radial-alveolar count.

On prenatal ultrasound there are a huge number of 
measurements published to predict PH but no meas-
urement or cut-off value is universally accepted which 
enables a reliable antenatal diagnosis. The aetiology of 
this condition is wide but excepting the rare idiopathic 
condition, almost all prenatally suspected cases are 
secondary to another lesion.

ULTRASOUND FINDINGS
An anechoic fluid collection in the pleural space  
surrounding the lung is the typical finding of a pleural 
effusion (hydrothorax) (Figures 15-18 to 15-20). 
Detection can be in the first, second and third trimes-
ters, but a hydrothorax early in gestation is generally 
found in chromosomal aberrations, whereas the pri-
mary chylothorax or pleural fluid seen in combination 
with lung lesions or other conditions becomes appar-
ent in the second and third trimesters.

Three-dimensional ultrasound may help in antena-
tal surveillance as it provides a general objective view 
of the extent of the finding and enables calculation of 
the fluid volume.

DIFFERENTIAL DIAGNOSIS AND PITFALLS
The main differential diagnosis of pleural effusion is 
pericardial effusion. In the latter fluid is present 
between the heart and the lungs and the lungs are 
shifted to the back and are still touching the rib cage 
(Figure 15-21), whereas in pleural effusion fluid is 
found around the lung lobe. The main challenge once 
a pleural effusion is detected is to determine whether 
it is a primary abnormality and to predict outcome. 

FIGURE 15-21 A fetus with a pericardial effusion: the fluid is present 
between the heart and the lungs (*). The lungs are shifted to the back 
and are still touching the rib cage. 

L

L
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• Reduced expansion of the lung due to space-
occupying lesion or small thoracic cavity.

• Absence of or impaired breathing movements.
The prenatal suspicion of PH is therefore based on 

accurately diagnosing the primary disease (see Table 
15-3) and assuming the degree of hypoplasia rather 
than on the simple measurement of lung size. Some 
conditions are known to be associated with lethal lung 
hypoplasia, such as renal agenesis and lethal skeletal 
malformations (Figure 15-22 A and B), but the chal-
lenge of ultrasound is to discriminate a small neona-
tally functioning lung from a lethal lung hypoplasia. 
Since a critical time interval for normal development 

In general three groups of lesions are found to be 
associated with PH (Table 15-3):

• Early absence or severely reduced amniotic 
fluid most frequently due to spontaneous 
preterm premature rupture of the membranes 
(PPROM).

A

FIGURE 15-22 Two lethal skeletal dysplasias with lung hypoplasia 
(A) in a thanatophoric dysplasia (18 weeks’ gestation) with a promi-
nent forehead, a narrow chest and the difference in thoracic and 
abdominal diameter (arrows). (B) In this fetus with short-rib poly-
dactyly, the axial view of the four-chamber plane shows the short 
ribs (arrows) and the hypoplastic lungs. 

B

TABLE 15-3 Aetiological Groups at 
High Risk for Pulmonary Hypoplasia

Idiopathic, genetic, 
unknown

Primary pulmonary hypoplasia

Space-occupying 
lesion

Congenital diaphragmatic 
hernia

Bilateral early-onset 
hydrothorax

Cardiomegaly (Ebstein, 
cardiomyopathy, and others)

Skeletal dysplasia with small 
thoracic cage: thanatophoric 
dysplasia

Ellis–van Creveld syndrome 
and other short-rib-
polydactylies

Asphyxiating thoracic dysplasia 
(Jeune syndrome) and others

Contralateral enlarged lung 
lesion

Cystic lung malformation
Unilateral bronchial atresia
Lung sequestration

Oligo-/anhydramnios Bilateral renal agenesis
Bilateral dysplastic kidneys with 

anhydramnios
Severe fetal growth restriction
Early premature rupture of the 

membranes (before 24 
weeks)

Impaired breathing 
movements

Syndromes with neurological 
impairment of breathing:
fetal akinesia dyskinesia 

sequences
pena–Shokeir syndrome
arthrogryposis congenita and 

others
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of the lung is the canalicular phase between 17 and 
25 weeks’ gestation, lesions occurring during this 
period increase the risk of an associated lung 
hypoplasia.

Table 15-3 summarizes the different aetiological 
conditions.

Different parameters of lung size measurements on 
ultrasound were published and promised to predict 
PH.14 These include thoracic circumference and area, 
thoracic area minus heart area, cardio-thoracic ratio of 
area or circumference, thoracic/abdominal circumfer-
ence, lung length, lung diameter, lung volume with 
3D ultrasound, lung area to head circumference  
ratio in diaphragmatic hernia and others. Since pul-
monary hypoplasia is associated with pulmonary 
hypertension, Doppler measurement of pulsatility of 
the main or peripheral pulmonary artery has also been 
reported.15 MRI assessment of the fetal lung is increas-
ingly being used to complete the accuracy of ultra-
sound in fetuses at high risk for lung hypoplasia.

The prognosis is inversely related to the gestation 
at which the PPROM/oligohydramnios occurs. PPROM 
which occurs before 20 weeks leading to persistent 
oligohydramnios, i.e. oligohydramnios that lasts for 
more than 2 weeks, carries a risk of lethal pulmonary 
hypoplasia of about 50%. The risk is about 30% for 
PPROM which occurs between 20–24 weeks and after 
24 weeks the risk is less than 5%.

Unilateral Pulmonary Hypoplasia and 
Unilateral Pulmonary Agenesis
Unilateral pulmonary hypoplasia is often found as part 
of a primary thoracic abnormality, such as in CDH, 
CCAM and others but can also very rarely occur as an 
isolated finding. Typically the right lung is affected and 
often scimitar syndrome is diagnosed (Figure 15-23A). 
This is a rare anomaly defined as a hypoplastic right 
lung, hypoplastic right pulmonary artery and partial 
pulmonary venous drainage of the right lung into the 
inferior vena cava, a condition which can be demon-
strated on colour Doppler.5,16

A complete absence of one lung lobe is a very rare 
condition which also more frequently affects the right 
lung (Figure 15-23B). Right lung agenesis is detected 
when the fetal heart is within the right hemithorax and 
there is no lung tissue intervening between the heart 

FIGURE 15-23 (A) Fetus with a hypoplastic right lung associated 
with a scimitar syndrome. The picture is similar to the fetus in Figure 
15-8, but both lungs have in this case a similar echogenicity. (B) 
Fetus with a large left lung with normal echogenicity and the absence 
of any lung tissue on the right side. The diagnosis is right lung 
agenesis. LL: Left lung; RL: Right lung. 
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and the adjacent ribs. There will also be absence of 
the right pulmonary artery.17

Mucous Plug
A transient obstruction of a bronchus in the fetus with 
the subsequent accumulation of lung fluid distal to the 
obstruction in one lung segment may lead to the 
picture of a hyperechogenic lung on mid-trimester 
ultrasound (Figure 15-24A).18 In the growing fetus 
this plug may resolve and the hyperechogenicity dis-
appear (Figure 15-24B), a condition called mucous 
plug.18 Interestingly this hyperechogenicity may mimic 
a type 3 microcystic CCAM.3 In a large series it was 
emphasized that in fetuses with a microcystic CCAM 
and no hydrops, the survival rate is more than 95%, 
without the need for antenatal intervention.3 In half 
of these cases there is apparent antenatal resolution of 
the hyperechogenic lesion, usually at around 32 weeks 
of gestation. The authors conclude critically that it is 
possible that at least in some of these cases the under-
lying cause may not be CCAM but rather a transient 
bronchial tree obstruction with retention of mucoid 
fluid distal to the obstruction.3

Another condition known in the neonate as con-
genital lobar emphysema could be a similar condition 
to this mucoid obstruction persisting until birth and 
presenting clinically in the newborn.

Bronchial/Tracheal Atresia and Congenital 
High Airway Obstruction Syndrome (CHAOS)
A complete occlusion of the trachea is called CHAOS: 
congenital high airway obstruction syndrome, and 
shows a characteristic ultrasound appearance, with 
bilateral hyperechogenic hugely dilated lungs (Figures 
15-25 and 15-26), compressing the heart (Figure 
15-26A and B) and everting the diaphragm (Figure 
15-25).19

In the hila of the lungs and at the level of the 
trachea, a dilated fluid-filled bronchial tree can be 
typically recognized (Figure 15-25). Often this condi-
tion is found combined with ascites or hydrops.

Associated malformations are common, mainly 
tracheo-oesophageal fistula, duodenal atresia, hemiver-
tebra, radial aplasia and cardiac defects.19

FIGURE 15-24 Fetus with a suspected mucous plug. At 22 weeks 
(A) an echogenicity (arrows) was found, without any evidence of a 
feeding vessel or additional small cysts or any other abnormality. 
Instead of a cystic malformation type 3, we suspected a mucous plug. 
At 28 weeks (B) echogenicity resolved, size diminished and  
the finding was similar at 34 weeks. Postnatal clinical and 
X-ray examinations showed a normal lung appearance. 

A

B
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FIGURE 15-25 Coronal view of the thorax with dilated bilateral lungs 
in a fetus with tracheal atresia at 19 weeks with CHAOS. The dia-
phragm is everted and has a convex shape (arrows). There was 
ascites (Asc.) at presentation. Typically the trachea appeared dilated 
(*) as sign of tracheal obstruction. 

Head

Asc.

FIGURE 15-26 (A) 23-week fetus with a tracheal atresia and CHAOS showing the bilateral dilated hyperechogenic lungs and the compressed 
heart with a small right (RV) and left (LV) ventricle. (B) Autopsy of the case after pregnancy termination. Both hugely dilated lungs (L) are 
compressing the heart (H). (Courtesy PD Dr. Cornelia Tenndstedt, Mühlhausen Germany.)
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Some syndromes such as Fraser syndrome with 
microphthalmia should be ruled out. The CHAOS 
condition is lethal according to large series3 but there 
are occasional reports on survival after a direct  
postnatal intervention to open the upper airways 
(EXIT-procedure: EX-utero Intrapartum Therapy). 
The earliest detection of a fetus with CHAOS is at 
around 16–17 weeks’ gestation.

Unilateral bronchial atresia leads to the dilation of 
one lobe with the typical picture of an enlarged hyper-
echogenic lung with enlarged bronchial tree produc-
ing mediastinal and cardiac shift to the contralateral 
side and ipsilateral diaphragmatic eventration.

Bronchogenic Cyst
A bronchogenic cyst should be considered when an 
isolated cyst is found in a central position with no 
signs of compression and no associated altered echo-
genicity of the adjacent lung (Figure 15-27 A and B). 
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The main differential diagnoses are diaphragmatic 
hernia (stomach) or macrocystic CCAM with an iso-
lated cyst.

Intrathoracic Teratoma
Intrathoracic tumours occur rarely in the fetus and the 
most common condition is the hyperechogenic rhab-
domyoma of the heart, which can mimic a pulmonary 
finding. Mediastinal tumours are otherwise often ter-
atoma or neuroenteric cysts. Teratoma, are first sus-
pected as a CCAM of mixed type but follow-up will 
show a rapid growth which can be complicated by 
hydrops and fetal demise. Their border is rather irreg-
ular and their localization more in the central media-
stinum. Prognosis depends on the size and growth of 
the finding but development of hydrops is considered 
a prognostically bad sign.
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Introduction
Abnormalities of the fetal limbs rank as the third most 
common after those of the cardiac and renal systems 
according to EUROCAT data (1980–2010).1

The most common limb abnormalities amenable to 
prenatal diagnosis are:

• club foot/talipes (9.5 in 10,000 births);
• polydactyly (8.9 in 10,000 births);
• syndactyly (6.24 in 10,000 births);
• limb reduction defects (6 in 10,000 births);

Combine these prevalence figures with:
• skeletal dysplasias (1.69 in 10,000 births);
• genetic syndromes (4.35 in 10,000 births); 

which commonly present with a skeletal anomaly and 
it becomes evident that these are the principal abnor-
malities worthy of discussion in this chapter.

Skeletal dysplasias will be considered within the 
differential diagnosis of their most common present-
ing ultrasound (US) observation, namely the short 
femur, with the emphasis on a working model of how 
to differentiate lethal from non-lethal osteochondro-
dysplasias and both types of dysplasia from genetic 
syndromes, aneuploidy and growth restriction. The 
more commonly encountered skeletal dysplasias will 
then be considered individually in more detail.

The chapter will cover the more commonly encoun-
tered limb abnormalities in turn but the more rare 
anomalies are beyond the scope of this chapter and 

Skeletal Abnormalities
Sarah A Russell



418 16 Skeletal Abnormalities

responsible for a number of abnormalities with a 
skeletal component. Examples of this are mutations 
in the FGFR3 gene (fibroblast growth factor receptor, 
chromosome 4) responsi ble for thanatophoric dys-
plasia, achondroplasia and hypochondroplasia and 
mutations in the T-box genes that are linked to Holt–
Oram syndrome and Cousin syndrome. As more 
knowledge is acquired about the genetic component 
of these disorders the nosology is reviewed and revised 
regularly, and published5 with full text available online 
(www.isds.ch).

Table 16-1 attempts to synthesize observations from 
‘text-book’ embryology with those made on ultra-
sound, in particular to marry the embryological event 
to its equivalent stage in menstrual weeks and the size 
of the embryo as measured on ultrasound. Please note 
that as embryological texts refer to conceptual weeks 
and ultrasound texts to menstrual weeks, these clearly 
differ by two weeks. All dates referred to here are 
given in menstrual weeks. Examples are given of the 
effect of the timing of an insult, or incorrect genetic 
instruction, on limb development.

Normal Ultrasound Appearances  
and Pitfalls
In the first trimester, scans can be performed trans-
vaginally and transabdominally. Knowledge of embry-
ology2 and order of ossification of the entire skeleton 
is imperative for first-trimester scanning and its correct 
interpretation.6

In the second trimester, transabdominal scanning 
is performed mainly using a curved array probe but a 
high-resolution linear probe is also helpful for skeletal 
assessment giving good views of the spine and cord 
(Figure 16-1). It is possible to identify all the long 
bones in each limb, observe their modelling and ossi-
fication and to examine the hands and feet: counting 
the fingers, if not the toes, provided there is a normal 
amount of amniotic fluid (Figures 16-2 A–C and 16-3 
A–C). The skull, spine, ribs, shoulder and pelvic 
girdles are ossified and visible by 20 weeks and thus 
open to assessment. Fetal movement, range of move-
ment and posture (Figure 16-4 A and B) should be 
observed and a subjective appraisal of muscle bulk 
made. Measurements of length and circumference may 
be plotted on published nomograms.

reference should be made to clinical geneticist col-
leagues and online resources in such cases.

Before embarking upon discussion of any abnor-
mality, this chapter will first consider embryology, 
ultrasound assessment of the normal and abnormal 
skeleton and the role of other imaging modalities in 
the assessment of skeletal abnormalities.

Embryology
Following the diagnosis of a skeletal abnormality the 
long-term goal of the prenatal diagnostician must be 
to advise parents on the aetiology and recurrence 
risks. Knowledge of embryology facilitates this and 
helps inform the timing of screening tests in any sub-
sequent pregnancy. It assists our interpretation of 
sonographic observations, as for these to make sense, 
they should conform to known embryology.

The skeletal system, both the axial and appendicu-
lar skeleton, is derived from mesoderm.2

The axial skeleton comprises the skull, spine, ribs, 
sternum and the shoulder and pelvic girdles. The 
appendicular skeleton comprises the arms and legs. 
Bone is formed by the condensation of mesenchymal 
cells followed by ossification in two principal ways, 
intramembranous and endochondral, with the latter 
being the more common type. Muscle is formed from 
the somatic mesoderm.

The normal embryological process may be inter-
rupted or modified for a number of reasons and the 
gestational age at which the insult occurs determines 
the type and distribution of the resulting defect.

The earlier the insult the more devastating the 
effect, hence the most vulnerable period for the devel-
oping embryo is before 10 completed weeks from 
last known period.3 Examples of teratogens known 
to produce skeletal abnormality are thalidomide, war-
farin, misoprostol, phenytoin and sodium valproate.4 
There have been published reports suggesting a causal 
link between cocaine or alcohol misuse and limb 
defects, but this has been difficult to prove in the 
absence of a clear history of the level of misuse of 
either drug.4 A vascular mechanism is proposed for 
these limb reduction defects and for those caused by 
early (before 10 weeks’ gestation) chorionic villus 
sampling. Aside from teratogens and trauma, in its 
widest sense, faulty genetic instructions are 



41916 Skeletal Abnormalities

FIGURE 16-1 Sagittal view of the normal spinal cord using a high-
resolution linear probe in wide-angle format. 

(From van Zalen-Sprock, 19976; Moore, 20122.)

TABLE 16-1 Embryology and the Skeleton

Gestational 
Age in 
Menstrual 
Weeks CRL (mm) Skeleton Limb

Visible on 
Ultrasound

Defect 
Caused Insult

6th 3–4 Mesenchyme Limb buds 
appear

AER forms

Amelia Teratogen
Vascular event

7th 5–9 Mesenchyme Hand and foot 
plates develop

Meromelia Teratogen
Vascular event

8th 10–15 Cartilage Digital rays 
develop

Meromelia
Syndactyly

Teratogen
Vascular event

9th 16–23 Ossification 
begins

Clavicle, 
mandible and 
maxilla ossify

Mandible, 
clavicle

Syndactyly

10th 24–32 Digits distinct
Long bones ossify

Maxilla, humerus, 
radius, ulna, 
femur, tibia, 
fibula, occipital 
bone

11th 33–42 Basic fetal 
template 
complete; 
endochondral 
ossification 
begins

Terminal 
phalanges, 
ilium, scapula, 
ribs

12th 43–54 Vertebrae, hand 
phalanges, 
metacarpals,

13th 55–68 Metatarsals, 
cranial vault

CRL: crown rump length from ultrasound examination; AER: apical ectodermal ridge; 6th week = 5+1 – 6+0 weeks.
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FIGURE16-2 Normal views of the leg. (A) Femur; (B) tibia and fibula; 
(C) foot. 

A
B

C

The normal scan is described further in Chapters 
1 and 3.

Pitfalls may arise from ignoring an observation if 
it is not recognized or understood, thereby ‘editing 
out’ the abnormality. For example a straight femur 
may appear angulated scanned from some angles but 
the converse is not possible, i.e. the observation of 

a bent/angulated femur is a true one. An angulated 
femur is an important observation as, even if of 
normal length, it may indicate a skeletal dysplasia 
such as campomelia, a syndrome with skeletal mani-
festations such as Meckel–Gruber syndrome or an 
isolated abnormality such as proximal femoral focal 
deficiency (PFFD).
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FIGURE 16-4 The normal arm in: (A) flexion; (B) extension. 

A B

BA

C FIGURE 16-3 Normal views of the arm. 
(A) Humerus; (B) radius and ulna; (C) hand. 
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Evaluation of the Fetus with Abnormal 
Skeletal Findings
In a tertiary centre a comprehensive assessment is to 
be expected7,8 starting with observation of the posture 
and movement of the fetus together with estimation 
of the liquor volume. The sonologist should be alert 
to any sign of fixed flexion or extension as these can 
indicate a muscular problem as in arthrogryposis or 
an abnormality of the brain. Any hydrops or nuchal 
thickening should be noted.

Evaluation of the appendicular skeleton com-
mences with:

1. Full biometric measurements of the long bones 
and the plantar length of the foot.

2. All four limbs must be individually examined 
and symmetry checked.

3. The shape, or modelling, of the long bones is 
important particularly in cases of abnormal 
length.
• Abnormal modelling might include 

metaphyseal flaring, diaphyseal irregularity or 
breakage and abnormal bone density (Figure 
16-5 A–C).

4. The structure and movement of hands and feet 
should be examined. Flexion and extension of 
the fingers should be observed during the scan 
and the thumb noted to be in a different plane 
to that of the fingers (Figure 16-3C).

The axial skeleton (skull, spine, ribs, sternum, 
pelvic and shoulder girdles) must be included in the 
survey:

1. The skull shape, thickness and ossification is 
assessed. Its appearance is often a clue to a skel-
etal abnormality (Figure 16-6 A–C). If consid-
ered to be thin or underossified, slight 
compression with the probe with resultant 
deformation of the vault acts as a confirmatory 
finding, as does undue clarity of the brain, par-
ticularly in the near field.

2. The face and profile should be examined.
3. The spine will demonstrate ossification of the 

vertebral bodies and a smooth curve to the spine 
in the sagittal view.
• The normal spinal curves are modified in cases 

of segmentation abnormality and in some 
skeletal dysplasias (e.g. achondroplasia).

FIGURE 16-5 Changes in the femur in skeletal dysplasias. (A) Chon-
drodysplasia punctata. (B) Thanatophoric dysplasia. (C) Osteogene-
sis imperfecta 2a. (B and C, Courtesy of Dr Anne Marie Coady.)

FL
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B

C
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• Platyspondyly is recognized as a feature of 
some dysplasias and is clearly evident on 
postnatal radiographs (Figure 16-7C). It has 
poor predictive value as an observation on 
prenatal ultrasound, particularly if in isolation, 
due to its subjectivity (compare Figure 16-1 
and Figure 16-7A & B).

4. The shoulder girdle can be seen and the meas-
urement of the scapulae and clavicles assessed 
against nomograms.

5. The assessment of the pelvis includes the sym-
physis pubis and the order of ossification of the 
bones of the pelvis, verification of the presence 
of the sacral segments of the spine and evalua-
tion of the hip joints.

Finally, the thoracic cage is examined:
1. Using a split-screen image, without change in 

image magnification, it is useful to perform a 
comparison of the cross-sectional areas of the 
thorax and abdomen to indicate thoracic 
hypoplasia.

2. A full-length sagittal view demonstrates marked 
protuberance of the abdomen providing a sharp 
angle at the level of the diaphragm anteriorly in 
thoracic hypoplasia (Figure 16-8).

These two observations work well in practice 
and can be augmented by objective measurements 
of thoracic circumference or cross-sectional area. This 
should be followed by an evaluation of rib length; 
ribs that encompass less than 60% of the thoracic 
perimeter are considered short (Figure 16-9). Normal 
ribs are smooth in contour and abnormalities of 
either ossification or segmentation are well appreci-
ated when viewed obliquely/tangentially. This view 
allows recognition of rib fusion and fractures (Figure 
16-10 A–C).

ROLE OF 3D/4D US IN SKELETAL ASSESSMENT
3D and 4D ultrasound have several different modes of 
display including multiplanar, tomographic, surface 
rendering and transparent mode, offering flexibility in 
how the image data are presented. Workers claim  
an increase over 2D US in diagnostic information  
of 75.6%9 in cases of limb anomalies and in skeletal 
dysplasias.8,10 The described advantages being 
improved visualization of the facial phenotype, ability 

A

B

vent

FIGURE 16-6 Changes in appearance of the skull and brain in skeletal 
dysplasias. (A) Thanatophoric dysplasia. (B) Osteogenesis imper-
fecta 2a. (C) Achondrogenesis. (A and B, Courtesy of Dr Anne Marie 
Coady.)

C
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FIGURE 16-7 Sagittal views of the spine in platyspondyly. 
(A) Thanatophoric dysplasia. (B) Achondroplasia. (C) X-ray of thanat-
ophoric dysplasia. (B, Courtesy of Dr Anne Marie Coady.)
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FIGURE 16-8 Sagittal view of a fetus with short rib polydactyly 
showing thoracic hypoplasia. 

FIGURE 16-9 Normal 4-chamber view of the heart showing normal-
length ribs. 

to evaluate the epiphyses and metaphyses, better 
appreciation of the relative proportions of the limb 
segments, and the relative proportions between the 
trunk and limbs. Three-dimensional ultrasound can 
be helpful in giving a good pictorial representation of 
a limb reduction abnormality and 4D ultrasound in 
the assessment of contractures and movement disor-
ders. It has a valuable role to play in helping parents 
to understand the appearance of a limb abnormality. 
This advantage can also be used in a subsequent preg-
nancy to reassure parents of normality given the visual 
impact obtained.10
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FIGURE 16-10 Oblique views of the ribs in skeletal dysplasias. 
(A) Osteogenesis imperfecta 2a. (B) Short rib polydactyly. (C) Bifid 
rib (arrow) associated with vertebral abnormality. 
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ROLE OF 3D CT IN SKELETAL ASSESSMENT
The potential for 3D CT is now being explored with 
the ability to render the fetal skeleton in 3D, stripped 
of the surrounding maternal bones and soft tissues 
and of the fetal soft tissues. Workers report improved 
sensitivity over ultrasound alone11,12 citing improved 
visualization of the skull bones and their ossification, 
the vertebrae and intervertebral spaces and their rela-
tive proportions, the ribs and the pelvic bones. It 
remains a tool that is complementary to ultrasound 
not least due to the radiation dose (3.12 mGy) and the 
need to review and post-process the 350–500 images 
taken for each case. Published series are of fetuses 
examined in the third trimester (earliest case: 26 
weeks’ gestation) which is late to achieve a diagnosis 
when in the clinical setting a diagnosis or prognostic 
group is generally sought during the second trimester.

ROLE OF IN UTERO MAGNETIC RESONANCE 
IMAGING (iuMRI) IN SKELETAL ASSESSMENT
The strengths of iuMRI are that it is multi-planar, 
displays good soft tissue contrast and it involves no 
radiation, but is generally inferior to both US and CT 
in the assessment of bones.12 Reports indicate that 
iuMRI has yielded additional information in 48% of 
cases with anomalies of the upper extremities.13 IuMRI 
is good at detecting associated brain anomalies such 
as the temporal lobe abnormality seen in thanato-
phoric dysplasia, and for the assessment of lung 
volume, the spine for dysraphism and the complex 
pelvic abnormalities seen in caudal regression.14 
Whilst MRI provides information about the fetal skel-
etal system and other body systems, its exact impact 
on prenatal management and choices has not been 
comprehensively quantified. Currently, its use is deter-
mined by local availability and whether there is local 
knowledge in the interpretation of the significance of 
the iuMRI observations of the fetal skeleton. Its role is 
discussed further in Chapter 21.

The Short Femur
A short femur is defined as one that lies below the 5th 
centile or more than three standard deviations (SD) 
from the mean for gestational age (GA). Published 
reviews of the outcome following the finding of an 
isolated short femur15–17 indicate that growth restriction 
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agement plan for delivery and neonatal care is neces-
sary because of anticipated neonatal morbidity.

This section offers a method of assessment of 
the fetus with a short femur which puts the fetus 
in a group that directs further investigations, coun-
selling of the parents and management decisions, 
without necessarily having a definite diagnosis before 
delivery.

In cases where there is isolated short femur, uterine 
artery Doppler assessment is important, given the link 
with growth restriction. In addition, serial scans are 
required to establish a growth curve, as a proportion 
of these will subsequently prove to be normal. Fetuses 
with a short femur can be classified into three groups 
based on the ultrasound findings. In each category 
there are both lethal and non-lethal conditions, which 
are tabulated in Table 16-2.

Group 1 – Isolated Short Femur with  
No Other Abnormalities
This is the group at risk of growth restriction: uterine 
artery Doppler should be performed at initial assess-
ment and ultrasound surveillance should be insti-
tuted15,17 to establish growth curves for the biometric 
measurements. This group is at risk of aneuploidy but, 
given the introduction of widespread first-trimester 
screening and of improved sensitivity of ultrasound, 
the decision regarding amniocentesis will depend on 
local practice. Other diagnoses in this group include 
proximal focal femoral deficiency (PFFD) and impor-
tantly, a normal outcome.

Group 2 – Short Femur Plus  
Non-Skeletal Abnormalities
This group is at risk of aneuploidy and amniocentesis 
should be considered. The most common chromo-
somal anomalies are trisomy 18 and triploidy.15 If 
euploid, this is the group most likely to have a 
genetic syndrome with a skeletal component. The 
prognosis within this group is variable with some 
diagnoses being compatible with a normal lifespan 
whilst others are lethal or associated with neurocog-
nitive delay.

Examples of this group are Ellis–van Creveld syn-
drome, short rib polydactyly syndrome type 2, thanato-
phoric dysplasia and chondrodysplasia punctata.

is the main significant clinical risk for this group (OR 
2.6–3.0 for small for gestational age and 2.6–2.9 for 
low birthweight). There was no clear link between an 
isolated short femur and aneuploidy in a population 
pre-screened with nuchal translucency.15

The final diagnosis for fetuses found to have a 
short femur in association with other anomalies 
(complex) is more varied15 with two-thirds due to a 
skeletal dysplasia, aneuploidy or genetic syndrome 
and one-third with multiple abnormalities for which 
no final diagnosis was reached. The prognosis for this 
latter group was poor with no normal survivors in 
this series.

Ultrasound is reliable at predicting lethality using 
an FL : AC (abdominal circumference) ratio <0.16 and 
TC (thoracic circumference) : AC ratio <0.6 as indica-
tors of lethality with accuracies of 96.8%,7 99%18 and 
100%.19,20 In truth, it is usually a combination of gross 
and more subtle ultrasound findings that provide this 
high sensitivity rather than any single ultrasound 
observation or measurement. Conversely, correct pre-
diction of the skeletal abnormality being non-lethal is 
achieved in 90%.18 The correct specific diagnosis is 
achieved in 65.8–79.3%18–20 of cases, with highest 
correct prediction for thanatophoric dysplasia (88%) 
and osteogenesis imperfecta type 2 (89%).18

In an analysis of 1500 cases of suspected skeletal 
dysplasia referred to the International Skeletal Dyspla-
sia Registry (ISDR),21 83% were confirmed as a skeletal 
dysplasia, most commonly:

• osteogenesis imperfecta type 2 (20%);
• thanatophoric dysplasia (11%);
• achondrogenesis type 2 (8.2%);
• campomelic dysplasia (3.6%).
A further 12% had a genetic syndrome and in 5% 

no abnormality was confirmed, but it is likely that 
some of these cases had growth restriction.

ULTRASOUND ASSESSMENT OF THE FETUS  
WITH A SHORT FEMUR
The aim of the ultrasound scan is first to identify those 
fetuses with an abnormality that is lethal or life-
limiting or associated with significant morbidity: in 
these cases termination may be offered. Second is to 
identify those fetuses for which surveillance during 
the pregnancy is required, for example those at risk of 
growth restriction, and those cases for whom a man-
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pregnancy can be discussed. It is never possible to be 
completely certain of the degree of disability in a sur-
vivor due to inherent variations in phenotypic expres-
sion. This element of doubt must be carefully explained 
to, and accepted by, the parents.

Features common to all conditions in this group 
are profound micromelia with long bone lengths 
falling more than three standard deviations below the 
mean for gestation, and a small thorax.

The ‘Big Four’ diagnoses18,21 account for some 
40–50% of prenatally detected skeletal dysplasias:

1. Osteogenesis imperfecta type 2.
2. Thanatophoric dysplasia.
3. Achondrogenesis.
4. Campomelic dysplasia.

OSTEOGENESIS IMPERFECTA
General Description – Incidence
This is a condition characterized by bone fragility and 
increased susceptibility to fractures and is caused by 
gene defects relating to collagen and cartilage synthe-
sis. It has an incidence of between 1 in 10,000 to 
20,000 births. Initially classified by Sillence in 1979 
into four types this has been extended during the last 

TABLE 16-2 The Short Femur – Diagnoses Categorized by Scan Findings

Group 1
Isolated Short Femur (SF)

Group 2
SF Plus Non-Skeletal

Group 3
SF Plus Skeletal

Non-lethal
or
variable

Growth restriction
Normal

Ellis–van Creveld syndrome
Jarcho–Levin syndrome
Chondrodysplasia punctata

Osteogenesis imperfecta 1, 3
HeZ achondroplasia
Jeune’s ATD
Hypophosphatasia (AD)
Cleidocranial dysplasia

Non-lethal
or variable

Proximal focal femoral 
deficiency (PFFD)

Femoral facial syndrome (FFS) Proximal focal femoral 
deficiency (PFFD)

Femur–fibula–ulna complex 
(FFUC)

*Lethal Thanatophoric dysplasia (TD)
Achondrogenesis
SRPS 2
Meckel–Gruber syndrome

Osteogenesis imperfecta 2
Campomelic dysplasia
Jeune’s ATD
HoZ achondroplasia
SRPS 1, 3 & 4
Hypophosphatasia (AR)

*Lethal Trisomies 13, 18
Triploidy

Trisomies 13, 18
Triploidy

*Death likely in utero or within the first year of life with associated serious morbidity. AD: autosomal dominant; AR: 
autosomal recessive; ATD: asphyxiating thoracic dystrophy; HeZ: heterozygous; HoZ: homozygous; SRPS: short rib 
polydactyly syndrome.

Group 3 – Short Femur Plus Other Skeletal 
Abnormalities; May Also Have Non-Skeletal 
Abnormalities
This is the group with short femora plus abnormality 
of the other long bones; frequently there will be abnor-
mality of modelling and of ossification. It is likely that 
these fetuses will have abnormalities of the hands, feet 
and ribs (possibly a small thoracic circumference). 
These are fetuses at the highest risk of having a skeletal 
dysplasia. If the skeletal abnormalities are clearly 
evident at 20 weeks and the biometric measurements 
for the long bones lie well below the 5th centile, it is 
likely that the fetus has a lethal skeletal dysplasia. 
Examples of lethal skeletal dysplasias are osteogenesis 
imperfecta type 2a and the short rib polydactyly syn-
dromes. An example of a non-lethal skeletal dysplasia 
is heterozygous achondroplasia.

The ‘Lethal’ Skeletal Dysplasias
Included in this group are conditions where death is 
the likely outcome within the first year of life or where 
the condition is associated with serious disability, 
mental and/or physical, such that termination of the 
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hemisphere of the brain not normally seen (Figure 
16-6 B; Figure 16-11 A–D). The findings are essen-
tially symmetric.

Osteogenesis imperfecta type 1 is often normal on 
second-trimester scanning with few random asymmet-
ric long bone fractures developing later in the 
pregnancy.

Osteogenesis imperfecta types 3 and 4 are charac-
terized by multiple asymmetric long bone fractures 
evident on second-trimester scanning with lower 
limbs more frequently affected than upper.

Diagnostic Tests In Utero
Molecular genetics can now offer testing on CVS 
samples or amniocytes, a process that is facilitated if 
the gene defect is known from the index case in a 
family. Greater than 95% of affected individuals have 
a defect that can be identified on direct genomic analy-
sis of known OI genes, the majority (90%) are hetero-
zygous for variants in the COL1A1 and COL1A2 
genes.23

decade as our understanding of the genetic basis  
of the conditions has increased.22 In prenatal diagnosis 
the aim remains to differentiate the lethal type 2 from 
the non-lethal types 1, 3 and 4. With experience it 
should be possible to further differentiate those cases 
for whom the condition is likely to lead to significant 
and progressive deformity and morbidity. This is based 
on the GA at onset and on number and distribution 
of the fractures seen in the context of any known 
family history and genetic analysis.

Ultrasound Findings (Table 16-3)
Osteogenesis imperfecta (OI) type 2 is one of the most 
commonly diagnosed osteochondrodysplasias in 
utero. On both first- and second-trimester scans, the 
limb bones are very short, lying well below the fifth 
centile, broadened and irregular due to the numerous 
fractures. No normal long bone is seen on the scan. 
The ribs are irregular due to multiple fractures and the 
skull vault under-ossified to the extent that it is com-
pressible and allows very clear imaging of the near 

TABLE 16-3 US Features of Osteogenesis Imperfecta

Type Inheritance Gene Defect US Features Prognosis

OI type 1 AD COL1A1
COL1A2

Isolated fractures of long bones Non-lethal
Mildest form of OI
Hearing impairment in 40–60%

OI type 2 AD, AR COL1A1
COL1A2
CRTAP
LEPRE1
PPIB

Very short crumpled long bones
Rib fractures
Poorly or non-ossified calvarium
Platyspondyly

Lethal from respiratory insufficiency 
and cardiorespiratory failure:
60% within 24 hours
80% within 1 month
100% within 12 months

OI type 3 AD, AR COL1A1
COL1A2
CRTAP
LEPRE1
PPIB
FKBP10
SERPINH1

Multiple long bone fractures, 
asymmetric in distribution with 
little or no reduction in length

Some lethal as neonates
Majority survive with progressive 

deformity
Severe scoliosis
Thoracic deformity
Limb deformity LL≫UL
Short stature
Use wheelchair
Hearing impairment

OI type 4 AD, AR COL1A1
COL1A2
CRTAP
FKBP10

Indistinguishable from type 3 
antenatally

As type 3

(From Monti 201023.)

OI: osteogenesis imperfecta; AD: autosomal dominant; AR: autosomal recessive; US ultrasound; UL: upper limb;  
LL: lower limb.
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FIGURE 16-11 Osteogenesis imperfecta 2a. (A) Arm. (B) Fractured ribs, 
transverse view. (C) Fractured ribs, oblique view. (D) Postmortem X-ray. 
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Prognosis23

• Type 2 is lethal with the majority of cases dying 
within 24 hours of delivery.

• Type 1 is compatible with a near-normal existence, 
with hearing loss a significant development long- 
term.

• Type 3 is progressively disabling with most 
cases being wheelchair-bound. Life expectancy is 
reduced due to respiratory complications 
resulting from the severe kyphoscoliosis and 
thoracic deformity.

A review24 of mode of delivery and neonatal 
outcome in cases of prenatally detected osteogenesis 
imperfecta showed that Caesarian section did not 
decrease fracture rates at birth in infants with non-
lethal forms and did not prolong survival for those 
with the lethal form.

Recurrence Risk and Screening Strategy
This is extremely complex and the input of radiolo-
gists, paediatricians, clinical and molecular geneticists 
and laboratory personnel is required for individual 
assessment, classification and sound screening strat-
egy, combining ultrasound and DNA testing in any 
subsequent pregnancy.

THANATOPHORIC DYSPLASIA
General Description – Incidence
Thanatophoric dysplasia (TD) is a lethal form of short-
limbed dwarfism caused by abnormal mutations of 
the Fibroblast Growth Receptor 3 (FGFR3) gene 
located on the short arm of chromosome 4. It is auto-
somal dominant and is among the three most common 
types of lethal skeletal dysplasias having an incidence 
of 0.2–0.5 : 10,000 births. There are two types, type 
1 and type 2, distinguished by the more severe skeletal 
manifestations of type 1 and the invariable cloverleaf 
skull abnormalities in type 2. Both types have skeletal 
and temporal lobe abnormalities25,26 that permit pre-
natal diagnosis with ultrasound, augmented by iuMRI, 
with confirmation by DNA testing.

Ultrasound Findings
Type 1 TD

• Profound micromelia with characteristic bowing 
(‘telephone receiver’) of the long bones, especially 

the femora, with metaphyseal flaring (Figure 
16-5 B; Figure 16-12 A–D).

• The hands are stubby with short fingers.
• The ribs are very short with resultant thoracic 

hypoplasia leading to a protuberant abdomen.
• There is platyspondyly (Figure 16-7A).
• The skull may be of abnormal cloverleaf shape 

with underlying megalencephaly of the temporal 
lobes with abnormal and deep transverse sulci 
detectable on both US and MRI (Figure 16-6A).

• Polyhydramnios is frequent.
Additional findings, evident on X-ray but not 

readily observed on prenatal US, are small pelvic 
bones, flat acetabular roofs, and facial abnormalities: 
frontal bossing, prominent eyes and a depressed nasal 
ridge.

Type 2 TD
• A lesser degree of micromelia and does not show 

the characteristic curved deformity of the long 
bones.

• Hypoplasia of the thorax and shortening of the 
ribs.

• Fetuses invariably have the cloverleaf skull 
deformity and temporal lobe abnormality.

Diagnostic Tests In Utero
DNA testing is possible in the first trimester to identify 
the abnormal mutations of FGFR3. Reports27 suggest 
potential for non-invasive testing using cell free fetal 
DNA (cffDNA) which, if shown to be consistently 
accurate and to be freely available, would obviate the 
need for post-termination investigations including 
radiology and permit first-trimester termination using 
surgical techniques.

Prognosis
Both types of TD are lethal due to pulmonary hypo-
plasia either in utero or the neonatal period.

Recurrence Risk and Screening Strategy
This is an autosomal dominant condition arising from 
a new mutation and has no increased risk of recur-
rence in a subsequent pregnancy. The condition is, 
however, amenable to first-trimester diagnosis either 
with US or with DNA testing, depending on parental 
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FIGURE 16-12 Thanatophoric dysplasia. (A) Tibia and fibula. (B) Short ribs. 
(C) Postmortem X-ray. (D) Femur. (B, Courtesy of Dr Anne Marie Coady.)
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Ultrasound Findings
This is usually a first-trimester detection18 due to 
the principal ultrasound findings of pseudohydrops, 
with increased NT and generalized integumentary 
oedema, profound micromelia (Figure 16-13 A–C) 
and under-ossification of the fetal spine and skull 
(Figure 16-6 C). Type I has the more severe micro-
melia and rib fractures, the latter are absent in 
type II.

Diagnostic Tests In Utero
Chorionic villus sampling may be offered for DNA 
analysis, but given the clear sonographic features this 
is mainly for confirming the diagnosis and histologic 
samples can be obtained from the abortus should ter-
mination be the parental choice.

preference, should reassurance be sought in a subse-
quent pregnancy.

ACHONDROGENESIS
General Description – Incidence
Achondrogenesis has an incidence of 0.25 : 10,000 
births. There are three forms, types IA, IB and II, 
distinguished by the greater severity of limb shorten-
ing and the presence of rib fractures in type I. Type 
I occurs due to abnormalities on chromosomes 14 
and 5 for types IA and IB respectively, and both are 
autosomal recessive. Type II occurs due to an abnor-
mality of the type II collagen gene (COL2A1) on 
chromosome 12 and is autosomal dominant. Type 
II is the type most commonly encountered in clinical 
practice.

A

FL

B

FIGURE 16-13 Achondrogenesis. (A) Generalized hydrops and profound hypomineralization of the skull. (B) Profound micromelia. 
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SPINE

C

FIGURE 16-13, cont’d (C) Sagittal spine in type II achondrogenesis showing profound hypomineralization of the spine. (Courtesy of Dr Anne 
Marie Coady.)

Prognosis
Both types are lethal due to pulmonary hypoplasia.

Recurrence Risk and Screening Strategy
Both forms of this condition should be detected during 
the first trimester due to the profound hallmark 
changes described above. There is also the possibility 
of prenatal invasive diagnosis using DNA from chori-
onic villus biopsy. The more common type II, being 
autosomal dominant, has no increased risk of recur-
rence whereas the autosomal recessive type I has a 1 
in 4 risk of recurrence.

CAMPOMELIC DYSPLASIA
General Description – Incidence
Campomelic dysplasia has an incidence of 1 in 
200,000 births. Inheritance is autosomal dominant 
with the majority of cases arising from de novo muta-
tion in the SOX9 gene located on chromosome 17q.

Ultrasound Findings
Principal US findings in the second trimester18 are:

• A skeletal dysplasia that affects the lower limbs 
with relative sparing of the upper limbs.

• The long bones are short with mid-diaphyseal 
angulation (Figure 16-14 A,B).

• The fibula is profoundly short or absent and the 
feet are clubbed.

• The thorax is bell-shaped, the scapulae very 
small and there are eleven pairs of ribs.

• The pelvis is abnormal with hypoplastic iliac 
bones.

• There is a link with sex reversal with ambiguous 
genitalia or female phenotype seen in cases with 
a male karyotype.

Diagnostic Tests In Utero
Three-quarters of the cases with a male karyotype 
have complete or partial sex reversal and discordance 
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FIGURE 16-14 (A) Ultrasound of femoral campomelia and femoral 
shortening. (B) Postmortem X-ray of a fetus with campomelic dys-
plasia. (A, Courtesy of Dr Anne Marie Coady.)

A

B

is revealed following karyotyping.28 Molecular analysis 
of the SOX9 gene using chorionic villi, amniocytes or 
blood samples is available pre- or postnatally.29

Prognosis
It is considered lethal with the majority dying within 
the first month of life due to respiratory difficulties 

that occur secondary to tracheomalacia. There is a 
sub-set (5–10%) that do survive28,30 but with difficul-
ties and a variable prognosis. It is postulated that this 
may occur as a result of mosaicism of the SOX9 gene 
or rearrangement of chromosome 17q without associ-
ated disruption of the SOX9 gene.

Recurrence Risk and Screening Strategy
Genomic DNA analysis may be done on the parents 
and invasive testing offered in a subsequent pregnancy 
if one parent tests positive. Inheritance is usually spo-
radic autosomal dominant and therefore there is no 
increased risk in a subsequent pregnancy.

A first-trimester dating scan is important to estab-
lish gestational age followed by a further scan at 
16 weeks’ gestation to establish a growth curve for 
all the long bones. The routine second-trimester scan 
should then be performed to complete the anatomi-
cal survey and to evaluate growth, contributing 
further data to the growth curve. With this strategy 
it should be possible to exclude recurrence by 20–22 
weeks’ gestation.

The Short Rib Dysplasias
The second largest group, after the Big Four above, is 
the short rib dysplasias that include the short rib poly-
dactyly syndromes (SRPS), Jeune’s asphyxiating tho-
racic dystrophy (ATD) and Ellis–van Creveld (EvC)  
syndrome (Table 16-4).

These conditions are autosomal recessive in inher-
itance and in many the responsible genetic mutation 
has been localized. Chromosomes 3 (SRPS, ATD), 4 
(EvC) and 11 (SRPS, ATD) have so far been docu-
mented as the loci.

SHORT RIB POLYDACTYLY SYNDROMES
General Description – Incidence
The short rib polydactyly syndromes (SRPS) are clas-
sified into four types, all rare and all lethal. All are 
autosomal recessive in inheritance. They are Saldino–
Noonan (type 1), Majewski (type 2), Verma–Naumoff 
(type 3) and Beemer–Langer (type 4), distinguished 
one from the other on radiological and genetic 
characteristics.
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Ultrasound Findings
All four types have:

• micromelia;
• short ribs (Figure 16-10 B);
• a protuberant abdomen (Figure 16-8);
• polydactyly (Figure 16-15 A,B);
• visceral involvement can include cystic kidneys, 

brain anomalies, facial clefts (types 1, 2 and 4) 
and genital anomalies.

Differentiation into the four types usually relies on 
the phenotype at delivery or termination and exami-
nation of radiographs supported by DNA analysis.

See Table 16-5 for other fetal conditions associated 
with polydactyly.

Diagnostic Tests In Utero
Prenatal genetic testing for SRPS genes can be offered 
in those cases where the individual gene mutation in 
the family has been mapped. 3D ultrasound can be 
helpful in identifying the limb, hand and facial 
abnormalities.

Prognosis
All four types are considered lethal due to the pulmo-
nary hypoplasia.

Recurrence Risk and Screening Strategy
There is a 1 in 4 risk of recurrence as these are all 
autosomal recessive conditions. Ultrasound screening 
should be offered in the first trimester with serial  
scans as these conditions present early in gestation 
with micromelia and short ribs. The hands should be 

TABLE 16-4 Skeletal Dysplasias with Short Ribs

Condition with Short Ribs Additional Features on Scan Outcome

Thanatophoric dysplasia Bowed femora, protuberant abdomen, temporal 
lobe brain anomalies, cloverleaf skull

Lethal

Jeune’s ATD Brachydactyly ± polydactyly
Premature ossification of the PFE (65%)

Lethal and non-lethal

SRPS Polydactyly Lethal
Achondrogenesis Pseudohydrops, poor ossification of spine Lethal
Hypophosphatasia Absent ossification of spine and skull Lethal
Ellis–Van Creveld 

syndrome
Cardiac 60%, polydactyly Non-lethal

ATD: asphyxiating thoracic dystrophy.
PFE: proximal femoral epiphysis.

FIGURE 16-15 Short rib polydactyly syndrome. (A) Polydactyly of 
the hand. (B) Polydactyly of the foot. (Courtesy of Dr Anne Marie Coady.)
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Diagnostic Tests In Utero
Prenatal genetic testing for the affected genes can be 
offered in those cases where the individual gene muta-
tion in the family has been mapped.

Prognosis
In the lethal and severe forms, death occurs from 
pulmonary hypoplasia either in the neonatal period or 
within the first two years of life. In the non-lethal 
forms, prognosis depends on the degree of visceral 
involvement.32 Longitudinal studies indicate a 30% 
involvement of the liver and kidneys with ~40% of 
those with renal involvement developing renal failure. 
The majority of deaths in the survivors over 3 years 
of age are due to renal complications. Approximately 
15% develop retinitis pigmentosa. There is no correla-
tion between the severity of the skeletal abnormalities 
and that of the visceral complications.

Recurrence Risk and Screening Strategy
All types of Jeune’s asphyxiating thoracic dystrophy 
are autosomal recessive with a 1 in 4 risk of recur-
rence. The phenotype is variable, even within the 
same family, and therefore giving an accurate progno-
sis can be challenging.

ELLIS–VAN CREVELD SYNDROME
General Description – Incidence
Ellis–van Creveld syndrome is a rare autosomal reces-
sive dysplasia of variable phenotype associated with 
short ribs, post-axial (extra digit on the ulnar side of 
the hand) polydactyly, short stature, cardiac defects 
(60%), and dysplastic fingernails and teeth (Figure 
16-17).33 An affected individual is of normal intelli-
gence. The mutation is on the short arm of chromo-
some 4 and there are two mutations recognized, EvC 
genes 1 and 2.

Ultrasound Findings
There is shortening of the long bones, often well below 
the 5th centile by the early second trimester, evident 
at the routine second-trimester scan (Figure 16-17B).

Features that help distinguish this diagnosis from 
others in the short rib dysplasia group are post-axial 
polydactyly of the upper and less frequently the lower 
limbs, and 60% have a cardiac defect, most commonly 

examined carefully for evidence of polydactyly, and 
the face for clefts.

JEUNE’S ASPHYXIATING THORACIC DYSTROPHY
General Description – Incidence
This is an autosomal recessive skeletal dysplasia char-
acterized by short ribs, narrow thorax and micromelia 
with brachydactyly and occasionally polydactyly. The 
prognosis is variable ranging from lethal through to 
milder forms in cases that survive with significant 
morbidity.31 In addition to skeletal abnormality there 
are visceral abnormalities evident after birth and into 
infancy affecting the liver, kidneys and retina.32

Ultrasound Findings
It is the skeletal and not the visceral abnormalities that 
are amenable to prenatal ultrasound detection.
Second-trimester ultrasound reveals:

• micromelia;
• short ribs (Figure 16-16 A,B);
• narrow thorax (Figure 16-8);
• brachydactyly;
• the proximal femoral epiphysis is prematurely 

ossified in ~65% of cases by term.
First-trimester diagnosis has been achieved in fami-

lies known to be at risk.31

TABLE 16-5 Fetal Disorders with 
Polydactyly

Disorders with 
Polydactyly

Additional Features 
on Scan Outcome

Isolated None Normal
Trisomy 13 Microcephaly, brain 

abnormality, 
cardiac, NTD

Lethal

Jeune’s ATD Short ribs, short 
limbs, premature 
ossification of 
the PFE (65%)

Lethal and 
non-lethal

SRPS Short limbs Lethal
Meckel–Gruber Cystic kidneys, 

encephalocoele
Lethal

Ellis–van Creveld Short limbs, short 
ribs

Non-lethal

ATD: asphyxiating thoracic dystrophy; PFE: proximal 
femoral epiphysis; NTD: neural tube defect; SRPS:  
short rib polydactyly syndrome. 
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FIGURE 16-16 Jeune’s asphyxiating thoracic dystrophy. (A) Short 
ribs. (B) Postmortem baby with Jeune’s ATD. 

A
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FIGURE 16-17 Ellis–van Creveld syndrome. (A) Postmortem X-ray. 
(B) Tibia and fibula. 

an abnormality of the atrial septum. The head circum-
ference is normal.

