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they recruited additional neuro-ophthalmologists with com-
plementary sub-specialty interests and established the largest 
neuro-ophthalmology service in the country, and one which 
arguably was second to none. Among the many notable 
achievements were the establishment of  a joint rotation for 
both neurology and ophthalmology residents, creation of  a 
joint fellowship and a joint medical student elective, and 
establishment of  continuing education courses both at Penn 
and at the annual meeting of  the American Academy of  
Ophthalmology. Last but surely not least, their collaboration 
produced a highly respected textbook, Neuro-Ophthalmology: 
Diagnosis and Management, whose first edition was published 
in 2000.

In 1972, when Dr. A. Edward Maumenee offered me a 
position as Assistant Professor of  Ophthalmology at Johns 
Hopkins, he mentioned that his philosophy in recruiting 
faculty was “to pick good people and then stay out of  their 
way.” When I came to Penn as Chair of  Ophthalmology in 
1991, I resolved to embrace that philosophy. I’d like to believe 
that the magnificent and world-renowned Penn neuro-oph-
thalmology service led by Drs. Galetta, Liu, and Volpe exem-
plifies the result of  following that philosophy.

In the preface, the authors have described how they were 
able, since publication of  the second edition in 2010, to add 
valuable new information, describe new diagnostic tests, and 
update references without increasing the size of  the volume. 
I commend them for succeeding in this effort. It is heart-
warming that several of  their former fellows, now highly 
respected neuro-ophthalmologists at leading academic insti-
tutions, have authored several chapters in this highly readable 
third edition of  what has become a classic text. If  you liked 
the first and second editions, you’ll love the third edition. As 
the saying goes, “plus ça change, plus c’est la même chose.”

In closing, let me say how proud I am of  the academic 
and professional accomplishments of  the three authors and 
how pleased I am to number them among valued and admired 
friends. As their mentor, Norm Schatz, wrote in the foreword 
to the first edition, quoting from the Talmud, “Let the honor 
of  your student be as dear to you as your own.” Steve Galetta, 
Grant Liu, and Nick Volpe are the best of  the best. I wish 
them continued success in all their professional and academic 
endeavors and continued happiness and fulfillment in their 
personal lives.

Stuart L. Fine, MD
Clinical Professor of  Ophthalmology,  

University of  Colorado School of  Medicine
Emeritus Professor and Chair of  Ophthalmology, 

University of  Pennsylvania
Emeritus Director,  

Scheie Eye Institute,  
University of  Pennsylvania

Foreword

I am deeply honored that the authors asked me to write the 
foreword to the third edition of  Liu, Volpe, and Galetta’s Neuro-
Ophthalmology: Diagnosis and Management. That there is a 
third edition speaks volumes about the extent to which this 
book has been welcomed by neurologists, ophthalmologists, 
neurosurgeons, and others who evaluate and treat patients 
with neuro-ophthalmic disorders. This magnificent text is a 
monumental tribute to the Penn Neuro-Ophthalmology 
service founded by the authors.

In 1991, when I came to Penn as Professor and Chair of  
Ophthalmology and Director of  the Scheie Eye Institute, I 
was disappointed that neuro-ophthalmology consults at 
Scheie were provided by two part-time physicians, each of  
whom was on site just one afternoon a week. Having worked 
at Hopkins with Dr. Frank B. Walsh, the founder of  neuro-
ophthalmology, and Dr. Neil Miller, his successor as director 
of  neuro-ophthalmology at Hopkins, I knew that an academic 
department which aspired to national stature needed a first-
class neuro-ophthalmology unit staffed by full-time faculty. 
The existing situation pleaded for prompt remediation.

There was one bright light. I heard about one young faculty 
member in the Department of  Neurology named Steve Galetta 
who would on occasion see patients in consultation at Scheie. 
I was told that he was an excellent diagnostician and teacher 
but that he was overwhelmingly busy as the only neuro-
ophthalmologist at Penn. I met with Steve and his department 
chair, Dr. Donald Silberberg, and was pleased to learn that 
they would welcome my recruiting an ophthalmology-trained 
neuro-ophthalmologist. However, the demands on Steve’s 
time were such that a second neuro-ophthalmologist had 
to be recruited as soon as possible. In fact, Don and Steve 
had already identified a candidate who had completed his 
neurology residency at Harvard-Longwood and was about 
to enter a neuro-ophthalmology fellowship at Bascom Palmer. 
His name was Grant Liu. While I was somewhat disappointed 
that the next neuro-ophthalmologist would not have been 
trained as an ophthalmologist, I knew as soon as I met Grant 
that he would be an excellent addition to the faculty.

Steve and Grant agreed that recruiting an ophthalmology-
trained neuro-ophthalmologist would add an important and 
valuable dimension to Penn Neuro-ophthalmology. Grant 
volunteered, “I know just the right person; his name is Nicho-
las Volpe; but you’ll have to wait a year until he completes 
his chief  residency at Mass Eye and Ear.” Cutting to the chase, 
I called Nick, invited him to Penn, offered him a position, 
which he accepted, and the rest is history. So Grant Liu and 
Nick Volpe both joined the faculty in 1993, and thus was 
the founding of  Penn Neuro-Ophthalmology.

Steve, Grant, and Nick were all exceptionally well-educated, 
and all were excellent clinicians and gifted teachers both in 
the clinic and in the lecture hall. Importantly, they all got 
along and supported each other. Within just a few years, 
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of  the book, with four parts and 19 chapters, remains the 
same as it was in the first and second editions. The figures 
on the book cover reflect how our diagnosis and manage-
ment today depends upon our examination, neuroimaging, 
and new technologies.

Because the book is still designed for nonexperts evaluat-
ing neuro-ophthalmology patients, we agreed with our pub-
lisher that the size of  the third edition should not increase 
in order to maintain its usefulness, popularity, and cost. 
Therefore, we set the goal of  keeping the word, reference, 
table, and figure counts relatively similar to second edition’s. 
This task was difficult for our contributors and us, as we had 
to eliminate the same number of  words and references that 
we added. On the other hand we were forced to identify and 
remove outdated text and articles (particularly those pub-
lished before 2000 unless classic), streamline wordy passages, 
and replace substandard and previously published figures 
with more illustrative and original ones. It was also our job 
as editors having multiple contributors to maintain consis-
tency between the chapters in terms of  style, format, and 
content and to keep redundancy to a minimum.

Because video examples of  eye movement and eyelid dis-
orders, pupillary abnormalities, and examination techniques 
dynamically enhance the text, and having the videos  
online instead of  on a DVD gave us a bit more flexibility, this 
edition features almost twice the number of  videos as the 
previous one. We also replaced some of  the older videos that 
had poor lighting, movement, or background noise with 
better quality ones. We are sure the readers will enjoy viewing 
examples of  these common and uncommon neuro-ophthalmic 
abnormalities.

We remember with great admiration the words of  wisdom 
from our mentors—advice we hear as daily whispers in our 
ears from Drs. Glaser, Schatz, Smith, Lessell and Rizzo, to 
whom we dedicate this edition.

Despite our lack of  geographic proximity, this book has 
kept the three of  us together. It binds us. This third edition 
still reflects our views and shared editorial thoughts about 
the practice of  neuro-ophthalmology.

Grant T. Liu, MD
Nicholas J. Volpe, MD
Steven L. Galetta, MD

Preface

The fear that books are going away is over. People are still 
buying books. Despite the wealth of  information available 
on the internet, both electronic and print books are still 
popular. A medical textbook with useful guidelines, illustra-
tions, and references carefully organized within a one volume 
text still seems helpful.

We wrote in the second edition’s preface that our book 
could not be encyclopedic, but instead we could offer thought-
ful approaches to the diagnosis and management of  neuro-
ophthalmic disorders. We were glad to see that the book, 
like the first edition, was well-received and widely used.  
In our travels we have noticed copies of  both editions  
on bookshelves in clinics and offices throughout the world. 
Our colleagues continue to tell us that they recommend our 
book as essential reading for their fellows, residents, and 
students.

In order for a third edition to maintain this success, 
however, the book had to grow. The second edition benefitted 
from incorporating the colored fundus photos and anatomi-
cal drawings within the text and from the addition of  supple-
mental videos. For the third edition, it would have been 
insufficient merely to update the references. Also, our numer-
ous additional administrative responsibilities have limited 
our time for academic pursuits, so we needed help. Thus, in 
an attempt to expand the depth and breadth of  the book, 
we asked some of  the former Penn Neuro-Ophthalmology 
fellows to update (but not rewrite) many of  the chapters and 
add their expertise. These individuals had been our trainees 
but had gone on to establish themselves as independent 
leaders and have distinguished themselves in neuro-oph-
thalmology. These authors are listed in the table of  contents 
and at the beginning of  the individual chapters to which 
they contributed. The three of  us are now editors of  the book 
as well as authors, and the book title now has revised with 
an apostrophe added: “Liu, Volpe, and Galetta’s Neuro-Oph-
thalmology: Diagnosis and Management.”

The field has expanded rapidly, and we have tried to incor-
porate all the developing trends including the proliferation 
of  new technologies, such as optical coherence tomography, 
which have become essential to all our practices. But at the 
same time we made every effort to preserve the true funda-
mentals of  neuro-ophthalmology: history, examination, dif-
ferential diagnosis, and management. Therefore, the format 
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and now at Northwestern have taught me so much and made 
the practice of  ophthalmology so thrilling. My students, 
residents and fellows define and teach me, and along with 
this book are really all that I am most proud of  as an aca-
demic ophthalmologist. My true and dear friend Stuart Fine, 
who believed in me and taught me so much, has been a 
tireless supporter of  all of  my academic and administrative 
triumphs, and got me through all of  the tribulations. Eric 
Neilson, my “newest” friend and mentor, continues to support 
me as Dean and leads Northwestern with the academic mis-
sions of  education and discovery in the forefront. Thank you 
all for your constant support and commitment to my success.

Although we no longer practice and teach together, Grant 
and Steve will always be the very essence of  my academic 
neuro-ophthalmology career. I would not be where I am 
without having them (and Mark Moster) as colleagues and 
friends. I am so pleased that the distance between us is vastly 
shortened by our efforts around “the book.” Once again, the 
book would not have happened without Grant, and I am 
thrilled to include the finest of  the next generation of  neuro-
ophthalmologists, our fellows, as authors.

Finally, my family, my children Nick, Matt, Lena and Tessa 
make me so proud, inspire me to achieve, and make my life 
simply wonderful. My dear wife Francesca literally makes 
everything I do possible, never wavers in her support and 
love, and constantly cheers me on. They are what really 
matters and for what I am most grateful.

Nicholas J. Volpe, MD

I would like to thank those individuals who have had a major 
impact in my life: My parents Louis and Winifred Galetta for 
their unending love. My coaches, Brother Pat Pennell, Frank 
McCartney, James Tuppeny, Irv Mondschein and Bill Wagner 
for teaching me how to win and lose. My colleagues, Laura 
Balcer, Robert I. Grossman, Francisco Gonzalez, Stuart Fine, 
Nancy J. Newman, Valerie Biousse, Janet Rucker, Floyd 
Warren, Eric Raps and Larry Gray for their brilliance and 
friendship. My mentors Norman J. Schatz, Joel Glaser and J. 
Lawton Smith, Donald Silberberg, Donald Gilden and Arthur 
K. Asbury for teaching me with untiring enthusiasm. To the 
residents and fellows of  Penn and NYU who have taught me 
more than I have been able to teach them. I want to extend 
my deepest appreciation to Nick Volpe and Grant Liu who 
were there from the beginning and who were the greatest 
teammates that one could have in neuro-ophthalmology. To 
our patients who we humbly serve in their most challenging 
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The Neuro-Ophthalmic History
GRANT T. LIU, NICHOLAS J. VOLPE and STEVEN L. GALETTA
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Then the patient should be asked to summarize his or her 
complaint in one sentence. Simple statements such as “I 
cannot see out of  my left eye,” “I have double vision,” and 
“My left eyelid droops” are extremely helpful and immediately 
allow the examiner to begin thinking about a differential 
diagnosis. However, when the complaint is vague, such as 
“I haven’t seen very well for 6 months,” further historic 
clarification is necessary.

The clinician should then reduce the chief  complaint to 
one sentence that contains the patient’s age, gender, and 
complaint: “The patient is a 45-year-old woman with left 
facial pain,” for example.

History of Present Illness

The patient’s chief  complaint should be explored in further 
detail, including the temporal profile of  events and any asso-
ciated symptoms.

DETAILING THE PROBLEM

Afferent Dysfunction. If  the patient complains of  visual 
loss, its pattern and degree should be explored to help localize 
the problem within the afferent visual pathway. The patient 
should be asked whether the right or left eye or both eyes 
are involved and whether the visual loss affects the nasal, 
temporal, superior, or inferior field of  vision. Then the visual 
loss should be characterized according to its quality and 
degree (complete blindness, grayness, or visual distortion, 
for example). Defects in color perception should be noted. 
Higher cortical visual dysfunction should be considered when 
the visual complaints are vague and there is a history of  
dementia, stroke, or behavioral changes and no clear ocular 
explanation for the visual impairment.

Efferent Dysfunction. The most common efferent neuro-
ophthalmic complaint is double vision. Patients with diplopia 
should be asked whether their double vision is (1) binocular, 
(2) horizontal or vertical, and (3) worse in left-, right-, up-, 
or downgaze, or distance or near. Neurologic diplopia is almost 
always binocular, and the defective nerve or muscle can often 
be determined according to the direction in which the double 
vision is worse.

Blurred vision is a common complaint associated with 
refractive error, media opacity, and afferent dysfunction. 
However, the examiner should be aware that some patients 
complaining of  blurred vision are actually found to have 
diplopia when questioned further. This should be suspected 
when the patient reports the blurred vision improves when 
either eye is covered.

As in any field of  medicine, the neuro-ophthalmic history 
guides the physician’s examination and differential diagnosis. 
From the beginning of  the history taking, the physician 
should attempt to categorize the patient’s problem. Table 
1.1, which mirrors the organization of  this book, classifies 
neuro-ophthalmic disorders into three groups: afferent dis-
orders, efferent disorders, and headache and abnormal facial 
sensations. It can be used as a guide in generating a differ-
ential diagnosis. Then, influenced by the patient’s age, gender, 
underlying illnesses, and disease risk factors, the physician 
can narrow the list of  potential diagnoses and shape the 
examination to confirm or eliminate each disorder.

As the clinician gains experience and sophistication, he 
or she can frequently diagnose the correct neuro-ophthalmic 
disorder based on the history alone. For instance, an other-
wise healthy young woman with sudden vision loss in one 
eye with pain on eye movements probably has optic neuritis. 
An elderly man with hypertension, new binocular horizontal 
double vision worse at distance and in right gaze, and right 
periorbital pain most likely has a vasculopathic right sixth 
nerve palsy.

This chapter reviews the various elements of  the neuro-
ophthalmic history (Box 1.1) in the context of  neuro-
ophthalmic disorders. Electronic medical record (EMR) 
technology allows templates to be constructed using these 
elements to guide the history taking. However, clinicians 
should avoid simply cutting and pasting, which is tempting 
with EMRs, and ensure that the history tells a story.

Although important, topics such as physician demeanor, 
style, language use during history taking, the best environ-
ment for the interview, and the physician–patient relationship 
are beyond the scope of  this chapter and are discussed elo-
quently in other textbooks.1,2

Chief Complaint

The patient’s age and gender should be ascertained first. 
This important demographic information will allow the 
examiner to consider the rest of  the history and examination 
in context. For instance, congenital neuro-ophthalmic prob-
lems are more likely to be seen in children, and degenerative 
and vascular disorders are seen predominantly in adults. 
Neoplasms affecting the chiasm occur at all ages, although 
the tumor types are often age-dependent. For instance, in 
children the most common causes are optic pathway gliomas 
and craniopharyngiomas, while in adulthood pituitary adeno-
mas are the most likely culprit. Ophthalmic complications 
of  breast cancer are obviously more prevalent in women, 
but optic neuritis, giant cell arteritis, and Duane’s retraction 
syndrome are as well.
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intermittent, double vision implies a slowly expanding neo-
plasm or decompensated congenital strabismus. Old photo-
graphs of  the patient, when details of  the face and eyes are 
visible, are often extremely helpful in determining the chro-
nicity of  ptosis, pupillary abnormalities, and ocular misalign-
ment, for example.

Rapidity of  Onset. A sudden onset of  symptoms suggests 
a vascular process, such as a stroke. Inflammatory and infec-
tious disorders may also present acutely. In contrast, symp-
toms associated with degenerative and compressive processes 
are usually more insidious, and the patient may not be able 
to date the exact beginning of  the problem.

Pattern of  Symptoms. The timing of  the course of  symp-
toms can be extremely helpful. Progressive symptoms with 
subacute onset suggest compressive mass lesions, while those 
with acute onset that plateau or improve are more consistent 
with vascular or inflammatory processes. Episodic visual loss 
could be due to migraine, carotid disease, or seizures, for 
instance. Fluctuating ptosis or double vision that is particu-
larly worse in the evening is highly suggestive of  myasthenia 
gravis.

ASSOCIATED SYMPTOMS

The patient should be asked about neurologic or generalized 
symptoms that may not have been volunteered when relat-
ing the eye problem. For instance, headaches may be con-
sistent with migraine, elevated intracranial pressure, and 
compressive lesions. Malaise, fevers, muscle aches, headaches, 
and jaw claudication indicate giant cell arteritis in an elderly 
patient with amaurosis fugax or frank visual loss. Pain is 
more typical of  optic neuritis than ischemic optic neuropathy. 
Systemic weakness, dysphagia, and dyspnea suggest myas-
thenia gravis in a patient with ptosis or diplopia. On the 
other hand, in a patient with diplopia, dysarthria, and ataxia, 
a posterior fossa lesion is more likely.

Past Neurologic and 
Ophthalmologic History

A history of  any neurologic disease, such as migraines, 
strokes, transient ischemic attacks, head injury, or seizures, 
or prior neuroimaging should be investigated. Important 
questions regarding past ophthalmologic problems include 
those concerning previous spectacle correction, cataracts, 
glaucoma, strabismus, amblyopia, eye patching, or surgery.

Past Medical and Surgical History 
and Review of Systems

Because many neuro-ophthalmic disorders are complications 
of  underlying medical illnesses, careful exploration and 
documentation of  the medical and surgical history and  
review of  systems are paramount. Inquiry regarding the 
presence of  hypertension, diabetes, coronary artery disease, 
arrhythmias, cardiac valvular disease, hypercholesterolemia, 
and peripheral vascular disease is extremely important,  
but any history of  cancer, rheumatologic or immunosup-
pressive disorders, or infectious diseases may also be highly 
relevant.

TEMPORAL PROFILE OF SYMPTOMS

The chronicity, rapidity of  onset, and pattern of  symptoms 
should be investigated.

Chronicity. When the symptoms first occurred should 
be established. This can be explored by asking, for instance, 
when the patient was last able to read small print. Some 
disorders, such as optic neuritis, usually resolve within several 
weeks or months. However, if  visual loss has been present 
for several years, other diagnoses, such as a slowly growing 
meningioma, should be considered. Long-standing, and even 

Table 1.1 Categorization of Neuro-Ophthalmic Disorders

Chapter

VISUAL LOSS AND OTHER DISORDERS OF THE AFFERENT  
VISUAL PATHWAY

Visual loss: retinal disorders 4

Visual loss: optic neuropathies 5

Optic disc swelling: papilledema and other causes 6

Visual loss: chiasmal disorders 7

Visual loss: retrochiasmal disorders 8

Disorders of higher cortical visual function 9

Transient visual loss 10

Functional visual loss 11

Visual hallucinations and illusions 12

EFFERENT NEURO-OPHTHALMIC DISORDERS

Pupillary disorders 13

Eyelid and facial nerve disorders 14

Eye movement disorders: third, fourth, and sixth 
nerve palsies and other causes of diplopia and 
ocular misalignment

15

Eye movement disorders: gaze abnormalities 16

Eye movement disorders: nystagmus and nystagmoid 
eye movements

17

Orbital disease 18

HEADACHE, FACIAL PAIN, AND DISORDERS OF 
FACIAL SENSATION

19

These three major groups reflect the table of contents and organization of 
this book. During the history taking, the examiner should attempt to 
categorize the patient’s problem into one of these groups.

Box 1.1 The Neuro-Ophthalmic History

Chief complaint
Age, gender, and major complaint

History of present illness
Detailing the problem
Temporal profile of symptoms
Associated symptoms

Past neurologic and ophthalmic history
Past medical and surgical history
Review of systems
Family history
Social history
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Social History

Certain behaviors, such as illicit drug use, smoking, and 
alcohol consumption, may be important predisposing factors 
for neuro-ophthalmic disorders. For example, smoking is a 
risk factor for vascular disease, whereas alcohol may be asso-
ciated with optic neuropathy.

Because occupational exposures may also be relevant, the 
examiner should inquire about the patient’s job. Knowing 
the patient’s occupation is also important in understanding 
how the patient’s neuro-ophthalmic problem affects his or 
her everyday life. For instance, a dentist may be devastated 
by monocular visual loss and the subsequent inability to 
appreciate objects stereoscopically. On the other hand, an 
airline reservation agent, whose job likely does not require 
binocular vision, may not be affected as severely by a similar 
injury.

References
1. Bickley LS. Bates’ Guide to Physical Examination and History Taking, 11th edn. pp 

1–1024. Philadelphia, Lippincott Williams & Wilkins, 2012.
2. LeBlond R, Brown D, Suneja M, et al. DeGowin’s Diagnostic Examination, 10th edn. pp 

1–896. New York, McGraw-Hill Professional, 2014.

Special Considerations  
in Children

Diagnostic clues in children undergoing neuro-ophthalmic 
evaluation may be evident in the mother’s pregnancy history, 
especially with regard to drug or alcohol exposure or infec-
tions. Details of  the birth, including length of  gestation, birth 
weight, Apgar scores, and presence of  perinatal difficulties, 
should be noted. A developmental history, with particular 
attention to milestones achieved in cognitive, motor, and 
language function, should be taken as well. Loss of  milestones 
suggests a degenerative disorder, while developmental delay 
with slow achievement of  milestones suggests a static enceph-
alopathy due to hypoxemia, for instance.

Family History

The history of  any neurologic, ophthalmologic, or medical 
illnesses in related family members should be documented. 
In addition, many neuro-ophthalmic disorders, such as 
migraine, multiple sclerosis, and Leber’s hereditary optic 
neuropathy, have a genetic predisposition, so their presence 
in any relatives would strongly suggest their consideration.
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which the patient sees the letters and the denominator refers 
to the distance from which a patient with normal vision sees 
the same letters. The normal eye can resolve a figure that 
subtends a visual angle of  5 minutes at a distance of  20 feet. 
At the distance at which a normal patient can see a line of  
letters on a Snellen eye chart, the widths of  the lines on each 
letter subtend a visual angle of  1 minute, or one-fifth of  the 
entire letter.6 A fraction of  20/20−2 indicates the patient 
saw all the letters on the 20/20 line except two, while 
20/20+2 means the patient was able to see the 20/20 letters 
plus two letters on the next (20/15) line. Usually up to two 
mistakes on a line or two extra letters on the next line are 
allowed in this notation. Most normal adults younger than 
40 years have best corrected visual acuities of  20/20 or 
better in each eye.

Visual acuity at distance can also be recorded using the 
metric or decimal systems. When the testing is at 6 meters 
(close to 20 feet), the normal visual acuity is recorded as 
6/6. The decimal system uses the numeric equivalent of  the 
fractional notation: 20/20 or 6/6 is a visual acuity of  1.0. 
A visual acuity of  20/100 would be recorded as an acuity 
of  0.2.

If  a patient is unable to read the largest Snellen letters 
(20/200 or 20/400), the acuity should be recorded by  
moving a 200-size letter towards the patient until it is seen 
(Fig. 2.3). That distance is recorded as the numerator.  
For example, an acuity of  4/200 means the patient was able 
to see the 200-size letter at 4 feet. Alternatively, the  
degree of  vision can be recorded using the phrases  
“count fingers” (CF) (and at what distance), “detect hand 
motions” (HM), and “have light perception” (LP). An eye 
that is blind has “no light perception” (NLP). Criteria are 
used by different agencies to determine a level of  vision loss 
that qualifies for disability or benefits (i.e., “legal blindness”) 
based on a best corrected acuity worse than 20/200 in the 
better seeing eye or binocular visual field constriction to less 
than 20 degrees.

Unfortunately Snellen charts have several deficiencies,6,7 
the most important of  which is the nonlinear variation in 
the sizes of  the letters from line to line. Thus, if  one patient’s 
visual acuity decreases by 20/100 to 20/200 using the chart 
in Fig. 2.2A, and another from 20/80 to 20/100, both are 
considered to have a decrease in visual acuity by one line. 
However, in the first instance the difference in letter size is 
100%, but in the second it is only 25%. Furthermore, a typical 
Snellen chart has a different number of  letters on each line. 
The largest letters have the fewest, while the smallest letters 
have the most in each line. Therefore, more letters must be 
identified to complete smaller lines in contrast to larger lines. 
In addition, some letters, such as the “E,” are harder to iden-
tify than the “A” or “L,” for example.

The neuro-ophthalmic examination combines ophthalmic 
and neurologic techniques to assess the patient’s vision, 
pupillary function, ocular motility, eyelids, orbits, fundus 
appearance, and neurologic status.1–4 In most cases, after 
obtaining the history, the examiner should have already 
formed an opinion regarding the possible localization and 
differential diagnosis. The examination then either supports 
or refutes these initial impressions; examination findings may 
also prompt consideration of  other diagnoses.

In this chapter, the major elements of  the neuro-ophthalmic 
examination (Box 2.1) are reviewed, and, in each section, 
disorders that affect them are mentioned briefly. The neuro-
ophthalmic examination in comatose patients is also reviewed. 
The reader should then refer to the appropriate chapters for 
more detailed differential diagnoses and discussions of  the 
pathologic disorders.

Afferent Visual Function

Measurement of  afferent visual function establishes how 
well the patient sees. Several different aspects of  vision should 
be evaluated, including visual acuity, color vision, and visual 
fields. The examiner must keep in mind that these are subjec-
tive measurements and depend heavily on the patient’s level 
of  cooperation and effort.

By convention, during all tests of  afferent visual function, 
the right eye is assessed first.

VISUAL ACUITY

Visual acuity is a measurement of  the individual’s capacity 
for visual discrimination of  fine details of  high contrast.5,6 
Best corrected visual acuity should be tested for each eye 
separately with the other eye covered by a tissue, hand, or 
occluding device (Fig. 2.1A). Distance vision is most com-
monly evaluated with a standard Snellen chart (Fig. 2.2A) 
or with a computer monitor that displays the black optotypes 
on a white background. Near vision can be tested with a 
hand-held card (Fig. 2.2B). Ideally, best corrected vision 
should be assessed using current corrective lenses or manifest 
refraction. If  these are unavailable, a pinhole will improve 
most mild to moderate refractive errors in cooperative patients 
(Fig. 2.1B). Patients with subnormal acuity despite best 
refracted correction should also be tested with pinholes, which 
may further resolve some refractive errors (irregular astig-
matism) and media opacities (cataract). When acuity cannot 
be corrected by a pinhole, nonrefractive causes of  visual loss 
(see later discussion) should be considered.

Acuity is most often recorded as a fraction (e.g., 20/40), 
where the numerator refers to the distance (in feet) from 
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Box 2.1 Neuro-Ophthalmic Examination

Afferent Visual Function

Visual acuity
Contrast sensitivity (optional)
Color perception
Confrontation visual fields
Amsler grid testing
Higher cortical visual function (optional)

Efferent System

Pupils
Size
Reactivity
Swinging flashlight test
Near (optional)

Eyelids
Facial nerve function
Ocular motility

Inspection
Ductions
Vergences
Assessment of ocular misalignment

External Examination (Including Orbit)
Slit-Lamp Examination/Applanation Tensions
Ophthalmoscopic Examination
Directed Neurologic Examination

Mental status
Cranial nerves
Motor function
Cerebellar function
Sensation
Gait
Reflexes

Directed General Examination

BA

Figure 2.1. A. Occluder for testing vision one eye at a time. By convention the right eye is tested first. B. Occluder with pinholes. If the visual acuity is 
subnormal but can be improved with pinholes, refractive error or media opacities should be suspected. 

To eliminate these issues and when consistency is desired 
among testing locations, as in multicenter clinical trials, for 
instance, standardized Early Treatment in Diabetic Retino-
pathy Study (ETDRS) charts have become the gold standard 
(Fig. 2.2C).7 Each line contains five letters, the spacing 

between the letters and lines is proportional to the letter 
sizes, the sizes of  the letters decrease geometrically, and the 
recognizability of  each letter is approximately the same.6 
Using ETDRS charts, a linear scale for visual acuity can be 
created by calculating the base 10 logarithm of  (1/Snellen 
decimal notation) in what is termed the logarithm of  the 
minimal angle of  resolution (logMAR). Each line on the ETDRS 
chart is therefore separated by 0.1 logMAR units. So in the 
previous examples, the logMAR score for the first patient 
would worsen from 0.7 to 1.0, while the second would worsen 
from 0.6 to 0.7, more accurately reflecting the greater 
decrease in visual acuity for the first patient.

Visual acuity with the near card is often recorded using 
the Snellen fraction or the standard Jaeger notation (J1, J3, 
etc.). When near visual acuity is tested, presbyopic patients 
older than 40 years of  age should wear their reading glasses 
or bifocals. Near acuities are not as accurate as those obtained 
at distance, especially when the card is not held at the req-
uisite distance specified on the card.

For illiterate individuals or children unable to read letters, 
acuity can be tested with tumbling Es8 (Fig. 2.4), Allen or 
Lea figures9,10 (Fig. 2.5A), or HOTV letters11 (Fig. 2.5B, C). 
In younger preverbal patients, assessment of  fixing on and 
following a light or toy by each eye separately in most 
instances is sufficient. Caution should be used when examin-
ing small infants, since visual fixation normally may be 
inconsistent or absent until 8–16 weeks of  age.12 When 
quantification of  visual acuities is required in very young 
children (for serial examinations, for instance), preferential 
looking tests (Teller acuities13,14) may be used (Fig. 2.6). These 
tests are based on the principle that a child would rather 
look at objects with a pattern stimulus (alternating black 
and white lines of  specific widths) than at a homogeneous 
field. The frequency of  the smallest pattern that the child 
seems to prefer is termed the grating acuity, which can be 
converted to Snellen equivalents if  the test distance is known. 
Visual acuity in a newborn is roughly 20/400 to 20/600; 
it improves to approximately 20/60 by 12 months of  age 
and reaches the 20/20 level by 3–5 years of  age.15

Ocular causes of  reduced visual acuity include refractive 
error, amblyopia, macular lesion, or media opacity such as 
cataract, vitreous hemorrhage, vitritis, or corneal opaci-
ties or irregularities. Neuro-ophthalmic processes that can 
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B

A

Figure 2.2. Visual acuity charts. A. Snellen eye chart for testing visual 
acuity. The largest letter at the top is the 20/200 E, while the letters 
at the bottom represent the 20/10 line. B. Near card with pupil gauge. 
Note that near visual acuity is often recorded using the Jaeger nota-
tion, as in “Jaeger 2” or “J2,” to indicate 20/30 near acuity. 
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C

C. Early Treat-
ment in Diabetic Retinopathy 
Study (ETDRS)–type chart. 

Figure 2.2., cont’d

Figure 2.3. Determination of visual acuity using 200-size letters in an 
eye with worse than 20/200 but better than hand motions vision. The 
distance at which the patient can see the 20/200 E is determined. If this 
distance is 3 feet, then the visual acuity is recorded as “3/200.” 

Figure 2.4. “Tumbling Es” for assessment of visual acuity in illiterate 
adults or children. The patient can be asked to indicate in which direc-
tion the E points (right, left, down, up). The sizes of the Es correlate with 
the size of the letters on Snellen chart. 

decrease visual acuity are those that affect the optic nerve 
or chiasm. Disturbances that are posterior to the chiasm 
(retrochiasmal, i.e., tract, optic radiations, and occipital lobe) 
affect visual acuity only if  they are bilateral.16 Functional 
visual loss should always be considered when visual acuity 
is decreased without any obvious abnormality of  the eye or 
visual pathways.

CONTRAST SENSITIVITY AND LOW-CONTRAST 
LETTER ACUITY

Contrast sensitivity testing with sine-wave or square-wave 
gratings may be a useful adjunct in the evaluation of  vision 
loss.17,18 Conventional visual acuity measures spatial resolu-
tion at high contrast, while contrast sensitivity testing assesses 
spatial resolution when contrast varies. In one variation of  
the test, the patient is asked to identify in which direction 
the gratings, which span a spectrum of  spatial and temporal 
frequencies and are arranged in increasing difficulty, are 
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C

B

A

Figure 2.5. Lea and HOTV visual acuity testing in preliterate children. 
In both tests the child points to one of four choices to match the figure 
or letter he or she sees on the computer monitor or chart in the distance. 
The figure or letter sizes on the computer monitor or chart are varied 
until the best visual acuity is determined. A. Lea figure testing in a young 
child. The child matches the presented figure. B,C. HOTV acuity testing. 
In slightly older children Snellen-like H, O, T, or V letters (B) can be 
presented. C. As in Lea figure testing the child is asked to match the 
indicated letter on the chart with a hand-held card displaying the HOTV 
letters. 

oriented. Another version, the Pelli–Robson test,19 is depicted 
in Fig. 2.7A. Contrast sensitivity testing should never replace 
acuity assessment, as its role seems limited to those situa-
tions where acuity is normal or near normal and further 
evaluation is desired.20 Optic neuropathies, media opacities, 
and macular disease may reduce contrast sensitivity.

Low-contrast Sloan letter acuity testing captures the 
minimum size at which individuals can perceive letters of  a 
particular contrast level (shade of  gray on white background). 
Used primarily for research at this time, Sloan charts present 
gray letters in ETDRS format (Fig. 2.7B). The testing evalu-
ates other aspects of  visual dysfunction beyond high-contrast 
visual acuity loss in multiple sclerosis21 and other neurologic 
disorders.22

COLOR PERCEPTION

Color vision can be tested with standard pseudoisochromatic 
Ishihara or Hardy–Rand–Rittler plates, both of  which contain 
numbers or geometric shapes that the patient is asked to 
identify among different colored dots (Fig. 2.8). Like visual 
acuity, color vision should be tested for each eye separately. 
The result is recorded as a fraction of  the color plates cor-
rectly identified (“8/10” or “8 out of  10,” for instance); 
defective color vision is termed dyschromatopsia, while absence 
of  color vision is called achromatopsia. Their wide availability, 
ease of  administration, and relatively low cost make pseu-
doisochromatic plates a popular tool for detecting dyschro-
matopsias of  all types, although they were originally designed 
to screen for congenital dyschromatopsias. Ishihara color 
plates (see Fig. 2.8A) may be used, but Hardy–Rand–Rittler 
plates (see Fig. 2.8B),23 which contain blue and purple figures 
that screen for tritan defects (see later discussion), may be 
more helpful in detecting acquired dyschromatopsia due to 
dominant optic neuropathy.24,25

For a more qualitative assessment, comparing the appear-
ance of  the color test plates or of  a red bottle top, for example, 
with each eye can test for more subtle intereye differences 
in color perception. A patient with monocular “red desatura-
tion” may state that with the affected eye the red bottle top 
appears “washed out,” “pink,” or “orange.”

Congenital dyschromatopsias are characterized by confu-
sion between reds and greens (protan and deutan types) and 
blues and yellows (tritan type). Binocular, present at birth, 
and stable over time, they result from relative deficiencies in 
the red, green, and blue cone retinal photoreceptor pig-
ments.25 The most common inherited dyschromatopsia is 
an X-linked red–green defect, occurring in approximately 
8–10% of  males and 0.4–0.5% of  females.26 The Farnsworth 
D-15 (dichotomous) panel test (Fig. 2.9) or the larger 
Farnsworth–Munsell 100-hue test can be used to separate 
the various types. In both of  these tests, patients are asked 
to arrange colored caps in linear sequence relative to refer-
ence caps. The D-15 is shorter and less cumbersome than 
the 100-hue test and can be performed quickly in the office 
under proper lighting conditions.

Acquired dyschromatopsia may result from macular, 
retinal, optic nerve, chiasmal, or retrochiasmal lesions. Mon-
ocular acuity loss, deficits in color vision, and a relative  
afferent pupillary defect (see later discussion) are highly 
characteristic of  an ipsilateral optic neuropathy. Acquired 
optic nerve diseases typically produce a red–green color defi-
ciency, but there are several notable exceptions, such as 
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Figure 2.6. Teller acuity testing. In very young children, preferential looking tests may be used. These tests are based upon the principle that a child 
would rather look at objects with a pattern stimulus (alternating black and white lines of specific widths) than at a homogeneous field. The smallest 
pattern that the child seems to prefer is an indicator of best visual acuity (“grating acuity”). A. The stimuli are presented on one side of a series of 
rectangular hand-held cards with gray backgrounds. Visual acuity is determined by decreasing the thicknesses of the black and white stripes and 
presenting them to the left or right until the child no longer preferentially looks at them against the gray background on the rectangular card. The 
frequency difference between the stimuli on each successive card is approximately 0.5 octaves. B. Results are compared with age-based normal con-
trols. The grating acuity can be converted to Snellen equivalents when the test distance is known. 

glaucoma27 and dominant optic atrophy, as mentioned earlier. 
Compared with eyes with optic neuropathies, those with 
amblyopia often have less color vision loss despite the same 
level of  visual acuity deficit.28 Dyschromatopsias occurring 
in the setting of  retinal disease, such as cone dystrophies, 

Stargardt disease, and toxic retinopathies, are usually associ-
ated with pigment migration or visible disturbances of  the 
retinal pigment epithelium on fundus examination. Color 
vision loss combined with only mildly reduced acuity would 
be more suggestive of  an optic neuropathy, while color deficits 
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Figure 2.7. Contrast sensitivity tests. A. In the Pelli–Robson test, each eye is evaluated separately, and the patient is asked to identify the letters across 
each row, starting at the top of the chart. The level of contrast sensitivity, recorded in log units, is determined when the patient reaches a group of 
three letters he or she cannot identify. B. Low-contrast Sloan letter acuity chart (Precision Vision, LaSalle, IL). Visual acuity may be specified by the 
Snellen notation for descriptive purposes (i.e., 20/20), by number of letters identified correctly, or by logMAR units. This photograph shows the 25% 
contrast level for purposes of illustrating format; the actual contrast levels used in clinical trials, 2.5% and 1.25%, have substantially lighter gray letters. 
The charts can be presented on hand-held cards or retroilluminated cabinets. 

BA

Figure 2.8. Pseudoisochromatic color plates. Each eye is tested separately. A. In standard pseudoisochromatic color plate testing, the patient is asked 
to identify the number seen within the colored dots. B. Hardy–Rand–Rittler color plate. In this test, the patient is asked to identify the shape or symbol 
seen within the dots. 
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Figure 2.9. A. Farnsworth D-15 color test. The patient is asked to arrange colored discs in order of color similarity, starting with a reference disc. Each 
eye is tested separately. B. Each disc is numbered, and the results are recorded by connecting the numbers in the order in which the patient arranged 
the discs. Protanopes, deutanopes, and tritanopes tend to arrange them in incorrect but characteristic, easily identifiable patterns along one of three 
axes. A normal response is given on the left, while a protanope’s response is depicted on the right. 

associated with more severe visual acuity loss could be due 
to optic nerve, macular, or specific conditions (genetic, meta-
bolic) that affect cone photoreceptors. One study demonstrated 
a visual acuity of  worse than 20/100 due solely to visual 
blur is needed to affect the results of  Ishihara color plate 
testing, and worse than 20/250 is necessary to affect Hardy–
Rand–Rittler testing.29 Retrochiasmal disturbances can 
produce abnormal color vision in the defective visual field. 
An inferior occipital lobe lesion involving the lingual and 
fusiform gyri can cause defective color vision in the contra-
lateral hemifield (see Chapter 9).

CONFRONTATION VISUAL FIELD ASSESSMENT

The patient’s visual fields can be tested at the bedside by 
finger confrontation methods in all four quadrants of  each 

eye by asking the patient to fix on the examiner’s nose then 
to “count the fingers” (Fig. 2.10A, Video 2.1). Because of  
the overrepresentation of  central vision in the nervous system, 
assessment of  each quadrant within the central 10–20 
degrees is more important than that of  the periphery. One 
eye at a time is tested while the patient focuses on the exam-
iner’s nose. Sometimes, a visual field defect is best elicited 
by asking the patient if  all parts of  the examiner’s face can 
be seen clearly: “Can you see both of  my eyes with equal 
clarity?” If  the patient does not see the nose clearly, a central 
scotoma should be suspected. Alternatively, the examiner 
can hold a finger over his or her nose and another finger a 
few degrees off  center. If  the patient sees the eccentric finger 
more clearly than the central one, again a central scotoma 
should be suspected. Testing of  two separate quadrants of  
one eye enhances the yield of  finding a field defect. Moving 
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pointing to targets presented, looking at the stimulus, or 
reflex blink to visual threat allow for a gross appraisal of  
visual field integrity. The stimulus should be silent to ensure 
the patient is not attending to an auditory stimulus. If  the 
patient saccades to a visual stimulus in a given quadrant, 
the visual field in that area can be considered relatively intact 
(Fig. 2.10C). However, an absent reflex blink to visual threat, 
which depends on the intactness of  the afferent visual 
pathway, including the occipital lobe, can be misleading. The 
reflex may be absent in very young normal infants and 
patients with Balint syndrome or neglect from right frontal 
and parietal lesions (see Chapter 9).32 Care should also be 
taken so that the visual threat, usually a menacing hand 
gesture, does not move air onto the eye and elicit a corneal 
blink reflex (see later discussion).

The results of  confrontation visual field testing can be 
recorded in the chart within two circles. By convention, the 
visual field of  the patient’s right eye is drawn within the 
circle on the right, and the left eye’s visual field in the circle 
on the left. Furthermore, the visual field of  each eye is dia-
grammed from the patient’s perspective. In Fig. 2.11, examples 
of  documentation of  normal and abnormal confrontation 
fields are given. Because confrontation techniques produce 
only a gross assessment of  the visual fields,30,33 more sensi-
tive testing requires a tangent screen, kinetic perimetry, or 
automated threshold perimetry. These tests and their inter-
pretation are discussed in detail in Chapter 3.

stimuli are almost always appreciated better than static ones, 
so the latter are preferable when screening for subtle field 
defects. Detection of  finger wiggling is not as sensitive as 
finger counting, especially when the patient is asked to count 
fingers that are presented rapidly.

Red top caps can also be used in a similar fashion and 
enhance the sensitivity of  confrontation visual field testing.30 
For example, when testing for a central scotoma, a red top 
cap is placed in front of  the examiner’s nose and another 
cap is held slightly off  the midline. If  the patient sees the cap 
held in the periphery as a better red, again a central scotoma 
is suspected.

Color or subjective hand comparison is also a useful adjunct 
to elicit defects respecting the vertical or horizontal merid-
ians (Fig. 2.10B). Caution should be applied in patients with 
visual inattention or neglect, as they may exhibit a field defect 
during double simultaneous stimulation. However, these 
patients will exhibit no field defect when stimulated with 
single targets.

Alternatively, a laser pointer can be used to screen a 
patient’s visual field.31 The examiner can stand behind the 
patient and test the various quadrants using a laser pointer 
projected on a tangent screen or even on a white wall (Video 
3.1). This test may be helpful as a screening tool and may 
detect field defects not observed on confrontation testing.

For a patient who is aphasic, uncooperative, intubated, 
sedated, or very young, responses such as finger mimicry, 

C
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Figure 2.10. Methods of confrontation visual field testing. Each eye 
is tested separately. A. Finger counting. Fingers are presented momen-
tarily in each quadrant within the central 20 degrees, and the patient 
is asked to count the number of fingers. B. Hand comparison. When 
checking for subtle hemianopias respecting the vertical meridian, 
identical targets, either both hands or two red bottle tops, for instance, 
can be held in front of the patient as shown. The patient is then asked 
to fixate on the examiner’s nose and state if both hands appear the 
same. A hand on the side of a relative hemianopia may appear “not 
as clear,” “blurry,” or “more difficult to see.” Altitudinal hemianopias 
can be assessed with targets presented one above the other, with 
each target on the same side of the vertical meridian. C. Saccade to 
toys. In a child unable to count fingers, this method provides a rough 
assessment of the integrity of each visual field quadrant. A toy is pre-
sented in the upper nasal quadrant of the left eye, and, since the child 
looked at it, the examiner can presume that vision in that quadrant 
is grossly intact. 
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Figure 2.11. Schematic documentation of confrontation visual assess-
ment. The fields are represented from the patient’s point of view with 
the right eye vision recorded on the right, and the left eye vision on 
the left. FC, finger counting. A. Normal confrontation visual fields. The 
patient is able to count fingers in all four quadrants. B. Left lower qua-
drantanopsia. The defective field is documented by a darkened area, 
and the patient is able to count fingers in all other quadrants. 

Figure 2.12. Amsler grid in a patient with central serous chorioretinopathy 
involving the macula inferiorly in the left eye. With the right eye covered, 
a patient was requested to look at the central dot and asked if any of 
the lines were missing or wavy. She indicated the shaded area was 
blurry and distorted. 

The visual field can be altered by lesions anywhere in the 
afferent visual pathway; the specific patterns of  field loss 
and their relationship to neuroanatomic structures are also 
discussed in more detail in Chapter 3.

AMSLER GRID TESTING

To test central or macular vision, an Amsler grid (Fig. 2.12), 
which is similar to a piece of  graph paper with a central 
fixation point, can be viewed by the patient at near proximity. 
The patient fixates on the central dot with near correction 
and is asked whether all the lines are straight and whether 
any parts are missing, bent, or blurry.