Diagnostic Tests In Utero
Prenatal genetic testing is possible only if the defect in 
the family has already been mapped, for example 
using DNA from an affected child. Prenatal genetic 
testing for EvC genes 1 and 2 can be offered in these 
cases.33

Prognosis
This is a condition with a variable expression and 
hence a variable prognosis. Death in the neonatal 
period or in infancy may occur (loss rate of 50%) 
due to cardiac complications and pulmonary insuf-
ficiency. If the child survives infancy life expectancy 
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weeks’ gestation and this is therefore not a diagnosis 
amenable to second-trimester diagnosis or to exclu-
sion by a normal second-trimester scan.34 Presentation 
with polyhydramnios in later pregnancy provides an 
opportunity to detect this anomaly.

Ultrasound Findings
The homozygous form presents early and is evident 
on both first- and second-trimester scans with micro-
melia, short ribs and thoracic hypoplasia. The diagno-
sis is self-evident given that both parents will have the 
heterozygous form of achondroplasia unless the con-
dition, as is possible but less likely (0.002%), occurs 
from a combination of a new mutation and an inher-
ited dominant gene.

• In the heterozygous form the shortening of the 
long bones is rhizomelic in distribution with 
subtle but specific modelling deformity of the 
proximal femur.35,36

• Approximately one third of the fetuses with the 
heterozygous form will show mid-diaphyseal 
bowing of the femur (Figure 16-18 A).37

• There is reversal of the normal lumbar lordosis 
on a midline sagittal view of the spine.

• The fetal profile shows frontal bossing and the 
fingers are short giving a so-called ‘trident 
appearance’ (Figure 16-18 B,C).

• The head circumference may be enlarged in the 
absence of ventricular enlargement.

• Polyhydramnios is not infrequently the initial 
reason for referral in the third trimester (Figure 
16-18 B).

Diagnostic Tests In Utero
DNA studies are possible for all types allowing prena-
tal molecular diagnosis.

Prognosis
The homozygous form is lethal.

SADDAN is associated with developmental delay in 
addition to the problems that occur due to the skeletal 
dysplasia.

The majority of cases have the heterozygous form. 
Parents may expect normal lifespan and intelligence 
for their child. The usual adult height for an individual 
with achondroplasia is 1.2 metres. Some 5–10% of 

is normal but not without morbidity. This includes 
cardiac and pulmonary difficulties, dental problems 
and spinal stenosis. Cognitive and motor development 
are normal.33

Recurrence Risk and Screening Strategy
This is an autosomal recessive condition with a 1 in 4 
risk of recurrence. With knowledge of the genetic 
make-up of the index case, DNA testing on CVS or 
amniocentesis may screen subsequent pregnancies. If 
invasive testing is declined, ultrasound becomes the 
mainstay of prenatal diagnosis with a dating scan to 
establish gestational age from which serial measure-
ments of the long bones allow the establishment of a 
growth curve. The hands and heart should be closely 
examined for evidence of polydactyly and structural 
cardiac defects.

Other Skeletal Dysplasias and  
Genetic Syndromes
With the exception of achondroplasia, which in its 
heterozygous form is one of the more commonly 
encountered conditions in this group, there are other 
more rare skeletal dysplasias and genetic syndromes 
that present prenatally with skeletal or femoral 
abnormality.

ACHONDROPLASIA
General Description – Incidence
Achondroplasia is an autosomal dominant condition 
and has three main forms. The lethal homozygous 
form, the non-lethal heterozygous form and the third 
in which the achondroplasia is severe and is associated 
with developmental delay and acanthosis nigricans 
(SADDAN). All types are in the same family of skeletal 
dysplasias as thanatophoric dysplasia and hypochon-
droplasia and develop due to mutations of the FGFR3 
gene on chromosome 4. The incidence of achondro-
plasia is 5–15 : 100,000 births.

Prenatal diagnosis of the homozygous form can be 
made in the early second trimester.

The more common heterozygous form is frequently 
unrecognized until birth, as the second-trimester 
screening ultrasound is often normal. The growth 
profile of the long bones is normal until about 25 
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FIGURE 16-18 Achondroplasia. (A) Subtle mid-diaphyseal bowing of 
the femur. (B) The fetal facial profile shows frontal bossing, with poly-
hydramnios (arrow). (A, B Courtesy of Dr Anne Marie Coady.) (C) The 
fingers are short and the appearance is likened to a trident.
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individuals with achondroplasia will develop serious 
problems in infancy. These include sudden infant 
death due to central apnoea (2–5% risk), hydrocepha-
lus that most commonly develops in the first two years 
of life, instability of the cranio-cervical junction 
(important during general anaesthesia), restrictive 
pulmonary disease, thoracolumbar kyphosis and 
spinal canal stenosis.

Recurrence Risk and Screening Strategy
The majority (80%) of cases occur due to a de novo 
mutation thus there should be no increased risk of an 
affected pregnancy to parents of normal stature. If one 
of the parents has heterozygous achondroplasia then 
there is a 50% chance of an affected child. Where both 
parents are heterozygous there is a 25% chance of 
producing either a homozygote or a child of normal 
height and a 50% chance of a heterozygote child.

Screening in a subsequent pregnancy may be by 
ultrasound and/or DNA analysis. A reasonable screen-
ing strategy requires that baseline measurements of 
long bones, abdominal and head circumferences be 
taken in both first and second trimesters and a growth 
chart established for each parameter. The femur length 
crosses centiles in the early second trimester in 
homozygous cases and the mid-second trimester in 
heterozygous cases.34 Further scans should be per-
formed at 25 weeks’ gestation and at intervals there-
after to see if there is a fall-off in growth. Ultrasound 
should also look for the ‘softer’ signs described above.

DIASTROPHIC DYSPLASIA
This skeletal dysplasia in common with achondrogen-
esis and atelosteogenesis type 238 results from a sul-
phation disorder.

It is an autosomal recessive condition characterized 
by:

• micromelia evident at second-trimester scan;
• hitchhiker thumbs;
• ulnar deviation of the hands;
• clubfeet;
• variable micrognathia.
The prognosis is poor with significant mortality 

in the neonatal and infant period from respiratory 
problems. Survivors have long-term morbidity arising 
from kyphoscoliosis, spinal cord compression and 

contractures. There is no association with cognitive 
impairment. Prenatal molecular diagnosis is possible 
from CVS or amniocytes. There is a 1 in 4 risk of 
recurrence.

CHONDRODYSPLASIA PUNCTATA
This is a group of conditions characterized by abnor-
mal and early ossification of cartilage most commonly 
in the long bone epiphyses and in a paravertebral 
location. This abnormal ossification is seen on scan as 
echogenic areas of punctate calcification within carti-
lage (epiphyses) or soft tissues (paravertebral) that, if 
large enough, cast an acoustic shadow (Figure 16-5 A 
and Figure 16-19). They may be suspected when there 
is difficulty in measuring the long bone (due to irregu-
larity of the junction of the metaphysis with epiphysis) 
or in clearly seeing the spine.

There are several types classified according to phe-
notype, inheritance pattern and underlying cause 
(warfarin embryopathy) or gene defect.

These main features are tabulated (Table 16-6) with 
their prognoses. All have rhizomelic shortening of the 
long bones, epiphyseal stippling and mid-face hypo-
plasia. These conditions are vanishingly rare and 
assistance from clinical geneticists and radiologists 
with the diagnosis and prognosis is paramount.

CLEIDOCRANIAL DYSPLASIA
Cleidocranial dysplasia (CCD) is a condition that has 
been diagnosed prenatally following recognition of:

• underdeveloped clavicles;
• poor ossification of the skull vault;
• short long bones in the third trimester.
In the neonate and infant, dental and hand abnor-

malities may also become evident. Cognition is normal 
as is expected lifespan. Following diagnosis of the 
condition in the fetus the same condition has been 
subsequently recognized and newly diagnosed in the 
mother.39

CCD is an autosomal dominant condition with 
phenotypic variation within the same family. A large 
proportion of cases have a heterozygous mutation in 
the RUNX2 gene located on chromosome 6p21. Pre-
natal diagnosis is possible with invasive testing when 
the gene mutation has been mapped within the family 
from the index case. The diagnosis should be consid-
ered in cases presenting with late-onset short femur.
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HYPOPHOSPHATASIA
Hypophophatasia (HPP) is a metabolic disorder with 
two forms that may be seen on prenatal scans: the AR 
lethal perinatal form and the AD benign prenatal form.

Lethal AR HPP is recognized in utero with pro-
found micromelia and absent ossification of the verte-
bral column and also the skull vault. These changes 
are evident during the first trimester.40 The diagnosis 
may be confirmed by assay of alkaline phosphatase on 
chorionic villus samples. Tissue from the fetus is 
important to confirm the diagnosis and to characterize 
the mutation for screening purposes in future preg-
nancies as there is a 1 in 4 risk of recurrence.

Reports have appeared in the literature of a form of 
HPP recognized in utero with defective mineralization 
and short bowed long bones that improve during the 
pregnancy and into the neonatal and infant period.41 
It is suggested that this ‘benign’ type has autosomal 
dominant transmission and one case is seen for every 
ten of the AR type.41 Prognosis is not well understood 
for this form but it is known not to be lethal.

JARCHO–LEVIN SYNDROME –  
SPONDYLOTHORACIC DYSOSTOSIS
Jarcho–Levin syndrome42 is now more commonly 
called spondylothoracic dysostosis. It is an autosomal 
recessive condition with a high incidence in the Puerto 
Rican population. It is characterized by multiple seg-
mentation defects of the spine, affecting at least 10 
contiguous segments, with associated fan-like rib 
anomalies (Figure 16-20). The result is a thoracic cage 
deformity and consequent respiratory difficulties in 
the neonatal period and infancy, with a mortality rate 
of ~50%. There is an association with inguinal hernia 
(90%) that has been documented in utero.

MECKEL–GRUBER SYNDROME
Meckel–Gruber syndrome43 is a lethal autosomal 
recessive condition characterized by the triad of occip-
ital encephalocoele, cystic kidneys and polydactyly. 
The cystic renal disease results in non-functioning 
kidneys and oligohydramnios that can make recogni-
tion of the polydactyly with US a challenge. There is 
a sub-group that has long bone abnormalities, most 
commonly a bent, slightly short femur. It is therefore 
a diagnosis to consider following the identification of 
mid-diaphyseal angulation of the femur. The condi-
tion has a 1 in 4 risk of recurrence.

Limb Reduction Defects
Limb reduction defects (LRD) occur at the rate of 6–8 
in 10,000 births (1 in 1700 births)44,45 The classifica-
tion of these defects is complex, being broadly 
described as:

• distal or proximal;
• longitudinal or transverse;
• limb affected including laterality.
Population studies indicate a male predominance 

of 2 : 1 and indicate that the upper limb is affected 

FIGURE 16-19 Chondrodysplasia punctata. Postmortem X-ray 
showing abnormal ossification of the epiphyses of the long bones 
and in a paravertebral location. 
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TABLE 16-6 Chondrodysplasia Punctata

Name Inheritance Features Prognosis

Brachytelephalangic
(CDPX1)

XLR Males, hypoplastic phalanges
Normal psychomotor development

Variable

Conradi–Hünermann
(CDPX2)

XLD 90% female, cataracts (20%), 
ichthyosis (30%), scoliosis (100%)

Normal life expectancy

Rhizomelic types 1–3
(RCDP)

AR Cataracts (70%), ichthyosis (30%), 
contractures (50%)

Reduced life expectancy: 
60% survival at 1 year, 
40% at 2 years, <10% 
at 10 years, profound 
neurodevelopmental 
delay, seizures

Warfarin embryopathy Exposure to warfarin 
during weeks 6–12 
of pregnancy

Fetal brain haemorrhage Determined by extent of 
brain damage

CDP: chondrodysplasia punctata; XLR: X-linked recessive; XLD: X-linked dominant; AR: autosomal recessive.

twice as frequently as the lower. A family history of a 
similar defect is elicited in 6.5%. There is a strong link 
(50–60%)45 with defects in other body systems, most 
commonly cardiac, genitourinary and central nervous 
systems, and with both genetic syndromes (23%) and 
aneuploidy (6%), most commonly trisomy 18.45  
Detailed analysis of over 1 million births in British 
Columbia44 has shown that longitudinal defects of the 
radius have an 89% association with other defects 
compared to 28% of transverse defects of the same 
long bone.

Prognosis depends on the extent of the defect and 
on the number and severity of any associated anoma-
lies. Analysis of live births44 with LRD shows a mortal-
ity rate of 12.9% in the first year of life mainly due to 
the presence of co-existing anomalies.

The more frequently encountered abnormalities are 
those affecting the femur and the radius and will be 
discussed in more detail here.

LOWER LIMB
Unilateral or bilateral shortening of the femur is 
observed in three principle conditions:

• proximal focal femoral deficiency (PFFD);
• femoral facial syndrome (FFS);
• femur–fibula–ulna syndrome (FFUS);

with or without additional abnormalities.

PFFD (Proximal Focal Femoral Deficiency)
PFFD is abnormal development of the proximal 
portion of the femur46,47 often with ipsilateral anoma-
lies of the hip joint resulting in shortening of the limb 
(Figure 16-21). It may be unilateral or bilateral and 
30–60% of cases have other bony abnormalities, 
including absence of the fibula and talipes. The condi-
tion is of varying degree and is classified clinically as 
described by Amstutz in 1969.48 Treatment is complex 
and necessarily individualized with morbidity depend-
ing on functionality of the hip, knee and ankle  
joints and the limb length discrepancy. There is no 

FIGURE 16-20 Postmortem X-ray of fetus with Jarcho–Levin 
syndrome. 
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and heterotopias. 3D-US imaging can be helpful in 
detecting the facial anomalies and iuMRI for brain 
imaging. There is a strong link with maternal diabetes 
mellitus. Prognosis will depend on the type of anoma-
lies in each case.

UPPER LIMB – RADIAL RAY ANOMALIES51–53

Underdevelopment or absence of the radius produces 
mirror underdevelopment of the radial aspect of the 
hand and results in a club hand and hypoplasia or 
aplasia of the thumb (Figure 16-22 A–C).

This may be seen in isolation or in association with 
other anomalies or syndromes including:

• VACTERL constellation;
• Holt–Oram syndrome;
• Fanconi anaemia/syndrome;
• thrombocytopenia absent radius syndrome 

(TAR);
• Trisomy 18.
Prognosis and recurrence risk depends on the final 

diagnosis and is covered further in Table 16-7.

PHOCOMELIA
This is a descriptive term rather than a diagnosis 
per se and describes defective development of the 
arms and/or legs so that the hands and feet are 
attached close to the body, resembling the flippers 
of a seal. Phocomelia when found on scan is  
often sporadic but should prompt consideration of 

association with chromosomal abnormality and chil-
dren are of normal intelligence. The aetiology is uncer-
tain with maternal diabetes mellitus and focal 
ischaemia between 8–12 weeks’ gestation implicated.

FFUS (Femur–Fibula–Ulna Syndrome)49

This is a rare, mostly sporadic limb deficiency syn-
drome of unknown aetiology consisting of a combina-
tion of femur and fibula defects with malformations 
of the ulnar side of the upper limb. This is not a lethal 
defect and most cases seen are sporadic with a negli-
gible recurrence risk.

The upper limbs are more often affected than the 
lower limbs and the lower limb deficiency may be 
located on the contralateral side of the upper limb 
defect.

The right side upper limb is preferentially involved 
and males are slightly more often affected than 
females.

The absence of associated malformations of the 
internal organs on histopathological examination is a 
key feature in the differential diagnosis.

FFS (Femoral Facial Syndrome)50

Also known as femoral hypoplasia unusual facies  
syndrome. This condition combines femoral shorten-
ing with facial features of micrognathia, cleft palate,  
long philtrum, thin upper lip and, in some cases,  
CNS anomalies including callosal dysgenesis 

FIGURE 16-21 Shortening of the upper 
femur in PFFD. (Courtesy of Dr Anne Marie 
Coady.)
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FIGURE 16-22 Radial aplasia. (A) With normal forearm for comparison. (B) Abnormal hand. (C) X-ray of a baby with radial aplasia. (B, Courtesy 
of Dr Anne Marie Coady.)
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TABLE 16-7 Abnormalities of the Upper Limbs

Condition (Inheritance) Upper Limb Deformity Also Look for Prognosis

Fanconi anaemia
(AR)

71% abnormal thumb, 
forearm

Scoliosis
Renal – horseshoe, absent 

34%
Growth restriction, LBW

Progressive bone marrow 
failure in first decade of 
life, increased cancer risk 
esp. AML

Holt–Oram syndrome
(AD)

Bilateral asymmetric
Thumb hypoplastic, 

same plane as hand

Cardiac defects, ASD (34%) 
VSD (25%)

Good, depends on nature of 
cardiac defect

Thrombocytopaenia 
absent radius (TAR)

(AR?, AD?)

Bilateral radial aplasia 
with thumbs present 
but hypoplastic

Lower limb anomalies (47%)
Cardiac defects (22–33%) 

ASD, TofF

Thrombocytopaenia in >90% 
by 4 months age

Internal bleeding
Cow’s milk intolerance

VACTERL Radial ray anomaly Vertebral defects
Cardiac defects
Renal anomalies
Gut atresia

Depends on anomalies 
present in each case

(From Tischkowitz 200351; Newbury-Ecob 199652; Greenhalgh 200253.)

AD: autosomal dominant; TofF: tetralogy of Fallot; AR: autosomal recessive; AML: acute myeloid leukaemia; ASD: atrial 
septal defect; LBW: low birth weight; VSD: ventral septal defect.

teratogenic (e.g. anti-convulsants, misoprostol)4 and 
syndromal causes (Roberts–SC phocomelia). Roberts 
syndrome and SC phocomelia are considered a single 
genetic entity, with a wide phenotypic variation com-
prising craniofacial anomalies, tetraphocomelia and 
pre- and post natal growth restriction. There is a 
high neonatal loss rate and if the infant survives 
there is invariably mental retardation.

Abnormalities of the Hands and Feet
There are many structural abnormalities of the hands 
and feet that may be found on prenatal scan (Figure 
16-23 A–C). Prognosis depends not only on the defect 
itself but the presence or absence of associated 
anomalies.

These uncommon abnormalities include: polydac-
tyly, syndactyly and ectrodactyly.

Polydactyly
The extra digits in polydactyly may be pre- (radial) or 
post-axial (ulnar) with the latter being more common. 
Polydactyly is associated with aneuploidy and syn-
dromes, of which some are listed in Table 16-5 and 
Table 16-8.54 Isolated polydactyly carries a good 
prognosis.

Syndactyly
This is a condition where two or more digits are fused 
together and may involve the bone as well as the soft 
tissues (Figure 16-24 A and B). It occurs in triploidy, 
where there is characteristic 2 to 3 syndactyly, and in 
genetic conditions including Apert, Poland and Fraser 
syndromes.

Ectrodactyly
This describes an abnormality of the hand and/or foot 
with a longitudinal split most commonly due to an 
absent third digit. It is also known as a lobster claw 
deformity. It has an incidence of 1 : 90,000 births,55 
and may be isolated (usually autosomal dominant and 
familial) or complex in the syndromal form (autosomal 
recessive) (Figure 16-23 C). One of the more frequent 
associations is with EEC syndrome (Ectrodactyly Ecto-
dermal dysplasia Cleft lip palate) so careful review of 
the facial features and a search for any associated long 
bone anomalies (e.g. tibial aplasia) is important. EEC 
is associated with developmental delay.

Abnormalities of Posture and Movement
The hallmark of these conditions is the adoption and 
persistence of abnormal posture throughout the 
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FIGURE 16-23 (A) Absent feet. (B) Rudimentary digits only. (C) Ectrodactyly of the feet. (A and C, Courtesy of Dr Anne Marie Coady.)
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TABLE 16-8 Abnormalities of the Hands and Feet

Syndromes Aneuploidies Aneuploidies Other

Polydactyly Meckel–Gruber Trisomy 13 Valproate
Ellis–van Creveld Trisomy 2p
Short rib polydactyly
Oro–facial–digital
Bardet–Beidl
Smith–Lemli–Opitz

Syndactyly Apert Triploidy
Fraser Trisomy 18
Poland

Ectrodactyly EEC syndrome Familial dominant

ultrasound scan. The mild forms affect the joints of 
the extremities whilst the severe forms involve all 
muscle groups and joints centrally as well as peripher-
ally. In general the earlier in pregnancy that the obser-
vation is made and the more joints and/or limbs 

affected, the more serious is the prognosis, with many 
of the generalized types being lethal.

The aetiology of these conditions is varied  
with neurogenic, myopathic, hypoxic/ischaemic and 
teratogenic causes cited. As both prognosis and 
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FIGURE 16-24 Syndactyly. (A) Fingers 3 and 4; (B) syndactyly of the 
feet 2/3. (B, Courtesy of Dr Anne Marie Coady.)
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to 1 in 12,000 births and the prenatal detection rate 
is in the region of 65–70%. Pena–Shokeir syndrome 
and the lethal type of MPS are autosomal recessive 
with a recurrence risk of 25%.

These conditions are characterized by fixed 
unchanging postural deformity of the limbs with 
joints in flexion or extension (Figure 16-25 A–D).

Secondary findings occur due to the reduced move-
ment and can include:

• nuchal oedema;
• hydrops;
• small gastric bubble (reduced swallowing);
• polyhydramnios;
• reduced muscle bulk.
Careful sonographic review is essential to look for 

associated structural anomalies especially those related 
to the CNS; polymicrogyria and structural anomalies 
have been documented.56 Some workers have found 
3D ultrasound useful in elucidating the postural 
deformities and iuMRI is helpful in the assessment of 
the brain. These are important to detect as their pres-
ence influences both prognosis, diagnosis and recur-
rence risk.

A review of EUROCAT data57 showed a high peri-
natal mortality rate (32%) of cases classified as AMC 
with an additional termination rate of 26% and fetal 
death rate of 7%. A Canadian study58 gave an overall 
mortality rate of 45%. When detected in the first tri-
mester these cases represent the most severe end of 
the spectrum and can be considered lethal commonly 
due to pulmonary hypoplasia.

Following delivery or termination it is essential to 
obtain clinical geneticist opinion, radiographs and 
postmortem examination if applicable in order to 
reach a final diagnosis. Only then can accurate coun-
selling be given regarding likelihood of recurrence in 
a subsequent pregnancy and inform the best screening 
strategy.

FOCAL ABNORMALITIES OF POSTURE  
AND MOVEMENT
Congenital Talipes Equinovarus (CTEV, Clubfoot)
CTEV59–61 is one of the most commonly encountered 
abnormalities on prenatal ultrasound with an inci-
dence of 1–3 per 1000 births59,61 (Figure 16-26). The 
majority of cases (77%)59 are detected before birth with 
false-negatives more likely in isolated cases. There is 

recurrence risk are linked to the underlying aetiology, 
it is important to work closely with a clinical geneticist 
both during and after the pregnancy in order to 
achieve an accurate final diagnosis and hence be able 
to counsel affected families appropriately.

GENERALIZED ABNORMALITIES OF  
POSTURE AND MOVEMENT
The Arthrogryposes
The fetal akinesia deformation sequence (FADS) is an 
umbrella term covering over 100 conditions including 
multiple pterygium syndrome (MPS), athrogryposis 
multiplex congenita (AMC) and Pena–Shokeir syn-
drome. The reported incidence ranges from 1 in 3000 
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counselling, it is important to remember that some 
13–19% of apparently isolated cases will be found to 
have other abnormalities after birth that will adversely 
affect prognosis. The likelihood of poor outcome 
(including neurodevelopmental delay) was increased 
in bilateral (OR 3.44) and in complex (OR 150) cases61 
with only 10% of complex cases having a normal 
outcome. This is in contrast to a normal outcome in 
94% of isolated cases.

Pregnancy Management
Once CTEV has been identified on scan it is important 
to determine whether it is bilateral or unilateral, 
complex or isolated.

a slight male preponderance, particularly in isolated 
CTEV. It is more commonly bilateral (57–62%) than 
unilateral (38–43%).59–61 There is an almost equal like-
lihood of CTEV being isolated (48–51%) or complex 
(49–52%) but pre- and postnatal follow-up of cohorts 
indicate a conversion rate to complex of 13–19%. 
Complex CTEV is recognized as being associated with 
aneuploidy (23–31%)59,61 but in isolated CTEV the risk 
of aneuploidy is variously reported from zero60 to 7%;59 
multiple studies give a pooled risk of 1.7%.60 The 
commonest chromosomal aberrations are trisomy 18 
and sex chromosome anomalies.

Prognosis is adversely influenced by abnormal 
karyotype, bilaterality and complexity. When 

FIGURE 16-25 Arthrogryposis cases. (A) Fixed flexion of leg; (B) fixed 
extension of the leg; (C) fixed extension of the arm; (D) postmortem 
image of fetus with arthrogryposis. 
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Amniocentesis should be offered in complex cases 
and considered in bilateral isolated cases. Serial scans 
in cases with CETV have demonstrated that there is 
reclassification to the complex group during preg-
nancy (10–20%) which is important for counselling 
given the difference in prognosis.

The risk of recurrence depends on the underlying 
aetiology. If there is a family history of CTEV in one 
parent the recurrence risk is 3–4% and it is 30% in a 
subsequent pregnancy if both parents are affected.
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Introduction
Congenital anomalies of the gastrointestinal tract, 
(including those of the anterior abdominal wall) 
account for approximately 15% of congenital abnor-
malities detected by routine prenatal ultrasound.

The prenatal detection rates from routine ‘screening 
ultrasound’ either in the first trimester (usually 
between 11 to 13+6 weeks) or in the second trimester 
(18 to 22 weeks), are dependent upon the type of 
congenital anomaly as well as factors such as fetal 
position and maternal body mass index. Congenital 
anterior abdominal wall anomalies are more likely to 
be detected early in the first trimester of pregnancy or 
in association with an elevated maternal serum 
α-fetoprotein (second-trimester quadruple screening 
for aneuploidy). However, fetal gastrointestinal mal-
formations are diverse and conditions such as bowel 
atresia may not be apparent on ultrasound until the 
late second or third trimesters as part of the investiga-
tion of polyhydramnios.

Normal Appearances of the Anterior 
Abdominal Wall
Embryologically, the anterior abdominal wall forms 
from the fusion of four ecto-mesodermic folds 
(cephalic, caudal and two lateral). During the 6th to 
7th week of embryonic development, the flat embry-
onic disk folds in four directions, each converging 
at the site of the umbilicus, obliterating the extra-
embryonic coelom. The lateral folds form the lateral 
portions of the abdominal wall and the cephalic  
and caudal folds make up the epigastrium and 
hypogastrium. During the 8th week of development 
the abdominal cavity is temporarily too small to 
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accommodate all of its contents, resulting in protru-
sion of the small bowel into the base of the umbilical 
cord as the ‘physiologic midgut herniation’.

After this gestational age, it is possible to demon-
strate the integrity of the fetal abdominal wall outlined 
by amniotic fluid on 2D prenatal ultrasound. Trans-
verse sections (TS) should demonstrate not only the 
insertion of the umbilical cord but also the urinary 
bladder within the fetal pelvis (Figure 17-1). This 
lower abdominal portion can be obscured if the fetal 
legs are flexed and a midline sagittal section may allow 
improved imaging.

Normal Variants, Pitfalls and Artefacts
The features of the physiological midgut herniation 
(Figure 17-2) are as follows:

• Present in embryos between 8 weeks 3 days and 
10 weeks 4 days.

• The midgut herniation is small (6–8 mm) and 
echogenic, never more than 8 mm in transverse 
measurement.

FIGURE 17-1 TS and LS (arrows) of the anterior abdominal wall demonstrating the normal cord insertion. 

FIGURE 17-2 The sonographic features of the ‘physiological midgut 
herniation’. 

• The bowel returns to the abdominal cavity by 
the time of a fetal crown rump length (CRL) 
measurement of 45 mm.

The ultrasound appearances of herniated bowel 
through the umbilical cord ring is abnormal after 12 
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elevated maternal serum α-fetoprotein on second-
trimester serum aneuploidy screening. Improvements 
in first-trimester combined screening with an associ-
ated anomaly ultrasound examination, facilitate detec-
tion of this anomaly in the first trimester.

An exomphalos may be differentiated from other 
fetal anterior abdominal wall defects by noting the 
presence of the peritoneal membrane/covering sac  
and the insertion of the umbilical cord into the 
membrane.

weeks gestational age. Difficulties in assessing the 
abdominal wall can occur if the fetus is lying adjacent 
to the maternal uterine wall or placenta. Major diffi-
culties arise when there is significant oligohydramnios/
anhydramnios in which distortion of the anterior 
abdominal wall mimics a defect, the so-called ‘pseudo-
exomphalos’ of oligohydramnios.

Congenital Anterior Abdominal  
Wall Anomalies
EXOMPHALOS
The incidence of exomphalos (omphalocoele) is 1 in 
4000 to 1 in 7000 live births, but 1 in 300 to 1 in 
4000 pregnancies.1 Exomphalos is more commonly 
associated with increasing maternal age.

An exomphalos is a herniation of intra-abdominal 
viscera through an open umbilical ring into the base 
of the umbilical cord. This pathological herniation is 
covered by a clear, three-layered membrane of perito-
neum, Wharton’s jelly and amnion. This covering dis-
tinguishes it from an umbilical hernia which is skin 
covered (and rarely noted in utero) and gastroschisis. 
The herniation may be small (containing only Meckel’s 
diverticulum) or large and although it most commonly 
contains bowel, it may contain any of the abdominal 
fetal organs. Small bowel-only omphalocoeles account 
for 10% to 20% and liver will be present in 80%.2

Sonographic Findings
1. A mass of varying size and echogenicity depend-

ing on the organs affected and the volume of 
tissue herniated (bowel is usually hyper-echoic, 
liver hypo-echoic) (Figures 17-3 and 17-4).

2. In the majority of cases the umbilical cord 
inserts directly into the membrane covering the 
defect, but variants with the cord insertion 
above and below have been reported and 
omphalocoeles may be subdivided into different 
types based on the location of the defect in rela-
tion to the insertion of the umbilical cord, i.e. 
epigastric or hypogastric.

Eighty percent of abdominal wall defects will be 
detected using prenatal ultrasound with only occa-
sional misdiagnosis as gastroschisis (5%).3 Classically, 
prenatal detection was prompted by the presence of 

FIGURE 17-3 TS of the abdomen demonstrating a small bowel-only 
exomphalos (arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 17-4 TS of the anterior abdominal wall demonstrating a 
large liver exomphalos. 
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A giant omphalocoele is a rare abdominal defect 
that usually wider than 5 cm in diameter, which is due 
to failure of abdominal wall closure in the region of 
the umbilical ring, and the entire liver usually pro-
trudes through the defect. It is believed to be due to 
an early teratogenic insult affecting the embryonic 
lateral folding at 6 weeks’ gestation. Because the  
defect has developed so early and is so big there is 

Diagnostic difficulties may arise when thickened 
loops of bowel in gastroschisis mimic a membrane 
covering, or in the rare scenario when the sac of the 
exomphalos has ruptured.

In approximately 40% of cases there will be an 
underlying chromosomal abnormality, usually auto-
somal trisomies (trisomy 13 or 18). The association is 
more prevalent with a small bowel-only exomphalos 
(67%) than with large liver-containing defects (16%) 
(Figure 17-5 A and B).4

Additional congenital structural abnormalities are 
visualized in up to 80% of cases once associated 
aneuploidy has been excluded. Cardiac defects are 
the most frequently reported anomaly (30% of cases) 
in association with omphalocoeles with normal karyo-
type. The ultrasound visualization of associated cord 
cysts or other fetal abnormalities will of course 
increase the chances of an underlying chromosomal 
abnormality.4

An exomphalos is a significant feature in many 
non-chromosomal syndromes and associations  
such as:

1. Beckwith–Wiedemann syndrome, which may 
occur in up to 10% of prenatal exomphalos 
cases. The additional features supporting this 
diagnosis are:
a. macrosomia;
b. big bright kidneys;
c. hepatomegaly;
d. macroglossia.

2. Cloacal exstrophy (see below).
3. Pentalogy of Cantrell (see below).
4. Meckel–Gruber syndrome. The additional fea-

tures supporting this diagnosis are:
a. encephalocoele and/or Dandy–Walker 

malformation;
b. enlarged echogenic kidneys;
c. polydactyly;
d. cleft lip.

The prenatal management of fetal exomphalos 
requires:

1. Accurate diagnosis.
2. Exclusion of other structural abnormalities.
3. Offering prenatal karyotype.
4. Offering detection of Beckwith-Weidemann. 

This requires an amniotic fluid sample for DNA 
analysis.

FIGURE 17-5 This fetus with a midline cleft (arrow at the premaxil-
lary protrusion) had a small bowel-only exomphalos. Trisomy 13 was 
confirmed. 

A

B
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• size of the anterior abdominal wall defect;
• gestational age of delivery;
• presence of other associated anomalies.
At birth parenteral fluid replacement is commenced 

and a large nasogastric tube passed. Early surgical 
review is mandatory and timing and type of surgery 
is individualized. Where the defect is small, a primary 
closure can take place with excision or inversion of 
the sac and closure of the fascia and skin.

In a large exomphalos with liver herniation, there 
is considerable loss of space in the developing peri-
toneal cavity; if primary replacement of organs is 
undertaken the increased intra-abdominal pressure 
will lead to significant respiratory compromise. In 
addition, giant exomphalos can be associated with a 
functional kyphosis which may further complicate 
neonatal resuscitation and be associated with cardio-
pulmonary difficulties. Primary closure in such cases 
may be difficult or even undesirable. There are now 
several techniques to aid primary closure using either 
abdominal flaps, tissue expanders or patches. Long-
term follow-up has shown that isolated cases with a 
small exomphalos do well with no long-term sequelae; 
however this may represent as few as 10% of cases 
initially diagnosed.7

The incidence of complications in those with 
larger defects is high, with morbidity due to gastro-
oesophageal reflux, pulmonary insufficiency, recurrent 
lung infections, obstructive airways disease and 
feeding difficulties. There is ‘failure to thrive’ in up 
to 60% of cases.7

Exomphalos is normally a sporadic condition, 
although there are some reported familial cases con-
sistent with inherited genetic disease (X-linked, reces-
sive and autosomal dominant pedigrees).

GASTROSCHISIS
Gastroschisis occurs in 1 : 2500 to 1 : 3000 live births. 
The condition is more common in women under the 
age of 20 years.8 Gastroschisis is thought to be due to 
an ischaemic event leading to interruption or abnor-
mal blood flow in the right umbilical vein or ompha-
lomesenteric artery after the physiological closure of 
the anterior abdominal wall. This results in gastro-
schisis, herniation of the small and occasionally large 
bowel (any structure may extrude including bladder, 

extra-abdominal development of the liver and small 
intestine as well as the stomach and spleen.5 As a result 
of herniation and extra-abdominal development of the 
liver, the liver vascular pedicle may be elongated and 
abnormal hepatic portal vessels may develop as a con-
sequence. There is a significant risk of hepatic throm-
bosis with any degree of liver rotation pre- or 
perinatally, in particular after visceral reduction.5

Pregnancy Management
Ongoing pregnancies should be regularly monitored 
by ultrasound to assess fetal biometry and to exclude 
the development of polyhydramnios and bowel 
dilatation.

Multidisciplinary consultation and counselling is 
mandatory. There is no advantage to pre-term delivery 
in these fetuses. In modern obstetric care, all but very 
small omphalocoeles are delivered by Caesarean 
section, usually at 39 weeks’ gestation. In an exom-
phalos containing liver, delivery by elective Caesarean 
section prevents the small risk of liver rupture (Figure 
17-6).6

Postnatal Management
Postnatal/neonatal care for these neonates is depend-
ent on the:

FIGURE 17-6 A neonate with an exomphalos prior to surgery. 
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up to 30% of cases9 and the visualization of intra-
abdominal and/or exteriorized bowel with a luminal 
diameter of greater than 17 mm on ultrasound scan is 
suspicious of this (Figure 17-8).

The survival rate of affected infants depends on the 
presence or absence of associated bowel abnormalities 
and if intestinal complications could be predicted 
antenatally, a better risk assessment and prognostic 
evaluation could be made.

Features which may have predictive significance:
• The degree of bowel dilatation and the degree 

of thickening of the wall of extruded bowel. 
Various attempts have been made to correlate 
these findings on prenatal ultrasound with 
outcome, but neither bowel wall thickening to 
>3 mm or bowel dilatation >20 mm are predic-
tive of bowel atresia obstruction or even of severe 
bowel dysmotility.9

• Polyhydramnios. The presence of polyhydram-
nios on the other hand, seems to predict an 
adverse neonatal outcome as polyhydramnios 
may indeed be a sign of severe bowel damage, 
due either to intestinal atresia and/or decreased 
or absent gut motility.

• Improving gastroschisis. Total atresia of the 
exteriorized loops can occur and one should 
always ‘beware the gastroschisis that appears to 
get better’. This appearance is associated with a 

uterus and ovaries) through an opening on the right 
side of a normally inserted umbilical cord (Figure 
17-7).

Epidemiological data have documented increasing 
prevalence of gastroschisis over recent years, the ‘gas-
troschisis epidemic’, with an observed association with 
use of tobacco and cocaine. In the UK the increase in 
incidence through all age groups (by 10 to 20-fold in 
the past two decades) has been a cause for concern.8

Prenatal diagnosis using ultrasound has a high 
sensitivity and specificity for detection, with direct 
visualization of fetal bowel lying free in the amniotic 
cavity.

Gastroschisis is an isolated defect in 95% of cases 
with a very low association with aneuploidy. The 
main problem is not the abdominal wall defect itself, 
but the associated bowel complications that occur 
because of the defect; complication rates of 26–30% 
have been reported. These bowel complications evolve 
over time and so the appearance of the bowel changes 
throughout gestation. In the late second and third 
trimesters, ultrasound imaging commonly demon-
strates an increase in bowel wall thickness, bowel 
shortening and luminal distension. The thickened 
bowel wall is thought to be due to exposure to fetal 
urine causing a ‘mild peritonitis’ as amniotic fluid 
contains increased concentrations of inflammatory 
cytokines.

Intestinal atresia or obstruction secondary to vol-
vulus and/or ischaemia at the hernial orifice occurs in 

FIGURE 17-8 TS of the abdomen showing multiple distended seg-
ments of exteriorized (line arrow) and internal bowel (block arrow), 
confirmed closed loop postnatally. 

FIGURE 17-7 TS of the abdomen of a 13-week fetus showing a 
gastroschisis (arrowhead) on the right of the cord insertion (arrow). 
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paediatric surgeons and the centre managing the 
neonate. The outcome of these neonates is largely 
dependent on the amount of intestinal damage that 
occurred in fetal life:

Up to 10% will have jejuna or ileal atresia which is 
also commonly associated with poor bowel perfusion 
and ischemia and the risk of bowel resection is 
increased.  In the short term there is associated abnor-
mal gut motility, which may be managed pharmaco-
logically but in some individuals parenteral feeding via 
a long line is required. There is recent evidence that 
primary closure of Gastroschisis is associated with 
better long term outcome than those where a ‘silo’ 
method is utilized. Parentral feeding is associated with 
an increased risk of long line sepsis and necrotising 
enterocolitis. In the long term these babies generally 
have an excellent prognosis with the majority achiev-
ing normal growth and development.  In a small 
number (<5% of cases) because of spontaneous or 
iatrogenic short bowel syndrome with hepatic, chole-
static complications of parenteral nutrition childhood 
combined small bowel hepatic transplant is 
necessary.7,18

very poor long-term prognosis, as it implies that 
ischaemia and torsion have produced avulsion of 
much of the exteriorized bowel loops with the 
result that short bowel syndrome postnatally is 
inevitable.10

A fetus with gastroschisis requires serial ultrasound 
surveillance for:

a. Fetal biometry.
b. Liquor volume assessment.
c. Doppler insonation of the umbilical artery 

waveform.
Twenty-five percent of cases will be associated with 

intrauterine growth restriction, which is inherently 
difficult to diagnose, as measurements of the fetal 
abdominal circumference are more technically diffi-
cult to obtain and may be smaller than expected. Many 
centres combine ultrasound assessment with non-
stressed cardiotocography (biophysical assessment) 
due to an increased association with unexplained 
intrauterine death and fetal distress in the third 
trimester.11

There is no advantage to delivering these babies by 
elective Caesarean section.12 However, because of the 
association with late unexplained fetal demise, elective 
induction of labour is often advised between 38–39 
weeks. In labour, there is also an increase in suspicious 
or pathological cardiotocographic changes in fetal 
heart rate that lead to expedited delivery and high 
rates of emergency Caesarean section. However, the 
association with intrapartum acidosis and hypoxemia 
is relatively low11 (Figure 17-9).

At birth the initial management is designed:
• to prevent intestinal distension with gastric 

decompression (by insertion of a large-bore 
nasogastric tube);

• to initiate parenteral fluid resuscitation;
• to protect the exteriorized small bowel by correct 

fetal positioning, the use of a plastic wrap to 
reduce evaporation and to aid temperature 
stability.

Surgical options include primary reduction with 
operative closure of the fascia, silo placement, serial 
reduction and delayed closure or primary or delayed 
reduction without fascial closure.

The choice of treatment is not only dependent on 
the size of the lesion, but also the experience of the 

FIGURE 17-9 Postnatal image of a baby with gastroschisis. 
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ECTOPIA CORDIS
This is a rare condition characterized by herniation of 
the heart though the chest wall defect (true ectopic 
cordis) or through a thoraco-abdominal wall defect14 
(Figure 17-11).

Ectopia cordis is diagnosed usually at first ultra-
sound examination when a pulsating heart is seen 
outside the chest cavity. This condition is likely to be 
fatal although few survivors have been reported and 
all ‘component defects’ are potentially amenable to 
repair.

Pentalogy of Cantrell is a variant of this syndrome 
defined by the association of five features:

1. Epigastric abdominal wall defect.
2. Defect in the lower sternum.
3. Diaphragmatic hernia.
4. Defect in the epicardium with displacement of 

the heart.
5. Intracardiac anomalies (most commonly ventral 

septal defect, atrial septal defect, or right-sided 
complex cardiac anomalies).

The syndrome is rare, complicating 1 in 200,000 
births.14 It is usually first suspected by the detection 
of an epigastric omphalocoele. Although the heart in 
this condition is positioned within the fetal chest, the 
apex is oriented vertically at the superior edge of the 
abdominal wall defect. In association with the five 
classic features of this syndrome there are also 

LIMB–BODY WALL COMPLEX/BODY  
STALK ANOMALY
This is one of the rarest and most severe abdominal 
wall defects occurring in 1 : 7500 fetuses.13 It is usually 
a sporadic condition thought to be due to early amnion 
rupture, vascular disruption early in embryonic life, 
or a germinal disc abnormality. The condition is seen 
more frequently in a younger age group and in cocaine 
abuse.

Prenatal diagnosis may be made early in the first 
trimester as the fetus often has multiple structural 
anomalies which may include (Figure 17-10):

1. A large anterior abdominal wall defect (abdomi-
noschisis) often affecting the left side.

2. Shortened umbilical cord.
3. Extensive lower spine neural tube defect.
4. Exencephaly/encephalocoele.
5. Cleft lip.
6. Numerous subtypes of limb anomalies.
Characteristically on ultrasound there is the appear-

ance of failure of fusion of the amnion and chorion 
with the amnion forming a continuous sheet between 
the anterior abdominal wall and placenta. The fetuses 
are cytogenically normal.

This condition is uniformly fatal either in utero or 
in the early neonatal period. There are anecdotal case 
reports of recurrence but in general such cases are 
thought to be sporadic.

FIGURE 17-10 Transvaginal scan demonstrating a huge abdomino-
schisis (block arrow) and the amniotic bands (line arrow). 

FIGURE 17-11 Transabdominal scan demonstrating a huge abdomi-
nal wall defect with ectopia cordis (block arrow), the cardiac apex 
extended into the defect. 
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Due to the complex nature of the condition, 
mothers should be managed at a tertiary centre. Post 
delivery these neonates require assessment by a multi-
disciplinary surgical team. With advances in paediatric 
surgery, overall survival rates are now quoted been 
80% and 100%; however the surgery required is 
extensive and long-term complication of faecal and 
urinary incontinence are common.

BLADDER EXSTROPHY
This is a rare sporadic condition seen in 1 in 10,000 
live births, more commonly in the male fetus, M : F 
ratio 2 : 1.16 As with cloacal exstrophy this condition 

commonly abnormalities of the spine, hands, head 
and face.

Knowledge of the outcomes of these pregnancies is 
limited due to the rare nature of the condition, but is 
thought to be determined mostly by the cardiac abnor-
malities. The newborn will need to be managed by a 
multidisciplinary surgical team. The condition is 
usually a sporadic one, but it has been suggested that 
there may be an X-linked inheritance.

CLOACAL EXSTROPHY
Cloacal exstrophy has an incidence of 1 in 300,000 
live births which is likely to be an underestimation as 
many affected fetuses die in utero. It is also known as 
the OEIS complex (omphalocoele, exstrophy, imper-
forate anus, spinal abnormalities).15

This is a sporadic condition thought to be a result 
of maldevelopment of the cloacal membrane that pre-
vents the normal migration of mesenchymal tissue. 
The cloacal membrane separates the coelomic cavity 
from the amniotic space in early development and 
depending on the timing of disruption of the mem-
brane, varying complex fetal abnormalities result.

Cloacal exstrophy has different sonographic appear-
ances in the first and second trimesters:

First trimester
• Cystic mass arising from the lower anterior 

abdomen (Figure 17-12).
Second trimester

Major criteria:
• low anterior abdominal wall defect with 

exomphalos;
• absence of the fetal bladder in the pelvis;
• lumbosacral meningocoele (70%);
• ± a persistent cloacal membrane (cystic 

structure) (Figure 17-13);
• low insertion of the cord;
• normal liquor volume;
• talipes, renal anomalies, ascites, single 

umbilical artery.
The main differential diagnosis includes:
1. Isolated bladder exstrophy, omphalocoele and 

gastroschisis.
2. Amniotic band syndrome (scoliosis, facial clef-

ting, limb defects).
3. Limb–body wall complex.

FIGURE 17-12 A large cystic mass (arrow) arising from the lower 
abdomen in this 14-week fetus. (Courtesy of Dr Anne Marie Coady.)

FIGURE 17-13 TS of the pelvis demonstrating an absent bladder 
(black arrow) and a small lumbosacral meningocoele (block arrow). 
(Courtesy of Dr Anne Marie Coady.)
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protect the upper urinary tract. Long-term achieve-
ment of continence appears to be around 70%.17

There is an increased risk of adenosarcoma of the 
bladder in these patients that is 400 times higher than 
the general population.16 There is also an increased 
risk of recurrence of 1 in 275 in siblings. In offspring 
of affected parents the risk may be as high as 1 in 70.18

Normal Intra-Abdominal Anatomy
On prenatal ultrasound scan the upper abdominal 
cavity is filled predominantly by the liver on the 
right side (Figure 17-16).

The liver is a uniform echodense structure contain-
ing a number of transonic structures:

1. Hepatic veins: predominantly the intrahepatic 
portion of the umbilical vein as it joins the 
portal vein.

2. Gall bladder.
The spleen is of similar density to the liver and 

visualized in the fetal left hypochondrium.
The fetal stomach is often visualized on ultrasound 

in the first trimester and should be easily visualized at 
20 weeks in the left of the abdomen below the dia-
phragm ipsilateral to the abdominal aorta. Due to 
gastric filling and emptying, it will be of variable size 
and overall size will vary with gestation.19 It may take 
repeated scanning over a couple of hours to visualize 
the fetal stomach. The importance attached to finding 
a small fetal stomach will depend on the liquor 
volume.

results from an abnormality of the cloacal membrane, 
but after the descent of the urorectal septum, produc-
ing bladder exstrophy rather than cloacal exstrophy.

This condition is diagnosed sonographically based 
on the following features:

1. Non-visualization of the fetal bladder in a fetus 
with normal liquor volume and normal kidneys 
(Figure 17-14). It is very important to realize 
that not all fluid-filled lesions in the pelvis rep-
resent the fetal bladder; a urachal cyst may be 
very misleading.

2. A mass on the anterior surface of the suprapubic 
region abdominal wall with umbilical arteries 
running along either side (Figure 17-15).

3. It may be possible to appreciate an abnormal 
widening of the iliac crest.

4. Genital abnormalities:
a. In the male fetus the penis is small and the 

scrotum is anteriorly displaced.
b. In the female fetus the there is a hemi-clitoris 

on either side of the bladder and there may 
be a vaginal orifice and uterine duplication, 
although ovaries and the fallopian tubes are 
usually normal.

This condition is not usually seen in association 
with other abnormalities or complications in the ante-
natal period. These fetuses do not benefit from deliv-
ery by Caesarean section.

The treatment for this condition is staged func-
tional reconstruction, with initial surgical intervention 
in the first few days of life to close the bladder and 

FIGURE 17-14 TS of the pelvis in a fetus with bladder exstrophy: 
absent bladder (line arrow) and low cord insertion (stepped arrow). 
(Courtesy of Dr Anne Marie Coady.)

FIGURE 17-15 LS of the lower abdomen in a fetus with bladder 
exstrophy demonstrating the mass on the anterior abdominal wall 
(block arrow) which is the exteriorized everted bladder. (Courtesy of 
Dr Anne Marie Coady.)
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The fetal kidneys are easily distinguished on pre-
natal ultrasound by their position within the posterior 
aspect of the upper abdomen and slightly echogenic 
cortex in comparison to the renal medulla and adja-
cent liver. The normal ureters are not routinely seen 
on ultrasound. The fetal adrenal glands can be seen in 
the second and third trimesters. The fetal bladder is 
of variable size and can be identified from the first 
trimester.

The small bowel is visible in most fetuses by 20 
weeks and in all cases thereafter.20 It has a slightly 

FIGURE 17-16 TS of the normal upper abdomen. UV, umbilical vein; 
UV1, first part of the umbilical vein. 

ADRENAL

AORTA

STOMACH
SPLEEN

UV

UV1

FIGURE 17-17 TS and LS of the normal 
small bowel in a 33-week fetus. 

echodense appearance in comparison to the liver. 
Normal small bowel has a luminal diameter of less 
than 6 mm. The large bowel is seen in all cases after 
25 weeks and can become echogenic. The luminal 
diameter increases with gestation measuring 5 mm at 
26 weeks’ gestation and increasing to 20 mm by term 
(Figure 17-17).

There is a nomogram for normal large bowel calibre 
with age. The large bowel may be distinguished from 
the small bowel by its position and the presence of 
haustrations.20

Abnormalities of the Fetal  
Intra-Abdominal Organs
LIVER
There are several anomalies in the liver that may be 
visualized using prenatal ultrasound:

• Hepatic hyperechogenicities.
• Simple cysts.
• Hepatic tumours.

Hepatic Hyperechogenicities
In approximately 1 in 2000 prenatal ultrasound scans 
single or multiple hepatic echogenic foci are seen; 
these are not usually calcified. It is very important to 
distinguish parenchymal hyperechogenicities from 
peritoneal calcification.21



462 17 Abdominal and Abdominal Wall Abnormalities

Hepatomegaly
To obtain a correct sonographic measurement of the 
fetal liver, begin by identifying the aorta in a longitudi-
nal plane. The transducer is then moved parallel to this 
plane until both the right hemidiaphragm and the tip 
of the right lobe of fetal liver are visualized. The fetal 
liver length is then measured from the right hemidia-
phragm to the inferior tip of the right lobe.22 A nomo-
gram exists for fetal liver length throughout gestation.

Fetal liver length has been used in the evaluation of 
fetal growth in cases with intrauterine growth restric-
tion (IUGR), gestational diabetes (GDM), or twin to 
twin transfusion syndrome, but more importantly in 
the assessment and monitoring of fetal anaemia.22

Causes of Fetal Liver Enlargement.
• Immune and non-immune hydrops.
• Congenital infection.
• Tumours (which will cause focal or global 

enlargement).
• Beckwith–Wiedemann syndrome.
• Zellweger (cerebrohepatorenal) syndrome.
• Myeloproliferative disorder such as that seen 

transiently in fetuses with trisomy 21.

GALL BLADDER ANOMALIES
• Choledochal cyst.
• Non-visualization of the fetal gall bladder:

• biliary atresia.