The patient may perceive abnormal areas on the grid that 
might correspond with visual field deficits. Amsler grid testing 
is particularly helpful in detecting central and paracentral 
field defects. Small deficits (affecting only a couple of  boxes) 
point to macular disease and may not be detected on com-
puterized perimetry. Unlike neurologic processes, maculopa-
thies associated with a thickening or surface irregularity of  
the retina can produce a distortion (bending of  the lines) in 
the grid pattern (metamorphopsia). The results of  Amsler grid 
testing can be documented with a convention similar to that 
of  confrontation visual field testing.

PHOTOSTRESS TEST

Also not part of  the routine neuro-ophthalmic examination, 
the photostress test can be used to help distinguish retinal 
(macular) from optic nerve causes of  visual loss. After best 

corrected visual acuity is assessed, a bright light is shone 
into the affected eye for 10 seconds while the other eye is 
covered; a penlight, halogen transilluminator, or indirect 
ophthalmoscope held 2–3 cm from the eye can be used. The 
test should be performed with undilated pupils. Once the 
light is removed, acuity in that eye is retested continuously 
until the patient can read three letters on the Snellen line 
just larger than the baseline acuity (i.e., 20/25 vs 20/20). 
The time to recovery is recorded, then the procedure is 
repeated with the other eye. Photostress recovery time is 27 
seconds for normal eyes.34 Optic neuropathies tend not to 
produce prolonged photostress recovery times, while macular 
disorders, such as macular edema, central serous retinopathy, 
and macular degeneration may be associated with recovery 
times of  several minutes.34,35 The photostress recovery time 
is believed to be related to the amount of  photopigment 
bleached by the light stimulus and the ability of  rod and 
cone photoreceptors to convert photopigment back to the 
unbleached state.36 Because the actual recovery time may 
vary according to technique and age,37 a more useful clinical 
measure may be a relative photostress recovery time between 
the two eyes when one eye is suspected of  having visual loss 
due to either optic nerve or macular disease.

HIGHER CORTICAL VISUAL FUNCTION

Examination of  visual attention, object recognition, and 
reading ability are important in patients with visual com-
plaints unexplained by acuity or field loss.38 These functions 
and their neuroanatomic localization are discussed in greater 
detail in Chapter 9.

It is often difficult to separate a dense left hemianopia from 
dense neglect in a patient with a large right parietal lesion. 
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common objects such as a pen, cup, or book and asking the 
patient to name them. An inability to recognize faces (prosop-
agnosia) can be tested with magazine or newspaper photo-
graphs containing famous faces. Standardized facial and 
object recognition tasks are available during more formal 
neuropsychologic testing. An inability to interpret complex 
scenes (simultanagnosia) can be tested with magazine pictures 
containing several elements or with a letter made up of  
smaller elements (Navon figure) (Fig. 2.14). Simultanagnosia 
may be evident when the patient is tested with Ishihara color 
plates and is able to recognize the colors and trace the digits 
but is unable to recognize the number represented among 
the dots.41

Central achromatopsia, or difficulty perceiving colors because 
of  a cortical lesion, may be detected using the Hardy– 
Rand–Rittler color plates or Farnsworth D-15 tests (mentioned 
previously), which may demonstrate complete lack of   
color vision. When the deficit is incomplete, as in cerebral 
dyschromatopsia, a tritan (blue–yellow) defect may be 
demonstrated.38

When the deficits are more subtle, the examiner can screen 
for visual inattention by presenting visual stimuli, such as 
fingers, separately in each hemifield, then together on both 
sides of  the midline (double simultaneous visual stimulation—
similar to hand comparison (see Fig. 2.10B)). Individuals 
with subtle visual inattention but intact fields will see  
both stimuli when they are presented separately but may 
not see one of  them when they are shown simultaneously. 
Other bedside tests include letter cancellation, in which the 
patient is asked to find a specific letter or shape within a 
random array.39 Patients with left visual neglect may find 
the specified letter only when it appears on the right side of  
the page (Fig. 2.13). The line cancellation test, in which the 
individual is asked to cross lines drawn in various locations 
at different angles throughout the page,40 is similar.  
When patients with left neglect are asked to bisect a hori-
zontal line, they may tend to “bisect” the lines to the right 
of  the true center.

In patients suspected of  visual agnosias, informal tests of  
visual recognition can be performed at the bedside using 

Figure 2.13. Letter cancellation. Patients are asked to identify the A’s within the random array. This patient with severe left neglect may find only 
those A’s along the very right hand side of the page. Reproduced from Liu GT, Bolton AK, Price BH, et al. Dissociated perceptual-sensory and exploratory-
motor neglect. J Neurol Neurosurg Psychiatr 1992;55:701–726.
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Status Evaluation). An individual who can see well but not 
read and is able to write (alexia without agraphia) likely has 
a lesion in the left occipital lobe and splenium of  the corpus 
callosum. Pseudoalexias may be caused by hemianopias.

Efferent System

PUPILS

Although pupillary dysfunction often reflects a lesion in the 
efferent parasympathetic pupillary pathway, abnormal pupil-
lary reactivity also may be a sign of  disorders affecting the 
afferent visual pathway. Some pupillary abnormalities are 
mentioned here in the context of  the pupillary examination, 
but each, along with its differential diagnosis, is discussed 
in more detail in Chapter 13.

At a minimum, pupillary size and reactivity to light (direct 
responses and consensual responses during the swinging 
flashlight test) should be evaluated. Pupillary shape should 
be documented if  it is not round; slit-lamp evaluation is 
helpful in these instances.
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Figure 2.14. Simultanagnosia tested by a Navon figure. The letter H is 
drawn by arranging multiple A’s. A patient with simultanagnosia might 
be able to identify the A’s but will not realize that the smaller elements 
together make an H. 

Figure 2.15. Rey–Osterrieth complex figure used for visuospatial and 
visual memory tasks. Patients can be asked to copy it or study the figure 
then redraw it from memory. 

Figure 2.16. Copying a drawing. A figure of a house was drawn by the 
examiner (left), and a patient with left-sided neglect was asked to copy 
it. The patient’s drawing (right) missed elements from the left side of 
the figure. Errors in figure or clock drawing or copying are often 

nonspecific. However, these tasks sometimes can provide 
useful information about visuospatial abilities, especially in 
patients with hemifield loss or hemineglect. For instance, 
such patients can be asked to copy a cube, house, flower, or 
Rey–Osterrieth complex figure (Fig. 2.15).42 An individual 
with left hemineglect may duplicate only half  of  a figure 
(Fig. 2.16), whereas one with a right parietal lesion may 
show evidence of  visuospatial difficulty. In a more difficult 
task, when a patient with a right parietal lesion is asked to 
draw a clock face, visuospatial abnormalities may be more 
pronounced. Errors include placing all the numbers on the 
right side (Fig. 2.17) and reversing the order of  the numbers.43 
In a cautionary note, a normally drawn clock face does not 
exclude left unilateral spatial neglect.44 The task can be per-
formed with or without a predrawn circle, but if  a circle is 
provided, the examiner should make sure it is large enough 
(2–3 inches in diameter) to make the test a useful one  
for evaluating visuospatial function. When asked to draw 
the clock and the circle, patients with right brain lesions 
may draw small clocks.45 Interested readers are referred to 
the informative, detailed analysis of  clock drawing by Freed-
man et al.46

The ability to read should be tested along with all the 
other main components of  language function (see Mental 
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Figure 2.18. During examination of the pupils, the patient should fixate 
on a distance target to discourage accommodation and miosis. 

Figure 2.17. Clock drawing in a patient with a right parietal lesion. A 
large circle was drawn, and the patient was asked to draw in the numbers 
of a clock. The patient’s response reflects the left-sided neglect and 
visuospatial difficulties. 

Many health professionals were taught to use the acronym 
“PERRLA” in the chart to document that the “pupils were 
equal, round, and reactive to light and accommodation.” 
Acronyms are easier to write if  one is in a rush but, as in 
the case of  PERRLA, do not always reflect exactly what was 
tested.3 We prefer a less generic, more descriptive sentence 
such as “The pupils were equal in size in ambient light and 
reacted briskly to light without a relative afferent pupillary 
defect (RAPD).” This can also be shortened as “Pupils: equal 
and reactive. No RAPD.” The roundness of  the pupils is 
implied, and, because the pupils reacted briskly to light, it 
was not necessary to test their reaction while viewing a near 
stimulus. Alternatively, one could record the size of  each 
pupil and its reactivity. One scale for pupil reactivity is as 
follows: 3+, normal brisk reaction; 2+, slightly sluggish; and 
1+, sluggish. Qualitative descriptions such as “brisk,” “slug-
gish,” or “unreactive” also can be used to describe the speed 
of  the pupillary constriction to light.47

Pupillary Size. The most practical method of  measuring 
pupillary size uses the pupil gauge available on most near-
acuity cards (see Fig. 2.2B). Usually, the two pupils are equal 
in size, and each is located slightly nasal and inferior to the 
center of  the cornea. Transient fluctuations in pupillary 
diameter are normal and are termed hippus. In infancy the 
pupils are often small, but they widen as the child grows 
older and achieve their largest sizes in adolescence.48 In adult-
hood they then become progressively more miotic.

The term anisocoria refers to asymmetric pupillary sizes; 
in cases of  anisocoria the amount of  pupillary inequality in 
ambient light and dark should be compared. In the most 
common type of  anisocoria, physiologic or essential, 

pupillary function is normal and the relative inequality is 
the same in light and dark (although in some instances it 
can be slightly worse in the dark and better in the  
light because of  the mechanical limitations of  the pupil  
when it is small). Long-standing pupillary inequality can  
be confirmed by viewing old photographs with the magni-
fication of  a slit lamp or 20-diopter lens or by enlarging 
digital images.

Pathologic anisocoria suggests dysfunction in the efferent 
part of  the pupillary pathway. Afferent pupillary dysfunction, 
due to optic nerve disease, for instance, does not produce 
anisocoria. In general, anisocoria that is greater in light 
implies the larger pupil has a parasympathetic abnormality, 
while anisocoria more prominent in the dark suggests the 
smaller pupil has oculosympathetic dysfunction (Horner 
syndrome). In the latter situation, the pupil may redilate 
slowly (dilation lag) compared with the other pupil when 
the lights are turned down. To assess dilation lag, the exam-
iner shines a dim light from below the patient’s nose to provide 
minimal illumination before turning the room lights off. The 
size and speed of  dilation are assessed for the first 2–4 seconds 
after the patient is placed in the dark. During this time, dila-
tion lag should be maximal. Often the sympathetically dener-
vated pupils will begin to catch up in size over the next 10 
seconds of  observation.

Light Reactivity: Direct and Consensual. Pupillary light 
reactivity (constriction) should be tested with a bright light 
such as a halogen transilluminator or indirect ophthalmo-
scope while the patient views a distant target (to prevent 
near viewing-induced miosis) (Fig. 2.18) in a dimly lit room. 
Fixation may be difficult in smaller children or uncooperative 
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swinging flashlight test should be performed with a cadence. 
Rhythmic examination of  the pupils, as well as pointing the 
light along the visual axis of  each eye, promotes symmetric 
light exposure to both eyes.

The light should be directed at each eye for about 1 second 
each (“one–one”) to assess pupillary reactivity to light. Care 
should be taken to align the light along the visual axes, espe-
cially when the eyes are misaligned. Then the light should 
be alternated between each eye (without too much hesitation 
between eyes) for about 1 second each (“one–one–one–one”). 
The light can then be alternated back and forth with varying 
speed between the eyes to change the light and dark intervals 
and look for early release or dilation of  one of  the pupils. 
For instance, occasionally asymmetric pupillary responses 
are best detected by rapid (less than 1 second) swings of  the 
flashlight. In this situation, one checks for any asymmetry 
in the initial pupillary constriction. The examiner can also 
vary the intensity of  the light to increase the accuracy of  
detection of  an afferent pupillary defect since the amplitude 
of  constriction of  the pupil can vary with light intensity 
depending on the initial diameter and the efferent aspects 
of  constriction. Normally both pupils will exhibit symmetric 
constriction (see Fig. 2.19A). Caution should be exercised 
in patients with anisocoria, in whom pupillary constriction 
may appear falsely asymmetric. In addition, testing with a 

adults who may not hold still. With the light shining in one 
eye, the ipsilateral pupillary light reflex is the direct response, 
while that of  the contralateral eye is the consensual response. 
Because light from one eye will reach both Edinger–Westphal 
nuclei symmetrically, normally both pupils react briskly when 
light is shone into just one eye (i.e., the direct and consensual 
responses are equal) (Fig. 2.19A).

The direct and consensual pupillary light responses may 
be diminished when light is directed in an eye with optic 
nerve or severe retinal dysfunction. Note that in these 
instances both pupils still have the same resting size, which 
is a reflection of  the total amount of  light reaching the mid-
brain pretectum from both eyes. In unilateral blindness (no 
light perception) due to optic nerve or retinal injury, both 
direct and consensual pupillary light reactions are absent 
(amaurotic or deafferented) when the light is shone in the 
blind eye. If  the direct response is defective but the consensual 
response is normal, it is likely that the ipsilateral pupil is 
paralyzed (efferent dysfunction).

Swinging Flashlight Test and Relative Afferent Pupil-
lary Defects. The swinging flashlight test (of  Levitan),49 during 
which the light is alternately directed at each eye to compare 
each pupil’s constriction to light, is an excellent objective 
method for evaluating relative optic nerve function (Video 
2.2).50,51 Testing of  pupillary reactivity to light and the 
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Figure 2.19. A. Normal swinging flashlight test, in which light directed in either eye elicits the same amount of pupillary constriction. B. Swinging 
flashlight test revealing a left relative afferent pupillary defect in the hypothetical setting of visual loss in the left eye due to an optic neuropathy. (B-1) 
Pupillary sizes are equal at rest in ambient lighting. (B-2) Light stimulation of the good right eye results in brisk bilateral pupillary constriction. (B-3) 
Light stimulation of the visually impaired left eye produces comparatively weaker pupillary constriction, and both pupils dilate. C. Left third nerve palsy 
and optic neuropathy. (C-1) The left pupil is fixed and dilated. (C-2) When the light is shone into the good right eye, the right pupil constricts normally. 
(C-3) However, when the light is shone into the left eye, the right pupil dilates because of the left optic neuropathy. 
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somewhat subjective. Testing with computerized pupillog-
raphy is more objective and reproducible,63 but these instru-
ments are not widely used and are practical as bedside tools 
only if  portable.64 In general, useful clinical information 
comes simply from the knowledge of  the presence or absence 
of  an RAPD.

A subjective quantification of  the RAPD is sometimes 
helpful. With the transilluminator held in front of  an unaf-
fected eye, the examiner says, “if  this amount of  light is 
worth a dollar,” then moves the light to the affected eye and 
asks, “then how many cents is this worth?” Reduced bright-
ness sensation generally correlates with an RAPD.

Since an afferent pupillary defect is established by compar-
ing the light reaction of  one pupil with the other, there is 
no such entity as “a bilateral afferent pupillary defect.”

Near. When a pupil has a sluggish reaction to light, the 
examiner should determine whether the pupil will constrict 
when the patient views a near stimulus. Pupillary constric-
tion may be elicited by having the patient actively view a 
near target, such as a toy for younger children or thumb, 
pen, or written material for older ones (Fig. 2.20). The speed 
and amplitude of  the near pupil response decreases slightly 
with age.65 Light-near dissociation is the term applied to pupils 
that react poorly to light stimulation but constrict more briskly 
during viewing of  a near target. If  a pupil reacts to light, its 

light that is too bright or too dim may either mask or miss 
an asymmetric response.52,53

An asymmetric swinging flashlight test is highly sugges-
tive of  a unilateral or asymmetric optic neuropathy or severe 
retinal or macular abnormality. In these instances, when 
light is directed in the unaffected eye, both pupils will react 
normally. When the light is returned to the abnormal  
eye, both pupils will dilate because of  the comparatively 
weaker pupillary constriction (RAPD or Marcus Gunn pupil) 
(Fig. 2.19B and Video 2.3). This finding reflects the difference 
in the amount of  afferent input reaching the pretectal region 
of  the midbrain.54 Even if  each pupil constricts to light,  
but a secondary redilation (pupillary escape55) occurs in one 
eye, the interpretation is the same56—this is what Marcus 
Gunn originally described.57,58 In some patients it may be 
easier to detect the more intense pupillary constriction of  
the unaffected eye.59 In any case, an RAPD is suggested when 
there is an asymmetry of  the pupillary response. Although 
RAPDs are most suggestive of  unilateral optic nerve or retinal 
disease, they may also be seen in asymmetric chiasmal dis-
orders, optic tract lesions, amblyopia (uncommonly), and, 
rarely, pretectal disturbances (see Chapter 13). The examiner 
should be careful not to confuse hippus with an RAPD  
and should not ascribe an RAPD to a media opacity. When 
vision is reduced in one eye and no RAPD is present,  
refractive error, amblyopia, media opacity, retinal disease, 
functional visual loss, or vision loss in the other eye should 
be suspected.

The swinging flashlight test requires only one working 
pupil. When one pupil is immobile, because of  a third nerve 
palsy, for instance, one can still screen for an ipsilateral optic 
neuropathy by observing the consensual response in the 
fellow eye (with a second dim, obliquely directed light) during 
the swinging flashlight test (Fig. 2.19C). For example, a patient 
might present with a fixed and dilated pupil and poor vision 
in the left eye. When the light is brought back to the left eye, 
and the right pupil dilates, this suggests an optic neuropathy 
in the left eye. The examiner should still document this as a 
“left RAPD,” but other terms include an “afferent pupillary 
defect (APD) tested in a reverse fashion,” “reverse Marcus 
Gunn pupil,” or “reverse APD.” With subtle APDs, observa-
tion of  the reactivity of  one pupil under higher magnification 
using the slitlamp or a +20 diopter lens during a swinging 
flashlight test may be helpful.60,61 Alternatively the reactivity 
of  both pupils may be assessed by moving the slit lamp with 
a bright light from one eye to the other.

Methods of  grading the RAPD vary. In the “number-plus 
system,” a “1+ RAPD OS” refers to initial constriction, but 
early redilation of  the left pupil; “2+” indicates no initial 
movement of  the pupil, then dilation; “3+” means immediate 
redilation; and a “4+ RAPD” indicates an amaurotic pupil. 
The number-plus system is inherently subjective, and 
responses may vary from examination to examination depend-
ing on ambient lighting and intensity of  the testing light.62 
Another method, which is similar but more descriptive, assigns 
asymmetric responses on swinging flashlight tests into three 
groups: escape, amaurotic, and an RAPD as anything in 
between. Thompson et al.56 advocate measuring the RAPD 
with neutral density filters, which are graded in log units. 
The filters are placed over the good eye during the swinging 
flashlight test until the pupillary responses are balanced and 
the RAPD is eliminated. However, again the end point is 
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Figure 2.20. Pupillary constriction and convergence during the near 
response. Pupil sizes can be compared while the patient focuses at 
distance (A) versus near (B), using the patient’s thumb or other object 
as a near stimulus. 
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reaction to near does not need to be tested, as pupils with 
intact light reactivity should almost always have normal 
constriction during viewing of  a near target.

EYELIDS

The neuro-ophthalmic evaluation of  the eyelids requires 
assessment of  their external appearance, position, and func-
tion. Eyelid disorders are discussed in Chapter 14.

Eyelid Appearance and Position. First, the eyelids and 
their position should be observed at rest with the eyes directed 
straight ahead. In an adult, normally the edge of  the upper 
eyelid lies below the limbus (junction of  the cornea and sclera) 
(Fig. 2.21). In a neonate, the upper eyelid may be above the 

Figure 2.21. A normal left eye. 1, Marginal reflex distance (MRD or MRD1), 
the distance between the upper eyelid edge and the corneal light reflec-
tion. 2, MRD2, the distance between the lower eyelid edge and the 
corneal light reflection. 
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Figure 2.22. Measurement of eyelid function. A. To measure levator function, a ruler is placed over the center of the eyelid as the patient gazes 
downward. In this case the margin of the upper lid is at the 2.0 cm mark on the ruler. B. Then the patient is asked to look up, and the distance the lid 
traveled to reach upgaze is recorded. The margin of the upper eyelid is at 3.3 cm in upgaze, so the eyelid excursion (or levator function) in this case 
is 13 mm, which is normal (normal is greater than 12 mm). The left frontalis muscle should be neutralized by the examiner’s thumb when the patient 
looks up. 

limbus. Any obvious abnormalities in the shape or size of  
the lid should be noted. The palpebral fissure (see Fig. 2.21), 
the opening between the upper and lower eyelids, usually 
measures between 9 and 12 mm in height (in the middle) 
when the lids are open but relaxed. An upper eyelid above 
the limbus (“scleral show”) implies the palpebral fissure is 
widened, and disorders causing lid retraction or poor eyelid 
closure should be considered. Fissure narrowing suggests 
either ptosis (eyelid drooping) or excessive orbicularis con-
traction (see later discussion). When evaluating a ptotic eyelid, 
since lower lid position may vary greatly, it is often helpful 
to measure the distance between the corneal light reflection 
(“reflex”) and the upper lid margin. This number is referred 
to as the margin reflex distance (MRD), which typically mea-
sures 4–5 mm.66 A distinction between MRD1 and MRD2 
is sometimes made (see Fig. 2.21). These terms refer to the 
distance between the corneal light reflection and the upper 
and lower eyelid margins, respectively.

The examiner should also note the position of  the eyelid 
crease (see Fig. 2.21). It is usually approximately 10 mm 
from the lash margin and is formed by the skin insertion of  
the levator muscle. In levator dehiscence, for example, the 
distance from crease to lash margin increases.

Whenever possible, the chronicity of  any abnormal eyelid 
appearance should be determined using old photographs.

Eyelid Function. The levator palpebrae superioris muscle 
lifts the eyelid, and its function can be assessed by manually 
fixing the brow and asking the patient to look downward.67 
A ruler is then placed at the lid margin and the number of  
millimeters of  lid elevation is measured as the patient looks 
upward (see Fig. 2.22). Normal levator function is greater 
than 12 mm.66 Ptosis produced by levator dehiscence and 
Horner syndrome is usually associated with normal levator 
function. In contrast, levator function is reduced in ptosis 
associated with myasthenia gravis, congenital ptosis, third 
nerve palsies, and myopathic conditions such as chronic 
progressive ophthalmoparesis and myotonic dystrophy. Find-
ings characteristic of  but not specific for myasthenic ptosis 
include fatigability (drooping of  the eyelids after an extended 
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should be noted that bedside tests are crude and often 
unreliable.68

Tear Function. Evaluation of  tear function by observation 
alone, without actual testing, may lead to erroneous impres-
sions (e.g., that a patient with a facial palsy is tearing exces-
sively). Testing for tearing is of  limited diagnostic or prognostic 
value unless tear production is drastically reduced or absent 
on the involved side. Furthermore, the results of  actual tear 
testing may be similarly misleading. Increased tear flow 
(epiphora) noted by the history can be due to exposure irrita-
tion; paralytic ectropion; obstruction of  the punctum, duct, 
or lacrimal sac; or failure of  the lacrimal pump apparatus 
of  the lower lid and is not likely to be related to an irritative 
lesion of  the greater superficial petrosal nerve. Similarly, 
decreased tearing may be related to corneal hypoesthesia 
rather than suggestive of  a destructive process involving, for 
example, the greater superficial petrosal nerve.68

Tear testing usually involves Schirmer paper strips placed 
in the inferior conjunctival cul-de-sacs of  each eye after topical 
anesthesia. To avoid erroneous results from pooled tears, the 
conjunctival tear lake should be dried before insertion of  the 
paper strips. The length of  the moistened paper is compared 
on the two sides after a period of  5 minutes. In the event 
that one of  the filter strips becomes completely moistened 
before the passage of  5 minutes, both strips are removed 
and compared for results. Less than 5 mm of  wetting is highly 
suggestive of  tear deficiency, but this finding should be viewed 
in the context of  the patient’s clinical history and the results 
of  the slit-lamp examination.68

Blink Reflexes. Stimulation of  either cornea with a cotton 
wisp, tissue corner, or eye drop will cause a bilateral  
blink (corneal blink reflex). The absence of  blinking in  
either eye usually suggests a lesion within the ophthalmic 
division of  the trigeminal nerve (V1), the afferent limb of  
the reflex. Asymmetric blinking implies facial nerve weak-
ness on one side.68

The reflex blink to visual threat, described previously in the 
section Confrontation Visual Field Assessment, evaluates the 
intactness of  the afferent visual pathway as well as cortical 
attentional mechanisms.32 A cardinal feature of  cortical 
blindness, for instance, is an absent blink to visual threat. 
On the other hand, the reflex blink to light or dazzle requires 
only intact connections from eye to brainstem.

Physiologic Facial Synkineses. Bell’s phenomenon is 
discussed in more detail below in the section Ocular Motility 
and Alignment. In some normal individuals, the ears will 
retract and flatten with conjugate lateral gaze; this is known 
as the oculogyric auricular reflex and is usually greater in the 
ear opposite the direction of  lateral gaze. The presumed neural 
mechanism involves proprioceptive input from the extraocular 
muscles to the facial nuclear complex. In the nasolacrimal 
reflex, the secretion of  tears may be induced by chemically 
stimulating the nasal mucosa with a dilute solution of  
ammonia or formaldehyde. The neural pathway for this reflex 
results from connections of  the trigeminal nerve (V1) to the 
greater superficial petrosal nerve.

OCULAR MOTILITY AND ALIGNMENT

The ocular motility examination consists of  observation  
in primary gaze, evaluation of  ductions and vergences,  
then detection of  misalignment (strabismus) (Video 2.4). 

period of  upgaze), curtaining (elevation of  a ptotic eyelid 
causing drooping of  the other eyelid), and Cogan’s lid twitch 
(overshoot of  the eyelid when moved from a relaxed and 
rested (downgaze) to primary position).

Next the lids should be examined during eye movements. 
During horizontal conjugate gaze, the palpebral fissure widens 
in the abducting eye in approximately half  of  normal indi-
viduals, and in about 15% the lid elevates in the adducting 
eye as well. During upgaze, levator tone increases to lift the 
upper eyelid; in downgaze, the eyelids should relax and follow 
the eyes smoothly. If  the patient looks at a target moved 
downward, and the eyelids lag behind (lid lag), thyroid eye 
disease, a dorsal midbrain lesion, or aberrant regeneration 
of  the third nerve should be suspected.

FACIAL NERVE

The facial nerve (VII) supplies the muscles of  facial expres-
sion. In addition, it has a parasympathetic component sup-
plying the lacrimal gland and submandibular and sublingual 
salivary glands, and sensory components responsible for taste 
and sensation of  the external ear, tongue, and palate.  
When facial nerve dysfunction is suspected, the major goal 
of  the examination is to establish whether the process is 
supranuclear or infranuclear. Further details regarding 
anatomy and disorders of  the facial nerve are discussed in 
Chapter 14.

Motor Evaluation. Assessment of  facial nerve motor 
function begins by observing the patient at rest and noting 
any asymmetries of  the face or blink pattern. Most supra-
nuclear and infranuclear facial nerve palsies are associated 
with a flattened nasolabial fold and slightly widened palpebral 
fissure on the paretic side. Facial movement to emotional 
stimuli and voluntary command should also be assessed. A 
dissociation between spontaneous and voluntary movements 
is suggestive of  supranuclear defects. Disease of  the corti-
cobulbar tracts tends to spare emotional facial responses, 
while those of  the basal ganglia preserve voluntary move-
ments. Preservation of  forehead wrinkling and eyebrow 
elevation are also characteristic of  supranuclear lesions.68

Having the patient forcefully close the eyelids while the 
examiner attempts to open them can test the strength of  the 
orbicularis oculi muscles. The examiner should note asym-
metries in eyelash burying or lagophthalmos (i.e., partial or 
total inability to close the lids). The examiner should also 
have the patient smile to assess the integrity of  the lower 
part of  the facial nerve.

Excess contraction of  the orbicularis oculi occurs in hemi-
facial spasm and blepharospasm. In subtle cases, orbicularis 
oculi contraction may be mistaken for eyelid ptosis (pseudo-
ptosis), as in both the palpebral fissure may be narrowed. 
However, in pseudoptosis the ipsilateral eyebrow is often lower 
than normal. In contrast, if  the palpebral fissure is narrowed 
because of  true eyelid ptosis, the ipsilateral eyebrow is typi-
cally elevated as the patient attempts to keep the eye open 
by using the frontalis muscle to assist in eyelid evaluation.

Small contractions around the eye giving the appearance 
of  skin rippling could be myokymia, fasciculations, or the 
result of  aberrant reinnervation.

Taste. Taste is best assessed using a cotton-tip swab dipped 
in a sour, sweet, or bitter solution. Unilateral ageusia may 
be useful in identifying a facial lesion as peripheral, but it 
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Figure 2.23. Recording ductions. A. In one method, the approximate percentages of the normal excursions in up, down, left, and right gazes are 
recorded. By convention, the diagrams are drawn from the examiner’s view of the patient’s eyes. In the example given, there is a partial abduction 
deficit of the right eye and no abduction of the left eye. B. In another method, ductions are graded from −4 to +4. Negative numbers indicate degrees 
of paralysis, whereas positive numbers indicate overaction. This example also shows a partial abduction deficit of the right eye and no abduction of 
the left eye. 

Monocular double vision is not due to a problem with ocular 
motility, and when it resolves with a pinhole it is likely caused 
by refractive error or media abnormality.

Inspection. The presence of  any obvious ocular misalign-
ment or abnormal, spontaneous eye movements should be 
assessed first in primary gaze while the patient fixates on a 
distant target. Esotropia refers to the inward deviation of  one 
eye relative to the other; exotropia describes the outward 
deviation of  one eye relative to the other. Any vertical mis-
alignment is usually described by the laterality of  the higher 
eye (e.g., a left hypertropia indicates the left eye is higher than 
the right). Adjunctive observations should include the pres-
ence or absence of  head turn or tilt. When suspected but 
not visible with ordinary inspection, fine oscillations of  the 
eye, such as superior oblique myokymia, may be seen more 
readily with the slit lamp or by observing movement of  the 
optic disc during ophthalmoscopy.

Ductions. Ductions refer to monocular eye movements; 
rotations laterally are termed abduction; medially, adduction; 
upward, elevation (or supraduction); and downward, depression 
(or infraduction). Ductions can be tested by having the patient 
voluntarily direct gaze in the cardinal fields (up and right, 
up, up and left, right, left, down and right, down, and down 
and left). Ocular rotation can be recorded as a subjective 
percentage of  normal (e.g., 70% of  normal). This should be 
documented in the chart from the examiner’s perspective 
(Fig. 2.23A). In another schema using numbers +4 to 0 to 
−4, 0 indicates a normal duction, +4 means severe overac-
tion, and −4 signifies no movement past midline (Fig. 2.23B).69 
The examiner should also observe the speed of  the duction, 
which will typically be reduced with an ocular motor palsy 
but intact with a restrictive process. The examiner should 
also confirm impaired ductions by demonstrating the expected 
misalignment with a cover test or Maddox rod (see the later 
discussion). For example, if  the left eye appears to not move 
up completely, there should be a corresponding right hyper-
tropia in upgaze.

After instillation of  a topical anesthetic, the inability to 
move an eye despite pushing on the globe with a cotton-tip 
swab or pulling with forceps suggests mechanical restriction 
(positive forced duction test) (Fig. 2.24). In the forced gen-
eration test, the patient is asked to move the eye against the 
cotton-tip swab (see Fig. 2.24C). Inability to do so usually 
indicates ocular motor nerve or muscle weakness. Patients 

with abnormal forced ductions but normal forced genera-
tions usually have a restrictive problem.

Bell’s Phenomenon. This is the normal upward rotation 
of  the globe elicited during forceful eyelid closure. This 
palpebral–oculogyric reflex, likely mediated by poorly defined 
brainstem connections between the seventh and third nerve 
nuclei, is easily visible in patients with peripheral facial nerve 
paralysis who attempt to shut their eyes (Fig. 2.25). In normal 
patients it can be observed by having the patient try to close 
his or her eyes while the examiner holds the eyelids open. 
Most commonly, the eyes rotate up and out, but they may 
go up and in or straight up, and asymmetric left and right 
eye movements may be seen. However, in a study of  508 
consecutive patients in an ophthalmic practice,70 42 (8%) 
had a downward response in one or both eyes, and in 5 (1%) 
the responses were horizontal.

Clinically, Bell’s phenomenon can be helpful in two 
instances. (1) In an eye with defective voluntary supraduc-
tion, a normal Bell’s phenomenon indicates a supranuclear 
defect with intact nuclear and infranuclear oculomotor nerve 
function for upgaze. For example, the reflex is preserved in 
upgaze paresis in Parinaud syndrome but defective in a com-
plete third nerve palsy. (2) In patients with hemispheric 
defects, a stroke for example, both eyes may rotate contra-
lateral to the lesion in a phenomenon known as spasticity 
of  conjugate gaze (see Chapter 8).

Vergences. These are binocular eye movements. Convergence 
can be evaluated by having the patient look at his or her 
thumb or other near target as it is brought towards the nose; 
both eyes should adduct with pupillary constriction (see Fig. 
2.20 and Video 2.5). Pursuit movements should then be tested 
by having the patient keep his or her head still and visually 
track a target moved slowly horizontally or vertically (Fig. 
2.26 and Video 2.6). The speed and accuracy of  saccades, 
which are high-velocity, conjugate eye movements, should 
be examined by having the patient look eccentrically then 
quickly refixate on a target in primary gaze (the examiner’s 
nose, for instance) (Fig. 2.27 and Video 2.7). Other types of  
saccades, including antisaccades and reflex, predictive, and 
memory saccades can also be tested at the bedside and are 
discussed in more detail in Chapter 16.

The slow vestibular–ocular reflex (VOR) can be evaluated 
with an oculocephalic maneuver by having the patient fix on 
a stationary target while the examiner gently rotates the 
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Figure 2.24. Forced ductions and generations. A. Left abduction deficit. B. Forced duction to test for muscle restriction. After instillation of topical 
anesthesia, an attempt is made at moving the eye laterally by pushing on it at the medial limbus with a sterile cotton swab. In this case the eye could 
be moved laterally, indicating the absence of restriction by the medial rectus muscle. This is a negative forced duction test. C. Forced generation to test 
for lateral rectus weakness. With the cotton swab on the lateral limbus, the patient is asked to abduct the eye. In this case the swab met no resistance, 
consistent with a lateral rectus palsy. This is a positive forced generation test. D. In an alternative method, forced ductions can be performed by pulling 
on the extraocular muscles with forceps. This patient had a right abduction deficit, and the medial rectus is manipulated. 
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Figure 2.25. Bell’s phenomenon. A. Traumatic right facial nerve palsy. B. Upon attempted eyelid closure, the right eye rotates upward. 
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Figure 2.26. Testing pursuit. The patient is asked to fix and follow a 
slowly moving object, in this case, the end of a reflex hammer. 

B

A

Figure 2.27. Testing saccades. A. The patient is asked to look at a target 
in the periphery. B. The speed and accuracy of the saccade is assessed 
as the patient is asked to look quickly at the target in front of her face. 

patient’s head (Fig. 2.28 and Video 2.8) then extends and 
flexes the neck. The stimulus is from either proprioceptive 
afferents in the neck or the vestibular system or both. Limited 
eye movements that are overcome by oculocephalic stimula-
tion are likely supranuclear (see Chapter 16). The fast VOR 

can be tested with the head impulse test (see Fig. 17.2 and 
Video 2.8). In addition, with an arm extended and the chair 
rotated, most patients should be able to maintain visual fixa-
tion on their thumb (Fig. 2.29); difficulty with this task, 
usually manifesting as nystagmus, suggests an inability to 
suppress the VOR. This is usually a sign of  vestibulocerebellar 
pathway dysfunction. When rotated around the examiner, 
infants, who normally have poor fixation, manifest a VOR 
with tonic eye deviation in the direction of  rotation followed 
by quick corrective jerks.

Nystagmus is a rhythmic oscillation of  the eyes; two major 
types are seen. Jerk nystagmus has fast and slow phases, while 
pendular nystagmus is more sinusoidal without a fast phase. 
Many normal individuals have physiologic jerk nystagmus 
in extremes of  gaze. This type of  nystagmus is a low-amplitude, 
high-frequency nystagmus that usually fatigues with pro-
longed eccentric gaze. Physiologic optokinetic nystagmus (OKN) 
can be elicited by rotating a striped drum or moving a striped 
tape horizontally and vertically and asking the patient to 
“count the stripes as they go by” (Fig. 2.30 and Video 2.9). 
The slow phases of  OKN are generated as the patient follows 
a target; the OKN fast phase is a corrective saccade to view 
the next target. Nystagmus and nystagmoid eye movements 
are discussed in Chapter 17.

Assessing Ocular Misalignment. Ophthalmoparesis 
often will be evident on evaluation of  ductions alone; however, 
more subtle instances of  misalignment may require cover 
or Maddox rod testing. Note both tests require sufficient vision 
in both eyes to fixate on a distance target or perceive either 
the fixation light or red line normally seen during Maddox 
rod testing.

The complementary cover–uncover and alternate cover 
tests can be used to assess ocular misalignment. A tropia is 
a misalignment that is present at all times, while a phoria is 
a misalignment that occurs only when binocularity is inter-
rupted. Cover–uncover testing is used to detect tropias, which 
are manifest by any refixation movement of  the fellow eye 
after monocular occlusion while the patient fixates on a target 
in the distance (Fig. 2.31). An outward refixation movement 
of  the uncovered eye signifies an esotropia (Video 2.10), an 
inward movement implies an exotropia, and a downward 
movement indicates a hypertropia. Regardless of  which eye 
is vertically impaired, the side of  the higher eye denotes the 
deviation. For instance, when the right eye is higher, the 
patient is said to have a right hypertropia. Then the occlusion 
is removed and the other eye tested. During cover–uncover 
testing, if  only the covered eye deviates then only a phoria is 
present. Alternate cover testing, achieved by alternately occlud-
ing each eye for about a second each, breaks binocular fusion. 
This test reveals the full deviation: any tropia plus any latent 
phoria. The refixation movement of  the uncovered eye is 
interpreted in the same manner as in cover–uncover testing.

The refixation movement can be neutralized and the ocular 
misalignment quantified by placing a prism over one eye. 
Each eye is then alternately covered as the amount of  prism, 
measured in diopters, is slowly increased (prism–alternate 
cover test) (Fig. 2.32). The apex of  the prism points in the 
direction in which the eye is deviated. Thus, if  an eye is exo-
tropic, the prism is placed over the eye with the prism base 
in; if  an eye is esotropic, the prism is placed over the eye base 
out; if  the eye is hypertropic, the prism is placed over the eye 
base down; and if  the eye is hypotropic, the prism is placed 
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Figure 2.28. Oculocephalic eye movements (slow vestibular–ocular 
reflex). A–C. The patient is asked to fixate on a target in front of her 
face, and the head is rotated gently horizontally (shown) and vertically 
(not shown). Normally, the eyes rotate smoothly with full excursions 
in the direction opposite to the head turn. See Fig. 17.2 for testing of 
the fast vestibular–ocular reflex. 

Figure 2.29. Suppressing the vestibular–ocular reflex. The patient is 
asked to fixate on a target that will be stationary in relationship to the 
body, then the examination chair is rotated slowly. The eyes should 
remain still. 

Figure 2.30. Eliciting optokinetic nystagmus. As the examiner moves 
a tape with red squares or other targets in the horizontal (shown) or 
vertical (not shown) direction, the patient is asked to “count the squares.” 
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Figure 2.31. Cover testing for ocular misalignment. In each case the patient is fixing with the nonparetic right eye. Upon occlusion of the right eye, 
the misaligned left eye is forced to fixate. Esotropic eyes move laterally to fixate, while exotropic eyes move medially, and hypertropic eyes move down-
ward to fixate. Thus, the ocular deviations can be determined by direction of the fixation movements. 
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Figure 2.32. Prism–alternate cover testing for measurement of ocular misalignment. The prism bar contains a series of prisms of progressive strength 
(in diopters). Vertical prisms are used to measure hyperdeviations, while horizontal prisms are used in esodeviations and exodeviations. The patient 
fixates on a distant target, the eyes are alternately covered (A,B), and the prisms are increased incrementally. The prism measurement is determined 
when the refixation movement, described in Fig. 2.31, is neutralized. 

over the eye with the base up. When the eyes no longer move 
to refixate on alternate cover testing, the amount of  prism 
required can be read off  the prism bar as a measurement of  
the ocular misalignment. Deviations should be measured in 
primary and right-, left-, up-, and downgaze positions while 
viewing at distance then in primary position while viewing 
at near. Vertical deviations should also be evaluated with 
the head tilted towards the right and left shoulders.

When one eye has extraocular muscle paralysis, the 
primary deviation refers to measurements taken when  
the normal eye fixates and prisms are placed over a  
nonfixing paretic eye, while the secondary deviation is the 
measurement taken with paretic eye fixating and prisms 
placed over the fixing, nonparetic eye. Because of  Hering’s 
Law, which states that there is equal and simultaneous  
innervation to yoked (synergistic) muscles, the secondary 
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is heavily stimulated just to move the eye into the primary 
position.

The Maddox rod (Fig. 2.33), composed of  red translucent 
parallel half-cylinders, can help detect small deviations but, 
by itself, does not identify the paretic eye. Maddox rod testing 

deviation is always larger than the primary deviation. For 
example, when the patient fixes with an eye that has a sixth 
nerve palsy, the esotropia will be larger than when fixing 
with the normal eye. This is due to the equal innervation to 
the nonparetic medial rectus when the paretic lateral rectus 

CB

A

Figure 2.33. A. Maddox rod testing for ocular misalignment. By convention the Maddox rod is always placed over the right eye, and the patient is 
asked to fixate on a bright white light either at distance or near. A binocular patient’s right eye sees a red line, while the uncovered left eye sees the 
white light. The illustrations on the right are drawn from the patient’s perspective. Top row, To evaluate horizontal ocular deviations, the bars on the 
Maddox rod are aligned horizontally, so the patient sees a vertical red line with the right eye. If there is no horizontal deviation, the patient perceives 
the red line passing through the white light (depicted in yellow for illustrative purposes). If the eyes are esodeviated, the red line, whose image would 
abnormally fall on the nasal retina, appears to the right of the white light (“uncrossed diplopia”). Exodeviated eyes would result in the red line appear-
ing to the left of the light (“crossed diplopia”), because the red image would abnormally fall on the temporal retina. Bottom row, To evaluate vertical 
deviations, the bars on the Maddox rod should be oriented vertically, so the patient will see a horizontal red line with the right eye. The red line passes 
through the white light when there is no vertical deviation, while a red line perceived below the light implies a right hyperdeviation, and a white light 
perceived below the red line indicates a left hyperdeviation (i.e., the lower image corresponds to the hyperdeviated eye). Note that this test will char-
acterize the ocular misalignment, but by itself, in the setting of paralytic or restrictive strabismus, does not indicate which eye has the abnormal motility. 
B. The horizontal red line produced by a Maddox rod superimposed on a bright light source to simulate what a patient sees during a Maddox rod test. 
(Image prepared with the assistance of Dr. Clyde Markowitz). C. Prisms with Maddox rod. The correct prism measurement (in diopters) is arrived at 
when the patient indicates the red line passes through the light. 
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will reveal the full deviation: tropia plus latent phoria. If  
misalignment is detected, the direction of  gaze that produces 
the greatest separation between images should be determined 
by moving the fixation light in the cardinal positions of  gaze. 
Similar to prism–cover techniques, the ocular misalignment 
in each position can be measured by placing a prism over 
either eye until the patient sees the line passing through the 
light (see Fig. 2.33C). Alternatively, the patient can express 
the perceived misalignment with his or her fingers or indicate 
in which directions of  gaze the separation of  the images is 
least and greatest. The red glass test is analogous to the 
Maddox rod test except that the patient sees a red dot rather 
than a red line in the red glass test.

For patients with monocular or binocular visual loss or 
for less cooperative patients such as children, the corneal 
light reflection can be used to assess ocular misalignment 
in the Hirschberg and Krimsky tests. In both, a bright light 
is directed towards the patient’s face, and the patient is asked 
to try to look at the light; the relationship of  the light’s corneal 
reflection and the center of  the pupil is then observed. The 
Hirschberg test estimates the angle of  misalignment (in 
degrees) based on the relationship of  the light reflection and 
the iris (Fig. 2.34). In the Krimsky test, a variation of  the 
Hirschberg test, a prism is placed over the nonfixating, devi-
ated eye and increased or decreased until the light reflection 
is in the center of  both pupils (Fig. 2.35). Both tests give 
only approximate measurements and are less accurate than 
prism–alternate and cover tests.71

Measurements that are essentially the same in all cardinal 
positions of  gaze define comitant strabismus, while in incomi-
tant strabismus the measurements differ. Incomitant  
measurements are more commonly associated with a para-
lyzed extraocular muscle or muscles (paralytic strabismus). 
On the other hand, comitant measurements are more 
common in long-standing, often congenital, deviations unas-
sociated with extraocular muscle palsies (nonparalytic 
strabismus).

15º

30º

45º

Esotropia Exotropia
Figure 2.34. Hirschberg test. As the patient fixates on a bright light source, ocular misalignment in degrees can be estimated by observing the rela-
tionship of the corneal light reflection and the pupil and iris in the nonfixating, deviated eye. In these drawings the left eye is deviated. Light reflection 
at the pupillary margin, 15 degrees; in the middle of the iris, 30 degrees; and at the limbus, 45 degrees. These are approximations and obviously vary 
according to pupillary size. 

45 diopters

45

Figure 2.35. Krimsky test. As the patient fixates on a bright light source, 
ocular misalignment in prism diopters can be estimated when a prism 
moves the light reflection to the center of the cornea in the nonfixating, 
deviated eye. 