Aetiology of True Parenchymal Hyperechogenicities
1. Viral infections (in particular cytomegalovirus, 

toxoplasmosis or varicella) (Figure 17-18).
2. Related to hepatic masses.
3. Related to hepatic vessels (Figure 17-19).
4. Idiopathic.
If in-utero infection is excluded the ‘echogenic 

parenchymal foci’ are associated with a relatively good 
prognosis.

Hepatic Cysts
Ultrasound is very good at demonstrating single or 
multiple cystic structures in the liver. These cysts 
usually consist of cuboidal or columnar epithelium 
and are thought to arise from canalicular maldevelop-
ment. They are more commonly visualized on the left 
side (Figure 17-20).

The differential diagnosis of a unilocular cyst in the 
anatomical region of the fetal liver includes:

1. A choledochal cyst.
2. The fetal gall bladder and gall bladder 

duplication.
3. Duplication or mesenteric cysts.
4. Varix of the intra-abdominal portion of the 

umbilical vein (easily excluded with colour flow 
Doppler).

Fetal hepatic tumours are rare and usually arise 
from the mesenchymal tissue which forms the defini-
tive liver tissue; see also Chapter 20, Fetal Tumours.

FIGURE 17-18 TS of the fetal upper abdomen containing a single 
clump of calcification in the left lobe of the liver. 

Echogenic lesion

FIGURE 17-19 TS of the liver, the calcifation (black arrow) was 
related to the hepatic vessels. 
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Non-Visualization of the Fetal Gall Bladder
True prenatal non-visualization of the fetal gall bladder 
(PNVGB) during the second trimester is rare (1 : 9000). 
If the fetal gall bladder is not seen initially, a further 
prenatal scan in the third trimester or a postnatal scan 
will usually confirm its presence. PNVGB is NOT the 
same as biliary atresia!25

Isolated PNVGB has been reported in association 
with:

1. Cystic fibrosis (CF) but the risk is related to the 
a priori risk of the fetus having CF, i.e. the asso-
ciation is poor when there is no family history 
of CF and there are no additional findings such 
as echogenic bowel or meconium ileus.26

2. Chromosomal abnormalities, but this is very 
unusual if this is the only sonographic feature.

• Duplication of the gall bladder.
• Enlargement of the gall bladder.
• Gall stones.

Choledochal Cyst
Choledochal cyst is a rare congenital anomaly that 
occurs in approximately 1 in 100,000 to 1 in 150,000 
live births.23 It is more common in females (M : F 
1.5 : 3.5). The ultrasound diagnosis can be made in the 
second and third trimesters, but it has been reported 
as early as 15 weeks’ gestation. The condition is clas-
sified into five groups depending on the proportion of 
the biliary tree that is affected (described in Table 
17-1). The most common type I, seen in 85–90% of 
cases.24 This is the only type to be diagnosed antena-
tally and is a cystic dilatation of the extrahepatic bile 
ducts with normal intrahepatic ducts.

It is so important to get the diagnosis right and 
visualize the gall bladder itself, as early recognition 
allows postnatal evaluation and treatment. Unrecog-
nized biliary tract obstruction due to choledochal 
cysts or biliary atresia can result in significant morbid-
ity and mortality.

The characteristic finding is a simple anechoic cyst 
in the upper abdomen very close to the porta hepatis, 
the diagnosis being confirmed when a communication 
between the bile duct and the cyst can be visualized 
(Figure 17-21).

By far the most important anomaly to exclude post-
natally is biliary atresia since the Kasai procedure is 
more successful when performed early in life.

FIGURE 17-20 TS and LS images of a complex hepatic cyst present in the left lobe of the liver. (Courtesy of Dr Anne Marie Coady.)

BA

TABLE 17-1 Classification of 
Choledochal Cysts

Type Description

I Cystic dilatation of the extrahepatic bile 
ducts with normal intrahepatic ducts

II Cystic dilatation of the common bile duct
III Diverticulum of the distal common bile 

duct or choledochocoele
IV Cystic dilatation of extrahepatic and 

intrahepatic ducts
V (Caroli’s 

disease)
Cystic dilatation of the intrahepatic ducts 

with normal extrahepatic ducts
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The presence of gallstones as calcified foci in the 
gall bladder has been reported after 28 weeks. They 
are usually a coincidental finding although they have 
been associated with fetal anaemia, fetal cholestasis 
(usually associated with congenital heart disease in 
Alagille syndrome) and maternal drug use. The pres-
ence of fetal gall stones is not associated with any 
postnatal complications.21

Gall bladder duplication is a rare congenital 
anomaly in which there are two separate gall bladder 
cavities, each with a cystic duct. The typical appear-
ance is that of a cystic structure lying parallel to the 
gall bladder which readily distinguishes this defect 
from choledochal and duodenal duplication cysts, 
both of which can also occur in this location (Figure 
17-22).

A persistent right umbilical vein lies to the right of 
the gall bladder and this anomaly may be associated 
with numerous, occasionally lethal malformations.

SPLEEN
Fetal splenic abnormalities are uncommon. Cases of 
isolated fetal splenic cysts have been reported and 
usually have a good postnatal outcome. Splenomegaly 
may be seen in association with in-utero infection27 
(i.e. cytomegalovirus) usually with other ultrasound 
features of infection. It is also a finding in fetal anaemia, 
most commonly secondary to red cell alloimmuniza-
tion (Figure 17-23).

Isolated PNVGB in almost all cases results in a 
normal, healthy child. Very occasionally the suspicion 
is correct and true agenesis of the gall bladder is con-
firmed postnatally. But does isolated PNVGB mean 
that the fetus has biliary atresia and how should we 
counsel for this feature? Biliary atresia is a serious 
condition frequently resulting in severe morbidity, 
liver transplantation or death, and therefore prenatal 
diagnosis has major implications. Children with biliary 
atresia may have either a very small gall bladder or no 
gall bladder on postnatal ultrasound, but PNVGB is a 
feature seen in the developing fetus (the accuracy of 
this feature prenatally is not interchangeable with the 
postnatal findings) and many reports suggest that any 
association between isolated PNVGB and biliary atresia 
is most likely a chance occurrence.25

The fetal form of biliary atresia accounts for 10–25% 
of all cases. It occurs in the setting of a diagnosed  
heterotaxy syndrome associated heterotaxy syndrome 
and the biliary atresia is usually diagnosed as part of 
this abnormality. The anomalies of situs and the 
cardiac defects will have been detected on ultrasound 
and the the prognosis will be that of all of the associ-
ated abnormalities and not the biliary finding.25

Additional Gall Bladder Anomalies
A subjectively ‘large fetal gall bladder’ has been 
reported in association with chromosomal anomalies, 
but is a very non-specific finding.

FIGURE 17-22 Gall bladder duplication. 

FIGURE 17-21 TS of the abdomen demonstrating a choledochal cyst 
detected at 22 weeks in a female fetus. (Courtesy of Dr Anne Marie 
Coady.)
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Heterotaxy syndromes, including asplenia and 
polysplenia may be associated with cardiac malforma-
tions and indeed should be looked for on ultrasound 
when cardiac anomalies are diagnosed.

INTRA-ABDOMINAL CYSTS
The differential diagnosis of an intra-abdominal cyst 
(not related to a solid organ) (Table 17-2) includes:

• Ovarian cyst (28).
• Enteric duplication cysts (29).
• Mesenteric cysts.
• Pseudocysts of meconium peritonitis.
• Transient first trimester abdominal cyst.

ADRENAL MASSES
The fetal adrenal glands are large (comparative to post-
natal life) and may be identified superior to the fetal 
kidneys bilaterally on all three planes of the fetal 
abdomen (Figure 17-29). The cortex is of slightly 
lower echogenicity than adjacent liver or kidney, but 
the medulla is more echogenic than the cortex. They 
have a classic inverted V-shape appearance in longitu-
dinal section.

Adrenal enlargement has been described with con-
genital adrenal hyperplasia (CAH) and the adrenals 
should be carefully examined in any fetus in which 
the genitalia appear ambiguous (Figure 17-30).

FIGURE 17-23 (A&B) In utero splenomegaly in a fetus with anaemia 
secondary to Rhesus disease splenomegaly. 

A

B
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TABLE 17-2 Location and Features of Intra-Abdominal Cysts

Cyst Type Location Size US Features
In Utero 
Complications Outcome

Ovarian Pelvis of a female 
fetus

Separate from all 
other structures

May be 
very large

Unilocular
Thin walled
Late 2nd and 3rd 

trimester
Anechoic
(Figure 17-24)

Haemorrhage 
prenatally

Contents then 
echogenic with 
layering if 
repeated 
haemorrhage

50% will require 
postnatal 
intervention32

Remainder 
resolve without 
sequelae within 
6 months

Enteric 
duplication

40% will involve the 
ileum33

Rectum and colon

May be 
very large

Anechoic unilocular 
but with a double 
wall sono-
graphically

(Figure 17-25)

Associated neural 
tube defects 
must be looked 
for

In utero bowel 
obstruction may 
occur

Haemorrhage and 
perforation

May need 
resection due to 
bowel 
obstruction

Mesenteric Small bowel 
mesentery

Usually 
lymphangiomas

Multilocular
Thick walled
(Figure 17-26)

Usually no 
problems in 
utero

Most will require 
surgery due to 
bowel 
complications 
postnatally

Hepatic Solitary cysts are 
rare

They usually occur 
in the right lobe of 
the liver

Commoner in 
females (F : M 4 : 1)

Small Unilocular They are usually 
benign and 
rarely need 
subsequent 
intervention

Pseudocyst Well-defined 
hypoechoic mass 
with an echogenic 
calcified wall (a 
contained 
perforation)

Related to meconium 
peritonitis: bowel 
and hepatic 
echogenicity

Dilated bowel
Ascites
Polyhydramnios
(Figure 17-27)

Relation with 
meconium 
peritonitis and 
cystic fibrosis

Transient 
abdominal 
cyst

First-trimester finding Variable 
size, often 
very large 
given size 
of fetus

(Figure 17-28) The importance 
with these cysts 
is to exclude all 
other anomalies 
such as 
megacystis etc

Extremely good, 
often with 
complete 
resolution even 
before 20 
weeks
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FIGURE 17-24 TS of the pelvis showing normal female genitalia and an ovarian cyst. 

FIGURE 17-25 LS through the lower abdomen, the cyst seen has a 
double wall (arrowhead) confirming its bowel origin. 

FIGURE 17-26 Oblique view of the right flank in which there is a 
multiloculated cyst which was confirmed postnatally as a mesenteric 
cyst. 
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FIGURE 17-27 TS of a pseudocyst of the abdomen related to the 
lower aspect of the liver. 

FIGURE 17-28 Transvaginal scan of a first-trimester abdominal cyst 
which had resolved completely by 20 weeks. (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 17-29 A longitudinal scan of the paraspinal region demon-
strating a lovely normal adrenal gland, typical inverted ‘V’. (Courtesy 
of Dr Anne Marie Coady.)

FIGURE 17-30 LS of enlarged adrenal glands. (Courtesy of Dr Anne 
Marie Coady.)

• If the abnormality is detected in the third 
trimester and is a vascular lesion, think 
neuroblastoma.

• If detected in the second trimester it is 
more likely to be an ELBPS, especially if 
left-sided.

• If it is a third trimester mass which changes 
over time, think haemorrhage.31

ADRENAL HAEMORRHAGE
The causes of adrenal haemorrhage in utero are poorly 
understood. It has been described in association with 
fetal renal vein thrombosis and Beckwith–Wiedemann 
syndrome. The right adrenal gland is involved in 75% 

The differential diagnosis for an echogenic supra-
renal mass includes:

• adrenal haemorrhage;
• exophytic renal tumour;
• neuroblastoma;
• extra-lobar bronchopulmonary sequestration 

(ELBPS).30

Due to the wide differential and the varying prog-
noses of the different adrenal masses, getting the diag-
nosis correct is very important and so it is essential to:

• Determine the correct organ of origin, i.e. is the 
abnormality renal or adrenal in origin and cor-
relate this with the gestational age at which the 
anomaly is first detected:
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FIGURE 17-31 Adrenal haemorrhage: the arrows demonstrate a het-
erogeneous mass which has displaced the kidney downwards (block 
arrow). (Courtesy of Dr Anne Marie Coady.)

of cases, likely due to the relatively shorter adrenal 
vein31 (Figure 17-31).

The key to the diagnosis of haemorrhage is a change 
in appearance over time, but as haemorrhage evolves 
and becomes more complex sonographically, differen-
tiation from neuroblastoma may be difficult.

The sonographic appearances of acute 
haemorrhage:

• solid echogenic lesion initially;
• gradually the centre becomes hypo-echoic and 

cystic;
• shrinkage of the entire lesion with resorption of 

the cystic component. Dystrophic calcifications 
may occur;31

• haemorrhage may present as bilateral lesions 
which would be a very unusual presentation of 
an adrenal tumour.

NEUROBLASTOMA
Please refer to Chapter 20, Fetal Tumours.

EXTRA-LOBAR PULMONARY SEQUESTRATION
This condition is characterized by a mass of pulmo-
nary tissue without connection to the bronchial tree, 
with a direct blood supply from a branch of the aorta. 
Ninety percent of cases are seen in the thorax, but 10% 
will be intra-abdominal presenting as a mainly solid, 
echogenic suprarenal mass more commonly on the left 
side. Extra-lobar pulmonary sequestration can be 

impossible to differentiate from an adrenal lesion, 
although unlike adrenal haemorrhage or tumour they 
do not usually change in size or appearance. They can 
regress spontaneously, but are often excised after 
delivery as there is a risk of malignant change32,33 
(Figure 17-32).

GASTROINTESTINAL ABNORMALITIES
Stomach
The normal stomach can usually be demonstrated on 
a mid-trimester scan. It is of variable size but it is 
normally an easily identified transonic structure to the 
left of the midline in the upper abdomen (Figure 
17-16).

Important features of normality include:
1. Normal position, i.e. situs solitus with the aorta 

also to the left of the midline.
2. Normal filling and emptying over a 20-minute 

cycle.19

3. Normal stomach size in relation to the volume 
of amniotic fluid.

A small stomach can be an isolated finding or asso-
ciated with malformations such as:

• oesophageal atresia;
• tracheo-oesophageal fistula (unusual);
• micrognathia or other causes of obstruction of 

the upper gastrointestinal tract;
• any cause of diminished or absent fetal swallow-

ing such as major neuromuscular disorders.

FIGURE 17-32 An oblique TS view of a left-sided extra-lobar bron-
chopulmonary sequestration (arrow). (Courtesy of Dr Anne Marie 
Coady.)
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oesophageal atresia due to distension by gastric 
secretions. The diagnosis must however be consid-
ered if a small stomach is seen in the presence of 
polyhydramnios in the second or third trimesters 
after exclusion of other causes of absent or small 
fetal stomach such as:

1. Congenital diaphragmatic hernia.
2. Impaired fetal swallowing associated with con-

genital myopathy or neurologic disorder.
In cases of tracheo-oesophageal fistula, the diagno-

sis (if it is made at all) is not made until the develop-
ment of polyhydramnios in the third trimester, as fluid 
can pass via the trachea through the fistula into the 
distal oesophagus and lead to a normal stomach 
appearance.

Studies have assessed the ability to detect oesopha-
geal atresia on ultrasound by visualization of a small 
or absent stomach and the presence of polyhydram-
nios. The ultrasound appearances have a positive pre-
dictive value of 56%. The sensitivity of prenatal 
ultrasound to detect the abnormality is 42%.37 In some 
cases it may be possible to make the diagnosis by visu-
alization of the upper oesophageal ‘pouch’ on fetal 
swallowing which has been reported as being visual-
ized in some cases as early as 23 weeks.37

When a prospective prenatal diagnosis is made, 
other structural differences should be excluded and 
rapid karyotyping offered. A fetal echocardiogram 
should be performed to exclude subtle cardiac anoma-
lies such as atrial isomerism.

FIGURE 17-33 TS of a fetus with marked polyhydramnios and NO 
visible stomach sonographically. 

Oesophageal Atresia
This is the most common gastrointestinal tract abnor-
mality with an incidence of 1 : 4000 births.34 The 
oesophagus and trachea develop from the primitive 
foregut, separating into two different structures as a 
result of proliferation of the endodermal components; 
separation is complete by day 26. Disruption of this 
process leads to a spectrum of tracheo-oesophageal 
anomalies. Five types have been reported (Table 17-3) 
of which 90% of those seen are type A, where there is 
oesophageal atresia with a distal tracheo-oesophageal 
fistula.

Oesophageal atresia is often associated with:
1. Additional structural non-syndromic abnormal-

ities of which congenital cardiac anomalies are 
the most common (25%).

2. Aneuploidy, (in an additional 5% of cases) most 
commonly trisomy 13 and 18.35

3. Other features seen as part of a syndrome most 
commonly VACTERL (vertebral abnormalities,  
anal atresia, cardiac defect, tracheo-oesophageal  
fistula, renal and radial limb abnormalities)  
or CHARGE (renal abnormalities, tracheo-
oesophageal fistula, micrognathia, cleft lip/
palate, and an omphalocoele).

The prenatal diagnosis of oesophageal atresia is 
classically made on the basis of failure to visualize 
the fetal stomach on serial ultrasound scans usually 
in the presence of polyhydramnios 36 (Figure 17-33). 
A small stomach may be seen even in complete 

TABLE 17-3 Types of Oesophageal Atresia

Type Abnormality

A Oesophageal atresia with a 
tracheoesophageal fistula and upper 
oesophageal pouch

B Isolated oesophageal atresia without tracheal 
communication

C Isolated tracheoesophageal fistula
D Double tracheoesophageal atresia with lower 

and upper oesophagus communication 
with the trachea

E Oesophageal atresia with a 
tracheoesophageal fistula and lower 
oesophageal pouch
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There is a rare association with oesophageal atresia 
when a ‘C’-shaped cystic mass is seen. Antenatally, 
karyotyping should be offered and a fetal echo 
performed.

Survival for neonates with this diagnosis is gener-
ally good when there has been prenatal identification 
and early postnatal resuscitation and management. 
This involves parenteral fluid replacement and the 
placement of nasogastric tube with suction to prevent 
aspiration of the gastric contents and gastric perfora-
tion. A recent large case series suggested survival 
rates with satisfactory NNU intensive care were up 
to 95%, with most mortality associated with babies 
with additional cardiac abnormalities. Surgery usually 
involves bypassing the obstruction and performing a 
duodenojejunostomy.

Long-term complication rates may be as high as 
12% and include: delayed gastric emptying, severe 
gastroesophageal reflux, bleeding peptic ulcer, 
megaduodenum, duodenogastric reflux, blind-loop 
syndrome, and intestinal obstruction related to 
adhesions.41

Jejunal and Ileal Atresia
Small bowel atresia is visualized prenatally in 1 : 5000 
fetuses, and with duodenal atresia, both make up the 
most common causes of intestinal obstruction in live 
born neonates. The most common site for the lesion 
is the proximal jejunum or distal ileum.42

The degree of polyhydramnios can be severe 
leading to a risk a preterm labour and pharmacological 
management (maternal sulindac therapy) or amnio-
drainage may be required.

If oesophageal atresia is identified prenatally as an 
isolated abnormality, then overall survival rates are 
relatively good. A series of 227 cases from the US 
demonstrated an overall survival rate of 95%.38 Less 
optimistic figures were provided by a British retro-
spective review of 176 postnatal surgical repairs which 
indicated survival rates into infancy of 78% with a 
further 21% having significant morbidity at the age of 
2 years. These data included four babies with congeni-
tal heart disease which contributed to the reported 
deaths.39 The most important predictor of outcome is 
the presence of associated anomalies.

Duodenal Atresia
This anomaly is believed to complicate 1 : 10,000 
births.40 It is the leading cause of intestinal obstruction 
in the newborn and one of the most common gastroin-
testinal anomalies to be diagnosed prenatally.

Duodenal atresia usually occurs around 11 weeks 
of gestation just proximal or distal to the ampulla of 
Vater and is associated with a vascular disruption 
sequence.

Complete atresia is the most common finding in 
40–60% of cases; in other cases duodenal ‘webs’ are 
found causing a partial obstruction.

Up to 50% of cases of duodenal atresia are associ-
ated with additional abnormalities including:

1. Cardiac malformations, 10–20%.
2. Skeletal and other intestinal malformations as 

part of the VATER association.
3. Trisomy 21 in 30% of cases.38

4. IUGR.
Classically duodenal atresia presents late in the 

second or early third trimester (although detection has 
been reported as early as 12 weeks) with polyhydram-
nios present in 53% of cases.

On prenatal ultrasound there is direct visualization 
of a ‘double bubble’ sign as a result of an enlarged 
stomach and duodenal cap (Figure 17-34).

The differential diagnosis includes:
• enlarged and distended gall bladder;
• choledochal cyst;
• gut duplication.

FIGURE 17-34 TS of a very typical double bubble of duodenal atresia 
with associated polyhydramnios. 
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Large Bowel Obstruction
1. peripherally located dilated loops are traced 

down to the rectum;
2. haustral pattern may be seen (Figure 17-35);
3. fluid within is more echogenic due to meconium 

± enterolithiasis (Figure 17-35);
4. the liquor volume is usually normal;
5. ascites and meconium peritonitis are more likely.

Meconium Ileus
This condition is usually seen in association with 
cystic fibrosis; 15% of neonates with cystic fibrosis will 
have meconium ileus.44 The contents of the fetal bowel 
become thick and tenacious, causing bowel occlusion 
which typically starts at the terminal ileum. On ultra-
sound scan bowel dilation is seen proximal to the 
obstruction. The bowel has an echogenic appearance 
as bright as bone, caused by the increased reflectivity 
of the inspissated meconium. The overall prognosis of 
neonates and children with meconium ileus is deter-
mined by the severity and complications of their cystic 
fibrosis.

Megacystis Microcolon Intestinal  
Hypoperistalsis Syndrome (MMIH)
This syndrome is associated with functional small 
bowel obstruction, intestinal malrotation and an 
enlarged bladder without renal tract obstruction. It is 
a rare congenital complex defect which occurs more 

Small bowel atresia is thought to result from intra-
uterine vascular ‘accidents’ such as volvulus, intus-
susception or vascular constriction/hypoperfusion. 
Atresia may be seen in association with other bowel 
anomalies such as malrotation, gastroschisis, duplica-
tion and meconium ileus.

Additional non-intestinal structural abnormalities 
and karyoptypic anomalies are uncommon.

The diagnosis is made by seeing persistently dilated 
fluid-filled bowel loops proximal to the obstruction. 
Classically jejunal atresia has a triple bubble appear-
ance and can be associated with polyhydramnios 
(more common the more proximal the atresia), and 
ileal atresia has a honeycomb appearance. The diag-
nosis is not usually made until late in the second or 
third trimester. There is no evidence to support early 
delivery. In isolated cases overall survival is good and 
the degree of morbidity tends to relate to the length 
of gut remaining post-surgery. The neonate requires 
initial nasogastric decompression and intravenous 
fluids while imaging studies are performed to confirm 
the diagnosis and exclude malrotation or volvulus.

Large Bowel Pathology
Colonic atresia is rare, accounting for less than 10–15% 
of all intestinal atresias and is estimated to occur in 
1 : 20,000 live births.43 The underlying pathogenesis is 
thought to be the same as for small bowel atresia. Fifty 
percent of cases will be due to obstruction proximal 
to and 50% of cases will be due to obstruction distal 
to the splenic flexure. Colonic atresia may be an iso-
lated condition, but will be seen in association with 
gastroschisis, imperforate anus and Hirschsprung’s 
disease. The sonographic features are simply those of 
large bowel dilatation.

Usually isolated large bowel obstruction does not 
affect the on-going pregnancy.

Sonographic features which facilitate the differen-
tiation of small versus large bowel obstruction 
include:20

Jejunal Atresia
1. dilated loops should be traced down from the 

stomach;
2. fluid within the loops is usually quite 

hypo-echoic;
3. more likely to have polyhydramnios.

FIGURE 17-35 TS view of the lower abdomen demonstrating signifi-
cant large bowel obstruction with debris within the dilated peripher-
ally located bowel loops (dotted line). 
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4. Sonographic bowel dilatation which may be 
seen much earlier than expected with obstruc-
tive causes of bowel dilatation (Figure 17-36).

The differential diagnosis in the early second tri-
mester includes urethral atresia (female preponder-
ance) and posterior urethral valves. However the 
kidneys and the liquor volume are usually very abnor-
mal in these obstructive causes of a first-trimester 
megacystis.

This syndrome is usually fatal (6% survivors at 
one year of age), the principle causes of morbidity 
and mortality being bowel dysmotility and hypo-
function and the complications of prolonged 
hyperalimentation.

commonly in females (91%). Most cases are sporadic; 
however an autosomal recessive mode of inheritance 
has been suggested in some reports.45

Sonographic Features.
1. Early-onset (first trimester) severe megacystis 

which is not thick-walled nor obstructed.
2. The kidneys appear normal despite the bladder 

dilatation. A degree of hydronephrosis may 
develop, but it is never as marked as the bladder 
suggests it should be.

3. Amniotic fluid volume is usually normal,  
though polyhydramnios may occur in the third 
trimester.

FIGURE 17-36 MMIH with megacystis (arrow) and a prominent bowel loop (black arrow). (Courtesy of Dr Anne Marie Coady.)
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ultrasound assessment of fetal growth in the third 
trimester should be performed and the fetal bowel 
should also be re-evaluated for evolving bowel 
obstruction.47,48

ASCITES
A very thin rim presenting as a thin black line on the 
inner aspect of the abdomen is a normal appearance 
which can be mistaken for ascites. Otherwise any free 
fluid in the abdominal cavity is abnormal. The pres-
ence of persistent isolated ascites is most commonly 
associated with intra-abdominal pathology, although 
this is uncommon. The two most common associa-
tions are urinary ascites secondary to obstructive 
uropathy and meconium peritonitis. It may also rarely 
be associated with liver disease and metabolic storage 
disease. Abdominal ascites may be an early manifesta-
tion of hydrops fetalis and hence cardiac, other fetal 
structural and karyotypical abnormalities should be 
excluded (Figure 17-38).

INTRA-ABDOMINAL CALCIFICATION
This is a rare condition with a number of possible 
causes, but accurately determining the location and 
the tissue of origin (Table 17-4) is the key to achieving 
the correct diagnosis and prognosis for the fetus (Table 
17-4).

Location
1. Abdominal cavity itself (peritoneal in location).
2. Organ-related (including the fetal bowel, i.e. 

EBABAB, see above).
3. Mass-related (fetal tumours).

Abdominal Cavity Calcification: Meconium Peritonitis
Meconium peritonitis occurs when there is perforation 
of the bowel in utero, resulting in a sterile chemical 
peritonitis.21 Eighty-six percent of fetuses with meco-
nium peritonitis have intra-abdominal calcifications 
which can occur as early as 8 days post-perforation 
and tend to be seen after 18 weeks’ gestation. Isolated 
meconium peritonitis in the normally grown fetus rep-
resents a perforation of the fetal bowel that has 
healed.49

Sonographically meconium peritonitis will present 
in one of two ways either as:

Echogenic Bowel As Bright As Bone (EBABAB)
Echogenic bowel is the most common echogenic 
abnormality in the fetal abdomen and it is found in 
1% of second-trimester fetuses. Sonographically it is 
seen in a predominantly peripheral location in the 
lower abdomen and pelvis as a well-defined hyper-
echoic lesion. It is not calcific and so no acoustic 
shadowing is seen. This appearance will resolve 
without clinical sequelae over time in about 50% of 
cases.46

There are significant problems and concerns about 
this sonographic feature because:

• There is a wide interobserver variability in the 
diagnosis of echogenic bowel, hence attempts to 
standardize the criteria for diagnosis.

• The use of high-frequency transducers will 
increase the finding of echogenic bowel as will 
the use of harmonic ultrasound imaging, and 
with the initial introduction of new modalities 
the rate of reporting of EBABAB markedly 
increased!

• Third-trimester echogenic bowel is a normal 
feature, due to normal large bowel meconium.46

Once true EBABAB is diagnosed (bowel as echo-
genic as the bone of the adjacent iliac crests which 
persists (Figure 17-37 A and B) even when the overall 
gain is turned right down) in a second-trimester fetus, 
then the differential diagnostic considerations include:

1. cystic fibrosis;
2. chromosomal abnormalities;
3. intra-amniotic bleeding;
4. congenital infection;
5. IUGR;
6. bowel obstruction.
Additional sonographic features of these conditions 

must be looked for and appropriate investigations 
such as fetal karyotyping, amniotic fluid for CMV (in 
the presence of maternal evidence of infection) and 
initial parental carrier status for cystic fibrosis at least 
considered.47

Fetal swallowing of blood as a consequence of 
intra-amniotic bleeding can lead to echogenic bowel, 
and there may not be a history of PV blood loss. These 
fetuses may have additional features such as amniotic 
fluid debris (particulate amniotic fluid) and echogenic 
material in the stomach (gastric pseudomass). What-
ever the results of these investigations a follow-up 
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A

ILIAC CREST

BOWEL

FIGURE 17-37 (A) EBABAB with gain turned to zero and (B) echogenic amniotic fluid and bowel wall echogenicity due to intra-amniotic 
haemorrhage. 

B

• Scattered calcifications seen throughout the peri-
toneum and characteristically the calcifications 
may be seen to outline the peritoneal surface of 
the liver (Figure 17-39).

• A single focal calcific deposit within the perito-
neal cavity which is an unusual manifestation.

There are additional ultrasound features seen in the 
setting of meconium peritonitis which may give a clue 
to the underlying cause:

• Dilated bowel: therefore there is likely to be a 
bowel anomaly, i.e. atresia or volvulus.

• Ascites usually means infection but may also be 
seen in perforation.

• Meconium pseudocyst: which is a well-defined 
hypoechoic lesion surrounded by an echogenic 
calcified wall. It is NOT a cyst despite looking 
like one and it indicates a perforation that has 
been sealed off (Figure 17-27). This is usually 
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When peritoneal calcifications are seen with a pos-
sible bowel abnormality such as atresia and volvulus, 
the outcome is more guarded. The aim of postnatal 
imaging is to determine the level and severity of an 
obstruction and surgery is often indicated.51

Intra-abdominal calcification may be organ-related 
and may be found in the liver, spleen and/or bowel. 
Calcification in the spleen and bowel has already been 
discussed.

Liver Calcifications
Calcifications in the fetal liver are a relatively common 
finding and will be detected in 1 in every 2000 second-
trimester fetuses. The likely cause and therefore the 
prognosis for the fetus will depend on determining the 
correct aetiology and a structured approach to assess-
ment is essential.21

1. Where are the calcifications and are they single 
or multiple?
a. A single calcific focus in a fetus with no other 

structural abnormality and with no evidence 
of infection will have a good outcome.49 The 
calcification does not tend to change over 
time and indeed when the baby is scanned 
postnatally no abnormality may be seen.

b. When the lesions are multiple then the loca-
tion is important:21

1) a peritoneal location will imply meco-
nium peritonitis and its associated aeti-
ologies (see above);

indicative of cystic fibrosis although the strength 
of the association varies depending on the case 
series (see above).

Once the cause is known the prognosis and 
outcome for the fetus can be established.

The association with cystic fibrosis, especially in 
isolated cases, warrants at least a discussion with  
the parents about the prenatal diagnosis of this  
defect; however it has been shown that peritoneal 
calcifications have a lower association with cystic 
fibrosis than had been previously thought.50

FIGURE 17-38 TS of the lower abdomen in a fetus with isolated 
idiopathic ascites (arrow). FIGURE 17-39 LS of the abdomen demonstrating calcifications out-

lining the peritoneal surface of the normal liver (arrow). (Courtesy of 
Dr Anne Marie Coady.)

TABLE 17-4 Intra-Abdominal Calcification

Liver

Viral
Varicella
Cytomegalovirus

Tumoural
Haemangioma
Hepatoblastoma

Gall Bladder

Stones

Peritoneum

Meconium peritonitis

Bowel

Intraluminal
Meconium ileus
Anorectal atresial and urinary fistula

Tumoural
Teratoma
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2) a parenchymal location will be suggestive 
either of infection or a vascular aetiology. 
Vascular calcifications are thought to be 
due to emboli from the portal or hepatic 
veins. The calcifications are usually 
peripheral and subcapsular in location21 
(Figures 17-18 and 17-19) (see liver 
section earlier in the chapter).

2. Calcification in a mass is suspicious for malig-
nancy such as a hepatoblastoma or metastatic 
neuroblastoma.

Fetal Bowel Calcification/Enterolithiasis52

Intraluminal calcification of meconium is rare and is 
a result of mixing of meconium and stagnant alkaline 
fetal urine. It is the pathognomonic sign of a fistula 
between the bowel and the fetal renal tract (Figure 
17-40).

Enterolithiasis is seen in association with the fol-
lowing bowel pathologies once a fistula has been 
established with the fetal urinary tract:

• imperforate anus;
• gastrointestinal atresia/stenosis;
• functional ileal obstruction;
• total colonic Hirschsprung’s disease.
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Chapter 18 

Introduction
Abnormalities of the urinary tract are relatively 
common, accounting for approximately 20% of all 
fetal malformations. The exact incidence of prenatally 
detected urinary tract anomalies is difficult to deter-
mine and varies from centre to centre and with the 
timing of the ultrasound examination.

Although advances in ultrasound machine technol-
ogy have meant that the diagnosis of renal disease 
is more accurate, there remains a significant false-
positive rate, which ranges between 39% and 52%. 
This high false-positive rate is mainly due to the 
detection of mild hydronephrosis, which is subse-
quently found to be normal after birth. This problem 
is slowly being resolved but, to date, there is still 
debate as to the degree of dilatation seen on antenatal 
ultrasound that should prompt full postnatal inves-
tigation. The majority of renal abnormalities are not 
life-threatening. However, severe bilateral renal abnor-
malities account for 10% of all terminations for lethal 
fetal abnormalities.

The detection and management of prenatally 
detected urinary tract anomalies are therefore still 
open to discussion and it is the increasing move 
towards a multidisciplinary approach with obstetri-
cians, radiologists and paediatric nephrologists/
urologists in close communication which will improve 
the management of such fetuses.

Embryology
The cranial end of the nephrogenic cord develops into 
the pro- and mesonephros both of which are drained 
by the mesonephric duct.1 In the 4th week of gestation 
the pronephros (the primitive precursor of the kidney) 
first appears but soon regresses. The upper urinary 
tract derives from the cervical portions of the paired 

Urinary Tract Abnormalities
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metanephros. At 32 weeks the bud fuses with the 
metanephros and this initiates nephrogenesis. The 
appearance of the ureteric buds occurs at the same 
time as the division of the cloaca into the anterior 
urogenital sinus and the posterior anal canal.

The kidneys remain retroperitoneal during devel-
opment, but ascend between 6–10 weeks from an 
initial sacral position to between the 12th thoracic and 
3rd lumbar vertebrae (Figure 18-4). The lobulated 
embryonic kidneys ascend up the post-abdominal 
wall to their lumbar position with blood supply 
derived from increasingly higher levels of the aorta 
during ascent. Ureteric bud derivatives give rise to 
renal pelvis, calyces major and minor and collecting 
ducts. The hilum is initially anterior but rotates to an 
eventual more medial position. The metanephric mes-
enchyme gives rise to the glomerulus, collecting 
tubules and loop of Henle.

Urine production starts in the 10th week when 
there is continuation between distal convoluted 
tubules and collecting ducts. The ureteric bud deriva-
tives stop proliferating at 15 weeks but new gen-
erations of nephrons appear until 36 weeks. 
Nephrogenesis ceases at 36 weeks and the number 
of nephrons is fixed for life. There are on average 

blocks of the mesoderm. The mesonephros from the 
midzone differentiates into tubular structures which 
have an initial excretory function and eventually form 
the gonads (Figures 18-1 and 18-2).

The mesonephric or Wolffian ducts develop lateral 
to the mesoderm. They fuse caudally with the ventral 
wall of the primitive cloaca, the urogenital sinus which 
later becomes the bladder and urethra (Figure 18-3). 
The mesonephric duct and the ureter eventually open 
separately with the ureter opening cranial and lateral 
to the opening of the mesonephric duct. The ducts 
canalize and in the male the mesonephric duct later 
differentiates into the epidymis, vas deferens and  
ejaculatory duct. It degenerates in the female. In the 
female the paramesonephric or Mullerian duct grows 
alongside the mesonephric duct. This duct, which 
degenerates in the male, gives rise to the fallopian 
tubes, uterus and superior part of the vagina. In the 
female, the primitive gonad forms the ovary and the 
mesonephric duct regresses.

At the 5th week the tubular outgrowths called the 
ureteric buds arise from the caudal end of the meso-
nephric duct near its point of entry into the cloaca and 
grow into a mass of undifferentiated mesodermal cells 
called the metanephric blastema and form the 

FIGURE 18-1 Development of the mesonephros. (A) Formation of the cervical nephrotomes which degenerate during the 4th week. (B) Meso-
nephros forms in cranial coronal sequence. (C) The mesonephros is fully formed by approximately 6 weeks. (Reproduced from Larsen1 with 
permission.)
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700,000 nephrons per kidney. The lobulated appear-
ance of the developing kidney usually becomes 
smooth in the first year of life. This fetal lobulation 
can however persist for many years.

The early development of the external genitalia is 
similar in males and females. In the 5th week a pair 
of swellings, called the cloacal folds, develops on 
either side of the cloacal membrane. These folds meet 
anteriorly to form the genital tubercle (Figure 18-5). 
During the 7th week the cloacal folds meet posteriorly 
to form the urogenital fold anteriorly and the anal fold 
posteriorly. The urogenital membrane breaks down 
late in the 7th week and this will become the vestibule 
of the vagina in the female and the urethra in the male 
(Figure 18-6). The appearance of the external genitalia 
is similar up to the 12th week. After this time, in males 
the urogenital fold and genital tubercle lengthen to 
form the penis and there is fusion of the urogenital 
membrane to form the urethra. In females the genital 
tubercle bends inferiorly to form the clitoris and the 
urogenital sinus becomes the vestibule of the vagina.

Normal Sonographic Appearances  
of the Fetal Urinary Tract
Examination of the kidneys (in transverse and longi-
tudinal planes), forms part of the routine sonographic 
assessment of the fetal anatomy. The fetal kidneys are 
identifiable on a transabdominal scan by 11 to 12 
weeks’ gestation when they appear as two oval hyper-
echogenic structures on either side of the spine (Figure 
18-7). Between 18 and 24 weeks’ gestation, the echo-
genic renal cortex is distinguishable from the hypo-
echogenic medulla and the sonolucent pelvis can be 
readily vizualized (Figure 18-8). With modern scan-
ning equipment the hypo-echoic pyramids will be 
vizualized and must not be mistaken for renal cysts. 
The adrenal glands characteristically appear as trian-
gular multi-layered structures outlining the upper 
poles of both kidneys. The kidneys, including the 
renal pelvis, enlarge with advancing gestational age 
and can be evaluated in a quantitative manner (Figure 
18-9 A and B).2 The fetal ureters are normally not 
visible, however in very slim pregnant individuals they 
may be seen and should not measure more than 
1–2 mm (Figure 18-10 A and B). The fetal bladder 
can be identified from 11–12 weeks’ gestation and 

FIGURE 18-2 Formation of the definitive kidney. (A) The metanephric 
blastema develops on each side of the body early in the 5th week. 
(B) The ureteric bud grows out to the metanephric blastema. (C) The 
ureteric bud bifurcates to produce superior and inferior lobes in the 
metanephros. (D) Additional lobules form during the next 10 weeks 
in response to further bifurcation of the ureteric buds. (Reproduced 
from Larsen1 with permission.)
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FIGURE 18-3 Formation of the bladder and rectum. The bladder and rectum form from the cloaca. The urorectal septum separates the bladder 
from the rectum. The urogenital sinus becomes the penile urethra in the male and the vestibule of the vagina in the female. (Reproduced from 
Larsen1 with permission.)
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FIGURE 18-4 Normal and abnormal ascent of the kidneys. (A) The metanephros ascends from the sacral region to the definitive lumbar posi-
tion between the 6th and 9th weeks. (B) Normal. (C) A kidney may fail to ascend resulting in a pelvic kidney. (D) If the inferior poles make 
contact and fuse, the result is a horseshoe kidney. (Reproduced from Larsen1 with permission.)
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FIGURE 18-5 Formation of the genital ridges. The primitive gonads arise from the genital ridges which are situated just medial to the develop-
ing mesonephros. (Reproduced from Larsen1 with permission.)
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FIGURE 18-6 Early development of the external genitalia. In the 5th week a pair of swellings called the cloacal folds develop on either side of 
the cloacal membrane. The folds meet anteriorly to form the genital tubercle, and meet posteriorly to form the urogenital fold anteriorly and 
the anal fold posteriorly. The urogenital membrane breaks down later in the 7th week and this will become the vestibule of the vagina in the 
female and the urethra in the male. (Reproduced from Larsen1 with permission.)
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FIGURE 18-8 Between 18 and 24 weeks’ gestation, the echogenic 
renal cortex (line arrow) is distinguishable from the hypoechogenic 
medulla (block arrow) and the sonolucent pelvis (arrowhead) can be 
readily vizualized. Compare with the lower abnormal renal anatomy. 
(Courtesy of Dr Anne Marie Coady.)

FIGURE 18-7 Hyperechoic fetal kidneys at 13 weeks (arrow). (Cour-
tesy of Dr Anne Marie Coady.)

inability to visualize it can be considered as abnormal 
from 15 weeks onwards. Serial examinations may be 
required to identify the bladder, since the fetus voids 
about every 60 minutes (Figure 18-11). The bladder 
wall thickness is best assessed at the level of the vesical 
artery and the wall thickness should be no more than 
2 mm.

The fetal kidneys start to produce urine and dem-
onstrate the ability to reabsorb sodium from urine as 
early as 12 weeks of gestation. After 16–17 weeks, 
urine production significantly contributes to the 
volume of amniotic fluid (Table 18-1). The mean urine 
output increases from 5 mL/h at 20 weeks to 51 mL/h 
at 40 weeks’ gestation.3

Abnormalities of the Fetal Urinary Tract
Whenever abnormalities of the fetal urinary tract are 
detected, extra-urinary abnormalities should be ruled 
out by a complete sonographic assessment of the fetus 
performed by an experienced operator. Overall, in 
fetal renal defects, the incidence of chromosomal 
abnormalities is reported to be as high as 12%.4 
However, in many uropathies with chromosomal 
abnormalities additional defects will be detected by 
ultrasound.

Fetal urinary tract anomalies can be divided into:
• abnormalities of the position and number of fetal 

kidneys;
• abnormalities of the renal parenchyma;
• abnormalities of the renal collecting system;
• abnormalities of the fetal bladder.

Abnormalities of the Position and Number 
of Fetal Kidneys
ECTOPIC, HORSESHOE AND CROSSED  
ECTOPIC KIDNEY
All types of renal ectopia, which has a prevalence of 
up to 1 in 500 autopsies, can mimic renal agenesis 
on prenatal ultrasound. Ectopic kidney can present 
as a pelvic kidney, a horseshoe kidney (fusion of the 
lower poles of both kidneys: 1 in 400 births) or as 
crossed fused renal ectopia (an anomaly where the 
two kidneys are fused and located on the same side 
of the midline). In contrast to crossed fused renal 
ectopia, the incidence of congenital anomalies of  
the skeletal, gastrointestinal, cardiovascular systems, 
anorectal region and chromosomal abnormalities, 
such as Turner syndrome or trisomy 18, is increased 
in cases with pelvic ectopic and horseshoe kidney.5 
Horseshoe kidneys and crossed renal ectopia are more 
common in males.

Sonographic Diagnosis
The first sonographic feature of an ectopic kidney is 
actually an empty renal fossa on the affected side. The 
adrenal glands characteristically appear as triangular 
hypo-echoic structures (the central medulla visible as 
a hyper-echoic line) sitting atop the normal kidneys 
(Figure 18-12). When the renal fossa is empty either 
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FIGURE 18-9 (A) The normal appearance of the fetal renal pelvis at 20 weeks.  (B) Fitted 3rd, 10th, 50th, 90th, and 97th percentiles and raw 
data for kidney length, antero-posterior diameter, transverse diameter and kidney volume.2 (A, Courtesy of Dr Anne Marie Coady.)
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FIGURE 18-12 The adrenal glands (arrow) characteristically appear 
as triangular hypo-echoic structures (the central medulla visible as a 
hyperechoic line) sitting atop the normal kidneys. (Courtesy of Dr Anne 
Marie Coady.)

ADRENAL

ectopia more common) (Figure 18-14). The ectopic 
kidney may be fused with the contralateral kidney but 
may not. An enlarged bilobed kidney will be seen on 
one side of the abdomen. A horseshoe kidney is best 
demonstrated on the coronal and transverse scans 
when renal tissue will be seen crossing the midline 
(Figure 18-15).

Pregnancy/Delivery: No specific obstetric complica-
tions during pregnancy and delivery are to be expected.

Postnatal Management: The pelvic kidney will 
have reduced function compared to the normally sited 
kidney as assessed by a radioisotope study at 6–8 
weeks of age (Table 18-2). Patients with renal  
ectopia are usually asymptomatic although there is an 

FIGURE 18-10 (A and B) Normal fetal ureters (arrows) measuring less than 1–2 mm. (A) Coronal plane; (B) transverse plane. (Courtesy of Dr 
Anne Marie Coady.)

BA

FIGURE 18-11 The fetal bladder (arrow) can be identified from 
11–12 weeks’ gestation. (Courtesy of Dr Anne Marie Coady.)

TABLE 18-1 Pathways Contributing to the 
Production of Amniotic Fluid

Fetal urination 800–1200 mL
Respiratory tract fluid 10 mL
Oral secretions 170 mL
Trans-membranous across the cord 

and the placenta
? 25 mL

due to ectopia or agenesis the adrenal glands flatten 
out to fill the space left by the absent kidney: ‘the lying 
down adrenal sign’ (Figure 18-13).

Prenatally an ectopic kidney will be pelvic in 55% 
of cases and is usually vizualized adjacent to the 
bladder and iliac wings, but the diagnosis may be 
subtle and quite subjective (Figure 18-13). In crossed 
renal ectopia, most of the renal tissue lies entirely on 
the same side on the abdomen (with left to right 
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FIGURE 18-13 When the renal fossa is empty either due to ectopia or agenesis the adrenal glands flatten out to fill the space left by the absent 
kidney: ‘the lying down adrenal sign’ (white arrow). The renal fossa was empty with the kidney located in the pelvis (black arrow). (Courtesy of 
Dr Anne Marie Coady.)

FIGURE 18-14 Crossed renal ectopia, most of the renal tissue lies 
entirely on the same side on the abdomen. (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 18-15 A horseshoe kidney is best demonstrated on the 
coronal scan when renal tissue will be seen crossing the midline 
(arrow). (Courtesy of Dr Anne Marie Coady.)
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Sonographic Diagnosis
In unilateral renal agenesis, one kidney is absent 
(Figure 18-16). The corresponding adrenal gland 
takes on a globoid shape (which should not be diag-
nosed prenatally for a hypoplastic kidney) and also 
becomes more vertical in its orientation (‘the lying 

increased risk for complications such as hydroneph-
rosis, infection and calculus formation. A pelvic kidney 
with no dilatation of the pelvis or ureter and a normal 
contralateral kidney and bladder requires a baseline 
radioisotope study and infrequent 2–3 yearly ultra-
sounds for follow-up.

RENAL AGENESIS
Unilateral renal agenesis is found in 1 per 2000 births 
whereas bilateral disease is found in 1 per 5000 births.

Renal agenesis is usually an isolated sporadic 
abnormality but, in few cases it may be secondary to 
a chromosomal abnormality, part of a genetic syn-
drome (such as Fraser syndrome), or a developmental 
defect such as VACTERL (Vertebral anomalies, Anal 
atresia, Cardiac defects, TracheoEsophageal fistula, 
Renal anomalies and radial Limb abnormalities) or 
MURCS (MUllerian duct aplasia such as hypoplasia of 
the uterus, Renal aplasia, Cervicothoracic Somite dys-
plasia) association. In non-syndromic cases, the risk 
of recurrence is approximately 3%. However, in about 
15% of cases, one of the parents has unilateral renal 
agenesis and in these families the risk of recurrence is 
increased.6

TABLE 18-2 Prenatally Diagnosed Uropathies: Postnatal Invasive Imaging Modalities and 
Indications for their Use

DTPA – 99m Tc-Diethylenetriamine pentaacetic acid 
Excreted by filtration

Dynamic renography. Assessment of renal function and 
drainage post frusemide

MAG3 – 99mTc-Mercaptoacetyltriglycerine
Cleared mainly by tubular secretion

Dynamic renography. Assessment of renal function and 
drainage post frusemide

DMSA – 99m Tc-Dimercaptosuccinic acid
Absorbed by proximal renal tubules

Static images of renal morphology and documentation of 
renal scarring

MAG3 IRC – 99mTc-Mercaptoacetyltriglycerine
with indirect radioisotope cystogram

Dynamic renography. Assessment of renal function and 
evaluation of reflux

MCUG – Micturating cystourethrography
Study requires bladder catheterization, water soluble 
contrast and ionizing radiation.

Imaging the bladder, urethra and evaluation of reflux

IVU – Intravenous urography
Contrast study requiring ionizing radiation

Imaging stones, cryptic duplex systems, horseshoe kidneys

MRI – Magnetic resonance imaging
Cross-sectional imaging

Imaging renal tumours

CT – Computed tomography
Cross-sectional imaging

Used in trauma, renal or bladder masses

MRU – Magnetic resonance urography High-resolution images of parenchyma, collecting system 
and ureters

FIGURE 18-16 In unilateral renal agenesis, one kidney is absent. 
Empty renal fossa with a lying down adrenal gland (arrow). (Courtesy 
of Dr Anne Marie Coady.)
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associated anomaly.7 Girls with unilateral renal agen-
esis should have a pelvic ultrasound to look for abnor-
malities in the Müllerian structures postnatally.

DUPLEX KIDNEY
Duplex kidneys are one of the more common renal 
anomalies occurring in the general population with an 
incidence of 1 : 125 in postmortem studies. Duplex 
kidneys occur when the kidney is divided into two 
separate pelvicalyceal systems or moieties with either 
complete or partial duplication of the ureters. The 
upper pole ureter may end in the bladder or ectopi-
cally, usually into the vagina or urethra. Where it ends 
in the bladder it often forms a ureterocoele, which is 
five times more common among girls than among 
boys. With a ureterocoele or ectopic location there is 
frequently dysplasia of the upper pole. The lower pole 
ureter drains laterally into the trigone of the bladder 
and is prone to vesico-ureteric reflux.

Sonographic Diagnosis
Certain sonographic features have been described as 
being accurately associated with a duplex kidney8,9 
including:

• The presence of two separate non-communicating 
renal pelvices (which can be highly predictive 
with 93% of such cases being confirmed postna-
tally to have a duplex kidney) (Figure 18-19).

• Dilated ureters (Figure 18-20).
• Cystic structures within one pole of the kidney; 

this is due either to marked hydronephrosis of 
the upper pole moiety and cystic change or 

down’ adrenal gland) (Figure 18-13). Loops of fetal 
bowel can occupy the renal fossa and may be inter-
preted as normal kidney. Compensatory hypertrophy 
of the contralateral kidney develops and the amniotic 
fluid is normal.

In bilateral renal agenesis both kidneys are absent 
and the adrenal glands assume a discoid shape and 
move laterally and inferiorly (Figure 18-17). The 
bladder is absent and there is complete anhydramnios. 
However, the amount of amniotic fluid will be normal 
until the second trimester, when fetal urine becomes 
the main source of amniotic fluid volume. In bilateral 
renal agenesis and anhydramnios if any fetal detail is 
obtained: talipes, micrognathia and a small fetal chest 
will be seen. Failure to visualize the renal arteries with 
colour Doppler is another important clue to the diag-
nosis in dubious cases, both with unilateral and bilat-
eral agenesis (Figure 18-18).