External Examination

Any abnormalities of  the periorbital region, such as ecchy-
moses or herniated fat, should be noted. When an orbital 
process is suspected, the eyes should be palpated and any 
resistance to retrodisplacement recorded. The amount of  
anterior protrusion of  the globe can be assessed using an 
exophthalmometer (Hertel, for instance (Fig. 2.36)), which 
is indispensable when following proptosis in a patient with 
thyroid orbitopathy, for example. Any enophthalmos, or 
inward displacement, can be measured relative to the fellow 
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attention to the caliber of  arteries and veins, branching pat-
terns, and, when suspected, possible emboli. The macula, 
best observed by asking the patient to look at the direct oph-
thalmoscope’s light, is examined for evidence of  atrophy, 
lipid deposition, detachment, edema, drusen, blood, or change 
in pigmentation.

After pharmacologic dilation of  the pupil with topical 1% 
tropicamide (an anticholinergic) and 2.5% phenylephrine 
(a sympathomimetic), the disc and fundus can be evaluated 
using a 78- or 90-diopter lens with the slit lamp (Fig. 2.39), 
and the retinal periphery can be examined with a 20-diopter 
lens via indirect ophthalmoscopy (Fig. 2.40). Each technique 
permits a stereoscopic view of  the fundus, which is especially 
important when evaluating disc swelling, disc contour, cup-
to-disc ratio, and macular abnormalities. In addition, both 
slit-lamp biomicroscopy and indirect ophthalmoscopy use 
very bright light sources, allowing greater visualization of  
structures in the back of  the eye when there is a media opacity 
such as a cataract, corneal exposure, or vitritis, which may 
preclude direct ophthalmoscopy. With both direct ophthal-
moscope and slit-lamp biomicroscopy, a green light can be 
used to highlight the nerve fiber layer and identify hemor-
rhages more easily. The mydriatic effect of  tropicamide peaks 
at 20–40 minutes and lasts 2–6 hours, while that of  phen-
ylephrine is at its maximum at 20 minutes and lasts 2–3 
hours. Longer-acting mydriatics, such as cyclopentolate or 
atropine, are unnecessary unless a cycloplegic refraction is 
additionally desired. More detailed information concerning 
any abnormal appearance of  the macula can be obtained 
through photography, fluorescein angiography, and ocular 
coherence tomography (OCT) (see Chapter 4).

Directed Neurologic Examination

MENTAL STATUS EVALUATION

The level of  the patient’s consciousness, attention, and ori-
entation should be documented. Verbal memory can be 
evaluated by requesting the patient to remember three unre-
lated words such as car, Philadelphia, and honesty, then after 
5 minutes asking him or her to recite the list of  items. The 

eye with an exophthalmometer. Any downward displacement 
of  one globe, termed globe ptosis or dystopia, which occurs 
in an orbital floor fracture, for instance, can be measured 
relative to the normal higher eye.72

Facial sensation within the three divisions of  the trigeminal 
nerve (V) can be tested with a finger, tissue, or cold object. 
The examiner should pay particular attention to left–right 
asymmetries in sensation and differences between the three 
divisions. Corneal sensation, primarily a function of  the first 
division of  the trigeminal nerve (V1), can be evaluated with 
a wisp of  cotton or eye drop. The corneal blink reflex was 
described previously. The masseter and pterygoid muscles 
are innervated by the motor division of  V, which is contained 
in V3. Jaw strength can be tested by having the patient clench 
his or her teeth while the examiner palpates the masseter 
contraction. Opening and protruding the jaw tests the ptery-
goids; weakness of  these muscles may cause lateral jaw 
deviation. Trigeminal nerve anatomy and disorders of  facial 
sensation are discussed in Chapter 19.

Slit-Lamp Examination

Slit-lamp examination (biomicroscopy) uses what essentially 
are a horizontally mounted microscope and a special light 
source to visualize directly the cornea, anterior chamber, 
iris, lens, and vitreous. Intraocular pressures should be mea-
sured by applanation. At the bedside, a halogen transillu-
minator and a magnifying lens (20-diopter lens, for instance) 
may substitute for a portable slit lamp.

Ophthalmoscopic Examination

The posterior pole of  the eye can be viewed with a direct 
ophthalmoscope (Fig. 2.37) through an undilated pupil, 
which allows a magnified view of  the optic disc, retinal vas-
culature, macula, and peripapillary retina to be examined 
carefully (Fig. 2.38). Important details of  the optic disc that 
should be noted include its color and contour and the cup-
to-disc ratio as well as the clarity of  the margins. The retinal 
vasculature should be evaluated in detail, with particular 

Figure 2.36. Hertel exophthalmometry. In 
this patient with the left eye protruding 
forward, the amount of relative proptosis 
can be measured by looking at the measure-
ment scale in the mirror alongside the eye. 
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aphasia, Gerstmann syndrome (finger agnosia, agraphia, 
acalculia, and right–left disorientation), and tactile agnosia 
all suggest a dominant parietal lobe process. Left-sided neglect, 
topographic memory loss, and constructional and dressing 
apraxias, in association with a left hemianopia, suggest a 
nondominant, parietal lesion. More parieto-occipital or occipi-
tally based visual disturbances such as Balint syndrome or 
cortical blindness may accompany dementia in Creutzfeldt-
Jakob disease, progressive multifocal leukoencephalopathy, 
or Alzheimer’s disease.

CRANIAL NERVE EVALUATION

The neuro-ophthalmic examination will have already assessed 
cranial nerves II–VII in detail, so in this part of  the evalua-
tion, the function of  cranial nerves I and VIII–XII should be 
documented. Olfactory nerve (I) function can be tested in 
each nostril with coffee or perfume. The ability to discern 
whispers or finger rubbing is an adequate screen of  acoustic 
nerve (VIII) function. In the Weber test, a vibrating tuning 
fork (preferably 128 Hz) is placed in the middle of  the fore-
head, and normally the patient will localize the vibration to 
the center of  the head. In sensory–neural hearing loss the 
patient localizes the sound to the good ear, while in conduc-
tive hearing loss the patient localizes the sound in the affected 
ear. In the Rinne test, the vibrating tuning fork is placed on 
the mastoid process (testing bone conduction) then next to 
the auditory meatus (testing air conduction), and the patient 
is asked which is heard louder. In sensory–neural hearing 
loss, air and bone conduction are both reduced, or bone 
conduction is more affected. In conductive hearing loss, air 
conduction is reduced.

If  the voice is not hoarse, the uvula is midline, and the 
palate elevates symmetrically, the general somatic efferent 
portions of  the glossopharyngeal (IX) and vagus (X) nerves 
should be considered intact. The sternocleidomastoid and 
trapezius muscles, innervated by the accessory (XI) nerve, 
are responsible for head turning and shoulder shrugging, 
respectively. Tongue protrusion, a function of  the hypoglossal 
(XII) nerve, should be symmetric. Hypoglossal nerve dysfunc-
tion causes ipsilateral tongue deviation when the tongue is 
extended.

MOTOR FUNCTION

The strength of  the major muscle groups in the arms and 
legs should be tested; “0/5” indicates no muscle contraction, 
“1/5” is a flicker of  contraction, “2/5” refers to movement 
but not against gravity, “3/5” means antigravity strength 
but not against resistance by the examiner, “4/5” refers to 
mild weakness, and “5/5” indicates normal strength. If  
present, hypotonia, rigidity, or spasticity also should be noted.

CEREBELLAR FUNCTION

Important tests of  cerebellar function include the finger–
nose–finger and heel-to-knee-to-shin tasks. Difficulty with 
these is termed dysmetria. Dysdiadokinesia, an inability to 
perform rapid alternating movements and also an indicator 
of  cerebellar dysfunction, may be seen during testing of  fine 
motor movements of  the fingers, for instance, or alternately 
tapping the palm and back of  the hand against the thigh. 

important components of  language function (fluency, com-
prehension, reading, writing, repetition, and naming) should 
also be assessed.

Abnormalities in these “cortically based” neurologic func-
tions often provide clues regarding neuro-ophthalmic diag-
nosis. For instance, hemianopias that result from lesions of  
the optic radiations can be associated with mental status 
abnormalities. Temporal lobe lesions may be accompanied 
by personality changes, complex partial seizures, memory 
deficits, fluent aphasia (if  the dominant side is involved), or 
Klüver–Bucy syndrome (hypersexuality, placidity, hyperoral-
ity, visual and auditory agnosia, and apathy) with involve-
ment of  the anterior temporal lobes bilaterally. A conduction 

B

A

Figure 2.37. A. Direct ophthalmoscope. B. Direct ophthalmoscopy. 
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Figure 2.38. Montage of a normal right fundus, with important structures labeled. The region within the open arrows is the macula, the center of 
which is the fovea. The cup is the center of the optic disc. The tigroid appearance of the retina results from pigment interrupted by the choroidal circula-
tion (arrows pointing to lighter color region). Retinal veins are darker than retinal arteries. 

Figure 2.39. Slit-lamp biomicroscopic examination of the fundus with 
a 90-diopter lens. 

Figure 2.40. Indirect examination of the fundus with a 20-diopter lens. 
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Tandem walking also tests cerebellar function, and difficulty 
with this or a wide-based unsteady gait is termed ataxia.

SENSATION

Sensory loss can accompany neuro-ophthalmic disease, 
especially visual loss due to cortical processes or nutritional 
optic neuropathies and ocular motility disorders associated 
with brainstem lesions. Modalities that should be tested 
include light touch, vibration, proprioception, pin prick (pain), 
and temperature. A homonymous field defect in combination 
with ipsilateral sensory loss, astereognosis (the inability to 
identify an object by palpation), decreased two-point discrimi-
nation, or graphesthesia (the inability to identify a number 
written on the hand) strongly suggests a parietal lesion. A 
process within the nondominant (usually right) parietal lobe 
can also produce a contralateral neglect syndrome or hemi-
anopia accompanied by contralateral sensory inattention. 
Pain or hemianesthesia and an ipsilateral homonymous field 
deficit implies coinvolvement of  the thalamus and optic radia-
tions. In a lateral medullary (Wallenberg) stroke, Horner 
syndrome, lateropulsion, skew deviation, and nystagmus are 
often accompanied by ipsilateral facial and contralateral body 
numbness.

GAIT

The patient should be asked to walk in relaxed fashion, and 
the examiner should observe the patient’s posture, balance, 
mobility, and arm swing. Gait abnormalities can suggest the 
presence of  an extrapyramidal disorder, hemiparesis, or cer-
ebellar dysfunction.

REFLEXES

Especially in patients with ocular motor palsies, hypoactive 
deep tendon reflexes may suggest more widespread neuropa-
thies such as diabetic polyneuropathy, Guillain–Barré syn-
drome, or mononeuritis multiplex. A tonic pupil may be 
associated with absent reflexes, particularly at the ankles, 
in Adie syndrome. Hyperactive reflexes and extensor plantar 
responses (Babinski sign) suggest upper motor neuron dys-
function when a cortical, brainstem, or spinal cord lesion is 
suspected.

Directed General Examination

A thorough but directed general examination of  all patients 
can often provide important clues to neuro-ophthalmic diag-
noses. It would be impossible to list all the abnormalities one 
might find; however, some examples are reviewed. The 
patient’s general appearance might suggest an underlying 
chromosomal, endocrinologic, or metabolic disorder. For 
instance, the frontal bossing and enlargement of  the mandible 
and hands are characteristic of  acromegaly associated with 
a growth hormone–secreting pituitary adenoma. Patients 
with pseudotumor cerebri tend to be young females with 
obesity or a history of  recent weight gain. Skin lesions, such 
as erythema migrans (Lyme disease) or malar rash (systemic 
lupus erythematosus), and abnormal discolorations, such 
as café au lait spots and axillary freckling (neurofibromatosis), 

or hypopigmented ash-leaf  spots (tuberous sclerosis) also 
may be helpful in guiding the evaluation of  patients with 
visual disturbances.

Evaluation of  the heart rate and blood pressure and aus-
cultation of  the carotid arteries and heart are important in 
any patient with a possible vascular process. Amaurosis fugax 
due to carotid disease may be associated with carotid bruits, 
which often suggest a high-grade stenosis. A cardiac murmur 
might suggest an embolic source. Cranial or ocular bruits 
might indicate an intracranial arteriovenous malformation 
or carotid–cavernous fistula. In some instances of  visual loss 
due to anterior ischemic optic neuropathy, underlying giant 
cell arteritis is suggested by tender, cordlike temporal arteries 
and scalp sensitivity.

Neuro-Ophthalmic Examination 
in Comatose Patients

The evaluation of  breathing pattern, pupillary function, eye 
movements, and motor responses are essential in the neu-
rologic assessment of  comatose patients, especially with 
regard to brainstem localization and diagnosis.73 Thus, neuro-
ophthalmic techniques are paramount in this clinical setting 
(Box 2.2). The ocular motility examination is especially 
important, because the pathways governing ocular motility 
traverse the entire brainstem, so pathology in this region 
often produces recognizable eye movement abnormalities. 
Conversely, if  the eye movements are normal, it is likely the 
entire brainstem is intact as well.

The examiner of  a comatose patient should decide, in a 
rostral–caudal fashion, which neuroanatomic structures 
have been affected by the disease process.2,74 In general, if  
the brainstem is intact in a comatose patient, bilateral hemi-
spheric or thalamic disease should be suspected. If  the brain-
stem is injured, the dysfunction should be localized to the 
midbrain, pons, or medulla.

In the neuro-ophthalmic assessment, pupillary size, shape, 
and reactivity should be evaluated first.2 If  suspected, the 
absence of  pupillary reaction to light should be confirmed 
with a magnifying lens. Unreactive pupils are suggestive of  
midbrain dysfunction or third nerve palsy, perhaps due to 

Box 2.2 Neuro-Ophthalmic Examination in a 
Comatose Patient

Pupils

Size
Shape
Reactivity

Eye Movements

Position
Spontaneous eye movements
Elicited eye movements

Oculocephalic
Cold calorics (if oculocephalic responses absent)

Corneal Reflexes

Ophthalmoscopic examination
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uncal herniation. Anisocoria may be due to unilateral Horner 
syndrome or a third nerve palsy. Bilaterally small pupils may 
be the result of  a pontine hemorrhage or opiate toxicity. 
More detailed descriptions of  these and other pupillary abnor-
malities in coma are given in Chapter 13.

Next, eye position and spontaneous eye movements should 
be observed. Overt misalignment such as an esotropia may 
suggest a sixth nerve palsy, while vertical or oblique mis-
alignment may imply a third nerve palsy or skew deviation 
(see Chapter 15). Conjugate eye deviation may signify an 
ipsilateral hemispheric lesion, contralateral pontine process, 
or contralateral irritative seizure focus (see Chapter 16). 
Spontaneous roving eye movements in the vertical and  
horizontal direction indicate normal midbrain and pontine 
function. Rhythmic, repetitive vertical movements such  
as ocular bobbing or dipping may imply a pontine lesion  
(see Chapter 17).

Doll’s eye or oculocephalic eye movements can be elicited 
by turning the head horizontally then vertically. The eyes 
should deviate in the direction opposite to the head turn. A 
sixth nerve palsy, an internuclear ophthalmoplegia (see 
Chapter 15), or conjugate gaze paresis (see Chapter 16) may 
become evident this way. Oculocephalic eye movements may 
be overly brisk in bilateral hemispheric disease, which dimin-
ishes supranuclear influences on the brainstem reflexes. In 
the early stages of  many drug intoxications and metabolic 
encephalopathy, the eye movements may be abnormal, but 
pupillary function is preserved. Oculocephalic maneuvers 
should not be performed in trauma patients with possible 
cervical spine injury.

If  there are no oculocephalic eye movements, a stronger 
stimulus can be provided by applying ice-cold water against 
the tympanic membranes, a maneuver which provokes the 
VOR (cold caloric test). The patient’s head should be angled 
at 30 degrees to align the horizontal semicircular canals 
perpendicularly to the floor. After visual inspection to exclude 
rupture of  the tympanic membrane, 30–60 ml of  ice water 
can be irrigated into the external auditory canal using a 
large syringe and the tubing from a butterfly catheter or an 
angiocatheter without the needle (Fig. 2.41). A kidney basin 
should be placed under the ear to contain the overflow of  
ice water. The cold water creates convection currents in the 
endolymph of  the horizontal semicircular canals and inhibits 
the ipsilateral vestibular system. In the normal caloric 
response, the eyes move slowly and conjugately towards the 

BA

Figure 2.41. Cold caloric testing in a comatose patient. In one method a 60-ml syringe filled with ice water (from a cup of water and ice) is connected 
to an angiocath with the needle removed. A. After excluding tympanic membrane rupture, water is injected into the inner ear canal. A kidney basin 
is used for water runoff. In this comatose patient, cold water stimulation of the right ear resulted in tonic conjugate deviation of both eyes to the right 
without nystagmus to the left, suggesting intact brainstem but no cortical function. B. Cold water stimulation of the left ear caused tonic conjugate 
deviation of both eyes to the left without nystagmus to the right. 

tested ear (see Fig. 2.41), followed by a fast corrective phase 
in the opposite direction to reset the eyes, then the cycle 
repeats. The slow phase is produced by vestibulo-ocular con-
nections from the unopposed contralateral ear, while the 
fast phase is mediated by the frontal eye fields. Warm water 
stimulation produces a contralateral slow phase and ipsilat-
eral fast phase. The direction of  the caloric response is named 
after the fast phase, and normal responses can be summarized 
in the mnemonic “COWS,” which stands for “cold–opposite, 
warm–same.” Caloric stimulation in the setting of  a normal 
brainstem but bilateral hemispheric dysfunction would 
produce only an ipsilateral tonic slow phase. Complete brain-
stem injury would result in no slow or fast eye movements. 
The other ear can be tested after an interval of  a few minutes. 
Bilateral caloric stimulation with cold water produces a 
downward slow phase, while stimulation with warm water 
bilaterally results in an upward slow phase.

Other important neuro-ophthalmic observations in coma-
tose patients include testing of  the corneal reflexes and 
examining the fundi. The corneal reflexes can be evaluated 
with a sterile cotton-tip swab or with drops of  sterile saline. 
Absent corneal reflexes suggest pontine dysfunction. The 
ophthalmoscopic examination is often normal, but papille-
dema would indicate elevated intracranial pressure, for 
instance, while a vitreous hemorrhage (Terson syndrome) 
may signify an aneurysmal subarachnoid hemorrhage. 
Because frequent monitoring of  the pupils is important in 
comatose patients, pharmacologic dilation of  the pupils before 
ophthalmoscopic examination in general should be avoided 
in this setting. If  necessary, however, the use of  the drops 
should be documented in the patient’s record.
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and converge to form the optic disc and optic nerve. Temporal 
to the fovea, the axons are strictly oriented above and below 
the horizontal raphae. For instance, ganglion cells above the 
raphae project their axons in an arcuate pattern to the top 
of  the optic nerve (see Fig. 5.1). The optic disc represents 
the intraocular portion of  the optic nerve anterior to the 
lamina cribrosa (see Fig. 2.38). The retina is normally trans-
parent, and the orange-red color visible on fundus examina-
tion derives from the retinal pigment epithelium and choroidal 
circulation.

The retina nasal to the macula receives visual information 
from the temporal field, and the temporal retina from the 
nasal field (Fig. 3.2). The superior and inferior halves of  the 
retina have a similar crossed relationship with respect to 
lower and upper fields of  vision.

The ophthalmic artery, a branch of  the internal carotid, 
provides most of  the blood supply to the eye, although there 
are external carotid anastomoses (see Fig. 4.1). The first 
major branch of  the ophthalmic artery, the central retinal 
artery, pierces the dura of  the optic nerve behind the globe, 
then travels within the nerve to emerge at the optic disc to 
supply the inner two-thirds of  the retina. The ophthalmic 
artery also gives rise to the posterior ciliary arteries, which 
supply the optic nerve head, choroid, and outer third of  the 
retina.

OPTIC NERVE, CHIASM, AND TRACT

The optic nerve has four major portions: intraocular, intra-
orbital, intracanalicular, and intracranial. Posterior to the 
lamina cribrosa, optic nerve axons are myelinated by oligo-
dendrocytes similar to those in white matter tracts in the 
brain and spinal cord.

Axons from the two optic nerves join at the optic chiasm, 
which lies in the suprasellar region, superior to the diaphragma 
sellae and inferior to the third ventricle and hypothalamus. 
At the chiasm, fibers from the nasal retina cross, and the 
most ventral axons from the inferior nasal retina bend into 
the most proximal aspect of  the contralateral optic nerve 
(Wilbrand’s knee; see the discussion in Chapter 7), whereas 
the fibers from the temporal retina remain ipsilateral in the 
lateral portion of  the chiasm (see Fig. 3.2). The ratio of  crossed 
to uncrossed fibers is 53 : 47.1 Ipsilateral temporal fibers and 
contralateral nasal fibers join to form the optic tracts.

GENICULOCALCARINE PATHWAY

At the lateral geniculate nucleus, a part of  the thalamus 
located above the ambient cistern, the ganglion cell axons 

The afferent visual pathways encompass structures that 
perceive, relay, and process visual information: the eyes, optic 
nerves (cranial nerve II), chiasm, tracts, lateral geniculate 
nuclei, optic radiations, and striate cortex (Fig. 3.1). Lesions 
anterior to and including the chiasm may result in visual 
acuity (clarity) loss, color deficits, and visual field defects 
(abnormal central or peripheral vision). From a neuro-
ophthalmic standpoint, unilateral retrochiasmal (posterior 
to the chiasm) disturbances can present primarily with hom-
onymous (both eyes involved with the same laterality) visual 
field defects without acuity loss. Higher-order processing, 
instrumental in interpreting visual images, occurs in extrastri-
ate association cortex. Abnormalities in these areas can cause, 
for instance, deficits in object recognition, color perception, 
motion detection, and visual attention (neglect of  visual 
stimuli in left or right hemifields).

This chapter provides an overview of  these structures, 
details methods of  visual field testing, and describes a frame-
work for the localization and diagnosis of  disorders affecting 
the afferent visual pathways. Determining where the lesion 
is first, then finding out what it is second is the advocated 
approach. Further details regarding these structures’ anatomy, 
blood supply, organization, and neuro-ophthalmic symptoms, 
as well as the differential diagnosis of  lesions affecting them, 
are detailed in Chapters 4–12.

Neuroanatomy of the Afferent 
Visual Pathway: Overview

THE EYE AND RETINA

The eyes are the primary sensory organs of  the visual system. 
Before reaching the retina, light travels through the ocular 
media, consisting of  the cornea, anterior chamber, lens, and 
vitreous. The size of  the pupil, like the aperture of  a camera, 
regulates the amount of  light reaching the retina. The cornea 
and lens focus light rays to produce a clear image on the 
retina in the absence of  refractive error, and the ciliary muscle 
can change the lens shape to adjust for objects at different 
distances (accommodation).

Retinal photoreceptors hyperpolarize in response to light. 
Cone photoreceptors are more sensitive to color and are 
concentrated in the posterior pole of  the retina, or macula, 
the center of  which is the fovea. Rod photoreceptors, more 
important for night vision, predominate in the retinal periph-
ery. Visual information is processed via horizontal, bipolar, 
and amacrine cells before reaching the ganglion cells, the 
axons of  which make up the innermost portion of  the retina 
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cerebral artery, with distinct branches serving the superior 
and inferior calcarine cortex banks along with a contribution 
from the middle cerebral artery in the occipital pole region.

VISUAL ASSOCIATION AREAS

Higher processing of  visual information occurs, for example, 
in the lingual and fusiform gyri bordering the inferior cal-
carine bank in structures believed to be equivalent to monkey 
area V4, which is responsible for color vision. In an over-
simplification, temporal lobe structures govern visual rec-
ognition and memory, whereas parietal lobe areas are 
responsible for motion and spatial analysis.

Visual Field Testing

In patients with visual loss, the pattern of  the visual field 
deficit can be highly localizing. Confrontation field testing, 
the techniques of  which are detailed in Chapter 2, often 
provides extremely useful information. In general, the tech-
nique is specific, because field loss detected by confrontation 

in the optic tract synapse with neurons destined to become 
the optic radiations. This latter structure is divided function-
ally and anatomically. Fibers coursing through the temporal 
lobe, termed Meyer’s loop, subserve visual information from 
the lower retina and connect to the inferior bank of  the cal-
carine cortex. The parietal portion of  the optic radiations 
relays information from the upper retina to the superior bank 
of  the calcarine cortex. Most of  the optic radiations derive 
their blood supply from the middle cerebral artery. The medial 
temporal section is supplied in part by branches of  the pos-
terior cerebral artery.

STRIATE CORTEX

Brodmann area 17 (or V1, primary or striate cortex) is the 
end organ of  the afferent visual system and is located within 
the calcarine cortex in the occipital lobe. Most of  the striate 
cortex, especially the portion situated posteriorly, is devoted 
to macular vision. Superior and inferior banks of  calcarine 
cortex are separated by the calcarine fissure and subserve 
contralateral inferior and superior quadrants, respectively. 
The majority of  the occipital lobe is supplied by the posterior 
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Figure 3.1. Afferent visual pathways. Major structures as viewed from 
(A) the lateral side, (B) the medial side, and (C) the underside of the 
brain. (Redrawn from Cushing H. The field defects produced by temporal 
lobe lesions. Trans Am Neurol Assoc 1921;47:374–423.)
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is usually real.2,3 However, confrontation is insensitive, because 
more subtle defects may be missed.3,4

More sensitive, reproducible, and precise visual field testing 
may be achieved by automated or computerized threshold perim-
etry or kinetic testing with a Goldmann perimeter or tangent 
screen.5 Threshold computerized perimetry of  the central 24 
or 30 degrees of  vision, although relatively lengthy and 
tedious, in many instances is a more objective and more 
reproducible test for patients with optic neuropathies and 
chiasmal disturbances and those requiring serial testing. The 
kinetic techniques, because they are shorter and allow inter-
action with the examiner, may be more appropriate for screen-
ing and for patients with significant neurologic impairment. 
Manual kinetic perimetry also allows the knowledgeable 
examiner to “search” for suspected field defects. Computerized 
perimetry, because of  its wide availability and ease of  admin-
istration, is currently the most popular test method.

Table 3.1 summarizes the advantages, disadvantages, and 
most appropriate neuro-ophthalmic uses of  each modality. 
The examiner should always keep in mind that all modalities 
for visual field evaluation are inherently subjective and depend 
on the patient’s level of  alertness, cooperation, ability to fixate 
centrally, and response rapidity. In addition, astute patients 
feigning visual loss can voluntarily alter their visual fields 
during perimetric testing (see Chapter 11).

In most cases, the visual field is tested for each eye sepa-
rately. Except in patients using miotic eye drops for glaucoma, 
for instance, field testing should take place before pharma-
cologic dilation of  the pupils, which tends to worsen perfor-
mance even if  accommodative dysfunction has been corrected 
with lenses.6,7

Visual fields are recorded so that the field of  the right eye 
is on the right and the field of  the left eye is on the left (see 
Fig. 2.11). The blind spot, caused by the absence of  photore-
ceptors overlying the optic nerve, is located approximately 
15 degrees temporal to and slightly below fixation and is drawn 
as an area without vision. As previously stated, homonymous 
defects are those present in both eyes with the same laterality. 
A hemianopia refers to loss of  half  of  the visual field, respect-
ing the vertical (usually) or horizontal meridian. Congruity 
refers to the symmetry of  the field defect in both eyes.

RELE
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visual cortex

Left
visual cortex
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Figure 3.2. Separation of pathways for temporal and nasal visual  
fields.55 Visual information from the temporal visual field projects to the 
nasal retina, then via ganglion cell axons in the optic nerve  
crosses in the chiasm to reach the contralateral optic radiations  
and striate cortex anteriorly. In contrast, visual information from the 
nasal visual field projects to the temporal retina and the ipsilateral  
optic radiations and posterior striate cortex. Note that visual information 
from the left visual field (dotted lines) projects to the right cerebral  
hemisphere, and visual information from the right visual field  
(solid lines) projects to the left cerebral hemisphere. LE, left eye; RE,  
right eye. 

Table 3.1 Advantages, Disadvantages, and Most Appropriate Neuro-Ophthalmic Uses of Computerized Threshold, Goldmann 
Kinetic, and Tangent Screen Kinetic Perimetry

Advantages Disadvantages Best Neuro-ophthalmic Uses

Computerized threshold Reproducible
More objective
More standardized
Less reliance on a technician
Intertechnician variability less important

Lengthy
Tedious

Optic neuropathy
Papilledema
Chiasmal disorders
Repeated follow-up

Goldmann kinetic Short
Driven by technician or doctor; skilled 

perimetrist or physician can focus 
attention to suspected defect areas

More subjective
Depends on the skills of 

the perimetrist

Retrochiasmal disorders
Neurologically impaired patients
Patients who are unable to perform a 

computerized field test
Severe visual loss
Functional vision loss

Tangent screen kinetic Short
Can be performed in the examination 

room

Central 30 degrees only Central field defects
Functional visual loss
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Temporal visual fieldNasal visual field

Foveolar vision

z-axis

y-axis
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Figure 3.3. “Island of vision in a sea of blindness.” This three-dimensional 
representation of the visual field plots visual sensitivity along the z-axis 
versus location within the x,y-plane. 

Figure 3.4. The island of vision (left) contains the information produced by kinetic perimetry (right). Kinetic perimetry plots the visual field (in the 
x,y-plane) for a stimulus at a given sensitivity (z-axis) level. Thus each isopter (I4e plot, for instance) on the kinetic perimetry can be translated from 
the island of vision. 

Visual field testing in children. Some studies have sug-
gested that computerized visual field testing, usually requiring 
several minutes per eye, can be performed reliably in young 
children.8,9 However, in our experience most children younger 
than 10 years of  age have difficulty with the monotony and 
length of  formal visual field testing, leading to high numbers 
of  errors. Kinetic (Goldmann) visual field testing is easier 
for young, less-cooperative children,10 but there is still great 
test–retest variability in this age group. Therefore, clinical 
decision-making based upon unreliable visual fields and small 
changes during serial visual field testing in children is 
problematic.

THE HILL OF VISION CONCEPT

Although the visual field is plotted on a piece of  paper  
in two dimensions, it can be conceptualized three dimension-
ally as an “island or hill of  vision in a sea of  darkness”  
(Fig. 3.3).11,12 The z-axis value indicates visual sensitivity, 
while the location within the field of  vision is plotted in the 
x,y-plane. Foveal vision has the highest sensitivity but extends 
nasally and temporally only a few degrees. Thus, with increas-
ing sensitivity (up on the z-axis), the field of  vision decreases 
in size, and the hill peaks at fixation (x = 0, y = 0). In contrast, 
at low sensitivities (lower on the z-axis), the field of  vision 
is much larger. The blind spot is depicted as an opening in 
the island temporal to the central peak,13 and the opening 
extends all the way to the bottom of  the island. Sensitivity 
falls more rapidly nasally than temporally. Outside of  the 
x- and y-coordinates delimiting the bottom of  the island, 
nothing is seen.

The major difference between threshold (static) and kinetic 
perimetry can be described using the hill of  vision concept. 
Threshold perimetry determines the visual sensitivity (z-axis 
value) at any particular x,y point. On the other hand, kinetic 

perimetry plots the visual field (in the x,y-plane) for a stimulus 
at a given sensitivity (z-axis) level. The plot of  a kinetic field 
can be considered to be a two-dimensional representation 
of  the hill of  vision (Fig. 3.4).

When visual field defects occur, the corresponding part 
of  the island is lost (Fig. 3.5). Generalized visual field con-
striction can be conceptualized as the island of  vision sinking 
into the sea of  blindness. In these cases, the central peak 
occurs at a lower sensitivity level, and the field of  vision at 
any particular sensitivity level is smaller.

COMPUTERIZED THRESHOLD PERIMETRY

There are many types of  computerized threshold perimetry 
in wide use, including Humphrey (Carl Zeiss), Meditec, and 
Octopus. The major advantages of  computerized perimetry 
over other forms are that it permits more standardized testing 
procedures, it requires less technician skill, and it is affected 
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the stimulus and the higher the sensitivity. The computer 
also determines the location of  the blind spot.

The test can be laborious and sometimes soporific, even 
for the most cooperative individuals. In the full threshold 
evaluation, it is not unusual for each eye to be tested with 
more than 450 points over approximately 15 minutes. 
Swedish Interactive Threshold Algorithm (SITA) software 
programs may save up to 50–70% of  test time for a Hum-
phrey field.15,16 Largely because the shorter test time vastly 
improves patient cooperation, sensitivity and reproducibility 
are enhanced in neuro-ophthalmic patients with these pro-
grams.17 Thus, SITA-Standard and Fast programs have become 
vastly preferred over standard full threshold tests in clinical 
practice.18,19

Patient reliability during a Humphrey field test is reflected 
in the number and proportion of  fixation losses and 

less by intertechnician variability. Some studies have also 
demonstrated that automated computerized perimetry may 
be more sensitive to subtle field loss than Goldmann perim-
etry.14 The discussion in this section will highlight the testing 
features of  the Humphrey Field Analyzer (Fig. 3.6), which 
is the most popular.

In the Humphrey threshold 24–2 or 30–2 test, the com-
puter presents white light stimuli against a white background 
within the central 24 or 30 degrees of  vision of  each eye, 
respectively. Lens correction for near is provided, and the 
patient looks at a central target and hits a button when he 
or she sees the light. The stimulus size is kept the same, but 
the stimulus intensity is varied, and the computer records 
the intensity of  the dimmest stimulus the patient saw at 
various points in the visual field. This threshold intensity is 
recorded in decibels, and the higher the number, the dimmer 

A

B

Figure 3.5. Dicon computerized threshold fields and corresponding hill of vision plots. A. Normal visual field of a left eye. B. Temporal field defect, 
with depression of the hill corresponding to the defective visual field. (Courtesy of Lawrence Gray, OD.)
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negative. Serial visual fields can be compared by following 
the mean deviation. The foveal threshold is another important 
number reported during testing, because it correlates directly 
with visual acuity in many cases. For instance, a low foveal 
threshold may be the only indication of  a subtle central field 
defect (especially from maculopathy). A high threshold, on 
the other hand, might indicate that a patient who had 
decreased visual acuity may have nonorganic visual loss.21,22

Several factors may influence the patient’s performance 
on this test. Instructions should be provided clearly to the 
patient.23 The learning curve is steep, and individuals under-
going threshold perimetry have a natural tendency to provide 
more reliable visual fields on subsequent testing.24 Mild ptosis 
may be associated with depression of  the superior visual 
field,25 and cataracts, pupillary miosis, and myopia26 may 
cause diffusely decreased sensitivity. Increasing age may 
associated with a decrease in threshold sensitivity as well.27,28 
There may also be some variability in performance over time 
in different disease states.29

During screening full-field examinations, such as 120-point 
ones, the computer presents static light stimuli of  fixed size 
and intensity, and the patient presses the button if  he or she 
sees them. They are not typically threshold tests, and the 
plot depicts merely whether the light stimulus was seen or 
not. A “quantify defects” modification can be used to threshold 
test missed points. The full-field screens are helpful in detect-
ing large field defects such as hemianopias or altitudinal field 
loss. However, because the points can be spread far apart, 
often the information provided is so vague that the test 
becomes uninterpretable.

A computerized binocular Esterman visual field protocol, 
which tests 130 degrees of  the visual field along the hori-
zontal meridian, can be used to assess whether the patient’s 
visual field is sufficient for driving. In many states 120 degrees 
of  binocular field is required to operate an automobile.

OTHER TYPES OF COMPUTERIZED  
STATIC PERIMETRY

Frequency doubling technology (FDT) perimetry, essentially an 
evaluation of  contrast sensitivity throughout the central 
visual field, tests the patient’s ability to detect sinusoidal 
gratings at 17 or 19 positions (Fig. 3.8).15,30 Because testing 
takes less than 1 minute per eye, several authors have sug-
gested frequency doubling perimetry may be better in some 
instances than SITA algorithms for screening in neurologic 
patients31–34 and young children.35,36 In addition the instru-
ment is portable and relatively inexpensive. Although a rea-
sonably effective screening tool, a small but significant rate 
of  false-positive testing on FDT perimetry does occur. Short-
wavelength automated perimetry (SWAP), which uses a blue 
stimulus on a yellow background, has been used primarily 
in glaucoma screening but has little use in neuro-ophthalmic 
patients.18,37,38 Long testing time is one of  the disadvantages 
of  SWAP.

KINETIC PERIMETRY

Goldmann Kinetic Perimetry. As the patient fixates on 
the central target in an illuminated bowl (Fig. 3.9), the 
perimetrist displays white dots of  varying size and luminance. 
The stimuli are presented both centripetally and statically, 

false-positive and false-negative responses (Fig. 3.7). When 
the patient responds to a stimulus presented in the originally 
plotted blind spot, a fixation loss is considered to have occurred. 
A false-positive response happens when the patient hits the 
buzzer but no light stimulus was presented. If  a patient does 
not hit the buzzer when a stimulus of  identical location and 
greater intensity to one that was previously detected is pre-
sented, this is considered a false-negative response. Either a 
fixation loss rate of  20% or a false-positive or a false-negative 
rate of  33% indicates an unreliable visual field.20 Severe and 
nonorganic (see Chapter 11) visual field loss may be associ-
ated with abnormally high false-negative rates.

The printout displays the visual field data in several ways 
(see Fig. 3.7),20 including some with statistical analysis. The 
threshold intensities are presented in raw data form. The 
gray scale provides a graphical representation of  the threshold 
intensities and offers the best information for a “quick-glance” 
interpretation of  the threshold visual field. However, the gray 
scale summary can be misleading, and important defects 
may not be evident. The total deviation map plots the differ-
ence between each measured threshold value and those of  
age-matched normal values for each point in the visual field. 
The pattern deviation map accents local visual field defects in 
the total deviation map by correcting for the overall height 
of  the hill of  vision. This is the most accurate representation 
of  the visual field and should be reviewed in all patients and 
used in comparisons for changes in examinations over time. 
Diffuse field loss, as might occur with a cataract, is factored 
out this way. Probability displays are provided for the total 
deviation and pattern deviation maps. Of  the global visual 
field indices, the mean deviation (MD) is the most important 
clinically in neuro-ophthalmic patients because it gives a 
“numerical equivalent” of  the visual field. This figure is an 
average of  the numbers in the total deviation plot, with each 
value weighted according to the normal range at that point. 
As a patient’s visual field worsens, because of  an enlarging 
scotoma for instance, the mean deviation becomes more 

Figure 3.6. Humphrey visual field analyzer. 
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discretion. The test also can be tailored to the clinical situ-
ation, such as screening for chiasmal or hemianopic defects 
by paying particular attention to asymmetries along the 
vertical meridian,39,40 arcuate field defects in glaucoma, and 
infranasal defects in papilledema.41 Since the whole visual 
field is tested, Goldmann perimetry will detect the rare periph-
eral visual field defects, due to anterior calcarine, temporal 
lobe, or early chiasmal compressive lesions, for instance, 

and the patient hits a buzzer when he or she detects the 
stimulus. The perimetrist monitors the patient’s fixation 
through a telescope, constantly encouraging the patient and 
reminding him or her to look straight ahead. This perimetrist–
patient interaction makes the test ideal if  the patient is young, 
has poor vision, or is neurologically impaired. Furthermore, 
Goldmann perimetry rarely requires more than 5–7 minutes 
per eye, and short breaks can be taken at the examiner’s 

Figure 3.7. Normal Humphrey computerized 30–2 threshold visual field of the right eye. Note (A) the tabulation of the fixation losses and false-positive 
and false-negative errors; (B) the raw data, recording the luminance, given in decibels (dB), of the dimmest stimulus the subject saw at that position 
in the visual field; (C) the gray scale, containing a conversion of the raw data using the key at the bottom of the readout; (D) the total deviation;  
(E) the pattern deviation; and (F) the statistical analysis, including the mean deviation. 
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working knowledge of  afferent visual pathway anatomy and 
related patterns of  field loss.

The size of  the stimulus (Fig. 3.10) is indicated by Roman 
numerals ranging from O to V, corresponding to dots mea-
suring 0.062–64 mm2, respectively. Stimulus luminance is 
designated by an Arabic numeral from 1 to 4, in order of  
increasing brightness, together with a small letter from a to 
e, by convention usually held at e. The smallest, dimmest 
stimulus used in practice is labeled Ile, and the largest, bright-
est stimulus is designated by V4e. Usually the dots are white, 
but colored stimuli can be used in some situations, such as 
in the evaluation of  hereditary optic neuropathies. If  needed, 
lens correction for near is given when targets are presented 
within the central 30 degrees.

The results are displayed from the patient’s point of  view 
(i.e., what he or she sees). The area in which the stimulus 
was seen is called an isopter, which is labeled according to 
the stimulus size and luminance (see Fig. 3.10). The normal 
temporal V4e field can extend to at least 90 degrees, while 
the normal nasal V4e field can reach at least 60 degrees. In 
normal individuals, it is sometimes sufficient to plot only the 
14e isopter, which may be suprathreshold for the entire 
peripheral field. The field using a test target that is either 
smaller or dimmer is always smaller than the field produced 
with a larger or brighter stimulus. Scotomas, circumscribed 
areas of  visual field loss, are indicated by zones that are shaded 
in. The blind spot, the result of  the absence of  photorecep-
tors overlying the optic disc, is technically a scotoma and is 
temporal to fixation in all normal individuals.

Automated kinetic perimetry. Automated and comput-
erized combinations of  static and kinetic perimetry  
(Fig. 3.11) performed on the Octopus perimeters can be used 
to produce results similar to Goldmann perimetry, but without 
the need for an experienced examiner.44,45 Automated kinetic 
perimetry has been shown to be accurate and reliable in 
both neuro-ophthalmic disease45 and glaucoma.46 This tech-
nique may become increasingly more important in the future 

which may have been missed by computerized perimetry of  
the central 30 degrees.42,43 Goldmann perimetry is also par-
ticularly helpful in patients with functional vision loss, in 
whom typical findings of  spiraling, criss-crossing isopters, 
and nonphysiologic constriction (see Chapter 11) can often 
be demonstrated.

However, perimetrist bias can be a disadvantage, especially 
when Goldmann perimetry is used in serial follow-up. Another 
drawback to the technique is that the perimetrist needs a 

Test duration: 0:59
Fixation target: Central

Fixation errors: 0/3 (0%)
False pos. errors 0/3 (0%) 

Test duration: 0:33
Fixation target: Central

Fixation errors: 0/3 (0%)
False pos. errors 0/3 (0%) 

30303030

P ≥ 5%

P < 5%

P < 2%

P < 1%

Figure 3.8. Frequency doubling technology (FDT) perimetry in a patient with a superior temporal field defect in the left eye from a chiasmal lesion. 
Relative sensitivity, portability, and short test duration make FDT an effective screening tool. 

Figure 3.9. Goldmann kinetic perimetry. Note the patient (left) has his 
head in a chin-rest in the middle of the spherical bowl and presses a 
button in his right hand when he sees the presented stimulus. The 
tester administers the examination from the other side of the bowl. 
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targets on both sides of  fixation (Fig. 3.12B) and asking the 
patient whether one appears different from the other. Perhaps 
the most common use of  the tangent screen test is in the 
demonstration of  nonphysiologic tubular visual fields in 
patients with functional visual loss (see Chapter 11).

A laser pointer with a round red or green target can  
also be used to present the visual stimulus during tangent 
screen testing in the office (Fig. 3.13, Video 3.1).49 The exam-
iner should stand behind the patient, thereby avoiding any 
hints regarding the direction of  the target presentation. The 
examiner can also use the laser pointer during inpatient 
consultations for rough assessment of  visual fields, substitut-
ing the tangent screen with a light-colored wall as the 
background.

Topical Diagnosis (“Where”  
Then “What”)

First, the examiner should decide where the lesion is neuro-
anatomically. Based on the history, examination, and visual 
field testing, the examiner should be able to localize the process 
to the retina, optic nerve, chiasm, tract, radiations, occipital 
lobe, or higher cortical area. Then the examiner should gen-
erate a differential diagnosis and attempt to determine what 
the lesion is. Historical features often guide the differential 
diagnosis, and neuroimaging combined with other ancillary 
tests typically narrows the list of  possible causes.

as advantages of  automation are tested (reproducibility  
and quantification),47 paradigms searching for specific  
defects (e.g., “chiasm program”) are designed, and the  
prevalence of  manual perimeters, well-trained perimetrists, 
and physicians experienced with the older methods 
diminishes.

TANGENT SCREEN VISUAL FIELD TESTING

This test can be performed quickly in any examination room 
equipped with a tangent screen hung on a wall.48 The perime-
trist moves round white or colored discs or spheres over a 
black or gray flat felt background (Fig. 3.12A), and, as in 
Goldmann perimetry, the targets are generally moved cen-
tripetally. Wearing spectacle correction, the patient usually 
sits 1 meter away from the screen and indicates verbally 
when he or she sees the visual stimulus. At this distance, on 
a flat surface only the central 30 degrees can be tested. The 
perimetrist can outline with chalk where the patient saw 
the target, and the results can be recorded similar to the way 
that confrontation fields are drawn (see Chapter 2). The 
isopters are designated as a fraction, such as 3w/1000, which 
indicates that a 3-mm white target was used at a distance 
of  1000 mm (1 meter).

Small central and paracentral defects that may be missed 
by Goldmann perimetry or computerized field testing may 
be more evident with the tangent screen method. Subtle 
hemianopic deficits can be detected by holding two equivalent 

Figure 3.10. Normal Goldmann kinetic field of the right eye. The labels 14e, 13e, and 12e indicate the stimuli size and luminance (detailed in the key 
on the bottom left-hand side of the figure). The stimuli are presented in the periphery then directed radially to the center. The dark lines indicate the 
point at which the subject noticed the stimulus. Note the temporal location of the blind spot and that the temporal field is larger than the right. 
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The temporal profile of  the visual loss will suggest possible 
diagnoses, and its monocularity or binocularity will help in 
localization. As a general rule, acute or subacute visual defi-
cits result from ischemic or inflammatory injury to the optic 
nerve. Vitreous hemorrhage and retinal detachment are other 
important considerations. Chronic or progressive visual loss, 
in turn, may result from a compressive, infiltrative, or degen-
erative process. Cataracts, refractive error, open-angle glau-
coma, and retinal disorders such as age-related macular 
degeneration or diabetic retinopathy also need to be considered 
when visual symptoms are insidious.