Pregnancy/Delivery: No special precautions are 
necessary for the fetus with unilateral renal agenesis. 
Bilateral renal agenesis is a lethal condition resulting 
in anhydramnios, severe pulmonary hypoplasia and 
neonatal death.

Postnatal Management: Unilateral renal agenesis 
may be asymptomatic and is compatible with normal 
lifespan. Patients with unilateral renal agenesis can 
have associated urological anomalies with vesico-
ureteric reflux of high grade being the most common 

FIGURE 18-17 Bilateral renal agenesis: both kidneys are absent and 
the adrenal glands assume a discoid shape and move laterally and 
inferiorly (arrow). Note the anhydramnios. (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 18-18 Normal renal arteries demonstrated during colour 
Doppler examination. (Courtesy of Dr Anne Marie Coady.)
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or the contralateral kidney.10 It is possible to mistake 
a ureterocoele for an empty bladder, and also for a full 
bladder to efface a ureterocoele. Vesico-ureteric reflux 
is often seen in the lower pole moiety being present 
in 50% of fetuses with a ureterocoele affecting the 
upper pole.

Pregnancy/Delivery: The antenatal management of 
fetal hydro-ureteronephrosis caused by a ureterocoele 
is largely conservative as long as amniotic fluid volume 
remains normal. A large ureterocoele causing bladder 
outlet obstruction, progressive hydro-ureteronephrosis 
and oligohydramnios can be managed with fetal cys-
toscopy11 or a single percutaneous needle decompres-
sion of the bladder and ureterocoele.12 No specific 
obstetric complications during pregnancy and deliv-
ery are to be expected.

Postnatal Management: Duplex kidneys with 
minimal dilatation of the moieties may remain entirely 
asymptomatic. However, severe dilatation of either/or 
both moieties with dilatation of the ureter(s) with a 
ureterocoele and/or reflux will inevitably put the child 
at very high risk of urinary tract infections. These 
infants will require prophylactic antibiotics and radio-
isotope imaging at 6–8 weeks (Table 18-2). Interven-
tion is very likely when the upper moiety is associated 
with a ureterocoele and endoscopic puncture of the 
ureterocoele or upper pole nephrectomy are com-
monly required. Lower moiety reflux is usually treated 
conservatively.

FIGURE 18-21 Cystic structures in the bladder representing urete-
rocoeles (arrow). (Courtesy of Dr Anne Marie Coady.)

FIGURE 18-20 Dilated ureters (arrows). (Courtesy of Dr Anne Marie 
Coady.)

marked distension of the calyceal system of the 
upper pole moiety.

• Echogenic ‘cyst(s)’ of varying size in the bladder 
representing a ureterocoele (Figure 18-21).

Ureterocoeles are commonly (80%) associated with a 
duplex kidney and consist of a cystic dilatation of the 
submucosal segment of the intravesical ureter with 
narrowing of the ureteral orifice. This stenosis will 
cause significant dilatation of the ectopic ureter and 
the upper renal moiety in 85% of cases. If the urete-
rocoele protrudes into the urethra or lower urinary 
bladder, mechanical obstruction of the bladder neck 
may ensue, causing bilateral hydronephrosis, which 
can lead to obstruction of the ipsilateral lower moiety 

FIGURE 18-19 Duplex kidney: two separate non-communicating 
renal pelvices are seen (arrows). (Courtesy of Dr Anne Marie Coady.)
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reference tables and corticomedullary differentiation, 
presence and characteristics of any cysts (size, loca-
tion, number) and amniotic fluid volume must be 
analyzed. Attention should be paid to hands and 
feet, thorax, spine and posterior fossa. Karyotyping 
should be discussed, particularly if other malforma-
tions are detected. If the kidneys and all measure-
ments lie above the 95th percentile then an 
overgrowth syndrome, such as Beckwith–Wiedeman, 
Perlman or Simpson–Golabi–Behmel should be con-
sidered. If the bladder is enlarged, with or without 
dilated ureters, then the findings reflect an obstruc-
tive uropathy.

If following these investigations, it appears that the 
fetus has isolated hyperechogenic kidneys with no 
evidence of renal tract obstruction, then the aetiology 
lies between:

• renal dysplasia;
• autosomal recessive polycystic kidney disease;
• autosomal dominant polycystic kidney disease;
• nephrocalcinosis;
• a variant of normal, especially when the amniotic 

fluid volume remains normal.
A detailed family history and ultrasound examina-

tion of the parents’ kidneys may help in identifying 
the underlying cause.

Pregnancy/Delivery: No specific obstetric complica-
tions during pregnancy and delivery are to be 
expected. The outcome of dysplastic kidneys depends 
on the underlying pathophysiology and the presence 
of other structural defects or genetic conditions. 
Outcome of isolated dysplastic kidneys depends on 
whether they are unilateral or bilateral. Bilateral 
disease has poor prognosis as it is associated with 
oligohydramnios and likely early neonatal death due 
to lung hypoplasia. In these cases, termination of preg-
nancy can be considered. If abnormalities are severe 
and parents elect for termination, or there is a peri-
natal death, it is vitally important to arrange an expert 
postmortem examination with tissue for histology and 
DNA storage. Increased renal echogenicity even with 
normal amniotic fluid in a fetus without other anoma-
lies may be indicative of a parenchymal anomaly with 
the possibility of renal failure after birth or in early 
childhood, and therefore further follow-up will be 
required.15

Abnormalities of the Renal Parenchyma
DYSPLASTIC KIDNEYS: ABNORMALITIES OF  
THE RENAL ECHOGENICITY
Dysplastic kidneys are abnormally developed kidneys 
with poorly branched/differentiated nephrons and col-
lecting ducts, increased stroma and occasionally cysts 
and metaplastic tissues such as cartilage.13

Sonographic Diagnosis
The classic presentation of dysplastic kidneys is of 
large bright kidneys, with or without cystic spaces 
(occurring within the cortex) diagnosed after 17 
weeks’ gestation when the kidneys appear more echo-
genic than the liver or spleen (Figure 18-22). Uni-
formly echogenic kidneys without cysts are not an 
uncommon finding and the difficulty lies in determin-
ing whether it is a normal variant or an indicator of 
significant renal disease. Dysplastic kidneys may also 
be small and difficult to visualize due to technical 
difficulties.

The differential diagnosis of hyperechogenic 
kidneys must take into account the amniotic fluid 
volume, the presence of associated anomalies and the 
family history. A list of the more common underlying 
pathologies is shown in Table 18-3.14 Only a few of 
these conditions can be identified prenatally.

No single ultrasonographic criterion is specific 
of aetiology and the degree of hyperechogenicity 
has no value in establishing the aetiology. Fetal 
kidneys must be measured and compared with 

FIGURE 18-22 Non-specific renal dysplasia: the renal parenchyma 
is much more echogenic than normal, with loss of normal corti-
comedullary differentiation. (Courtesy of Dr Anne Marie Coady.)
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Postnatal Management: In the majority of cases 
definitive diagnosis of hyperechogenic kidneys 
depends on postnatal investigations. Early serial esti-
mation of urea electrolytes and creatinine will provide 
a reasonable estimation of overall renal function. If the 
renal function is normal or a little reduced, radioiso-
tope imaging will clarify the degree of functioning 
renal tissue in each kidney. Long-term monitoring of 
renal function and blood pressure is mandatory.

CYSTIC CHANGES OF THE RENAL PARENCHYMA
Multicystic Dysplastic Kidney
Multicystic dysplastic kidney (MCDK) disease is 
thought to be the consequence of either developmen-
tal failure of the mesonephric blastema to form neph-
rons or early obstruction due to urethral or ureteric 
atresia. The collecting tubules become cystic and the 
diameter of the cysts determines the size of the 
kidneys, which may be enlarged or small. MCDKs are 
classically associated with non-patent ureters and 
obstruction, perhaps reflecting improper ureteric 
canalization around 8 weeks.16 The prevalence of 
MCDK is approximately 1 in 1000–5000 births and 
in 80% of cases is unilateral. Unilateral MCDK is more 
common in males and the left side is more commonly 
affected than the right. A positive family history is rare, 
since there is only a small risk of recurrence.

Sonographic Diagnosis: MCDKs have characteristic 
appearances:

• Multiple thin-walled cysts, which do not connect 
to each other or to the rest of the urinary tract 
and are distributed randomly throughout the 
kidney (Figure 18-23).

• Renal enlargement with an irregular non-uniform 
outline.

• A renal pelvis or ureter cannot be demonstrated.
• Parenchymal tissue between the cysts is often 

hyperechogenic (Figure 18-24).
• Renal arterial flow may not be detectable using 

colour Doppler.
The lack of renal artery, vein, ureter or cysts in 

some cases of multicystic dysplastic kidneys suggest 
that renal agenesis and dysplastic kidney may be 
opposite ends of a spectrum of renal malformation. 
This is further supported by the finding that, in about 

FIGURE 18-23 A very typical MCDK: multiple thin-walled cysts, 
which do not connect to each other or to the rest of the urinary tract, 
randomly distributed throughout the kidney compared to normal 
contralateral kidney. Normal bladder (asterisk). 

FIGURE 18-24 In a MCDK the parenchymal tissue between the cysts 
is often hyperechogenic (arrow). 

15% of cases with multicystic dysplastic kidneys, 
there is a contralateral renal agenesis (Figure 18-25). 
In the unilateral form, liquor volume is usually normal 
but there is likely to be oligo- or anhydramnios with 
bilateral disease. The macrocystic lesions of the MCDK 
are easy to distinguish from polycystic kidney disease, 
which presents antenatally as enlarged hyperechoic 
kidneys with microscopic cysts filling the renal paren-
chyma. In the majority of cases, MCDK is a sporadic, 
isolated defect not associated with chromosomal 
abnormalities. In a study of 102 cases with MCDK, 
9.8% of cases had an abnormal karyotype but in  
all cases there were extra-renal anomalies present.17 
Detailed examination of the other kidney is essential 
in unilateral presentations, since 25% of kidneys con-
tralateral to MCDK are either structurally abnormal 
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FIGURE 18-25 A very typical MCDK (arrowhead) with contralateral renal agenesis: lying down adrenal gland (arrow). 

(duplex system, pelvico-ureteric obstruction, agenesis 
or ectopic) or affected by vesico-ureteric reflux.17

Pregnancy/Delivery: Unilateral forms have a good 
prognosis whereas bilateral disease is lethal due to 
anhydramnios and pulmonary hypoplasia. The cyst 
size usually increases throughout fetal life, and 
extremely rarely, large cysts may expand the fetal 
abdomen or cause dystocia and therefore might 
require intrauterine drainage. No specific obstetric 
complications during pregnancy and delivery are to 
be expected.

Postnatal Management: Spontaneous resolution of 
the multicystic kidney is usual during postnatal life. 
By five years of age 50% of such kidneys will have 
involuted and will no longer be vizualized sonographi-
cally.18 Initial management is conservative and 
nephrectomy is indicated in a very small number of 
kidneys which are large from the outset, increase in 

size or show no evidence of involution. Nephrectomy 
is also recommended when the MCDK is associated 
with an ipsilateral dilated ureter with or without reflux 
or a ureterocoele. All abnormalities of the contralateral 
functioning kidney will require early investigation to 
minimize any risk of damage to the solitary function-
ing kidney.

Autosomal Recessive Polycystic Kidney Disease
Autosomal recessive polycystic kidney disease 
(ARPKD) is an inherited condition also referred to 
as infantile polycystic kidney disease. The enlarged 
kidneys are filled with numerous cysts (<4 mm) radi-
ating from the medulla to the cortex and dilated 
collecting ducts. The disease has a wide spectrum of 
renal and liver involvement and is subdivided into 
perinatal (most common), neonatal, infantile and 
juvenile types on the basis of the age of onset of the 
clinical presentation and the degree of renal tubular 
involvement. The more severe the renal disease the 



49518 Urinary Tract Abnormalities

become apparent before 24 weeks of gestation and 
therefore, serial scans should be performed for exclu-
sion of the diagnosis. The differential diagnosis 
includes Meckel–Gruber syndrome (polydactyly and 
encephalocoele), trisomy 13 (other abnormalities such 
as holoprosencepahly, polydactyly, cleft lip/palate, and 
fetal growth restriction will be seen), Beckwith–
Wiedemann or Perlman syndrome (macrosomia will 
be present and amniotic fluid is normal), adult domi-
nant polycystic kidney (identical sonographic appear-
ance to ARPKD but there is positive family history) 
(Table 18-3).14 Some fetuses remain sonographically 
normal and in these, kidney enlargement will develop 
only in infancy and renal failure is anticipated to occur 
relatively late during the second decade of life.

less severe is the hepatic fibrosis. The prevalence of 
infantile polycystic kidney disease is about 1 in 30,000 
births. It is an autosomal recessive condition with a 
25% risk of recurrence. The responsible gene is 
located in the short arm of chromosome 6 and pre-
natal diagnosis in the first trimester is available in 
affected families (reliable prenatal diagnosis in 80% 
of affected families).19

Sonographic Diagnosis: In utero, the expression of 
the disease is variable.

In the prenatal subtype:
• Bilateral renal enlargement well above the 90th 

percentile for length and width.
• The renal parenchyma is very echogenic, par-

ticularly in the medullary areas (Figure 18-26).
• No cysts are visible in most cases and the cortex 

may be less echogenic.
• Absence of normal corticomedullary differentia-

tion (Figure 18-27).
• Increased abdominal circumference measure-

ment due to massive kidney enlargement  
(Figure 18-28).

• The bladder size is small but some urine will be 
present at least initially (Figure 18-29).

• Gradual onset of oligohydramnios with progres-
sive reduction in the amniotic fluid volume from 
the second trimester.

The liver appearances are normal, despite the pres-
ence of cysts, portal fibrosis and proliferation of bile 
ducts. However, the sonographic appearances may not 

FIGURE 18-26 In autosomal recessive polycystic kidney disease, the 
kidneys are markedly enlarged and the renal parenchyma is very 
echogenic. (Courtesy of Dr Anne Marie Coady.)

KIDNEYS

FIGURE 18-27 In autosomal recessive polycystic kidney disease, 
there is absence of normal corticomedullary differentiation. (Courtesy 
of Dr Anne Marie Coady.)

FIGURE 18-28 In autosomal recessive polycystic kidney disease, 
there is marked bilateral renal enlargement well above the 90th per-
centile for length and width and increased abdominal circumference 
measurement due to massive kidney enlargement. (Courtesy of Dr Anne 
Marie Coady.)
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FIGURE 18-29 In autosomal recessive polycystic kidney disease, there will be a gradual loss of bladder visualization. (Courtesy of Dr Anne Marie 
Coady.)

Pregnancy/Delivery: The prenatal type is lethal 
either in utero or in the neonatal period due to pul-
monary hypoplasia and therefore termination of  
pregnancy can be considered. No specific obstetric 
complications during pregnancy and delivery are to 
be expected.

Postnatal Management: Initial features include pal-
pable kidneys, enlarged liver, respiratory failure, 
hypertension and urinary tract infections. The 
prenatal/neonatal type results in death due to renal 
failure within the first year of life. The infantile and 
juvenile types result in chronic renal failure, hepatic 
fibrosis and portal hypertension; many cases survive 
into their teens and require renal transplant.

Autosomal Dominant Polycystic Kidney Disease
Autosomal dominant polycystic kidney disease 
(ADPKD) is a common hereditary kidney disease, with 
1 in 1000 people carrying the gene.20 In ADPKD, 
initial nephron and collecting duct formation is 

unremarkable but there is later cystic dilatation of 
these structures causing a secondary loss of adjacent 
normal anatomy. The key difference between ARPKD 
and ADPKD is that cysts only arise from the collecting 
ducts in ARPKD, whereas they arise from all areas of 
the nephron or collecting duct in ADPKD. In addition, 
there are usually numerous small cysts in ARPKD 
whereas there are fewer, larger cysts in the dominant 
disease.14 Although the age of clinical onset of this 
disorder is typically in the third to fifth decade of life, 
early manifestations during childhood or during the 
prenatal period have been reported. In adults, almost 
all affected individuals have at least one cyst by the 
age of 30 years and the sonographic characteristics are 
well known: large hyperechogenic kidneys, loss of 
corticomedullary differentiation and multiple cysts of 
variable size. Associated hepatic, pancreatic or ovarian 
cysts have also been described. The disease is also 
characterized by hypertension and frequently by the 
development of end stage renal failure.21 ADPKD is 
genetically heterogeneous; the PKD1 gene (responsible 
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renal disease or cysts should be detectable by ultra-
sound in the parents, since new mutations occur in 
less than 10% of cases and almost all affected indi-
viduals have at least one cyst by the age of 30 years 
(Figure 18-31). Demonstration of sonographically 
normal fetal kidneys does not exclude the possibility 
of developing ADPKD in adult life.

for 85% of cases) has been localized at l6p13.3, the 
PKD2 gene (responsible for 12–15% of cases) at 4ql3-
23.2 and the PKD3 locus remains unknown.22 The risk 
of recurrence is 50% and prenatal diagnosis in the first 
trimester is available in affected families.

Sonographic Diagnosis: Prenatal diagnosis by 
ultrasonography is confined to a few cases reports 
where:

• Kidneys have been described as enlarged and 
hyperechogenic with or without multiple cysts 
(Figure 18-30).

• Accentuation, not loss, of the corticomedullary 
junction (Figure 18-30).

• The kidneys are usually smaller than that seen 
in ARPKD.

• The cysts are fewer and larger.
• The amniotic fluid volume is either normal or 

reduced (rarely) but the development of oligo-
hydramnios in fetuses with renal cysts is regarded 
as an unfavourable prognostic sign.

Furthermore, in ADPKD, and compared to ARPKD, 
there will either be a positive family history of cystic 

FIGURE 18-30 In autosomal dominant polycystic kidney disease, the 
kidneys may be enlarged and hyperechogenic with or without multi-
ple cysts with accentuation of normal corticomedullary differentia-
tion. (Courtesy of Dr Anne Marie Coady.)

FIGURE 18-31 In ADPKD there will be a positive family history as in this set of images where the maternal cysts (block arrow) (right hand 
image shows cysts of varying size in the maternal kidneys) were first discovered when the renal anomaly (left hand image shows enlarged 
echogenic kidneys in the fetus) was detected at 20 weeks. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 18-32 A simple renal cyst; unilocular fluid collections with 
smooth walls and with no communication to the collecting system 
(arrow). (Courtesy of Dr Anne Marie Coady.)

LK

polycystic kidney disease and structural anomalies 
such as duplication and calyceal diverticula. Tumour, 
abscess and haematoma must be considered, but these 
most likely will have internal echoes. When a cystic 
lesion is seen in the upper pole, an adrenal origin must 
also be considered.

Pregnancy/Delivery: No specific complications 
during pregnancy and delivery are to be expected.

Postnatal Management: This will depend on the 
definitive diagnosis. An isolated cyst with overall 
normal renal function will be monitored conserva-
tively and intervention would only be indicated if the 
cyst were to increase in size significantly.

Urinoma
A urinoma is a fluid collection formed by extravasated 
urine encapsulated in the perirenal fascia.25

Experimentally, the factors necessary for its forma-
tion26 include:

• Existing renal malfunction.
• An underlying obstruction such as posterior 

urethral valves or pelvi-ureteric junction 
obstruction.

• Rupture of the collecting system.
A urinoma is supposed to be a protective ‘pop-off’ 

mechanism in cases of increased renal pressure. 
However, it can occur in the absence of urinary tract 
obstruction and in a low-pressure system.

Sonographic Diagnosis: Fetal urinoma can easily be 
diagnosed on prenatal ultrasound (Figure 18-33). The 
differential diagnosis includes hydronephrosis, cystic 
renal disease, duplication of the intrarenal collecting 
system, cystic renal tumour, cystic lymphangioma, 
mesenteric cyst and enteric duplication cyst.

In about 80% of the cases the renal function of 
the affected kidney is impaired. A change in size of 
the urinoma, the use of in-utero puncture and the 
existence of normal or hyperechoic renal parenchyma 
appear to have no influence on the prognosis, either 
positive or negative. In-utero puncture only appears 
to be justified in cases where the urinoma has a mass 
effect on adjacent major structures (especially the 
contralateral kidney), or in the case of probable  
dystocia.27 If a puncture is performed, a recurrence 

Pregnancy/Delivery: No specific complications 
during pregnancy and delivery are to be expected.

Postnatal Management: There are currently no 
large, single-centre studies that document the progno-
sis for fetuses diagnosed with ADPKD in utero. In a 
review article it was reported that 43% of cases die 
before 1 year of age, whilst the most useful prognostic 
indicators were the presence of oligohydramnios and 
the outcome of pregnancy of a previously affected 
sibling.23 However, a more recent study that followed 
312 children with ADPKD for up to 15 years suggests 
better prognosis as no deaths were reported.24 Moni-
toring of renal function with formal estimations of 
glomerular filtration rate (GFR) will accurately detect 
a deterioration of overall renal function accurately, and 
blood pressure is often difficult to control.

Renal Cysts
Isolated renal cysts are infrequently seen in fetuses.

Sonographic Diagnosis: These are unilocular fluid 
collections with smooth walls and with no communi-
cation to the collecting system. These cysts are usually 
identified in the upper pole of the kidney (Figure 
18-32). The contents should be free of internal echoes. 
Usually the cysts are solitary but may be multiple. 
Differential diagnosis should include multicystic and 
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include detection at an early gestational age, bilateral 
marked dilatation, a persistently obstructed bladder, 
oligohydramnios causing pulmonary hypoplasia  
and the presence of associated fetal or chromosomal 
anomalies.

RENAL PELVIS DILATATION
Fetal hydronephrosis, defined as dilatation of the 
anteroposterior diameter renal pelvis (APD) as vizual-
ized in the transverse plane, accounts for 75% of the 
prenatally diagnosed renal abnormalities and can be 
unilateral or bilateral (Figure 18-34). In all the cases 
discussed in this section, the ureters are not dilated 
and the fetal bladder is of normal size. Fetal hydrone-
phrosis may represent an isolated congenital abnor-
mality of the renal tract or be associated with 
chromosomal abnormalities (in particular when the 
hydronephrosis is mild). More than 70 genetic, chro-
mosomal and sporadic multiple malformation syn-
dromes have been described with hydronephrosis.

The prevalence of hydronephrosis (pelvic APD of 
4.0 mm at 15–19 weeks and 5.0 mm at 20–29 
weeks) has been reported as 1–3% in normal fetuses 
and 10–25% in trisomy 21 fetuses.29–31 Furthermore, 
even in the first trimester the prevalence of fetal 
hydronephrosis (APD ≥ 1.5 mm) has been reported 
to be higher in trisomy 21 (17.1%) than in  
chromosomally normal fetuses (5.3%), and this was 

after aspiration is highly likely and repeat punctures 
or the initial installation of a more permanent shunt 
could be offered.28

Pregnancy/Delivery: No specific complications 
during pregnancy and delivery are to be expected.

Postnatal Management: This will depend on 
the underlying diagnosis. Functional assessment of the 
kidneys with a radioisotope study will determine the 
level of function in the affected kidney. Pelvi-ureteric 
junction obstruction which has caused a urinoma will 
benefit from nephrectomy when the function is <10%, 
and a pyeloplasty where there is better function. In 
posterior urethral valves, decompression of the bladder 
will usually lead to resolution of the urinoma  
and intervention is very unlikely unless the affected 
kidney has no function, when nephrectomy will be 
recommended.

Abnormalities of the Renal Collecting 
System: Renal Pelvis and Ureter
Urinary tract dilatation is more common in male 
fetuses and is generally a result of an anatomic defect 
causing obstruction along the urinary tract system. 
Although the prognosis of these conditions largely 
depends on the specific anomaly, several poor prog-
nostic factors have been described. These factors 

FIGURE 18-33 Fetal urinoma (block arrow) in a fetus with obstruc-
tive uropathy due to posterior urethral valves (line arrow points to 
massively distended fetal bladder). (Courtesy of Dr Anne Marie Coady.) FIGURE 18-34 Dilatation of the fetal renal pelvis at 20 weeks (APD 

measurement of the renal pelvis: 8 mm). (Courtesy of Dr Anne Marie 
Coady.)
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sonographic parameters have been utilized to predict 
postnatal outcomes. Renal findings such as poor cor-
ticomedullary differentiation (lack of visualization of 
the renal pyramids),37 increased echogenicity38 and 
the presence of renal cysts39 have been associated 
with the loss of functional renal parenchyma.

Transient Hydronephrosis
The aetiology of this finding may be related to a nar-
rowing of the PUJ or natural kinks and folds that occur 
early in development which resolve as the patient 
matures. Most children with a pelvic dilatation less 
than 6 mm diagnosed during the second trimester, or 
less than 8 mm diagnosed during the third trimester 
have transient hydronephrosis (Figure 18-34).40

Pelvi-Ureteric Junction (PUJ) Obstruction
The finding of pelvicalyceal dilatation without ureteral 
dilatation, commonly unilateral, is highly suggestive 
of PUJ obstruction. In cases of PUJ obstruction, there 
is an increased incidence of other urological abnor-
malities, such as vesico-ureteric reflux, and multicystic 
dysplastic or duplex kidney.41 PUJ is the commonest 
cause of hydronephrosis with an incidence of 1: 
2000 live births. It is far more common in males 
and is unilateral in 90% of cases. There is rarely a 
true obstruction and the problem is most likely 
functional.

unrelated to crown rump length and nuchal trans-
lucency thickness.32 Currently, the NHS Fetal 
Anomaly Screening Programme in the UK recom-
mends further assessment of the fetus if the renal 
APD is greater than 7 mm at 18+0–20+6 weeks of 
gestation.33

The aetiology of antenatally diagnosed isolated fetal 
hydronephrosis, as far as the renal tract is concerned, 
includes:34

• Transient dilatation of the collecting system 
(41–88% of cases).

• Pelvi-ureteric junction (PUJ) obstruction 
(10–30% of cases).

• Non-obstructive processes such as vesico-
ureteric reflux (VUR).

• Megaureters.
• Prune belly syndrome.
Diagnosis of fetal hydronephrosis is made by  

the measurement of the anteroposterior renal pelvis 
(APD). Significant caution should be used when con-
sidering the implications of renal collecting system 
dilatation based upon a single APD measurement. 
Pelvic APD is a surrogate measurement of potential 
disease but cannot identify pathology.

Potential factors affecting APD include:
• gestational age;
• hydration status of the mother;
• the degree of bladder distention.
Furthermore, APD does not consider calyceal  

dilatation or parenchymal changes (such as increased 
echogenicity or parenchymal thinning) that may 
reflect more severe disease. To date there is no agree-
ment on the optimal APD threshold for determining 
the need for postnatal follow-up. Perhaps the most 
basic is the traditional grading system, which classi-
fies the hydronephrosis as mild, moderate or severe 
(Table 18-4).34 An estimate of the distribution of 
severity of antenatally diagnosed hydronephrosis is 
provided in Table 18-5.35 The utility of this system 
has been improved with the inclusion of the assess-
ment of the calyceal involvement, as hydronephrosis 
in association with calyceal dilatation is more likely 
to be associated with postnatal pathology. In 1993, 
the Society for Fetal Urology proposed a 5-point 
numerical grading system based on the postnatal 
appearance of the renal pelvis, calyces and renal 
parenchyma.36 In addition to the APD, other 

TABLE 18-4 Definition of Antenatal 
Hydronephrosis by Renal Antero-
Posterior Diameter34

Degree of 
Hydronephrosis Second Trimester Third Trimester

Mild 4 to <7 mm 7 to <9 mm
Moderate 7 to 10 mm 9 to 15 mm
Severe >10 mm >15 mm

TABLE 18-5 Estimated Breakdown of 
Antenatal Hydronephrosis by Severity35

Degree of Hydronephrosis
% of Antenatal 
Hydronephrosis

Mild 56.7–88
Moderate 10.2–29.8
Severe 1.5–13.4
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parameter for optimal postnatal management and 
remains very poorly recorded in fetal reports.36,42–44 
Normality or otherwise of the parenchyma warrants 
mention. A hydronephrosis of >20 mm at any stage of 
gestation with calyceal dilatation and echogenic paren-
chyma without ureteric involvement is very easily 
diagnosed as a severe pelvi-ureteric junction obstruc-
tion.42 Postnatal management will be designed to 
maximize the possibility of conserving renal function 
by early investigation. A report which only mentions 
the APD provides insufficient information to deter-
mine if the neonate will require urgent investigation 
and surgery. Postnatal outcomes have not found sig-
nificant pathology or morbidity in isolated unilateral 
fetal hydronephrosis with an APD of up to 15 mm 
with normal calyces, normal renal echogenicity and 
without ureteric involvement.45–47 The thresholds for 
defining hydronephrosis of clinical significance as 
opposed to a renal pelvic dilatation which poses no 
clinical risk to the child should be re-evaluated.

A unilateral severe hydronephrosis with calyceal 
dilatation and with no ureteric dilatation will require 
prophylactic antibiotics from birth. The initial assess-
ment of renal function is carried out with a radioiso-
tope study: MAG3 and DTPA are commonly used, 
with the investigation ideally performed at 4–6 weeks 
of age. Surgery is recommended for a unilateral PUJ 
obstruction when the function is reduced (15–39%) 
or if the neonate has had symptomatic proven urinary 
tract infections while on prophylaxis. Current unpub-
lished outcomes also recommend surgery for a renal 
pelvic dilatation of >30 mm with clubbed calyces even 
if the function is normal (40–50%) as these children 
will inevitably require surgery. They are monitored 
closely with a pyeloplasty recommended if the dilata-
tion increases, the function decreases to below 40% 
or if they present with infections or loin pain when 
older. Severe degrees of dilatation with an initial func-
tion of <10% will require a nephrectomy. Function 
between 10–15% will either have a nephrectomy or 
pyeloplasty depending on personal preference. A pro-
posed pathway for the investigation of prenatally diag-
nosed hydronephrosis can be found in Figure 18-36.48

DILATATION OF THE URETER (HYDROURETER)
Normally, the fetal ureters are not visible at any stage 
during pregnancy. On ultrasound, a dilated ureter will 

Sonographic Diagnosis: Dilatation of the renal pel-
vices and calyces can be quite marked producing the 
so-called ‘Mickey Mouse ears’ appearance (Figure 
18-35). The ureters are not normally visualized. The 
bladder and amniotic fluid are normal (often increased 
liquor with bilateral disease is postulated to be a con-
sequence of abnormal renal concentration ability). A 
urinoma and/or renal dysplasia (thinning of the cortex 
and subtle small cysts) can occur in severe obstruction 
(Figure 18-33). The degree of calyceal dilatation may 
be so severe as to mimic a MCDK and distinguishing 
these two conditions is important; in PUJ the dilated 
calyces are of similar size and they will connect with 
each other.

Pregnancy/Delivery: Further follow-up scans in 
pregnancy are required to assess the evolution of 
hydronephrosis. If there is normal amniotic fluid 
volume and no other associated anomalies, the prog-
nosis is generally good. There is no indication for 
prenatal therapeutic intervention. In these cases the 
advantage of identifying the abnormality before birth 
is that accurate diagnosis, assessment of renal function 
and screening for urinary infection can be imple-
mented early in the neonatal period. No specific com-
plications during pregnancy and delivery are to be 
expected.

Postnatal Management: The presence or absence 
of calyceal dilatation of varying degrees is a critical 

FIGURE 18-35 Dilatation of the renal pelvices and calyces which can 
be quite marked, producing the so-called ‘Mickey Mouse ears’ 
appearance of a pelvi-ureteric junction (PUJ) obstruction. (Courtesy 
of Dr Anne Marie Coady.)
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appear as a tortuous structure and as a collection of 
cysts of variable size located between the renal pelvices 
and the bladder (Figure 18-37). While the ultrasono-
graphic diagnosis of ureteric dilatation is not difficult, 
prenatal differentiation of the various types/causes  
is less easy. From the postnatal paediatric urology lit-
erature, megaureter can be primary or secondary48 and 
may be:

• Obstructive megaureter associated with urine 
flow impairment at the vesico-ureteral junction 
(VUJ).

• Refluxing megaureter associated with vesico-
ureteral reflux.

• Non-refluxing, non-obstructive megaureter.

Primary Obstructive Megaureter: The cause of 
primary obstructive megaureter is still a matter of 
speculation. It may be due to vesico-ureteral junction 
obstruction but there is general agreement that in most 
cases there is no true narrowing at the vesico-ureteral 
junction but a functional obstruction arising from an 

FIGURE 18-36 A proposed pathway for the investigation of prenatally diagnosed hydronephrosis. See Table 18-2 for DMSA, MCUG and MAG3. 
PUV: posterior urethral valves; VUR: vesico-ureteric reflux. 
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PUV VUR No VUR MAG3
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FIGURE 18-37 Unilateral hydroureter. (Courtesy of Dr Anne Marie 
Coady.)
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aperistaltic, juxtavesical segment that is unable to 
transport urine at an acceptable rate leading to ureteric 
dilatation.

Primary Refluxing Megaureter (Vesico-Ureteric 
Reflux): Vesico-ureteric reflux is a common disorder 
usually diagnosed postnatally. They may be associated 
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breakthrough urinary tract infections.51 Intervention 
for a VUJ obstruction in the neonate is either endo-
scopic with dilation of the VUJ and the insertion of an 
indwelling JJ stent left in situ until the child is more 
than one year of age. Alternatively an end ureteros-
tomy can be fashioned with a planned re-implantation 
after one year of age. Formal re-implantation of the 
ureters whether for severe reflux or a VUJ obstruction 
is not recommended in the first year of life as it can 
have a detrimental effect on the maturing bladder.

Abnormalities of the Fetal Bladder
The normal fetal bladder can be visualized from the 
onset of urine production which occurs by about 10 
weeks of gestation. The fetal bladder together with the 
stomach is one of the easiest and most readily identi-
fied structures within the fetal abdomen. The fetal 
bladder can be visualized by ultrasound in about 80% 
of fetuses at 11 weeks of gestation and in all cases by 
13 weeks (Figure 18-11). The longitudinal diameter 
of the bladder size at this time should be no more than 
6–8 mm.49 Later in pregnancy at the 18–20 week 
routine anomaly scan, the bladder should be identified 
in 100% of cases during the 15–20 minutes of the 
examination (Figure 18-38). The normal fetus voids 
regularly, but the bladder is never completely empty 
and always contains a small residual volume. The 
observation of cyclical filling and emptying of the 
bladder forms an important part of the ultrasound 
assessment. In the normal bladder the mucosa and 
musculature are of similar echogenicity to other struc-
tures in the pelvis and there is little discernable space 
between the fluid in the bladder and the paravesical 

with abnormalities of the vesico-ureteric junction, 
making reflux more likely such as periureteral diver-
ticula. Some fetuses present with megacystis mega-
ureter syndrome in which the bladder is markedly 
distended and thin walled, in addition to the ureters.

Non-Refluxing, Non-Obstructed Primary Mega-
ureter: This is thought to be the most common cause 
of primary megaureter in neonates and even though 
the VUJ is normal, with no evidence of reflux or 
obstruction, the ureter is enlarged. The cause for this 
is unknown.

Secondary Megaureter: These enlarged ureters 
appear in association with other conditions such as 
posterior urethral valves, prune belly syndrome, ure-
terocoele, ectopic ureter, bladder diverticulum, peri-
urethral fibrosis or aberrant blood vessels.
Postnatal Management. Ureteric dilatation associated 
with a distended bladder will require early bladder 
catheterization and transfer to specialist units for 
diagnosis and management. Assessment of renal func-
tion and a micturating cystourethrogram (MCUG) will 
confirm if the neonate has a urethral abnormality or 
vesico-ureteric reflux. Urethral anomalies such as pos-
terior valves or syringocoeles will be ablated endo-
scopically once the renal function is stable. Unilateral 
ureteric dilatation with a normal bladder and con-
tralateral kidney will also need an MCUG for diag-
nosis. If vesico-ureteric reflux is detected, the neonate 
will require a radioisoptope study (DMSA) at 2–3 
months of age to determine split function and paren-
chymal uptake and the presence or absence of focal 
defects. Intervention is indicated in cases where the 
reflux is associated with an abnormally functioning 
kidney(s).49,50 The majority of children with severe 
reflux and abnormal kidneys will also have an abnor-
mally functioning bladder. Intervention currently 
consists of endoscopic injection of Deflux® at the VUJ 
to resolve or downgrade the reflux.

An MCUG which is negative for reflux confirms 
that the neonate with a dilated ureter has an obstruc-
tion at the VUJ. These neonates will have either a 
MAG3 or DTPA scan and intervention will be recom-
mended if the renal function is reduced (<40%), 
if the dilatation of the renal pelvis and/or ureter 
increases, or if the child becomes symptomatic with 

FIGURE 18-38 Normal fetal bladder at 20 weeks’ gestation. (Courtesy 
of Dr Anne Marie Coady.)

BLADDER
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difficult to visualize. It is uncommon to find oligohy-
dramnios in cases of bladder obstruction detected 
early in pregnancy because fetal urine does not make 
a major contribution to amniotic fluid volume in early 
pregnancy, and this remains the case probably until 
around 18 weeks’ gestation. Renal changes appear to 
be relatively uncommon in obstructive cases in early 
pregnancy, but when they occur it does, make the 
diagnosis of complete bladder obstruction much more 
likely and will influence the prognosis. It is important 
to distinguish gross bladder distention from other 
cystic structures using colour Doppler to demonstrate 
the paravesical vessels.

First Trimester: Fetal megacystis in the first trimes-
ter, defined by a longitudinal bladder diameter of 
7 mm or more, is found in about 1 in 1500 pregnan-
cies (Figure 18-40).52 When the longitudinal bladder 
diameter is 7–15 mm the incidence of chromosomal 
abnormalities, mainly trisomies 13 and 18, is about 
25%, but in the chromosomally normal group there is 
spontaneous resolution of the megacystis in about 
90% of cases. In contrast, in megacystis with bladder 
diameter greater than 15 mm the incidence of chro-
mosomal defects is about 10% and in the chromo-
somally normal group the condition is invariably 
associated with progressive obstructive uropathy.  
Megacystis in the first trimester of pregnancy is associ-
ated with increased nuchal translucency, which is 
observed in about 75% of those with chromosomal 
defects and in about 30% of those with normal karyo-
type.53 If massive megacystis occurs in the first half of 
the pregnancy it is likely to be complete and due to 
urethral atresia, which cannot be directly imaged but 
is usually diagnosed by pathological postmortem 
examination. The prognosis of urethral atresia is uni-
formly poor with a lethal outcome.

A high rate of spontaneous abortion and early 
intrauterine demise in fetuses with first-trimester 
megacystis has been described.52,53 As the umbilical 
arteries run alongside the fetal bladder, it is tempt-
ing to speculate that acute compression of these 
vessels by the progressively enlarged bladder may, 
at least in some cases, interfere with the umbilical 
circulation and lead to fetal asphyxia and death.54 
In view of the association of megacystis with chro-
mosomal abnormalities, prenatal karyotypying should 

arteries. The bladder wall itself should not be thicker 
than 2 mm (Figure 18-39). As the pregnancy 
progresses, the normal bladder is imaged as an ellipti-
cal fluid-filled structure within the fetal pelvis bor-
dered laterally by the umbilical arteries that in adults 
become the superior vesical arteries. Anterior to the 
bladder are the ossified pubic bones and posterior the 
normal recto-sigmoid colon, which can be seen ante-
rior to the sacral segment of the spine. The paravesical 
arteries are an important ultrasound sign to differenti-
ate the bladder from other cystic structures within the 
pelvis.

DISTENDED BLADDER (MEGACYSTIS)
A distended bladder may rise from two main causes. 
First there may be an obstruction to the flow of the 
fetal urine out of the bladder, usually as a result of 
maldevelopment of the urethra, or second, a distended 
bladder is due to non-obstructive causes, often with a 
complex underlying pathology.

Bladder Obstruction
Bladder obstruction can be partial or complete. In 
cases with mild to moderate enlargement, the bladder 
is visualized as a relatively round, well-defined, simple 
anechoic structure in the lower fetal abdomen. In 
severe megacystis, the bladder usually appears as a 
large cystic mass filling the entire abdominal cavity, 
causing severe overdistension of the abdominal wall 
and compression of the thoracic content, which is 

FIGURE 18-39 Normal fetal bladder wall thickness less than 2 mm. 
(Courtesy of Dr Anne Marie Coady.)
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urethra which normally develop between 6 and 8 
weeks of gestation. Hypertrophy of these valves can 
cause proximal urethral distension, a thick-walled  
distended bladder with ‘keyhole’ posterior urethral 
expansion, reflux, tortuous ureters and hydronephro-
sis, depending on the timing, duration and severity of 
the obstruction (Figure 18-41). It accounts for 36% of 
the cases of obstructive uropathy and occurs exclu-
sively in male fetuses. The incidence is approximately 
1 : 5000 males.

Sonographic Diagnosis
• Dilated thick-walled bladder.
• Dilated posterior urethra (‘keyhole’) (Figure 

18-41).
• Dilated ureters (Figure 18-42).
• Hydronephrosis, which may be asymmetrical 

due to massive reflux into one kidney with rela-
tive sparing of the other.

• Dysplastic renal changes (echogenic renal paren-
chyma with peripherally placed cysts) indicate a 
poor prognosis (Figure 18-43).

• Urinoma due to calyceal rupture (Figure 18-42).
• Occasionally, ascites with a normal-size bladder 

due to bladder rupture with signs of dysplastic 
kidneys can be seen (Figure 18-44).

• With disease progression the amniotic fluid 
volume decreases and anhydramnios is almost 

be re commended in all cases of first-trimester mega-
cystis, particularly in those where intervention may 
be required. This can be achieved by CVS at the 
time of presentation or alternatively, at the time of 
first diagnostic vesicocentesis either from fetal urine 
or from amniotic fluid.

Second and Third Trimester: Bladder obstruction 
in the second half of pregnancy will have an effect 
on the amniotic fluid volume. If the fetus is male 
the most common cause is posterior urethral valves 
(PUV).

Posterior Urethral Valves (PUV)
A posterior urethral valve denotes the presence of 
membranous structures in the posterior wall of the 

A

FIGURE 18-40 (A and B) Fetal megacystis in the first trimester, 
defined by a longitudinal bladder diameter of 7 mm or more.  
(A) Demonstrating the very typical keyhole urethra and (B) demon-
strating the effect of the bladder enlargement on the abdominal 
musculature and the thorax. 

B

FIGURE 18-41 A dilated bladder with a dilated posterior urethra 
(arrow), ‘the keyhole sign’ of urethral obstruction. (Courtesy of Dr Anne 
Marie Coady.)
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females, may also produce bilateral hydronephrosis 
and on scanning the pelvis one may see a midline 
cystic mass between the bladder and rectum, which 
represents part of the cloacal complex (see below). 
Megacystis microcolon hypoperistalsis syndrome can 
also produce a dilated bladder and bilateral hydrone-
phrosis; however, the clue to this diagnosis is that the 
fetus is usually female and the liquor volume is normal 
and may be increased in the third trimester (see 
below).

Chromosomal abnormalities may be seen in 6% but 
there is no specific aneuploidy reported. Additonal 
reported anomalies occur in 40% of fetuses and 
include cardiac and bowel defects such as imperforate 
anus.56,57

always associated with pulmonary hypoplasia 
and neonatal death.

The most important differential diagnosis is severe 
bilateral vesico-ureteric reflux producing the mega-
cystis megaureter association.55 It is often very difficult 
to differentiate severe reflux from posterior urethral 
valves; however, in reflux the bladder is usually thin-
walled and liquor volume is usually normal. Urethral 
atresia usually presents earlier in pregnancy and 
hydronephrosis is a less common finding. Congenital 
megalourethra can display similar appearances; 
however, in addition to bladder distension there will 
also be dilatation of the penile urethra producing a 
cyst-like structure between the fetal legs in males. 
Cloacal dysgenesis, a condition mainly occurring in 

FIGURE 18-42 Bilateral hydroureter (line arrows) in a case of pos-
terior urethral valves. Small urinoma (block arrow). (Courtesy of Dr 
Anne Marie Coady.)

FIGURE 18-43 The presence of dysplastic renal changes (echogenic 
renal parenchyma with peripherally placed cysts: arrow) indicates a 
poor prognosis. (Courtesy of Dr Anne Marie Coady.)

FIGURE 18-44 Urinary ascites due to bladder rupture (arrow) with dysplastic kidneys (block arrow). (Courtesy of Dr Anne Marie Coady.)

BA



50718 Urinary Tract Abnormalities

Pregnancy/Delivery: Antenatal detection of ob-
structed bladder gives the option of prenatal assess-
ment and possible in-utero therapy. Ultrasound 
appearances, gestational age at diagnosis and analytes 
of fetal urinalysis including sodium (>95th centile for 
the gestation), chloride, calcium (>95th centile for the 
gestation), osmolality and β2-microglubulin (≥13 mg/
dL) have been used to predict the outcome of cases 
with lower urinary tract obstruction (LUTO). A recent 
meta-analysis demonstrated that none of the analytes 
of fetal urine investigated so far can be shown to yield 
clinically significant accuracy to predict poor postnatal 
renal function.58 On the contrary, a further meta-
analysis has demonstrated that oligohydramnios, 
echogenicity of renal parenchyma or cystic changes 
within the renal cortex at the time of diagnosis of 
LUTO have some promise of predictive accuracy for 
poor postnatal renal function.59 Assessment of these 
factors during the antenatal period will allow appro-
priate counselling, as termination of pregnancy can be 
considered. In an attempt to try to alter the natural 
history of LUTO, there has been an interest to inter-
vene prenatally in the form of vesico-amniotic shunt-
ing, serial vesicocentesis, fetal cystoscopy and valve 
ablation, all of which are used to relieve fetal urinary 
obstruction and consequently avoid renal parenchy-
mal changes and chronic oligohydramnios that can 
affect the lung development. A systematic review of 
the effectiveness of antenatal intervention for the treat-
ment of congenital LUTO showed that antenatal 
bladder drainage in the form of vesico-amniotic shunt 
appears to improve perinatal survival in cases of con-
genital LUTO but may confer a high residual risk of 
poor postnatal renal function.60 The percutaneous 
shunting in low urinary tract obstruction (PLUTO) 
randomized controlled trial has been designed to de-
termine whether intrauterine vesico-amniotic shunt-
ing for fetal bladder outflow obstruction, compared to 
conservative, non-interventional care improves prena-
tal and perinatal mortality and renal function.61 The 
study has been terminated prematurely due to poor 
recruitment and the results are awaited.

Postnatal Management: The neonate with a sus-
pected LUTO constitutes a nephrourological emer-
gency. In the absence of a functioning in-situ shunt 
the neonate will require urgent bladder catheterization 

which ideally should be with a suprapubic catheter in 
order to preserve urethral anatomy. An anterior ure-
thral anomaly such as a syringocoele is easily ruptured 
by urethral catheterization and the diagnosis therefore 
remains doubtful. Further management consists of 
estimation of urinary electrolytes and creatinine. An 
MCUG will confirm the diagnosis once renal function 
stabilizes when the patient will have an endoscopic 
ablation of the valves. Long-term management will be 
mainly nephrological with bladder function assess-
ment an essential part of management, as these blad-
ders are high pressure–small volume, non-compliant 
systems which can damage the upper tracts.62,63

In chromosomally normal cases, the natural history 
of LUTO is that of high perinatal mortality with up  
to 45% being associated with pulmonary hypoplasia 
secondary to severe oligohydramnios between 18–24 
weeks.64 Even in those that survive, up to 25–30% 
develop end-stage chronic renal impairment necessi-
tating dialysis and/or transplantation before the age of 
5 years.65 For this reason congenital obstructive uropa-
thy is reported to account for up to 60% of all paedi-
atric renal transplants.66 There is also published 
evidence to suggest that as well as long-term complica-
tions of end-stage renal failure, children affected by 
LUTO suffer from bladder dysfunction, poor growth 
and male infertility.67–69

Megalourethra
Megalourethra is a rare congenital anomaly character-
ized by dilatation of the penile urethra which causes 
functional obstruction of the lower urinary system. 
The degree of dilatation of the penile urethra varies 
and may be massive. Oligohydramnios and echogenic 
kidneys reflect severe renal impairment (Figure 
18-45). The prognosis depends on the degree of renal 
function impairment and the associated anomalies 
including imperforate anus.70

Cloacal Dysgenesis Sequence
Cloacal dysgenesis sequence is a rare cause of fetal 
obstructive uropathy. It is a congenital malformation 
characterized by a phallus-like structure, smooth peri-
neum and absence of urethral, vaginal and anal ori-
fices. It is usually associated with abnormalities in 
other organ systems such as vertebral, pulmonary  
and genitourinary tract. Ultrasound findings include 
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Megacystis–Megaureter Syndrome
This describes the presence of a distended thin-walled 
bladder with severe reflux into dilated ureters and 
dilated pelvicalyceal systems with normal amniotic 
fluid.55

Prune Belly Syndrome
The prune belly syndrome is described as the associa-
tion of deficient abdominal wall musculature and 
wrinkling, bladder distension usually due to urethral 
obstruction or dysfunction, with bilateral megaureter, 
renal dysplasia, absence of prostatic tissue and cryp-
torchidism. The syndrome rarely occurs in females in 
whom the uropathy and abdominal wall defect are 
associated with abnormalities of the genital tract. 

megacystis, perineal mass, hydronephrotic or dysplas-
tic kidneys, and intracolonic calcifications due to the 
presence of communication between the urinary and 
gastrointestinal tract. It is more common in females 
and is associated with normal karyotype in most cases. 
It is usually fatal.71

Non-Obstructed Distended Bladder
Non-obstructive bladder problems are probably 
amongst the rarest conditions and form a heterogene-
ous group of sometimes complex abnormalities, and  
it may be difficult to differentiate prenatally between 
obstructive and non-obstructive bladders. Increased 
renal echogenicity and oligohydramnios are common 
associations with obstructive but not non-obstructive 
bladders.

FIGURE 18-45 Congenital megalourethra: dilatation of the penile urethra (line arrows) which causes functional obstruction of the lower urinary 
system, megacystis (block arrow) and renal pelvis dilatation (arrowheads). (Courtesy of Dr Anne Marie Coady.)
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muscle cells.73 The abnormality is characterized by a 
largely dilated non-obstructive urinary bladder with 
variable upper urinary tract dilatation, and microcolon 
with poor intestinal motility causing a pseudo-
obstruction (Figure 18-46 A and B).74 Bowel abnor-
malities are not always obvious on ultrasound. In 
many cases, the amniotic fluid volume remains normal 
or is increased, depending on the severity of the intes-
tinal hypoperistalsis. These features may occur only in 
the late third trimester. Megacystis may be confused 
with ovarian cysts and hydrocolpos and it may be dif-
ficult to differentiate between those conditions ante-
natally. Most patients require total parenteral nutrition 
as a result of intestinal hypoperistalsis that frequently 
results in liver failure. The condition is usually fatal in 

Prognosis depends on the residual functional renal 
tissue.72

Megacystis, Microcolon, Intestinal Hypoperistalsis 
Syndrome (MMIHS)
When a megacystis is identified in a female fetus the 
causes are true bladder outlet obstruction or myopa-
thy. True bladder outlet obstruction is rare in females 
and is usually secondary to ureterocoele or urethral 
atresia. Obstruction is associated with severe hydrone-
phrosis, dysplastic kidneys and in some cases oligo-
hydramnios. Myopathic causes of megacystis include 
prune belly syndrome, which is rare in females, and 
MMIHS. The aetiology of MMIHS is unclear. Recent 
histological reports suggest abnormalities in smooth 

FIGURE 18-46 Megacystis, microcolon, intestinal hypoperistalsis syndrome (MMIHS). (A) Renal pelvis dilatation; (B) bowel dilatation (arrow); 
(C) dilated non-obstructed bladder; (D) renal pelvis dilatation. 

A B

C D
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FIGURE 18-47 Bladder exstrophy: note normal liquor, absent bladder 
between the umbilical vessels (arrow). (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 18-48 Bladder exstrophy: the abnormal mass of tissue 
(arrow) which represents the opened-out bladder on the lower 
abdominal wall. (Courtesy of Dr Anne Marie Coady.)

early life due to renal or liver failure, sepsis or post-
operative complications. Termination of pregnancy 
can be considered.