HISTORY

Common complaints encountered with visual loss include 
so-called negative phenomena such as “blurry vision” or 
“gray vision.” Patients with higher cortical disorders may 
have nonspecific complaints such as “I’m having trouble 
seeing” or “Focusing is difficult.” Patients with lesions of  the 
afferent visual pathway may also complain of  positive phe-
nomena, such as flashing or colored lights (phosphenes or 
photopsias), jagged lines, or formed visual hallucinations (a 
false perception that a stimulus is present). The complexity 
of  positive phenomena does not specify localization.

Figure 3.11. Combined static and automated Goldmann perimetry in a patient with an inferior nasal quadrantic defect in the left eye. The Octopus 
101 test consists of a short TOP (tendency-oriented perimetry) strategy 32 static examination followed by a series of preprogrammed kinetic vectors 
(arrows) using III4E (brown larger isopter) and I4E (black small isopter) stimuli. Darker areas in the static portion of the test correlated to denser defects. 
The vectors (arrows) used in the automated kinetic portion of the test were preprogrammed to detect defects along the vertical and horizontal merid-
ians, and the computer corrects for reaction time. 
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Figure 3.13. Laser pointer visual field test. The examiner stands behind 
the subject and tests the visual field by pointing a laser light stimulus 
at a wall or black tangent screen in front of the subject, who verbalizes 
when he or she sees the stimulus. 

Figure 3.12. Tangent screen visual field test. Each eye is tested sepa-
rately. A. The examiner moves a white or colored object in front of a 
black felt screen, and the patient points or verbalizes when he or she 
sees the target. The results can be recorded in white chalk on the felt, 
then transferred into the patient’s record. B. Two equivalent targets 
can be presented while the patient fixates centrally to test for subtle 
central visual field defects respecting the vertical meridian. 

A

B

If  a patient complains of  monocular visual loss, a process 
in one eye or optic nerve should be considered. Painless tran-
sient visual loss characterized by a “gray shade” that 
encroaches on vision superiorly then resolves after seconds 
or minutes is typical of  amaurosis fugax related to carotid 
disease. Painful monocular visual loss occurring over days 
is characteristic of  an inflammatory or demyelinating optic 
neuropathy. With binocular visual loss, a lesion of  both eyes 
or optic nerves, or of  the chiasm, tract, radiations, or occipital 
lobe, should be investigated. Further details regarding these 
specific complaints and their localizing value are provided 
in the respective chapters.

Associated neurologic deficits, such as motor or sensory 
abnormalities, will also assist in localization and often indicate 
a hemispheric abnormality. Medical conditions should always 
be investigated in the review of  systems. Hypertension, dia-
betes, and smoking, for instance, predispose the patient to 
vascular disease, and a history of  coronary artery disease 
should alert the examiner to the possibility of  carotid artery 
insufficiency as well. Visual loss accompanied by endocrine 
symptoms, such as those consistent with hypopituitarism 
(amenorrhea, decreased libido, or impotence, for example) 
or pituitary hypersecretion (galactorrhea or acromegaly, for 
example), suggests a chiasmal disorder.

EXAMINATION

Particular attention should be paid to assessment of  acuity, 
color vision, confrontation visual fields, pupillary reactivity, 
and fundus appearance. Neuro-ophthalmic examination 
techniques are discussed in Chapter 2.

Monocular acuity loss, deficits in color vision, a central 
scotoma, a relative afferent pupillary defect, and optic disc 
swelling or pallor suggest an optic neuropathy. In an acute 
retrobulbar optic neuropathy, the optic disc may have a 
normal appearance. Monocular visual loss with a central 
scotoma, metamorphopsia, preserved color vision, and no 
afferent pupillary defect makes a maculopathy more likely. 
Bilateral loss of  acuity suggests bilateral macular, optic nerve, 
chiasm, or bilateral retrochiasmal lesions. Homonymous 
hemianopic field loss with normal acuity, pupillary reactivity, 
and fundi are normally associated with a retrogeniculate 
process. A hemianopia accompanied by an ipsilateral hemi-
paresis or sensory loss is likely to be the result of  a parietal 
process, while an isolated hemianopia is more likely the result 
of  an occipital lobe lesion.

When suspected, ocular causes of  visual loss such as 
corneal or lens opacities, retinal detachments, or glaucoma 
should be excluded by an ophthalmologist. In general, patients 
with cataracts complain of  blurry vision with glare, especially 
with automobile headlights, and those with glaucoma have 
peripheral visual field loss but preserved central acuity; the 
visual loss associated with both of  these problems is insidi-
ous. Retinal detachments may present acutely with flashes 
of  light, floaters, or peripheral field loss.

Pattern of Visual Field Loss

Fig. 3.14 illustrates the visual field deficits characteristic of  
various lesions within the afferent visual pathway. As alluded 
to earlier, monocular visual field defects most commonly 
localize to the retina or optic nerve, and the patterns of  field 
loss are typically altitudinal, central, cecocentral, or arcuate. 
Monocular field defects emanating from the blind spot, as 
in an arcuate scotoma, for instance, are almost always related 
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ANCILLARY VISUAL TESTING

Electrophysiologic testing such as a visual evoked potential 
(VEP) or electroretinogram (ERG) can confirm the localiza-
tion to optic nerve or retina, but these tests should never 
replace the clinical examination. VEPs measure the cortical 
activity in response to flash or patterned stimuli and are 
abnormal in the presence of  a lesion in the afferent visual 
pathway. A normal VEP in the setting of  decreased vision 
and an otherwise normal examination suggests functional 
visual loss (see Chapter 11). Multifocal VEPs (mfVEPs) assess 
the response simultaneously from multiple regions throughout 
the visual field—the distribution is similar to areas on a 

to an optic nerve lesion or a retinal vascular occlusion. A 
bitemporal hemianopia is very specific to the chiasm.  
Homonymous hemianopic deficits suggest a retrochiasmal 
lesion. In general, incongruous hemianopias tend to be  
more anterior, while congruous hemianopias, with or without 
macular sparing, are more characteristic of  occipital  
disturbances. One possible explanation for this pattern is the 
closer grouping of  retrochiasmal fibers from each eye as they 
proceed posteriorly. If  the homonymous hemianopia is com-
plete, congruity cannot be assessed, so the injury may be 
anywhere along the retrochiasmal pathway. The particular 
patterns of  visual field loss are discussed in greater detail in 
Chapters 4–8.

Figure 3.14. Visual pathways: correlation of lesion site and field defect, view of underside of the brain. Homonymous refers to a defect present in both 
eyes with the same laterality, while a hemianopia refers to visual loss respecting the vertical meridian. Congruous fields are symmetric in both eyes. 
Note that lesions of upper or lower occipital banks produce quadrantic defects, while lesions within temporal and parietal lobes cause field defects 
that tend not to respect the horizontal meridian. 
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dartboard.50 Some authors have used mfVEPs as objective 
perimetry in the detection and follow-up of  optic neuropa-
thies and other central visual pathway disorders.51–54

ERGs and multifocal ERGs, which measure rod and cone 
photoreceptor function, are particularly helpful in sorting 
out retinal dystrophies and degenerations. ERG testing is 
discussed in more detail in Chapter 4.

DIFFERENTIAL DIAGNOSIS

Table 3.2 highlights examination findings, visual field abnor-
malities, and common causes to consider for various local-
izations within the afferent visual pathway. Acquired optic 
neuropathies in young adults are typically inflammatory, 
while in older adults they are more commonly associated 
with vascular disease. The most common cause of  a chiasmal 
syndrome is a compressive sellar mass. Strokes and neoplasms 
are the most common causes of  retrochiasmal visual loss. 
The reader is referred to Chapters 4–8 for further details 
regarding the differential diagnoses and discussion of  the 
various responsible causes.
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4 Visual Loss: Retinal Disorders of 
Neuro-Ophthalmic Interest
MADHURA A. TAMHANKAR

The ganglion cell axons run parallel to the surface of  the 
retina and form the nerve fiber layer. The major glial cell of  
the retina is the Mueller cell, whose nucleus is in the inner 
nuclear layer and whose processes extend from the surface 
of  the retina (inner limiting membrane) to the end of  the 
outer nuclear layer (external limiting membrane). Together 
with some astrocytes and microglia these cells provide the 
nutritional and structural support to the retina.

BLOOD SUPPLY

The first major branch of  the internal carotid artery, the 
ophthalmic artery, provides the blood supply of  the retina. 
It gives rise to the central retinal artery, which supplies the 
inner two-thirds of  the retina, and the posterior ciliary arter-
ies, which supply the outer portions of  the retina (Fig. 4.1). 
The temporal blood vessels arc above and below the macula 
along with the arcuate nerve fiber bundles (ganglion cell 
axons). The vessels are found in the inner retinal layers and 
usually do not extend deeper than the inner plexiform layer. 
The outer retinal layers (photoreceptors and RPE) receive 
their oxygen and nutrients through diffusion from the vas-
cular supply in the choroid. There is a capillary-free zone of  
approximately 400 µm in the fovea called the foveal avascular 
zone where an absence of  vascular elements is best for optimal 
visual acuity. At arteriovenous crossings, the arteries lie over 
the veins and share a basement membrane. This crossing, 
along with pathologic changes in the arteriole walls, may 
be the basis for retinal vein occlusion. The central retinal 
vein lies temporal to the central retinal artery in the optic 
nerve head and eventually drains into the superior orbital 
vein and cavernous sinus. The retinal blood vessels, like the 
cerebral blood vessels, are responsible for maintenance of  
the blood–retina barrier. This is accomplished through tight 
junctions between endothelial cells. The retinal blood vessels 
do not have smooth muscles or an internal elastic lamina.

A cilioretinal artery arises from the choroidal circulation 
and is present in about 20% of  individuals (see Fig. 4.11 for 
an example of  a cilioretinal artery).1 The blood supply of  
the choroid is from the ophthalmic artery via the branches 
of  the anterior and posterior ciliary arteries. Branches of  
these arteries form discrete capillary lobules of  circulation. 
The choroid drains through the vortex veins and then into 
the superior and inferior orbital veins into the cavernous 
sinus. The separate drainage pathway for the retina (central 
vein) and choroid (vortex veins) provides the anatomic basis 
for the development of  collateral vessels in certain conditions. 
Pathologic processes that cause central vein obstruction (e.g., 
central retinal vein occlusion (CRVO), papilledema, optic 
nerve sheath meningioma) can cause collateral or “shunt” 
vessels to develop between the retinal veins at the optic nerve 
head and the choroidal circulation.

While a comprehensive review of  all retinal disease is beyond 
the scope of  this text, there are several entities that are par-
ticularly important in the neuro-ophthalmic differential 
diagnosis of  central and peripheral visual loss and positive 
visual phenomena. Patients with retinopathies may have 
symptoms and examination findings that may be similar to 
those with optic nerve disease and cortically based conditions. 
They may manifest with visual acuity loss, visual field defects, 
and a paucity of  findings on ophthalmoscopic examination. 
Certain retinal disorders may also provide clues to the exis-
tence of  an underlying neurologic illness or systemic disease. 
This chapter examines the relevant retinal anatomy, the dis-
tinction between maculopathy and optic neuropathies, macu-
lopathies that may mimic optic neuropathy, retinal vascular 
occlusions, the photoreceptor disorders important in neuro-
ophthalmic differential diagnosis (acute outer retinopathies, 
cancer-associated retinopathies), toxic and hereditary reti-
nopathies of  neuro-ophthalmic interest, and the retinal mani-
festations of  neurologic and systemic diseases.

Retinal Anatomy

CELLULAR ELEMENTS OF THE RETINA

The retina is a transparent structure that arises from the inner 
and outer layers of  the embryologic optic cup. The outer layer 
consists of  the retinal pigment epithelium (RPE), and the inner 
layer is a multicellular layer that makes up the neurosensory 
retina. The RPE consists of  hexagonal cells extending from 
the optic nerve to the ora serrata. The major functions of  the 
RPE are to maintain the photoreceptors through vitamin A 
metabolism and phagocytosis of  photoreceptor outer segments. 
Other functions include maintenance of  the outer blood–retina 
barrier, heat and light absorption, and production of  extracel-
lular matrix. The basal aspect of  the RPE cells forms the inner 
layer of  Bruch’s membrane, separating the retina from the 
choroid. Separation of  the RPE from the neurosensory retina 
is called a retinal detachment.

The neurosensory retina consists of  neural, glial, and 
vascular elements. The outermost layer of  the retina (furthest 
from the cornea and closest to the RPE) is the photoreceptor 
layer, consisting of  rods and cones. The outer segments of  
the photoreceptors make contact with the RPE cells. The cell 
bodies of  the photoreceptors make up the outer nuclear layer 
and are in contact with horizontal and bipolar cells through 
their process in the outer plexiform layer. The bipolar cells 
are oriented more vertically and bridge the connection to 
the inner plexiform layer, where they synapse with ganglion 
cells and amacrine cells. The cell bodies of  the bipolar cells, 
horizontal cells, and amacrine cells make up the inner nuclear 
layer, located between the inner and outer plexiform layer. 
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symptom in patients with cone dysfunction. In contrast, 
patients who detect a darkening of  their vision or loss of  color 
perception usually have optic nerve disease. Night vision loss, 
or nyctalopia, can commonly accompany widespread retinal 
photoreceptor disease. Pain in association with vision loss is 
exceedingly uncommon in patients with retinal problems and 
is more characteristic of  inflammatory optic neuropathies.

SIGNS

Although loss of  visual acuity is common in optic nerve and 
retinal conditions, color vision impairment is more prominent 
in optic neuropathies. Similarly, when visual acuity is poor 
yet color vision is preserved, macular disease is much more 
likely. Two exceptions to this important clinical observation 
include patients with cone degenerations, who typically have 
very poor color vision, and patients with ischemic optic neu-
ropathy, who may maintain excellent color vision in their 
intact visual field.

Photostress testing can be helpful in identifying patients 
with maculopathies. In macular disease there can be a pro-
longed recovery time of  the photoreceptor visual pigments 
after bright light exposure. The test, which is described in 
more detail in Chapter 2, is performed by shining a bright 
light in the eye; a prolonged recovery time for visual acuity 
in the affected eye compared with the unaffected eye is 

Other details of  the internal carotid and ophthalmic artery 
blood supply are discussed in Chapters 5 and 10.

Distinction Between 
Maculopathies and  
Optic Neuropathies

The symptomatology of  optic neuropathies and maculopa-
thies may overlap, especially when ophthalmoscopic appear-
ance is normal. In this setting, the combination of  historical 
information, examination findings, optical coherence tomog-
raphy (OCT), neuroimaging, and laboratory studies will often 
aid in distinguishing between these entities (Table 4.1).

SYMPTOMS

The presence of  metamorphopsia or photopsia is indicative 
of  retinal disease. Patients with metamorphopsia describe 
distortion of  images, while those with photopsia complain of  
seeing sparkles of  light. Both of  these symptoms are very 
unusual in optic neuropathies unless accompanied by macular 
edema or subretinal fluid. The complaint of  light blindness 
or abnormal glare sensitivity (hemeralopia) also suggests the 
presence of  retinal dysfunction and may be a prominent 

Table 4.1 Clinical Distinction Between Optic Neuropathy and Maculopathy

Symptom, Sign, or Test Optic Neuropathy Maculopathy

SYMPTOM

Metamorphopsia Rare Common

Darkening of vision Common Rare

Recognition of peripheral field 
loss by patient

Common Rare

Transient visual obscurations Occasionally Rare

Photopsia Rare Common

Glare or light sensitivity Rare Sometimes

Pain Common in optic neuritis, rare in 
other optic neuropathies

Rare

SIGN

Reduced acuity Common Common

Dyschromatopsia Severe Mild

Amsler grid abnormality Missing portions or gray spots Distorted or bent lines

Afferent pupillary defect Common Rare (retinal disorder needs to be severe and asymmetric)

Visual field defects Central, arcuate, nasal, altitudinal Central scotoma and midperipheral defects in 
photoreceptor disease

Ophthalmoscopy Swollen, pale, or normal optic nerve Occasionally pale optic nerve; macular abnormality 
(pigment, atrophy, edema)

Photostress recovery Normal Abnormal

TEST

Electroretinography (ERG) Normal Normal or abnormal (especially multifocal ERG)

Optical coherence 
tomography

Normal macula
Nerve fiber layer thinning

Abnormal, edema, thickening or thinning, retinal layer–
specific abnormalities

Visual evoked response Large latency delay Small latency delay
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abnormalities, and abnormal retinal thinning or thickening 
can be easily identified.

Fundus autofluorescence (FAF) is a noninvasive method 
for identifying pathologic changes and disease states of  the 
retina and RPE. The degradation products of  the RPE and 
photoreceptors, such as lipofuscin deposits and melanin, may 
alter the normal FAF. This technique is useful in identifying 
outer retinopathies (idiopathic blind spot enlargement syn-
drome or multiple evanescent white dot syndrome (MEWDS), 
for example) that may be more difficult to detect on 
ophthalmoscopy.2

Traditional fluorescein angiography (FA) is helpful in iden-
tifying ocular perfusion abnormalities such as capillary non-
perfusion in those with diabetic retinopathy, cystoid macular 
edema (CME), or leakage from choroidal neovascularization. 
FA can also be used to demonstrate blood flow abnormalities, 
including delayed arterial venous transit time in conditions 
affecting ocular perfusion, impaired choroidal circulation 
in giant cell arteritis, and occult arterial occlusions in Susac 
syndrome. FA may also show blood vessel wall staining and 
leakage in patients with retinal vasculitis.

Electroretinography (ERG) is another useful diagnostic 
tool, particularly for patients who present with unexplained 
vision loss in the presence of  a normal-appearing fundus 
and in whom rod and cone photoreceptor dysfunction is 
suspected. The ERG is usually recorded using a corneal contact 
lens, and the signal is evoked from the retina using a flash 
of  light. The recording is characterized by a negative wave-
form (a-wave) that represents the response of  the photore-
ceptors and a positive waveform (b-wave) that is generated 
by a combination of  cells including the Mueller and bipolar 
cells. The ERG is recorded under scotopic and photopic condi-
tions to isolate the rod and cone responses. The cone-mediated 
response (photopic) is obtained by keeping the patient light-
adapted and using a bright flash to evoke the response. In 
this setting the rods are bleached and do not contribute to 
the waveform. The rod-mediated response (scotopic) is recorded 
after a prolonged period of  dark adaptation and evoked with 
a dim light that is below the threshold of  the cones. The 
a-wave is greatly reduced in scotopic conditions. Cone responses 
can also be isolated using a flickering light (30 cycles/second) 
since the rods cannot respond at that rate. While full-field 
ERG is helpful for detection of  diffuse retinal disease, multifo-
cal ERG can be used to detect subtle or more localized macular 
or perimacular retinal dysfunction.

Despite extensive evaluation, it may be impossible to local-
ize the cause of  the patient’s vision loss. In this setting it is 
important to consider the possibility of  nonorganic or func-
tional vision loss. When doubt exists about the cause of  the 
visual loss, one should consider screening the patient for the 
treatable causes of  optic nerve dysfunction, including mass 
lesions, infections, and nutritional processes.

Maculopathies That May Mimic 
Optic Neuropathy

The vast majority of  patients with macular disease have 
obvious findings on examination, although in subtle cases 
ancillary testing such as OCT and FA may need to be per-
formed (Figs. 4.3–4.6). These conditions are listed in  
Box 4.1 and summarized in the following sections.

considered a positive result. Patients with optic neuropathy 
will not have a prolonged recovery time after photostress.

The presence of  an afferent pupillary defect (APD) also 
strongly suggests the presence of  optic nerve disease, although 
widespread and asymmetric retinal dysfunction can give rise 
to an APD as well. In addition, visual field testing may be 
useful in distinguishing optic neuropathies and maculopa-
thies. Both entities may be associated with central or cen-
trocecal scotomas, although the presence of  the latter field 
deficit favors optic nerve disease. Midperipheral, ring-type 
scotomas are typical of  retinal dysfunction, but blind spot 
enlargement can be seen in either. Optic nerve–type field 
defects are reviewed in Chapter 5, and they usually assume 
characteristic patterns that respect the organization of  the 
nerve fiber bundles. However, on automated visual field 
testing, both optic nerve and retinal disease may produce 
generalized depression of  the visual field, which does not 
distinguish between the two conditions.

Ophthalmoscopic examination of  the optic nerve and 
macula is key to distinguishing optic neuropathies from 
maculopathies. In general, abnormalities will be identified 
in almost all patients with significant macular or optic nerve 
disease. Macular lesions that produce subretinal fluid, exu-
dates, pigmentary changes, atrophy, or hemorrhage are 
usually visible on fundus examination. Optic nerve atrophy 
with or without nerve fiber layer dropout can also be observed 
on ophthalmoscopy, particularly when using the green filter 
light and by OCT. Significant overlap may exist in the early 
phases of  an optic neuropathy when pallor has not yet devel-
oped or in the later phases of  retinal disease when mild optic 
disc pallor may be associated with widespread retinal disease.

ANCILLARY TESTING

In some patients in whom it is difficult to distinguish between 
optic nerve and retinal disease due to ocular media distur-
bance or various other comorbidities, spectral domain (SD)–
OCT is a useful noninvasive imaging technique that provides 
high resolution cross-sectional images of  the retina, the 
retinal nerve fiber layer and the optic nerve head by using 
low coherence interferometry. With axial resolution in the 
5–7 µm range, the various layers of  the retina can be resolved 
(Fig. 4.2), and pathologies such as retinal edema, macular 
hole, choroidal neovascularization, vitreoretinal interface 

Figure 4.2. Spectral domain ocular coherence tomography section of 
a normal human retina. See Fig. 5.10 for a diagram with labeling of the 
layers of the retina. 
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psychopharmacologic medications, systemic hypertension, 
and immune suppression in organ transplantation.5,6 The 
patient may complain of  sudden central visual loss, distortion, 
and metamorphopsia. On examination, there is reduced visual 
acuity and a central scotoma on visual field testing. An affer-
ent pupil defect is usually not seen. The diagnosis is established 
ophthalmoscopically, and OCT and FA may demonstrate a 

CENTRAL SEROUS CHORIORETINOPATHY

Central serous chorioretinopathy (CSCR) results from abnormal 
leakage of  fluid from the RPE into the subretinal spaces. It is 
a disorder that often affects young men, classically those with 
“type A” personalities, and women during pregnancy.3,4 Other 
etiologies associated with CSCR include use of  systemic steroids, 

C

B
A

Figure 4.3. Spectral domain optical coherence tomography of common maculopathies encountered in the differential diagnosis of central vision loss. 
A. Lamellar macular hole (arrow), a partial thickness defect resulting from cystoid macular edema. B. Full-thickness macular hole; arrows denote the 
edges of the hole in the sensory retina. C. Vitreomacular traction causing disruption of the inner retinal layers (arrows). Also see Figs. 4.4 and 4.5. 

BA

Figure 4.4. A. Fundus photograph of the left eye of a patient with central serous retinopathy. The arrows delineate the circumference of the area of 
subretinal fluid and elevation. This view emphasizes how easily this condition can be missed when the posterior pole is examined with only a direct 
ophthalmoscope. B. Spectral domain optical coherence tomography image in a different patient demonstrating fluid (arrow) between the neurosensory 
retina and the retinal pigment epithelium. 
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complaint. Small, shallow central visual field defects are 
common, and some patients will struggle with the color 
plates, although they do not have true dyschromatopsia. 
CME may be “ophthalmoscopically occult.” In these cases, 
the thickening or elevation of  the macula may be very subtle, 
and the typical cysts may either be absent or difficult to see.

FA and OCT are usually very helpful in identifying patients 
with CME not recognized by ophthalmoscopy (see Fig. 4.5). 
However, patients with resolved CME but persisting reduced 
vision may be difficult to diagnose, because only mild pig-
mentary changes may be evident.

serous detachment of  the neurosensory retina, sometimes 
associated with serous RPE detachment (see Fig. 4.4). On the 
FA there is a single pinpoint leak that is identified at the level 
of  the RPE. Retrobulbar optic neuritis may be confused with 
CSCR when the ophthalmoscopic findings are subtle.

CYSTOID MACULAR EDEMA

CME most commonly occurs after cataract surgery but may 
present in ocular inflammatory disease, macular degenera-
tion, and diabetic retinopathy. Metamorphopsia is a common 

BA

Figure 4.5. A. Late-phase fluorescein angiography of cystoid macular edema demonstrating typical hyperfluorescent cystlike spaces in the macula in 
a petaloid pattern (arrow). B. From another patient, enhanced-depth spectral domain optical coherence tomography of cystoid macular edema with 
intraretinal cystic spaces (asterisk). 

BA

Figure 4.6. Fundus photographs of acute macular neuroretinopathy demonstrating subtle brownish discoloration of the retina. A. A comma-shaped 
area in the nasal parafoveal area (arrow) is seen. B. In another patient, a more striking petaloid, orange-brown lesion (arrow) is seen in the nasal para-
foveal retina. 
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En face SD-OCT also shows hyporeflective well-defined pet-
aloid lesions at the level of  the inner segment–outer segment 
junction.17 Multifocal ERG in such patients may be focally 
depressed.18 The pathologic process occurs in the outer retinal 
layers.13

The exact cause for this condition is unknown, although 
infectious immunologic and vascular etiologies have been 
proposed.13,19 About half  of  the patients show a variable 
degree of  improvement over time.12

Two other maculopathies commonly encountered in neuro-
ophthalmic differential diagnosis, cone dystrophies and toxic 
maculopathies, are also discussed in this chapter.

Retinal Vascular Emboli  
and Insufficiency

Retinal vascular insufficiency should be considered in the dif-
ferential diagnosis of  transient or permanent monocular visual 
loss. Emboli to the retinal vasculature, typically from the carotid 
artery bifurcation, are often the cause. Asymptomatic retinal 
emboli are also commonly detected during ophthalmoscopy. 
In patients with either transient or permanent vision loss 
suspected to be the result of  retinal vascular insufficiency or 
visible emboli on examination, a workup for either a carotid 
or cardiac source of  emboli must be pursued. This testing is 
detailed in Chapter 10 and usually includes a noninvasive 
carotid evaluation with ultrasound or magnetic resonance 
imaging (MRI) angiography and echocardiography. In younger 
patients or patients with unexplained recurrent symptoms or 
findings the workup can be expanded to include transesopha-
geal echocardiography, a hematologic workup for hyperco-
agulable state, and occasionally conventional angiography.

RETINAL EMBOLI

Types. There are three main types of  retinal emboli: cholesterol, 
calcific, and platelet–fibrin.20–22 Other more rare types of  emboli 
include those composed of  amniotic fluid, bacteria, parasites, 
metastatic tumors, fat, air, and talc. These types of  emboli are 
recognized within their specific settings (i.e., talc with intra-
venous drug abuse and bacterial with endocarditis).

Cholesterol emboli (Hollenhorst plaques23), seen as gold-
colored refractile bodies (Fig. 4.7), are the most common 
and lodge at bifurcations of  the retinal vessels in the temporal 
retinal circulation. Platelet–fibrin emboli are gray and form 
castlike elongated opacifications in retinal vessels (Fig. 4.8). 
These emboli may follow acute carotid thrombosis or more 
rarely myocardial infarction. Calcific emboli are large, globoid, 
and white (Fig. 4.9) and occur in the setting of  cardiac val-
vular disease24 but may also originate from a carotid source.

Prevalence and Associations. The prevalence of  retinal 
emboli in various populations has been reported to be approxi-
mately 0.9–3%.25,26 They are more common in men, and 
their prevalence increases with age. Retinal emboli are asso-
ciated with hypertension, smoking, vascular disease, and 
previous surgery.26,27

Carotid Disease. The presence of  significant carotid ste-
nosis (>75%) in patients with retinal emboli is approximately 
20% in either asymptomatic or symptomatic patients.28,29 
In patients with retinal arterial occlusion, the presence of  
a retinal embolus does not predict a higher degree of  

DIABETIC ISCHEMIC MACULOPATHY

Macular edema is responsible for central vision loss in most 
patients with diabetic retinopathy. However, diabetic macu-
lopathy, which may be associated with either nonproliferative 
or proliferative retinopathy, can be of  exudative or ischemic 
types. Closure of  retinal capillaries is an early microvascular 
manifestation of  diabetic retinopathy. Fortunately, this is 
usually not associated with significant vision loss. However, 
if  the closure involves the arterioles, and the foveal avascular 
zone increases to 1000 µm, then acuity loss is common.7 
Although this type of  vessel closure is easily identified on 
FA in the form of  capillary dropout, other ophthalmoscopic 
clues include large dark retinal hemorrhages, multiple cotton-
wool spots, and narrowed vessels.

The degree to which vision loss can be ascribed to this 
disorder may not correspond to the extent of  ophthalmoscopic 
findings, and commonly there are confounding factors. 
Patients with advanced diabetic retinopathy and vision loss 
may exhibit mild optic atrophy and pigmentary changes. 
The visual field loss that may occur after panretinal photo-
coagulation also complicates the clinical picture. The full-field 
and multifocal ERG may be useful in identifying retinal dys-
function in patients with diabetic retinopathy.8,9 When 
unusual types of  visual field defects are encountered, such 
as altitudinal defects or those respecting the vertical midline, 
it is mandatory that alternative causes be considered, espe-
cially compressive optic nerve or chiasmal lesions.

ACUTE MACULAR NEURORETINOPATHY

Acute macular neuroretinopathy (AMN) is a rare condition 
characterized by dark wedge-shaped intraretinal lesions 
pointing to the fovea; it is most common in young women 
taking oral contraceptives.10–12 The majority of  affected 
patients are females who present with an acute onset of  
photopsias, black spots, and blurred vision, often preceded 
by a viral illness.11–13 These patients have tiny, often multifo-
cal, discrete central transient or permanent visual field defects 
that are apparent only on Amsler grid testing. These subtle 
lesions can often be missed, and if  there is a central scotoma 
these patients can often be misdiagnosed as having retro-
bulbar optic neuritis.14 Scotomas correlate with an orange-
brown, wedge-shaped, petaloid, retinal lesion seen on 
ophthalmoscopy (see Fig. 4.6). SD-OCT findings in AMN13,15 
reveal a transient hyperreflective band in the outer nuclear 
and outer plexiform layers followed by thinning of  the outer 
nuclear layer and disruption of  outer segments and RPE.12,13,16 

Box 4.1 Common Maculopathies That May 
Mimic Optic Neuropathies

Acute macular neuroretinopathy
Central serous maculopathy
Choroidal ischemia
Cone dystrophy
Cystoid macular edema
Diabetic macular ischemia
Idiopathic blind spot enlargement syndrome
Stargardt disease
Toxic maculopathies
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Transesophageal echocardiography is superior to transtho-
racic echocardiography and should be obtained when there 
is a high index of  suspicion for an embolic process.33

Associated Morbidity and Mortality. Cholesterol and 
platelet–fibrin emboli are associated with an increased risk 
for stroke,25 myocardial infarction,34 and, as a result, reduced 
life expectancy.20

stenosis.30 Asymptomatic patients with retinal emboli and 
carotid stenosis may in some cases benefit from carotid end-
arterectomy.31 However, the decision for surgery should be 
made on an individual basis, because surgery for asymp-
tomatic carotid stenosis is controversial (see Chapter 10).

Cardiac Disease. In patients with retinal emboli or vessel 
occlusions, echocardiography may identify a cardiac source.32 

BA

Figure 4.7. Cholesterol emboli. A. Hollenhorst plaque (arrow) at a bifurcation of a temporal retinal artery. These emboli typically have a shiny, yellow, 
refractile appearance. There is no corresponding retinal infarction in this case. B. In another patient, multiple retinal emboli (shiny yellow lesions in 
the retinal vasculature) caused areas of retinal infarction characterized by retinal edema and whitening. 

BA

Figure 4.8. Platelet–fibrin emboli in retinal arteries. A. Note the yellow-gray, elongated, castlike nature of the emboli (straight arrows) within the retinal 
arteries. A twig branch retinal artery occlusion (curved arrow) is seen distal to the involved artery. B. A platelet–fibrin embolus (arrow) without associ-
ated retinal infarction. 
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visible emboli in up to 20% of  patients,41 but BRAO has a 
higher rate, approaching 60– 70%.42 However, the absence 
of  visible retinal embolus does not rule out an embolic cause 
for retinal artery occlusion since the embolus can migrate 
and disintegrate by the time the eye is examined.43 More 
recent evidence points to the presence of  internal carotid 
artery plaques proximal to the origin of  the ophthalmic artery 
as the source of  retinal emboli in 40% of  patients with 
CRAO.44 Other mechanisms of  retinal vascular occlusion 
besides emboli include local thrombosis, hypercoagulability,45 
vasculitis (especially temporal arteritis), vasospasm and 
hypoperfusion due to stenosis or occlusion of  the internal 
carotid artery, severe shock, hemodialysis, “spasm” of  the 
central retinal artery, and orthostatic hypotension. Rarely 
CRAO can result from a rise in intraocular pressure from 
orbital swelling, neovascular glaucoma, or angle-closure 
glaucoma.46 Although the frequency of  operable carotid 
stenosis ipsilateral to a CRAO or BRAO varies from series to 
series, approximately 30–40% of  patients will have >60% 
ipsilateral carotid stenosis.47 Workup involves evaluation of  
carotid vasculature and echocardiogram to exclude an 
embolic source.

Central retinal artery occlusion. An acute CRAO is a 
true emergency because the potential to restore vision may 
exist for a few hours. Since there are no ganglion cell axons 
overlying the fovea, ophthalmoscopy reveals a foveal cherry-
red spot that results from the deep reddish color of  the choroid 
showing through the surrounding whitened and opacified 
retina (Fig. 4.10). Ophthalmoscopic findings in CRAO include 
retinal opacity in the posterior pole (58%), cherry-red spot 
(90%), box-caring in retinal vessels (19%), retinal arterial 
attenuation (32%), visible emboli (20%), optic disc edema 
(22%), and pallor (39%).48 With the advent of  SD-OCT 
imaging, the extent of  retinal ischemia can be precisely local-
ized to the superficial and/or deep retinal capillary plexuses.49 
The superficial capillary plexus resides in the ganglion cell 
layer, and ischemia involving this layer usually presents clini-
cally as a fluffy “cotton-wool spot” in the acute phase.50 The 
intermediate and deep capillary plexuses reside in the inner 
and outer border zone of  the inner nuclear layer and are 
seen as a deeper gray-white lesion in the acute phase of  
retinal ischemia.49 During the chronic phase of  a CRAO, a 
decrease in reflectivity and thinning of  the inner retina has 
been observed.49,51

The prognosis for visual improvement after CRAO is poor 
even with interventions such as paracentesis, inhalation of  
carbogen (95% oxygen, 5% carbon dioxide) for vasodilation 
and increased blood flow, lowering intraocular pressure with 
various drugs, and ocular massage. Hayreh and colleagues52 
have shown, in an experimental monkey model, that the 
retina may survive as long as 97 minutes with CRAO but 
after that damage increases with time; after 4 hours there 
is profound irreversible damage. This suggests a narrow but 
realistic time frame for intervention with clot lysis.

Surgical embolectomy has been shown to improve vision 
in some published case reports,53,54 although other studies 
have not shown effectiveness.55,56 Hayreh and Zimmerman57 
emphasized that the prognosis varies significantly depending 
on whether there was cilioretinal artery sparing and whether 
reperfusion occurs, noting that, in Hayreh’s personal series 
of  244 patients, 50% had a residual peripheral island of  
vision while two-thirds of  patients (particularly those with 

CLINICAL PRESENTATIONS OF RETINAL 
VASCULAR INSUFFICIENCY

Amaurosis Fugax. Amaurosis fugax (AF), or “fleeting” or 
transient monocular blindness, is usually sudden and is often 
described as a shade or curtain that obscures vision in one 
eye (see further discussion in Chapter 10).35 Visual loss may 
be altitudinal, peripheral, central, or even vertical. As opposed 
to migrainous episodes of  transient vision loss, there usually 
are no photopsias or positive visual phenomena. Most epi-
sodes last 10 minutes or less and are painless.

Carotid or cardiac sources of  emboli should be considered 
with typical AF. A nasal visual field defect may suggest an 
embolic mechanism because of  the tendency of  these  
particles to lodge in the temporal retinal circulation. Some 
emboli lodge behind the lamina cribrosa and are not visible. 
Others that enter the retinal circulation break up and pass 
distally.

AF is associated with an increased risk of  a large vessel 
stroke on the ipsilateral side.36 Other rare causes of  AF and 
retinal vascular occlusions include antiphospholipid antibody 
syndrome (APS; see later discussion).37 APS is most common 
in patients with lupus and can lead to AF even in children.38 
Heritable thrombophilia (factor V Leiden mutation), low 
protein S, high factor VIII, resistance to activated protein C, 
and the methylenetetrahydrofolate reductase (MTHFR) muta-
tion may be identified in patients with AF and no other iden-
tifiable etiology (carotid or cardiac source).39

Retinal artery occlusion. Permanent vascular disruption 
may cause a central retinal artery occlusion (CRAO) or branch 
retinal artery occlusion (BRAO). Affected patients have a 
higher prevalence of  diabetes mellitus, hypertension, ische-
mic heart disease, and cerebrovascular accidents.40 Carotid 
artery disease causing a retinal embolism is the most common 
cause for retinal artery occlusion, followed by aortic arch 
atheroma and cardiac emboli. CRAO can be associated with 

Figure 4.9. Calcific embolus of the inferotemporal retinal artery in a 
patient with a bicuspid aortic valve. The embolus (white arrow), which 
has a large, globoid, gray appearance, caused a branch retinal artery 
occlusion with retinal whitening (black arrows). 
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Figure 4.10. Central and branch retinal artery occlusions. Cherry-red spots from a central retinal artery occlusion can have a varied appearance depend-
ing on the time elapsed from the occlusion and the patient’s pigmentation. A. A cherry-red spot (arrow) with extensive area of whitening around an 
area of cilioretinal sparing (asterisk). B. Cherry-red spot (asterisk) surrounded by diffuse retinal whitening (arrows). The deep pigmentation superior to 
the macula is incidental. C. Superior branch retinal artery occlusion in a 14-year-old boy. There is a partial cherry-red spot. Extensive retinal whitening 
and swelling is seen, and the optic nerve also appears slightly swollen. D. Superior branch retinal artery occlusion with retinal whitening along the 
affected artery. This patient had temporal arteritis, and there is simultaneous swelling of the disc from ischemic optic neuropathy. E. In another patient, 
spectral domain optical coherence tomography showing obliteration of inner and outer retinal layers and inner retinal swelling (arrow) because of a 
branch retinal artery occlusion. 
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cilioretinal arteries and transient CRAO) had significant 
improvement. Approximately 2.5–20% of  patients develop 
iris neovascularization.40,58

Intraarterial fibrinolysis by administering urokinase or 
recombinant tissue plasminogen activator in the ophthalmic 
artery has been used with some success in patients with 
CRAO,59–61 but multicenter, prospective data demonstrating 
their efficacy are lacking.62–64

Branch retinal artery occlusion. Patients with BRAO 
similarly represent a heterogeneous group. Ophthalmoscopy 
reveals retinal whitening involving a section of  retina with 
a partial cherry-red spot (see Fig. 4.10). Nearly all BRAOs 
involve the temporal retinal arteries.43 Workup for carotid 
and cardiac sources of  emboli should be pursued in patients 
with BRAO as well. BRAO has also been described in a variety 
of  other conditions, including infectious retinopathies (toxo-
plasmosis, cat scratch disease), carotid dissection,65 APS, 
protein S deficiency,66 Susac syndrome,67–69 temporal arte-
ritis,70 and the presence of  anticardiolipin antibody71 and 
lupus anticoagulants.72 One study suggested that the presence 
of  a visible embolus and BRAO were factors correlated with 
a significantly worse survival than age-matched controls.73 
As in the management of  CRAO, aggressive maneuvers to 
move the embolus by lowering intraocular pressure and using 
vasodilators have no proven benefit.42 OCT in BRAO reveals 
inner retinal thickening, often extending from the internal 
limiting membrane to the inner nuclear layer (Fig. 4.10e).74

Cilioretinal artery occlusions. Similar embolic events 
can lead to the obstruction of  the cilioretinal artery. If  present, 
a cilioretinal artery can protect central vision when CRAO 
occurs. Isolated cilioretinal artery occlusions can occur as 
well with loss of  central vision and preservation of  peripheral 
vision.75 Cilioretinal artery occlusions have also been described 
in systemic lupus erythematosus,76 temporal arteritis,77 
carotid artery dissection,78 antiphospholipid syndromes,79,80 
as a complication of  embolization of  central nervous system 
(CNS) lesions81 and laser refractive surgery,82 sickle cell 
disease,83 and in association with CRVO in young patients 
(Fig. 4.11).84,85

Ocular ischemic syndrome. Hypoperfusion and subse-
quent ischemia of  the globe associated with severe carotid 
disease may produce a variety of  signs involving the posterior 
and anterior segments of  the eye.86,87 Patients may present 
with AF or gradual or sudden loss of  vision.86 A venous 
stasis retinopathy characterized by midperipheral dot and 
blot hemorrhages may occur (see Fig. 10.3).86,87 Optic nerve 
disc swelling is typically not seen until the very late stages 
of  posterior segment ischemia. FA may reveal delayed retinal 
and choroidal perfusion.88 The vascular occlusion is typically 
either in the ipsilateral internal carotid89 or a more distal 
occlusion occurs in the ophthalmic artery. Severe ocular 
ischemia may also be caused by a carotid dissection or tem-
poral or Takayasu arteritis,90–93 by fibromuscular dysplasia,94 
by Behçet disease,95 as a complication after intravitreal anti–
vascular endothelial growth factor (VEGF) injections,96 and 
by radiotherapy for nasopharyngeal carcinoma.87,97 Other 
manifestations of  this condition are discussed in more detail 
in Chapter 10.

Cotton-wool spots. Cotton-wool spots (Fig. 4.12) are well-
recognized markers of  retinal ischemia and can be seen in 
isolation or in association with several disease states such 
as diabetic and hypertensive retinopathy, in association with 

Figure 4.11. Nonischemic central retinal vein occlusion in a young man 
complicated by cilioretinal artery (arrow) occlusion. Retinal whitening 
is seen extending around the affected cilioretinal artery. Visual acuity 
was normal, but there was a dense superior paracentral scotoma. 

Figure 4.12. Fundus photograph showing a cotton-wool spot (arrow) 
in the superotemporal arcade. 

retinal arteriolar or venous occlusions and Purtscher retino-
pathy. OCT of  cotton-wool spots can reveal thickening and 
hyperreflectivity of  the inner retinal layers.74

RETINAL MICROVASCULAR DISEASE  
AND ASSOCIATIONS

The presence of  other retinal vascular abnormalities such 
as microaneurysms, arteriolar narrowing, and hemorrhages 
may be predictive of  or associated with neurologic disease 
such as lacunar infarcts and small vessel ischemic disease.98,99 
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of  retinal veins, retinal edema, and intraretinal hemorrhages 
extending away from the disc into all four quadrants. CRVO 
can present with or without disc edema, depending on the 
position of  the occlusion (Fig. 4.13). The presence of  disc 
edema is associated with younger age, better visual function, 
and less likelihood of  vascular nonperfusion, suggesting 
occlusion behind the lamina cribrosa.104

CRVOs are divided into two categories, ischemic and non-
ischemic, based on the degree of  vision loss and the amount 
of  capillary nonperfusion on FA. Nonischemic vein occlusions 
reveal a well-perfused retina on FA. Patients with ischemic 
CRVO are more likely to have poor vision at presentation 
(including an APD), develop rubeosis, and require treatment 
with panretinal photocoagulation. FA will reveal severe capil-
lary nonperfusion.

The mechanism of  CRVO is believed to be thrombosis of  
the central retinal vein that causes a marked increase in 
retinal venous pressure leading to rupture of  capillaries, 
retinal hemorrhages, and ischemia resulting from a decrease 
in retinal arterial perfusion pressure. Both ocular and sys-
temic conditions have been associated with CRVO, including 
glaucoma, retrobulbar compressive and infiltrative lesions 
such as neoplasm, systemic hypertension, hyperlipidemia, 
diabetes, cardiovascular disease, and smoking.105–108

The main cause of  vision loss in retinal vein occlusions 
is macular edema. In those with nonischemic CRVO, 34% 
convert to an ischemic form with further visual acuity 
decline.103 Moreover, retinal neovascularization and neovas-
cular glaucoma are common vision-threatening sequelae of  
CRVO. Panretinal photocoagulation of  an ischemic retina 
is indicated in CRVO when there is retinal neovasculariza-
tion.109 VEGF inhibitors and steroids are now commonly 
used to treat macular edema secondary to retinal vein  
occlusion.110–112

In addition, migraine and other headache patients are more 
likely to have retinal microvascular abnormalities such as 
narrowing and arteriovenous nicking and cotton-wool 
spots.100

Recent evidence indicates that acute retinal arterial ische-
mia (both transient and permanent) is often associated with 
cerebral ischemia.101 In 129 patients who presented with 
symptoms of  retinal ischemia, one-fourth had acute brain 
infarctions on diffusion-weighted MRI. The occurrence of  
brain lesions was higher in embolic versus nonembolic retinal 
ischemia (28% vs 8%) and higher in those with permanent 
visual loss versus retinal transient ischemic attack (33% vs 
18%).101 The brain infarctions were small and multiple and 
often asymptomatic.102 This has led to the recommendation 
that patients with visual loss resulting from a retinal ische-
mic event should be managed with the same urgency as 
those presenting with cerebral ischemia.102

RETINAL VENOUS OCCLUSION

Occlusive disease of  the retinal venous system (branch and 
CRVO) does not result from carotid disease and is not usually 
associated with optic neuropathy or other neurologic disease. 
However, retinal vein occlusion is the second most common 
retinal vascular disorder, after diabetic retinopathy. It causes 
acute vision loss, photopsia, optic nerve swelling, cotton-wool 
spots, and retinal hemorrhages and therefore is an important 
condition to consider in neuro-ophthalmic differential diag-
nosis of  monocular visual acuity and field loss.103 Retinal 
vein occlusion may also be associated with systemic disorders 
such as hypertension, connective tissue abnormalities, and 
hypercoagulability.