‘ABSENT’ BLADDER
Inability to visualize the fetal bladder may be due to 
lack of amniotic fluid production due to severe pla-
cental insufficiency or other renal causes such as bilat-
eral renal agenesis and bilateral MCDK. However, 
when there is normal amniotic fluid and the bladder 
cannot be visualized this may be due to bladder or 
cloacal exstrophy.

Bladder Exstrophy
Exstrophy of the bladder is caused by incomplete 
closure of the inferior part of the anterior abdominal 
wall. No muscle and connective tissue form the ante-
rior abdominal wall over the bladder. The anomaly is 
usually associated with separation of pubic bones, a 
low-set cord insertion and abnormal genitalia.75 The 
defect is usually sporadic. The abnormality is sus-
pected when the fetal bladder is not visualized in the 
presence of normal amniotic fluid (Figures 18-47, 18-
48). Correct prenatal diagnosis is important for coun-
selling and subsequent management. Differential 
diagnosis includes other abdominal wall defects such 
as gastroschisis, exomphalos and cloacal exstrophy 
(see below). In the first two there is an extruded sac 
or herniated bowel, but a normally filled bladder is 
seen within the pelvis.

Cloacal Exstrophy
Cloacal exstrophy is a complex defect consisting of 
exomphalos, and bladder exstrophy together with 
abnormalities of the bowel and genitalia (Figure 
18-49). This defect is often referred to as the OEIS 
complex (omphalocoele, exstrophy of the bladder, 
imperforate anus and spinal anomalies) (Figure 
18-49).75 It is a rare, sporadic defect and should be 
considered in the differential diagnosis of all anterior 
abdominal wall defects. Failure to identify a normal 
bladder within the pelvis should alert the clinician to 
the possibility of cloacal exstrophy.

Postnatal management: Complex urological diag-
noses such as bladder exstrophy, cloacal exstrophy, 
epispadias, urogenital and cloacal anomalies are best 
managed in specialist centres as the neonate will 
require multiple procedures to achieve optimal cosme-
sis, continence, sexual and renal function.

Abnormalities of the Fetal Genital System
Fetal sex assignment is important in the management 
of various clinical conditions such as X-linked disease, 
in which early gender identification may prevent 
unnecessary invasive procedures in female fetuses. 
The outer fetal genitalia differentiate late and conse-
quently accurate ultrasound evaluation of the fetal 
gender is difficult in the first trimester of pregnancy, 
as the identification of a prominent genital tubercle is 
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and penis is in the male (Figure 18-51 A and B). The 
distinction between the labia majora and the scrotum 
could be difficult in the case of a bifid scrotum. 
Descended testes are seen at 25 weeks in 30% of cases 
and in 97% after 32 weeks.77

AMBIGUOUS GENITALIA – DISORDERS  
OF SEX DEVELOPMENT
This occurs when the appearances of the external 
genitalia are different from the genetic sex or there is 
doubt as to whether the patient is phenotypically male 
or female. This is a rare group of disorders and often 
a clear diagnosis cannot be determined prenatally.

Sonographic Findings
In the male, findings include micropenis, penile 
chordae (ventral curvature of the penis), undescended 
testes, a shawl or bifid scrotum and hypospadius. In 

not specific to the male, and can occasionally be seen 
in a normal female before 14 weeks. However, there 
is evidence that fetal gender can accurately be pre-
dicted by assessment of the angle between the direc-
tion of the genital tubercle (in a midsagittal plane) and 
the horizontal line through the lumbosacral skin 
surface; a fetus is assigned male gender if the angle is 
>30° and female if the genital tubercle is parallel or 
convergent (angle <10°) (Figure 18-50 A and B). With 
this method fetal sex can be predicted accurately in 
about 90% of the cases and the accuracy increases 
with the gestation from 11 to 13 weeks.76

Accurate determination of the fetal gender is pos-
sible in the second trimetser of pregnancy. The peri-
neal area has to be seen when the legs are spread apart 
in three planes: coronal, transverse, and sagittal. In the 
female, positive identification of the labia is as essen-
tial to the evaluation as demonstration of the scrotum 

FIGURE 18-49 Cloacal exstrophy is a complex defect consisting of exomphalos (block arrow), bladder exstrophy and a cloacal membrane (line 
arrow) in the first trimester. This fetus also had a sacral NTD (arrowhead). (Courtesy of Dr Anne Marie Coady.)
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early enough, then treatment can be started with 
dexamethasone to try and reduce the masculinizing 
effects.78

Ambiguous genitalia can be part of a genetic  
syndrome or complex such as captomelic dyspla-
sia, Smith–Lemli–Opiz, and omphalocele-exstrophy-
imperforate anus-spinal defects (OEIS) complex. 
No specific complications during delivery are to 
be expected.

ABNORMALITIES OF THE CLOACA
Persistent Cloaca
The cloacal malformation is a complex congenital 
abnormality in which the urinary, genital and 

the female, clitoromegaly may be demonstrated. In 
practical terms it may well be very difficult to differ-
entiate a micropenis with undescended testes from a 
case of clitoromegaly and so this area of diagnosis is 
very difficult (Figure 18-52).

Pregnancy/Delivery: A karyotype is of value to 
determine the genetic sex of the fetus. In a genetic 
male with ambiguous genitalia or sex reversal, male 
pseudohermaphroditism or pure gonadal dysgenesis 
is likely. If the reverse is found with male external 
genitalia in a genetic female then congenital adrenal 
hyperplasia (an autosomal recessive condition) is 
the most likely cause. This condition is amenable 
to prenatal diagnosis. When a diagnosis is made 

FIGURE 18-50 (A) Male fetus at 11 to 13 weeks. (B) Female fetus at 11 to 13 weeks. (Courtesy of Dr Anne Marie Coady.)
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1. Distension of the vagina. The distended vagina 
will appear as a midline cystic mass that may be 
septated or contain low-level echoes. The mass 
may be very large and completely fill the 
abdomen (Figure 18-54).

2. Distension of the rectum or colon, which may 
demonstrate enterolithiasis due to mixture of 
urine and meconium.

3. Bilateral hydronephrosis, cystic kidneys and 
oligohydramnios.

Other findings include transient ascites, growth 
retardation and vertebral anomalies, particularly sacral 
agenesis.81

The features of transient ascites followed by the 
development of a predominantly cystic midline pelvic 
mass, with or without bilateral hydronephrosis or 
colonic dilatation, are very suggestive of persistent 
cloaca.81

Associated abnormalities include bladder duplica-
tion, uterine duplication, vaginal duplication, hydro-
metrocolpos, sacral agenesis, spina bifida and tethered 
cord. Extra-pelvic anomalies, whilst frequently geni-
tourinary and gastrointestinal, may also be cardiac and 
cranial.79

Outcome: In recent years, the prognosis has improved 
sig nificantly and surgical repair with good functional 
outcome is now possible.79

FIGURE 18-51 (A) Female fetal gender at 20 weeks. (B) Male fetal 
gender at 20 weeks. (Courtesy of Dr Anne Marie Coady.)

A
FEMALE

B

FIGURE 18-52 Micropenis at 20 weeks. (Courtesy of Dr Anne Marie 
Coady.)

intestinal tracts converge into a common outflow 
structure, the cloaca (Latin for sewer). It is seen only 
in females and has an incidence of 1 in 40,000 to 1 
in 50,000 live births.79 The communications of 
bladder, vagina and rectum are complex and very vari-
able and there are a large number of associated abnor-
malities. It is a sporadic defect and the risk of 
recurrence is negligible.

The malformation is divided into two types: in the 
urethral type the perineal opening of the cloaca is a 
continuation of the urethra, in the vaginal type the 
perineal opening of the cloaca is a continuation of the 
vagina (Figure 18-53).

Sonographic Appearances: The sonographic ap-
pearances are very variable but include:80
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FIGURE 18-53 Persistent cloaca. Diagram outlining the two types of 
cloacal malformation. The urethral and vaginal configurations. (With 
permission from Jaramillo D, Lebowitz RL, Hendren WH. The cloacal malfor-
mation: Radiologic findings and imaging recommendations. Radiology 1990; 
177:441–448.)

Urethral

Vaginal

FIGURE 18-54 The distended vagina will appear as a midline cystic 
mass that may be septated or contain low-level echoes. The mass 
may be very large and completely fill the abdomen. (Courtesy of 
Dr Anne Marie Coady.)

A defunctioning colostomy is performed initially to 
prevent faecal contamination of the urinary tract. Fol-
lowing this, extensive radiological investigation is 
required to define the anatomy of the malformation 
prior to corrective surgery.79

HYDROMETROCOLPOS AND UROGENITAL SINUS
Hydrometrocolpos does not usually become apparent 
until after the onset of menstruation at puberty and is 
caused by an imperforate hymen, transverse vaginal 
septum or vaginal atresia.82

Hydrometrocolpos occurring antenatally or in the 
neonatal period is usually caused by a urogenital sinus 
or cloacal malformation. A urogenital sinus is pro-
duced when there is a common terminal channel for 
the bladder and vagina, unlike the cloacal malforma-
tion, the rectum has a normal opening. The urogenital 
sinus frequently obstructs to produce dilatation of the 
vagina and/or bladder.

Sonographic Appearances
1. There is usually a dilated midline cystic, often 

complex mass within the pelvis, which displaces 
the bladder forwards. The fluid within the mass 
may contain low-level echoes and as with per-
sistent cloaca the cystic mass may be very large, 
filling the entire abdomen (Figure 18-55).

2. There is often hydronephrosis and in severe 
cases cystic renal dysplasia with oligohydram-
nios.82,83

3. Ascites will be particulate as it is due to blood 
and urine (Figure 18-56).

Associated Abnormalities
Associated anomalies include renal agenesis and  
intersex phenotype, i.e. ambiguous genitalia. Hydro- 
metrocolpos is a very prominent sign for the 



51518 Urinary Tract Abnormalities

REFERENCES
1. Larsen WJ, editor. Human Embryology. Edinburgh: Churchill 

Livingstone; 2002.
2. Chitty LC, Altman DG. Charts of fetal size: kidney and renal 

pelvis measurements. Prenat Diagn 2003;23:891–7.
3. Rabinowitz R, Peters MT, Vyas S, et al. Measurement of fetal 

urine production in normal pregnancy by real-time ultrasonog-
raphy. Am J Obstet Gynecol 1989;161:1264–6.

4. Cocchi G, Magnani C, Morini MS, et al. Urinary tract abnor-
malities (UTA) and associated malformations: data of the 
Emilia-Romagna Registry. IMER Group. Emilia-Romagna  
Registry on Congenital Malformations. Eur J Epidemiol 1996; 
12:493–7.

5. Malek RS, Kelalis PP, Burke EC. Ectopic kidney in children and 
frequency of association with other malformations. Mayo Clin 
Proc 1971;46:461–7.

6. Pilu G, Nicolaides KH. Diagnosis of fetal anomalies: The 18–23 
week scan. Kidneys and Urinary Tract. London: Parthenon 
Publishing; 1999. p. 77–85.

7. Cascio S, Paran S, Puri P. Associated urological anomalies in 
children with unilateral renal agenesis. J Urol 1999;162: 
1081–3.

8. Whitten SM, McHoney M, Wilcox DT, et al. Accuracy of ante-
natal fetal ultrasound in the diagnosis of duplex kidneys. Ultra-
sound Obstet Gynecol 2003;21:342–6.

9. Abuhamad AZ, Horton CE, Horton SH, Evans AT. Renal dupli-
cation anomalies in the fetus: clues for prenatal diagnosis. 
Ultrasound Obstet Gynecol 1996;7:174–7.
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FIGURE 18-56 Ascites will be particulate as it is due to blood and 
urine. (Courtesy of Dr Anne Marie Coady.)

FIGURE 18-57 Polydactyly of the toes. (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 18-58 Echogenic kidneys and particulate ascites. 

McKusick–Kaufman syndrome which is characterized 
by the following major features:

• Polydactyly of the fingers and/or toes (Figure 
18-57).

• Cardiac defects.
• Hydrometrocolpos.
• Echogenic kidneys (Figure 18-58).

Outcome
The presence of renal dysplasia and oligohydramnios 
has a poor outcome with high perinatal mortality 
rates. Long-term outcome is reasonably good follow-
ing reconstructive surgery.
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Chapter 19 

Red Cell Disorders
CAUSES OF FETAL ANAEMIA
Rhesus D Alloimmunization
Rhesus D (RhD) alloimmunization is the major cause 
of haemolytic disease of the fetus and newborn 
(HDFN). Over the past 40 years, the incidence of 
HDFN has fallen dramatically due to greater under-
standing of the pathophysiology of the disease and 
advances in management including the widespread 
use of prophylactic anti-D immunoglobulin. The 
reduction in stillbirths and neonatal deaths, although 
primarily attributable to the use of anti-D immu-
noglobulin, is also a result of significant advances in 
the management of affected fetuses and neonates. The 
use of high-resolution real-time ultrasound to screen 
for fetal anaemia to allow timely fetal blood transfu-
sion means that pregnancies complicated by alloim-
munization now have a favourable outcome.

The red cell membrane contains numerous surface 
antigens, including the RhD antigen (Table 19-1).1 
The RhD antigen is encoded by the RhD gene located 
on chromosome 1. The RhD-negative phenotype is 
due to the absence of the RhD antigen on the red cell 
membrane as a result of homozygous absence or 
partial deletion of the RhD gene. A small minority of 
individuals, known as RhDu individuals, are missing 
part of the RhD antigen and are therefore at risk of 
producing anti-D if exposed to RhD antigen. Growing 
evidence suggests that these women should receive 
anti-D immunoglobulin although current guidelines 
do not advocate this.

The pathophysiology of rhesus alloimmunization is 
well understood and involves the production of mater-
nal IgG antibodies against the RhD antigen in a mother 
who is RhD-negative, as a result of exposure to foreign 
RhD-positive red cells. The exposure usually occurs 
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the initial exposure to foreign fetal RhD antigen, the 
RhD-negative mother produces a primary immune 
response which involves the production of IgM anti-
bodies against RhD antigen. These antibodies are 
unable to cross the placenta and have no direct effect 
on the fetus. However, on subsequent exposure to 
rhesus D antigens, often in the next pregnancy, the 
mother produces a more rapid immune response 
involving the production of IgG antibodies which are 
actively transported across the placenta. IgG antibod-
ies bind to fetal red cells expressing the RhD antigen 
and cause red cell destruction by phagocytosis and 
cytolysis (Figure 19-1).2 This produces fetal anaemia 
which may lead to hydrops fetalis and death. Fetal 
death or the development of hydrops does not occur 
before 16 weeks’ gestation, presumably because the 

due to transplacental haemorrhage from a rhesus 
D-positive fetus to the mother, but can occur after 
heterologous blood transfusion. Transplacental haem-
orrhage from the fetus to the mother occurs during 
sensitizing events, which include miscarriage, termi-
nation of pregnancy, invasive prenatal testing and 
childbirth. The dose of anti-D administered after a 
sensitizing event varies according to gestation and 
amount of feto-maternal haemorrhage (FMH), as 
assessed by Kleihauer testing. In general 250 IU is 
given before 12 weeks for cases of therapeutic termi-
nation and between 12 and 20 weeks after a sensitiz-
ing event. After 20 weeks a dose of 500 IU is sufficient 
for a 4 mL FMH. More anti-D may be required 
depending on the size of the FMH. Anti-D should be 
given within 72 hours of a sensitizing event. During 

TABLE 19-1 Table of Blood Group Systems

No. System Name System Symbol Gene Name(s)a Chromosomal Location

1 ABO ABO ABO 9q34.2
2 MNS MNS GYPA, GYPB, GYPE 4q31.21
3 P P1 22q11.2-qter
4 Rh RH RHD, RHCE 1p36.11
5 Lutheran LU LU 19q13.32
6 Kell KEL KEL 7q34
7 Lewis LE FUT3 19p13.3
8 Duffy FY FY 1q23.2
9 Kidd JK SLC14A1 18q12.3

10 Diego DI SLC4A1 17q21.31
11 Yt YT ACHE 7q22.1
12 Xg XG XG, MIC2 Xp22.33, Yp11.3
13 Scianna SC ERMAP 1p34.2
14 Dombrock DO DO 12p12.3
15 Colton CO AQP1 7p14.3
16 Landsteiner–Wiener LW ICAM4 19p13.2
17 Chido/Rodgers CH/RG C4A, C4B 6p21.3
18 H H FUT1 19q13.33
19 Kx XK XK Xp21.1
20 Gerbich GE GYPC 2q14.3
21 Cromer CROM DAF 1q32.2
22 Knops KN CR1 1q32.2
23 Indian IN CD44 11p13
24 Ok OK BSG 19p13.3
25 Raph RAPH CD151 11p15.5
26 John Milton Hagen JMH SEMA7A 11p15.5
27 I I GCNT2 6p24.2
28 Globoside GLOB B3GALT3 3q26.1
29 Gill GIL AQP3 9p13.3

aAs recognized by the HUGO Gene Nomenclature Committee (www.genenames.org/). From Eyre et al., 2006.1
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fetus will be RhD-negative and unaffected by the 
antibodies.

Prenatal testing of the fetal genotype was initially 
done using polymerase chain reaction method on fetal 
DNA from amniotic fluid or chorionic villus cells.  
This method is invasive, carries a risk of miscarriage 
and can theoretically worsen fetal anaemia by increas-
ing maternal antibody levels (particularly following 

fetal reticuloendothelial system is too immature to 
destroy antibody-coated erythrocytes.

Around 17% of RhD-negative women are immu-
nized by a single RhD-positive pregnancy, if anti-D 
immunoglobulin is not administered.3

• 50% of sensitized women will have affected 
neonates with mild or no anaemia;

• 25–30% will have moderate anaemia requiring 
neonatal treatment;

• 20–25% will develop hydrops fetalis due to 
severe anaemia, and heart failure, leading to 
intrauterine or neonatal death unless fetal treat-
ment is given (Figures 19-2 and Figure 19-3 A 
and B).

Routine first-trimester antenatal care involves 
testing for ABO blood group and Rh status, as well as 
an antibody screen. A further antibody test is offered 
at 28 weeks’ gestation to detect any red cell antibodies 
that may have developed in the pregnancy.

If maternal serum red cell antibodies are detected, 
the partner’s blood is analyzed for blood group (geno-
typing may be required) (Figure 19-4). If the partner 
is homozygous for D antigen the fetus will be D antigen- 
positive and at risk of developing fetal anaemia. If the 
partner is heterozygous there is a 50% chance that the 

FIGURE 19-1 Pathogenesis of rhesus alloimmunization. 
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FIGURE 19-2 Longitudinal section of a fetus with ascites and skin 
oedema. 
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In a pregnancy at risk of alloimmunization, mater-
nal antibody levels are measured serially as the 
outcome of pregnancy is related to their concentra-
tion. Antibody titres are measured using the indirect 
Coombs’ test and are expressed as the reciprocal of the 
highest dilution of serum that causes agglutination. 
Most laboratories use a critical titre, often 1 : 32, above 
which the risk of fetal anaemia is considered high. 
However, levels do not always correlate with severity 
of fetal disease, reflecting the importance of antibody 
quality, including IgG subclass. In Europe the levels 
of the antibodies are often expressed in international 
units/mL. Follow-up of the fetus is recommended 
when the antibody level is more than 15 IU/mL, (or 
the titre is 1 in 128). Often the trend in antibody level/
titres is more significant than the absolute value.

In pregnancies at risk, ultrasound assessment is 
necessary to detect early signs of fetal anaemia before 
hydrops develops. Doppler ultrasound evaluation of 
the middle cerebral artery is the most widely used  
tool for assessment of fetal anaemia. Fetal anaemia is 
treated with intrauterine transfusion (IUT), performed 
using ultrasound-guided cordocentesis. Survival rates 
of more than 90% are now common, and the vast 
majority of survivors appear to have a normal long-
term development.6

chorionic villus sampling). A major advance in the 
management of rhesus alloimmunization was the 
identification of free fetal DNA (found in maternal 
blood from as early as 7 weeks’ gestation) to detect the 
presence of the RhD gene by real-time PCR tech-
niques; this has been available in the UK since 2001.4 
This approach has the advantage of being non-invasive 
and in addition to RhD this technology can determine 
a growing number of fetal blood group antigens 
including Kell, c and E.5

FIGURE 19-3 Transverse section of a fetus with (A) ascites and 
(B) pericardial effusion. 

A

B

FIGURE 19-4 Partner genotyping to determine the fetal rhesus 
status. 
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isoimmunization. Anti-Kell alloantibodies not only 
cause fetal red cell destruction but because erythroid 
precursor cells express the Kell antigen, also reduce 
red cell production. This may explain the more rapid 
and earlier development of fetal anaemia in Kell 
alloimmunization.9 Anti-Kell antibody levels do not 
correlate with disease severity and management of 
affected pregnancies therefore requires serial ultra-
sound and Doppler assessment to screen for anaemia.

Maternal screening for these antibodies is now 
routine in the UK with an algorithm for the clinical 
management of the non-RhD alloimmunized preg-
nancy (Figure 19-5).10

Parvovirus B19
Parvovirus B19 is a single-stranded DNA, non-
enveloped virus. Known as ‘fifth disease’ or ‘slapped 
cheek syndrome’, it is such a common childhood viral 
infection that approximately 65% of pregnant women 
are immune.11 It is spread by respiratory droplets, by 
blood or blood product transfusion or by transplacen-
tal passage. The incidence of acute parvovirus B19 
infection in pregnancy is 1–2%. Cases are often 
asymptomatic although prodromal symptoms may be 
present after an incubation period of 4–14 days. In 
some cases, the more definable symptoms of rash (ery-
thema infectiosum) and arthralgia are present 7 days 
after the prodromal illness.

Transplacental transmission of the virus occurs in 
33% of pregnant women following infection.12 Parvo-
virus B19 causes fetal anaemia by inhibiting erythro-
poiesis leading to an aplastic crisis. In healthy adults 
this crisis is well-tolerated with minimal anaemia. 
However, the fetal demand for red blood cells is 
greater with a larger red cell mass and rapid cell turn-
over. This renders the fetus particularly vulnerable to 
any insult to erythropoiesis and a profound anaemia 
may result from parvovirus B19 infection. In the fetus 
the virus mainly affects the bone marrow but can also 
affect extra-medullary haematopoiesis in the liver or 
spleen. The fetal anaemia, as well as associated hepa-
titis, hypoalbuminaemia and myocarditis, can lead to 
cardiac failure and subsequent hydrops fetalis.13

Pregnant women presenting with a rash suggestive 
of parvovirus B19 or following contact with an infected 
individual can be tested for specific IgM and IgG 
(Figure 19-6).14,15 Some fetuses that develop hydrops 

Non-Rhesus D Alloimmunization
Although the RhD antigen is traditionally the most 
common cause of red cell alloimmunization and 
HDFN, over 50 other red cell antibodies have been 
associated with HDFN. Table 19-2 shows the inci-
dence of haemolytic disease of the newborn (HDN) 
with atypical maternal red blood cell antibodies.7 The 
most significant non-RhD antibodies include K (Kell 
system) and c of the rhesus system. Although these 
antibodies are less common, they remain a cause  
of fetal disease as no prophylactic immunoglobulin  
is available to prevent antibody formation. These 
non-RhD antibodies develop in 1–2% of people after 
blood transfusion and account for 2% of cases of 
HDFN.8 The pathophysiology is the same as for RhD 

From Bowman, 1994.7

TABLE 19-2 Incidence of Haemolytic 
Disease of the Newborn (HDN) With 
Atypical Maternal Red Blood Cell 
Antibodies

Frequency of HDN Antibody

Common c
Kell
E

Uncommon e
Cw
C
Ce
Kpa, Kpb

cE
K
S
Wra

Fya

Very rare S
U
M
Fyb

N
Doa

Coa

Dia, Dib

Lua

Yta

Jka, Jkb

No occurrence Lea, Leb

p
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severe fetal anaemia secondary to maternal serocon-
version after 21 weeks. The management of fetal 
anaemia secondary to a primary parvovirus B19 infec-
tion requires serial scanning for anaemia every 1–2 
weeks starting from 4 weeks up until 12 weeks after 
maternal infection. In some cases the anaemia resolves 
spontaneously (resolving fetal infection) and in others 
IUT is required (Figure 19-7). In most cases, one 
transfusion is sufficient to treat the anaemia and 
reverse the hydrops. Ascites may persist for several 
weeks and should not be regarded as treatment failure. 
Other congenital infections that can cause fetal 

may have false-negative maternal serum IgM titres, as 
a result of which IUT may be delayed or even with-
held. In cases of established hydrops thought to be 
secondary to fetal anaemia, testing the amniotic fluid 
for parvovirus B19 may be beneficial, even if the serol-
ogy is negative.16

Once serological diagnosis of acute maternal infec-
tion is made, fetal ultrasonography is performed to 
exclude fetal anaemia and hydrops fetalis. Fetal 
anaemia generally develops 6 weeks (range 3–12) after 
maternal infection and is most commonly diagnosed 
at a gestation of 22 weeks. It is very unusual to see 

FIGURE 19-5 Algorithm for the clinical management of the non-rhesus-D alloimmunized pregnancy.10 
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Rare causes of fetal anaemia include Blackfan-Dia-
mond anaemia, a disorder of ribsosome function 
caused by mutations affecting genes encoding ribos-
omal proteins. DBA is characterised by physical abnor-
malities, cranio-facial and thumb abnormalities, short 
stature, red cell aplasia and an increased risk of malig-
nancy. There is a wide range of severity and different 

anaemia include cytomegalovirus, syphilis and toxo-
plasmosis, however the anaemia is generally not severe 
enough to cause fetal hydrops.

Other causes of anaemia feto-maternal haemor-
rhage can occur spontaneously or following maternal 
abdominal trauma. This can be assessed and quanti-
fied by maternal Kleihauer-Betke test.

FIGURE 19-6 Investigation for parvovirus B19 in pregnant women exposed to rash illness. (Adapted from the 2000 Public Health Laboratory Service 
Working Party on ‘Rash Diagnosis in Pregnancy and Rubella Screening’, subsequently reported.)15,16

Test for parvovirus B19 IgM and IgG

Parvovirus B19 IgG detected;
parvovirus B19 IgM not detected

Parvovirus B19 IgG not detected;
parvovirus B19 IgM not detected

Parvovirus B19 IgG not detected:
or detected; parvovirus B19

IgM detected

“No evidence of recent
parvovirus B19”

“Susceptible to parvovirus B19;
please send further serum one

month after last contact
or if illness develops”

Obtain further serum and obtain
reference testing

Investigate later serum for
parvovirus B19 IgG and IgM.

Diagnose and advise on results

Diagnose and advise
on results

FIGURE 19-7 Management of confirmed parvovirus B19 infection in pregnancy. (Adapted from the 2000 Public Health Laboratory Service Working 
Party on ‘Rash Diagnosis in Pregnancy and Rubella Screening’, subsequently reported.)15,16.
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Findings suggestive of
hydrops fetalis

Refer to the regional unit
of fetal medicine
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Furthermore, prediction of severe fetal anaemia 
using MCA-PSV after one transfusion is less accurate 
than in non-transfused fetuses (detection rate of 95% 
with a false-positive rate of 37%) and it is not useful 
in predicting severe anaemia in fetuses that have 
already had two transfusions.24

Technique: Figure 19-8 (A–F) demonstrates the 
steps taken in MCA Doppler assessment which ensure 
lower intra- and inter-observer variation.23 The meas-
urements should be obtained in the absence of fetal 
movement and breathing. A recent review article re-
commended that MCA Doppler should be used only 
in fetuses at risk of anaemia and then only in medical 
centres with adequate training in the technique.25

Pitfalls: Operators should be aware of possible pit-
falls including:

patterns of inheritance have been reported, most com-
monly autosomal dominant in familial DBA.

Congenital dyserythropoietic anaemias are a het-
erogeneous group of rare inherited anaemias charac-
terised by ineffective erythropoiesis, morphological 
abnormalities of mature red blood cells and morpho-
logical and functional abnormalities of erythroblasts. 
The anaemia is usually mild-moderate, severe transfu-
sion-dependent cases are uncommon. They have been 
classified into three types (CDA I, II and III) in relation 
to their pattern of inheritance and bone marrow mor-
phology. CDA II is the most common type and has an 
autosomal recessive mode of inheritance.17

ASSESSMENT OF ANAEMIA
Non-Invasive Methods for Assessing Fetal Anaemia
The most widely used method of assessing fetal 
anaemia is Doppler ultrasound evaluation of the 
middle cerebral artery (MCA).18 This involves 
the measurement of the peak systolic velocity (PSV) 
in the MCA and comparing it to normal values for 
gestational age. Fetal anaemia produces an increase in 
cardiac output and a decrease in blood viscosity, 
leading to increased peak systolic velocities. Therefore, 
the PSV is indirectly proportional to the fetal haemo-
globin. Measurement of PSV avoids the risks associ-
ated with invasive testing. This technique has now 
largely replaced invasive testing, reducing the number 
of invasive procedures required by approximately 50 
to 70%.19,20 Table 19-3 shows the reference ranges for 
fetal haemoglobin concentration as a function of ges-
tational age.21

Accuracy: Currently MCA Doppler is the standard 
non-invasive method used to diagnose fetal anaemia. 
The sensitivity for the prediction of moderate or severe 
anaemia in the setting of an elevated MCA-PSV is 
100% (95% confidence interval 0.86–1) with a false-
positive rate of 12%19,22 (see Pitfalls section below).

However, the MCA-PSV does not detect all cases of 
fetal anaemia.

• It may be normal in mild anaemia.
• Once the haemoglobin concentration falls below 

3 g/dL (severe anaemia) it does not increase 
further.

• The false-positive rate increases after 35 weeks’ 
gestation.19,21,23

From Mari G, Deter RL, Carpenter RL, et al. Noninvasive 
diagnosis by Doppler ultrasonography of fetal anaemia 
due to maternal red-cell alloimmunization. Collaborative 
Group for Doppler Assessment of the Blood Velocity in 
Anemic Fetuses. N Engl J Med 2000; 342:9–14.

TABLE 19-3 Reference Ranges for Fetal 
Haemoglobin Concentration as a Function 
of Gestational Age21

Fetal Haemoglobin Concentration (g/dL)

Multiple of the Median*

GESTATIONAL 
AGE (WEEKS) 1.16

(MEDIAN) 
1.00 0.84 0.65 0.55

18 12.3 10.6 8.9 6.9 5.8
20 12.9 11.1 9.3 7.2 6.1
22 13.4 11.6 9.7 7.5 6.4
24 13.9 12.0 10.1 7.8 6.6
26 14.3 12.3 10.3 8.0 6.8
28 14.6 12.6 10.6 8.2 6.9
30 14.8 12.8 10.8 8.3 7.1
32 15.2 13.1 10.9 8.5 7.2
34 15.4 13.3 11.2 8.6 7.3
36 15.6 13.5 11.3 8.7 7.4
38 15.8 13.6 11.4 8.9 7.5
40 16.0 13.8 11.6 9.0 7.6

*The haemoglobin values at 0.65 and 0.55 multiples of the 
median (cut-off points for mild and moderate anaemia, 
respectively) are also shown. The values at 1.16 and 
0.84 multiples of the median correspond to the 95th and 
5th percentiles, respectively (the normal range).
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required and a critical maternal antibody level (e.g. 
>15 IU/mL in cases of rhesus isoimmunization). 
The frequency of monitoring is determined by the 
MCA-PSV MoM values. A cut-off value of 1.5 MoM 
for MCA-PSV is used to indicate the presence of fetal 
anaemia (Figure 19-9). The MCA-PSV trend should 
be used to determine when to repeat the assessment 
and clinical decisions should take into account the 
trend, rather than just a single value, because of a 
possible error of 5–10%.

One group proposed that management should be 
based on a combination of MCA-PSV and maternal 
antibody levels.28 They suggested that assessment 
should be carried out at intervals of 1–2 weeks, with 
cordocentesis reserved for those with fetal ascites or 
an MCA-PSV more than 1.5 SDs above the normal 
mean for gestation. In patients that previously had no 

• Normal variants of the MCA: double MCA and 
MCA collaterals (the lenticulostriate arteries).

• Readings should not be made during a period of 
rest immediately following a period of fetal 
activity.

• In late gestation, MCA Doppler measurements 
may be affected by fetal heart rate accelerations 
or decelerations, or after uterine contractions.23

It is worth noting that MCA-PSV is increased in 
cases of intrauterine growth restriction.26,27 Table 19-4 
Figure 19-9 shows the MCA-PSV cut-offs, expressed 
in multiples of the median (MoM) to correct for ges-
tational age.21

In a fetus at risk of anaemia, the MCA-PSV can be 
monitored from as early as 16 weeks’ gestation. The 
risk of anaemia is assessed by a history of a previous 
pregnancy in which transfusion for anaemia was 

FIGURE 19-8 Middle cerebral artery (MCA) Doppler technique.23 (Mari G, Abuhamad AZ, Cosmi E, et al. Middle cerebral artery peak systolic velocity: 
technique and variability. J Ultrasound Med. 2005;24:425–430.)

• An axial section of the brain, including the thalami and the cavum septi pellucidi is obtained (at the level of the sphenoid bone)

• The circle of Willis is visualized by moving the transducer caudally toward the base of the skull

• The middle cerebral artery should be visualized for its entire length

• The middle cerebral artery is insonated through an anterior (temporo-occipital) window soon after its origin from the internal carotid artery

• The image is zoomed and the MCA waveforms are obtained

• The angle should be close to zero and the sample volume should be 1-2mm

• For assessment of fetal anaemia, it is recommended to repeat the measurement three times and choose the highest MCA peak systolic velocity
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by ultrasound and Doppler examination.28 Maternal 
fetal movement counting is a useful addition to non-
invasive assessment of anaemia after 35 weeks when 
ultrasound assessment becomes less accurate.

Invasive Methods for Assessing Fetal Anaemia
Two invasive methods are used to assess the severity 
of fetal anaemia: indirect spectrophotometric assess-
ment of bilirubin in amniotic fluid obtained by amnio-
centesis or direct haematological studies on a fetal 
blood sample.

In the past, amniocentesis was used to predict fetal 
anaemia by measuring the concentration of bilirubin 
in the amniotic fluid. Rising bilirubin levels in the 
amniotic fluid correlate with increasing fetal red cell 
destruction seen in cases of haemolytic fetal anaemia. 
With the introduction of MCA-PSV Doppler, most 
fetal medicine centres nowadays have largely aban-
doned amniotic fluid analysis.22

During fetal blood sampling (FBS) a needle is 
inserted into the umbilical vein under ultrasound 
guidance. The advantage of this technique is that 
intravascular blood transfusion can be administered 
through the same needle if fetal anaemia is confirmed 
after analyzing the blood.

FBS is associated with a risk of complications 
including:

• miscarriage (0.8%);
• infection;
• fetal death (1–2%, but up to 25% in high-risk 

pregnancy29);
• intra-amniotic bleeding;
• preterm delivery (5%);
• cord tamponade.30

TREATMENT OF FETAL ANAEMIA
Intrauterine Blood Transfusion
Intrauterine blood transfusion (IUT) is indicated in 
cases of persistently raised MCA-PSV. Less commonly 
IUT is indicated in cases of ascites or hydrops fetalis 
caused by fetal anaemia or in association with a low 
haematocrit on FBS. There are two types of IUT: intra-
vascular transfusion (IVT) and intraperitoneal transfu-
sion (IPT). IPT was first described by Liley in 1963 
and was the main method of treatment for severe fetal 
anaemia until the early 1980s. In 1981, Rodeck et al.31 

or only mildly affected pregnancies, measurement of 
maternal antibody levels should start at 17 weeks’ 
gestation, and be checked every 2 to 3 weeks thereaf-
ter. This group stated that antibody concentrations 
consistently less than 15 IU/mL are associated with 
insignificant or mild fetal haemolysis and that delivery 
of these fetuses can be delayed until term. If, however, 
the antibody levels are above 15 IU/mL, haemolysis 
may be severe. Such fetuses should be assessed weekly 

TABLE 19-4 Reference Values of Peak 
Systolic Velocity of the Middle Cerebral  
Artery (MCA)21

Peak Systolic Velocitya of the MCA (cm/s)

Multiple of the Median
GESTATIONAL 
AGE (WEEKS) 1 1.3 1.5 1.7 2

15 20 26 30 34 40
16 21 27 32 36 42
17 22 29 33 37 44
18 23 30 35 39 46
19 24 31 36 41 48
20 25 33 38 43 50
21 26 34 39 44 52
22 28 36 42 48 56
23 29 38 44 49 58
24 30 39 45 51 60
25 32 42 48 54 64
26 33 43 50 56 66
27 35 46 53 60 70
28 37 48 56 63 74
29 38 49 57 65 76
30 40 52 60 68 80
31 42 55 63 71 84
32 44 57 66 75 88
33 46 60 69 78 92
34 48 62 72 82 96
35 50 65 75 85 100
36 53 69 80 90 106
37 55 72 83 94 110
38 58 75 87 99 116
39 61 79 92 104 122
40 63 82 95 107 126

From Mari G, Deter RL, Carpenter RL, et al. Noninvasive 
diagnosis by Doppler ultrasonography of fetal anaemia 
due to maternal red-cell alloimmunization. Collaborative 
Group for Doppler Assessment of the Blood Velocity in 
Anemic Fetuses. N Engl J Med. 2000; 342:9–14.

aPeak systolic velocity (cm/s) = e(2.31 + 0.046*GA), where GA = 
gestational age.
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assessment of haematocrit and haemoglobin and 
transfusion directly into the fetal circulation.

If the haematocrit is more than 2 SD below the 
mean for gestation (in practice below 30%), IVT is 
required. Although there are concerns that IUT can 
cause hypervolaemia, especially in the hydropic fetus, 
it appears that the fetus generally tolerates top-up 
transfusions without any complications.33 The needle 

described a technique for intravascular transfusion by 
needling the umbilical artery under direct fetoscopic 
vision, with ultrasound-guided intravascular transfu-
sion for rhesus haemolytic disease introduced by Jens 
Bang.32

IVT uses an 18- or 20-gauge spinal needle which 
is passed into the uterus under ultrasound guidance. 
Maternal sedation is generally not required. The 
umbilical vein is preferable to the artery because its 
wider diameter makes it easier to target and, during 
the transfusion, the flow of blood can be observed  
by the operator. The needle is inserted into either  
the umbilical vein at its placental insertion (Figure 
19-10) or the intrahepatic umbilical vein. Some opera-
tors prefer puncturing a free loop of cord over the 
intrahepatic route but this may carry an increased risk 
of needle displacement with the potentially fatal risk 
of dissection of the intima and/or cord tamponade. 
Fetal paralysis is not usually required but, if the fetus 
is very active and the placenta posterior, intravenous 
pancuronium bromide or curare may be used.

Once access has been gained to the fetal circulation, 
a 1 mL sample of fetal blood is obtained and the  
haematocrit (Hct) determined rapidly using a nearby 
blood analyzer. The advantages of this technique 
include determination of fetal blood group, direct 

FIGURE 19-9 Multiples of the median (MoM) of peak systolic velocity of the middle cerebral artery.21 (From Mari G, Deter RL, Carpenter RL, et al. 
Noninvasive diagnosis by Doppler ultrasonography of fetal anaemia due to maternal red-cell alloimmunization. Collaborative Group for Doppler Assessment of 
the Blood Velocity in Anemic Fetuses. N Engl J Med. 2000;342:9–14.)
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FIGURE 19-10 Fetal blood transfusion into the umbilical vein at the 
placental cord insertion. 
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suppressed, so the ongoing fall in haematocrit is due 
to fetal growth and plasma expansion, not haemolysis. 
The pre- and post-transfusion haematocrit values can 
be used to calculate this rate of fall, so the timing of 
the next IVT can be estimated.

Possible complications of IVT include:
1. fetomaternal haemorrhage;
2. fetal loss (1–2%);
3. bradycardia or tachycardia (5%);
4. infection (0.3%);
5. cord haematoma;
6. bleeding from the venipuncture site;
7. cardiac overload;
8. premature rupture of the membranes (0.1%).34

At each transfusion the volume to be transfused 
depends on three factors:

1. The estimated feto-placental blood volume.
2. The pre-transfusion fetal haematocrit.
3. The donor blood haematocrit.
Nomograms have been constructed to provide  

estimates for the blood transfusion volume required 
(Figure 19-11).35

Alternatively, the following formula can be used.

is connected to the transfusion bag via extension 
tubing with a 3-way tap; this allows the blood to be 
transfused at 5–10 mL/minute with minimal risk of 
dislodging the needle. Donor blood is O rhesus nega-
tive blood which has been collected within 24 hours 
and cross-matched to the mother’s blood. It is irradi-
ated and washed so is white cell depleted; this mini-
mizes the risk of graft-versus-host reaction in the 
fetus. It is packed to a haematocrit of around 80% so 
as to reduce the volume for transfusion.

The second transfusion is commonly performed 
1–2 weeks later depending on the initial haematocrit. 
The mean fall in fetal haematocrit is around 1% a day 
but there is wide variation; the rate of fall depends in 
part on the percentage of fetal red blood cells remain-
ing in the circulation at the end of the first transfusion 
(bearing in mind that only fetal cells will be haemo-
lysed). The interval after the second transfusion is 
usually 2–3 weeks and tends to be more predictable 
in an individual fetus, because the drop in fetal hae-
matocrit is usually around 1% per day. This is because 
the red blood cells in the fetal circulation are now 
almost exclusively adult and fetal erythropoiesis is 

FIGURE 19-11 Nomogram for calculating volume of donor blood (mL) necessary to correct fetal anaemia. The value F (A) is multiplied by the 
value V (B). For example, for a fetus at 24 weeks’ gestation, the V value is 50. If the pre-transfusion fetal haemoglobin is 5 g/dL, and the donor 
blood haemoglobin is  26 g/dL (F value = 0.9), then 45 mL of donor blood will need to be transfused to achieve a post-transfusion fetal hae-
moglobin of 12.5 g/dL (normal mean for gestation).35 (From Nicolaides KH, Soothill PW, Clewell WH, Rodeck CH, Mibashan RS, Campbell S. Fetal 
haemoglobin measurement in the assessment of red cell isoimmunization. Lancet 1988; 1:1073–1075.)
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high-risk cases, is maternal intravenous immunoglob-
ulin (IVIg). One small series found that early intraperi-
toneal transfusion and adjuvant maternal IVIg prior to 
fetal intravascular transfusion may prevent severe fetal 
anaemia from developing prior to 20 weeks’ gestation 
and can improve survival.36

Outcomes: The outcome of IUT is good with an 
overall survival rate of more than 90% and a fetal 
loss rate of less than 2.5%.37 The outcome is better 
in non-hydropic or mildly hydropic cases, so clini-
cians are advised to avoid delay in referral to a tertiary 
centre.38

Long-term neurodevelopmental outcome after IUT 
was recently studied in a large cohort (the LOTUS 
study). Neurodevelopmental impairment was found 
in 14/291 (4.8%) of IUT survivors. Cerebral palsy was 
detected in six (2.1%) children, severe developmental 
delay in nine (3.1%) children, and bilateral deafness 
in three (1.0%) children. In a multivariate regression 
analysis, severe hydrops was independently associated 
with neurodevelopmental impairment.39

In cases of fetal anaemia due to parvovirus B19 
infection, De Jong et al.40 performed a long-term 
outcome study evaluating 28 survivors of parvovirus 
B19 infection treated with IUT, at a median age of  
5 years (range 1.5–13 years). Neurodevelopmental 
impairment was diagnosed in 3/28 (11%) children, 
including one child with combined cerebral palsy and 
severe developmental delay and two children with 
isolated severe developmental delay.41 However, this is 
a relatively small study and the cause of the increased 
rate of neurodevelopmental impairment is unknown. 
However, adverse outcome was associated with the 
severity of anaemia and cerebral injury caused by 
hypoxic-ischaemic change after severe fetal anaemia 
and hydrops might be the explanation. In the LOTUS 
study39 the incidence of severe developmental delay in 
the subgroup with fetal hydrops was 12%, similar to 
the 11% quoted by De Jong.

Platelet Disorders
FETAL THROMBOCYTOPENIA
Fetal thrombocytopenia is a rare disorder with poten-
tially devastating consequences for the fetus and 
newborn. Fetal and neonatal thrombocytopenia can 
result in intracranial haemorrhage leading to severe 
morbidity or death.

Volume to be transfused
Desired Hct Fetal Hct

Donor Hct Desired Hc
= −

− tt
Feto-placental blood volume× [ ]

The aim is to raise the fetal haematocrit to supra-
physiological levels, i.e. to 35–40% in the early second 
trimester and to 45–55% later in pregnancy. This 
reduces the total number of transfusions needed mini-
mizing the risk of procedure-related fetal loss.

IPT is a technique in which donor red cells are 
placed into the fetal peritoneal cavity, allowing absorp-
tion into the fetal circulation via the lymphatic system. 
In the presence of ascites, this technique is less effec-
tive and IVT is preferable. A 20-gauge spinal needle is 
inserted into the fetal peritoneal cavity under ultra-
sound guidance.

The volume of blood to be transfused is calculated 
using the formula:

Volume of donor blood
gestation in weeks mL= − ×( )20 10

The advantage of this technique is that it enables 
transfusion when access to the fetal circulation is tech-
nically difficult, and is the method of choice below 18 
weeks when direct access to the fetal vasculature is 
dangerous. It is possible to combine both techniques 
to allow a high-volume transfusion with the advantage 
of avoiding fluid overload. The ascites may be drained 
prior to IPT.36

In cases of severe anaemia in the second trimester, 
when only a small volume of blood can be adminis-
tered, exchange transfusion may be employed. This 
enables a larger volume of concentrated blood to be 
given to elevate the haemoglobin to a higher level than 
a simple top-up transfusion allowing a longer interval 
before a second transfusion.

Intracardiac transfusion can be performed in 
selected cases where there is no access to the umbilical 
cord and IPT is unsuitable. The site of transfusion is 
usually the apex of the left ventricle but the right 
ventricle has also been used. This route can be com-
plicated by bradycardia and tamponade and should 
only be employed by experienced operators.

Intravenous Immunoglobulin
Another promising treatment for severe red cell alloim-
munization, perhaps as an adjunct to IUT in very 
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The majority of cases of FNAIT in Caucasians are 
caused by anti-HPA-1a, although only 2% of Cauca-
sian pregnant women are negative for HPA-1a. The 
pathophysiology of FNAIT is considered analogous to 
that of haemolytic disease of the fetus and newborn. 
However, in contrast to HDN, FNAIT appears to occur 
in the first pregnancy in over 50% of cases.44 This is 
because antibodies against HPA are always IgG, so can 
cross the placenta as soon as the immune response has 
been mediated. There does not seem to be a correla-
tion between maternal antibody levels and the severity 
of FNAIT.

Maternal HPA antibody screening is not routinely 
performed in the antenatal period, so FNAIT is usually 
diagnosed only after fetal or neonatal bleeding has 
occurred or thrombocytopenia is detected by chance. 
It is therefore usually only possible to treat women in 
their next pregnancy.

Antenatal management in the subsequent preg-
nancy requires knowledge of the father’s status for  
the offending antigen (homozygous or heterozygous). 
If heterozygous, it may be necessary to genotype the 
fetus by free fetal DNA or invasive testing (amniocen-
tesis). Various protocols for the treatment of pregnan-
cies with HPA alloantibodies have been proposed. 
Increasingly, clinicians refrain from diagnostic FBS to 
initiate or monitor treatment.45,46

Empiric use of IVIg, with or without the addition 
of steroids, is common in patients with a previously 
affected child without an intracranial haemorrhage. In 
the highest-risk groups, those with a sibling with 
intracranial haemorrhage, more aggressive treatment 
is often considered. The current recommendations for 
antenatal management of FNAIT are shown in Figure 
19-12.42 The dose of IVIg generally used in high-risk 
cases is 1 g/kg/week given intravenously. It is possible 
a lower dose of IVIg of 0.5 g/kg/week may be effective 
in those who have a previously affected child without 
an intracranial haemorrhage.

In general, intrauterine platelet transfusion (IUPT) 
is reserved for fetuses with a sibling affected by intra-
cranial haemorrhage and thrombocytopenia, but not 
before 24 weeks of gestation. The complication rate of 
FBS and IUPT in FNAIT pregnancies was calculated 
as 1.6% fetal loss and 2.4% other complications.47

IUPT may be made safer by:
1. being performed by the most experienced oper-

ator available;

There are two types of fetal thrombocytopenia:
1. Non-immune: The mechanism of non-immune 

thrombocytopenia is unclear, although it seems 
to be a result of impaired megakaryocytopoiesis. 
It is associated with numerous conditions such 
as preterm birth, congenital infections and 
severe IUGR42 (Table 19-5).

2. Immune: Immune-mediated thrombocytopenia 
includes fetal or neonatal alloimmune thrombo-
cytopenia and autoimmune thrombocytopenia.

Fetal and Neonatal Alloimmune Thrombocytopenia
Fetal and neonatal alloimmune thrombocytopenia 
(FNAIT) is a rare condition affecting 1 in 1500  
fetuses.43 This condition results from the production 
of maternal antibodies against specific human platelet 
antigens (HPA), the platelet specific-antigens are lo-
cated on glycoproteins found on platelet membranes. 
The glycoproteins act as specific ligand receptors to 
enable platelet adhesion and aggregation. There are 
many specific HPA all of which are capable of causing 
FNAIT.

TABLE 19-5 Causes of Fetal and Early 
Neonatal Thrombocytopenia47

Alloimmune thrombocytopenia
Congenital infections (CMV, syphilis, parvovirus B19, 

toxoplasmosis, rubella, HIV)
Maternal autoimmune disease (SLE, ITP)
Severe haemolytic disease due to red cell 

alloimmunization
Placental insufficiency (pre-eclampsia, IUGR, diabetes)
Asphyxia
Perinatal infections (E. coli, GBS, Listeria)
Disseminated intravascular coagulation
Thrombosis (renal vein, aortic)
Congenital syndromes (TAR, Wiskott–Aldrich, 

Kasabach–Meritt, amegakaryocytosis, trisomy 13, 
trisomy 18, trisomy 21, triploidy)

Metabolic disorder
Hepatomegaly/splenomegaly

From Porcelijn L, van den Akker ESA, Kanhai HHH. Fetal 
platelet disorders. In: Rodeck CH, Whittle MJ, eds. Fetal 
Medicine: Basic science and clinical practice. London: 
Churchill Livingstone, 2009.

CMV = cytomegalovirus; SLE = systemic lupus 
erythematosus; ITP = idiopathic thrombocytopenia; 
IUGR = intrauterine growth restriction; GBS = group B 
streptococcus; TAR = thrombocytopenia with absent radii.
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The management of FNAIT in neonates involves 
IVIg administration and transfusion of matched donor 
platelets.

The main cause of morbidity and mortality in 
FNAIT is intracranial haemorrhage secondary to 
thrombocytopenia.

The recurrence rate in subsequent incompatible 
pregnancies is high (75–90%). Some authors have 
suggested that FNAIT becomes more severe in subse-
quent pregnancies.4,48

Autoimmune or Idiopathic Thrombocytopenia
Idiopathic thrombocytopenia (ITP) is an autoimmune 
disorder in which antibodies are produced against the 

2. having a cell counter in the operating room 
(which can provide a platelet count and histo-
gram within two minutes);

3. infusing previously collected compatible plate-
lets during each procedure to achieve a platelet 
count of >100 × 109/L.

The mechanism of action of maternal IVIg in the 
treatment of FNAIT is actually unknown although it 
may have several effects:

1. dilution of maternal anti-HPA antibodies;
2. decreasing placental transmission of maternal 

anti-HPA antibodies; and
3. prohibiting the destruction of fetal platelets by 

macrophages.

FIGURE 19-12 FNAIT: Recommendation for management in pregnancy and delivery, depending on the obstetric history and in case the fetus 
is positive for the offending antigen.47 (Taken from Porcelijn L, van den Akker ESA, Kanhai HHH. Fetal platelet disorders. In: Rodeck CH, Whittle MJ, eds. 
Fetal Medicine: Basic science and clinical practice. London: Churchill Livingstone, 2009.)
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FBS  = fetal blood sampling
IUPT = intrauterine platelet transfusion 
CS    = Caesarean section



53319 Haematological Disorders

4. Lo YM, Corbetta N, Chamberlain PF, et al. Presence of  
fetal DNA in maternal plasma and serum. Lancet 1997; 
350:485–7.

5. Scheffer PG, van der Schoot CE, Page-Christiaens GC, de Haas 
M. Noninvasive fetal blood group genotyping of rhesus D, c, E 
and of K in alloimmunised pregnant women: evaluation of a 
7-year clinical experience. BJOG 2011;118:1340–8.

6. Moise KJ Jr. Management of rhesus alloimmunization in preg-
nancy. Obstet Gynecol 2008;112:164–76.

7. Bowman JM. Hemolytic disease (erythroblastosis fetalis). In: 
Creasy RK, Resnik R, editors. Maternal-fetal medicine: princi-
ples and practice. Philadelphia: W.B. Saunders; 1994.

8. Duerback NB, Seeds JW. Rhesus isoimmunization in pregnancy 
a review. Obstet Gynaecol Surv 1993;48:801–10.

9. Vaughan JI, Warwick R, Letsky E, et al. Erythropoietic suppres-
sion in fetal anemia because of Kell alloimmunization. Am J 
Obstet Gynecol 1994;171:247–52.

10. Moise KJ. Fetal anemia due to non-Rhesus-D red-cell alloim-
munization. Semin Fetal Neonatal Med 2008;13:207–14.

11. Valeur-Jensen AK, Pedersen CB, Westergaard T, et al. Risk 
factors for parvovirus B19 infection in pregnancy. J Am Med 
Assoc 1999;281:1099–105.

12. Prospective study of human parvovirus infection in pregnancy. 
Public health laboratory service working party on fifth disease. 
Br Med J 1990;300:1166–70.

13. Garcia AG, Pegado CS, Cubel RC, et al. Feto-placentary pathol-
ogy in human parvovirus B19 infection. Rev Inst Med Trop Sao 
Paulo 1998;40:145–50.

14. Lamont RF, Sobel JD, Vaisbuch E, et al. Parvovirus B19 infec-
tion in human pregnancy. BJOG 2011;118:175–86.

patient’s own platelet surface glycoproteins. Fetal 
intracranial haemorrhage (ICH) as a result of ITP has 
not been documented and the incidence in the 
newborn is low, ranging from 0–1.2%.49 In general 
the mother’s risk of bleeding is greater in ITP than that 
of the fetus or neonate. Nevertheless, around the time 
of birth, procedures such as fetal scalp blood sam-
pling, application of a fetal scalp electrode, and 
vacuum extraction, which could potentially increase 
the risk of fetal or neonatal bleeding should be avoided. 
Figure 19-13 demonstrates recommendations for 
management antenatally and peripartum, depending 
on maternal platelet count.49
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Introduction to Fetal Tumours
Fetal tumours are fortunately rare. They can be associ-
ated with serious illness or even death in the fetal or 
neonatal period and the prenatal diagnosis of fetal 
tumours may have significant implications on the 
well-being of both mother and fetus, as well as on 
perinatal and neonatal outcome. The reported preva-
lence for congenital tumours is 1.7–13.5 per 100,000 
live births.1

DEFINITION
Differentiation between the term fetal tumour and fetal 
malignancy needs to be emphasized as a tumour is not 
always malignant: 40% of congenital tumours are his-
tologically malignant and up to 70% of affected infants 
with these congenital malignant tumours will die. 
Malignant disease involving almost every organ system 
can affect the fetus and 2% of childhood cancers will 
be due to congenital malignancies.2

Fetal tumours are not usually associated with an 
underlying chromosomal defect or more complex 
abnormalities or syndromes with the following note-
worthy exceptions:

• A lipoma of the corpus callosum is frequently 
associated with agenesis of the corpus callosum 
(ACC). The recognized chromosomal and syn-
dromic associations of this anomaly (ACC) are 
very well-documented.3,4

• Beckwith–Weidemann syndrome is associated 
with an increased incidence of Wilms’ tumour 
and hepatoblastoma.

PROGNOSIS AND OUTCOME
The survival for all fetal tumours is very variable: it is 
reported as 80% survival overall, but there are factors 

Fetal Tumours
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• Thorax (including cardiac tumours but these will 
be covered in the Chapter 14, Cardiac Abnor-
malities and Arrhythmias).

• Abdomen and retroperitoneum.
• Other:

a. sacrococcygeal region;
b. extremities;
c. skin.

Sonographic Diagnosis of Fetal Tumours
A fetal tumour can have myriad possible effects and 
features which will vary according to the tumour type 
and in part the tumour location, but there are sono-
graphic features that will make recognition easier.

GENERAL FEATURES COMMON TO  
MOST TUMOUR TYPES
Most tumours irrespective of where they are will have 
a similar sonographic appearance, i.e. that of a mass 
distorting normal anatomy. The mass may develop 
within weeks of a normal ultrasound examination.6 
The sonographic diagnosis of fetal tumours is based 

that are known to have a greater influence on progno-
sis than others.

1. The anatomical location of the tumour, i.e. the 
actual organ affected. Tumours of the abdomen 
have the most favourable outcome in most series 
in contrast to central nervous system tumours 
which have a uniformly poor prognosis, with 
quoted survival rates of only 28%.5

2. The tumour histology. Teratomas are associated 
with a poor prognosis with a survival rate of 
only 40%.6

3. Extent of disease which will of course impact on 
the postnatal resectability of the lesion.

4. Gestational age at diagnosis as this will reflect 
the degree of lung maturation.

5. The condition of the neonate at birth; has the 
fetus developed hydrops for example?

Benignity of Fetal Neoplasms
Some neonatal and infantile tumours behave in a 
‘benign’ manner despite having a malignant histologi-
cal picture. This has been described by Bolande as an 
‘oncogenic period of grace’.7 This benign behaviour 
starts in utero and lasts for the first few months of 
extra-uterine life; the aetiology of this phenomenon is 
obscure and not completely understood but well-
recognized examples are:

• congenital neuroblastomas;
• hepatoblastomas below 1 year of age;
• congenital and infantile fibromatosis;
• sacrococcygeal teratomas in infants under 4 

months of age.7

Classification of Fetal Tumours
Tumours may be classified according to their underly-
ing histological type but a comprehensive sonographic 
approach to classification according to location is 
probably the most useful as this will also allow con-
sideration of a differential diagnosis for the ultrasound 
appearances within each affected organ.

The principle anatomical locations of fetal tumours 
include (Tables 20-1 and 20-2):8

• Brain.
• Face and neck.

TABLE 20-1 Incidence of Antenatally 
Diagnosed Fetal Tumours in Relation to 
Tumour Location

Tumour Location % of Total Tumour Type

Cardiac 24 (series-dependent)
Face and neck 23 (the most frequent 

in some series)
Abdomen 19
Sacrococcygeal 10
Extremities 10
Thorax 8
Central nervous system 5

TABLE 20-2 Antenatal Tumour Frequency 
Based on Histological Type

Histological Type Frequency (%)

Lymphangiomas 25
Rhabdomyomas 23
Teratomas 17
Haemangioma 14
Others up to 21
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FIGURE 20-1 (A) This heterogeneous mass was a combination of 
haemorrhage (echogenic area) and intracranial teratoma (double-
headed arrow). The normal anatomy is completely disrupted with 
shift across the midline (line arrow) and hydrocephalus as a conse-
quence (block arrow). (B and C) This facial teratoma has caused so 
much distortion and alteration that it is nearly impossible to appreci-
ate normal anatomical detail. (A, Courtesy of Dr Anne Marie Coady. B and 
C, Courtesy of Dr Jader Cruz.)

on recognition of these signs of alteration of normal 
fetal anatomy. Any of the following sonographic fea-
tures should raise the suspicion of an underlying fetal 
tumour.

• Failure to see a normal structure on ultrasound 
because its contour or shape or architecture have 
been disrupted (Figure 20-1 A–C).

• Presence of an abnormal structure/mass (Figure 
20-2).

• Abnormal fetal biometry, which is usually an 
increase in size of the affected part of the body 
due to the presence of a mass, e.g. increasing 
head and abdominal circumference due either 
to primary growth of the tumour itself or the 
evolution of hydrocephalus or bowel 
obstruction.

• Polyhydramnios (very important) (Figure 20-3).
• Hydrops fetalis.

ORGAN-SPECIFIC SIGNS
Organ-specific signs are rare but some sonographic 
appearances are highly suspicious of an underlying 
tumour diagnosis, i.e. a large solid or cystic mass 
occupying the entire heart is suggestive of an intra-
pericardial teratoma9–11 (Figure 20-4A and B).

TUMOUR-SPECIFIC SIGNS9

This refers to the development of a specific change 
within the tumour mass itself. A tumour may have 
calcifications, undergo liquefaction and therefore 
appear cystic, produce oedema or haemorrhage in the 
tissue of origin, and also undergo rapid changes in 
size.9–11 Tumour metastases are very good examples of 
tumour-specific signs.

Of the ultrasound features discussed in relation 
to the signs of a fetal tumour, polyhydramnios is 
undoubtedly one of the most frequent and important. 
Fetal presentation in the third trimester with poly-
hydramnios provides an opportunity for careful scru-
tiny of the entire fetus for all causes which must 
include a consideration of the possibility of a fetal 
tumour.10

The underlying causes of polyhydramnios include:
• Mechanical obstruction to swallowing by the 

tumour, i.e. epignathus and lymphangioma 
(Figures 20-3 and 20-5).
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FIGURE 20-2 Presence of an abnormal structure mass within the 
pericardium is consistent with a pericardial teratoma. (Courtesy of Dr 
Vita Zidere.)

FIGURE 20-3 A large cervical teratoma is causing polyhydramnios 
due to the mass itself and the degree of hyperextension of the neck 
interfering with swallowing. (Courtesy of Dr Jader Cruz.)

• Depression of the central nervous system swal-
lowing mechanisms and indeed polyhydramnios 
occurs in approximately 50% of intracranial 
tumours.

• Excessive production of liquor, which is unusual, 
but may be the mechanism with a sacrococcygeal 
teratoma.

• Decreased resorption of amniotic fluid by lung 
tissue due to a tumour such as a congenital cystic 
adenomatoid malformation blocking the airways.

FIGURE 20-5 The presence of this epignathus acts as a mechanical 
obstruction to swallowing. (Courtesy of Dr Jader Cruz.)

FIGURE 20-4 (A and B) Organ specific signs are rare however a large 
solid or cystic mass occupying the entire heart with an associated 
pericardial effusion is suggestive of an intrapericardial teratoma. 
(Courtesy of Dr Vita Zidere.)

A

B
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Vascular malformations are classified by the size of 
vessel forming the bulk of the lesion and also by the 
rate of flow within these vessels, i.e.12

• Malformations which consist of capillaries, 
lymph channels and veins are usually slow-flow 
lesions.

• Malformations which consist of arteries includ-
ing arteriovenous (AV) fistulae are fast-flow 
lesions.

Haemangiomas
The most common benign vascular tumours are hae-
mangiomas in which there is local growth of capillary 
blood vessels. The capillaries do not have a muscular 
layer and therefore blood flow through the vessels 
meets very little resistance to flow. Most haemangi-
omas are found within the subcutaneous tissues but 
they do occur on occasion in solid organs and they 
will be multifocal in the affected tissue (20%).

Sonographic features range from:
• A homogeneous echogenic solid mass (Figure 

20-6) which may or may not be calcified.
• A thick-walled cystic mass which may or may 

not be calcified.
These tumours will have a mass effect on the tissue 

of origin and the ultimate prognosis will depend on 
exact location and eventual size of the growth. Hae-
mangiomas are very good examples of lesions with 

Prognosis and Obstetric Management
The prognosis for a fetus with an intracranial tumour 
is considered to be dismal, but for most other tumours 
the prognosis will be determined by several additional 
factors. Whilst the location of the tumour and its 
histological nature are very important, these other fea-
tures will have an impact on prognosis:

• the size of the tumour;
• involvement of other organs either by direct 

invasion or metastasis;
• associated polyhydramnios;
• proximity to vital organs or structures.
Every case of a fetal tumour should be managed by 

a multidisciplinary team1,8 as difficult decisions have 
to be considered:

1. Is there a place for termination of pregnancy? 
Most tumours are not diagnosed before 24 
weeks and so late termination with feticide 
needs to be part of the counselling discussion.

2. Preventing preterm delivery and the problems 
of lung hypoplasia so active management of 
polyhydramnios may need to be undertaken.

3. Consideration of additional diagnostic tests such 
as MRI or amniocentesis.

4. Role of therapeutic measures such as amniore-
duction or transfusion of blood products or 
direct tumour management involving fetoscopy 
or laser coagulation.9,10

Tumour-Specific Features
FEATURES OF VASCULAR TUMOURS  
AND LYMPHANGIOMAS
Prior to discussing tumour types by location it would 
seem appropriate to describe the characteristics of 
some lesions whose sonographic features are remark-
ably similar irrespective of the tissue of origin, i.e.

1. Vascular tumours: Congenital vascular lesions 
may be classified as haemangiomas and vascular 
malformations.12

2. Lymphangiomas: A vascular malformation con-
sidered to be developmental in nature; these are 
not abnormalities in which the growth pattern 
is out of control or malignant but they do con-
tinue to grow, they do not regress and so they 
will act as a mass within an organ.

FIGURE 20-6 A cervical haemangioma presenting as a homogene-
ous echogenic solid mass. 
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• These lesions are benign but they may compress 
adjacent vital organs.

In utero, the most characteristic sonographic 
appearance is that of a thin-walled, cystic mass 
with multiple septations.18 The clinical picture of 
a lymphangioma depends on its location. A lym-
phangioma may act aggressively as it can infiltrate 
tissues and organs, which may make complete exci-
sion difficult.

The overall reported prognosis of a fetal lym-
phangioma is poor (mortality ranges from 50% to 
100%) but these figures usually include all reported 
lymphangiomas and so tend to include the nuchal 
cystic hygroma. A cystic hygroma is frequently associ-
ated with an underlying chromosomal abnormality 
(50–80% of cases) and various malformation syn-
dromes, and it is the associations that determine the 
poor outcome with these lymphangiomas. Lym-
phangiomas in locations other than the neck may not 
have the same risk of aneuploidy but this is by no 
means certain.

Fetuses with an isolated lymphangioma will have a 
good prognosis if the karyotype is normal, if the lym-
phangioma is detected in the third trimester and if the 
site of origin is anywhere other than the nuchal 
region.18

The Spectrum of Sonographic Features of 
Fetal Tumours Based on the Organ of 
Origin of the Tumour
INTRACRANIAL TUMOURS (Table 20-3)

Congenital intracranial tumours account for 0.5–1.5% 
of all childhood tumours and comprise 5–10% of all 
antenatally diagnosed tumours.19 Fetal intracranial 
tumours are usually first identified during the third 
trimester when the mother presents with polyhydram-
nios. The majority (67%) are supratentorial (whereas 
most paediatric brain tumours are infratentorial).  
The sonographic appearances may be extremely 
variable.1,3

The general complications of fetal intracranial 
tumours include:

• hydrocephalus/macrocephaly;
• polyhydramnios;
• cerebral haemorrhage (Figure 20-1);

tumour-specific effects such as AV shunting inside the 
tumour, haemorrhage into the tumour and/or destruc-
tion of red cells and platelets.12

High-output cardiac failure in a fetus with a hae-
mangioma often has a multifactorial aetiology due to 
AV shunting, red cell destruction or significant haem-
orrhage. These fetuses will then show features of 
cardiac failure in addition to the features of the primary 
tumour.13

The Kasabach–Merritt sequence is a microangio-
pathic haemolytic anaemia, thrombocytopenia and 
consumptive coagulopathy that occurs within the 
channels of vascular lesions, which was first described 
in association with haemangioendotheliomas and 
other lesions of vascular origin.14,15

Lymphangiomas
A lymphangioma is a rare benign tumour of the lym-
phatic vessels due to faulty development of compo-
nents of the lymphatic system.16,17

The most common location for a lymphangioma is 
the posterolateral aspect of the neck, i.e. a non-
septated cystic hygroma.

Other common sites are the:
• anterolateral portion of the neck (75%);
• axillary area (20%);
• mediastinum (<1%);
• mesentery, retroperitoneum and internal abdom-

inal organs (2-3%);
• limbs and bones (2%)

Classic Features of Lymphangiomas.
• Avascular cystic mass (Figure 20-7 A–C) which 

are readily distinguished from the tissue of origin 
(Figure 20-8).

• The border with the tissue of origin may be 
indistinct, this feature may represent tissue 
infiltration.

• Thin-walled cysts which may have multiple 
septations.

• Fluid within the cystic components may be 
echogenic if haemorrhage has occurred, and 
with repeated haemorrhage fluid /fluid levels  
can occur.

• Variable size: the more space available within 
the organ, such as the mesentery, the larger  
the tumour can grow.
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FIGURE 20-8 Abdominal lymphangioma may occur in any portion of the small or large bowel mesentery, with symptoms arising due to the 
compression of adjacent organs. Note that it is readily distinguished from the tissue of origin. (Courtesy of Dr Anne Marie Coady.)

A B

FIGURE 20-7 The classic feature of a lymphangioma 
is of a unilocular or multilocular avascular cystic mass 
such as demonstrated here with ultrasound and MRI. 
(Courtesy of Dr Anne Marie Coady.)

A

B

C



542 20 Fetal Tumours

Brain Teratomas
These tumours predominantly arise from the pineal 
gland, and involve the third ventricle.

Sonographically they present as:
• a centrally located heterogeneous mass with loss 

of normal brain structures, particularly loss of 
the midline echo (Figures 20-9 and 20-10);

TABLE 20-3 Intracranial Tumours

Tumour Type Frequency

Teratoma 30–50%
Glioblastoma 2–9%
Choroid plexus papilloma 5–9%
Astrocytoma
Ependymoma
PNET 3.4%–13.2%
Ganglioneuroma 0.4–3.8%
Craniopharyngioma 2–5%
Haemangiopericytoma 1%
Hypothalamic hamartomas
Lipoma of the corpus callosum
Astrocytoma 13%
Ependymoma 6–9% FIGURE 20-9 Intracranial teratoma presenting as a centrally located 

heterogeneous mass with loss of the midline echo. (Courtesy of Dr 
Jader Cruz.)

• changing appearance during pregnancy which 
will not only be due to progressive growth but 
may also be due to superimposed haemorrhage.

Irrespective of tumour type there are some imaging 
findings that are characteristic of all brain tumours:

• polyhydramnios;
• macrocephaly;
• hydrocephalus.

The most common congenital brain tumour is the 
intracranial teratoma which accounts for >50% of all 
reported cranial lesions20 (Figure 20-9).

Other intracranial tumours include:
• primitive neuroectodermal tumours (PNET);
• astrocytomas;
• glioblastoma multiforme;
• craniopharyngiomas (Figure 20-10);
• choroid plexus lesions.20

It is important to always remember that intra-
cranial tumours often present with ultrasound signs 
that resemble intracranial haemorrhage with or 
without superimposed hydrocephalus1 (Figures 20-1 
and 20-9). The use of Doppler ultrasound may help 
to differentiate between haemorrhage and tumour, 
as a true uncomplicated intracranial haemorrhage 
will be avascular. However, approximately 14% to 
18% of primary brain tumours are complicated by 
superimposed haemorrhage and it is very important 
to consider the possibility of an underlying brain 
tumour in any fetus presenting with sonographic 
signs of haemorrhage.21,22

FIGURE 20-10 Craniopharyngioma. (Courtesy of Professor Dr Luc De 
Catte.)

PNET: Primitive neuroectodermal tumours.
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A lesion in the third ventricle has a poorer progno-
sis with lower survival than posterior fossa lesions.

Ependymomas can recur in up to 50% of cases 
even after surgery and radiotherapy.

Craniopharyngiomas
These are benign suprasellar tumours that account for 
2–5% of intracranial tumours, and 50% of suprasellar 
tumours in children.

Sonographically they are heterogeneous masses 
with cystic components and there may be punctate 
echoes representing calcifications (Figure 20-10).

Colour Doppler demonstrates vascularity within 
the mass and displacement of normal vessels around 
the tumour surface.

The prognosis is in general very poor. Even in 
the case of complete resection the recurrence risk 
is 7% which will obviously be higher still with partial 
resection.

FACIAL TUMOURS
Tumours and masses of the mouth may be diagnosed 
early in gestation, the sonographic ‘clue’ being that of 
a persistently open fetal mouth even before the tumour 
becomes apparent. The prognosis for fetuses with 
facial tumours is poor with an overall mortality of 
approximately 40%.

1. Mouth (Table 20-4):
a. Epulis (Figure 20-12).
b. Epignathus (Figures 20-5 and 20-13 A–B).

2. Nasal cavity:
a. Teratoma (Figure 20-14).

3. Cheek and soft tissues:
a. Haemangiomas.
b. Rhabdomyosarcomas.

The differential diagnosis of an oropharyngeal 
lesion includes:

1. Encephalocoeles: The majority of encephalo-
coeles are occipital in origin, but 10% will 
involve the frontal bones and the skull base and 
protrude into the oropharynx and the mouth. 
As with other oral tumours there is usually  
associated polyhydramnios. Sonographically 
encephalocoeles present as a cystic mass with a 
very echogenic ‘cyst wall’ which is the result of 
the ‘cyst wall’ being formed by the meninges. An 
encephalocoele should always be recognized by 

• ventriculomegaly due to their site of origin;
• macrocephaly due to ventriculomegaly and to 

the rapid growth of the tumour itself;
• calcification.
Many other intracranial tumours such as glioblasto-

mas, ganglioneuromas and astrocytomas will demon-
strate similar features; however there are some features 
that aid the differential diagnosis.21,22 Glioblastomas 
and astrocytomas are usually homogeneous solid 
lesions and glioblastomas are highly vascular lesions.

Tumours which are originally located in the ven-
tricular system of the brain include the following.

Choroid Plexus Papillomas23,24

These are benign neoplasms of choroid plexus epithe-
lium that generally occur in the fourth ventricle and 
lead to rapid onset of hydrocephalus.

They appear as homogeneous well-defined intra-
ventricular masses with increased vascularity (Figure 
20-11).

Complete surgical removal of a papilloma is pos-
sible with a 73% survival rate.

Ependymomas
These tumours also originate in the ventricular spaces 
from residual intraparenchymal ependymal cells but 
in contrast to choroid plexus papillomas, two-thirds 
of ependymomas arise in the midline within the pos-
terior fossa, whereas only one-third will be found 
supratentorially.

FIGURE 20-11 Choroid plexus papilloma: a homogeneous well-
defined intraventricular mass. (Courtesy of Professor Dr Luc De Catte.)
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associated cerebral abnormalities such as 
ventriculomegaly.

2. Vascular hamartomas and lymphangiomas26 
(Figure 20-15).

TUMOURS OF THE NECK (Table 20-5)

These include:
• Cervical teratomas.
• Goitre (Figure 20-16).
• Lymphangiomas (Figure 20-17).
• Haemangiomas.

The most common lesions are teratomas or lym-
phangiomas which can grow to a substantial size. 
There are certain imaging characteristics which are 
helpful in distinguishing teratomas from lymphangi-
omas in this location:

• Teratomas tend to be unilateral and displace sur-
rounding tissue. They will compress the trachea 
and the oesophagus.1

• Lymphangiomas infiltrate the tissue of origin and 
also encase nearby structures. They will displace 
the trachea and the oesophagus from the normal 
para-vertebral position.

FIGURE 20-12 3D image of epulis: a ‘chewing gum bubble’. (Courtesy 
of Professor Dr Luc De Catte.)

TABLE 20-4 Comparison of Epignathus and Epulis

Epulis Epignathus

Tumour type Congenital granular cell tumour25–27 Nasopharyngeal teratoma29

Histology Rare and benign Histologically benign
80% mortality

Tissue of origin Maxillary ridge anteriorly Fetal palate
Ultrasound appearances Solid homogeneous mass

Occasionally late-onset calcification
Colour Doppler may demonstrate a 

solitary feeding vessel
Displaces the lips and tongue
May be pedunculated or broad based
Polyhydramnios
Epulis appears as a ‘chewing gum 

bubble’ on 3D28 (Figure 20-12)

Large heterogeneous lesion: 
cystic and solid tumour

Calcification has been reported
Can be very large and so 

surgically unresectable
May extend into the fetal brain
Polyhydramnios is inevitable 

(Figure 20-5 and  
Figure 20-13 A–B)

An aggressive approach should 
reduce the death rate from 
respiratory complications

Serial amnioreduction
LSCS with EXIT
Paediatric and surgical support 

at delivery

Management LSCS with EXIT procedure. Surgical 
resection is successful with no 
post-surgical recurrence

EXIT: Ex-utero intrapartum therapy; LSCS: lower segment Caesarean section.
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FIGURE 20-13 Epignathus. (A) Large solid mass. (B) Large solid mass with increased vascularity (Courtesy of Dr Jader Cruz.)

A B

FIGURE 20-14 (A and B) Facial teratoma. 
(Courtesy of Dr Jader Cruz.)

Cervical teratomas account for 5% of all teratomas. 
Histologically these tumours are benign even though 
they may be very large and whilst the overall survival 
rate is 63–85%,30 a high stillbirth rate has been 
reported. Malignant transformation and metastasis can 
occur.

Teratomas:
• Are located in the anterior or anterolateral 

aspect of the neck.
• Are predominantly solid, intensely vascular 

lesions with cystic components.
• Produce hyperextension of the fetal neck 

when large.

• Are frequently associated with polyhydram-
nios.

• The prognosis is very poor unless delivery is 
managed very aggressively.

Cystic hygromas:
• Are located in the posterior or posterolateral 

aspect of the neck (Figure 20-18).
• Are avascular cystic lesions.
• Do not produce hyperextension of the fetal 

neck.
• May be associated with polyhydramnios 

depending on the aetiology, i.e. underlying 
aneuploidy.
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FIGURE 20-15 This 3D image demonstrates very nicely the anterior 
location of this tumour. (Courtesy of Professor Dr Luc De Catte.)

TABLE 20-5 Tumours of the Fetal Neck

Tumour type Teratoma Cystic Hygroma Haemangioma Goitre

Location Anterior
Anterolateral 

aspect

Posterior
Posterolateral aspect 

(Figure 20-18)

Anywhere Anterior

Sonographic 
appearances

Predominantly 
solid with cystic 
components

Polyhydramnios

Cystic Mixed cystic and solid Echogenic solid 
bilobed mass

Polyhydramnios

Hyperextension 
of fetal neck

Yes when large No No Occasionally

Vascularity Intense vascularity No Mixed arterial and 
venous flow

No

Prognosis Poor unless 
delivery is 
managed 
aggressively

Dependent on the 
aneuploidy and 
syndromic 
association

Hydrops may occur in 
large lesions

See text

FIGURE 20-16 A fetal goitre is simply an enlarged thyroid gland as 
demonstrated here in both coronal and axial planes. (Courtesy of Dr 
Anne Marie Coady.)

A

B
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• The prognosis is dependent on underlying 
aneuploidy or syndromic association.

Cervical haemangiomas:
• May be located anywhere within the neck 

(Figure 20-19).
• Are predominantly solid masses with an 

echotexture resembling that of the placenta. 
They may on occasion have cystic elements 
and they may be mildly vascular.

• A very large lesion may produce hydrops.
Lymphangiomas:

• May be located anywhere within the neck and 
the lower face in 75–80% of cases (Figures 
20-15 and 20-17).

• Are irregular avascular masses which may be 
hypo- or hyperechoic; may be unilocular or 
multilocular, and the walls of the locules may 
be thick or thin.

• The cyst fluid can contain scattered low-level 
echoes, or fluid/fluid levels. It may compress 
the oesophagus and the airways. Spontaneous 
regression is seen in 10–15% of the cases. The 
prognosis is good once delivery is carefully 
planned and an EXIT (ex-utero intrapartum 
therapy) procedure performed if required.

FIGURE 20-17 A lymphangioma which had a component within the 
mouth (black arrow) in addition to the large multiloculated cyst 
present anteriorly and producing polyhydramnios by interfering with 
swallowing possibly by elevating the jaw and/or compression of the 
oesophagus. (Courtesy of Dr Anne Marie Coady.)

A

B

FIGURE 20-18 The classic features of a cystic hygroma: an avascular 
cystic lesion located in the posterior or posterolateral aspect of the 
neck. (Courtesy of Dr Anne Marie Coady.)

FIGURE 20-19 3D image of a cervical haemangioma. (Courtesy of 
Professor Dr Luc De Catte.)
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2. Mediastinum:
• teratomas;
• lymphangiomas;
• thymomas;
• neuroblastomas.

3. Lungs:
• pleuropulmonary blastoma (PPB);
• congenital peribronchial myofibroblastic 

tumour.

Chest Wall Hamartomas
These tumours are benign lesions of the ribs that can 
grow intra- or extrathoracically. They present as a het-
erogeneous mass with calcifications.34

Mediastinal Tumours
Mediastinal tumours may cause mediastinal shift, 
pleural effusion, lung hypoplasia, fetal hydrops and 
polyhydramnios. Their prognosis depends on the size 
of the tumour, its degree of vascularity, the extent  
of local invasion and the effect of the compression  
of surrounding structures, i.e. the adjacent lung 
parenchyma.35,36

As with the radiological approach to thoracic 
lesions the differential diagnosis of mediastinal pathol-
ogy is easier if the compartments of the mediastinum 
are considered.

Anterior mediastinum:
• teratoma;
• thymoma;
• lymphangioma37 (Figure 20-20).

Middle and posterior mediastinum:
• lymphangiomas;
• neurogenic tumours.

Mediastinal teratomas represent 4–11% of congeni-
tal teratomas. These are large well-delineated hetero-
geneous tumours with calcifications

Thymomas account for about 1% of all anterior 
mediastinal neoplasms in children. The appearance is 
of a solid mass deflecting the heart and is often associ-
ated with pleural effusion. One third will have haem-
orrhagic or cystic/necrotic components.

Pleuropulmonary Blastoma
PPB is a neoplasm of pleuropulmonary mesenchyme. 
In the neonatal period there have been reports of these 
tumours occurring superimposed on a fetal/neonatal 
lung cyst.38

Goitre
A fetal goitre is simply an enlarged thyroid gland.
Fetal goitre with associated thyroid dysfunction is a 
rare condition: the incidence of goitrous hypothy-
roidism is 1 in 30,000–50,000 livebirths, while that 
of goitrous hyperthyroidism is unknown.31

Fetal goitre can cause complications attributable to:
• goitre itself acting as a cervical mass which can 

produce polyhydramnios due to compression of 
the upper airways (Figure 20-16);

• thyroid dysfunction.32,33

Fetal hyperthyroidism may cause:32,33

• intrauterine growth restriction (IUGR);
• accelerated bone maturation;
• intrauterine death due to cardiac failure;
• craniosynostosis with intellectual impairment;
• neonatal thyrotoxicosis.
Fetal hypothyroidism can:
• delay bone maturation;
• delay psychomotor development.

TUMOURS OF THE THORAX
Tumours of the thorax are rare, but the number of 
different tissue types within the chest means that a 
chest mass will have a large number of possible 
differentials.

Tumours of the thorax may arise from:
1. Ribs and pleura:

• hamartomas;
• lymphangioma18 (Figure 20-20);
• haemangioma.

FIGURE 20-20 A very typical lymphangioma within the fetal chest. 
(Courtesy of Professor Dr Luc De Catte.)
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Ultrasound features
Hepatocellular adenoma:6

• well-circumscribed round hypo-echoic lesion;
• located predominantly in the right lobe of the 

liver;
• easily distinguishable from normal liver 

parenchyma;
• complications include infarction, haemor-

rhage, rupture of the liver and fetal death.

Ultrasound features
Hepatoblastoma:1,2,40,41

• well-defined echogenic unifocal lesion;
• predominantly found in the right lobe of the 

liver;
• calcifications, foci of haemorrhage and necro-

sis may be present;
• complications include hydrops, metastases, 

intrapartum rupture and haemorrhage.
The only distinguishing feature of hepatoblastoma 

and hepatic adenoma in utero tends to be the 

ABDOMINAL AND RETROPERITONEAL TUMOURS
Fetal abdominal tumours represent about 5% of 
tumours detected by prenatal ultrasound and hepatic 
tumours account for 5% of all congenital tumours.39

Abdominal tumour types:
1. Hepatic:

a. Haemangioma;
b. Hepatic haemangioendotheliomas;
c. Hepatic mesenchymal hamartoma;
d. Hepatocellular adenoma;
e. Hepatoblastoma;
f. Hepatic lymphangioma.

2. Abdominal:
a. Lymphangioma (Figure 20-21).

Most liver lesions present either as a solid or as a 
cystic liver lesion and the differential of a solid liver 
lesion includes:

• Haemangioma/haemangioendothelioma13 
(Figure 20-22).

• Hepatoblastoma.
• Hepatic adenoma.

FIGURE 20-21 Abdominal lymphangioma. (Courtesy of Dr Anne Marie Coady.)
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FIGURE 20-22 A haemangioendothelioma: a large heterogeneous mass which is displacing the umbilical artery and producing liver enlarge-
ment. (Courtesy of Professor Dr Luc De Catte.)

echogenicity of the original lesion. The prognosis for 
both lesions is extremely poor.

Haemangioendothelioma: Haemangioendothelio-
mas are very rare tumours of unclear aetiology that are 
composed of large endothelial-lined vascular channels 
(Figure 20-22).

They may present with:

• Liver enlargement due to a large heterogeneous 
mass which may displace the umbilical artery.

• Predilection for the posterior section of the right 
liver lobe.

• Calcifications are often present.
• Large draining veins can be seen exiting the 

tumour, and the hepatic artery and coeliac axis 
are likely to be dilated.

The differential diagnosis of a cystic liver lesion 
includes:

• Hepatic mesenchymal hamartoma.
• Lymphangioma.
• Simple liver cyst (Figure 20-23).

Hepatic mesenchymal hamartoma:
• this is a large, usually avascular, multilocu-

lated cystic mass compressing the normal 
liver parenchyma to its periphery;

• complications include compression of adja-
cent organs, hydrops and placentomegaly.

Hepatic lymphangioma:
• extremely rare benign tumour;
• thick-walled cyst or hypo-echogenic avascular 

mass located at the periphery of the fetal liver.
Simple hepatic cysts are covered in Chapter 17,  

Abdominal and Abdominal Wall Abnormalities.

Abdominal Tumours
Abdominal lymphangiomas are usually located in the 
small bowel mesentery, but occasionally will be found 
in the ileum and mesentery of the right side of the 
colon. They range from simple cysts to multicystic 
abdominal masses which can become extremely large. 
Compression of adjacent structures or organs can 
occur with these large tumours.
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2. Mixed solid and cystic lesion which will increase 
in size over time (Figures 20-24 and 20-25).

3. Calcification is sonographically useful and the 
presence of calcification within a tumour may 
indicate a less aggressive tumour and improved 
survival.42–44

4. Quite a typical feature is anterior displacement 
of the inferior vena cava (IVC).

5. Additional features:
a. evidence of spinal involvement;
b. hepatic metastases;
c. non-immune fetal hydrops (which has been 

reported due to anaemia in haemorrhagic 
tumours).

The differential diagnosis of a mass within the 
adrenal gland includes:

Retroperitoneal Tumours
Tumours of the retroperitoneum originate in the fol-
lowing organs:

• adrenal gland;
• kidneys;
• pancreas.

ADRENAL TUMOURS
Neuroblastoma
Neuroblastomas represent 30–40% of congenital 
tumours and are the most common congenital malig-
nancy, affecting around 1 in 10,000 livebirths. This is 
a tumour of neuronal cell origin and it can occur at 
all sites of sympathetic ganglia from the neck to the 
presacral region, including the adrenal medullae.1 All 
stages and degrees of aggressiveness may be present 
in fetal or congenital cases.

The prenatal presentation and diagnosis of this 
tumour depends on:

• Location of the primary lesion.
• Size of the lesion (a neuroblastoma can be small 

and not diagnosed prenatally).
• Tumour secretory activity (catecholamines may 

be produced by the primary fetal tumour causing 
maternal hypertension and pre-eclampsia). The 
presence of pre-eclampsia due to fetal catecho-
lamine production has been associated with a 
neonatal mortality rate approaching 70%.1

Most neuroblastomas are diagnosed during the 
third trimester and the typical sonographic features 
are as follows:

1. Retroperitoneal suprarenal mass displacing the 
kidney inferolaterally.

FIGURE 20-23 Simple liver cyst. (Courtesy of Dr Anne Marie Coady.)

FIGURE 20-24 Solid neuroblastoma: a very typical solid lesion in a 
suprarenal location displacing the kidney inferolaterally. (Courtesy of 
Dr Jader Cruz.)

Solid
28 wks

FIGURE 20-25 Cystic neuroblastoma: a cystic lesion in a suprarenal 
location displacing the kidney inferolaterally (Courtesy of Dr Jader Cruz.)
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• Polyhydramnios is a common feature (70%) and 
is thought to be due to hypercalcaemia and 
increased fetal diuresis.

• Rarely fetal hydrops and intrauterine death.
Complications of this tumour type include:
• haemorrhage;
• cystic degeneration;
• hydrops;
• polyhydramnios;
• preterm labour;
• metastases to brain and lung.

• Renal tumours (the sonographic localization of 
the lesion together with the recognition of 
presence of normal but displaced renal tissue 
when the tumour is of adrenal origin is very 
important).

• Adrenal haemorrhage.45

• Sub-diaphragmatic extralobar pulmonary se-
questration (ELPBS). An ELPBS is a benign pre-
dominantly solid (cysts are occasionally seen 
within) pulmonary abnormality, which is more 
likely to be found on the left side of the retro-
peritoneum. An ELBPS is usually found as a 
coincidental lesion at the anatomy scan at 20 
weeks whereas neuroblastomas are more often 
right-sided, cystic in nature and diagnosed in the 
third trimester (Figure 20-26).

Complications and tumour spread:
• Haemorrhage into the primary lesion may cause 

fetal anaemia.
• Liver invasion can cause anaemia, venous 

obstruction and hypoproteinaemia, therefore if 
hydrops develops it is usually multifactorial.

• Invasion into the spinal cord has been reported.
• Placental metastases.
Despite many of the concerns associated with pre-

natally detected neuroblastomas, they show good 
molecular biological features, i.e. they have a good 
outcome if isolated and located in the adrenal gland. 
Chemotherapy and or excision will be curative in the 
majority of cases. Indeed spontaneous regression has 
been reported in up to 40% of these cases.1

RENAL TUMOURS
• Congenital mesoblastic nephroma.
• Wilms’ tumour (nephroblastoma) (Figures 20-27 

and 20-28).
• Rhabdoid tumour of the kidney.

Congenital Mesoblastic Nephroma
Mesoblastic nephroma is the most common congenital 
renal neoplasm, representing 2–5% of all paediatric 
renal tumours.

Prenatal diagnosis of mesoblastic nephroma is well 
reported.46,47

• Homogeneous solid or cystic renal mass which 
may be very large and compress adjacent 
structures.

FIGURE 20-26 Solid sub-diaphragmatic extralobar pulmonary 
sequestration (seen here behind the stomach) and identified in the 
second trimester (Courtesy of Dr Anne Marie Coady.)

A

B
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Overall this tumour has a greater than 95% event-
free survival after surgery.2 Incomplete excision at 
primary surgery is the main risk factor for recur rence. 
Prenatal biopsy has no role in diagnosis or 
management.

FIGURE 20-27 Wilms’ tumour. (Courtesy of Dr Srividhya Sankaran.)

Left

Stomach

UV

tumour

Right

FIGURE 20-28 Wilms’ tumour. (Courtesy of Professor Dr Luc De Catte.)

Wilms’ Tumour (Nephroblastoma)
Wilms’ tumour is the most common renal malignancy 
of childhood. It is usually a sporadic lesion but in 
about 60% of cases there is an association with under-
lying syndromes such as Wilms–aniridia or Beckwith–
Wiedemann syndromes, some of which are associated 
with abnormalities of the WT1 gene.48

Congenital cases are well reported and the antena-
tal presentation and sonographic features are non-
specific and as seen with mesoblastic nephroma.

Most Wilms’ tumours are unilateral and in 5% to 
10% of cases several lesions are seen in the same 
kidney (Figures 20-27 and 20-28).

The importance lies in recognition of a possible 
Beckwith–Wiedemann syndrome and the fetus must 
be examined for features of this syndrome such  
as macrosomia, macroglossia, omphalocoele and 
polydactyly.

Sonographic Features.49,50 This tumour presents as 
a well-defined mass replacing the normal architecture 
of the kidney.
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FIGURE 20-30 SCT TYPE 3: a predominantly internal mass with 
abdominal extension. (Courtesy of Dr Anne Marie Coady.)

Bladder

• TYPE 2: Predominantly external with significant 
intrapelvic component.

Types 1 and 2 account for 80% of cases and approx-
imately 80–85% of external fetal SCTs are benign.

• TYPE 3: Predominantly internal with abdominal 
extension (Figure 20-30).

• TYPE 4: Entirely internal with no external com-
ponent (10%).

The greater the intrapelvic component the less 
likely is the lesion to be cystic – less than 15% of 
internal type 4 lesions are cystic. In addition 5–20% 
of partial or complete fetal intrapelvic tumours are 
malignant.

Complications include:
• Haemorrhage and necrosis, both of which will 

produce areas of cystic degeneration.
• Hydrops fetalis, fetal distress, premature labour.

Malignant Rhabdoid Tumour
This is a highly malignant tumour of childhood with 
some reported congenital cases. These tumours can 
occur anywhere but the renal fossa and the soft tissue 
of the face and neck are the commonest sites.

It tends to present as a non-specific mass in the 
affected organ such as the kidney however unlike a 
Wilms’ tumour, a malignant rhabdoid tumour will 
often show features of local infiltration and evidence of 
placental metastases, both of which are very useful dif-
ferentiating features, i.e. tumour-specific signs. Polyhy-
dramnios and hydrops are common associations.51,52

SACROCOCCYGEAL TERATOMA (SCT)
This tumour (which is the most common congenital 
tumour with an incidence of 1: 40,000 livebirths) 
originates from multipotential embryonic cells and 
most arise from the anterior surface of the sacrum or 
from the coccyx. A sacrococcygeal tumour is the most 
commonly seen retroperitoneal tumour. Histologically 
these tumours are classified either as mature or imma-
ture teratomas (both of these types comprising 87% 
to 93% of all cases respectively); the remainder are 
malignant tumours.

Eighty percent of benign SCTs occur in females 
although malignant teratomas occur with equally fre-
quency in both sexes. It has been suggested that these 
tumours are abortive forms of twinning due to the 
presence of organ-like elements within the mass itself 
and the impression that the twin index in affected 
families of patients is higher than expected.53

Sacrococcygeal teratomas are usually external tu-
mours with variable intrapelvic extension. However, 
they can be completely intrapelvic without any exter-
nal manifestations and these ‘hidden’ tumours are 
most frequently associated with the worst prognosis.54 
The amount of fetal sacral and coccygeal bone affected 
can be quite significant.

Classification.
• TYPE 1: Predominantly external with minimal 

presacral component (Figure 20-29).

FIGURE 20-29 SCT TYPE 1: a predominantly external mass with a 
minimal presacral component. (Courtesy of Dr Jader Cruz.)



55520 Fetal Tumours

cystic) of very variable size attached to the fetal but-
tocks. The mass may be quite dense and there may be 
acoustic shadowing suggesting calcification.

Other ultrasound signs include:
• presence of hydrops due to AV malformation 

within the tumour or anaemia as a consequence 
of intratumoural haemorrhage;

• changes that result from the presence of a large 
mass compressing adjacent structures, i.e. 
bladder displacement leading to urethral obstruc-
tion and hydronephrosis.

If the mother presents as large for gestational age 
due either to the overall size of the mass or the pres-
ence of polyhydramnios then the likelihood of malig-
nancy is increased up to 70%. The aetiology of 
polyhydramnios is often multifactorial and may be the 
result of transudate from the tumour, arteriovenous 
fistulae or result from intratumoural haemorrhage and 
anaemia.

Most fetuses with SCT are haemodynamically 
stable and surgery will be performed postnatally. 
However in cases with rapid growth of the tumour and 
AV shunting there is a high chance of high-output 
cardiac failure and intrauterine death. Once these 
complications have developed pre-viability then the 
prognosis is considered to be so poor that in-utero 
therapy has been considered and performed. Therapy 
involves the percutaneous laser ablation of tumour 
vessels to reduce blood flow to the tumour and 
improve fetal condition.57 Small numbers of cases have 
been reported with mixed results. This procedure 
should only be carried out in specialist centres after 
extensive discussion with the parents and multidisci-
plinary team involvement; this treatment does not 
obviate the need for definitive surgery postnatally.

Not all cystic masses in the pelvis will be due to a 
sacrococcygeal teratoma and the following differential 
diagnosis must be borne in mind.55

1. Anterior sacral meningocoele (ASM). Interest-
ingly there is a recognized association of an ASM 
and an SCT which is known as the Currarino 
syndrome (a triad consisting of anorectal mal-
formations, sacral bony defect and a presacral 
benign teratoma).58

2. Gastrointestinal abnormality:
a. Low bowel/rectal obstruction (usually a late 

third trimester feature).

FIGURE 20-31 A very rapidly growing SCT: (A) quite a small 
intrapelvic mass which within 2 weeks (B) had increased dramatically 
in size. (Courtesy of Dr Anne Marie Coady.)

A

B

Most SCTs are solid or solid-cystic tumours, only 
15% are purely cystic. Cystic tumours are more likely 
to be benign with functioning choroid plexus thought 
to be responsible for the cystic component.55 Tumours 
with cartilaginous or osseous elements are also more 
likely to be benign.

Fetuses with tumours that appear in the second 
trimester have a poor prognosis as these are usually 
rapidly growing lesions and as such they are much 
more likely to develop arteriovenous communications 
that may result in fetal hydrops and fetal demise56 
(Figure 20-31 A and B).

The ultrasound features are of a heterogeneous 
mass (solid, solid and cystic or occasionally purely 
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FIGURE 20-34 Soft tissue lymphangioma. (Courtesy of Dr Jader Cruz.)

SOFT TISSUE TUMOURS OF THE EXTREMITIES
These are unusual tumours not frequently diagnosed 
prenatally. They are tumours that evolve throughout 
the pregnancy and usually develop in the third 
trimester.

Most of the tumours that affect the limbs have been 
described before generically or their sonographic fea-
tures in solid organs have been described.

Tumours include:
1. Cutaneous haemangiomas:

• craniofacial region;
• neck;
• axillae;
• thoracic wall;
• abdominal wall;
• extremities.

2. Lymphangiomas:
• axillae;
• chest;
• trunk (11%);
• extremities (11%) (Figure 20-34).

3. Haemangiolymphangiomas:
• axillae;
• extremities.

Rapid growth and local invasion of any of these 
tumour types into underlying tissue can lead to severe 
limb deformity.

Congenital/Infantile Fibrosarcoma
A total of 40–80% of cases of this tumour are congeni-
tal and it tends to occur in:

b. Bowel duplication cysts.
c. Meconium pseudocyst (Figure 20-32).

3. Cystic retroperitoneal tumour.
4. Ovarian cyst (Figure 20-33).
3D ultrasound allows a more complete diagnosis of 

a sacrococcygeal lesion because of clearer visualization 
of the caudal region and a better outline of the bony 
areas involved thanks to transparency modes.59

Recent reports suggest that magnetic resonance 
imaging (MRI) is particularly useful in enabling better 
contrast between the cystic and solid components of 
the tumour (see Chapter 21, Fetal MRI).60

The majority of SCTs are sporadic however there is 
a recognized familial type of SCT which has a reported 
incidence in postnatal studies of 5% to 25%.

FIGURE 20-32 Meconium pseudocyst. (Courtesy of Dr Anne Marie 
Coady.)

FIGURE 20-33 Ovarian cyst. (Courtesy of Dr Anne Marie Coady.)

CYST

BLADDER
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the cardiac failure is due to a large haemangioma 
or diffuse haemangiomatosis. This may be the 
only option for a fetus that has developed high-
output cardiac failure. The fetus can be treated 
indirectly through maternal administration or 
by the direct injection of the drug into the 
umbilical cord. Digoxin (which may be admin-
istered transplacentally) is used as an ionotrope 
to improve cardiac function, but it has no effect 
on the underlying pathophysiology of the 
lesion.13,62,63

3. EXIT procedure (ex-utero intrapartum 
therapy)64,65 was first developed for reversing 
the tracheal occlusion produced iatrogenically 
in fetuses with severe congenital diaphragmatic 
hernia (CDH) (Figure 20-35 A).

The central principle of the EXIT procedure 
is to maintain the uteroplacental circulation and 
thereby gain time to establish an airway or 
reverse tracheal occlusion. Different types of 
proce dure are now possible for a variety of 
conditions.64,65

The indications for this procedure include cases with:
• extrinsic airway obstruction (teratomas, 

lymphangiomas);
• intrinsic airway obstruction (laryngeal atresia, 

congenital upper airway obstruction, micro-
gnathia, iatrogenic treatment of a congenital dia-
phragmatic hernia);

• intrathoracic lesions such as congenital 
hydrothorax.

Types of Procedure
EXIT-to-airway is the most frequent type of EXIT pro-
cedure performed.65 This is used in fetuses with neck 
masses or other causes of airway obstruction such as 
tracheal atresia or congenital high airway obstruction 
syndrome. An airway is established either by direct 
intubation or fetal tracheostomy (Figure 20-35 B). 
EXIT-to-resection procedure is an alternative if direct 
intubation or tracheostomy is not possible due to ana-
tomic distortion. This involves the direct resection of 
the neck or lung masses whilst the baby remains on 
placental support.65

An EXIT procedure involves two patients, the fetus 
and the mother and the care of both must be optimal 
and as risk free as possible.

• distal extremities;
• trunk;
• head;
• neck.
Sonographically this tumour resembles a haeman-

gioma presenting as a solitary rapidly enlarging vascu-
lar mass. It is often poorly circumscribed and rupture 
of the enlarging mass prenatally has been described.

There is an overall 5–25% mortality and 5–50% 
recurrence risk but it is now recognized that  
congenital fibrosarcoma is highly responsive to 
chemotherapy.2,61

Generic Management of Tumour 
Complications
Whilst most tumours cannot be treated in utero, the 
complications of certain tumours are amenable to pre-
natal management, e.g. if a fetus with a vascular 
tumour/malformation develops anaemia and/or 
hydrops and the gestational age at which this compli-
cation occurs prohibits early delivery, then simple 
measures to control polyhydramnios may be all that 
is required in the latter stages of pregnancy in order 
to maximize lung maturity. But the earlier these com-
plications arise the worse the likely outcome for  
the fetus and so antenatal treatments have been 
considered.13

1. Transfusion of blood products: erythrocytes 
for anaemia and platelets for severe thrombocy-
topenia. The problem with this approach is that 
some of these large haemangiomas and other 
vascular tumours may consume products so 
rapidly that repeated fetal blood sampling and 
repeat transfusions are necessary with attendant 
risks to the fetus with every invasive procedure. 
There is a very real risk versus benefit dilemma 
to be resolved. There is also the question of 
transfusion of appropriate blood products peri-
partum to avoid fetal intrapartum haemorrhage. 
The prenatal management of fetal tumours must 
be undertaken by a very experienced multidis-
ciplinary team.13,62,63

2. Intrauterine therapy with beta- or dexameth-
asone may be used in an attempt to reduce the 
rate of proliferation of the abnormal vascularity 
within a fetal vascular tumour particularly when 
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malformations, tumours and defects affecting the fetal 
airways. Advances in prenatal diagnosis allow for a 
structured coordinated multidisciplinary management 
of the fetus with a tumour. It is the information ini-
tially provided by imaging that allows optimal assess-
ment of the fetal lesion and gives the best chance to 
the fetus.
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the best possible state. This is particularly true for 



55920 Fetal Tumours

dimensional ultrasonography. Ultrasound Obstet Gynecol 
2008;31:697–700.