Central retinal vein occlusion. Acute CRVO has a char-
acteristic and dramatic appearance of  tortuosity and dilation 

BA

Figure 4.13. Examples of central retinal vein occlusion (CRVO). A. Optic disc edema (arrow) and four-quadrant extensive intraretinal hemorrhages 
from CRVO. B. CRVO with intraretinal hemorrhages in the nerve fiber layer but without disc edema. 
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retinopathy (MAR); diffuse uveal melanocytic proliferation 
(DUMP); and paraneoplastic ganglion cell neuronopathy 
(PGCN).

Despite some fairly characteristic complaints and exami-
nation findings, the diagnosis of  PR is rarely made at pre-
sentation, and a high index of  suspicion is needed, especially 
when symptoms develop before the diagnosis of  primary 
malignancy.

Symptoms, signs, and electroretinography. Patients 
usually report a subacute onset of  decreased vision or a 
halo of  missing peripheral vision along with photopsias 
(flashing lights) or other positive visual phenomena. Dif-
ferences in symptoms among the various entities corre-
late with the degree to which the rods versus cones are  
affected.

Visual acuity ranges from normal to markedly reduced 
with dyschromatopsia and prolonged photostress recovery 
time. An afferent pupil defect may be evident in cases with 
asymmetric retinal involvement. Midperipheral scotomas 
may develop (Fig. 4.14). As the retinal degeneration evolves, 
the paracentral defects eventually connect to form a classic 
ring scotoma. Since the visual field defects result from retinal 
dysfunction, the “arcuate-type” defects typically do not respect 
the horizontal meridian. The outer retina does not have an 
anatomic demarcation along the horizontal meridian like 
the nerve fiber layer.

In general, there is usually a paucity of  ocular findings 
compared with the symptoms and level of  visual dysfunction. 
However, ocular examination may reveal a mild vitritis,122 
vascular attenuation,123 and CME.124 Other findings described 
in these patients include optic disc pallor, granularity of  the 
RPE, and peripheral retinal pigmentation, although these 
changes can be subtle.125

The diagnosis of  PR is strongly suggested when the ERG 
shows evidence of  diffuse retinal dysfunction in a patient 
with relatively subacute visual loss. The ERG varies in PR 
depending on the particular syndrome. It is important to 
differentiate these syndromes from non–cancer-related 
autoimmune entities such as autoimmune-related retinopathy 
and optic neuropathy (ARRON) and acute zonal occult outer 
retinopathy (AZOOR), which are likely more common and 
are discussed later.

Each subtype has several distinguishing signs and  
symptoms, ERG features, and systemic associations (see  
Table 4.2).

Cancer-associated retinopathy. CAR is the most common of  
ocular paraneoplastic syndromes, with an average age of  
onset of  65 years and females being twice as likely to be 
affected as males.119,126 Affected individuals typically present 
with painless vision loss that progresses over weeks to months 
and precedes the diagnosis of  underlying malignancy in 
nearly half  of  patients.119 The tumors most commonly asso-
ciated with CAR are breast cancer and small cell lung cancer; 
gynecologic (ovarian, endometrial, and cervical), hematologic, 
prostate, and colon cancer are less common.127–130 Visual 
symptoms reflect both rod and cone dysfunction and include 
photosensitivity, photopsias, decreased central vision, and 
dyschromatopsia. The presence of  night blindness, impaired 
dark adaptation, and ring scotomas indicates rod dysfunc-
tion.122,131 Visual field defects in CAR can manifest as gen-
eralized depression or central, paracentral, arcuate, or ring 
scotomas.132

Branch retinal vein occlusion. In branch retinal vein 
occlusion (BRVO) the findings of  venous insufficiency develop 
in just a portion of  the retina. Such occlusions tend to occur 
at the point where a retinal artery and vein cross and share 
a common adventitia.113 The retinal findings typically occur 
in the superotemporal quadrant in an arcuate pattern of  
hemorrhages, cotton-wool spots, hard exudates, dilated tor-
tuous veins, and retinal edema. Hypertension, hyperlipidemia, 
diabetes mellitus, thrombophilia, hypercoagulation, systemic 
and inflammatory diseases, male gender, medications, and 
ocular conditions such as glaucoma and hyperopia are all 
risk factors for BRVO.114,115 BRVOs may be complicated by 
macular edema and/or ischemia, which may result in central 
vision loss. Treatment modalities for macular edema in BRVO 
include grid laser photocoagulation,116 intravitreal injections 
of  steroids, and VEGF inhibitors.110,117,118

Photoreceptor  
Disorders Important in 
Neuro-Ophthalmology: 
Paraneoplastic Retinopathy and 
the Acute Outer Retinopathies

Paraneoplastic retinopathy (PR) and the acute outer reti-
nopathies are two subacute autoimmune outer retinal dis-
orders (photoreceptor dysfunction) with a normal or minimally 
abnormal ophthalmoscopic appearance that clinically may 
mimic optic neuropathies. Retinal symptoms (photopsias) 
and retinal signs (midperipheral field defects or enlargement 
of  the blind spot) occur in PR and in acute outer retinopathies 
and are important clues to their diagnosis.

PARANEOPLASTIC RETINOPATHY

Primary malignancies and secondary tumors (metastatic 
and direct extension from adjacent structures) may produce 
vision loss by displacement, invasion, or compression of  
ocular tissues. Paraneoplastic syndromes are combinations 
of  signs and symptoms in patients with cancer, resulting 
from tissue dysfunction that occurs remotely from the site 
of  primary malignancy or its metastases.119,120 Most para-
neoplastic syndromes result from hormone production by 
the tumor such as Cushing syndrome, syndrome of  inap-
propriate antidiuretic hormone secretion, and hypercalcemia 
related to parathyroid hormone–related protein. Others are 
believed to involve immune-mediated cross-reactivity between 
tumor antigens and normal host tissues (e.g., Lambert–Eaton 
myasthenic syndrome, opsoclonus–myoclonus syndrome, 
and cerebellar degeneration). Paraneoplastic syndromes 
involving the eye and CNS are rare and occur in 0.01% of  
individuals.120

Sawyer et al.121 were the first to recognize the unusual  
features of  a retinopathy occurring as a remote effect of  
cancer. The clinical features of  the paraneoplastic retinopa-
thies are summarized in Table 4.2. This broader term encom-
passes several distinct entities, including cancer-associated 
retinopathy (CAR), which is the most common; cancer-
associated cone dysfunction (CACD); melanoma-associated 
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antigens have since been identified, including α-enolase 
(46-kDA)142,143; transducin-α, a 70-kDa, heat shock cognate 
(hsc) protein144; the photoreceptor nuclear receptor145; neuro-
filaments146; and transient receptor–potential cation channel, 
subfamily M, member 1 (TRMP1),147,148 suggesting that CAR 
is a heterogeneous group of  autoimmune conditions rather 
than a single entity. Autoantibodies against TRMP1 have 
been identified in small cell lung cancer,149 ovarian cancer,150 
and melanoma.151

Although antiretinal antibodies also can be found in normal 
patients, higher titers are seen in those with retinopathy and 
in many systemic and ocular conditions such as retinitis 
pigmentosa (RP), Vogt–Koyanagi–Harada (VKH) disease, 
Behçet disease, sympathetic ophthalmia, diabetic retinopathy, 
and age-related macular degeneration. Molecular mimicry 
underlies development of  CAR. Presumably, antibodies are 
formed as part of  an autoimmune reaction to tumor antigens. 
These antigens cross-react with retinal antigens because of  
shared epitopes (antigenic mimicry). Tumor necrosis can 
expose antigens to immunologic surveillance and result in 
antibody production.

The exact mechanism by which the antibody-recoverin 
molecule complex causes cell death is unknown. An effect 
on energy production seems likely since the classic immune-
mediated form of  destruction that includes lymphocytic cel-
lular infiltration is not observed in most cases. Outer retinal 
involvement on both histopathology and immunohistochem-
istry supports the theory that these antibodies have a role 
in the pathogenesis of  the disease.

Although there is no effective therapy for CAR, long-term 
immunosuppression remains the mainstay of  therapy. 

The fundus examination may be normal initially, although 
optic nerve pallor, retinal arteriolar attenuation, and retinal 
pigment epithelial mottling are observed later in the disease 
course. A subtle vitritis may be present in some cases. 
SD-OCT shows findings of  retinal degenerative changes, 
especially in the outer retina, including macular atrophy, 
thinning of  the photoreceptor layer, and loss of  the inner 
segment–outer segment junction.133,134 On FAF a parafo-
veal ring of  hyperfluorescence may be seen correspond-
ing to loss of  RPE function and accumulation of  metabolic  
byproducts.135

The ERG in CAR shows diffuse retinal dysfunction with 
severely reduced scotopic and photopic a- and b-waves early 
in the disease course even when the fundus examination is 
entirely normal.136

Several reports have described the histopathologic findings 
in CAR.121,131,137–139 As expected, loss of  photoreceptor inner 
and outer segments occurred in each case. The degree of  
macular involvement is variable, and in general there is more 
rod than cone involvement.131 Outer nuclear cell loss and 
the presence of  inflammatory infiltrates are other notable 
features. The inner nuclear layer (ganglion cells) is spared. 
In areas of  photoreceptor loss, scattered melanophages and 
disruption of  the RPE have been observed.

Keltner and associates137,140 were the first to propose an 
autoimmune pathogenesis in CAR by demonstrating an anti-
retinal antibody in a patient with cervical carcinoma in 1983. 
This antibody, called recoverin, reacted with photoreceptors 
from a normal human retina and was later identified as 
binding 23-kDa CAR antigen by enzyme-linked immuno-
sorbent assay and Western blot testing.140,141 Over 20 other 

Table 4.2 Clinical Features of Paraneoplastic Syndromes

Disorder Pathogenesis Clinical Manifestations and Course

Cancer-associated 
retinopathy (CAR)

Antibodies to 23-kDa antigen believed 
to be recoverin; other antibodies 
found, sometimes unknown

Subacute onset of photopsia and progressive visual field loss 
beginning as midperipheral scotoma

Mild vitritis, narrowed retinal vessels
Relentlessly progressive
Diffuse loss of ERG
Steroids may be helpful

Melanoma-associated 
retinopathy (MAR)

Antibodies to retinal bipolar cells in 
patients with metastatic melanoma

Onset of night blindness and dark adaption difficulties
May have fixed nonprogressive defect
ERG shows rod dysfunction (scotopic b-wave) and normal 

cone function
ERG similar to congenital stationary night blindness

Paraneoplastic ganglion cell 
neuronopathy (PGCN)

Antibodies to retinal ganglion cells
Immune deposits in the retina

Bilateral progressive loss of vision
May have optic disc swelling
Abnormal immunoglobulin levels in CSF
Optic nerve demyelination may occur

Cancer-associated cone 
dysfunction (CACD)

Antibodies to CAR antigen and 50-kDa 
protein

Subacute onset of glare or photosensitivity
ERG shows cone dysfunction with preservation of rod function

Loss of cones in macula Loss of color vision; central scotomas
Infiltration by macrophages

Diffuse uveal melanocytic 
proliferation (DUMP)

Develops in women with reproductive 
tract cancers and men with cancers 
in the retroperitoneal area

Bilateral subacute vision loss
Primary tumor may not be known
Subretinal proliferation of pigmentary cells and yellow-orange 

lesions at level of retinal pigmented epithelium (RPE)

CSF, cerebrospinal fluid; ERG, electroretinogram.
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symptoms are caused by loss of  cones in the macula.159 Anti-
bodies to 23-kDA, 40-kDa and 50-kDa retinal proteins have 
been identified as pathologic.160,161

Melanoma-associated retinopathy. Most patients with MAR 
have an established diagnosis of  cutaneous melanoma and 
present uniformly with rod-mediated dysfunction with shim-
mering photopsias, night blindness, and floaters.162–164 The 
presence of  MAR often heralds the onset of  nonocular 
metastases.165–167 Noncutaneous melanoma causing MAR 
is rare.

The average age at presentation of  MAR is in the 50s, 
with a latent period of  more than 3.5 years from diagnosis 
of  the melanoma to the onset of  MAR common.163 The male-
to-female ratio is 4.7 : 1.168 Visual acuity is better in MAR, 

Treatment of  underlying malignancy alone does not improve 
vision in most cases. Benefit has been reported with a com-
bination of  systemic corticosteroids,152,153 plasmapheresis,154 
and intravenous immunoglobulin.155 Monoclonal antibodies  
such as alemtuzumab and rituximab, targeting B cells,156,157 
have shown some efficacy. Recently improvement in visual 
function has also been reported with periocular steroid 
injections.124,158

Cancer-associated cone dysfunction. In contrast, patients with 
CACD may complain of  decreased acuity, dyschromatopsia, 
glare, photosensitivity, or reduced vision in bright light (hem-
eralopia), more suggestive of  cone dysfunction. CACD is 
characterized by an abnormal cone ERG. Patients typically 
have color vision loss and central scotomas. Signs and 
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Figure 4.14. Paraneoplastic and autoimmune retinopathy.  
A. Goldmann visual field of the left eye of a patient with cancer-
associated retinopathy. Photoreceptor dysfunction is manifested 
by midperipheral scotomas that do not respect the vertical or 
horizontal meridians. The scotomas are beyond 15 degrees of 
eccentricity. B. In another patient with autoimmune retinopathy 
but without a known cancer, computerized perimetry (Hum-
phrey 30–2) with the right eye demonstrates similar midpe-
ripheral scotomas (ring scotoma). Perimetry with the left eye 
was similar. C. In the same patient as in B, fundus autofluores-
cence of the right eye shows a ring of hyperfluorescence (arrows) 
representing breakdown products of retinal pigment epithelium 
surrounding the fovea. Findings in the left eye were similar. 
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of  patients with cancer presenting with demyelinating optic 
neuropathies without any evidence of  cancer spread to the 
optic nerve or meninges. One report noted the presence of  
immune deposits in the retina and diffuse ganglion cell loss 
on histopathologic evaluation.187

Paraneoplastic optic neuritis and retinitis. Because of  anti-
bodies to CV2/CRMP-5, paraneoplastic optic neuritis and 
retinitis is characterized more by an optic neuropathy than 
retinal disease and is therefore discussed in more detail in 
Chapter 5.

Diagnostic and prognostic role of  antiretinal anti-
bodies. In many patients the visual symptoms of  a para-
neoplastic retinal disorder may precede the systemic 
appearance of  cancer. In such cases other causes of  retinal 
dysfunction such as autoimmune nonparaneoplastic outer 
retinopathies, hereditary retinal degeneration, and toxic 
retinopathy must be ruled out. Testing for antiretinal anti-
bodies can be carried out to support the diagnosis, although 
this has its own challenges. The presence of  antiretinal anti-
bodies can be pathogenic or a normal unrelated finding.188 
Concordance between different laboratories for the detection 
rate of  antiretinal antibodies is about 36%, and it is recom-
mended that confirmation of  a positive result be obtained 
from two different laboratories.189 It is important to remember 
that diagnosis of  these disorders is based on clinical grounds 
and testing for antiretinal antibodies should be used to support 
the diagnosis of  CAR and MAR but should not be used in 
isolation as a diagnostic test. Autoantibodies against recoverin 
and α-enolase and rod transducin-α in CAR have been most 
widely studied and appear to be most specific and highly 
corroborative.188

Systemic evaluation. In individuals with suspected 
PR, a careful review of  the patient’s medical history and 
laboratory investigations should be undertaken to identify 
the underlying systemic malignancy. Approximately one-
half  of  the cases of  PR are diagnosed before the discovery 
of  the malignancy.131,190 Like many of  the other paraneo-
plastic syndromes, two-thirds of  patients with PR will have 
small cell carcinoma of  the lung, followed by gynecologic 
(ovarian, endometrial, and cervical), hematologic, pros-
tate, and colon cancer.127,134,191 Other associated tumors 
include cutaneous melanoma in MAR,163,166,192 breast car-
cinoma,123,191 and thymoma.193 Hematologic malignancies 
(leukemia, lymphoma, and myeloma) have also been linked  
to CAR.126,194

Differential diagnosis. PR must be distinguished from 
four broad categories of  anterior visual pathway disease 
which may occur in this setting, including conditions that 
appear clinically similar but are not associated with systemic 
malignancy, conditions secondary to direct spread of  tumor, 
toxic effects of  chemotherapy, and other paraneoplastic con-
ditions.195,196 Compressive or inflammatory lesions of  the 
anterior visual pathway must be considered in all instances 
of  subacute visual loss. Optic neuritis is a common misdi-
agnosis in patients ultimately shown to have PR.131,177 
However, optic neuritis and ischemic optic neuropathy can 
usually be excluded on clinical grounds. Less common  
causes of  subacute visual loss such as toxic, hereditary, and 
nutritional optic neuropathies should be considered and 
excluded based on historical and laboratory information. 
Ultimately, an abnormal ERG will distinguish PR from optic 
neuropathy.

with more than 80% of  patients having visual acuity of  
20/60 or better in Keltner’s series. There are associated dys-
chromatopsia and visual field defects (central scotomas, 
arcuate defects, and generalized constriction). The fundus 
appears normal in 50% of  patients, but optic disc pallor, 
retinal vessel attenuation, and vitritis may be evident in other 
patients.163 Unlike patients with CAR, patients with MAR 
typically do not experience the relentless progression to blind-
ness. OCT may be initially normal in MAR but may demon-
strate inner retinal thinning in the paramacular region.169

Patients with MAR have a highly specific ERG with absent 
b-waves under dark-adapted conditions and normal cone 
amplitudes, suggesting bipolar cell dysfunction.165,166,170,171 
Antibipolar cell antibodies are the defining marker for MAR.172 
More recently autoantibodies to transient receptor potential 
cation channel in patients with MAR have been identified. 
This protein resides on the optic nerve bipolar cells in the 
inner nuclear and outer plexiform layers.173 A distinct type 
of  MAR like retinopathy with associated detachments of  the 
RPE and neurosensory retina has been described and termed 
paraneoplastic vitelliform retinopathy.147,148,151,174 This is char-
acterized by multifocal shallow exudative retinal detachments 
and can result from metastatic melanoma or carcinoma.175 
Histopathology of  autopsied eyes has revealed an inner 
nuclear layer and outer plexiform layer involvement with 
thinning further providing evidence of  bipolar cell involve-
ment.151,176 In most cases the a- and b-wave amplitudes are 
markedly reduced. Progressive visual loss has been correlated 
with progressive reduction of  ERG amplitudes. Abnormal 
EOGs have also been reported.137,177 MAR antiretinal anti-
bodies have been found in the serum of  patients with mela-
noma but no clinical evidence of  MAR.178 Other patients 
with MAR may be asymptomatic despite abnormal perimetry 
and ERGs.164

The treatment for MAR is largely ineffective and is primar-
ily directed to decrease the tumor burden by surgery followed 
by immunotherapy.163,179,180

Bilateral diffuse uveal melanocytic proliferation. Bilateral 
DUMP manifests with subacute loss of  vision that often 
develops before diagnosis of  the primary neoplasm.181,182 The 
most common primary tumors associated with this syndrome 
are carcinoma of  the reproductive tract in women and cancers 
of  the retroperitoneal area and the lungs in men.183 Oph-
thalmoscopic examination reveals bilateral proliferation of  
subretinal pigment and yellow-orange lesions at the level of  
the RPE that appear hyperfluorescent on FA, diffuse choroidal 
thickening with focal elevated pigmented and nonpigmented 
uveal melanocytic tumors, serous retinal detachment, and 
rapidly progressing cataract formation.184 The fundus appear-
ance is akin to a “giraffe pattern,” with patches of  RPE atrophy 
surrounded by orange zones of  hypertrophied RPE.

The underlying mechanism of  bilateral DUMP appears to 
be proliferation of  uveal tract melanocytes, likely related to 
secretion of  melanocytic growth factors by tumor cells.183 
The serous retinal detachments may respond to systemic 
corticosteroids or radiation. Treatment of  the primary tumor 
may not alter the course of  the progressive visual loss. Two 
reports have advocated plasmapheresis with promising 
results.185,186

Paraneoplastic ganglion cell neuronopathy. PGCN is essentially 
a form of  paraneoplastic optic neuropathy. These conditions 
are discussed in Chapter 5. There have been scattered reports 
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enlarged blind spot, occasionally associated with mild disc 
swelling (Fig. 4.15). Peripapillary pigmentary changes are 
common (see Fig. 4.15).198 The field defects, which may be 
more easily detected with blue-on-white perimetry,201 gener-
ally have steep borders and can mimic the temporal visual 
field defects of  chiasmal disease (Fig. 4.16). Retinal pigment 
epithelial or choroidal abnormalities and disc staining on 
FA may be seen.202,203 Full-field ERGs are often normal, but 
focal and multifocal ERGs directed at the peripapillary retina 
are abnormal (Fig. 4.17).200,203–205 Photopsias tend to resolve 
over time, although in most patients the visual field defect 
persists.198

Multiple evanescent white dot syndrome. In 1984 
Jampol et al.206 and Takeda et al.207 described MEWDS. Jampol 
et al.206 reported 11 patients (10 women) with acute uni-
lateral vision loss, scotomas, and multiple evanescent white 
lesions at the level of  the RPE and/or choroid (Fig. 4.18). 
These disorders occur among young healthy women and 
are also seen in myopes. Reduced vision, photopsia, and 
scotomas are common, although visual field loss is more 
substantial than AZOOR. Early in the course small yellow-
white lesions appear at the posterior and peripheral  
outer retina–choroid and are associated with vitritis.  
Over time the lesions may appear punched out with pigmented 
borders.208 In MEWDS the deposits may fade away in several 
weeks.

Recent multimodal imaging including FAF, FA, indocyanine 
green angiography (ICGA), and B-scan enhanced-depth 
SD-OCT have helped to further elucidate the nature of  these 
lesions. It had been suggested that the initial lesion is located 
in the choroid because of  the numerous hypofluorescent 
lesions observed in the late phase of  ICGA.209 However, mul-
timodal imaging has shown that the acute lesion is located 
in the outer retina.210–212 This can appear as disruption of  
the inner segment–outer segment junction (see Fig. 4.18).213 
Many of  these conditions present with blind spot enlarge-
ment. Full-field ERG may be abnormal, although multifocal 

The rapid rate of  visual deterioration distinguishes PR 
from other retinal degenerations such as RP. The two condi-
tions otherwise may mimic each other since both conditions 
result from photoreceptor dysfunction. In contrast to PR 
patients, most individuals with RP have abnormal fundi with 
pigmentary deposition.

THE BIG BLIND SPOT SYNDROMES AND ACUTE 
ZONAL OCCULT OUTER RETINOPATHY

The term big blind spot syndrome has been used to describe 
several different entities, all of  which present with enlarge-
ment of  the physiologic blind spot. These disorders include 
acute idiopathic blind spot enlargement (AIBSE) and MEWDS. 
Enlargement of  the blind spot is related either to optic nerve 
head swelling with displacement of  the peripapillary retina 
or to dysfunction of  the peripapillary retina when the optic 
nerve is ophthalmoscopically normal. Patients with AIBSE 
and MEWDS have a fairly uniform presentation, with an 
acute onset of  a visual field defect around the physiologic 
blind spot accompanied by photopsia. Visual acuity is usually 
normal,197,198 and the visual field defects typically have steep 
borders. These disorders all likely affect the outer retina and 
therefore may lie within the spectrum of  a single disease. 
These diseases are more common in women.198,199

Acute idiopathic blind spot enlargement. In 1988 
Fletcher et al.200 described seven patients, aged 25–39 years, 
with an acute onset of  photopsia and enlargement of  the 
blind spot without optic disc swelling. Two patients had 
abnormal multifocal ERGs, and the authors concluded that 
the syndrome resulted from peripapillary retinal dysfunction. 
Their patients had no abnormalities on FA, although two 
patients had peripapillary retinal pigment abnormalities. 
Two patients had recurrences, and three had recovery of  
their visual fields.

The term AIBSE syndrome is now used to describe patients 
with an acute onset of  positive visual phenomena and an 
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Figure 4.15. Fundus photographs of the optic nerve and peripapillary region in two patients with acute idiopathic blind spot enlargement (AIBSE). 
A. Acute presentation with mild disc swelling (open arrow) and peripapillary atrophy (solid arrow). B. Peripapillary pigment atrophy (arrow) and mild 
disc swelling in a patient acutely presenting with AIBSE. 
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Figure 4.16. Visual field defects in acute idiopathic blind spot enlargement syndrome (AIBSE). A. Goldmann visual field of the left eye in a patient with 
AIBSE. The defect is dense and centered on the blind spot. B. Gray scale output of the threshold computerized visual field of the right eye in a patient 
with AIBSE. A dense, steeply bordered temporal visual field defect attached to the blind spot is seen. 
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Figure 4.17. Multifocal electroretinography in acute idiopathic blind spot enlargement syndrome affecting the left eye. A. Patient tracings (field view) 
demonstrating reduced amplitudes of waveforms (arrows) temporal to fixation. B. Graphic representation demonstrating preservation of foveal peak 
and then sharp drop off (arrow) in the temporal area around the blind spot. 
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of  this group of  conditions, termed acute annular outer retino-
pathy, has been described in which patients develop a visible 
grayish annular ring in the retina.218,219 Gass and Stern218 
speculated that the grayish ring represented an immune ring 
at the leading edge of  the inflammation. The patient described 
by Luckie et al.219 seemed to respond to acyclovir, and they 
concluded that this implicated a herpesvirus as the cause.

To date there have been no histopathologic studies of  eyes 
of  patients with AIBSE. No abnormal laboratory value has been 
consistently identified in patients with any of  these syndromes. 
Members of  the same family have been affected, although there 
is no information to suggest a specific heritable pattern.

Overlapping clinical profiles. Since AIBSE shares many 
features with MEWDS, these conditions may lie within the 
spectrum of  a single genetic or autoimmune disease. In fact, 
some authors have suggested AZOOR as an umbrella term 
for AIBSE, MEWDS, AMN, and multifocal choroiditis.197,220,221 
All four conditions are commonly characterized by acute 
focal loss of  outer retinal function associated with photopsia, 
predominant occurrence in young women, minimal or no 
initial fundus changes, and ERG abnormalities.222 As with 
patients with PR, the presence of  photopsia suggests pho-
toreceptor dysfunction.

Acute zonal occult outer retinopathy was first described 
by Gass in 1992 as a syndrome characterized by sudden onset 
of  photopsia and acute scotoma related to outer retinal dys-
function.199,223 AZOOR commonly affects predominantly white, 
middle-aged women (average age at presentation is 36 
years).224 It presents as an acute onset of  scotomas associated 

ERG is more sensitive when the area of  involvement is 
small.206,214–216 It demonstrates low amplitude of  the P1-wave 
associated with depolarization of  bipolar cells in the affected 
area.217 FA can confirm the retinal pigment epithelial defects 
and sometimes reveal disc staining as well. No treatment is 
known, and patients often have persistence of  the visual 
field defect and recurrences may occur.

The optic nerve may occasionally be involved in MEWDS 
and occurs from the presumed inflammatory process either 
directly or secondarily, from contiguous spread of  retinal or 
vascular inflammation. Although an afferent pupil defect 
and dyschromatopsia suggests optic nerve involvement, the 
possibility of  simultaneous retinal ganglion cell and photo-
receptor dysfunction needs to be considered. The white dots 
in MEWDS tend to extend centripetally away from the disc.

Differential diagnosis. The high prevalence of  initial 
misdiagnoses, the overlap with other common neuro-
ophthalmic entities, and the variability of  clinical findings 
make the big blind spot syndromes an important consideration 
in the neuro-ophthalmic differential diagnosis of  vision loss. 
Photopsia may be incorrectly ascribed to migraine. The abrupt 
onset of  a visual field defect in a young patient might suggest 
optic neuritis. The presence of  the enlarged blind spot and 
disc hyperemia might suggest optic neuritis, papilledema, 
or a temporal defect from a chiasmal lesion.

Pathogenesis. Inflammatory changes, predisposition in 
women, sporadic occurrence, and relatively acute onset of  
symptoms suggest an autoimmune or infectious cause, but 
the exact antibody has not been identified. Another variant 

C

B

A

Figure 4.18. The multiple evanescent white dot syndrome (MEWDS). A. Fundus photo montage showing multiple hypopigmented lesions in the 
posterior pole. B. Fundus autofluorescence showing variable hypofluorescence of the hypopigmented lesions. C. Spectral domain optical coherence 
tomography showing inner segment–outer segment disruption (arrow). 
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with photopsias. Photopsias may be described as pulsating, 
windmill pattern, bubbles, sprays, or sparkles. The occurrence 
of  this condition may precede a viral illness. Visual acuity is 
minimally affected in AZOOR, with over 45% of  patients 
having 20/20 or better vision.224 There may be relative APD. 
Enlargement of  the blind spot is the most common visual 
field defect, either occurring in isolation or associated with 
a variety of  other defects. Even though the fundus examina-
tion may appear normal in the majority of  patients, FA will 
show changes related to RPE disturbance such as hyperfluo-
rescence, depigmentation, a window defect, or a transmission 
defect.224 FAF reveals hyperautofluorescence in the AZOOR 
lesion and hypoautofluorescence representing RPE atrophy. 
On SD-OCT, acutely the lesion demonstrates abnormalities 
at the level of  photoreceptors in all cases, including disrup-
tion of  the inner segment–outer segment junction, loss of  
outer nuclear layer, irregularity of  RPE, and decreased retinal 
thickness. ERG is critical and nearly always abnormal in 
AZOOR. It will show delay in implicit times of  the 30-Hz cone 
flicker response in most patients.225 There is no proven treat-
ment of  AZOOR. Systemic corticosteroids are most commonly 
attempted, with questionable benefit.199 The pathogenetic 
mechanisms underlying AZOOR are poorly understood, 
although theories include primary viral infection of  photo-
receptors followed by triggering of  an autoimmune response 
by the host or primary autoimmunity.220,221

Toxic Retinopathy

Because numerous systemic diseases and their treatment 
are encountered in neuro-ophthalmic practice, it is worth-
while to be aware of  the toxic effects that some medications 
can have on the retina. These are summarized in Table 4.3.

Several different drugs such as tamoxifen,226–229 canthax-
anthin,230,231 and methoxyflurane can cause a crystalline 
retinopathy.232 Ocular complications of  tamoxifen include 
vortex keratopathy, bilateral crystalline maculopathy, macular 
edema, and optic neuritis.227–229,233 The deposits in the macula 
in the case of  tamoxifen appear to be products of  axonal 
degeneration.234 The complication is sufficiently rare and has 
minimal effect on vision, so widespread screening is not rec-
ommended.235 An acute form of  tamoxifen retinopathy may 
be associated with optic disc swelling.236 In the case of  
methoxyflurane, oxalosis results from metabolism of  the 
drug.237 Various diuretics,238 nicotinic acid,239 and epineph-
rine240 can cause CME. Isotretinoin has been reported to 
affect retinal function and result in abnormal night vision.241–243

Quinine, used primarily in the treatment of  malaria, is 
toxic to the retinal photoreceptors and ganglion cells. Chlo-
roquine and hydroxychloroquine, used to treat malaria and 
collagen vascular disorders, cause a dose- and duration-related 
pigmentary retinopathy.244,245 In one large study of  2361 
participants, the rate of  development of  hydroxychloroquine 
toxicity for dosages of  4–5 mg/kg was less than 2% within 
the first 10 years of  use but rose to almost 20% after 20 
years of  use.245 Other ocular findings include corneal whorl-
like deposits. The macular changes begin as a pigment mot-
tling but then become a horizontally elongated bull’s-eye 
lesion (Fig. 4.19). Patients slowly develop reduced central 
acuity, central visual field defects, and dyschromatopsia. 

Table 4.3 Ophthalmic Manifestations of Drugs Causing 
Retinal Toxicity

Drug Ophthalmic Manifestations

Canthaxanthin Crystalline deposits in the macula

Chloroquine and 
hydroxychloroquine

Central vision loss, corneal  
whirl

Bull’s-eye maculopathy

Digoxin Xanthopsia (yellow vision)
Positive visual phenomena
Decreased color vision

Fingolimod Macular edema

Isotretinoin Decreased night vision

Nicotinic acid Cystoid macular edema

Quinine Retinal photoreceptor and 
ganglion cell toxicity

Sildenafil Halos and blue vision

Tamoxifen Crystalline deposits in the macula

Thioridazine Pigmentary deposits on corneal 
and anterior lens capsule

Pigmentary retinopathy

Vigabatrin Electroretinography 
abnormalities

Visual field constriction

Abnormalities in the perifoveal photoreceptor inner segment–
outer segment junction can be demonstrated in symptomatic 
patients with high-resolution OCT.246,247 Patients also have 
abnormalities on multifocal ERG, which carries a sensitivity 
of  >90% in detecting retinal dysfunction related to chloro-
quine toxicity248–250 and may precede any clinical symptoms 
or perimetric findings.251 The drug is excreted slowly, and 
patients with hydroxychloroquine retinopathy involving the 
RPE demonstrate progressive damage on OCT for at least 3 
years after the drug is discontinued, including loss of  foveal 
thickness and cone structure.252 Although it has been a 
subject of  some debate, many experts feel that screening for 
retinopathy in patients taking hydroxychloroquine is unnec-
essary unless the daily dose exceeds 6.5 mg/kg/day or the 
patient has been on the drug for more than 5 years.253,254 
In 2016 revised guidelines for hydroxychloroquine screening 
were published by the American Academy of  Ophthalmology 
recommending that patients on the drug for 5 years undergo 
annual 10-2 visual field testing and SD-OCT.255 Multifocal 
ERG and FAF are adjunctive. In terms of  retinal toxicity, 
hydroxychloroquine seems to be the safer of  the two drugs.256

Vigabatrin, an anticonvulsant and a selective irreversible 
inhibitor of  gamma-aminobutyric acid (GABA)–transaminase, 
can cause ERG abnormalities and concentric visual field con-
striction.257,258 Clinically significant visual field loss, however, 
is uncommon in our experience. ERG response amplitude to 
full-field 30-Hz flicker shine has been suggested as more spe-
cific in predicting visual field defects in patients taking viga-
batrin and is indicative of  photoreceptor and bipolar cell 
dysfunction,259,260 although Mueller cell abnormalities have 
also been reported.261 A deficiency of  taurine has been sug-
gested.262 A clinical pattern of  peripheral retinal atrophy and 
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rod involvement, characterized by nyctalopia (night blind-
ness), peripheral vision loss, and a characteristic bone spicule 
pigmentation of  the peripheral retina. Rarely the classic 
retinal pigmentation in RP may be absent or subtle. In patients 
with suspected cone dystrophy (COD), symptoms include 
light- or glare-induced blindness (hemeralopia), central vision 
loss, and dyschromatopsia. Prominent macular changes may 
be evident on ophthalmoscopy.

CONE OR CONE–ROD DYSTROPHIES

Hereditary cone disorders (CDs) are a heterogeneous group 
of  inherited disorders that result in dysfunction of  the  
cone photoreceptors and their postreceptoral pathways  
(Table 4.4). They include conditions such as achromatopsia 
(ACHM), COD, cone–rod dystrophy (CRD), color vision impair-
ment, Stargardt disease (STGD), and other maculopathies. 
The onset is in the first to third decade of  life with subnormal 
visual acuity and color vision; it has a variable inheritance. 
A positive family history may or may not be present.

Classification. These disorders have been classified on 
the basis of  their relative involvement of  cones or rods and 
central versus peripheral photoreceptors.274 According to 
their natural history, the cone dystrophies may also be divided 
into two groups: “stationery” and “progressive.”275 Based 
on careful study of  several pedigrees, the genes responsible 
for some of  these conditions have been elucidated.276–278

Clinical features. In addition to decreased vision, dys-
chromatopsia and visual field defects, abnormal light sensi-
tivity (photophobia or hemeralopia), and photopsia are  
often present. The light sensitivity may be erroneously inter-
preted as optical glare and lead to unnecessary cataract 
surgery. Symptoms are typically progressive over many years. 
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Figure 4.19. Hydroxychloroquine retinal toxicity. A. Fundus photo demonstrating bull’s-eye pigmentary abnormality (arrow). B. In another patient, 
spectral domain optical coherence tomography through a cross-section of the fovea showing the characteristic perifoveal photoreceptor loss (solid 
arrow) but relative preservation of the central foveal outer retinal structures (between the open arrows). 

nasal disc atrophy develops in affected individuals.263 
Vigabatrin-associated visual field deficits264,265 and ERG abnor-
malities tend not to improve.266 In patients electing to continue 
the drug despite visual field loss, the visual deficits do tend 
to progress with continued exposure.267 OCT measurements 
show attenuation of  the nasal retinal nerve fiber layer in 
affected patients.259 Patients on vigabatrin should undergo 
ophthalmic examination, including confrontation or formal 
perimetry, if  able, every 3 months while on the drug. Because 
children on vigabatrin are often moderately or severely neu-
rologically impaired and unable to provide useful visual field 
assessments, the ERGs in such patients become the only way 
to detect and monitor the retinal toxicity.268

Sildenafil, also discussed in Chapters 5 and 12, can cause 
subjective halos and blue vision, perhaps related to 
phosphodiesterase-6 inhibition by the drug at the level of  
the rod and cone photoreceptors.269,270 Of  historical signifi-
cance is the well-known toxicity associated with digoxin. 
Patients typically develop xanthopsia (yellow vision), scintil-
lating scotomas, and paracentral scotomas.271–273

Hereditary Retinal Dystrophies  
in Neuro-Ophthalmic  
Differential Diagnosis

The clinical spectrum of  hereditary retinal degenerations 
includes a variety of  presentations that overlap with common 
neuro-ophthalmic conditions. In particular, patients with 
hereditary retinal degenerations may present with insidious 
central vision loss, dyschromatopsia, and visual field defects. 
The vast majority of  patients with typical RP present with 
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maculopathies are summarized in Table 4.4. For instance, 
a patient with STGD (Fig. 4.22) would be recognized based 
on the abnormal fundus appearance and FA.283 However, 
early in their course these conditions may be hard to recog-
nize since symptoms of  decreased central vision may precede 
the development of  the typical fundus lesion.

MITOCHONDRIAL DISEASES

Kearns–Sayre Syndrome. Kearns–Sayre syndrome (KSS) 
is a rare mitochondrial disorder first described in 1958 that 
is associated with mitochondrial DNA (mtDNA) deletions.284 
Clinically it consists of  a triad of  features including onset 
before age 20 years, pigmentary retinopathy, and chronic 
progressive external ophthalmoplegia (CPEO).285–287 In addi-
tion, one or more of  the following features must be present 
to make the diagnosis: (1) heart block, (2) cerebellar ataxia, 

Pigmentary changes in the macula develop with time  
(Fig. 4.20). Nonrecordable or abnormal (reduced b-wave 
amplitude or oscillatory potential) photopic (recorded in light, 
cone-mediated) responses are found on the ERG. However, 
more specific information might be obtained from multifocal 
ERG that evaluates central retinal function; this can be helpful 
in monitoring disease progression (Fig. 4.21).279,280 SD-OCT 
is becoming more and more important in the diagnosis of  
inherited retinal disorders and may reveal thinning of  the 
outer retina–choroid complex (ORCC)281,282 (see Fig. 4.20). 
Optic disc pallor may also develop.

HEREDITARY MACULOPATHIES WITH 
OPHTHALMOSCOPIC ABNORMALITIES

Several heritable conditions affect the macula and result in 
a diagnostic fundus appearance. Some of  the more common 

Table 4.4 Common Hereditary Macular Disorders With a Recognizable Fundus Appearance

Disease Fundus Appearance

Adult foveomacular dystrophy Symmetric, oval, yellow subretinal lesion

Best disease (vitelliform dystrophy) Egg yolk appearance; may develop scarring and neovascularization

Butterfly-shaped pattern dystrophy Reticular butterfly-shaped pattern of pigmentation in macula

Central areolar choroidal dystrophy Early: pigment granularity
Late: circular zone of RPE and choriocapillary atrophy

Familial drusen Numerous drusen may coalesce; choroidal neovascularization

Juvenile retinoschisis Foveal retinoschisis

Myopic degeneration Peripapillary atrophy, staphyloma, lacquer cracks

Stargardt disease (atrophic macular dystrophy with 
flecks) (fundus flavimaculatus)

Angulated flecks and atrophy in retina, “beaten bronze” appearance, dark “silent choroid” 
on fluorescein angiography

RPE, retinal pigment epithelium.
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Figure 4.20. Cone dystrophy. A. Fundus of the left eye of a patient with cone dystrophy. In addition to granular macular pigmentation (straight arrows) 
there is peripapillary pigment atrophy (curved arrow). B. In another patient, spectral domain optical coherence tomography with cross-section of the 
fovea showing thinning and outer retinal cavitation (arrow). 
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NARP. NARP is a rare mitochondrial disorder character-
ized by neuropathy, ataxia, and retinitis pigmentosa.293 Other 
clinical features include proximal muscle weakness, devel-
opmental delay, ataxia, seizures, and dementia.294 The disease 
is maternally inherited, and a responsible mutation at position 
8993 of  the ATPase 6 gene has been identified.295 This is 
the same gene identified in some patients with Leigh disease 
(see Chapter 16).

Other Diseases With Retinal and 
Neurologic Manifestations

Microangiopathy of  the brain, retina, and inner ear 
(Susac syndrome). Susac syndrome, a rare disease char-
acterized by a clinical triad of  encephalopathy, BRAO,  
and sensorineural hearing loss, was first described as a dis-
tinctive syndrome by Susac in 1979.296 This disorder pre-
dominantly affects young women with a mean age of  onset 
of  30 years.297–299

The pathophysiology, although not entirely clear, is believed 
to be an immune-mediated endotheliopathy that affects the 
microvasculature of  the brain, retina, and inner ear. High 
titers of  serum antiendothelial cell antibodies have recently 
been reported,297,298 indicating that humoral immunity tar-
geting the microvasculature may play a role in the patho-
genesis of  the condition.300 However, the specificity of  these 
antibodies remains in question. Biopsy findings reveal the 
presence of  endothelial cell necrosis and deposition of  C4d 

and/or (3) cerebrospinal fluid protein above 100 mg/dl. A 
recent study of  35 patients with KSS, the authors found that 
the disorder can occur in older people and that most patients 
live into middle or old age, contrary to the previous belief  
that many patients die young.288 The most common present-
ing ophthalmologic sign was ptosis, seen in 46% of  patients, 
and retinal pigmentary changes of  the “ salt and pepper” 
type in about 10% of  patients in this series. Progressive 
external ophthalmoplegia, ptosis, and pigmentary retinopathy 
eventually develop in the vast majority of  patients. Neurologic 
symptoms include nonspecific weakness, ataxia, hearing loss, 
and cognitive decline. Syncope and sudden cardiac death 
from heart failure can occur in some patients. Based on the 
findings in this series and previous recommendations, pro-
phylactic placement of  intracardiac device to prevent sudden 
cardiac death should be considered.288 The diagnosis can be 
established by muscle biopsy that reveals “ragged red fibers.”285 
Most patients with KSS have large (1.3–10 Kb) mtDNA dele-
tions. CPEO and KSS are also detailed in Chapter 14.

MELAS. Another important mitochondrial disorder is 
mitochondrial encephalopathy with lactic acidosis and stroke-
like episodes (MELAS), which commonly presents with stroke-
like episodes that may cause retrochiasmal visual loss. The 
condition usually results from a mutation at position 3243 
of  the mtDNA.289 Like those with KSS, patients with MELAS 
can have subtle, usually asymptomatic macular pigmentary 
changes.290,291 Histopathologically, degeneration of  photo-
receptor outer segments in the macula have been identified.292 
MELAS is discussed further in Chapter 8.