38. Horikoshi T, Kikuchi A, Matsumoto Y, et al. Fetal hydrops 
associated with congenital pulmonary myofibroblastic tumour. 
J Obstet Gynaecol Res 2005;31(6):552–5.

39. Isaacs H. Fetal and neonatal hepatic tumours. J Pediatr Surg 
2007;42:1797–803.

40. Shih JC, Tsao PN, Huang SF, et al. Antenatal diagnosis of con-
genital hepatoblastoma in utero. Ultrasound Obstet Gynecol 
2000;16:94–7.

41. Catanzarite V, Hilfiker M, Daneshmand S, Willert J. Prenatal 
diagnosis of fetal hepatoblastoma: case report and review of the 
literature. JUM 2008;27(7):1095–8.

42. Isaacs H Jr. Fetal and neonatal neuroblastoma: Retrospective 
review of 271 cases. Fetal Pediatr Pathol 2007;26(4):177– 
84.

43. Kesrouani A, Duchatel F, Seilanian M, Muray JM. Prenatal diag-
nosis of adrenal neuroblastoma by ultrasound: a report of two 
cases and review of the literature. Ultrasound Obstet Gynecol 
1999;13:446–9.

44. Houlihan C, Jampolsky M, Shilad A, Prinicipe D. Prenatal diag-
nosis of neuroblastoma with sonography and magnetic reso-
nance imaging. J Ultrasound Med 2004;23:547–50.

45. Schwärzler P, Bernard J-P, Senat M-V, Ville Y. Prenatal diagnosis 
of fetal adrenal masses: differentiation between hemorrhage and 
solid tumour by color Doppler sonography. Ultrasound Obstet 
Gynecol 1999;13:351–5.

46. Won HS, Jung E, Lee PR, et al. Prenatal detection of mesoblastic 
nephroma by sonography and magnetic resonance imaging. 
Ultrasound Obstet Gynecol 2002;19:197–9.

47. Irsutti M, Puget C, Baunin C, et al. Mesoblastic nephroma: 
prenatal ultrasonographic and MRI features. Pediatr Radiol 
2000;30:147–50.

48. Scott RH, Stiller CA, Rahman N. Syndromes and constitutional 
chromosomal abnormalities associated with Wilms tumour.  
J Med Genet 2006;43(9):705–15.

49. Vadeyar S, Ramsay M, James D, O’Neill D. Prenatal diagnosis 
of congenital Wilms’ tumour (nephroblastoma) presenting as 
fetal hydrops. Ultrasound Obstet Gynecol 2000;16:80–3.

50. Applegate KE, Ghei M, Perez-Atayde AR. Prenatal detection of 
a Wilms’ tumour. Pediatr Radiol 1999;29:65–7.

51. Chung CJ, Lorenzo R, Rayder S, et al. Rhabdoid tumours of the 
kidney in children: CT findings. Am J Roentgenol 1995; 
164:697–700.

52. Fuchs B, Henrich W, Kalache KD, et al. Prenatal sonographic 
features of a rhabdoid tumour of the kidney. Ultrasound Obstet 
Gynecol 2004;23:407.

53. Montgomery ML, Lillehei C, Acker D, Benacerraf BR. Intra-
abdominal sacrococcygeal mature teratoma or fetus in fetu in a 
third-trimester fetus. Ultrasound Obstet Gynecol 1998;11(3): 
219–21.

54. Brace V, Grant SR, Brackley KJ, et al. Prenatal diagnosis and 
outcome in sacrococcygeal teratomas: a review of cases between 
1992 and 1998. Prenat Diagn 2000 Jan;20(1):51–5.

55. Kivilevich Z. Sacrococcygeal teratoma 2000-05-09-11 Sacro-
coccygeal teratoma © Kivilevich, <www.thefetus.net/>.

56. Wilson RD, Hedrick H, Flake AW, et al. Sacrococcygeal terato-
mas: prenatal surveillance, growth and pregnancy outcome. 
Fetal Diagn Ther 2009;25(1):15–20.

57. Hedrick HL, Flake AW, Crombleholme TM, et al. Sacrococcy-
geal teratoma: prenatal assessment, fetal intervention, and 
outcome. J Pediatr Surg 2004;39(3):430–8, discussion 430–8.

18. Ruano R, Takashi E, Schultz R, Zugaib M. Prenatal diagnosis of 
posterior mediastinal lymphangioma by two- and three-
dimensional ultrasonography. Ultrasound Obstet Gynecol 
2008;31:697–700.

19. Arslan E, Usul H, Baykal S, et al. Massive congenital intracra-
nial immature teratoma of the lateral ventricle with retro-orbital 
extension: a case report and review of the literature. Pediatr 
Neurosurg 2007;43(4):338–42.

20. Mazouni C, Porcu-Buisson G, Girard N, et al. Intrauterine brain 
teratoma: a case report of imaging (US, MRI) with neuropatho-
logic correlations. Prenat Diagn 2003;23:104–7.

21. Isaacs H. Fetal brain tumours: a review of 154 cases. Am J 
Perinatol 2009;26(6):453.

22. Isaacs H Jr. Perinatal brain tumours: a review of 250 cases. 
Pediatr Neurol 2002;27(4):249.

23. Anselem O, Mezzetta L, Grange G, et al. Fetal tumours of the 
choroid plexus: is differential diagnosis between papilloma and 
carcinoma possible? Ultrasound Obstet Gynecol 2011;38: 
229–32.

24. Barber MA, Eguiluz Romano F, Bratta FG, et al. Prenatal diag-
nosis of choroid plexus papillomas of the lateral ventricle.  
A report of two cases. Prenat Diagn 1996;16:567–71.

25. Nakata M, Anno K, Matsumori LT, et al. Prenatal diagnosis of 
congenital epulis: a case report. Ultrasound Obstet Gynecol 
2002;20:627–9.

26. López de Lacalle JM, Aguirre I, Irizabal JC, Nogues A. Congeni-
tal epulis: prenatal diagnosis by ultrasound. Pediatr Radiol 
2001;31:453–4.

27. Thoma V, Idrissi B, Kohler M, et al. Prenatal diagnosis of con-
genital epulis. A case study. Fetal Diagn Ther 2006;21(4): 
321–5.

28. Shaw L, Ahmed Al-Malt, Carlan SJ, et al. Congenital epulis 
three-dimensional ultrasonographic findings and clinical impli-
cations. J Ultrasound Med 2004;23:1121–4.

29. Clement K, Chamberlain P, Boyd P, Molyneux A. Prenatal diag-
nosis of an epignathus: a case report and review of the litera-
ture. Ultrasound Obstet Gynecol 2001;18:178–81.

30. Kerner B, Flaum E, Mathews H, et al. Cervical teratoma: pre-
natal diagnosis and long-term follow-up. Prenat Diagn 
1998;18(1):51–9.

31. Huel C, Guibourdenche J, Vuillard E, et al. Use of ultrasound 
to distinguish between fetal hyperthyroidism and hypothy-
roidism on discovery of a goiter. Ultrasound Obstet Gynecol 
2009;33:412–20.

32. Perrotin F, Sembely-Taveau C, Haddad G, et al. Prenatal diag-
nosis and early in utero management of fetal dyshormonoge-
netic goiter. Eur J Obstet Gynecol 2001;94(2):309–14.

33. Cohen O, Pinhas-Hamiel O, Sivan E, et al. Serial in utero 
ultrasonographic measurements of the fetal thyroid: a new 
complementary tool in the management of maternal hyperthy-
roidism in pregnancy. Prenat Diagn 2003;23:740–2.

34. Odaka A, Takahashi S, Tanimizu T, et al. Chest wall mesenchy-
mal hamartoma associated with a massive fetal pleural effusion: 
a case report. J Pediatr Surg 2005;40(5):5–7.

35. Park JG, Aubry MC, Godfrey JA, Midthun DE. Mediastinal 
lymphangioma. Mayo Clinic experience of 25 cases. Mayo Clin 
Proc 2006;81:1197–203.

36. Jung E, Won HS, Lee PR, et al. The progression of mediastinal 
lymphangioma in utero. Ultrasound Obstet Gynecol 2000;16: 
663–6.

37. Ruano R, Takashi E, Schultz R, Zugaib M. Prenatal diagnosis of 
posterior mediastinal lymphangioma by two- and three-



560 20 Fetal Tumours

62. Maguiness S, Guenther L. Kasabach–Merritt syndrome. J Cutan 
Med Surg 2002;6:335–9.

63. Morris J, Abbott J, Burrows PE, Levine D. Antenatal diagnosis 
of fetal hepatic hemangioma treated with maternal corticoster-
oids. Obstet Gynecol 1999;94:813–15.

64. Olutoye OO, Olutoye OA. EXIT procedure for fetal neck 
masses. Curr Opin Pediatr 2012;24(3):386–93.

65. Dighe MK, Peterson SE, Dubinsky TJ, et al. EXIT Procedure: 
Technique and Indications with Prenatal Imaging Parameters 
for Assessment of Airway Patency. Radiographic 2011; 
31(2):511–26.

58. Kocaoglu M, Frush DP. Pediatric presacral masses. Radiograph-
ics 2006;26:833–57.

59. Bonilia-Musoles F, Machado LE, Raga F, et al. Prenatal diagnosis 
of sacrococcygeal teratomas by two- and three-dimensional 
ultrasound. Ultrasound in Obstet Gynecol 2002;19(2):200–5.

60. Danzer E, Hubbard AM, Hedrick HL, et al. Characterization of 
fetal sacrococcygeal teratoma with prenatal MRI. Women’s Imag 
Orig Res 2006;187(4).

61. Dumont C, Monforte M, Flandrin A, et al. Prenatal manage-
ment of congenital infantile fibrosarcoma: unexpected outcome. 
Ultrasound in Obstetrics & Gynecology 2011;37(6):733–5.



21 Fetal Magnetic Resonance Imaging

561

Chapter Outline

Introduction
MRI Safety in the Pregnant Patient
Fetal MRI Aspects and Techniques

T2-Weighted MRI (T2-WI)
T1-Weighted MRI (T1-WI)
Diffusion-Weighted MRI (DWI)
Spectroscopy

Main Applications of Fetal MRI
Analysis of Fetal Abnormalities
Fetal Autopsy

Conclusions
References

Chapter 21 

Introduction
Over the last ten years, the interest of radiologists and 
obstetricians in imaging the unborn child by means of 
magnetic resonance imaging (MRI) has grown signifi-
cantly, not least facilitated by accelerated technical 
developments, especially in terms of fast imaging 
sequences. Thanks to scientific progress, fetal MRI 
features nowadays more and more in the multidisci-
plinary approach to fetal medicine.

In routine clinical practice, ultrasound remains the 
screening modality of choice in prenatal imaging. It 
has the inherent advantages of being a bedside and 
real-time technique which is cheap, available and 
general accepted. Nevertheless, the role of fetal MRI is 
gaining importance. Where fetal MRI used to be exclu-
sively indicated for central nervous system (CNS) 
pathologies, its role is gradually expanding as the 
knowledge and understanding of how pathology is 
presented on MR images grows.

The aim of this chapter is to give an overview of 
the current indications, strengths and limitations of 
fetal MRI.

MRI Safety in the Pregnant Patient
To date, no hazardous effects of MRI on humans have 
been reported and the potential prevalence of delayed 
sequelae seems to be very low or even non-existent.1 
Since the fetus is known to be very sensitive during 
organogenesis (7 to 57 days after conception when the 
rudiments of all major structures are developing), 
injuries caused by physical agents such as static mag-
netic fields, time-varying magnetic gradient and 
pulsed radio frequency fields have been extensively 
studied in animal as well as in human research.2–12 
None of these studies can clearly point to any adverse 
effects of MRI during pregnancy. A large survey 
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techniques such as steady state imaging require 
high gradient power.

• Another important qualitative factor is the choice 
of the MR coil. We recommend the use of a 
phased-array coil with multiple elements lying 
as close as possible to the fetus. Using a com-
bined eight-channel phase-array body and spine 
coil positioned over the lower pelvic area can 
achieve this.

• Patients are positioned mostly in a supine or 
left-lateral position to ensure comfort during the 
examination. In particular with polyhydramnios 
or late in the third trimester, the left lateral posi-
tion can prevent supine hypotension syndrome 
during the examination.

Three-dimensional scout images are performed 
which are then used to acquire the three planes of the 
fetal head and body. For practical reasons we use the 
performed sequence as a scout image for the next 
sequences in order to have perfect transverse, coronal 
and sagittal planes of the fetus. In our centre the fetus 
is always scanned in total in order to evaluate for 
potential associated pathologies.

The most important imaging sequences in fetal 
imaging are briefly outlined below. Similar acquisi-
tions can be obtained in most clinical MR systems,  
but the specific names and sequences vary by 
manufacturers.

T2-WEIGHTED MRI (T2-WI)
T2-WI is the most used sequence in fetal MRI since it 
provides us with excellent contrast resolution of the 
fetal tissues and it is therefore considered to be the 
work horse in fetal MRI. T2-WI can be obtained either 
by using spin echo (SE) sequences such as single shot 
turbo spin echo (SSTSE) or gradient echo (GE) 
sequences such as balanced steady-state free pre-
cession (SSFP). The main advantage of GE above  
SE is the ability to visualize fetal cardiac anatomy  
and vessels which is not possible with the SSTSE. 
However dynamic SSFP may give information about 
the global movements of the fetus and the cardiac 
contractility.

The revolution in fetal MRI scanning arrived with 
the development of single shot imaging providing  
us with sequentially acquired images in less than  
1 second, avoiding fetal motion-related artefacts. 

undertaken by Kanal et al. on 1421 pregnant MRI 
technologists showed no statistically significant 
changes in fertility, length of gestation, birth weight or 
pregnancy outcome.13,14

However since it is difficult to adequately evaluate 
the fetus before 18 weeks of gestation due to the small 
size of the fetal organs and because of the theoretical 
risk of interfering with the organogenesis, fetal MRI is 
not performed in the first trimester in most centres.15,16

Intravenous administration of contrast agents 
during MRI is not recommended since gadolinium-
based contrast material has been shown to cross the 
placenta and appears within the fetal bladder and 
amniotic fluid.17 Although some recent studies18 
suggest back diffusion of gadolinium across the pla-
centa, little is known about the biological half-life of 
gadolinium in human amniotic fluid. Since the non-
chelated form is potentially toxic and there is a rela-
tionship with nephrogenic systemic fibrosis (a rare 
and serious syndrome that involves fibrosis of skin, 
joints, eyes, and internal organs), we recommend 
avoiding its use in pregnant women until the safety of 
gadolinium-based contrast material is proven in larger 
studies.

Contraindications to MRI in pregnant patients are 
the same as for non-pregnant patients. Magnetically 
activated implanted devices such as cardiac pacemak-
ers and neurostimulators may be de-programmed. 
Ferromagnetic intracranial devices such as cerebral 
aneurysm clips are known contraindications. More 
specifically in pregnant women is a hip prosthesis 
which may interfere with optimal imaging of the fetus 
due to its typical artefacts.

Fetal MRI Aspects and Techniques
At most institutions, fetal MRI will be performed on 
routine clinical 1.5 Tesla units which constitute the 
bulk of the machines used worldwide.

Although there is no specific instrumentation for 
fetal MRI, a few specific conditions need to be met in 
order to perform successful imaging.

• The unit should be equipped with an ad-
vanced gradient system, allowing for fast data 
acquisition. This reduces the possibility of 
motion blurring during the acquisition of the 
images themselves. In addition newer scanning 
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molecules (i.e. Brownian movements). Therefore this 
technique will not only display cerebral white matter 
and early cortical maturation, but it can also indicate 
oedema, ischaemia and acute haemorrhage in lesions 
or tumour masses. DWI is not only used in brain  
but has been shown to give potential information 
about abnormal developing kidneys during fetal 
life.19,20 A more specific and direction-encoded form 
of DWI, so-called diffusion tensor imaging (DTI) is 
applied to demonstrate major fibre tracts in the fetal 
brain.21 Obviously the use of DTI is still the subject of 
research and its clinical use in the future is yet to be 
determined.

SPECTROSCOPY
MRI spectroscopy (MRS) is a technique that is cur-
rently used in brain imaging. It is able to indirectly 
measure brain chemistry, by measuring the levels  
of N-acetylaspartate, (a marker for neuronal damage 
and chronic brain damage), creatine, choline, lactate 
and so on, thus allowing evaluation of the biochemical 
and metabolic status of the brain parenchyma. It has 
its clinical applications in monitoring biochemical 
changes in tumours, stroke, epilepsy, metabolic disor-
ders, infections and neurodegenerative diseases.

Many research projects are ongoing to evaluate the 
use of MRS in the fetal brain and lung,22 however long 
acquisition times and thus increased fetal motion-
related artefacts are currently preventing the clinical 
use of this technique.

Main Applications of Fetal MRI
ANALYSIS OF FETAL ABNORMALITIES
1. Central Nervous System
It is important to be familiar with the normal appear-
ance of the fetal brain. The development of the brain 
is a very dynamic process which will change on a 
weekly basis. The appreciation of normality is essen-
tial before interpreting images for the presence of any 
fetal abnormalities.

Interpreting fetal MR images requires a comprehen-
sive understanding of both embryology and pediatric 
neuroradiology.

Consequently, fetal movements will only affect the 
slice that was acquired during the movement and not 
the whole sequence as is the case in high-resolution 
spin echo pelvic imaging. Due to this fast imaging no 
breath-holding is required of the patient. Sequences 
that are degraded by fetal motion will be repeated with 
the same parameters. In order to maintain the desired 
plane, which fetal movements can impair during  
each sequence, as mentioned above, SSTSE images 
would serve as the scout image for the subsequent 
acquisition.

A typical protocol of a SSTSE sequence consists 
of a TR/TE = 1000 msec/88 ms, field-of-view 
380 × 380 mm, 4 mm slice thickness, no inter-
section gap, matrix of 173 × 256, partial Fourier 
factor of 5/8 with a resulting pixel resolution of 
1.8 × 1.5 × 6.0 mm3 and a bandwidth of 475. 
The slice thickness can be reduced to 3 mm 
when a fetus is examined early in gestation or 
when the evaluated structure is small, unfortunately 
with the consequence of decreasing image quality.

T2-WIs are used to delineate the fetal brain, to 
accurately evaluate biometry and sulcation, and also 
to image structures with a high water content. These 
can be either normal tissue such as lungs, stomach, 
small bowel and bladder or pathological abnormalities 
such as cysts.

T1-WEIGHTED MRI (T1-WI)
T1-WI, using a fast low-angle shot (FLASH) technique 
is much more difficult. Not only is the soft tissue 
contrast low due to large components of water in 
the fetus but also these images have a longer acquisi-
tion time allowing for degradation of the images by 
fetal movements. Nevertheless, this sequence is very 
useful to evaluate the presence of blood products, 
protein or fat in fetal organs or organic lesions. T1-WI 
sequences are recommended in the assessment of 
normal structures with a physiological T1 hypersignal 
such as: meconium, myelin, thyroid, pituitary gland 
and T1 hyperintense pathological lesions such as 
haemorrhage and some types of ischaemia.

DIFFUSION-WEIGHTED MRI (DWI)
DWI uses the physical process of diffusion based  
on the random intercellular movement of water 
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Brain sulcation is considered as the most accurate 
way to date a pregnancy by pathologists and when 
assessing the sulcation pattern, knowledge of the gesta-
tional age is critical.23,24 It has been shown in several 
studies that the appearance of cerebral sulcation on 
MRI lags behind that observed on autopsy specimens 
by about one week. In addition as with any biological 
features, there is a normal variation in the appearances 
of the sulci between fetuses of the same age. There may 
be as much as a 2-week lag between the time when  
a sulcus is first seen in a particular gestational age 
group and when it is present in 75% of fetuses at that 
gestational age. The appearance of the sulci has been 
reported to be different between right and left sides of 
the brain and also to be delayed in twin gestations.24

• 18 weeks: the Sylvian fissures are the first sulci 
visible on fetal MRI and they appear as a smooth 
wide curved infolding on the lateral surface of 
the brain; with increasing gestation the Sylvian 
fissures become more angular and less smooth.

• 23 weeks: in 75% of fetuses the parieto-occipital 
sulcus and callosal sulcus will be detected along 
the medial surface of the brain.

• 24 to 25 weeks: the calcarine sulcus is detected 
in 75% of fetuses.

• 26 weeks: the central sulcus is seen in 75% of 
fetuses.

• 27 and 28 weeks: sequential formation of the 
precentral and postcentral sulci.

• 34 gestational weeks: all primary sulci are visible 
on fetal MRI.23–25

If there is concern about a possible sulcation abnor-
mality, then it can be appreciated that a repeat fetal 
MRI after an appropriate time interval of 4 to 6 weeks 
will be necessary to determine whether the develop-
ment of the sulci is normal. Although most fetal MRI 
is performed before 24 gestational weeks, in order to 
accurately assess sulcation an MRI scan after 28 ges-
tational weeks is most appropriate.23,24,26–29

The corpus callosum develops between gestational 
weeks 8 and 20. As with ultrasound the optimum 
plane of assessment of the entire length of this struc-
ture is the sagittal plane in which it will be seen as a 
curved band of low signal intensity above the fornix on 
a T2-weighted image. The coronal plane is also a useful 
plane for assessment of size (Figure 21-1 A to D).

MRI of the cerebrum is characterized initially by 
the presence of multiple layers that disappear as the 
brain matures and the sulci form. Knowledge of the 
timing and appearance of these layers and sulci are 
very important in the proper interpretation of fetal 
brain MRI studies.23,24

It is very important to consider the natural history 
of the abnormality or process being considered so that 
the MRI scan is performed when it is most likely to 
give a definitive answer. For example if an MRI scan 
is performed too early in the case of fetal cytomegalo-
virus infection or tuberous sclerosis then no abnor-
mality may be detected as the cranial findings may 
become apparent only in the third trimester. This  
early falsely reassuring MRI may do more harm than 
good.23,24

Normal Fetal Brain Development. The germinal 
matrix is the innermost layer of the fetal cerebral hem-
isphere. It lines the lateral ventricles from early gesta-
tion and the amount gradually regresses as the 
pregnancy progresses. It is seen radiologically as a 
smooth dark band of low T2 and high T1 signal inten-
sity. A small residual remnant will persist in the roof 
of the lateral ventricle in the temporal and the occipital 
horns until approximately 33 weeks and germinal 
matrix will still be seen in the caudo-thalamic notch 
several months after birth. In humans neuronal migra-
tion begins by week 7 and migration to the cortex is 
almost complete by approximately 24 weeks.24,25 The 
cortical plate resulting from neuronal migration is also 
a dark band on T2-weighted images and a bright band 
on T1-weighted images. The parenchyma between 
these layers (germinal matrix and cortical plate) 
appears relatively bright on the T2-weighted images 
and dark on the T1-weighted images and so a multi-
layered pattern (high, low, high signal layers) on 
T1-weighted images is produced which is first seen at 
approximately 20 weeks and which persists until 28 
weeks.24,25

Sulcation is a very important aspect of normal brain 
development which can be visualized by fetal ultra-
sound and by fetal MRI. The cerebral sulci appear  
in an organized manner with initial development of 
primary, followed by secondary and then tertiary sulci 
with increasing gestational age.
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• posterior fossa structures (Figure 21-2 A–F);
• cortical gyral anomalies (Figure 21-3 A 

and B);
• vascular malformation (Figure 21-4);
• haemorrhage/thrombosis (Figure 21-5 A–

E).34,36

In a previous study by Salomon et al. including 
185 fetuses with suspected isolated 10–12 mm ven-
triculomegaly as assessed by prenatal ultrasound, MRI 
performed at 30–38 weeks of gestation found addi-
tional abnormalities that were expected to modify 
pregnancy management in about 5% of cases where 
the mild ventriculomegaly was confirmed. These 
included hypoplasia of the corpus callosum, gyration 
disorder and inferior vermian agenesis.37 In another 
study by Picone et al. which included 38 fetuses with 
cytomegalovirus infection, MRI performed at 24–37 
weeks of gestation provided important additional 
information in about half of the cases with regard to 
abnormal gyration, cerebellar hypoplasia, or abnormal 
signal in white matter, mainly in the group with 
extracerebral features but without cerebral abnormali-
ties at ultrasound.38

The causes of fetal ischaemia can be placental, fetal, 
or maternal in origin.28 Fetal MRI can be used to assess 
ischaemia involving the cortex or the white matter, 
which can be demonstrated shortly after the insult by 
means of a hyperintense diffusion-weighted image 
signal.39,40 Chronic changes such as leucomalacia are 
more commonly seen. An insult occurring before 21 
weeks results in a porencephalic cavity (Figure 21-5 
G). The later the insult, the less likely that a cystic 
component will occur. 

Monochorionic twin pregnancies are complicated 
by increases in both congenital malformations and 
acquired brain injury after death of one of the twins.41,42 
This is associated with significant morbidity and mor-
tality of the surviving twin. In one MRI study of a 
series of monochorionic twins with in-utero demise of 
one fetus in the second trimester, the following abnor-
malities were detected in 33% of survivors: polymicro-
gyria, subependymal cysts, intracranial haemorrhage, 
ventriculomegaly, and delayed sulcation. These fea-
tures had not been detected by ultrasound. This rein-
forces the need to use MRI as a complementary 

The development of the cerebellum begins early  
in embryogenesis and continues postnatally. As with 
the cerebrum the cerebellar hemispheres are also 
multilayered on fetal MRI; this cerebellar layering will 
be seen as early as 21 weeks. The diameter of the 
cerebellar hemispheres will increase throughout ges-
tation, a feature that will be appreciated equally by 
ultrasound. The 4th ventricle will be covered by 20 
weeks gestation superiorly and inferiorly by the supe-
rior and inferior vermis. The primary fissure of the 
cerebellum will be beautifully demonstrated on a 
midline sagittal image by 25–26 weeks. Occasionally 
it may be seen as early as 21 weeks but non- 
visualization at this stage is not abnormal30–33 
(Figure 21-1 E and D).

Fetal subarachnoid spaces are more prominent 
than those of a full-term neonate. This prominence 
can be quite marked especially before 30 weeks and 
it should not be considered abnormal as an isolated 
finding at early gestational ages.

The use of prenatal MRI has been particularly 
studied in abnormalities of the fetal CNS and has 
clearly shown a benefit.34

• Prenatal US has poor sensitivity in the detection 
of acute lesions, such as the early stages of 
hypoxic-ischaemic damage,35 which is one of the 
leading causes of fetal brain injury and gyration/
sulcation disorders.36

• Fetal skull ossification and positioning especially 
in the third trimester are limitations for prenatal 
ultrasound of the CNS with both of these factors 
limiting resolution and as a consequence accu-
rate diagnosis. In a study by Levine et al. which 
included 214 fetuses, fetal MRI findings after 
ultrasound examination changed diagnosis and 
management in 49 (23%) and 29 (14%) of the 
cases respectively. Moreover in this study fetal 
MRI was shown to be even more helpful in cases 
where CNS anomalies were diagnosed by ultra-
sound, leading to change in diagnosis and man-
agement in 32% (46/145) and 19% (27/145) of 
the cases respectively.34

• CNS abnormalities that can be better defined by 
fetal MRI as compared to ultrasound include:
• aetiology and degree of ventriculomegaly;
• midbrain anomalies (Figure 21-1 B, D F); Text Continued on page 572
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FIGURE 21-1 (A) T2-WI coronal view of a fetus at 32 weeks of gestation showing a normal corpus callosum (arrow). (B) T2-WI of a midsagittal 
view of a fetus at 32 weeks of gestation showing a normal corpus callosum (arrow). (C) T2-WI coronal view of a fetus at 32 weeks of gestation 
showing agenesis of the corpus callosum (arrow). (D) T2-WI of a midsagittal view of a fetus at 32 weeks of gestation showing agenesis of the 
corpus callosum (arrow). (A–D, Courtesy Professor Paul Griffiths).

A B

C

D

Continued
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FE

FIGURE 21-1, cont’d (E) T2-WI of a midsagittal view of a fetus showing a normal posterior fossa cerebellum (arrow). (F) T2-WI of a mid-
sagittal view of a fetus showing a Dandy Walker Malformation DWM, elevation of the tentorium (black arrow), the very large cisterna magna 
due to the posterior fossa cyst (block arrow). (A and B, Courtesy Professor Paul Griffiths.)

A

FIGURE 21-2 (A) T2-WI of a midsagittal view of a fetus showing a prepontine subarachnoid cyst (arrow). (B) T2-WI axial view of a fetus 
showing a prepontine subarachnoid cyst (arrow). (E and F, Courtesy Dr Michael Weston.)

B

Continued
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C

D

E

F

FIGURE 21-2, cont’d (C) T2-WI of an axial view of a fetus showing a DWM, the very large cisterna magna due to the posterior fossa cyst 
(block arrow). (D) T2-WI of an axial view of a fetus showing a DWM. (E) T2-WI of a sagittal view of a fetus showing an Arnold-Chiari malfor-
mation ACM with downward descent of the cerebellum (line arrow) and obliteration of the normal cisterna magna (block arrow). (F) T2-WI of 
a sagittal view of a fetus showing the ACM (line arrow) secondary to a large myelomeningocoele (block arrow). (C, Courtesy Dr Michael Weston. 
D–F, Courtesy Professor Paul Griffiths.)
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FIGURE 21-3 (A) T2-WI axial view of a fetus at 35 weeks of gestation at the level of the brain showing occipital closed-lip schizencephaly 
(arrow). (B) T2-WI axial view of a fetus at 35 weeks of gestation at the level of the brain showing subependymal heterotopias (arrow). (C and 
D) T2-WI of a fetus at 32 weeks of gestation at the level of the brain showing (C) in an axial and (D) in a coronal view ventriculomegaly 
(asterisk), pachygyria and subependymal calcification (arrow). These findings were consistent with confirmed cytomegalovirus infection. 
(A and B, Courtesy Professor Paul Griffiths.)

A B

*

C D
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FIGURE 21-4 T2-WI axial view of a fetus at 29 weeks of gestation at the level of the 
brain showing a subcutaneous occipital haemangioma (arrow) with normal brain 
anatomy. 

A B

FIGURE 21-5 T2-WI in (A) sagittal view and (B) axial view of a fetus at 28 weeks of gestation at the level of the brain showing signs of brain 
haemorrhage (arrows). 

Continued
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C D

F

E

G

FIGURE 21-5, cont’d (C) T1-WI in axial view at the level of the brain 
showing signs of brain haemorrhage (arrows). (D) Axial venous sinus 
thrombosis: the soft tissue mass in the posterior fossa is the dilated 
venous sinus (arrow). (E) Axial venous sinus thrombosis: the soft 
tissue (line arrow) is the dilated venous sinus and the hypo-echoic 
centre is the actual thrombosed sinus (block arrow). (F) Sagittal 
venous sinus thrombosis: the soft tissue (line arrow) is the dilated 
venous sinus and the hypo-echoic centre is the actual thrombosed 
sinus (block arrow). (G) Porenecphalic cyst (block arrow) in the 
surviving twin following death in utero of the co-twin at 22 weeks. 
(D–F, Courtesy Dr Michael Weston. G, Courtesy Dr Anne Marie Coady.)
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FIGURE 21-6 T2-WI in a sagittal view of a fetus at 32 weeks of gesta-
tion at the level of the brain showing an occipital meningocoele (white 
arrow) with the cranial defect (black arrow). Note that there is no 
herniation of the brain and no associated brain anomalies. 

FIGURE 21-7 T2-WI in a coronal view of a fetus with left-sided 
congenital diaphragmatic hernia at 27 weeks of gestation showing 
intrathoracic herniation of the bowel (B), stomach (St) and the left 
lobe of the liver (Li). Note the remaining right lung (RL). 

RL

StB

Li

modality to detect potentially subtle changes second-
ary to an ischaemic insult.41,42

Known limitations for fetal MRI of the CNS are 
thin-walled cystic structures in fluid-filled cavities 
such as a small myelocoele by definition containing 
only fluid or a choroid plexus cyst. However, in cases 
of meningomyelocoele MRI can be helpful to exclude 
intralesional brain or nerve structures (Figure 21-6).

On the other hand, fetal MRI allows the visualiza-
tion of anomalies in a way not possible on ultrasound. 
Therefore, we have to remain very cautious about the 
so-called ‘hidden risks of MRI’, i.e. increasing patient 
anxiety, especially when the natural history of some 
findings is not yet known.

2. Thoracic Anomalies
Lungs. Fetal lung is, next to the fetal CNS, one of the 
most studied fields of fetal MRI. This is mainly the 
case for fetuses affected by congenital diaphragmatic 
hernia (CDH) because of the emerging fetal surgery 
program (Figure 21-7).

The normal fetal lungs are hyperintense on T2 
because of their high water content. The normal 
fetal lung volume increases with gestational age  
and is correlated with fetal weight, liver volume, 
head circumference, femoral length and abdominal 
circumference.

Inclusion of a patient in any fetal surgery process 
requires exclusion of any additional associated 
anomaly to the disease to be treated. Although in CDH 
the most frequent associated anomalies are heart 
defects, where fetal MRI fails at the moment to be of 
any value, other anomalies can certainly be assessed.

One of the major challenges in CDH remains the 
early prediction of severe and lethal pulmonary hypo-
plasia. Currently, parameters such as the lung-to-head 
ratio (LHR) as well as intrathoracic liver position  
have been widely used sonographically to predict  
the chance of postnatal survival.43–45 However, in 
the ultrasound assessment of the LHR, only the con-
tralateral lung to the diaphragmatic hernia is assessed 
in a 2-dimensional way, while MRI allows volume 
measurement of both lungs. Furthermore, volumetric 
quantification of intrathoracic liver has been recently 
described and successfully evaluated only by fetal MRI 
(Figure 21-8).46 This allows a more reliable evaluation 

of liver position rather than the semi-quantitative 
evaluation such as liver ‘up’ or ‘down’, which is used 
at present.

Another advantage of fetal MRI in the evaluation of 
fetuses suspected of pulmonary hypoplasia in CDH is 
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cords as a hypo-echogenic structure and the balloon 
valve is easily seen as well. However, in rare circum-
stances when there is doubt about balloon deflation 
and/or positioning it is more accurate to use fetal MRI 
(Figure 21-9).

CDH by itself could on occasions be difficult to 
differentiate at ultrasound from an eventration of the 
diaphragm, unless there is presence of fluid in the 
chest. This information could be of help for counsel-
ling parents since diaphragmatic eventrations have a 
better prognosis compared to CDH. On fetal MRI dia-
phragmatic eventration is easy to differentiate from 
typical CDH (Figure 21-10 A–C).

Heart. Congenital heart disease (CHD) is a leading 
cause of infant mortality.51,52 Prenatal detection of 
CHD allows in-utero referral to tertiary care centers 
which plays an important role in improving peri-
natal care.53,54 Fetal echocardiography is an easily 
accessible real-time technique and provides a rela-
tively high sensitivity in detecting major CHD during 

FIGURE 21-8 T2-WI of a fetus with left-sided congenital diaphrag-
matic hernia at 27 weeks of gestation in an axial view showing the 
delineation of the liver (continuous line) in one plane. 

Area 1097 mm2

Avg 192.2.GY

FIGURE 21-9 T2-WI in a sagittal view of a fetus with left-sided 
congenital diaphragmatic hernia at 29 weeks of gestation showing 
the inflated balloon (arrow) at the level of the trachea. 

the ability to report the relative lung volumes cor-
rected for fetal biometry rather than for gestational 
age.47,48 Correction for fetal biometry is done on MRI 
using the fetal body volume (FBV). In a previous study 
on isolated left-sided CDH fetuses, prenatal prediction 
of postnatal survival was shown to be superior when 
calculation of relative lung volume was based on FBV 
rather than on gestational age.49

Besides morphological evaluations, a good qualita-
tive functional evaluation of the fetal lung could 
perhaps be helpful in predicting postnatal outcome. 
In a recent study, Osada et al. used the lung/spinal 
fluid intensity ratio to evaluate the lungs of fetuses 
with poor and good respiratory postnatal outcomes.50 
He concluded that a combination of lung volume and 
intensity measurements looked promising in predict-
ing lung hypoplasia.

Finally, follow-up of the correct positioning of the 
balloon after a fetoscopic tracheal occlusion procedure 
is usually done by ultrasound. The balloon appears in 
a longitudinal shape between the carina and the vocal 
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FIGURE 21-10 (A) T2-WI in a sagittal view of a fetus with left-sided 
congenital diaphragmatic eventration at 32 weeks of gestation showing 
that the inter-organ relation and the boundaries between the herniated 
viscera are preserved (arrow). (B and C) T2-WI in a sagittal view (B) and 
the coronal view (C) of a fetus with left-sided congenital diaphragmatic 
eventration at 32 weeks of gestation showing that the inter-organ relation 
and the boundaries between the herniated viscera are preserved (arrow). 
((B) and (C) Courtesy of Dr Anne Marie Coady.)

A

B

C

second-trimester screening programs.55,56 Although 
fetal echocardiography is the screening modality of 
choice for cardiac evaluation, there are circumstances 
during which ultrasound diagnosis is limited such 
as oligohydramnios, advanced gestation due to bone 
ossification, fetal position, maternal abdominal wall 
scarring and maternal obesity.57 The latter was 
shown to impair correct visualization of cardiac 

anatomy in about half of the cases,58 which led to 
research into alternative techniques for imaging the 
fetal heart.

Earlier studies evaluating the fetal heart using  
SSFP sequences on MRI were limited to fetuses  
with no ultrasonographic evidence of cardiac 
malformations.59–61 Two recent studies evaluated the 
feasibility of SSFP sequences in CHD.62,63 The most 
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3. Abdomen
Gastrointestinal Tract. The normal MRI appear-
ances of the fetal colon and small bowel are well 
known. Meconium migrates from the small bowel to 
the colon and rectum, and from 20 weeks progres-
sively accumulates in the colon. Its T1 hypersignal is 
possibly related to the high protein content (Figure 
21-12). Meconium will be hypo-intense on T2-WI. If 
the rectum communicates with the urinary tract (high 
anorectal malformation with fistula, cloacal malforma-
tion), the rectum fills with urine (fluid) and, conse-
quently, exhibits an abnormal T1 hyposignal and T2 
hypersignal. The small bowel fills with ingested amni-
otic fluid, which accounts for its T2 hypersignal and 
T1 hyposignal. The distal part of the large bowel plays 
the role of a reservoir of meconium from 20 weeks of 
gestation onwards, as a result of a physiological pres-
sure increase of the anal sphincter. This knowledge is 
helpful to distinguish and localize any intestinal 
obstruction and thus helps counselling64,65 (Figure 
21-12).

An application is the megacystis-microcolon- 
intestinal hypoperistalsis syndrome where the 

recent study by Votino et al. showed that the use of 
SSFP sequences at MRI allowed reproducible visuali-
zation of the 4-chamber view in nearly all cases, with 
a high sensitivity and specificity in detecting abnor-
malities of the 4-chamber view besides outlet-located 
ventral septal defects (Figure 21-11).63 Further, it has 
also demonstrated that visualization of the outflow 
tracts, of the aortic arch and of the venous return was 
possible in about three quarters of the cases, mainly 
depending on fetal movements. In cases with absent 
fetal movements, visualization of these cardiac struc-
tures increased to more than 90% with a moderate 
sensitivity, but high specificity, in detecting cardiac 
abnormalities of these structures. Finally, this study 
has shown interesting data for the diagnosis of aortic 
coarctation which can be difficult to detect with pre-
natal ultrasound. However the number of cases is too 
small to draw any definitive conclusion.

Therefore at this stage, fetal cardiac MRI is restricted 
to fetuses where prenatal ultrasound has limitations 
and this modality should remain a research tool at 
present. The extent to which future improvements  
of ultrafast sequences or the development of a non-
invasive method to perform fetal cardiac triggering, 
which would allow MRI to be used as a reliable 
second-tool approach in fetuses with CHD, remains to 
be determined in future studies.

FIGURE 21-11 Steady-state free precession MR image in an axial 
plane at the level of the 4-chamber view in a fetus at 39 weeks of 
gestation with normal cardiac anatomy. 

FIGURE 21-12 T1-WI in sagittal view of a fetus at 28 weeks of gesta-
tion showing normal hyperintense signal at the level of the rectum 
(arrow) compatible with presence of meconium, excluding an 
obstructive bowel pathology. 
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visualization of a normal colon can exclude this lethal 
pathology. Veyrac et al. in their study on 32 fetuses 
with abnormal appearance of the GI tract by ultra-
sound stated that fetal MRI was able to find the origin 
of the obstruction far more easily than US.65

Genito-Urinary Pathologies. Urinary tract abnor-
malities occur in about 0.1–1% of all pregnancies 
accounting for approximately 14–50% of all congeni-
tal structural anomalies.66 Since half of urinary tract 
anomalies are associated with oligo- or even anhy-
dramnios the contrast resolution obtained during 
ultrasound can be extremely poor.67 It was Poutamo 
et al. who first described the benefits of MRI in detect-
ing urinary tract anomalies. They concluded that:

1. ultrasound was better when imaging cystic or 
enlarged kidneys;

2. in cases of hydronephrosis, ultrasound and MRI 
were equal;

3. ultrasound had the additional benefit of evaluat-
ing blood flow.66

In another study, Martin et al. evaluated 70 fetuses 
and categorized them in two major groups:

• Fetuses with poor prognosis, mostly associated 
with oligohydramnios and/or pulmonary hypo-
plasia (bilateral renal agenesis, bilateral renal 
cystic diseases and bladder outflow obstruction 
due to urethral atresia) (Figures 21-13 and 
21-14).

• Fetuses with a relatively good prognosis (unilat-
eral renal agenesis, renal ectopia, horseshoe 
kidney, unilateral renal dysplasia, renal cysts, 
bladder extrophy, upper urinary tract dilatation, 
renal tumours and renal vein thrombosis).

They concluded that MRI was of little or no help 
in cases of horseshoe kidneys and renal vein throm-
bosis. On the other hand MRI seemed to be very 
helpful when evaluating associated malformations 
since it can rely on a big field of view, providing the 
clinician with information concerning the complete 
fetus.68

Evaluation of fetal genitalia is possible from 20 
weeks gestational age (GA) onwards. Diagnosis of 
ambiguous genitalia is difficult on ultrasound and 
almost impossible on MRI. In male fetuses the  
external genitalia can be evaluated nicely using sagittal 
views.

FIGURE 21-13 T2-WI in a coronal view of a fetus at 33 weeks of 
gestation showing bilateral marked hydronephrosis (asterisks). There 
is anhydramnios and bilateral hypo-intense lungs (i.e. the lungs do 
not contain any fluid). 

* *

FIGURE 21-14 T2-WI in a sagittal view of a fetus at 28 weeks of 
gestation showing hydronephrosis secondary to a posterior urethral 
valve (arrow). Note that there is ascites, secondary to bladder 
rupture. 
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microcystic tumour that carries a better progno-
sis (Figure 21-15 B).

If there are concerns about the differential diagno-
sis of a meningocoele associated with posterior verte-
bral defects then MRI will confirm the true nature of 

An intrascrotal position of the testes, hydrocoele, 
testicular tumours, posterior urethral valves and epi/
hypospadias can be diagnosed using MRI. However, 
to date, no studies have shown that MRI added infor-
mation to standard ultrasound findings. Female fetuses 
can present with hydrocolpos or ovarian cysts but 
once again MRI has not been shown to add informa-
tion to that obtained by an experienced ultrasound 
practitioner.

Abdominal Wall Defects. The key to the correct 
diagnosis of an abdominal wall defect lies in the locali-
zation of the defect and its relation to the cord inser-
tion. Because of its early appearance, MRI has problems 
in evaluating correctly the site of an abdominal wall 
defect. However, MRI can be of help in evaluating not 
only the content of the protruding mass such as colon 
or small bowel but also in the diagnosis of ischaemic 
intestine, presenting with a thickening of the wall 
(>3 mm) and meconium pseudocysts which represent 
abdominal perforation.69,70

4. Musculoskeletal Anomalies
Skeletal. Skeletal congenital anomalies consist of a 
heterogeneous group of axial and peripheral skeletal 
malformations. They occur in 0.4–0.6% of all preg-
nancies.71 Severe conditions of the peripheral skeleton 
such as bowing or even fractures of the long bones, 
i.e. in osteogenesis imperfecta, can be seen on MRI. 
However, ultrasound remains the superior modality in 
detecting such pathologies.

Sacrococcygeal teratoma (SCT) accounts for 1 in 
40,000 of all pregnancies and is the most common 
fetal tumour. MRI is a valuable adjunct to US for the 
prenatal evaluation of sacrococcygeal teratomas as it 
can provide additional information about:

• tumour extension into the spinal canal;
• the intrapelvic or abdominal extent72 of the mass 

(Figure 21-15 A), which affects the morbidity 
rate related to postnatal surgery by increasing  
the duration of surgery and the risk of 
haemorrhage;

• the level of urinary tract obstruction by tumour;73

• tumour content: in cases of diffusely echogenic 
tumours, MRI may differentiate a solid content,  
a haemorrhagic complication and a diffusely 

A

FIGURE 21-15 (A) Sagittal view of a large heterogeneous SCT con-
taining cystic (line arrow) and solid (block arrow) components. (B) 
Sagittal SCT demonstrating the intrapelvic extent of the mass (line 
arrow). (A and B, Courtesy Dr Michael Weston.)

B
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both lesions including the communication between 
the cyst and the thecal sac in a meningocoele.70

Tumours. Fetal MRI may be used to evaluate masses 
of the fetal neck particularly venous and lymphatic 
malformations and teratomas. It may provide addi-
tional imaging characteristics which will confirm the 
diagnosis and influence counselling on prognosis.

With its large field of view and high tissue contrast, 
fetal MRI is also particularly helpful in delineating 
the extent of the mass and identifying structures that 
may be involved or displaced by the mass, such as 
the oral cavity (including the tongue), orbit, neck 
vessels, and mediastinum. Fetal airway structures, 
including the pharynx and trachea, appear hyperin-
tense on SSFSE T2-weighted images because of their 
fluid content and so can also be separated from adja-
cent soft tissues. Evaluation of the fetal airway for 
evidence of obstruction or compression by the mass 
is particularly important for planning surgical delivery 
options, including identifying cases where an ex-utero 
intrapartum treatment (EXIT) procedure may be 
needed (Figure 21-16 A,B) (see Chapter 20).

FETAL AUTOPSY
Up to 40% of parents refuse a conventional autopsy 
in case of termination of pregnancy or in-utero fetal 
death in an attempt to protect the integrity of their 
child.74 A recent study has shown that acceptance of 
conventional autopsy was even lower in some reli-
gious groups, after termination of pregnancy per-
formed late in the pregnancy and when consent was 
taken by a non-fetal medicine specialist.74

An alternative to conventional autopsy is non-
invasive postmortem (PM) MRI (Figure 21-17; Figure 
21-18 A and B), which has a high acceptance rate.74 
The first fetal MRI autopsy was reported in 1996 by 
Brookes et al.75 Since no movement artefacts interfere 
with the image quality, long acquisition sequences are 
used, improving the signal to noise ratio. Brookes 
et al. evaluated the benefits of PM MRI by comparing 
the findings of 20 fetuses at MRI with gold standard 
autopsy. They concluded that PM MRI is a good alter-
native to evaluate the CNS pathologies in particular 
but that it was less robust in the assessment of heart 
malformations. Later studies by different authors 
reported similar findings,74,76,77 but also revealed even 

FIGURE 21-16 (A) Sagittal and (B) coronal views of a fetal oral 
lymphangioma showing the intra-oral extent (line arrows) and the 
cystic nature (block arrow). (Courtesy Dr Anne Marie Coady.)

A

B
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FIGURE 21-17 Postmortem whole-body T2-WI in a coronal view of 
a fetus at 34 weeks of gestation showing bilateral cystic kidney 
dysplasia and hypoplastic lungs. There is also bilateral talipes as part 
of the Potter sequence. 

better morphologic findings for the CNS than classic 
autopsy, where it is well known that fetal brain is very 
vulnerable.74,78

One of the disadvantages of PM MRI is the lack of 
histological specimens. It is likely that future develop-
ment of minimally invasive autopsies will be based 
around the use of endoscopic techniques in addition 
to postmortem imaging.79 Another limitation of PM 
MRI is the examination of small fetuses in the first half 
of pregnancy. Recently a novel study introduced the 
use of high-field MRI at 9.4 T in examining fetuses 
from as early as 11 weeks of gestation.80 The diagnos-
tic accuracy of fetal structural abnormalities seemed 
equivalent to conventional autopsy.

Conclusions
Superior tissue contrast, a larger field of view and  
relative operator independence enable fetal MRI to 
provide additional diagnostic information that may 

FIGURE 21-18 (A) Postmortem T2-WI in an axial view of a fetus at 
36 weeks of gestation at the level of the brain showing normal cer-
ebral cortex. (B) Postmortem T2-WI in an axial view of a fetus at 36 
weeks of gestation at the level of the brain showing focal cortical 
dysplasia. (Courtesy of Professor Paul Griffiths.)

cm
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B
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affect perinatal management in some conditions. This 
capability ensures that fetal MRI will play an impor-
tant role as an adjunct to US and it will gain greater 
acceptance in fetal imaging in the future.

The optimal assessment may be that these two 
modalities will be regarded as complementary tech-
niques.

Whilst fetal anatomy is easily accessible by ultra-
sound in the first trimester, its evaluation by fetal MRI 
is very difficult and compounded by the theoretical 
risk to organogenesis, therefore this examination is  
not only of limited usefulness at this gestational age, 
but it is not recommended. At the other end of the 
pregnancy, where ultrasound penetration is limited by 
ossification of fetal bones, by fetal positioning and by 
its small field of view, fetal MRI overcomes these 
limitations.

While ultrasound remains the screening modality 
of choice for fetal imaging, practitioners need to keep 
in mind that new indications are emerging for fetal 
MRI. In the perinatal period, just before birth, fetal 
MRI could be performed on a ‘physiologically sedated 
neonate’ without the burden of a postnatal sedation 
and moreover it even gives a better-contrasted image. 
Knowledge of all fetal MRI possibilities and limitations 
by fetal medicine specialists will allow its proper use 
and as a consequence can definitely optimize care of 
the fetal patient.
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Introduction
Perinatal/paediatric pathology is a medical subspe-
cialty with particular expertise in diseases affecting the 
placenta, fetus, infant and child. In the United 
Kingdom, paediatric pathology has evolved rapidly 
over recent decades from a small area of practice for 
general histopathologists, to becoming a recognized 
subspecialty by the Royal College of Pathologists.

The workload of a practising paediatric pathologist 
can be broadly separated into two fields:

1. Surgical pathology; examining and reporting 
tissue biopsies and specimens.

2. Performing autopsies and placental 
examinations.

Whilst, fortunately, the majority of prenatally diag-
nosed conditions will not require the contribution of 
a paediatric pathologist, there are three main settings 
in which the fetal medicine specialist may interact 
with this service, namely:

• terminations or fetal/infant deaths undergoing 
postmortem examination (autopsy);

• histopathological examination of the delivered 
placenta;

• prenatal diagnosis of specific conditions in which 
examination of a tissue sample is required.

Advances in prenatal diagnosis and obstetric care, 
including the management of complex pregnan cies 
and increasingly sophisticated methods of antena tal 
imaging, have led to a parental and professional 
demand for detailed investigation of the underlying 
pathology. This can provide subsequent advice for 
future pregnan cies and has become the standard of 
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3. Provision of additional information for clini-
cians and parents for future pregnancies and 
current siblings.