Figure 4.21. Multifocal electroretinography in a patient with cone dystrophy. A diffuse loss of responses (nV/deg2) and absent foveal peak is seen on 
the patient’s tracings on the left, compared with normal responses seen on the right. 
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occur at vascular bifurcations.304 Autopsy studies of  the retina 
and optic nerve head in a patient with Susac syndrome 
revealed vaso-occlusive changes in the retinal periphery and 
endothelial cell dysfunction.305 Cross-sections demonstrated 
serous-filled spaces between the retinal blood vessels and the 
internal limiting membrane. These serous deposits can occlude 
the vessel wall lumen and likely represent the string of  pearls/
Gass plaques.304

Hearing loss often occurs acutely and may affect both 
ears.303 Like primary CNS angiitis, the disorder is confined 
to the CNS. Global encephalopathy is common, occurring 
in 44% of  patients.303 CNS involvement typically occurs as 
microinfarctions in the gray and white matter and corpus 
callosum black holes.306–309 Linear defects (spokes) and rather 

in the brain capillaries, a diagnostic hallmark for antibody-
mediated microvascular injury syndromes.301 SD-OCT studies 
reveal a patchy thinning of  the retinal layers.302

Only 13% of  patients with Susac syndrome present with 
the clinical triad at the disease onset, and the mean delay 
between the first symptom and the completion of  the triad 
is approximately 5 months.299 At the onset of  the disease, 
the most common manifestations are CNS symptoms, 
observed in two-thirds of  patients, followed by visual symp-
toms and hearing disturbances. Headache is present in 80% 
of  patients.299 Retinal artery occlusions occur in 90% of  
patients, and in 60% they are bilateral.303 Yellow retinal wall 
(Gass) plaques can be seen in midarteriolar segments of  
involved vessels, in contrast to Hollenhorst plaques, which 
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Figure 4.22. Stargardt disease. A. Fundus photograph demonstrating 
pigmentary atrophy in the macula (asterisk) and elongated subretinal 
yellow deposits (arrows). B. In a young patient, late-phase fluorescein 
angiogram demonstrates a “silent” choroid that appears unusually 
dark and highlights the retinal vasculature. C. In a patient with more 
advanced disease, late staining of the accumulated subretinal deposits 
is also seen. D. In another patient, spectral domain optical coherence 
tomography cross-section of fovea in Stargardt disease shows pho-
toreceptor loss in the fovea (open arrow) with outer segment loss (solid 
arrow) in the parafoveal area. 
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involve the posterior circulation and the basal ganglia region. 
The choroid is primarily involved by a diffuse vasculitic process 
that interrupts choroidal perfusion and causes the charac-
teristic fundus lesion. Although cerebral vasculitis may remit 
spontaneously, aggressive immunosuppressive therapy has 
been suggested. Corticosteroids in combination with cyclo-
phosphamide for 6–12 months is one proposed 
regimen.324,326,327 The visual prognosis is generally good, 
although initial involvement of  the fovea and older age 
portend a poor visual outcome.326

Eale disease and Cogan syndrome. Eale disease and 
Cogan syndrome are primary vasculitic disorders of  the eye 
that are infrequently associated with cerebral vasculitis. Both 
are distinguished from isolated CNS angiitis by their associ-
ated eye findings. Eale disease occurs in young, healthy men 
who develop retinal vasculitis, vitreous hemorrhage, and 
peripheral nonperfusion of  the retina with subsequent neo-
vascularization (Fig. 4.23).328 Treatment is with laser photo-
coagulation. The occurrence of  bilateral retinal periphlebitis 
has been reported in association with Mycobacterium tuber-
culosis, as proven by PCR testing of  the aqueous and vitreous 
in some cases.329 In suspicious cases systemic evaluation to 
detect tuberculosis should be undertaken.330 Besides the 
ocular manifestations, the CNS may rarely be affected. Patients 
have been reported with stroke,331 myelopathy, and 
vasculitis.332–334 Pathologically, both demyelinating and vas-
culitic changes have been noted within the CNS of  patients 
with Eale disease.323 The prognosis for maintenance of  visual 
recovery is usually good, but some patients have severe vision 
loss secondary to the neovascular complications.

Cogan syndrome is characterized by nonsyphilitic inter-
stitial keratitis and vestibuloauditory dysfunction (hearing 
loss).335 Neurologic manifestations may be present in 50% 
of  affected individuals and include headaches, seizures, ataxia, 
cranial nerve palsies, stroke, and meningoencephalitis.336

large characteristic round lesions (snowballs) are seen on 
MRI in the corpus callosum, as are cortical, deep gray, and 
leptomeningeal involvement.69,310 The lesions may enhance 
and may also be observed on diffusion-weighted imaging.306–308 
Pathologically, involved segments demonstrate vessel thick-
ening or sclerosis.309,311

Many patients may be left with severe neuropsychological 
deficits; early and aggressive treatment with steroids and/
or immunosuppressive agents is now recommended to prevent 
relapses.69,312,313 Hyperbaric oxygen and intravenous gamma 
globulin314 have been anecdotally successful in treating this 
disorder, although newer therapies including plasma 
exchange, subcutaneous immunoglobulin G, mycophenolate 
mofetil, and rituximab have been used.299,312,315,316

Acute posterior multifocal placoid pigment epitheli-
opathy. Acute posterior multifocal placoid pigment epithe-
liopathy (APMPPE) is an acute, uncommon, self-limiting, 
bilateral chorioretinal condition first recognized by Gass in 
1968.317 Affected individuals are young adults who may 
report a preceding viral or flulike illness. Visual symptoms 
include blurry vision, photopsias, and scotoma. Ophthal-
moscopically APMPPE is characterized by multifocal gray-
white flat lesions, one to two disc areas in size at the level of  
the RPE and the posterior pole.317 Pigment epithelial abnor-
malities seem to result from dysfunction of  the choroidal 
vasculature because of  hypersensitivity-induced obstructive 
vasculitis causing hypoperfusion of  the terminal choroidal 
lobules with ischemia of  the overlying RPE and photorecep-
tors.318,319 Optic nerve head edema is common.

Neurologic manifestations in APMPPE include headache, 
transient ischemic attacks, dysacusis, tinnitus, cerebral vas-
culitis, and stroke, which can be seen in over 60% of  affected 
individuals.320–322 MRI abnormalities are variable, sometimes 
associated with angiographic and histologic changes sug-
gestive of  vasculitis.323–325 The infarcts have a tendency to 
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Figure 4.23. Eale disease. A. Fundus photo of the left eye showing left optic disc edema, venous dilation, and microhemorrhages. B. Fluorescein 
angiogram demonstrating retinal periphlebitis (arrow). 
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been shown in autopsy specimens.360 These pigmentary 
changes can extend into the periphery, and over time optic 
atrophy may develop. The cone-derived, photopic, full-field 
ERG, or focal ERG or pattern electroretinogram (PERG) is 
reduced.357 The rod responses are not affected until late in 
the disease. About half  of  the patients develop supranuclear 
ophthalmoplegia (see Chapter 16).

There is increasing evidence of  macular abnormalities 
occurring in other SCAs, including SCA-1, 2, 3, and 6 in 
addition to 7.361,362 Retinal nerve fiber layer thickness can 
be reduced in patients with SCA-2 and 3,363 while macular 
thinning, decrease in macular volume, and loss of  foveal 
architecture is seen with SCA-1, 3, 6, and 7.362,364–366

METABOLIC DISEASES

Ophthalmologists and neurologists must be aware of  the 
various metabolic storage diseases that have retinal mani-
festations, because these eye abnormalities may allow for 
early, accurate diagnoses. These are summarized in Box 4.2. 
These findings are present only in some affected patients, 
and therefore the absence of  a cherry-red spot or abnormal 
pigmentation in a neurologically impaired child or adult does 
not exclude these diagnoses.

Macular cherry-red spot. A macular cherry-red spot is 
the result of  lipid, sphingolipid, or oligosaccharide deposition 
in the retinal ganglion cell axons surrounding the 
macula.367,368 Because overlying retinal ganglion cell axons 
border but do not overlie it, the red choroidal circulation in 
the fovea is visible. Vision loss, a cherry-red spot, and loss 
of  motor function in infancy is highly suggestive of  Tay–Sachs 
disease caused by hexosaminidase A deficiency.

Abnormal retinal pigmentation. Of  the disorders listed 
in Box 4.2, the most common conditions to present with 
prominent neurologic and retinal pigmentary abnormalities 

CADASIL. Cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy (CADASIL) 
affects the small arteries and arterioles of  the brain. The 
defective gene in CADASIL, Notch3 (chromosome 19), encodes 
a cell-surface receptor expressed in vascular smooth muscle 
cells and pericytes.337 CADASIL is characterized by a thicken-
ing of  the arterial wall leading to lumen stenosis, the presence 
of  a nonamyloid granular osmophilic material within the 
media extending into the adventitia, and morphologic altera-
tions of  smooth muscle cells.338 CADASIL presents in young 
or middle adulthood with mood disorders, migraine with 
aura, transient ischemic attacks, or stroke and progressive 
neurologic decline.339 Patients develop recurrent subcortical 
ischemic strokes, with characteristic diffuse white matter 
signal abnormalities on MRI, leading to a stepwise decline 
and dementia with frontal lobe features.

Retinal abnormalities in CADASIL include thickening or 
narrowing of  the retinal arterioles, peripapillary arteriolar 
sheathing, arteriovenous nicking, cotton-wool spots, and 
nerve fiber loss.340–342 Iris atrophy, lens opacities, and ische-
mic optic neuropathy in association with CADASIL have also 
been reported.343 The histopathologic hallmark of  CADASIL 
is a characteristic granular alternation of  the arterial media 
that corresponds to the degeneration of  smooth muscle 
cells.344 The thickening or narrowing of  retinal vessels is 
likely as a result of  similar deposition of  granular material.345 
There is no effective treatment.

Cerebroretinal vasculopathy. A microangiopathy of  the 
brain and retina due to a frameshift mutation in the gene 
TREX1 has been described.346,347 Radiographically, the ische-
mic lesions in the brain can be mistaken for neoplasms.

SPINOCEREBELLAR ATAXIAS

The spinocerebellar ataxias (SCAs) are a heterogeneous group 
of  dominantly inherited neurologic disorders characterized 
by progressive ataxia related to neuronal loss in the cerebel-
lar cortex, basis pontis, and inferior olivary nucleus. Clinically, 
patients develop progressive ataxia with pyramidal and 
brainstem signs, and many patients develop eye movement 
abnormalities including nystagmus, saccadic dysmetria, and 
defective pursuit348 (see Chapter 16 for further discussion). 
Patients with SCAs may develop either optic atrophy or a 
pigmentary retinal degeneration.

In particular, patients with SCA-7 (autosomal dominant 
cerebellar ataxia (ADCA) type II) manifest with progressive 
ataxia and vision loss secondary to retinal degeneration.349 
The genetic defect has been mapped to chromosome 3p350 
and is caused by expansion of  CAG trinucleotide sequences 
within the Ataxin-7 gene.351,352 The onset of  symptoms is 
usually in the second or third decade of  life, with two- 
thirds of  the patients presenting with ataxia alone and one-
third with ataxia and visual loss.353 Visual dysfunction is 
often characterized by defects in blue-yellow color vision 
because of  involvement of  the cones.354 The visual field deficits 
are typically bilateral, symmetric, and mostly central.355 
Patients maintain relatively normal peripheral fields but 
develop reduced acuity, dyschromatopsia, and central sco-
tomas with macular atrophy similar to other CRDs.354,356 
Pigmentary changes in the macula may have a bull’s-eye 
appearance (Fig. 4.24),357,358 and a pigmentary retinopathy 
similar to KSS has been reported.359 Diffuse and extensive 
photoreceptor degeneration and disruption of  the RPE has 

Box 4.2 Retinal Manifestations of Genetic and 
Metabolic Neurologic Disorders

Cherry-Red Spot367,535

Farber disease (lipogranulomatosis)
Infantile GM2 gangliosidosis (Sandhoff disease)
Metachromatic leukodystrophy
Niemann–Pick disease (types A, B, C, and D)
Sialidosis (types I and II)
Tay–Sachs disease

Retinal Pigmentary Abnormalities

Abetalipoproteinemia
Aicardi syndrome
Cockayne disease
Cystinuria
Gaucher disease
Hallervorden–Spatz syndrome (pantothenate kinase-associated 

neurodegeneration (PKAN))
Kearns–Sayre syndrome
Mucolipidosis
Mucopolysaccharidoses
Neuronal ceroid lipofuscinosis
Refsum disease (phytanic acid lipidosis)
Spinocerebellar ataxia type 7 (and occasionally type 1)
Usher syndrome
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be associated with a number of  systemic conditions, par-
ticularly autoimmune disorders. Ophthalmic presentations 
of  these disorders is characterized by amaurosis fugax from 
retinal ischemia, retinopathy associated with cotton-wool 
spots and intraretinal hemorrhages, and permanent vision 
loss due to choroidal ischemia, retinal artery occlusions, and 
ischemic optic neuropathy.

Antiphospholipid antibody syndrome. APS is an auto-
immune disease characterized by a heterogeneous group of  
antibodies directed against negatively charged phospholipids, 
including antiphospholipid antibodies (aPL), anticardiolipin 
antibodies (aCL), and β-2 glycoprotein I (aβ-2-GP1). The major 
features of  this disorder include arterial and venous throm-
bosis and recurrent fetal loss. The vasculature of  the eye is 
commonly involved and may be the presenting manifestation. 
A diagnosis of  APS should be considered in young patients, 
primarily women younger than 40 years, without traditional 
thromboembolic risk factors presenting with ocular vaso-
occlusive disease.371 A variety of  ocular symptoms and find-
ings, occurring in 15–88% in various series,372 have been 
reported in patients with APS.373–375 These include retinal 
hemorrhages, cotton-wool spots, and enlarged and tortuous 
retinal veins. Transient changes in vision are common.376 
Occlusions of  both retinal veins and arteries (Fig. 4.25) have 

are neuronal ceroid lipofuscinosis, abetalipoproteinemia, 
Aicardi syndrome, KSS, and SCA-7. The last two are discussed 
earlier in this chapter. In the juvenile form of  neuronal ceroid 
lipofuscinosis (Batten disease), children exhibit motor and 
cognitive decline, progressive visual loss, a bull’s-eye macu-
lopathy, and a flat ERG reflecting widespread rod and cone 
dysfunction.369 In abetalipoproteinemia (Bassen–Kornzweig 
syndrome), abnormal betalipoprotein results in defective 
absorption of  fat-soluble vitamins, including vitamin E. 
Prominent neuro-ophthalmic manifestations include wide-
spread pigmentary retinal changes and ataxia. Aicardi syn-
drome is characterized by absence of  the corpus callosum, 
infantile spasms, and chorioretinal lacunae,370 which look 
like white punched out holes in the retina.

Optic atrophy. Most of  the neurologic conditions listed 
in Box 4.2 that present with optic atrophy are discussed in 
Chapter 5.

THROMBOTIC DISORDERS  
(HYPERCOAGULABLE STATES)

These conditions include a variety of  disorders that are char-
acterized by abnormal clotting and ischemic events. They 
are generally more common in woman and in addition may 
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Figure 4.24. Diffuse and macular pigmentary atrophy in spinocerebellar 
ataxia type 7. A. In this patient central vision loss predominated early 
in the disease and macular pigment atrophy in a bull’s-eye pattern (arrow) 
is seen. B. In another example, high-power view of the macula demon-
strates central retinal atrophy (arrow) and the center of the bull’s eye. 
C. In another patient more widespread retinal pigmentary changes are 
seen with vascular narrowing and mild waxy pallor of the optic nerve. 
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(meningismus), dysacusis, and tinnitus. These symptoms 
may persist for several weeks. This is then followed by anterior 
and posterior uveitis, inferior exudative retinal detach-
ments,396 and optic disc swelling (Fig. 4.26). The uveitis is 
usually bilateral and granulomatous in nature. Synechiae 
and cataract formation are common.397 The anterior chamber 
may become shallow secondary to swelling of  the ciliary 
processes.398 About 40% of  patients develop glaucoma, which 
may be open- or closed-angle.399 The RPE eventually becomes 
severely depigmented as the serous retinal detachments 
resolve. Ultimately pigmentary changes in the retina lead to 
an appearance which has been termed the “sunset glow 
fundus,” a finding which in one study correlated with the 
degree of  cerebrospinal fluid pleocytosis.400 Subretinal yellow-
white lesions may be seen in the peripheral retina. Neovas-
cularization of  the disc and retina with vitreous hemorrhage 
may also develop.401 Sensorineural hearing loss is common,402 
and patients complain of  a peculiar sensitivity to touch of  
the hair and skin. In the later stages, patients develop depig-
mentation of  the skin (vitiligo) and hair (poliosis) of  any 
part of  the body.

In the early stages, FA will reveal multiple pinpoint sources 
of  leakage.403 ICGA may reveal patchy infiltrates, suggesting 
an inflammatory disorder of  the choroid with subsequent 
circulatory compromise.404 Echography reveals diffuse, low 
to medium reflective thickening of  the choroid and serous 
retinal detachment.405 During the early stages lumbar punc-
ture will reveal a pleocytosis with lymphocytes and mono-
cytes, although the necessity of  spinal fluid examination in 
typical cases has been questioned.406 Later in the course the 
spinal fluid may return to normal, and therefore, if  performed, 
the lumbar puncture should be done early.

VKH syndrome is typically treated with high-dose 
corticosteroids (prednisone 1–2 mg/kg/day) with a slow taper 
over several months.407 This has been shown to reduce sub-
sequent recurrences.408 However, the early use of  other 
immunomodulatory (i.e., mycophenolate mofetil, cyclospo-
rine, or azathioprine) therapies may provide a superior visual 
outcome.409–411 Incomplete responses and steroid dependency 
are common. Most patients require treatment for at least a 

been reported.377–379 Neurologic findings in these patients can 
be grouped into three clinical patterns: encephalopathy, mul-
tiple cerebral infarctions, and migraine-like headaches.380

Other thrombotic disorders. Other disorders of  the clot-
ting pathway that may lead to visual symptoms and signs 
include deficiencies of  protein C, protein S, and antithrombin 
III,381 hyperhomocysteinemia, and activated protein C resis-
tance that can be seen with factor V Leiden mutation, which 
can cause both retinal vein and retinal artery occlusions.382–384 
In a recent review of  laboratory records of  50 patients 
younger than 50 years of  age who presented with retinal 
vein occlusion, prothrombotic risk factors were identified in 
up to 10% of  patients, including positivity for lupus antico-
agulant, anticardiolipin antibodies, and anti-β-2 glycopro-
tein.385 Until there is a more definitive understanding of  the 
roles these factors play in retinal vascular occlusion, we 
recommend screening for these disorders in all patients under 
age 50 years with amaurosis fugax or retinal arterial or 
venous occlusion.

VOGT–KOYANAGI–HARADA SYNDROME

VKH syndrome, the best-known uveomeningeal syndrome, 
is a systemic disorder involving many organ systems, includ-
ing the eye, skin, meninges, and ear. The target is the melanin-
containing cells present in these organs.386 It is characterized 
by chronic bilateral granulomatous panuveitis associated 
with various cutaneous, auditory, and CNS symptoms. It is 
the second leading cause of  uveitis in Japan, after Behçet 
disease.387,388 Current evidence suggests that VKH results 
from a T-helper cell–mediated immune response against 
melanocytic antigens common to the uvea, skin, inner ear, 
and CNS.389 Several patients have been reported to develop 
VKH in association with interferon α-2b/ribavirin therapy 
for hepatitis C and multiple sclerosis.390–392

Patients usually present in the second to fourth decade  
of  life.393–395 Affected individuals may experience a flulike 
syndrome associated with headache, aseptic meningitis 

Figure 4.25. Fundus photograph demonstrating retinal whitening and 
ischemia in a patient with hypercoagulable state related to systemic 
lupus erythematosus and antiphospholipid antibodies. 

Figure 4.26. Fundus photograph of the right eye of a patient with 
Vogt–Koyanagi–Harada syndrome. Optic nerve head swelling and mul-
tiple exudative retinal detachments (arrows) are seen. 
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year. Successful therapy with intravenous immunoglobulin 
and biologic agents such as infliximab and adalimumab have 
been reported.412,413

Retinal Manifestations of 
Systemic Inflammatory and 
Infectious Diseases

A variety of  systemic infectious and inflammatory conditions 
may be associated with retinal manifestations such as retinal 
phlebitis, retinal and choroidal granulomas, cotton-wool 
spots, and optic nerve head swelling.

SARCOIDOSIS

Anterior uveitis (Fig. 4.27) is the most common ocular com-
plication of  sarcoidosis,414 a multisystem granulomatous 
disorder of  unknown etiology. Ophthalmic manifestations 
of  sarcoidosis are listed in Box 4.3.415,416 Vitritis and retinal 
perivasculitis (seen in about two-thirds of  patients) and reti-
nochoroidal exudates (seen in about half  of  patients) are 
the most common posterior segment manifestations of  sar-
coidosis.414,417,418 Vitreous inflammation may appear as a 
simple cellular infiltrate or may appear in the form of  the 
classic “snowballs” or “string of  pearls” appearance. Mid-
peripheral phlebitis is seen and characterized by perivascular 
sheathing and optic disc edema (Fig. 4.28).418 FA will highlight 
vessel wall and disc staining (see Fig. 4.28). More severe 
cases of  periphlebitis are associated with the classic appear-
ance of  candle wax drippings. Retinal vein occlusion rarely 
complicates the periphlebitis.419 Chorioretinal lesions or 
granulomas may manifest as discrete infiltrates or 
nodules,420–422 punched out chorioretinal scars, or a large 
choroidal nodular lesion simulating a metastatic tumor  
(Fig. 4.29).423 ICGA may show choroidal abnormalities before 
any lesions can be detected ophthalmoscopically.424 Arterial 

Figure 4.27. Anterior segment slit-beam photograph of a patient with 
granulomatous uveitis secondary to sarcoidosis. Keratic precipitates 
(short arrows) on the corneal endothelium and posterior synechiae 
(adhesions of the iris to the lens, long arrow) are seen. 

Box 4.3 Ophthalmic Manifestations  
of Sarcoidosis

Anterior Segment

Anterior uveitis
Band keratopathy
Conjunctival granulomas
Interstitial keratitis
Iris nodules
Nodules on trabecular meshwork

Posterior Segment/Retinal

Choroidal nodules
Chorioretinitis
Periphlebitis
Retinal neovascularization
Retinal vein occlusion
Vitritis

Optic Nerve/Chiasm

Chiasmal/hypothalamic involvement (see Chapter 7)
Optic disc edema (see Chapter 5)
Optic neuropathy (see Chapter 5)
Optic perineuritis (see Chapter 5)

Orbit/External

Enlarged extraocular muscles
Keratoconjunctivitis sicca
Lacrimal gland enlargement
Orbital granuloma

macroaneurysms have also been described.425 Neovascular-
ization of  the retina or optic nerve head is a rare complication 
of  sarcoidosis. Ocular adnexal involvement may affect the 
conjunctiva, eyelid, lacrimal gland, and, rarely, the orbit.426 
Optic nerve involvement is discussed in Chapter 5.

Patients with suspected ocular sarcoidosis should be 
screened with a chest radiograph or chest computed tomog-
raphy (CT), serum angiotensin I–converting enzyme (ACE) 
levels, and occasionally gallium scanning.427 Measurement 
of  serum ACE level may not be sensitive, and values depend 
on disease burden.428 In patients with active systemic sarcoid, 
gallium-67 scanning is 95% sensitive, although it has low 
specificity.429 A systematic review of  the literature including 
21 previously published articles concluded that fluorine-
18-fluorodeoxyglucose positron emission tomography 
(FDG-PET) and positron emission tomography (PET)/CT are 
useful in staging, evaluating disease activity, and monitoring 
treatment response in patients with sarcoidosis and are more 
sensitive than gallium scan for the diagnosis of  sarcoidosis.430 
The diagnosis is often established by transbronchial biopsy 
when there is lung involvement.431,432 Minimally invasive 
ultrasound-guided transbronchial biopsy has been found to 
have a high diagnostic yield and low complication rate in 
recent studies.433 If  there are conjunctival nodules, then 
conjunctival biopsy should be considered to confirm the 
diagnosis.434 Further details regarding diagnosing sarcoidosis 
are discussed in Chapter 5.

Treatment of  the ocular complications of  sarcoidosis is 
accomplished with topical steroids, injectable depot steroids, 
and systemic immunosuppression with steroids or steroid-
sparing agents such as methotrexate, azathioprine, infliximab, 
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In contrast, 88% of  patients in the monophasic group retained 
20/30 or better vision.436

SYSTEMIC LUPUS ERYTHEMATOSUS

In addition to the development of  lupus anticoagulants (see 
previous discussion), patients with systemic lupus erythe-
matosus (SLE) may develop a primary retinal vasculitis 

and adalimumab.435 Posterior segment manifestations usually 
require periocular and/or systemic steroids. However, if  there 
are no symptoms and only peripheral chorioretinitis is present, 
it is reasonable to observe the patient without treatment. 
The course of  ocular sarcoidosis can be categorized into three 
categories: monophasic, relapsing, or chronic.436 The prog-
nosis was poor for patients with the chronic form of  the 
disease, with no patients retaining 20/30 vision or better. 
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Figure 4.28. Retinal phlebitis in sarcoidosis. A. Perivascular cuffing (arrows) and phlebitis. B. In another patient, phlebitis associated with vessel wall 
staining (arrows) and optic disc staining (asterisk) are seen on fluorescein angiography. 
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Figure 4.29. Retinal findings in sarcoidosis in two patients. A. Large, subretinal, yellow mass (arrow) typical of a sarcoid granuloma is seen in the 
superotemporal macula. B. Optic disc edema; intraretinal exudates in a stellate pattern (open arrow); and large confluent, yellow, peripapillary subretinal 
mass (solid arrow) are seen. (Courtesy of Alexander J. Brucker, MD.)



4 • Visual Loss: Retinal Disorders of Neuro-Ophthalmic Interest 83

achieving high cure rates.455 Antibiotics that have been used 
for Bartonella infections include rifampin, gentamicin, cip-
rofloxacin, and sulfamethoxazole-trimethoprim, and the 
current guidelines recommend treatment based on patho-
genicity of  the organism involved.456

SUBACUTE SCLEROSING PANENCEPHALITIS

Optic atrophy and macular pigmentary changes can be seen 
in subacute sclerosing panencephalitis (SSPE),457,458 a pro-
gressive infection of  the CNS by a defective measles virus. 
Often heralded by personality changes, SSPE typically leads 
to seizures, mental deterioration, and myoclonus.

ACUTE RETINAL NECROSIS

Acute retinal necrosis (ARN) is a visually devastating retinitis 
characterized by retinal vasculitis, hemorrhages, detach-
ments, and necrosis in addition to vitreal and aqueous inflam-
mation and optic neuritis. It is primarily caused by herpesvirus 
infections (herpes simplex virus (HSV), varicella zoster virus 
(VZV), cytomegalovirus (CMV) and Epstein–Barr virus 
(EBV)).459,460 Prompt therapy with oral and intravitreal anti-
viral agents such as acyclovir, steroids to reduce inflamma-
tion, and laser and surgical management of  the retinal 
complications are the best options for improving visual 
outcome.112

MALIGNANT HYPERTENSION AND ECLAMPSIA

Chronic hypertension can be associated with a typical retino-
pathy characterized by cotton-wool spots and vascular abnor-
malities (Fig. 4.30).461 The earliest ophthalmic manifestations 
are cotton-wool spots as a result of  terminal retinal arteriole 
ischemia.462 Lipid exudates may accumulate in Henle’s layer, 
creating a picture similar to neuroretinitis.463 Disc edema 
may result from local optic nerve head ischemia and disrupted 
axonal transport or from elevated intracranial pressure that 
may accompany hypertensive encephalopathy. Malignant 
hypertension may also be associated with choroidopathy as 
a result of  choriocapillaris occlusion.464 These patients have 
focal areas of  opaque RPE known as Elschnig spots, which 
may demonstrate leakage on FA.461 Occasionally, patients 
with malignant hypertension develop exudative retinal 
detachments. Similar areas of  focal fluid leakage and sensory 
retinal detachment may be seen as a manifestation of  eclamp-
sia even without other hypertension-related retinal changes 
(Fig. 4.31).464

BLOOD DYSCRASIAS

In anemic patients, an ophthalmoscopic picture very similar 
to malignant hypertension may be observed. Anemia pro-
duces retinal ischemia only when it is sudden or severe. In 
the setting of  acute, severe anemia, the oxygen-carrying 
capacity of  the blood is severely compromised, and auto-
regulatory mechanisms have not yet compensated for the 
change. Patients may develop disc swelling, cotton-wool spots, 
and intraretinal hemorrhages concentrated in the peripapil-
lary region (Fig. 4.32).

Homozygous sickle cell anemia is the most common hemo-
globinopathy to cause retinal manifestations. In this condition 

involving the retinal artery and vein. The incidence of  retinal 
vasculitis in SLE ranges from 3–30%437 and can be vision 
threatening.438 Retinal phlebitis is most likely to occur when 
CNS lupus is present.439 This manifests as perivascular cuffing 
by white blood cells or discrete focal leakage on FA.438 Patients 
may develop retinal hemorrhage, exudates, choroiditis,440 
and cotton-wool spots. Severe vasculitis can eventually lead 
to vaso-occlusive phenomena, including retinal infarction441 
(see Fig. 4.25) and subsequent neovascularization. The main 
factor affecting visual outcome in patients with retinal involve-
ment is the occurrence of  neovascularization with or without 
vitreous hemorrhage, which has been reported in about 40% 
of  the cases.437 The exact pathogenesis of  vascular occlusion 
is not clear, but there have been proposed theories on the 
role of  immune-complex deposition and complement activa-
tion with fibrinoid degeneration of  the vascular wall as factors 
contributing to the vascular damage.442 A choroidopathy 
similar to that seen in eclampsia and characterized by serous 
retinal detachments has been described in patients with 
SLE.441,443,444

CAT SCRATCH DISEASE

Cat scratch disease is a self-limited systemic illness caused 
by a gram-negative bacillus, Bartonella henselae, and is trans-
mitted through the bite or scratch of  an infected cat.445 
However, animal fleas may also transmit the disease, and 
exposures can often be difficult to identify in suspected cases. 
Patients can subsequently develop lymphadenopathy, fever, 
and malaise. Ocular involvement of  cat scratch disease occurs 
in 5–10% of  cases and manifests as oculoglandular syndrome 
with chronic fever, regional lymphadenopathy, follicular 
conjunctivitis, and retinochoroiditis.446–448 Additional pos-
terior segment findings include optic neuropathy, neuroreti-
nitis (disc swelling with intraretinal (Henle’s layer) fluid and 
exudates), vitritis, focal retinitis, choroiditis, and intraretinal 
white spots.449 Neuroretinitis occurs in 1–2% of  systemic 
cat scratch disease and manifests as optic nerve head swell-
ing and macular star formation446 (i.e., neuroretinitis; see 
Chapter 5). Rarely arterial and venous occlusions may be 
seen.450 Because malignant hypertension (see later discus-
sion) may produce a similar ophthalmoscopic picture, blood 
pressure should be carefully checked in all patients believed 
to have neuroretinitis from cat scratch disease. Diagnosis 
can be confirmed by testing for Bartonella antibodies in the 
peripheral blood or by polymerase chain reaction testing of  
ocular tissue.451–453

A history of  exposure to cats may not always be present 
in all patients. In a large retrospective series of  53 patients 
with serologically positive ocular cat scratch disease, a history 
of  cat exposure was present in only 67%.449

Overall the clinical manifestations of  various Bartonella 
species can range from benign and self-limited to severe and 
life-threatening disease such as bacteremia, endocarditis, 
and hepatitis. Visual prognosis is good, with over 80% of  
patients achieving 20/40 or better vision.449 To date no single 
treatment is effective for all Bartonella species. Currently the 
clinical course and the immune status of  the patient often 
guides treatment. A study of  268 patients with typical cat 
scratch disease tested with 18 antibiotics found no significant 
benefit of  antibiotics compared with no treatment,454 and a 
metaanalysis demonstrated no benefit of  antibiotics in 
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spots)), preretinal hemorrhages, vitreous hemorrhage, and 
cotton-wool spots465,466 (Fig. 4.33).

Phakomatoses

The phakomatoses are a group of  hereditary conditions 
characterized by the presence of  lesions of  the skin, blood 
vessels, and nervous system (Table 4.5), and several have 
prominent retinal manifestations. The more common pha-
komatoses are neurofibromatosis types I and II, tuberous 

the abnormal shape of  the red blood cells causes vascular 
occlusion in the retinal periphery. More posterior areas develop 
neovascularization, heralded by arteriovenous anastomoses 
that become shunt vessels with a characteristic fan-shaped 
appearance.

The leukemias may also present with retinal findings by 
causing retinal ischemia. The retinal ischemia may develop 
as a consequence of  the associated anemia, the increased 
viscosity of  the blood, or the occlusion of  vessels by large 
clumps of  white cells. Patients with leukemia may also have 
intraretinal hemorrhages (some with white centers (Roth 

BA

Figure 4.30. Fundus findings in systemic hypertension. A. Hypertensive retinopathy with cotton-wool spots, arteriovenous (A-V) nicking (solid arrow) 
and “silver wiring of vessels” (open arrows). B. Optic disc swelling in malignant hypertension. Mild engorgement of the retinal veins is seen, as well as 
intraretinal hemorrhage (open arrow) and lipid exudate into the macula in a partial macular star (solid arrow). 

BA

Figure 4.31. Retinal findings in eclampsia. A. Serous detachment of the retina (arrows) in a patient with vision loss and eclampsia. B. In another patient, 
hypertensive choroidopathy was seen. 
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acoustic neuroma and a first-degree relative with bilateral 
acoustic neuromas.469 NF-2 is associated with other intra-
cranial and intraspinal tumors, especially meningiomas and 
schwannomas.470 Prominent ocular findings are posterior 
subcapsular cataracts,471 retinal hamartomas,472,473 and 
epiretinal membranes.474 Bilateral optic nerve sheath menin-
giomas (Fig. 4.34) and gliomas475 can be seen but are less 
common. Early ophthalmologic evaluation looking for typical 
lens and retinal findings is extremely helpful in establishing 
the diagnosis.476,477 Lisch nodules are a rare finding in NF-2478 
and are much more commonly seen in NF-1. Epiretinal mem-
branes (ERM) in NF-2 are usually solitary and located in the 
macula but also may be multiple in the periphery.472 SD-OCT 
images in NF-2 patients reveal a speculated edge of  the ERM 
projecting anteriorly into the vitreous, a partially absent 
internal limiting membrane, increased retinal thickness, 
absence of  CME, and preservation of  the outer retinal 
architecture.479

TUBEROUS SCLEROSIS

The classic triad of  tuberous sclerosis (TS) includes facial 
angioma (adenoma sebaceum), mental retardation, and 
seizures. Other systemic involvement including ocular, renal, 
pulmonary, and cardiac manifestations are also reported.480–482 
The condition is dominantly inherited with a high rate of  
new mutations.483 We have seen several children with TS 
whose parents were unknowingly affected as well. Responsible 
defects in two tumor suppressor genes, TSC1 (on chromo-
some 9q34, coding for hamartin) and TSC2 (on chromosome 
16p13, coding for tuberin), have been identified, and either 
may cause TS.484

The most characteristic eye finding is a retinal astrocytic 
hamartoma, found in 44–90% of  patients, which is composed 
of  differentiated glial astrocytes.485 Astrocytic hamartomas, 
of  which there are two major types, may occur anywhere 
in the fundus. The multinodular lesions reside in the posterior 
pole and are typically elevated, yellowish-white, and mulberry-
like in appearance. These are often near the optic nerve (Fig. 

sclerosis, encephalotrigeminal angiomatosis (Sturge–Weber 
syndrome (SWS)), angiomatosis of  the retina and cerebellum 
(von Hippel–Lindau (VHL) disease), racemose angioma of  
the midbrain and retina (Wyburn–Mason syndrome), and 
ataxia telangiectasia (Louis–Bar syndrome).

The phakomatoses with salient retinal manifestations are 
discussed here. Neurofibromatosis type I (NF-1) is discussed 
in detail in Chapter 7, while ataxia telangiectasia is reviewed 
in Chapter 16.

NEUROFIBROMATOSIS TYPE II

Neurofibromatosis type II (NF-2), inherited autosomal domi-
nantly, is caused by a defect in the tumor suppressor gene 
located on chromosome 22 that encodes for the protein merlin 
(also known as schwannomin).467,468 The diagnosis of  NF-2 
can be satisfied by bilateral acoustic neuromas or a unilateral 

BA

Figure 4.32. Fundus photographs of a patient with the acute onset of profound anemia. A. Macular edema and partial star formation (open arrow) 
and intraretinal hemorrhages (solid arrows) (right eye). B. Disc swelling and retinal vein engorgement (left eye). 

Figure 4.33. Intraretinal and white-centered hemorrhages (Roth spots, 
arrow) in a patient with acute leukemia. 
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Hamartomas arise from the retinal ganglion cell layer and 
are composed of  astrocytes. Eventually they may involve all 
layers of  retina. They contain large blood vessels and gener-
ally are not malignant. Ancillary testing including autofluo-
rescence, FA, infrared imaging, and SD-OCT can be helpful 
in identifying astrocytic hamartomas.488,489 A typical non-
calcified retinal astrocytoma appears as a hyperreflective 
dome-shaped lesion confined to the nerve fiber layer with 
normal outer retinal layers.490 The vitreous shows focal adhe-
sions to the tumor. The transition from the tumor to the 
surrounding normal retinal tissue appears to be gradual. 
These features may helpful in distinguishing hamartomas 

4.35) and therefore may resemble giant optic disc drusen. 
Unlike drusen, however, they tend to obscure the underlying 
retinal vessels. These retinal lesions are similar in appearance 
to those observed in NF-2 and sarcoidosis of  the optic nerve 
head. Astrocytic hamartomas of  the second type (see Fig. 
4.35), which are more common; are smaller, flatter, whiter, 
and more translucent; and may mimic cotton-wool spots as 
they lie along the nerve fiber layer. Although these are also 
found in the posterior pole, they are more likely than the 
first type to be found further in the periphery. There is also 
an intermediary type,486 and we have also seen a rarely 
described exophytic retinal hamartoma.487

C

BA

Figure 4.34. Neurofibromatosis type II (NF-2). (A) Retinal hamartoma 
(arrow) and (B) macular epiretinal membrane (open arrows) in a patient 
with NF-2 and multiple meningiomas. Myelinated nerve fibers (solid 
arrow) are present at the superior portion of the disc in B. The bright 
area in the upper right region of A is artifact. C. T1-weighted magnetic 
resonance imaging with contrast in another patient with NF-2 dem-
onstrating bilateral acoustic neuromas (open arrows), right cavernous 
sinus thickening (short solid white arrow) because of a third nerve 
schwannoma, and postsurgical defect (long solid white arrow) where 
a meningioma had been removed. 
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The skin manifestations (Fig. 4.37) of  TS occur in almost 
all patients.498 Hypomelanotic macules (ash-leaf  patches, 
hypopigmented macules) are found in up to 90% of  patients 
and can be single or multiple. They are usually 1–2 cm in 
diameter, but they may vary in size. Use of  an ultraviolet 
light (Wood’s lamp) in a dark room may help locate these 
macules, especially in lightly pigmented individuals. Facial 
angiomas are present in about 50% of  patients and are usually 
first noted when the patient is between 3 and 5 years of  age. 
Often confused with acne, they are small, but often conflu-
ent, pink or light brown, raised nodules typically located in 
the malar area and nasolabial folds. They may have a promi-
nent vascular component and can cause recurrent bleeding. 
Other dermatologic manifestations include shagreen patches 
(leathery areas), ungual fibromas, and forehead plaques.

Other systemic findings include cardiac rhabdomyomas, 
kidney angiomyolipomas, renal cell carcinomas, pulmonary 
lymphangiomatosis, and dental enamel pits. Thus, all patients 
with TS should undergo neuro-ophthalmologic and derma-
tologic examinations, head MRI, echocardiography, and 
ultrasound of  the kidneys. Unless there is a specific reason, 
after the initial eye screening annual eye examinations are 
unnecessary.499 If  an infant with TS is examined, we typically 
schedule to see the child back one more time at age 4 or 5 
years since there is a small chance retinal hamartomas might 
arise anew or change.

VON HIPPEL–LINDAU DISEASE

VHL disease is an autosomal dominant condition that gives 
rise to cystic and highly vascularized tumors in many organs, 
including the brain and the eye. The defect is caused by muta-
tions in pVHL, a tumor suppressor gene located on chromo-
some 3p25–26.500,501 Genetic and molecular analysis of  VHL 

from retinoblastoma, which usually has an abrupt transition 
towards the uninvolved retina.491

Retinal lesions in TS usually require no treatment as they 
rarely produce vision loss. However, we have seen large lesions 
involve the macula, causing visual loss and leukocoria.  
The classic teaching is that most children have their full 
complement of  mature retinal hamartomas by age 1 year, 
but rarely lesions arising,492 enlarging,491 calcifying, and  
even regressing493 later in life have been well documented. 
In addition to the retinal hamartomas, other retinal  
findings include depigmented, punched out lesions of  the 
retina, colobomas, and optic atrophy. Papilledema, sometimes 
with associated visual loss,494 can occur when there is hydro-
cephalus caused by obstruction of  the foramen of  Monro 
(see later discussion). External findings are primarily eyelid 
angiofibromas.

CNS manifestations include seizures, which eventually 
occur in 70–90% of  patients and are the most common 
presenting neurologic symptom in TS.495,496 The onset of  
seizures occurs in infancy, usually manifesting as infantile 
spasms. Tonic–clonic seizures may occur after the first year 
of  life. Mental retardation, sometimes severe, is common, 
occurring in 50–60% of  patients.

Neuroimaging techniques are helpful in identifying the 
typical cortical tubers, which produce high signal on 
T2-weighted MRI (Fig. 4.36).497 They may also be seen as 
calcific opacities on CT. Subependymal nodules may lie along 
the ventricular surface. These nodules may continue to pro-
liferate, at which point they are classified as subependymal 
giant cell astrocytomas. These are often found in patients 
between 5 and 18 years of  age and rarely become malignant. 
They occur commonly near the foramen of  Monro and can 
grow sufficiently large to obstruct cerebrospinal fluid and 
cause hydrocephalus.494

BA

Figure 4.35. Retinal hamartomas in tuberous sclerosis. A. The first patient had a round, elevated, yellowish-white lesion above the optic disc. The 
irregular surface resembles drusen or tapioca. B. Another patient had a nerve fiber layer hamartoma (arrow) that is less elevated and is located above 
the macula. In both patients the hamartomas were visually asymptomatic. 
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left untreated they can cause retinal exudation, subretinal 
fluid accumulation, CME, and retinal detachment, leading 
to progressive vision loss.504

In a large cohort of  249 patients with VHL, 33% showed 
progression of  ocular disease over an 8-year period.509 Vision 
loss occurs in over half  the patients and is more common 
in those who develop juxtapapillary retinal capillary hem-
angiomas or an increase in the number of  peripheral retinal 
hemangiomas.503,506,507 A younger age and presence of  bilat-
eral involvement are risk factors for progression of  the ocular 
disease and vision loss.509

Most lesions <500 microns in size can be observed.510 
Treatment modalities for the retinal lesions in VHL disease 
include laser photocoagulation, photodynamic therapy, cryo-
therapy, radiotherapy, diathermy, and surgical resection.510,511 
Because these procedures are usually successful in obliterat-
ing small VHL angiomas, early treatment is recommended.510 
Recently anti-VEGF therapy alone or in combination with 
photodynamic therapy has been found to shrink tumors.512–515 
Systemic antiangiogenic agents, particularly multitarget 
tyrosine kinase inhibitors (semaxanib, sunitinib, vatalanib), 
thalidomide, and interferon α-2a have also been reported 
as beneficial for largely CNS and retinal hemangiomas in 
achieving disease stability, although further studies are needed 
to establish their role in the treatment of  these tumors.516

Cerebellar hemangioblastomas, occurring in about half  
of  patients, are the most common CNS finding in VHL disease. 
They are typically multiple and tend to develop throughout 

function has revealed that the protein encoded by the VHL 
gene regulates a hypoxia-inducible factor (HIF) which is 
upregulated in hypoxia and results in increased vascular 
growth. Mutations in pVHL are believed to interfere with 
the regulated breakdown of  HIF, leading to dysregulated 
vascular growth in the retina and retinal capillary heman-
gioma formation.502 The condition represents a dysgenesis 
of  neuroectoderm and mesoderm and includes angiomatosis 
of  the retina, capillary hemangioblastomas of  the CNS, and 
cysts or tumors of  the viscera. The disease may be lethal, 
and careful monitoring is necessary to detect the associated 
clear cell renal cell carcinoma and pheochromocytoma. Cysts 
and angiomatous tumors involving the visceral organs are 
usually asymptomatic.

Retinal angiomatosis, found in approximately one-half  of  
patients, is usually the first observed manifestation of  the 
condition.503–505 These tumors are usually in a midperipheral 
location (Fig. 4.38)506 but occasionally are in the posterior 
pole around the optic disc, or rarely in the intraorbital portion 
of  the optic nerve. The lesions are bilateral in about one-half  
of  patients, and multiple lesions are seen in one eye in one-
third of  patients.503,506,507 The earliest lesion is a small capil-
lary cluster the size and configuration of  a diabetic 
microaneurysm. The fully developed classic lesions consist 
of  an elevated, globular, pink retinal tumor that is often fed 
by a dilated tortuous retinal artery. The tumor replaces the 
entire thickness of  the neurosensory retina.508 Most retinal 
capillary hemangiomas show slow progression over time. If  

BA

Figure 4.36. Magnetic resonance imaging (MRI) of tuberous sclerosis. A. T2-weighted axial MRI. Cortical tubers, characterized by abnormal architecture 
of the cortex and underlying white matter, may be seen (open arrows). Subependymal nodules (solid arrows) can be seen along the lining of the lateral 
ventricles. B. T1-weighted axial MRI with gadolinium. Large subependymal giant astrocytoma (arrow) obstructing the third ventricle, leading to hydro-
cephalus (manifested by ventricular enlargement). 
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ENCEPHALOTRIGEMINAL ANGIOMATOSIS 
(STURGE–WEBER SYNDROME)

SWS is characterized by the triad of  skin, CNS, and ocular 
findings. Although the nevus flammeus (cutaneous hemifacial 
hemangioma) of  the face is the most obvious sign, the major 
symptomatic manifestations are related to CNS involvement. 
The facial port wine stain (see Fig. 8.47) may occur with or 
without one of  the other major manifestations: leptomen-
ingeal angiomatosis, cerebral gyriform calcifications, and 
glaucoma. These are usually unilateral and ipsilateral. The 
syndrome shows no well-established genetic, sexual, or racial 
predilection.

The ocular manifestations of  SWS are choroidal heman-
gioma and glaucoma, which is seen in 60% of  affected 

the course of  the patient’s life. Medullary and spinal heman-
gioblastomas are relatively less common, but a medullary 
lesion may be lethal if  it compresses vital brainstem struc-
tures. The spinal lesions most often appear in the upper 
cervical cord. Hemangioblastomas may rarely involve the 
optic nerve and chiasm.517,518

Renal cell carcinoma is recognized clinically in one-third 
of  patients and presents as hematuria, obstructive nephropa-
thy, or an abdominal mass. Pheochromocytomas are usually 
asymptomatic and occur in less than 10% of  patients.519 
Renal and pancreatic cysts, pancreatic islet cell tumors, epi-
didymal papillary cystadenomas, and endolymphatic sac 
papillary adenocarcinomas may also be seen.520 Polycythemia 
has been reported in up to 25% of  VHL patients and par-
ticularly in those with cerebellar hemangioblastoma.

D

C

B

A

Figure 4.37. Common dermatologic manifestations of tuberous sclerosis. A. Facial angiofibromas (adenoma sebaceum). B. Shagreen patch, an area 
of thick, leathery skin, on a patient’s lower back. C. Ungual fibroma (arrow). D. Hypopigmented macules in a darkly pigmented individual (same patient 
as in B). 
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thickness in the eyes of  patients with Sturge–Weber syndrome 
even without clinically apparent choroidal hemangiomas.528 
This is in keeping with the diffuse choroidal vascular thick-
ening in the characteristic “tomato-catsup” fundus.529

The dermatologic manifestations include the nevus flam-
meus, which usually corresponds to the distribution of  the 
ophthalmic, maxillary, and, more rarely, mandibular divisions 
of  the trigeminal nerve. The pathognomonic feature of  SWS 
is the CNS angioma of  the pia and arachnoid mater (see the 
discussion in Chapter 8). As a result of  this angioma, the 
vascular circulation of  the underlying cerebral cortex is often 
altered, leading to superficial calcification. The majority of  
patients will have intracranial calcifications on CT. These 
cortical abnormalities result in focal or generalized seizures, 
contralateral hemiplegia, and mental retardation. The lesions 
can be identified in the first or second decade of  life and may 
increase in size up until the second decade of  life, at which 
point they remain stable.

ATAXIA TELANGIECTASIS,  
(LOUIS–BAR SYNDROME)

Louis–Bar syndrome (LBS) is characterized by progressive 
cerebellar ataxia, cutaneous and conjunctival telangiectasias, 
and recurrent sinopulmonary infections. Unlike the other 
phakomatoses, it appears to be inherited in a recessive fashion, 
and the genetic defect has been localized to chromosome 
11. The conjunctival telangiectasias are similar to those seen 
in SWS but are bilateral and not associated with lesions of  
the choroid or the skin.

This phakomatosis is discussed in detail in Chapter 16.

WYBURN–MASON SYNDROME

Patients with Wyburn–Mason syndrome (WMS) develop retinal, 
brain, and occasionally facial arteriovenous malformations 

individuals.521 Of  these patients, over half  acquire the disease 
before age 2 years and can develop buphthalmos. Congenital 
glaucoma is most often associated with involvement of  the 
upper lid by the facial hemangioma present at birth.522 Several 
mechanisms play a role in the development of  glaucoma. 
These include (1) outflow obstruction by angle malformation 
and associated increased vascularity of  the iris; (2) occlusion 
of  the angle from anterior synechiae as a secondary phe-
nomenon in patients with choroidal hemangioma and retinal 
detachment; (3) elevation of  episcleral pressure, reducing 
outflow; (4) hypersecretion of  aqueous; and (5) elevation of  
the intraocular pressure that results from increased perme-
ability of  the thin-walled vessels of  the choroidal heman-
gioma. Trabeculotomy in infants and trabeculectomy in older 
patients are effective surgical therapies for patients with SWS 
and glaucoma.523 Latanoprost may also be very effective in 
these patients.524

Choroidal hemangioma, seen in over half  of  patients,525 
typically appear as relatively flat, isolated lesions usually up 
to several millimeters in diameter that are located in the 
posterior pole, temporal to the disc. Occasionally, they may 
be diffuse and involve larger areas of  choroid and, in such 
cases, appear similar to red velvet or ketchup. They demon-
strate a characteristic pattern of  extratumoral hyperfluores-
cent spots on ICGA. This technique can be used to identify 
these lesions when they are not visible clinically or not seen 
on conventional FA.526,527 Typically choroidal hemangiomas 
cause no visual disturbances until early adulthood. During 
this slow-growth phase, they may be associated with cystoid 
degeneration of  the overlying sensory retina, and they may 
eventually produce an exudative retinal detachment. Other 
ocular findings in SWS include heterochromia iridis, con-
junctival angioma and dilation of  episcleral vessels, tortuosity 
of  retinal vessels, bilateral lens subluxation, anisocoria, and 
coloboma of  the iris and optic nerve head. A case series using 
enhanced-depth SD-OCT demonstrated increased choroidal 

BA

Figure 4.38. A. Fundus photo of a patient with von Hippel–Lindau disease showing an inferior peripheral retinal angioma (arrow), which is shown in 
a magnified view in (B). 
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(AVMs).530 In WMS, AVMs have a predilection for the midbrain. 
Cerebral AVMs are discussed in detail in Chapter 8, and dural 
AVMs in Chapter 15.

Retinal AVMs in WMS are congenital, unilateral malfor-
mations that have a predilection for involvement of  the vessels 
of  the posterior pole.531,532 These lesions appear as arterial 
and venous dilations with marked tortuosity of  a sector of  
the retinal circulation. Although most retinal AVMs are stable, 
several complications have been reported, including hemor-
rhage, vein occlusion, and neovascular glaucoma.533,534

References
1. Nipken LH, Schmidt D. Incidence, localization, length and course of  the cilioretinal 

artery. Is there an effect on the course of  temporal rental arteries? Klin Monatsbl 
Augenheilkd 1996;208:229–234.

2. Cuba J, Gomez-Ulla F. Fundus autofluorescence: applications and perspectives. Arch 
Soc Esp Oftalmol 2013;88:50–55.

3. Jampol LM, Weinreb R, Yannuzzi L. Involvement of  corticosteroids and catecholamines 
in the pathogenesis of  central serous chorioretinopathy: a rationale for new treatment 
strategies. Ophthalmology 2002;109:1765–1766.

4. Yannuzzi LA. Type-A behavior and central serous chorioretinopathy. Retina 
1987;7:111–131.

5. Fawzi AA, Holland GN, Kreiger AE, et al. Central serous chorioretinopathy after solid 
organ transplantation. Ophthalmology 2006;113:805–813 e805.

6. Chung H, Kim KH, Kim JG, et al. Retinal complications in patients with solid organ 
or bone marrow transplantations. Transplantation 2007;83:694–699.

7. Bresnick GH, Condit R, Syrjala S, et al. Abnormalities of  the foveal avascular zone 
in diabetic retinopathy. Arch Ophthalmol 1984;102:1286–1293.

8. Fortune B, Schneck ME, Adams AJ. Multifocal electroretinogram delays reveal local 
retinal dysfunction in early diabetic retinopathy. Invest Oph Vis Sci 1999;40:2638–2651.

9. Tzekov R, Arden GB. The electroretinogram in diabetic retinopathy. Surv Ophthalmol 
1999;44:53–60.

10. Bos PJ, Deutman AF. Acute macular neuroretinopathy. Am J Ophthalmol 
1975;80:573–584.

11. Turbeville SD, Cowan LD, Gass JD. Acute macular neuroretinopathy: a review of  the 
literature. Surv Ophthalmol 2003;48:1–11.

12. Aziz HA, Kheir WJ, Young RC, et al. Acute macular neuroretinopathy: a case report 
and review of  the literature, 2002-2012. Ophthalmic Surg Lasers Imaging Retina 
2015;46:114–124.

13. Fawzi AA, Pappuru RR, Sarraf  D, et al. Acute macular neuroretinopathy: long-term 
insights revealed by multimodal imaging. Retina 2012;32:1500–1513.

14. Cebeci Z, Bayraktar S, Oray M, et al. Acute macular neuroretinopathy misdiagnosed 
as optic neuritis. Int Ophthalmol 2015;35:125–129.

15. Maschi C, Schneider-Lise B, Paoli V, et al. Acute macular neuroretinopathy: contribu-
tion of  spectral-domain optical coherence tomography and multifocal ERG. Graefes 
Arch Clin Exp Ophthalmol 2011;249:827–831.

16. Vance SK, Spaide RF, Freund KB, et al. Outer retinal abnormalities in acute macular 
neuroretinopathy. Retina 2011;31:441–445.

17. Affortit AS, Lazrak Z, Leze RH, et al. En face spectral domain optical coherence tomogra-
phy in a case of  bilateral acute macular neuroretinopathy. Retina 2015;35:1049–1050.

18. Maturi RK, Yu M, Sprunger DT. Multifocal electroretinographic evaluation of  acute 
macular neuroretinopathy. Arch Ophthalmol 2003;121:1068–1069.

19. Neuhann IM, Inhoffen W, Koerner S, et al. Visualization and follow-up of  acute 
macular neuroretinopathy with the Spectralis HRA + OCT device. Graefes Arch Clin 
Exp Ophthalmol 2010;248:1041–1044.

20. Howard RS, Russell RW. Prognosis of  patients with retinal embolism. J Neurol Neu-
rosurg Psychiatry 1987;50:1142–1147.

21. Sharma S, Pater JL, Lam M, et al. Can different types of  retinal emboli be reliably 
differentiated from one another? An inter- and intraobserver agreement study. Can 
J Ophthalmol 1998;33:144–148.

22. Younge BR. The significance of  retinal emboli. J Clin Neuroophthalmol 1989;9:190–194.
23. Hollenhorst RW. Significance of  bright plaques in the retinal arterioles. JAMA 

1961;178:23–29.
24. Ramakrishna G, Malouf  JF, Younge BR, et al. Calcific retinal embolism as an indicator 

of  severe unrecognised cardiovascular disease. Heart 2005;91:1154–1157.
25. Wang JJ, Cugati S, Knudtson MD, et al. Retinal arteriolar emboli and long-term mor-

tality: pooled data analysis from two older populations. Stroke 2006;37:1833–1836.
26. Hoki SL, Varma R, Lai MY, et al. Prevalence and Associations of  Asymptomatic Retinal 

Emboli in Latinos: The Los Angeles Latino Eye Study (LALES). Am J Ophthalmol 
2008;145:143–148.

27. Cugati S, Wang JJ, Rochtchina E, et al. Ten-year incidence of  retinal emboli in an 
older population. Stroke 2006;37:908–910.

28. O’Donnell BA, Mitchell P. The clinical features and associations of  retinal emboli. 
Aust N Z J Ophthalmol 1992;20:11–17.

29. Babikian V, Wijman CA, Koleini B, et al. Retinal ischemia and embolism. Etiologies 
and outcomes based on a prospective study. Cerebrovasc Dis 2001;12:108–113.

30. Sharma S, Brown GC, Pater JL, et al. Does a visible retinal embolus increase the 
likelihood of  hemodynamically significant carotid artery stenosis in patients with 
acute retinal arterial occlusion? Arch Ophthalmol 1998;116:1602–1606.



4 • Visual Loss: Retinal Disorders of Neuro-Ophthalmic Interest 93

104. Beaumont PE, Kang HK. Pattern of  vascular nonperfusion in retinal venous occlu-
sions occurring within the optic nerve with and without optic nerve head swelling. 
Arch Ophthalmol 2000;118:1357–1363.

105. Kolar P. Risk factors for central and branch retinal vein occlusion: a meta-analysis 
of  published clinical data. J Ophthalmol 2014;2014:724–780.

106. Schmidt D. Comorbidities in combined retinal artery and vein occlusions. Eur J Med 
Res 2013;18:27.

107. Stem MS, Talwar N, Comer GM, et al. A longitudinal analysis of  risk factors associated 
with central retinal vein occlusion. Ophthalmology 2013;120:362–370.

108. Park SJ, Choi NK, Yang BR, et al. Risk of  stroke in retinal vein occlusion. Neurology 
2015;85:1578–1584.

109. Rehak M, Wiedemann P. Retinal vein thrombosis: pathogenesis and management. J 
Thromb Haemost 2010;8:1886–1894.

110. Campochiaro PA, Wykoff  CC, Singer M, et al. Monthly versus as-needed ranibizumab 
injections in patients with retinal vein occlusion: the SHORE study. Ophthalmology 
2014;121:2432–2442.

111. Korobelnik JF, Holz FG, Roider J, et al. Intravitreal Aflibercept Injection for Macular 
Edema Resulting from Central Retinal Vein Occlusion: One-Year Results of  the Phase 
3 GALILEO Study. Ophthalmology 2014;121:202–208.

112. Yeh S, Kim SJ, Ho AC, et al. Therapies for macular edema associated with central 
retinal vein occlusion: a report by the American Academy of  Ophthalmology. Oph-
thalmology 2015;122:769–778.

113. Frangieh GT, Green WR, Barraquer Somers E, et al. Histopathologic study of  nine 
branch retinal vein occlusions. Arch Ophthalmol 1982;100:1132–1140.

114. Di Capua M, Coppola A, Albisinni R, et al. Cardiovascular risk factors and outcome 
in patients with retinal vein occlusion. J Thromb Thrombolysis 2010;30:16–22.

115. Lam HD, Lahey JM, Kearney JJ, et al. Young patients with branch retinal vein occlu-
sion: a review of  60 cases. Retina 2010;30:1520–1523.

116. Esrick E, Subramanian ML, Heier JS, et al. Multiple laser treatments for macular edema 
attributable to branch retinal vein occlusion. Am J Ophthalmol 2005;139:653–657.

117. Papadia M, Misteli M, Jeannin B, et al. The influence of  anti-VEGF therapy on present 
day management of  macular edema due to BRVO and CRVO: a longitudinal analy-
sis on visual function, injection time interval and complications. Int Ophthalmol 
2014;34:1193–1201.

118. Ito Y, Saishin Y, Sawada O, et al. Comparison of  single injection and three monthly 
injections of  intravitreal bevacizumab for macular edema associated with branch 
retinal vein occlusion. Clin Ophthalmol 2015;9:175–180.

119. Chan JW. Paraneoplastic retinopathies and optic neuropathies. Surv Ophthalmol 
2003;48:12–38.

120. Darnell RB, Posner JB. Paraneoplastic syndromes involving the nervous system. N 
Engl J Med 2003;349:1543–1554.

121. Sawyer R, A, Selhorst JB, Zimmerman LE, et al. Blindness caused by photoreceptor 
degeneration as a remote effect of  cancer. Am J Ophthalmol 1976;81:606–613.

122. Jacobson DM, Thirkill CE, Tipping SJ. A clinical triad to diagnose paraneoplastic 
retinopathy. Ann Neurol 1990;28:162–167.

123. Anastasakis A, Dick AD, Damato EM, et al. Cancer-associated retinopathy present-
ing as retinal vasculitis with a negative ERG suggestive of  on-bipolar cell pathway 
dysfunction. Doc Ophthalmol 2011;123:59–63.

124. Huynh N, Shildkrot Y, Lobo AM, et al. Intravitreal triamcinolone for cancer-
associated retinopathy refractory to systemic therapy. J Ophthalmic Inflamm Infect 
2012;2:169–171.

125. Heckenlively JR, Ferreyra HA. Autoimmune retinopathy: a review and summary. 
Semin Immunopathol 2008;30:127–134.

126. Adamus G. Autoantibody targets and their cancer relationship in the pathogenicity 
of  paraneoplastic retinopathy. Autoimmun Rev 2009;8:410–414.

127. Kim SJ, Toma HS, Thirkill CE, et al. Cancer-associated retinopathy with retinal periphleb-
itis in a patient with ovarian cancer. Ocul Immunol Inflamm 2010;18:107–109.

128. Morita M, Fukuhara T, Takahashi H, et al. Small cell lung cancer and progressive 
retinopathy. BMJ Case Rep 2014.

129. Eadie JA, Ip MS, Ver Hoeve JN. Localized retinal manifestations of  paraneoplastic 
autoimmune retinopathy. Retin Cases Brief  Rep 2014;8:318–321.

130. Ogra S, Sharp D, Danesh-Meyer H. Autoimmune retinopathy associated with carcinoid 
tumour of  the small bowel. J Clin Neurosci 2014;21:358–360.

131. Rizzo JF, Gittinger JW. Selective immunohistochemical staining in the paraneoplastic 
retinopathy syndrome. Ophthalmology 1992;99:1286–1295.

132. Ohguro H, Yokoi Y, Ohguro I, et al. Clinical and immunologic aspects of  cancer-
associated retinopathy. Am J Ophthalmol 2004;137:1117–1119.

133. Makiyama Y, Kikuchi T, Otani A, et al. Clinical and immunological characterization 
of  paraneoplastic retinopathy. Invest Ophthalmol Vis Sci 2013;54:5424–5431.

134. Mohamed Q, Harper CA. Acute optical coherence tomographic findings in cancer-
associated retinopathy. Arch Ophthalmol 2007;125:1132–1133.

135. Lima LH, Greenberg JP, Greenstein VC, et al. Hyperautofluorescent ring in autoimmune 
retinopathy. Retina 2012;32:1385–1394.

136. Klingele TG, Burde RM, Rappazzo JA, et al. Paraneoplastic retinopathy. J Clin Neur-
oophthalmol 1984;4:239–245.

137. Keltner JL, Roth AM, Chang RS. Photoreceptor degeneration: possible autoimmune 
disorder. Arch Ophthalmol 1983;101:564–569.

138. Adamus G, Guy J, Schmied JL, et al. Role of  anti-recoverin autoantibodies in cancer-
associated retinopathy. Invest Ophthalmol Vis Sci 1993;34:2626–2633.

139. Ohnishi Y, Ohara S, Sakamoto T, et al. Cancer-associated retinopathy with retinal 
phlebitis. Br J Ophthalmol 1993;77:795–798.

140. Thirkill CE, Roth AM, Keltner JL. Cancer-associated retinopathy. Arch Ophthalmol 
1987;105:372–375.

66. Greven CM, Weaver RG, Owen J, et al. Protein S deficiency and bilateral branch retinal 
artery occlusion. Ophthalmology 1991;98:33–34.

67. Gross M, Eliashar R. Update on Susac’s syndrome. Curr Opin Neurol 2005;18:311–314.
68. Susac JO, Calabrese LH, Baylin E, et al. Branch retinal artery occlusions as the pre-

senting feature of  primary central nervous system vasculitis. Clin Exp Rheumatol 
2004;22:S70–74.

69. Susac JO, Egan RA, Rennebohm RM, et al. Susac’s syndrome: 1975-2005 
microangiopathy/autoimmune endotheliopathy. J Neurol Sci 2007;257:270–272.

70. Fineman MS, Savino PJ, Federman JL, et al. Branch retinal artery occlusion as the 
initial sign of  giant cell arteritis. Am J Ophthalmol 1996;122:428–430.

71. Crofts JW, Nussbaum JJ, Levine SR, et al. Retinitis pigmentosa and branch retinal artery 
occlusion with anticardiolipin antibody. Case report. Arch Ophthalmol 1989;107:324.

72. Levine SR, Crofts JW, Lesser GR, et al. Visual symptoms associated with the presence 
of  a lupus anticoagulant. Ophthalmology 1988;95:686–692.

73. De Potter P, Zografos L. Survival prognosis of  patients with retinal artery occlu-
sion and associated carotid artery disease. Graefes Arch Clin Exp Ophthalmol 
1993;231:212–216.

74. Coady PA, Cunningham ET, Jr., Vora RA, et al. Spectral domain optical coherence 
tomography findings in eyes with acute ischaemic retinal whitening. Br J Ophthalmol 
2015;99:586–592.

75. Horton JC. Embolic cilioretinal artery occlusion with atherosclerosis of  the ipsilateral 
carotid artery. Retina 1995;15:441–444.

76. el Asrar AM, Naddaf  HO, al Momen AK, et al. Systemic lupus erythematosus flare-up 
manifesting as a cilioretinal artery occlusion. Lupus 1995;4:158–160.

77. Hayreh SS, Podhajsky PA, Zimmerman B. Ocular manifestations of  giant cell arteritis. 
Am J Ophthalmol 1998;125:509–520.

78. Hwang JF, Chen SN, Chiu SL, et al. Embolic cilioretinal artery occlusion due to carotid 
artery dissection. Am J Ophthalmol 2004;138:496–498.

79. Carrero JL, Sanjurjo FJ. Bilateral cilioretinal artery occlusion in antiphospholipid 
syndrome. Retina 2006;26:104–106.

80. Dori D, Gelfand YA, Brenner B, et al. Cilioretinal artery occlusion: an ocular complica-
tion of  primary antiphospholipid syndrome. Retina 1997;17:555–557.

81. Kunikata H, Tamai M. Cilioretinal artery occlusions following embolization of  an 
artery to an intracranial meningioma. Graefes Arch Clin Exp Ophthalmol 2006;244: 
401–403.

82. Ahmadieh H, Javadi MA. Cilioretinal artery occlusion following laser in situ ker-
atomileusis. Retina 2005;25:533–537.

83. Kachmaryk MM, Trimble SN, Gieser RG. Cilioretinal artery occlusion in sickle cell 
trait and rheumatoid arthritis. Retina 1995;15:501–504.

84. Noble KG. Central retinal vein occlusion and cilioretinal artery infarction. Am J Oph-
thalmol 1994;118:811–813.

85. Schatz H, Fong AC, McDonald HR, et al. Cilioretinal artery occlusion in young adults 
with central retinal vein occlusion. Ophthalmology 1991;98:594–601.

86. Mizener JB, Podhajsky P, Hayreh SS. Ocular ischemic syndrome. Ophthalmology 
1997;104:859–864.

87. Mendrinos E, Machinis TG, Pournaras CJ. Ocular ischemic syndrome. Surv Ophthalmol 
2010;55:2–34.

88. Brown GC, Magargal LE. The ocular ischemic syndrome. Clinical, fluorescein angio-
graphic and carotid angiographic features. Int Ophthalmol 1988;11:239–251.

89. Takaki Y, Nagata M, Shinoda K, et al. Severe acute ocular ischemia associated with 
spontaneous internal carotid artery dissection. Int Ophthalmol 2008;28:447–449.

90. Casson RJ, Fleming FK, Shaikh A, et al. Bilateral ocular ischemic syndrome secondary 
to giant cell arteritis. Arch Ophthalmol 2001;119:306–307.

91. Koz OG, Ates A, Numan Alp M, et al. Bilateral ocular ischemic syndrome as an 
initial manifestation of  Takayasu’s arteritis associated with carotid steal syndrome. 
Rheumatol Int 2007;27:299–302.

92. Schmidt D. Ocular ichemia syndrome—a malignant course of  giant cell arteritis. 
Eur J Med Res 2005;10:233–242.

93. Worrall M, Atebara N, Meredith T, et al. Bilateral ocular ischemic syndrome in Takayasu 
disease. Retina 2001;21:75–76.

94. Kar S, Gopaldas RR, Kumar A. Acute aortic dissection and stroke in multivessel 
fibromuscular dysplasia. Tex Heart Inst J 2013;40:88–90.

95. Pannone A, Lucchetti G, Stazi G, et al. Internal carotid artery dissection in a patient 
with Behçet’s syndrome. Ann Vasc Surg 1998;12:463–467.

96. Huang ZL, Lin KH, Lee YC, et al. Acute vision loss after intravitreal injection of  
bevacizumab (avastin) associated with ocular ischemic syndrome. Ophthalmologica 
2010;224:86–89.

97. Tang Y, Luo D, Peng W, et al. Ocular ischemic syndrome secondary to carotid artery 
occlusion as a late complication of  radiotherapy of  nasopharyngeal carcinoma. J 
Neuroophthalmol 2010;30:315–320.

98. Kwa VI, van der Sande JJ, Stam J, et al. Retinal arterial changes correlate with cerebral 
small-vessel disease. Neurology 2002;59:1536–1540.

99. Mitchell P, Wang JJ, Wong TY, et al. Retinal microvascular signs and risk of  stroke 
and stroke mortality. Neurology 2005;65:1005–1009.

100. Rose KM, Wong TY, Carson AP, et al. Migraine and retinal microvascular abnormalities. 
The Atherosclerosis Risk in Communities Study. Neurology 2007;68:1694–1700.

101. Helenius J, Arsava EM, Goldstein JN, et al. Concurrent acute brain infarcts in patients 
with monocular visual loss. Ann Neurol 2012;72:286–293.

102. Lee J, Kim SW, Lee SC, et al. Co-occurrence of  acute retinal artery occlusion and 
acute ischemic stroke: diffusion-weighted magnetic resonance imaging study. Am J 
Ophthalmol 2014;157:1231–1238.

103. Coscas G, Loewenstein A, Augustin A, et al. Management of  retinal vein occlusion—
consensus document. Ophthalmologica 2011;226:4–28.



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway94

transient receptor potential melastatin 1 (TRPM1) autoantibody testing: a novel 
approach. Ophthalmology 2013;120:2560–2564.

174. Kiratli H, Kadayifcilar S, Tarlan B. Paraneoplastic vitelliform retinopathy following 
ciliochoroidal melanoma. Ophthalmic Surg Lasers Imaging Retina 2013;44:290–292.

175. Al-Dahmash SA, Shields CL, Bianciotto CG, et al. Acute exudative paraneoplastic 
polymorphous vitelliform maculopathy in five cases. Ophthalmic Surg Lasers Imaging 
2012;43:366–373.

176. Aronow ME, Adamus G, Abu-Asab M, et al. Paraneoplastic vitelliform retinopathy: 
clinicopathologic correlation and review of  the literature. Surv Ophthalmol 
2012;57:558–564.

177. Matsui Y, Mehta MC, Katsumi O, et al. Electrophysiological findings in paraneoplastic 
retinopathy. Graefes Arch Clin Exp Oph 1992;230:324–328.

178. Ladewig G, Reinhold U, Thirkill CE, et al. Incidence of  antiretinal antibodies in mela-
noma: screening of  77 serum samples from 51 patients with American Joint Com-
mittee on Cancer stage I-IV. Br J Dermatol 2005;152:931–938.

179. Subhadra C, Dudek AZ, Rath PP, et al. Improvement in visual fields in a patient 
with melanoma-associated retinopathy treated with intravenous immunoglobulin. 
J Neuroophthalmol 2008;28:23–26.

180. Hanaya J, Nakamura Y, Nejima R, et al. [Case report of  melanoma-associated retinopathy 
associated with positive auto-antibodies against retinal bipolar cells]. Nihon Ganka 
Gakkai Zasshi 2011;115:541–546.

181. Borruat FX, Othenin-Girard P, Uffer S, et al. Natural history of  diffuse uveal mela-
nocytic proliferation. Ophthalmology 1992;99:1698–1704.

182. Leys AM, Dierick HG, Sciot RM. Early lesions of  bilateral diffuse melanocytic prolifera-
tion. Arch Ophthalmol 1991;109:1590–1594.

183. O’Neal KD, Butnor KJ, Perkinson KR, et al. Bilateral diffuse uveal melanocytic pro-
liferation associated with pancreatic carcinoma: a case report and literature review 
of  this paraneoplastic syndrome. Surv Ophthalmol 2003;48:613–625.

184. Joseph A, Rahimy E, Sarraf  D. Bilateral diffuse uveal melanocytic proliferation with 
multiple iris cysts. JAMA Ophthalmol 2014;132:756–760.

185. Jaben EA, Pulido JS, Pittock S, et al. The potential role of  plasma exchange as a 
treatment for bilateral diffuse uveal melanocytic proliferation: a report of  two cases. 
J Clin Apher 2011;26:356–361.

186. Mets RB, Golchet P, Adamus G, et al. Bilateral diffuse uveal melanocytic prolifera-
tion with a positive ophthalmoscopic and visual response to plasmapheresis. Arch 
Ophthalmol 2011;129:1235–1238.

187. Grunwald GB, Kornguth SE, Towfighi J, et al. Autoimmune basis for visual paraneo-
plastic syndrome in patients with small cell lung carcinoma. Retinal immune deposits 
and ablation of  retinal ganglion cells. Cancer 1987;60:780–786.

188. Adamus G, Wilson DJ. The need for standardization of  antiretinal antibody detection 
and measurement. Am J Ophthalmol 2009;147:557, author reply 557–558.

189. Faez S, Loewenstein J, Sobrin L. Concordance of  antiretinal antibody testing results 
between laboratories in autoimmune retinopathy. JAMA Ophthalmol 2013;131:113–115.

190. Chung SM, Selhorst JB. Cancer-associated retinopathy. Ophthalmol Clin North Am 
1992;5:587–596.

191. Ejma M, Misiuk-Hojlo M, Gorczyca WA, et al. Antibodies to 46-kDa retinal antigen 
in a patient with breast carcinoma and cancer-associated retinopathy. Breast Cancer 
Res Treat 2007;110:269–271.

192. Andreasson S, Ponjavic V, Ehinger B. Full-field electroretinogram in a patient with cuta-
neous melanoma-associated retinopathy. Acta Ophthalmologica 1993;71:487–490.

193. Tanaka A, Takase H, Adamus G, et al. Cancer-associated retinopathy caused by benign 
thymoma. Br J Ophthalmol 2010;94:526–528.

194. Otsuji F, Abematsu N, Nakao K, et al. [A case of  cancer-associated retinopathy rapidly 
leading to blindness with a unique pupillary light reflex]. Nihon Ganka Gakkai Zasshi 
2011;115:924–929.

195. Rizzo JF, Volpe NJ. Cancer-associated retinopathy. In: Pepose JS, Holland G, Wilheimus K 
(eds): Ocular Infection and Immunity, pp 585–599. St. Louis, Mosby-Year Book, 1996.

196. Volpe NJ, Rizzo JF, 3rd. Retinal disease in neuro-ophthalmology: paraneoplastic 
retinopathy and the big blind spot syndrome. Semin Ophthalmol 1995;10:234–241.

197. Callanan D, Gass JD. Multifocal choroiditis and choroidal neovascularization associated 
with the multiple evanescent white dot and acute idiopathic blind spot enlargement 
syndrome. Ophthalmology 1992;99:1678–1685.

198. Volpe NJ, Rizzo JF, 3rd, Lessell S. Acute idiopathic blind spot enlargement syndrome: 
a review of  27 new cases. Arch Ophthalmol 2001;119:59–63.

199. Gass JD, Agarwal A, Scott IU. Acute zonal occult outer retinopathy: a long-term 
follow-up study. Am J Ophthalmol 2002;134:329–339.

200. Fletcher WA, Imes RK, Goodman D, et al. Acute idiopathic blindspot enlargement. A 
big blindspot syndrome without optic disc edema. Arch Ophthalmol 1988;106:44–49.

201. Machida S, Haga-Sano M, Ishibe T, et al. Decrease of  blue cone sensitivity in acute 
idiopathic blind spot enlargement syndrome. Am J Ophthalmol 2004;138:296–299.

202. Khorram KD, Jampol LM, Rosenberg MA. Blind spot enlargement as a manifestation 
of  multifocal choroiditis. Arch Ophthalmol 1991;109:1403–1407.

203. Singh K, de Frank MP, Shults WT, et al. Acute idiopathic blind spot enlargement. A 
spectrum of  disease. Ophthalmology 1991;98:497–502.

204. Kondo N, Kondo M, Miyake Y. Acute idiopathic blind spot enlargement syndrome: 
prolonged retinal dysfunction revealed by multifocal electroretinogram technique. 
Am J Ophthalmol 2001;132:126–128.

205. Watzke RC, Shults WT. Clinical features and natural history of  the acute idiopathic 
enlarged blind spot syndrome. Ophthalmology 2002;109:1326–1335.

206. Jampol LM, Sieving PA, Pugh D, et al. Multiple evanescent white dot syndrome. I. 
Clinical findings. Arch Ophthalmol 1984;102:671–674.

207. Takeda M, Kimura S, Tamiya M. Acute disseminated retinal pigment epitheliopathy. 
Folia Ophthalmol Japan 1984;35:2613–2620.

141. Polans AS, Witkowska D, Haley TL, et al. Recoverin, a photoreceptor-specific calcium-
binding protein, is expressed by the tumor of  a patient with cancer-associated retino-
pathy. Proc Natl Acad Sci U S A 1995;92:9176–9180.

142. Adamus G, Amundson D, Seigel GM, et al. Anti-enolase-alpha autoantibodies in 
cancer-associated retinopathy: epitope mapping and cytotoxicity on retinal cells. J 
Autoimmun 1998;11:671–677.

143. Weleber RG, Watzke RC, Shults WT, et al. Clinical and electrophysiologic characteriza-
tion of  paraneoplastic and autoimmune retinopathies associated with antienolase 
antibodies. Am J Ophthalmol 2005;139:780–794.

144. Ohguro H, Ogawa K, Nakagawa T. Recoverin and Hsc 70 are found as autoantigens in 
patients with cancer-associated retinopathy. Invest Ophthalmol Vis Sci 1999;40:82–89.

145. Eichen JG, Dalmau J, Demopoulos A, et al. The photoreceptor cell-specific nuclear 
receptor is an autoantigen of  paraneoplastic retinopathy. J Neuroophthalmol 
2001;21:168–172.

146. Kornguth SE, Kalinke T, Grunwald GB, et al. Anti-neurofilament antibodies in the 
sera of  patients with small cell carcinoma of  the lung and with visual paraneoplastic 
syndrome. Cancer Res 1986;46:2588–2595.

147. Dhingra A, Fina ME, Neinstein A, et al. Autoantibodies in melanoma-associated 
retinopathy target TRPM1 cation channels of  retinal ON bipolar cells. J Neurosci 
2011;31:3962–3967.

148. Kondo M, Sanuki R, Ueno S, et al. Identification of  autoantibodies against TRPM1 in 
patients with paraneoplastic retinopathy associated with ON bipolar cell dysfunction. 
PLoS One 2011;6:e19911.

149. Ueno S, Ito Y, Maruko R, et al. Choroidal atrophy in a patient with paraneoplastic 
retinopathy and anti-TRPM1 antibody. Clin Ophthalmol 2014;8:369–373.

150. Ueno S, Nakanishi A, Nishi K, et al. Case of  paraneoplastic retinopathy with retinal 
ON-bipolar cell dysfunction and subsequent resolution of  ERGs. Doc Ophthalmol 
2015;130:71–76.

151. Wang Y, Abu-Asab MS, Li W, et al. Autoantibody against transient receptor potential 
M1 cation channels of  retinal ON bipolar cells in paraneoplastic vitelliform retinopathy. 
BMC Ophthalmol 2012;12:56.

152. Keltner JL, Thirkill CE, Tyler NK, et al. Management and monitoring of  cancer-associated 
retinopathy. Arch Ophthalmol 1992;110:48–53.

153. Oohira A, Tamaki Y, Nagahara K, et al. A case of  paraneoplastic retinopathy. Jpn J 
Ophthalmol 1993;37:28–31.

154. Murphy MA, Thirkill CE, Hart WM, Jr. Paraneoplastic retinopathy: a novel auto-
antibody reaction associated with small-cell lung carcinoma. J Neuroophthalmol 
1997;17:77–83.

155. Guy J, Aptsiauri N. Treatment of  paraneoplastic visual loss with intravenous immu-
noglobulin: report of  3 cases. Arch Ophthalmol 1999;117:471–477.

156. Mahdi N, Faia LJ, Goodwin J, et al. A case of  autoimmune retinopathy associated 
with thyroid carcinoma. Ocul Immunol Inflamm 2010;18:322–323.

157. Dy I, Chintapatla R, Preeshagul I, et al. Treatment of  cancer-associated retinopathy 
with rituximab. J Natl Compr Canc Netw 2013;11:1320–1324.

158. Ferreyra HA, Jayasundera T, Khan NW, et al. Management of  autoimmune retinopa-
thies with immunosuppression. Arch Ophthalmol 2009;127:390–397.

159. Cogan DG, Kuwabara T, Currie J, et al. Paraneoplastic retinopathy simulating 
cone dystrophy with achromatopsia. Klinische Monatsblatter fur Augenheilkunde 
1990;197:156–158.

160. Parc CE, Azan E, Bonnel S, et al. Cone dysfunction as a paraneoplastic syndrome 
associated with retinal antigens approximating 40 kiloDalton. Ophthalmic Genet 
2006;27:57–61.

161. Jacobson DM, Thirkill CE. Paraneoplastic cone dysfunction: an unusual visual remote 
effect of  cancer [letter]. Arch Ophthalmol 1995;113:1580–1582.

162. Borkowski LM, Grover S, Fishman GA, et al. Retinal findings in melanoma-associated 
retinopathy. Am J Ophthalmol 2001;132:273–275.

163. Keltner JL, Thirkill CE, Yip PT. Clinical and immunologic characteristics of  melanoma-
associated retinopathy syndrome: eleven new cases and a review of  51 previously 
published cases. J Neuroophthalmol 2001;21:173–187.

164. Pfohler C, Haus A, Palmowski A, et al. Melanoma-associated retinopathy: high fre-
quency of  subclinical findings in patients with melanoma. Br J Dermatol 2003;149: 
74–78.

165. Alexander KR, Fishman GA, Peachy NS, et al. “On” response defect in paraneoplastic 
night blindness with cutaneous malignant melanoma. Invest Ophthalmol Vis Sci 
1992;33:477–483.

166. Rush JA. Paraneoplastic retinopathy in malignant melanoma. Am J Ophthalmol 
1993;115:390–391.

167. Rahimy E, Sarraf  D. Paraneoplastic and non-paraneoplastic retinopathy and optic 
neuropathy: evaluation and management. Surv Ophthalmol 2013;58:430–458.

168. Chang AE, Karnell LH, Menck HR. The National Cancer Data Base report on cutane-
ous and noncutaneous melanoma: a summary of  84,836 cases from the past decade. 
The American College of  Surgeons Commission on Cancer and the American Cancer 
Society. Cancer 1998;83:1664–1678.

169. Machida S, Ohguro H, Tateda M, et al. Melanoma-associated retinopathy associated 
with intranasal melanoma. Doc Ophthalmol 2011;122:191–197.

170. Milam AH, Saari JC, Jacobson SG, et al. Autoantibodies against retinal bipolar 
cells in cutaneous melanoma-associated retinopathy. Invest Ophthalmol Vis Sci 
1993;34:91–100.

171. Singh AD, Milam AH, Shields CL, et al. Melanoma associated retinopathy. Am J Oph-
thalmol 1995;119:369–370.

172. Potter MJ, Thirkill CE, Dam OM, et al. Clinical and immunocytochemical findings in 
a case of  melanoma-associated retinopathy. Ophthalmology 1999;106:2121–2125.

173. Dalal MD, Morgans CW, Duvoisin RM, et al. Diagnosis of  occult melanoma using 



4 • Visual Loss: Retinal Disorders of Neuro-Ophthalmic Interest 95

247. Marmor MF, Kellner U, Lai TY, et al. Revised recommendations on screening for chlo-
roquine and hydroxychloroquine retinopathy. Ophthalmology 2011;118:415–422.

248. Lyons JS, Severns ML. Detection of  early hydroxychloroquine retinal toxicity 
enhanced by ring ratio analysis of  multifocal electroretinography. Am J Ophthalmol 
2007;143:801–809.

249. Rodriguez-Padilla JA, Hedges TR, 3rd, Monson B, et al. High-speed ultra-high-res-
olution optical coherence tomography findings in hydroxychloroquine retinopathy. 
Arch Ophthalmol 2007;125:775–780.

250. Browning DJ, Lee C. Relative sensitivity and specificity of  10-2 visual fields, mul-
tifocal electroretinography, and spectral domain optical coherence tomography 
in detecting hydroxychloroquine and chloroquine retinopathy. Clin Ophthalmol 
2014;8:1389–1399.

251. Maturi RK, Yu M, Weleber RG. Multifocal electroretinographic evaluation of  long-
term hydroxychloroquine users. Arch Ophthalmol 2004;122:973–981.

252. Marmor MF, Hu J. Effect of  disease stage on progression of  hydroxychloroquine 
retinopathy. JAMA Ophthalmol 2014;132:1105–1112.

253. Block JA. Hydroxychloroquine and retinal safety. Lancet 1998;351:771.
254. Levy GD, Munz SJ, Paschal J, et al. Incidence of  hydroxychloroquine retinopathy 

in 1,207 patients in a large multicenter outpatient practice. Arthritis Rheum 
1997;40:1482–1486.

255. Marmor MF, Kellner U, Lai TY, et al. Recommendations on screening for chloro-
quine and hydroxychloroquine retinopathy (2016 Revision). Ophthalmology 
2016;123:1386–1394.

256. Finbloom DS, Silver K, Newsome DA, et al. Comparison of  hydroxychloroquine and chlo-
roquine use and the development of  retinal toxicity. J Rheumatol 1985;12:692–694.

257. Verrotti A, Manco R, Matricardi S, et al. Antiepileptic drugs and visual function. 
Pediatr Neurol 2007;36:353–360.

258. Riikonen R, Rener-Primec Z, Carmant L, et al. Does vigabatrin treatment for infantile 
spasms cause visual field defects? An international multicentre study. Dev Med Child 
Neurol 2015;57:60–67.

259. Kjellstrom U, Andreasson S, Ponjavic V. Attenuation of  the retinal nerve fibre layer 
and reduced retinal function assessed by optical coherence tomography and full-field 
electroretinography in patients exposed to vigabatrin medication. Acta Ophthalmol 
2014;92:149–157.

260. Dragas R, Westall C, Wright T. Changes in the ERG d-wave with vigabatrin treatment 
in a pediatric cohort. Doc Ophthalmol 2014;129:97–104.

261. Coupland SG, Zackon DH, Leonard BC, et al. Vigabatrin effect on inner retinal func-
tion. Ophthalmology 2001;108:1493–1496; discussion 1497–1498.

262. Jammoul F, Wang Q, Nabbout R, et al. Taurine deficiency is a cause of  vigabatrin-
induced retinal phototoxicity. Ann Neurol 2009;65:98–107.

263. Buncic JR, Westall CA, Panton CM, et al. Characteristic retinal atrophy with second-
ary “inverse” optic atrophy identifies vigabatrin toxicity in children. Ophthalmology 
2004;111:1935–1942.

264. Johnson MA, Krauss GL, Miller NR, et al. Visual function loss from vigabatrin: effect 
of  stopping the drug. Neurology 2000;55:40–45.

265. Nousiainen I, Mäntyjärvi M, Kälviäinen R. No reversion in vigabatrin-associated 
visual field defects. Neurology 2001;57:1916–1917.

266. Westall CA, Wright T, Cortese F, et al. Vigabatrin retinal toxicity in children with 
infantile spasms: An observational cohort study. Neurology 2014;83:2262–2268.

267. Clayton LM, Stern WM, Newman WD, et al. Evolution of  visual field loss over ten 
years in individuals taking vigabatrin. Epilepsy Res 2013;105:262–271.

268. Miller NR. Using the electroretinogram to detect and monitor the retinal toxicity of  
anticonvulsants. Neurology 2000;55:333–334.

269. Gabrieli CB, Regine F, Vingolo EM, et al. Subjective visual halos after sildenafil 
(Viagra) administration: Electroretinographic evaluation. Ophthalmology 2001;108: 
877–881.

270. Laties A, Zrenner E. Viagra (sildenafil citrate) and ophthalmology. Prog Retin Eye Res 
2002;21:485–506.

271. Closson RG. Visual hallucinations as the earliest symptom of  digoxin intoxication. 
Arch Neurol 1983;40:386.

272. Johnson LN. Digoxin toxicity presenting with visual disturbance and trigeminal neu-
ralgia. Neurology 1990;40:1469–1470.

273. Piltz JR, Wertenbaker C, Lance SE, et al. Digoxin toxicity. Recognizing the varied 
visual presentations. J Clin Neuroophthalmol 1993;13:275–280.

274. Szlyk JP, Fishman GA, Alexander KR, et al. Clinical subtypes of  cone-rod dystrophy. 
Arch Ophthalmol 1993;111:781–788.

275. Simunovic MP, Moore AT. The cone dystrophies. Eye 1998;12:553–565.
276. Nakazawa M, Kikawa E, Chida Y, et al. Autosomal dominant cone-rod dystrophy 

associated with mutations in codon 244 (Asn244His) and codon 184 (Tyr184Ser) 
of  the peripherin/RDS gene. Arch Ophthalmol 1996;114:72–78.

277. Smith M, Whittock N, Searle A, et al. Phenotype of  autosomal dominant cone-rod 
dystrophy due to the R838C mutation of  the GUCY2D gene encoding retinal guanyl-
ate cyclase-1. Eye 2007;21:1220–1225.

278. Paunescu K, Preising MN, Janke B, et al. Genotype-phenotype correlation in a German 
family with a novel complex CRX mutation extending the open reading frame. Oph-
thalmology 2007;114:1348–1357, e1341.

279. Kretschmann U, Seeliger M, Ruether K, et al. Spatial cone activity distribution in 
diseases of  the posterior pole determined by multifocal electroretinography. Vision 
Res 1998;38:3817–3828.

280. Birch DG, Anderson JL, Fish GE. Yearly rates of  rod and cone functional loss in retinitis 
pigmentosa and cone-rod dystrophy. Ophthalmology 1999;106:258–268.

281. Lima LH, Sallum JM, Spaide RF. Outer retina analysis by optical coherence tomography 
in cone-rod dystrophy patients. Retina 2013;33:1877–1880.

208. Quillen DA, Davis JB, Gottlieb JL, et al. The white dot syndromes. Am J Ophthalmol 
2004;137:538–550.

209. Silva RA, Albini TA, Flynn HW, Jr. Multiple evanescent white dot syndromes. J Oph-
thalmic Inflamm Infect 2012;2:109–111.

210. Sikorski BL, Wojtkowski M, Kaluzny JJ, et al. Correlation of  spectral optical coher-
ence tomography with fluorescein and indocyanine green angiography in multiple 
evanescent white dot syndrome. Br J Ophthalmol 2008;92:1552–1557.

211. Li D, Kishi S. Restored photoreceptor outer segment damage in multiple evanescent 
white dot syndrome. Ophthalmology 2009;116:762–770.

212. Yang CS, Wang AG, Lin YH, et al. Optical coherence tomography in resolution of  
photoreceptor damage in multiple evanescent white dot syndrome. J Chin Med Assoc 
2012;75:663–666.

213. Spaide RF, Koizumi H, Freund KB. Photoreceptor outer segment abnormalities as a 
cause of  blind spot enlargement in acute zonal occult outer retinopathy-complex 
diseases. Am J Ophthalmol 2008;146:111–120.

214. Borruat FX, Othenin GP, Safran AB. Multiple evanescent white dot syndrome. Klin 
Monatsbl Augenheilkd 1991;198:453–456.

215. Jacobson SG, Morales DS, Sun XK, et al. Pattern of  retinal dysfunction in acute zonal 
occult outer retinopathy. Ophthalmology 1995;102:1187–1198.