4. Audit and assessment of current clinical practice 
including confirmation of findings from 
ultrasound.

5. Identification of potential pathologies with 
public health implications.

6. Findings regarding possible associations and 
outcomes guiding new technologies and treat-
ment modalities.

Data from a review of 27 studies examining dis-
crepancy between clinical diagnosis and autopsy find-
ings demonstrated that the perinatal postmortem 
examination resulted in a ‘change in diagnosis’ or 
‘additional findings’ which might have influenced 
management or counselling in 22–76% of cases, the 
rate varying from 28–75% for stillbirths, 22–49% for 
terminations of pregnancy, and 22–81% for neonatal 
deaths. Importantly, up to 35% of antenatal ultra-
sound diagnoses were modified by additional findings 
at autopsy.9 Furthermore, a study of 309 terminations 
of pregnancy for prenatally diagnosed abnormalities 
reported that, of the 132 cases (which were chromo-
somally normal but found to have a structural  
defect on antenatal ultrasound examination) undergo-
ing postmortem examination, the autopsy revealed 
additional findings which modified the recurrence risk 
in almost one third of cases.10

CONSENT
There are two major categories of perinatal postmor-
tem examination in the UK, consented autopsies and 
those performed on behalf of HM Coroner.

Cases referred to the coroner include those in 
which:

• The cause of death is unknown, or sudden and 
unexpected.

• The death occurred during an operation or before 
recovery from the effects of an anaesthetic.

• The deceased infant was not seen by the certify-
ing medical practitioner, either after death or 
within 14 days of death.

• The death may have been caused by violence or 
neglect.

• The death may have been due to an accident.

care. Within the framework of this chapter, it is not 
possible to describe in detail the pathology of a wide 
range of conditions, which can be obtained from spe-
cialist texts,1–6 but an overview of paediatric pathology 
for the practising fetal medicine/obstetric specialist 
will be provided to highlight relevant issues regarding 
the most commonly encountered entities, as well as 
providing some practical guidelines and recommenda-
tions for optimal incorporation of fetal pathology into 
the overall setting of a fetal medicine/prenatal diagno-
sis service.

The Perinatal Autopsy
Within the UK, it is recommended by the Royal 
College of Obstetricians that the option of an autopsy 
should be offered to all parents where a perinatal death 
has occurred; including first and second trimester  
miscarriages, stillbirths and terminations of pregnancy, 
and these examinations should be performed by a 
specialist paediatric pathologist7. In this section, 
the role of the perinatal autopsy will be discussed, 
including factors contributing to the reduction in the 
numbers of traditional autopsies, specifically regard-
ing parents’ and clinicians’ attitudes towards post-
mortem examinations. Current issues surrounding 
consent, which is required for the majority of perinatal 
autopsies, will be addressed, with particular reference 
to legislation in the UK and the Human Tissue  
Act, which came into force in September 2006  
(Human Tissue Act, 2004 (The Human Tissue Author-
ity, 2008)).8 The differences between consented (hos-
pital) perinatal postmortem examinations and coronial 
autopsies in peripartum/neonatal death cases will be 
clarified and the postmortem procedure itself will be 
discussed, including the recent development of novel 
autopsy techniques, and practical issues regarding 
performance of the autopsy in a service setting will be 
addressed.

ROLE OF THE PERINATAL AUTOPSY
The role of the autopsy is multi-faceted and includes:

1. Determination of the cause of death.
2. Recognition of unsuspected or associated 

findings.
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should be sufficiently senior and well informed, with 
knowledge of the postmortem procedure) responsibil-
ity to seek consent. As valid consent can only be given 
if appropriate communication has taken place, infor-
mation leaflets and consent forms should be available 
in the main local community languages for patients 
whose first language is not English, and interpreters 
should be used. Written consent is not required by 
law, although usually required by the local hospital 
policy.

As can be seen from the above section, since the 
introduction of the HTA, the requirements and criteria 
for gaining consent for postmortem examination are 
somewhat complicated in order to fulfil the stipulated 
conditions. In our experience, the most common prac-
tical problem affecting the process of perinatal autopsy 
examination is incorrectly completed consent forms, 
which may then delay the performance of the exami-
nation. It is highly recommended that a member or 
members of the clinical team lead on this process and 
establish systems for reliable and accurate consenting. 
The pathologist undertaking the examination should 
also be available to provide advice and guidance as 
required. Parents should be informed that samples 
obtained (blocks and slides; Figure 22-1) will be kept 
as part of the medical record, as in life, and that if 
these are destroyed according to parents, wishes, it  
will not be possible to review the case or perform 

• The death may have been in any other way 
unnatural or there are suspicious circumstances.

Clearly, in relation to perinatal autopsies, the major 
cases referable to the coroner are neonatal deaths in 
which there is suspicion of neglect or accident. If there 
is a potential issue of litigation due to neglect by hos-
pital staff, the case should also always be discussed 
with HM Coroner. If a coroner’s postmortem examina-
tion is performed, parental consent is not required and 
the coroner’s decision overrides that of the parents. 
Once the coroner has completed the investigation, all 
tissue samples taken as part of the postmortem exami-
nation will then fall under the Human Tissue Act (see 
below) and should be handled according to parents’ 
wishes.

However, the vast majority of perinatal postmortem 
examinations will not be on behalf of the coroner and 
will therefore require consent by one or both parents. 
The Human Tissue Act (2004), overseen by the 
Human Tissue Authority (HTA) in the UK, is respon-
sible for defining standards, published as codes of 
practice, and licenses organizations and establish-
ments that deal with human tissue (The Human Tissue 
Authority, 2008).8

The HTA specifies that informed consent is required 
for the removal, storage and use of human tissues, 
including small samples such as blocks and slides 
which might be kept as part of the medical record, 
and therefore includes consent to perform a postmor-
tem examination. However, the details of the Act only 
strictly apply to stillbirths and neonatal deaths. Fetuses 
born dead at <24 weeks’ gestation are not regarded as 
having independent life and under the Act are subject 
to consent requirements for tissue from the mother. 
However, for ease of application and sensitivity regard-
ing autopsy practice, it is recommended that consent 
be obtained for postmortem examination of all fetal 
tissue regardless of the gestational age.

Consent for autopsy must be given voluntarily by 
an appropriately informed person who has the capac-
ity to agree to the activity, which for perinatal post-
mortem examinations will usually be one or both 
parents. It is recommended that, where possible, 
consent is obtained from the mother, and that, where 
appropriate, both parents are involved. Consent from 
one parent is sufficient. Parents may of course with-
draw consent at a later stage. It is the clinician’s (who 

FIGURE 22-1 A paraffin block with accompanying slide demonstrat-
ing the small amount of tissue usually required from each organ for 
histological examination. 
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dissection. There are numerous protocols for this 
procedure, which vary according to the specific indi-
cation for autopsy, gestational age and pathologist 
preference. However, parents should be aware that 
a standard perinatal autopsy will involve a large 
midline incision from neck to pelvis, and if histologi-
cal brain examination is required, an additional inci-
sion across the scalp. Following the procedure the 
organs are returned to the body, and the incisions 
are sutured or closed by other means.

Practical Considerations
MACERATION
Maceration (meaning to soften by soaking in liquid) 
is the process of post-fetal death change which occurs 
with retention in utero after death. The degree of mac-
eration change increases with the duration of intra-
uterine retention, which allows some estimation to be 
made regarding the timing of an intrauterine death 
before delivery (Table 22-2; Figure 22-2A and B). 
Changes include skin slippage, ‘blistering’, discoloura-
tion and joint laxity.

AUTOLYSIS
Autolysis is the process of cellular degeneration which 
occurs following death of an organism and loss of 
normal control of cellular metabolic and enzyme activ-
ity. This may coexist with putrification, the process of 
tissue degeneration due to bacterial activity, and mac-
eration (see above). These processes are related to the 
temperature at which the body is stored following 
death/delivery, with any significant retention of the 
fetus in a warm environment (i.e. room temperature) 
hastening the rate of tissue degeneration. Extensive 
autolysis makes adequate macroscopic, and especially 
microscopic, examination difficult (Figure 22-3A  
and B).

FETICIDE
According to current guidelines it is recommended 
that feticide is performed for termination of pregnancy 
beyond 21 weeks of gestation11, which is usually per-
formed by intracardiac injection of potassium chlo-
ride. Following feticide, it appears that the rate of 
autolytic change is increased, resulting in greater 

additional tests at a later date if new information 
becomes available.

PERINATAL AUTOPSY PROCEDURE
Whilst consent is being discussed, the body of the 
fetus or infant should be stored in a secure refriger-
ated unit (in order to delay postmortem autolysis and 
increase or improve of success for other investiga-
tions), ideally in the hospital mortuary. If skin or pla-
cental sampling is required for fibroblast culture for 
genetic studies, this should ideally be performed as 
soon as practical following delivery rather than 
waiting for the autopsy in order to optimize the 
sample for culture, especially if there may be delay 
due to the requirement to transfer the body to a spe-
cialist unit.

The body should be labelled with at least two iden-
tification markers, including maternal details, date of 
delivery and hospital number, and documentation 
must include the completed consent form and relevant 
clinical details, with particular regard to any specific 
questions that the parents or clinicians would like the 
postmortem examination to address. Prior to com-
mencement of evisceration, it is routine to obtain full-
body X-ray imaging, including anterior–posterior and 
lateral views to identify any skeletal abnormalities, 
although the benefit of this routine investigation 
remains undetermined. In some cases unexpected 
skeletal findings may be detected and skeletal bio-
metry provides further indication of gestational age in 
cases where this is not known such as unbooked 
pregnancies.

Biometric measurements and body weight are then 
obtained, followed by an external examination for 
abnormalities and photographic documentation of 
such if required. It should be noted that there may be 
significant differences between birth weight and body 
weight at autopsy due to postmortem changes, prima-
rily fluid loss. Such changes vary with duration of 
intrauterine retention and the postmortem interval, 
and should be accounted for when interpreting body 
weights for gestation.

Examination for dysmorphic features is performed 
and common findings which may not be detected 
antenatally are described in Table 22-1.

Subsequent examination proceeds with eviscera-
tion of the internal organs and detailed organ 
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TABLE 22-1 List of Common External Dysmorphic Findings at Perinatal Autopsy, Their 
Main Associations and Practical Issues

Findings Common Associations Issues

Orbital hyper/
hypotelorism

Cranio-facial abnormalities, 
numerous genetic syndromes

Measurements based on normal ranges

Abnormal philtrum Wolf–Hirschhorn syndrome; fetal 
alcohol syndrome

Measurements can be subjective

Dysmorphic ears In the absence of deformational abnormalities of the ear, 
low-set ears may be difficult to interpret in the context 
of 'soft' dysmorphic signs. Focus on the presence of the 
internal auditory canal helps localize the correct position

Cleft lip/palate Isolated finding, midline defects, 
genetic syndromes

Isolated cleft palate is difficult to detect antenatally

Micrognathia Trisomies/genetic syndromes Determination of mandibular hypoplasia is particularly 
difficult in early gestational ages at postmortem, unless 
severe

Single palmar/plantar 
creases

Association with trisomy 13, 18 
and 21

'Soft' dysmorphic signs such as single palmar creases can 
be difficult to interpret in macerated fetuses

Clinodactyly and 
overlapping fingers

Curvilinear isolated deformation 
of the digits as well as 
overlapping of fingers/toes are 
associated with trisomies

Identification of subtle limb malformations can be difficult 
at autopsy, due to postmortem drying of the hands and 
feet in small (fetuses, if incorrectly stored)

Syndactyly Webbing/fusion of the fingers/
toes can be an isolated finding 
or part of a genetic syndrome

Subtle abnormalities of the hands and feet are difficult to 
diagnose antenatally

Anorectal 
malformations

May be associated with antenatal 
bowel obstruction. Associated 
with genetic syndromes

Antenatal identification of minor malformations including 
imperforate anus is difficult antenatally, if obstruction is 
absent

Genital tract 
malformations

Range of syndromes associated 
with ambiguous genitalia

Sex/gonads should be determined by external and internal 
examination

TABLE 22-2 Demonstration of Macroscopic and Microscopic Findings Due to Maceration 
after Intrauterine Fetal Death

Timeline Macroscopic Findings Microscopic Findings

6–12 hours Desquamation (skin slippage). Noticeable over 
bony prominences, revealing shiny moist dermis

Loss of renal tubular nuclear 
basophilia

24 hours Formation of fluid-filled bullae between dermis and 
epidermis

Loss of basophilia of inner half of 
the myocardium

48 hours Dark red discolouration under areas of skin 
slippage. Over 50% desquamation. Internal 
organs become discoloured. Joint laxity noted

Loss of basophilia of the outer 
half of the myocardium

3–4 days Widespread subcutaneous oedema. Extensive 
desquamation (over 75%)

5 days Overlapping cranial vault bones due to separation 
from dura and periosteum (Spalding’s sign)

Loss of basophilia of bronchial 
epithelial cells and in the liver

7–10 days Skin discolouration from purple to brown Continuing autolysis, in particular 
the GI tract and adrenal glands

>2 weeks Mummification (with fading to yellow-grey) Maximal loss of nuclear basophilia

Modified from Keeling et al.4
Such changes provide approximate timing only and should not be used to assume exact timing of events.
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to minimize the risk of non-diagnostic findings. The 
mechanism is uncertain but may be due to combina-
tion of direct cytotoxic damage and autolysis, and 
development of tissue salt crystals.

AUTOPSY SAMPLES FOR GENETIC ANALYSIS
If samples are required for karyotyping or fibroblast 
culture it is recommended that these are obtained as 
soon as possible following delivery (or prenatally) 
rather than at the time of autopsy, to maximize the 
chance of successful culture and analysis. Samples 
may therefore include fetal/cord blood, fetal skin 
biopsy or placental tissue biopsy, all of which may  
be used for karyotyping and subsequent molecular 

chance of non-diagnostic autopsy findings, especially 
when feticide is accompanied by prolonged intrauter-
ine retention post intrauterine death and a long post-
mortem interval (cases where potassium administration 
was given were twice as likely to have discordant  
findings between ultrasound and postmortem find-
ings12). This is especially important for terminations 
of pregnancy for cardiac and brain abnormalities, 
when autopsy findings are likely to be important for 
providing a specific diagnosis; in such cases the fetus 
should be stored in a refrigerated unit as soon as pos-
sible after the delivery and the autopsy should be 
performed within the shortest reasonable time period 

FIGURE 22-2 Infants at 32 weeks’ gestation comparing appearances 
of a non-macerated (A) versus macerated fetus (B). There is marked 
skin slippage noted in (B), indicating intrauterine retention following 
death of several days duration. 

A

B

FIGURE 22-3 Non-autolysed (A) and autolysed (B) renal sections 
demonstrating loss of tubular nuclear basophilia. 

A

B
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1. to confirm the presence of the antenatal sono-
graphic findings;

2. to identify any additional findings which may 
modify or refine the diagnosis.

Overall, some type of clinically significant ad-
ditional findings will be detected in around 30% of 
cases.9 The clinical significance of detecting such ab-
normalities is primarily that a constellation of major 
and additional findings may suggest a specific diagno-
sis, or provide an indication for further, specific ge-
netic testing or referral.

These include:
1. Major anomalies which are potentially detecta-

ble sonographically but were not detected on 
antenatal ultrasound examination. With ongoing 
improvements in sonographic technology and 
expertise this group will likely continue to 
reduce in size. The major types of abnormality 
in this category are cardiac defects.

2. Minor anomalies which are potentially detecta-
ble sonographically but were not detected on 
antenatal ultrasound examination. This includes 
anomalies such as subtle facial clefts, abnormal 
limb positioning and abnormal genitalia.

3. Minor anomalies which would not be expected 
to be detectable sonographically, but which may 
be part of a genetic syndrome, such as imperfo-
rate anus, tracheo-oesophageal fistula and pos-
terior cleft palate.

4. Histological diagnoses. In some circumstances, 
microscopic examination of tissue samples may 
provide a specific diagnosis in the setting of  
a sonographically obvious or macroscopically 
apparent abnormality. Examples include cystic 
kidney disease, congenital tumours, pulmonary 
lesions.

5. Diagnosis based on additional postmortem an-
cillary investigations, such as radiological ex-
amination, microbiological studies or genetic 
testing. Examples include skeletal dysplasia, in 
which the specific syndromic diagnosis often 
requires a combination of radiological, histo-
logical and genetic investigations rather than 
specific additional abnormalities detected at the 
autopsy per se.

6. Placental examination may allow identification 
of risk factors for future pregnancies such as 

genetic examination. If there is a prolonged postmor-
tem interval, samples obtained at the time of autopsy 
may be suboptimal for use. It should be noted that if 
a sample, either fetal or placental, is fixed in formalin/
formaldehyde, it will not be suitable for fibroblast 
culture or standard karyotyping, although some spe-
cific molecular genetic testing with other techniques 
such as polymerase chain reaction may be possible.

Determination of Cause of Death
The autopsy remains the current gold standard for the 
investigation of the cause of unexpected in-utero or 
neonatal deaths. In some cases, specific fetal and  
placental pathologies will be found to explain the 
death. It is important to recognize that, despite a  
full postmortem examination (with appropriate ancil-
lary investigations), the majority of such deaths  
may remain unexplained. This is regardless of gesta-
tional age, and is especially true in the setting of clini-
cally unexplained, unexpected late third trimester 
stillbirths.

In this context, numerous classification systems 
have been devised which include both clinical and 
autopsy findings to variable degrees, with the aim of 
establishing the likely underlying pathological process, 
if not the precise cause of death itself; for example, 
congenital abnormality, intrauterine infection and 
acute asphyxia. A recent review of four such classifica-
tion systems reported that reclassifying deaths with 
some schemes (compared to the traditional and most 
commonly used Extended Wigglesworth Classifica-
tion), reduced the incidence of apparently unexplained 
deaths. More recent classification systems include the 
TULIP and ReCoDe systems.13–15 However, it should 
be noted that regardless of the classification used, even 
when a potential underlying process, such as intra-
uterine growth restriction, is suggested, in most cases 
the exact cause or even mechanism of the death is not 
determined and for this reason there is no universally 
accepted classification system.

Identification of Unsuspected or Associated Findings
By definition in cases of termination of pregnancy for 
fetal abnormality, a major primary diagnosis has been 
identified, and the main roles of the autopsy in this 
setting are:
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maceration following intrauterine retention, with an 
average 5–10% reduction for macerated versus non-
macerated fetuses of comparable gestational ages and 
biometry. Thirdly, there may be a further 5–10% 
weight loss, presumed due to loss of fluid, between 
delivery and autopsy, especially if the postmortem 
examination does not take place for several days. 
These features result in an overestimation of IUGR 
based on fetal weight at autopsy.

The brain: liver weight ratio, with reduced liver 
weight associated with intrauterine nutritional com-
promise, has been suggested as a marker of IUGR; a 
ratio greater than 3–4 is often suggested as indicating 
IUGR. However, publications which have provided 
data on this issue indicate that this marker is quite 
unreliable for detection of IUGR until the ratio is 
markedly abnormal (>6 or more). Furthermore, organ 
weights at autopsy are also affected by intrauterine 
maceration and postmortem interval, with compound-
ing effects, the liver losing more weight than the brain 
in both of these settings, further affecting the brain:liver 
weight ratio and artefactually suggesting IUGR. The 
diagnosis of IUGR at autopsy should therefore only be 
made with caution and in the presence of other cor-
roborative features such as utero-placental disease or 
other histological findings, and should be made with 
more caution in the setting of a macerated intrauterine 
death.16–18

FETAL HYDROPS
Hydrops is a non-specific end point of a wide variety 
of fetal pathologies resulting in subcutaneous and 
body cavity retention of fluid. Details of the main 
clinical investigations for fetal hydrops are provided 
in Chapter 8. Immune hydrops is usually diagnosed 
antenatally and the autopsy usually provides confir-
mation and documentation of the extent of cardiovas-
cular compromise. In cases of unexplained non-immune 
hydrops, significant structural abnormalities have 
usually been excluded by tertiary referral ultrasound 
examination and in this setting the role of the  
autopsy is primarily to identify undetected abnormali-
ties, such as congenital cardiac disease, and, more 
commonly, to facilitate ancillary investigations for  
the detection of underlying pathologies which are 
non-detectable sonographically, such as inherited 

anti-phospholipid syndrome, intra-uterine 
growth restriction due to utero-placental dis-
ease, and specific diagnoses with high recur-
rence risk such as chronic histiocytic 
intervillositis.

Other Potential Uses of Autopsy Data
In addition to direct implications for clinical care of 
the index pregnancy or patient, autopsy data facilitate 
clinical audit and assessment of prenatal diagnosis;  
fetal medicine developments, including detection of 
iatrogenic disease associated with novel therapies. 
With appropriate consent, the autopsy can provide 
tissue for future research studies investigating a wide 
range of fetal and obstetric disease. For the wider field 
of fetal medicine this is of increasing importance but 
is beyond the scope of the current chapter.

Specific Issues Associated with the 
Perinatal Autopsy
The perinatal autopsy and details of possible associ-
ated pathological findings represent entire textbooks 
in themselves. The aim of this section is to briefly 
highlight some of the specific areas of either dif-
ficulty or controversy, or specific clinical scenarios 
for the practising obstetrician or fetal medicine spe-
cialist in order that optimal use of the service can 
be obtained.

INTRAUTERINE GROWTH RESTRICTION (IUGR)
The identification of intrauterine growth restriction 
(IUGR) at autopsy is commonly suggested as an 
important finding, especially in intrauterine deaths, 
and in some classification systems is provided as the 
commonest underlying ‘cause’ of stillbirth. However, 
it should be recognized that accurate determination of 
IUGR in this setting is fraught with technical difficul-
ties. Firstly, it is well recognized that birth weight for 
gestational age is a poor predictor of true IUGR. Many 
fetuses with weight in the lower centiles will be con-
stitutionally small rather than growth restricted and 
conversely, significant IUGR may be present in a fetus 
with a fetal weight well above the 5th centile for gesta-
tion. Secondly, birth weight is significantly affected by 
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funeral is planned, and that the final postmortem 
report will not be available for several weeks until all 
neuropathological investigations are completed. 
Several studies have reported that in around 10–20% 
of cases, depending on gestational age, indication, feti-
cide, period of intrauterine retention and postmortem 
interval, formal neuropatho logical examination may 
be non-diagnostic due to postmortem changes such as 
autolysis precluding adequate examination despite 
fixation.12,19

In general, there is good correlation between pre-
natal and postmortem CNS findings but there are two 
specific areas which may result in diagnostic difficulty 
and/or discordant findings; these are isolated ventricu-
lomegaly and posterior fossa abnormalities such as 
partial cerebellar vermis aplasia. Ventriculomegaly 
may reduce after death and be impossible to confirm 
pathologically unless associated histological features 
are identified, and the posterior fossa requires assess-
ment in situ, especially regarding the cisterna magna, 
the demonstration of which may require a specific 
approach to the autopsy procedure itself.

CARDIAC DEFECTS
In later gestations, cardiac defects are generally well-
demonstrated at autopsy, using a standard sequential 
segmental approach to dissection of the heart. In  
specific circumstances, adequate demon stration of 
anatomy may require a period of formalin fixation 
before dissection, especially in early second-trimester 
fetuses with complex defects and for cases in which 
specific ultrasound-derived dissection views are 
required. Highly complex cardiac defects, and deaths 
in neonates with congenital cardiac disease following 
cardiac surgery, may require referral to a centre with 
expertise in fetal and infant cardiac pathology. Most 
structural cardiac disease is relatively easy to identify 
and demonstrate at autopsy, such as ventricular septal 
defects, atrioventricular septal defects, valvular atresia 
and major outflow tract anomalies. However, definitive 
diagnosis of coarctation of the aorta may be more dif-
ficult, especially at earlier gestations, and requires tar-
geted dissection and use of appropriate normal ranges.

SKELETAL DYSPLASIAS
Most lethal skeletal dysplasias are easily detected  
antenatally, and some may demonstrate characteristic 

metabolic disease and a wide range of genetic syn-
dromes (Figure 22-4).

CNS ABNORMALITIES
CNS anomalies represent a relatively large group of 
antenatally diagnosed congenital abnormalities in 
fetuses which undergo termination. In this setting, the 
brain, and/or spinal cord, will need to be examined in 
detail, which requires opening the cranium and 
removal of the brain. Due in part to the lack of myeli-
nation in the developing fetal brain, the brain is 
extremely soft and friable (a situation which is mark-
edly exacerbated by feticide with prolonged intrauter-
ine retention or postmortem interval), and therefore 
cannot be examined adequately at the time of the 
autopsy itself. Rather, the brain will require fixation in 
formalin for a period of several days to weeks depend-
ing on the circumstances. Following fixation, the brain 
can then be examined, histological samples obtained 
and the brain returned to the body. Parents should 
therefore be made aware that particularly in this clini-
cal setting, the period of brain fixation will result in 
possible delays to release of the body if an imminent 

FIGURE 22-4 Hydrops fetalis demonstrating marked generalized 
subcutaneous oedema and bilateral cystic hygromas. 
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sonographic features to allow a specific diagnosis to 
be made. However, in the majority of cases, the diag-
nosis is of a skeletal dysplasia with features of one or 
more categories, such as defective mineralization or 
with polydactyly. In this setting the aim of the autopsy 
is to provide a specific diagnosis, based on a combina-
tion of results of detailed postmortem skeletal radio-
logy, associated dysmorphic features and additional 
findings in addition to targeted genetic testing, if 
appropriate. Furthermore, radiology may provide a 
specific differential diagnosis, which can be correlated, 
according to the histological features present. In this 
scenario, the parents should be made aware that at 
least one, and usually several, long bones will need to 
be removed for microscopic examination.

Histological features of the growth plate usually 
allow accurate determination of the category of dys-
plasia, with the final diagnosis based on synthesis  
of all such ancillary investigations. It is increasingly 
recognized that many osteochondrodysplasias are 
associated with specific underlying genetic defects in 
addition to their clinical phenotype, and some classi-
fication systems are now based around this concept.20 
For example, fibroblast growth factor receptor-3 
defects are associated with thanatophoric dysplasia 
with or without bowed femora or cloverleaf skulls, 
and osteogenesis imperfecta is associated with muta-
tions in COL1A1/2. Use of the combination of 
postmortem imaging and histological features in con-
junction with targeted molecular testing is now the 
standard of care in tertiary centres and will allow a 
specific diagnosis in the vast majority of cases (Figures 
22-5, 22-6 and 22-7).

RESPIRATORY TRACT ANOMALIES
Respiratory tract disease accounts for a significant 
proportion of neonatal and infant mortality and  
morbidity. While lung function is not required for 
intrauterine life, several important developmental 
abnormalities of the respiratory tract may occur and 
result in termination of pregnancy. These include 
laryngeal atresia, tracheo-oesophageal fistula, tracheal 
stenosis, and a range of pulmonary and thoracic dis-
orders. These are classified within the bronchopul-
monary foregut malformation spectrum, hypothesized 
to result from a combination of obstruction, inflam-
mation and associated developmental anomalies. 

FIGURE 22-5 Faxitron anteroposterior X-ray of thanatophoric dys-
plasia with severely shortened long bones with widened metaphyses, 
curved humeri and femora. The skull is enlarged, the thorax is nar-
rowed with shortened ribs and there is severe platyspondyly. 

FIGURE 22-6 A fetus with thanatophoric dysplasia, demonstrating 
the large head with widened sutures, flattening of the nasal bridge 
and a small chin. The thorax is shortened and narrow. The limbs are 
clearly shortened with short hands and feet. 

These include congenital pulmonary airway malfor-
mation (CPAM; previously known as congenital cystic 
adenomatoid malformation (CCAM)), pulmonary 
sequestration, congenital lobar over-inflation and 
foregut/bronchogenic cysts. Definitive diagnosis of 
antenatally diagnosed pulmonary echogenic or cystic 
masses therefore requires histological examination, 
either at surgery or following autopsy (Figure 22-8). 
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underlying syndrome. Examples include posterior 
cleft palate, abnormalities of the oesophagus, such as 
tracheo-oesophageal fistula and oesophageal atresia, 
diaphragmatic hernia, intestinal atresias, intestinal 
malrotation, anorectal malformations, imperforate 
anus and Hirschsprung disease. Most of these anoma-
lies require detailed anatomical dissection and/or  
histological sampling for definitive diagnosis. Abnor-
malities of the hepatobiliary tract, other than tumours 
or cysts, are rarely diagnosed in utero but may repre-
sent a significant component of neonatal surgical 
pathological workload, such as congenital biliary 
atresia.

RENAL SYSTEM ANOMALIES
Since the fetal renal tract is associated with urine pro-
duction, many abnormalities result in fluid accumula-
tion and/or cyst formation making for relatively easy 
sonographic detection, such as hydronephrosis or 
renal cystic disease. However, whilst detection of some 
form of cystic disorder is routine, sonographic exami-
nation can rarely distinguish between specific entities, 
such as autosomal dominant polycystic kidney disease 
(ADPKD), autosomal recessive polycystic kidney 
disease (ARPKD) and syndromic cystic renal dysplasia, 
all of which demonstrate varying degrees of renal 
hyperechogenicity and cyst formation. Nevertheless 
the genetic basis, clinical associations and recurrence 
risks vary greatly according to the specific diagnosis 
and histological examination at autopsy can reliably 
provide a specific diagnosis in such cases. ARPKD is 
due to mutations in the polyductin/fibrocystin gene 
(PKHD1), with radially arranged fusiform collecting 
duct cysts (Figure 22-9), whereas ADPKD is due to 
mutations in polycystin genes (PKD1/2) and demon-
strates cysts throughout the nephron including promi-
nent glomerular cystic change in fetal and infant life. 
Similarly, cystic obstructive renal dysplasia can be dis-
tinguished from hereditary renal dysplasias and histo-
logical examination can provide the diagnosis in other 
rare renal disorders such as renal tubular dysgenesis 
or renal manifestations of tuberous sclerosis.

LATE STILLBIRTH
Third-trimester clinically unexpected stillbirth re-
mains the single largest category of perinatal death in 
developed countries. In this setting therefore the main 

Pulmonary hypoplasia is a secondary phenomenon 
associated with a range of underlying conditions from 
fetal hydrops, to congenital diaphragmatic hernia to 
tumours, but is diagnosed based on a combination 
of lung weight ratios and histological features at 
autopsy.

GASTROINTESTINAL TRACT ANOMALIES
Abnormalities of the gastrointestinal tract are relatively 
uncommon in terms of prenatally diagnosed condi-
tions resulting in termination of pregnancy, but may 
be associated with other anomalies as part of an 

FIGURE 22-8 A case of congenital pulmonary airway malformation, 
demonstrating a large central unilocular cyst. 

FIGURE 22-7 Thanataphoric dysplasia demonstrating haphazardly 
arranged bony trabeculae, along with fibrous replacement affecting 
the growth plate. 
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of many features can be determined. In some cases, 
such findings are presented and probabilities or likeli-
hood ratios provided, which may be preferred.

Placental Examination
Examination of the placenta comprises a significant 
component of the workload for many practicing  
perinatal pathologists. Guidelines are available from 
various professional groups regarding indications for 
placental histological examination, all of which essen-
tially suggest formal pathological examination in pla-
centas from pregnancies complicated by maternal and 
fetal conditions, which account for around 10% of 
deliveries in most obstetric units (Table 22-3). Placen-
tal examination also forms an integral part of the peri-
natal postmortem examination, and it is important 
that the placenta be transferred with the body, espe-
cially in cases of stillbirth/intrauterine death. In cases 
of clinically unexplained stillbirth, of the minority of 
cases in whom autopsy determines the cause of death, 
histological examination of the placenta is the single 
most useful component.21

Evaluation of the placenta includes systematic 
examination of the membranes with appropriate sam-
pling of the point of rupture, the umbilical cord and 
its insertion, the fetal and maternal placental surfaces 
and examination of the placental parenchyma with 
appropriate histological sampling. If submitted to the 
laboratory fresh, the placenta should be refrigerated. 
If sent in formalin, the placenta should be placed in a 
large container, particularly due to the result of blood 
deactivating the fixation as well as slow penetration. 
Stripping of membranes from the placental disc should 
not be performed before submission.

IIn general, placental examination aims to identify 
findings that explain the clinical course of the preg-
nancy and affect the subsequent management of 
mother, infant or future pregnancies. The most com-
monly encountered findings are features of utero-
placental disease associated with IUGR or pre-eclampsia, 
ascending genital tract infection and fetal thrombotic 
vasculopathy, in addition to a number of specific and 
potentially recurrent disorders, such as massive periv-
illous fibrin deposition, chronic histiocytic intervil-
lositis and villitis. Detailed descriptions of the wide 
range of specific placental pathologies are available in 

aim of the autopsy is to determine the underlying 
mechanism of death. Whilst many series that include 
all intrau terine deaths claim to identify a cause of 
death at autopsy in the majority of cases; further ex-
amination of such data invariably reveals a significant 
proportion of major congenital anomalies, which 
would be de tected antenatally, or on simple external 
examination of the fetus, and cases in whom the un-
derlying diagnosis was known clinically, such as severe 
pre-eclampsia. If one restricts such analysis to struc-
turally normal and clinically unexplained stillbirth, 
then based on current approaches and investigations, 
a definite cause of death is determined at autopsy in 
only a small minority of cases. Parents should be made 
aware that even after a thorough postmortem exami-
nation, the reason for the death may remain unex-
plained. Furthermore, the interpretation of the clinical 
significance of some fetal or placental findings in this 
setting should be made with caution, since it is easy 
to overestimate the significance of a possible inciden-
tal finding in the desire to provide a ‘cause’ for the 
death. Examples include subtle histological changes of 
possible ‘asphyxia’ and structural variations in the pla-
centa or umbilical cord, such as the degree of coiling, 
which may be features of the primary underlying dis-
order or simply incidental, or secondary, associations. 
Further data, with appropriate blinding and control 
populations are required before the true significance 

FIGURE 22-9 Autosomal recessive polycystic kidney disease dem-
onstrating numerous cylindrical collecting duct cysts admixed with 
occasional normal glomeruli and tubules. The cysts are lined by 
simple cuboidal epithelium. 
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it should be noted that this is rather simplistic and 
there remains much that is not understood regarding 
these conditions.

When examining the placenta in this context, his-
tological changes may be present in either the mater-
nal component; predominantly in the decid ual vessels, 
or in the fetal component, the chorionic villi. Decidual 
vessel change, when marked, manifests as athero sis, a 
specific type of vascular intimal inflammatory process. 
Typical villous changes with severe IUGR and early 
onset pre-eclampsia include placental infarction, 
villous hypovascularity, small straight and poorly 
branched villi and increased syncytial knot formation. 
However, despite these typical features being well 
reported, other histological changes may also be asso-
ciated with fetal growth restriction, such as villitis of 
unknown aetiology and severe fetal thrombotic vascu-
lopathy. Conversely, patients with clinically severe 
growth restriction or pre-eclampsia, especially those 
delivering in the late third trimester, may show 
remarkably few histological changes of the delivered 
placenta on routine examination. This highlights the 
underlying principle that placental histological exami-
nation identifies structural rather than functional 
changes of the placenta (Figures 22-10, 22-11 and 
22-12).

specialist texts and will not be further described 
here.1,2

Specific Clinicopathological Issues in 
Placental Pathology
For the obstetrician/fetal medicine specialist, there are 
specific issues which should be understood when 
interpreting findings of placental pathological exami-
nation in the context of clinical practice.

IUGR
The pathophysiological processes of typical intrau-
terine growth restriction have been determined utilis-
ing Doppler ultrasound examination of the maternal 
circulation, along with associated pathological features 
of the placental bed and parenchyma.

The underlying characteristic process results from 
impaired or abnormal trophoblast infiltration of the 
placental bed with subsequent abnormal conversion 
of the uterine arteries into normal uteroplacental 
vessels. This defective process results in abnormal 
blood flow to the intervillous space and secondary 
changes to the developing placental parenchyma. 
Whilst this is a convenient conceptual framework for 
understanding growth restriction (and preeclampsia), 

Adapted from The Royal College of Pathologists, Tissue pathway for histopathological examination of the placenta, 2011. 
http://www.rcpath.org/Resources/RCPath/Migrated%20Resources/Documents/G/g108_tpplacenta_sept11.pdf

TABLE 22-3 Indications for Placental Examination

Fetal Indications Neonatal Indications Maternal Indications

IUGR/low birth weight (<2.5 kg/<3rd centile)
Prematurity (<37 weeks’ gestation)
Abruption

Requiring admission to neonatal 
intensive care unit

Infection

Maternal pyrexia/maternal 
carriage of group B 
streptococcus

Fetal hydrops Neurological abnormalities Pre-eclampsia/hypertension
Fetal abnormality/chromosome abnormality Severe diabetes mellitus
Stillbirth Maternal thrombophilia
Severe fetal distraess requiring admission to 

neonatal intensive care unit
Maternal autoimmune disease
Tumour

Rhesus and other isoimmunization Maternal metabolic disorder
Multiple pregnancy
Placenta accreta
Abnormal placental shape or other 

macroscopic placental abnormality 
(infarction, haematoma, two-vessel cord, 
etc.)

Prolonged rupture of membranes (>36 hours)
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However, it is important to recognize that due to 
the pathological process involved, there is relatively 
poor correlation between features of the delivered pla-
centa and the clinical condition. Of women with a 
clinical history of significant placental abruption, 
these typical pathological features are present in only 
around one-third of cases, the reason being that if the 
retroplacental haemorrhage occurs acutely and deliv-
ery is expedited rapidly, the delivered placenta may 
show no significant histological abnormalities.  

ABRUPTION
Placental abruption represents the clinical syndrome 
associated with retroplacental haematoma separating 
the placenta from the uterine wall. The typical patho-
logical features of the delivered placenta following  
a significant and established placental abruption are  
the presence of a well-formed retroplacental clot, with 
surrounding congested and compressed placental 
parenchyma, which may or may not show features of 
placental infarction (Figure 22-13).

FIGURE 22-10 Photomicrograph of a placenta with IUGR demon-
strating increased syncytial knots, hypovascularity and small straight 
villi. 

FIGURE 22-11 Photomicrograph of a placenta with IUGR showing 
an infarct (lower left) with closely packed villi and trophoblast 
necrosis. 

FIGURE 22-12 Photomicrograph of a placenta with severe pre-
eclampsia demonstrating acute atherosis with dense eosinophilia and 
numerous foamy macrophages within the vessel wall. 

FIGURE 22-13 The maternal surface of a placenta demonstrating the 
macroscopic finding of abruption, with a large central blood clot. 
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is an association between FTV and both neonatal 
encephalopathy and liver disease. Nevertheless it 
should be noted that the majority of infants from 
placentas containing FTV lesions are clinically normal.

VILLITIS OF UNKNOWN ETIOLOGY (VUE)
Villitis is a generic term encompassing the pathologi-
cal process characterized by inflammation of the cho-
rionic villi. In such cases, a range of infective causes 
should always be excluded including both bacterial 
and viral diseases and those with local and haemato-
genous modes of spread. However, in the majority of 
cases in which villitis is present, no infectious agents 
can be identified: this entity being termed villitis of 
unknown etiology (VUE) (Figure 22-15).

Some degree of VUE is found in around 5–10% 
of unselected pregnancies and it has recently been 
demonstrated that many of the infiltrating inflam-
matory cells in these lesions are maternal in origin, 
suggesting that this may represent a marker of some 
form of maternal fetal immune dysregulation. Whilst 
the majority of pregnancies associated with placentas 
showing VUE will be clinically unremarkable, there 
is an association between its presence and intra-
uterine growth restriction although the precise 
mechanism remains uncertain. Furthermore, some 
cases, particularly those in which the lesion is very 

Conversely, an established (usually small) retroplacen-
tal haematoma may be present in a clinically unre-
markable pregnancy; only around one-third of cases 
in which a histological retroplacental haematoma is 
identified have clinical features of preceding placental 
abruption. Therefore, the absence of the characteristic 
pathologic features in the delivered placenta does not 
exclude the presence of a preceding significant placen-
tal abruption.

Since risk factors for abruption include features 
such as maternal hypertension, pre-eclampsia and 
cigarette smoking, other histological features sug-
gestive of uteroplacental disease may be present in 
many cases of placental abruption. There is also an 
established relationship between ascending genital 
tract infection and placental abruption, presumably as 
a direct consequence of the inflammatory process 
damaging the blood vessels at the maternal fetal 
interface.

FETAL THROMBOTIC VASCULOPATHY
Fetal thrombotic vasculopathy (FTV) represents a 
pathological lesion of the placental parenchyma due 
to thrombotic occlusion of either chorionic plate or 
major fetal villous stem arteries. Such lesions are often 
difficult to detect macroscopically but may appear as 
a well-circumscribed area of paleness in the placental 
parenchyma. The lesion is however easily detected on 
microscopic histological examination, with either the 
thrombotic process in the larger vessel itself being 
detected, or more commonly, changes of the villous 
parenchyma distal to the area supplied by the throm-
bosed vessels.

These parenchymal changes range from initial 
villous hypovascularity through to marked villous 
stromal fibrosis with increased syncytial knot forma-
tion in an area of villi with a normal intervillous space 
which is well demarcated from adjacent villi (Figure 
22-14).

Since FTV is seldom extensive enough in itself to 
cause significant fetal compromise and growth restric-
tion or death, (although it may do so in severe cases), 
the main clinical significance of this finding is that the 
presence of such intravascular thrombosis within the 
placental circulation may be a marker for similar 
thrombotic episodes elsewhere in the fetal vascular 
system, particularly involving the fetal brain. There  

FIGURE 22-14 Photomicrograph of a placenta with fetal thrombotic 
vasculopathy, demonstrating the interface between hypovascular, 
sclerosed villi with a normal intervillous space (lower half) with 
normal villi (upper half). 
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histological changes which occur as a consequence of 
fetal death rather than the cause. Following the cessa-
tion of the fetoplacental blood supply, chorionic villi 
show a range of changes similar to those seen in fetal 
thrombotic vasculopathy: initial reduced villous vas-
cularity with intravascular karyorrhexis through to 
extensive villous stromal fibrosis with increased syn-
cytial knot formation and various lesions affecting the 
large fetal stem arteries. In this setting therefore it may 
be difficult to determine the true significance of such 
findings. Nevertheless, since in some cases there may 
be clear abnormalities such as severe underlying utero-
placental vascular disease with infarcts and atherosis, 
pathologic examination of the placenta is indicated in 
all cases of fetal death.

PLACENTAL EXAMINATION IN TWIN PREGNANCIES
Pathologic examination of the placenta in twin and 
higher order multiple pregnancies raises particular 
issues. Obviously, any pathological process affecting a 
singleton pregnancy may also affect a twin pregnancy. 
There are various unique issues relevant to a multiple 
pregnancy. First is the determination of chorionicity: 
all dizygotic twins are dichorionic and around one 
third of monozygotic twins will also be dichorionic, 
whilst the majority of monozygotic twins will be mono-
chorionic. Only a small proportion of monozygotic 
monochorionic twins are monoamniotic.

Determination of chorionicity may be made by 
macroscopic examination of the placenta but is most 
reliably and easily performed and confirmed by histo-
logically examining sections of the intertwin or inter-
fetal membrane, and in particular the junction of this 
membrane with the fetal surface of the placenta. In  
all dichorionic pregnancies, chorionic tissue; usually 
including residual shrunken chorionic villi, will be 
present at the junction between the layers of the mem-
branes, whereas in monochorionic diamniotic twin 
pregnancies no intervening chorionic tissue is present, 
the membranes simply being formed by both layers of 
amnion.

Once chorionicity has been determined, the assess-
ment of dichorionic twin pregnancies is similar to that 
of singletons. Since monochorionic twin pregnancies 
are almost always associated with the presence of pla-
cental vascular anastomoses between the territories of 
the two fetuses, an assessment of the vascular pattern 

extensive, have been reported to recur in subsequent 
pregnancies.

CHANGES SECONDARY TO FETAL DEATH
Pathological examination of the placenta is an impor-
tant component of the investigation of all miscar-
riages and fetal deaths. In early gestation, particularly 
those cases presenting with spontaneous miscarriage 
or severe preterm labour in the late second trimester, 
ascending genital tract infection is usually the com-
monest pathology found. As previously noted, post-
mortem examination of clinically unexplained and 
unexpected late third-trimester stillbirths may iden-
tify a definite cause of death in a minority of cases. 
Whilst it is difficult to determine from the literature 
the precise contribution of placental examination in 
these cases due to the vastly differing interpretations 
made by different authors, it appears that in around 
50–75% of the cases, the diagnosis is made from 
examination of the placenta. In some such cases, 
clear and unequivocal histological abnormalities may 
be present, for example massive perivillous fibrin 
deposition.

However, it should be noted that in the majority of 
cases, histological assessment of the placenta, and in 
particular, correct interpretation, may be made more 
difficult by the fact that there are a large number of 

FIGURE 22-15 Photomicrograph of a placenta with IUGR demon-
strating villitis of unknown etiology, demonstrating a cluster of 
chronically inflamed villi with a lymphocytic infiltrate and focal perivil-
lous fibrin deposition. 
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routine Doppler assessment of the fetal and mater-
nal circulations; in particular assessment of the 
maternal uterine artery and fetal umbilical artery 
blood flow patterns, allows identification of prenatal 
markers of uteroplacental vascular disease and fetal 
compromise. In these clinical settings, histopatho-
logical examination of the placenta should be per-
formed with the antenatal features in mind. 
Nevertheless, there are several lesions which are 
noted on sonographic examination which may in 
themselves, be the indication for placental patho-
logical examination.

The first is the presence of extensive apparent  
scattered echogenicities throughout the placental pa-
renchyma which correspond to multiple foci of cal-
cification. In the majority of cases this has no clinical 
significance and is a normal variant which increases 
with gestational age and in particular affects younger 
patients in their first pregnancies. Some ultrasono-
graphic features have slightly less clear pathological 
correlates, an example being the presence of placen-
tal lakes; visualized as areas of discrete apparent 
villous-free echolucent areas, which histopathologi-
cally appear to represent areas of intervillous throm-
bus formation or fibrin deposition. Similarly, some 
cases of intrauterine growth restriction may be as-
sociated with what has been termed ‘jelly-like pla-
centa’, the placenta appearing to be thick with 
mixed areas of abnormal texture and echogenicity 
but the pathological correlate is not clearly demon-
strated, many cases having an apparently histologi-
cally normal appearance, but an association with 
perivillous fibrin deposition and intervillous throm-
bosis has been reported. The sonographic detection 
of villous infarcts has been reported, their appear-
ance varying with age, but in the majority of cases 
of significant placental infarction, there will be other 
features suggestive of marked underlying uteropla-
cental vascular disease. Finally, it should be noted 
that first-trimester determination of chorionicity in 
twin pregnancies has proven to be highly reliable 
and this indication for pathological examination of 
twin pregnancies is now less important than previ-
ously. There is a large range of other placental 
pathologies which have reported sonographic corre-
lates, the details of which can be found in placental 
pathology texts.

is often required. It is now clear that many of the 
complications of monochorionic twinning, such as 
twin to twin transfusion syndrome, are based on the 
presence of such anastomoses, and indeed, pathologi-
cal examination of the placenta in such cases has 
allowed determination of the precise vascular pattern 
which is most associated with these complications. In 
order to demonstrate such vascular chorionic plate 
anatomy, various coloured dyes may be injected into 
the relevant umbilical veins and arteries and detailed 
vascular anatomical detail can be established by per-
forming more complex techniques such as plastic 
injection moulding (Figure 22-16).

Whilst these are extremely useful in the context 
of research studies, it should be noted that in routine 
clinical practice such investigations will not be per-
formed in the majority of centres due to limitations 
of resources, difficulty in correct interpretation, and 
the fact that in order to perform such investigations, 
the placentas must be submitted unfixed to the 
laboratory relatively soon after the delivery. Never-
theless, in all monochorionic twin pregnancies, some 
attempt should be made to describe the placental 
vascular anatomy for meaningful clinicopathological 
discussion.

US SCAN PLACENTAL EXAMINATION CORRELATION
A wide range of abnormalities of the placenta may 
now be detected on routine ultrasonographic inves-
tigations during pregnancy. The introduction of 

FIGURE 22-16 A monochorionic twin placenta which has undergone 
injection studies, demonstrating the presence of anastamosing 
vessels. (Courtesy of Dr L. Wee.)
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have been similar advances in many aspects of labora-
tory medicine, which are likely to significantly impact 
on perinatal pathology in the future. Until very re-
cently, the perinatal autopsy procedure remained  
unchanged for hundreds of years. Additional ancillary 
investigations have gradually been introduced, includ-
ing histology, microbiology, electron microscopy and 
cytogenetics, all of which may provide further infor-
mation. However, increasing parental concerns about 
the traditional autopsy technique, including the pro-
cedure with requirement for large incisions and 

Prenatal Diagnosis from Fetal  
Tissue Samples
The majority of specific prenatal diagnoses can be 
made based on appropriate sonographic findings in 
conjunction with targeted cytogenetic or molecular 
genetic analysis of samples of fetal blood, amniotic 
fluid or chorionic villi. Nevertheless, there remain a 
small number of conditions for which accurate prena-
tal diagnosis depends on examination of fetal tissue or 
placental samples, particularly rare storage disorders 
in fetuses with a positive family/obstetric history. 
Examples include Pompe disease (glycogen storage 
disease type II), Wolman disease and neuronal ceroid 
lipofuscinoses (Batten disease) (Figures 22-17 to 
22-19). In such cases, sampling should be discussed 
with the specialist laboratory prior to performance of 
the invasive test since the sample may require specific 
conditions for transport and submission. With 
improved genetic and other ‘omic’ (genomic, pro-
teomic, metabo lomic) diagnostic tests being devel-
oped, the requirement for electron microscopic 
examination is likely to reduce further.

Future Developments
In parallel to the major technological advances in pre-
natal diagnosis and imaging in recent decades, there 

FIGURE 22-17 Pompe disease, demonstrating vacuoles filled with 
accumulated glycogen due to the absence of lysosomal alpha 
glucosidase. 

FIGURE 22-18 Wolman disease (a lysosomal storage disorder) is 
due to lysosomal acid lipase deficiency, leading to accumulation of 
lipid droplets, as demonstrated within an endothelial cell. 

FIGURE 22-19 Neuronal ceroid lipofuscinoses (infantile type) dem-
onstrating granular osmophilic deposits. 
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for the increasing range of ancillary investigations 
which can now be performed. For this reason, if a less 
invasive autopsy is to be performed based on imaging 
techniques such as postmortem MRI, additional 
approaches should also be used to allow tissue diag-
nosis. Postmortem needle biopsy has been attempted 
but has proved generally unsatisfactory for obtaining 
adequate diagnostic material and it is likely that future 
development of minimally invasive autopsies will be 
based around the use of endoscopic techniques in 
addition to postmortem imaging. Obviously, such an 
approach will not be feasible or desirable in all cases, 
for example, if formal neuropathological examination 
is required, the brain will require removal for fixation, 
and complex structural abnormalities, such as complex 
congenital heart disease, may require the heart to be 
removed for fixation and detailed dissection. There-
fore, such approaches remain experimental at present 
but are likely to become of increasing importance.22–24

Advances in laboratory-based analysis of tissue and 
fluid samples have dramatically changed the diagnos-
tic approach to many diseases and the application of 
such techniques to the perinatal autopsy setting is 
likely to have a similar dramatic effect on the diagnos-
tic pathway. These laboratory approaches are based 
around the examination of small molecules within 
specific tissue samples, such as DNA, RNA, protein, 
or other metabolic substances. This combination of 
assays is now sometimes regarded as ‘discovery sci-
ence’ when used in a research setting, and the tech-
niques used may be classed under the generic category 
of ‘omic’ approaches (genomic, proteomic, metabo-
lomic). The concept of the ‘molecular autopsy’ is 
therefore becoming a reality, with for example, DNA 
and RNA extraction from tissue samples to identify 
genetic disorders and gene polymorphisms associated 
with specific diseases. Identification of specific protein 
or peptide signatures from targeted tissues may allow 
specific diagnosis of a range of disorders from small 
samples. These genomic and proteomic approaches 
offer the potential to generate a vast amount of infor-
mation to explore not only organ-specific function and 
abnormalities but also placental dysfunction.25,26
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