216. Leys A, Leys M, Jonckheere P, et al. Multiple evanescent white dot syndrome (MEWDS). 
Bull Soc Belge Ophtalmol 1990;236:97–108.

217. Hua R, Chen K, Liu LM, et al. Multi-modality imaging on multiple evanescent white 
dot syndrome-A Spectralis Study. Int J Ophthalmol 2012;5:644–647.

218. Gass JD, Stern C. Acute annular outer retinopathy as a variant of  acute zonal occult 
outer retinopathy. Am J Ophthalmol 1995;119:330–334.

219. Luckie A, Ai E, Piero ED. Progressive zonal outer retinitis. Am J Ophthalmol 
1994;118:583–588.

220. Gass JD. Are acute zonal occult outer retinopathy and the white spot syndromes (AZOOR 
complex) specific autoimmune diseases? Am J Ophthalmol 2003;135:380–381.

221. Jampol LM, Becker KG. White spot syndromes of  the retina: a hypothesis based on the 
common genetic hypothesis of  autoimmune/inflammatory disease. Am J Ophthalmol 
2003;135:376–379.

222. Jacobson DM. Acute zonal occult outer retinopathy and central nervous system 
inflammation. J Neuroophthalmol 1996;16:172–177.

223. Gass JD. Acute zonal occult outer retinopathy. Donders Lecture: The Netherlands 
Ophthalmological Society, Maastricht, Holland, June 19, 1992. J Clin Neuro Oph-
thalmol 1993;13:79–97.

224. Monson DM, Smith JR. Acute zonal occult outer retinopathy. Surv Ophthalmol 
2011;56:23–35.

225. Francis PJ, Marinescu A, Fitzke FW, et al. Acute zonal occult outer retinopathy: towards 
a set of  diagnostic criteria. Br J Ophthalmol 2005;89:70–73.

226. Lee AG. Tamoxifen retinopathy. J Neuroophthalmol 1998;18:276.
227. Srikantia N, Mukesh S, Krishnaswamy M. Crystalline maculopathy: a rare complica-

tion of  tamoxifen therapy. J Cancer Res Ther 2010;6:313–315.
228. Nair AG, Das D, Goyal A, et al. The eyes have it! Tamoxifen maculopathy revisited: a 

case report. J Ocul Pharmacol Ther 2012;28:640–642.
229. Zafeiropoulos P, Nanos P, Tsigkoulis E, et al. Bilateral macular edema in a patient 

treated with tamoxifen: a case report and review of  the literature. Case Rep Oph-
thalmol 2014;5:451–454.

230. Sharkey JA. Idiopathic canthaxanthine retinopathy. Eur J Ophthalmol 1993;3:226–228.
231. Espaillat A, Aiello LP, Arrigg PG, et al. Canthaxanthine retinopathy. Arch Ophthalmol 

1999;117:412–413.
232. Roth BM, Yuan A, Ehlers JP. Retinal and choroidal findings in oxalate retinopathy 

using EDI-OCT. Ophthalmic Surg Lasers Imaging 2012;43:S142–144.
233. Baget-Bernaldiz M, Soler Lluis N, Romero-Aroca P, et al. [Optical coherence tomog-

raphy study in tamoxifen maculopathy]. Arch Soc Esp Oftalmol 2008;83:615–618.
234. Kaiser Kupfer MI, Kupfer C, Rodrigues MM. Tamoxifen retinopathy. A clinicopathologic 

report. Ophthalmology 1981;88:89–93.
235. Heier JS, Dragoo RA, Enzenauer RW, et al. Screening for ocular toxicity in 

asymptomatic patients treated with tamoxifen. Am J Ophthalmol 1994;117: 
772–775.

236. Li J, Tripathi RC, Tripathi BJ. Drug-induced ocular disorders. Drug Saf  2008;31:127–141.
237. Yuan A, Ehlers JP. Crystalline retinopathy from primary hyperoxaluria. Retina 

2012;32:1994–1995.
238. Iacono P, Battaglia Parodi M, Bandello F. Macular edema associated with hydrochlo-

rothiazide therapy. Br J Ophthalmol 2011;95:1025, 1036–1037.
239. Domanico D, Carnevale C, Fragiotta S, et al. Cystoid macular edema induced by low 

doses of  nicotinic Acid. Case Rep Ophthalmol Med 2013;2013:713061.
240. Makri OE, Georgalas I, Georgakopoulos CD. Drug-induced macular edema. Drugs 

2013;73:789–802.
241. Lerman S. Ocular side effects of  accutane therapy. Lens Eye Toxic Res 1992;9:429–438.
242. Maclean H, Wright M, Choi D, et al. Abnormal night vision with isotretinoin therapy 

for acne [letter]. Clin Exp Dermatol 1995;20:86.
243. Fraunfelder FT, Fraunfelder FW, Edwards R. Ocular side effects possibly associated 

with isotretinoin usage. Am J Ophthalmol 2001;132:299–305.
244. Wolfe F, Marmor MF. Rates and predictors of  hydroxychloroquine retinal toxicity in 

patients with rheumatoid arthritis and systemic lupus erythematosus. Arthritis Care 
Res (Hoboken) 2010;62:775–784.

245. Melles RB, Marmor MF. The risk of  toxic retinopathy in patients on long-term hydroxy-
chloroquine therapy. JAMA Ophthalmol 2014;132:1453–1460.

246. Chen E, Brown DM, Benz MS, et al. Spectral domain optical coherence tomography 
as an effective screening test for hydroxychloroquine retinopathy (the “flying saucer” 
sign). Clin Ophthalmol 2010;4:1151–1158.



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway96

320. Luneau K, Newman NJ, Srivastava S, et al. A case of  acute posterior multifocal placoid 
pigment epitheliopathy with recurrent stroke. J Neuroophthalmol 2009;29:111–118.

321. Matamala JM, Feuerhake W, Verdugo R. Delayed recurrent stroke in a young patient 
with acute posterior multifocal placoid pigment epitheliopathy. J Stroke Cerebrovasc 
Dis 2013;22:e630–634.

322. Thomas BC, Jacobi C, Korporal M, et al. Ocular outcome and frequency of  neuro-
logical manifestations in patients with acute posterior multifocal placoid pigment 
epitheliopathy (APMPPE). J Ophthalmic Inflamm Infect 2012;2:125–131.

323. Wilson CA, Choromokos EA, Sheppard R. Acute posterior multifocal placoid pigment 
epitheliopathy and cerebral vasculitis. Arch Ophthalmol 1988;106:796–800.

324. Comu S, Verstraeten T, Rinkoff  JS, et al. Neurological manifestations of  acute posterior 
multifocal placoid pigment epitheliopathy. Stroke 1996;27:996–1001.

325. Bewermeyer H, Nelles G, Huber M, et al. Pontine infarction in acute posterior multifo-
cal placoid pigment epitheliopathy. J Neurol 1993;241:22–26.

326. Fiore T, Iaccheri B, Androudi S, et al. Acute posterior multifocal placoid pigment 
epitheliopathy: outcome and visual prognosis. Retina 2009;29:994–1001.

327. Spencer BR, Jr., Kunimoto DY, Patel DR, et al. Acute multifocal posterior placoid 
pigment epitheliopathy (AMPPPE) mimicking migraine with aura. Cephalalgia 
2009;29:694–698.

328. Moyenin P, Grange JD. Eales’ syndrome. Clinical aspects, therapeutic indications and 
course of  29 cases. J Fr Ophtalmol 1987;10:123–128.

329. Madhavan HN, Therese KL, Gunisha P, et al. Polymerase chain reaction for detec-
tion of  Mycobacterium tuberculosis in epiretinal membrane in Eales’ disease. Invest 
Ophthalmol Vis Sci 2000;41:822–825.

330. Kannan B, Govindarajan K, Kummararaj S, et al. Retinal vasculitis in a patient with 
abdominal tuberculosis. Oman J Ophthalmol 2010;3:81–85.

331. Biswas J, Raghavendran R, Pinakin G, et al. Presumed Eales’ disease with neurologic 
involvement: report of  three cases. Retina 2001;21:141–145.

332. Katz B, Wheeler D, Weinreb RN, et al. Eales’ disease with central nervous system 
infarction. Ann Ophthalmol 1991;23:460–463.

333. Atabay C, Erdem E, Kansu T, et al. Eales disease with internuclear ophthalmoplegia. 
Ann Ophthalmol 1992;24:267–269.

334. Anand SS, Das G, Chakraborty DP, et al. Eales’ disease with neurological complica-
tions. Neurol India 2013;61:428–429.

335. Gluth MB, Baratz KH, Matteson EL, et al. Cogan syndrome: a retrospective review of  
60 patients throughout a half  century. Mayo Clin Proc 2006;81:483–488.

336. Bicknell JM, Holland JV. Neurologic manifestations of  Cogan’s syndrome. Neurology 
1978;28:278–281.

337. Joutel A, Vahedi K, Corpechot C, et al. Strong clustering and stereotyped nature of  
Notch3 mutations in CADASIL patients. Lancet 1997;350:1511–1515.

338. Viswanathan A, Gray F, Bousser MG, et al. Cortical neuronal apoptosis in CADASIL. 
Stroke 2006;37:2690–2695.

339. Bousser MG, Biousse V. Small vessel vasculopathies affecting the central nervous 
system. J Neuroophthalmol 2004;24:56–61.

340. Roine S, Harju M, Kivela TT, et al. Ophthalmologic findings in cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoencephalopathy: a cross-
sectional study. Ophthalmology 2006;113:1411–1417.

341. Pretegiani E, Rosini F, Dotti MT, et al. Visual system involvement in CADASIL. J Stroke 
Cerebrovasc Dis 2013;22:1377–1384.

342. Alten F, Motte J, Ewering C, et al. Multimodal retinal vessel analysis in CADASIL 
patients. PLoS One 2014;9:e112311.

343. Rufa A, De Stefano N, Dotti MT, et al. Acute unilateral visual loss as the first symptom 
of  cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy. Arch Neurol 2004;61:577–580.

344. Tikka S, Mykkanen K, Ruchoux MM, et al. Congruence between NOTCH3 mutations 
and GOM in 131 CADASIL patients. Brain 2009;132:933–939.

345. Haritoglou C, Hoops JP, Stefani FH, et al. Histologic abnormalities in ocular blood 
vessels of  CADASIL patients. Am J Ophthalmol 2004;138:302–305.

346. Mateen FJ, Krecke K, Younge BR, et al. Evolution of  a tumor-like lesion in cerebro-
retinal vasculopathy and TREX1 mutation. Neurology 2010;75:1211–1213.

347. Dhamija R, Schiff  D, Lopes MB, et al. Evolution of  brain lesions in a patient with 
TREX1 cerebroretinal vasculopathy. Neurology 2015;85:1633–1634.

348. Moscovich M, Okun MS, Favilla C, et al. Clinical evaluation of  eye movements in spino-
cerebellar ataxias: a prospective multicenter study. J Neuroophthalmol 2015;35:16–21.

349. Marelli C, Cazeneuve C, Brice A, et al. Autosomal dominant cerebellar ataxias. Rev 
Neurol (Paris) 2011;167:385–400.

350. Jobsis GJ, Weber JW, Barth PG, et al. Autosomal dominant cerebellar ataxia with retinal 
degeneration (ADCA II): clinical and neuropathological findings in two pedigrees and 
genetic linkage to 3p12-p21.1. J Neurol Neurosurg Psychiatry 1997;62:367–371.

351. Stevanin G, Durr A, Brice A. Clinical and molecular advances in autosomal dominant 
cerebellar ataxias: from genotype to phenotype and physiopathology. Eur J Hum Genet 
2000;8:4–18.

352. Cancel G, Duyckaerts C, Holmberg M, et al. Distribution of  ataxin-7 in normal human 
brain and retina. Brain 2000;123 Pt 12:2519–2530.

353. Enevoldson TP, Sanders MD, Harding AE. Autosomal dominant cerebellar ataxia with 
pigmentary macular dystrophy. A clinical and genetic study of  eight families. Brain 
1994;117:445–460.

354. Aleman TS, Cideciyan AV, Volpe NJ, et al. Spinocerebellar ataxia type 7 (SCA7) shows 
a cone-rod dystrophy phenotype. Exp Eye Res 2002;74:737–745.

355. Hamilton SR, Chatrian GE, Mills RP, et al. Cone dysfunction in a subgroup of  patients 
with autosomal dominant cerebellar ataxia. Arch Ophthalmol 1990;108:551–556.

356. Michalik A, Martin JJ, Van Broeckhoven C. Spinocerebellar ataxia type 7 associated 
with pigmentary retinal dystrophy. Eur J Hum Genet 2004;12:2–15.

282. Huang Y, Cideciyan AV, Papastergiou GI, et al. Relation of  optical coherence tomog-
raphy to microanatomy in normal and rd chickens. Invest Ophthalmol Vis Sci 
1998;39:2405–2416.

283. Rotenstreich Y, Fishman GA, Anderson RJ. Visual acuity loss and clinical observations in 
a large series of  patients with Stargardt disease. Ophthalmology 2003;110:1151–1158.

284. Kearns TP, Sayre GP. Retinitis pigmentosa, external ophthalmoplegia and complete 
heart block. Arch Ophthalmol 1958;60:280–289.

285. Berardo A, Coku J, Kurt B, et al. A novel mutation in the tRNAIle gene (MTTI) affect-
ing the variable loop in a patient with chronic progressive external ophthalmoplegia 
(CPEO). Neuromuscul Disord 2010;20:204–206.

286. Berio A, Oliaro E, Piazzi A. Three cases of  Kearns-Sayre syndrome with cardiac blocks. 
Panminerva Med 2007;49:45–46.

287. Chawla S, Coku J, Forbes T, et al. Kearns-Sayre Syndrome presenting as complete 
heart block. Pediatr Cardiol 2008;23:659–662.

288. Khambatta S, Nguyen DL, Beckman TJ, et al. Kearns-Sayre syndrome: a case series 
of  35 adults and children. Int J Gen Med 2014;7:325–332.

289. Fang W, Huang CC, Lee CC, et al. Ophthalmologic manifestations in MELAS syndrome. 
Arch Neurol 1993;50:977–980.

290. Isashiki Y, Nakagawa M, Ohba N, et al. Retinal manifestations in mitochondrial diseases 
associated with mitochondrial DNA mutation. Acta Ophthalmol Scand 1998;76:6–13.

291. Sue CM, Mitchell P, Crimmins DS, et al. Pigmentary retinopathy associated with the 
mitochondrial DNA 3243 point mutation. Neurology 1997;49:1013–1017.

292. Rummelt V, Folberg R, Ionasescu V, et al. Ocular pathology of  MELAS syndrome 
with mitochondrial DNA nucleotide 3243 point mutation. Ophthalmology 
1993;100:1757–1766.

293. Kerrison JB, Biousse V, Newman NJ. Retinopathy of  NARP syndrome. Arch Ophthalmol 
2000;118:298–299.

294. Johns DR. Mitochondrial DNA and disease. N Engl J Med 1995;333:638–644.
295. Holt IJ, Harding AE, Petty RKH, et al. A new mitochondrial disease associated with 

mitochondrial DNA heteroplasmy. Am J Hum Genet 1990;46:428–433.
296. Susac JO, Hardman JM, Selhorst JB. Microangiopathy of  the brain and retina. Neurol-

ogy 1979;29:313–316.
297. Magro CM, Poe JC, Lubow M, et al. Susac syndrome: an organ-specific autoimmune 

endotheliopathy syndrome associated with anti-endothelial cell antibodies. Am J Clin 
Pathol 2011;136:903–912.

298. Jarius S, Neumayer B, Wandinger KP, et al. Anti-endothelial serum antibodies in a 
patient with Susac’s syndrome. J Neurol Sci 2009;285:259–261.

299. Dorr J, Krautwald S, Wildemann B, et al. Characteristics of  Susac syndrome: a review 
of  all reported cases. Nat Rev Neurol 2013;9:307–316.

300. Jarius S, Kleffner I, Dorr JM, et al. Clinical, paraclinical and serological findings in Susac 
syndrome: an international multicenter study. J Neuroinflammation 2014;11:46.

301. Magro CM, Allen J, Pope-Harman A, et al. The role of  microvascular injury in the 
evolution of  idiopathic pulmonary fibrosis. Am J Clin Pathol 2003;119:556–567.

302. Ringelstein M, Albrecht P, Kleffner I, et al. Retinal pathology in Susac syndrome detected 
by spectral-domain optical coherence tomography. Neurology 2015;85:610–618.

303. O’Halloran HS, Pearson PA, Lee WB, et al. Microangiopathy of  the brain, retina, 
and cochlea (Susac syndrome). A report of  five cases and a review of  the literature. 
Ophthalmology 1998;105:1038–1044.

304. Egan RA, Hills WL, Susac JO. Gass plaques and fluorescein leakage in Susac syndrome. 
J Neurol Sci 2010;299:97–100.

305. McLeod DS, Ying HS, McLeod CA, et al. Retinal and optic nerve head pathology in 
Susac’s syndrome. Ophthalmology 2011;118:548–552.

306. Susac JO, Murtagh FR, Egan RA, et al. MRI findings in Susac’s syndrome. Neurology 
2003;61:1783–1787.

307. White ML, Zhang Y, Smoker WR. Evolution of  lesions in Susac syndrome at serial MR 
imaging with diffusion-weighted imaging and apparent diffusion coefficient values. 
AJNR Am J Neuroradiol 2004;25:706-–13.

308. Xu MS, Tan CB, Umapathi T, et al. Susac syndrome: serial diffusion-weighted MR 
imaging. Magn Reson Imaging 2004;22:1295–1298.

309. Fox RJ, Costello F, Judkins AR, et al. Treatment of  Susac syndrome with gamma 
globulin and corticosteroids. J Neurol Sci 2006;251:17–22.

310. Oliveira P, Mayeux J. Teaching neuroimages: snowball-like lesions with sudden hearing 
loss. Neurology 2014;82:e100.

311. Susac JO. Susac’s syndrome: the triad of  microangiopathy of  the brain and retina 
with hearing loss in young women. Neurology 1994;44:591–593.

312. Rennebohm RM, Susac JO. Treatment of  Susac’s syndrome. J Neurol Sci 
2007;257:215–220.

313. Wildemann B, Schulin C, Storch Hagenlocher B, et al. Susac’s syndrome: improve-
ment with combined antiplatelet and calcium antagonist therapy [letter]. Stroke 
1996;27:149–151.

314. Li HK, Dejean BJ, Tang RA. Reversal of  visual loss with hyperbaric oxygen treatment 
in a patient with Susac syndrome. Ophthalmology 1996;103:2091–2098.

315. Rennebohm RM, Egan RA, Susac JO. Treatment of  Susac’s Syndrome. Curr Treat 
Options Neurol 2008;10:67–74.

316. Mateen FJ, Zubkov AY, Muralidharan R, et al. Susac syndrome: clinical characteristics 
and treatment in 29 new cases. Eur J Neurol 2012;19:800–811.

317. Gass JD. Acute posterior multifocal placoid pigment epitheliopathy. Arch Ophthalmol 
1968;80:177–185.

318. Howe LJ, Woon H, Graham EM, et al. Choroidal hypoperfusion in acute posterior 
multifocal placoid pigment epitheliopathy. An indocyanine green angiography study. 
Ophthalmology 1995;102:790–798.

319. Park D, Schatz H, McDonald HR, et al. Acute multifocal posterior placoid pigment 
epitheliopathy: a theory of  pathogenesis. Retina 1995;15:351–352.



4 • Visual Loss: Retinal Disorders of Neuro-Ophthalmic Interest 97

396. Rao NA, Gupta A, Dustin L, et al. Frequency of  distinguishing clinical  
features in Vogt-Koyanagi-Harada disease. Ophthalmology 2010;117:591– 
599, e591.

397. Moorthy RS, Rajeev B, Smith RE, et al. Incidence and management of  cataracts in 
Vogt-Koyanagi-Harada syndrome. Am J Ophthalmol 1994;118:197–204.

398. Kawano Y, Tawara A, Nishioka Y, et al. Ultrasound biomicroscopic analysis of  transient 
shallow anterior chamber in Vogt-Koyanagi-Harada syndrome. Am J Ophthalmol 
1996;121:720–723.

399. Forster DJ, Rao NA, Hill RA, et al. Incidence and management of  glaucoma in Vogt-
Koyanagi-Harada syndrome. Ophthalmology 1993;100:613–618.

400. Keino H, Goto H, Mori H, et al. Association between severity of  inflammation in 
CNS and development of  sunset glow fundus in Vogt-Koyanagi-Harada disease. Am 
J Ophthalmol 2006;141:1140–1142.

401. Moorthy RS, Chong LP, Smith RE, et al. Subretinal neovascular membranes in Vogt-
Koyanagi-Harada syndrome. Am J Ophthalmol 1993;116:164–170.

402. Ondrey FG, Moldestad E, Mastroianni MA, et al. Sensorineural hearing loss in Vogt-
Koyanagi-Harada syndrome. Laryngoscope 2006;116:1873–1876.

403. Fardeau C, Tran TH, Gharbi B, et al. Retinal fluorescein and indocyanine green angi-
ography and optical coherence tomography in successive stages of  Vogt-Koyanagi-
Harada disease. Int Ophthalmol 2007;27:163–172.

404. Bouchenaki N, Herbort CP. Indocyanine green angiography guided management of  
Vogt-Koyanagi-Harada disease. J Ophthalmic Vis Res 2011;6:241–248.

405. Forster DJ, Cano MR, Green RL, et al. Echographic features of  the Vogt-Koyanagi-
Harada syndrome. Arch Ophthalmol 1990;108:1421–1426.

406. Tsai JH, Sukavatcharin S, Rao NA. Utility of  lumbar puncture in diagnosis of  Vogt-
Koyanagi-Harada disease. Int Ophthalmol 2007;27:189–194.

407. Sasamoto Y, Ohno S, Matsuda H. Studies on corticosteroid therapy in Vogt-Koyanagi-
Harada disease. Ophthalmologica 1990;201:162–167.

408. Jap A, Luu CD, Yeo I, et al. Correlation between peripapillary atrophy and corticoste-
roid therapy in patients with Vogt-Koyanagi-Harada disease. Eye (Lond) 2008;22: 
240–245.

409. Paredes I, Ahmed M, Foster CS. Immunomodulatory therapy for Vogt-Koyanagi-Harada 
patients as first-line therapy. Ocul Immunol Inflamm 2006;14:87–90.

410. Kacmaz RO, Kempen JH, Newcomb C, et al. Cyclosporine for ocular inflammatory 
diseases. Ophthalmology 2010;117:576–584.

411. Abu El-Asrar AM, Al-Mezaine HS, Hemachandran S, et al. Retinal functional changes 
measured by microperimetry after immunosuppressive therapy in patients with Vogt-
Koyanagi-Harada disease. Eur J Ophthalmol 2012;22:368–375.

412. Helveston WR, Gilmore R. Treatment of  Vogt-Koyanagi-Harada syndrome with 
intravenous immunoglobulin. Neurology 1996;46:584–585.

413. Zmuda M, Tiev KP, Knoeri J, et al. Successful use of  infliximab therapy in sight-
threatening corticosteroid-resistant Vogt-Koyanagi-Harada disease. Ocul Immunol 
Inflamm 2013;21:310–316.

414. Ohara K, Okubo A, Sasaki H, et al. Intraocular manifestations of  systemic sarcoidosis. 
Jpn J Ophthalmol 1992;36:452–457.

415. Matsuo T, Fujiwara N, Nakata Y. First presenting signs or symptoms of  sarcoidosis 
in a Japanese population. Jpn J Ophthalmol 2005;49:149–152.

416. Herbort CP, Rao NA, Mochizuki M, et al. International criteria for the diagnosis of  
ocular sarcoidosis: results of  the first International Workshop on Ocular Sarcoidosis 
(IWOS). Ocul Immunol Inflamm 2009;17:160–169.

417. Brinkman CJ, Rothova A. Fundus pathology in neurosarcoidosis. Int Ophthalmol 
1993;17:23–26.

418. Thorne JE, Galetta SL. Disc edema and retinal periphlebitis as the initial manifestation 
of  sarcoidosis. Arch Neurol 1998;55:862–863.

419. Kimmel AS, McCarthy MJ, Blodi CF, et al. Branch retinal vein occlusion in sarcoidosis. 
Am J Ophthalmol 1989;107:561–562.

420. Cook BE, Jr., Robertson DM. Confluent choroidal infiltrates with sarcoidosis. Retina 
2000;20:1–7.

421. Thorne JE, Brucker AJ. Choroidal white lesions as an early manifestation of  sarcoidosis. 
Retina 2000;20:8–15.

422. Desai UR, Tawansy KA, Joondeph BC, et al. Choroidal granulomas in systemic sar-
coidosis. Retina 2001;21:40–47.

423. Tingey DP, Gonder JR. Ocular sarcoidosis presenting as a solitary choroidal mass. 
Can J Ophthalmol 1992;27:25–29.

424. Wolfensberger TJ, Herbort CP. Indocyanine green angiographic features in ocular 
sarcoidosis. Ophthalmology 1999;106:285–289.

425. Rothova A, Lardenoye C. Arterial macroaneurysms in peripheral multifocal chorio-
retinitis associated with sarcoidosis. Ophthalmology 1998;105:1393–1397.

426. Evans M, Sharma O, LaBree L, et al. Differences in clinical findings between Cau-
casians and African Americans with biopsy-proven sarcoidosis. Ophthalmology 
2007;114:325–333.

427. Wessendorf  TE, Bonella F, Costabel U. Diagnosis of  Sarcoidosis. Clin Rev Allergy 
Immunol 2015; 49:54–62.

428. Asukata Y, Ishihara M, Hasumi Y, et al. Guidelines for the diagnosis of  ocular sar-
coidosis. Ocul Immunol Inflamm 2008;16:77–81.

429. Keijsers RG, Grutters JC, Thomeer M, et al. Imaging the inflammatory activity of  
sarcoidosis: sensitivity and inter observer agreement of  (67)Ga imaging and (18)
F-FDG PET. Q J Nucl Med Mol Imaging 2011;55:66–71.

430. Treglia G, Annunziata S, Sobic-Saranovic D, et al. The role of  18F-FDG-PET and 
PET/CT in patients with sarcoidosis: an updated evidence-based review. Acad Radiol 
2014;21:675–684.

431. Ohara K, Okubo A, Kamata K, et al. Transbronchial lung biopsy in the diagnosis of  
suspected ocular sarcoidosis. Arch Ophthalmol 1993;111:642–644.

357. Duinkerke-Eerola KU, Cruysberg JR, Deutman AF. Atrophic maculopathy associated 
with hereditary ataxia. Am J Ophthalmol 1980;90:597–603.

358. Ahn JK, Seo JM, Chung H, et al. Anatomical and functional characteristics in atro-
phic maculopathy associated with spinocerebellar ataxia type 7. Am J Ophthalmol 
2005;139:923–925.

359. Gupta SN, Marks HG. Spinocerebellar ataxia type 7 mimicking Kearns-Sayre syndrome: 
a clinical diagnosis is desirable. J Neurol Sci 2008;264:173–176.

360. Horton LC, Frosch MP, Vangel MG, et al. Spinocerebellar ataxia type 7: clinical course, 
phenotype-genotype correlations, and neuropathology. Cerebellum 2013;12:176–193.

361. Hugosson T, Granse L, Ponjavic V, et al. Macular dysfunction and morphology in 
spinocerebellar ataxia type 7 (SCA 7). Ophthalmic Genet 2009;30:1–6.

362. Pula JH, Towle VL, Staszak VM, et al. Retinal nerve fibre layer and macular thinning 
in spinocerebellar ataxia and cerebellar multisystem atrophy. Neuroophthalmology 
2011;35:108–114.

363. Alvarez G, Rey A, Sanchez-Dalmau FB, et al. Optical coherence tomography findings 
in spinocerebellar ataxia-3. Eye (Lond) 2013;27:1376–1381.

364. Manrique RK, Noval S, Aguilar-Amat MJ, et al. Ophthalmic features of  spinocerebellar 
ataxia type 7. J Neuroophthalmol 2009;29:174–179.

365. Kahle JJ, Gulbahce N, Shaw CA, et al. Comparison of  an expanded ataxia interactome 
with patient medical records reveals a relationship between macular degeneration 
and ataxia. Hum Mol Genet 2011;20:510–527.

366. Lebranchu P, Le Meur G, Magot A, et al. Maculopathy and spinocerebellar ataxia 
type 1: a new association? J Neuroophthalmol 2013;33:225–231.

367. Leavitt JA, Kotagal S. The “cherry red” spot. Pediatr Neurol 2007;37:74–75.
368. Heroman JW, Rychwalski P, Barr CC. Cherry red spot in sialidosis (mucolipidosis type 

I). Arch Ophthalmol 2008;126:270–271.
369. Boustany RM, Britton JW, Parisi JE, et al. A 23-year-old man with seizures and visual 

deficit. Neurology 2008;70:73–78.
370. Rosser T. Aicardi syndrome. Arch Neurol 2003;60:1471–1473.
371. Utz VM, Tang J. Ocular manifestations of  the antiphospholipid syndrome. Br J Oph-

thalmol 2011;95:454–459.
372. Durrani OM, Gordon C, Murray PI. Primary anti-phospholipid antibody syndrome 

(APS): current concepts. Surv Ophthalmol 2002;47:215–238.
373. Maaroufi RM, Hamdi R, Jmili N, et al. Antiphospholipid syndrome and retinal vein 

occlusion in adults. East Mediterr Health J 2004;10:627–632.
374. Coroi M, Bontas E, Defranceschi M, et al. Ocular manifestations of  antiphospholipid 

(Hughes)’ syndrome—minor features? Oftalmologia 2007;51:16–22.
375. Mariotti C, Giovannini A, Reibaldi M, et al. Atypical presentation of  antiphospholipid 

syndrome: a case report. Case Rep Ophthalmol 2014;5:400–404.
376. Castanon C, Amigo MC, Banales JL, et al. Ocular vaso-occlusive disease in primary 

antiphospholipid syndrome. Ophthalmology 1995;102:256–262.
377. Campbell JP, Burkholder BM, Dunn JP. Catastrophic antiphospholipid antibody syn-

drome and cocaine abuse associated with bilateral retinal vascular occlusions. Retin 
Cases Brief  Rep 2011;5:318–322.

378. Querques L, Terrada C, Souied EH, et al. [Bilateral sequential central retinal vein 
occlusion associated with primary antiphospholipid syndrome]. J Fr Ophtalmol 
2012;35:443, e441–445.

379. Dey M, Charles Bates A, McMillan P. Superior ophthalmic vein thrombosis as an 
initial manifestation of  antiphospholipid syndrome. Orbit 2013;32:42–44.

380. Dafer RM, Biller J. Antiphospholipid syndrome: role of  antiphospholipid antibodies 
in neurology. Hematol Oncol Clin North Am 2008;22:95–105, vii.

381. Iijima H, Gohdo T, Imai M, et al. Thrombin-antithrombin III complex in acute retinal 
vein occlusion. Am J Ophthalmol 1998;126:677–682.

382. Tekeli O, Gursel E, Buyurgan H. Protein C, protein S and antithrombin III deficiencies 
in retinal vein occlusion. Acta Ophthalmol Scand 1999;77:628–630.

383. Price DT, Ridker PM. Factor V Leiden mutation and the risks for thromboembolic 
disease: a clinical perspective [see comments]. Ann Intern Med 1997;127:895–903.

384. Spagnolo BV, Nasrallah FP. Bilateral retinal vein occlusion associated with factor V 
Leiden mutation. Retina 1998;18:377–378.

385. Ahluwalia J, Rao S, Varma S, et al. Thrombophilic risk factors are uncommon in 
young patients with retinal vein occlusion. Retina 2015;35:715–719.

386. Moorthy RS, Inomata H, Rao NA. Vogt-Koyanagi-Harada syndrome. Surv Ophthalmol 
1995;39:265–292.

387. Kotake S, Furudate N, Sasamoto Y, et al. Characteristics of  endogenous uveitis in 
Hokkaido, Japan. Graefes Arch Clin Exp Ophthalmol 1996;234:599–603.

388. Murakami S, Inaba Y, Mochizuki M, et al. A nationwide survey on the occurrence 
of  Vogt-Koyanagi-Harada disease in Japan. Jpn J Ophthalmol 1994;38:208–213.

389. Pan J, Kapur M, McCallum R. Noninfectious immune-mediated uveitis and ocular 
inflammation. Curr Allergy Asthma Rep 2014;14:409.

390. Montero JA, Sanchis ME, Fernandez-Munoz M. Vogt-Koyanagi-Harada syndrome in 
a case of  multiple sclerosis. J Neuroophthalmol 2007;27:36–40.

391. Papastathopoulos K, Bouzas E, Naoum G, et al. Vogt-Koyanagi-Harada disease associ-
ated with interferon-A and ribavirin therapy for chronic hepatitis C infection. J Infect 
2006;52:e59–61.

392. Sene D, Touitou V, Bodaghi B, et al. Intraocular complications of  IFN-alpha and 
ribavirin therapy in patients with chronic viral hepatitis C. World J Gastroenterol 
2007;13:3137–3140.

393. Cunningham ET, Jr., Demetrius R, Frieden IJ, et al. Vogt-Koyanagi-Harada syndrome 
in a 4-year old child. Am J Ophthalmol 1995;120:675–677.

394. Gruich MJ, Evans OB, Storey JM, et al. Vogt-Koyanagi-Harada syndrome in a 4-year-
old child. Pediatr Neurol 1995;13:50–51.

395. Rathinam SR, Vijayalakshmi P, Namperumalsamy P, et al. Vogt-Koyanagi-Harada 
syndrome in children. Ocul Immunol Inflamm 1998;6:155–161.



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway98

469. Ferner RE. Neurofibromatosis 1 and neurofibromatosis 2: a twenty first century 
perspective. Lancet Neurol 2007;6:340–351.

470. Asthagiri AR, Parry DM, Butman JA, et al. Neurofibromatosis type 2. Lancet 
2009;373:1974–1986.

471. Kaye LD, Rothner AD, Beauchamp GR, et al. Ocular findings associated with neuro-
fibromatosis type II. Ophthalmology 1992;99:1424–1429.

472. Meyers SM, Gutman FA, Kaye LD, et al. Retinal changes associated with neuro-
fibromatosis 2. Trans Am Ophthalmol Soc 1995;93:245–252; discussion 252–247.

473. Mautner VF, Hazim W, Pohlmann K, et al. Ophthalmologic spectrum of  neuro-
fibromatosis type 2 in childhood. Klin Monatsbl Augenheilkd 1996;208:58–62.

474. Feucht M, Kluwe L, Mautner VF, et al. Correlation of  nonsense and frameshift muta-
tions with severity of  retinal abnormalities in neurofibromatosis 2. Arch Ophthalmol 
2008;126:1376–1380.

475. Cunliffe IA, Moffat DA, Hardy DG, et al. Bilateral optic nerve sheath meningiomas 
in a patient with neurofibromatosis type 2. Br J Ophthalmol 1992;76:310–312.

476. Evans DG, Huson SM, Donnai D, et al. A genetic study of  type 2 neurofibromatosis in the 
United Kingdom. II. Guidelines for genetic counselling. J Med Genet 1992;29:847–852.

477. Bosch MM, Boltshauser E, Harpes P, et al. Ophthalmologic findings and long-term course 
in patients with neurofibromatosis type 2. Am J Ophthalmol 2006;141:1068–1077.

478. Garretto NS, Ameriso S, Molina HA, et al. Type 2 neurofibromatosis with Lisch nodules. 
Neurofibromatosis 1989;2:315–321.

479. Sisk RA, Berrocal AM, Schefler AC, et al. Epiretinal membranes indicate a severe 
phenotype of  neurofibromatosis type 2. Retina 2010;30:S51–58.

480. Hyman MH, Whittemore VH. National Institutes of  Health consensus conference: 
tuberous sclerosis complex. Arch Neurol 2000;57:662–665.

481. Roach ES, Sparagana SP. Diagnosis of  tuberous sclerosis complex. J Child Neurol 
2004;19:643–649.

482. Crino PB, Nathanson KL, Henske EP. The tuberous sclerosis complex. N Engl J Med 
2006;355:1345–1356.

483. Au KS, Williams AT, Roach ES, et al. Genotype/phenotype correlation in 325 indi-
viduals referred for a diagnosis of  tuberous sclerosis complex in the United States. 
Genet Med 2007;9:88–100.

484. Crino PB, Henske EP. New developments in the neurobiology of  the tuberous sclerosis 
complex. Neurology 1999;53:1384–1390.

485. Rowley SA, O’Callaghan FJ, Osborne JP. Ophthalmic manifestations of  tuberous scle-
rosis: a population based study. Br J Ophthalmol 2001;85:420–423.

486. Williams R, Taylor D. Tuberous sclerosis. Surv Ophthalmol 1985;30:143–154.
487. Wolter JR, Mertus JM. Exophytic retinal astrocytoma in tuberous sclerosis. J Ped 

Ophthalmol 1969;6:186–190.
488. Mennel S, Meyer CH, Eggarter F, et al. Autofluorescence and angiographic find-

ings of  retinal astrocytic hamartomas in tuberous sclerosis. Ophthalmologica 
2005;219:350–356.

489. Xu L, Burke TR, Greenberg JP, et al. Infrared imaging and optical coherence tomog-
raphy reveal early-stage astrocytic hamartomas not detectable by fundoscopy. Am J 
Ophthalmol 2012;153:883–889, e882.

490. Goel N, Pangtey B, Bhushan G, et al. Spectral-domain optical coherence tomography 
of  astrocytic hamartomas in tuberous sclerosis. Int Ophthalmol 2012;32:491–493.

491. Shields JA, Eagle RC, Jr., Shields CL, et al. Aggressive retinal astrocytomas in 4 patients 
with tuberous sclerosis complex. Arch Ophthalmol 2005;123:856–863.

492. Zimmer Galler IE, Robertson DM. Long-term observation of  retinal lesions in tuberous 
sclerosis. Am J Ophthalmol 1995;119:318–324.

493. Kiratli H, Bilgic S. Spontaneous regression of  retinal astrocytic hamartoma in a 
patient with tuberous sclerosis. Am J Ophthalmol 2002;133:715–716.

494. Dotan SA, Trobe JD, Gebarski SS. Visual loss in tuberous sclerosis. Neurology 
1991;41:1915–1917.

495. Webb DW, Fryer AE, Osborne JP. Morbidity associated with tuberous sclerosis: a 
population study. Dev Med Child Neurol 1996;38:146–155.

496. Datta AN, Hahn CD, Sahin M. Clinical presentation and diagnosis of  tuberous sclerosis 
complex in infancy. J Child Neurol 2008;23:268–273.

497. DiMario FJ, Jr. Brain abnormalities in tuberous sclerosis complex. J Child Neurol 
2004;19:650–657.

498. Webb DW, Clarke A, Fryer A, et al. The cutaneous features of  tuberous sclerosis: a 
population study. Br J Dermatol 1996;135:1–5.

499. Roach ES, DiMario FJ, Kandt RS, et al. Tuberous Sclerosis Consensus Conference: 
recommendations for diagnostic evaluation. National Tuberous Sclerosis Association. 
J Child Neurol 1999;14:401–407.

500. Maher ER, Bentley E, Yates JR, et al. Mapping of  the von Hippel-Lindau disease 
locus to a small region of  chromosome 3p by genetic linkage analysis. Genomics 
1991;10:957–960.

501. Latif  F, Tory K, Gnarra J, et al. Identification of  the von Hippel-Lindau disease tumor 
suppressor gene. Science 1993;260:1317–1320.

502. Kaelin WG, Jr. The von Hippel-Lindau tumour suppressor protein: O2 sensing and 
cancer. Nat Rev Cancer 2008;8:865–873.

503. Webster AR, Maher ER, Moore AT. Clinical characteristics of  ocular angiomatosis in 
von Hippel-Lindau disease and correlation with germline mutation. Arch Ophthalmol 
1999;117:371–378.

504. Singh AD, Shields CL, Shields JA. von Hippel-Lindau disease. Surv Ophthalmol 
2001;46:117–142.

505. Kreusel KM, Bechrakis NE, Krause L, et al. Retinal angiomatosis in von Hippel-Lindau 
disease: a longitudinal ophthalmologic study. Ophthalmology 2006;113:1418–1424.

506. Wong WT, Agron E, Coleman HR, et al. Clinical characterization of  retinal capillary 
hemangioblastomas in a large population of  patients with von Hippel-Lindau disease. 
Ophthalmology 2008;115:181–188.

432. Kosmorsky GS, Meisler DM, Rice TW, et al. Chest computed tomography and medi-
astinoscopy in the diagnosis of  sarcoidosis-associated uveitis. Am J Ophthalmol 
1998;126:132–134.

433. Plit M, Pearson R, Havryk A, et al. Diagnostic utility of  endobronchial ultrasound-guided 
transbronchial needle aspiration compared with transbronchial and endobronchial 
biopsy for suspected sarcoidosis. Intern Med J 2012;42:434–438.

434. Bui KM, Garcia-Gonzalez JM, Patel SS, et al. Directed conjunctival biopsy and impact 
of  histologic sectioning methodology on the diagnosis of  ocular sarcoidosis. J Oph-
thalmic Inflamm Infect 2014;4:8.

435. Erckens RJ, Mostard RL, Wijnen PA, et al. Adalimumab successful in sarcoidosis patients 
with refractory chronic non-infectious uveitis. Graefes Arch Clin Exp Ophthalmol 
2012;250:713–720.

436. Karma A, Huhti E, Poukkula A. Course and outcome of  ocular sarcoidosis. Am J 
Ophthalmol 1988;106:467–472.

437. Au A, O’Day J. Review of  severe vaso-occlusive retinopathy in systemic lupus ery-
thematosus and the antiphospholipid syndrome: associations, visual outcomes, 
complications and treatment. Clin Experiment Ophthalmol 2004;32:87–100.

438. Lanham JG, Barrie T, Kohner EM, et al. SLE retinopathy: evaluation by fluorescein 
angiography. Ann Rheum Dis 1982;41:473–478.

439. Jabs DA, Fine SL, Hochberg MC, et al. Severe retinal vaso-occlusive disease in systemic 
lupus erythematous. Arch Ophthalmol 1986;104:558–563.

440. Shimura M, Tatehana Y, Yasuda K, et al. Choroiditis in systemic lupus erythematosus: 
systemic steroid therapy and focal laser treatment. Jpn J Ophthalmol 2003;47:312–315.

441. Nishiguchi KM, Ito Y, Terasaki H. Bilateral central retinal artery occlusion and vein 
occlusion complicated by severe choroidopathy in systemic lupus erythematosus. 
Lupus 2013;22:733–735.

442. Nag TC, Wadhwa S. Histopathological changes in the eyes in systemic lupus erythe-
matosus: an electron microscope and immunohistochemical study. Histol Histopathol 
2005;20:373–382.

443. Abu el Asrar AM, Naddaf  HO, Mitwali A. Choroidopathy in a case of  systemic lupus 
erythematosus. Lupus 1995;4:496–497.

444. Chin YC, Bhargava M, Khor CC, et al. Polypoidal choroidal vasculopathy and systemic 
lupus erythematosus. Lupus 2014;23:319–322.

445. Dehio C. Molecular and cellular basis of  bartonella pathogenesis. Annu Rev Microbiol 
2004;58:365–390.

446. Cunningham ET, Koehler JE. Ocular bartonellosis. Am J Ophthalmol 2000;130:340–349.
447. Roe RH, Michael Jumper J, Fu AD, et al. Ocular bartonella infections. Int Ophthalmol 

Clin 2008;48:93–105.
448. Curi AL, Machado D, Heringer G, et al. Cat-scratch disease: ocular manifestations 

and visual outcome. Int Ophthalmol 2010;30:553–558.
449. Chi SL, Stinnett S, Eggenberger E, et al. Clinical characteristics in 53 patients with 

cat scratch optic neuropathy. Ophthalmology 2012;119:183–187.
450. Ahmadi S, Azizi B, Tsang AC, et al. Neuroretinitis with branch retinal artery occlusion 

in a 15-year-old female. Case Rep Ophthalmol 2013;4:265–268.
451. Labalette P, Bermond D, Dedes V, et al. Cat-scratch disease neuroretinitis diagnosed 

by a polymerase chain reaction approach. Am J Ophthalmol 2001;132:575–576.
452. Starck T, Madsen BW. Positive polymerase chain reaction and histology with borderline 

serology in Parinaud’s oculoglandular syndrome. Cornea 2002;21:625–627.
453. Fukushima A, Yasuoka M, Tsukahara M, et al. A case of  cat scratch disease neuroreti-

nitis confirmed by polymerase chain reaction. Jpn J Ophthalmol 2003;47:405–408.
454. Margileth AM. Antibiotic therapy for cat-scratch disease: clinical study of  thera-

peutic outcome in 268 patients and a review of  the literature. Pediatr Infect Dis J 
1992;11:474–478.

455. Prutsky G, Domecq JP, Mori L, et al. Treatment outcomes of  human bartonellosis: a 
systematic review and meta-analysis. Int J Infect Dis 2013;17:e811–819.

456. Angelakis E, Raoult D. Pathogenicity and treatment of  Bartonella infections. Int J 
Antimicrob Agents 2014;44:16–25.

457. Berker N, Batman C, Guven A, et al. Optic atrophy and macular degeneration as 
initial presentations of  subacute sclerosing panencephalitis. Am J Ophthalmol 
2004;138:879–881.

458. Babu RB, Biswas J. Bilateral macular retinitis as the presenting feature of  subacute 
sclerosing panencephalitis. J Neuroophthalmol 2007;27:288–291.

459. Lau CH, Missotten T, Salzmann J, et al. Acute retinal necrosis features, management, 
and outcomes. Ophthalmology 2007;114:756–762.

460. Vandercam T, Hintzen RQ, de Boer JH, et al. Herpetic encephalitis is a risk factor for 
acute retinal necrosis. Neurology 2008;71:1268–1274.

461. Hayreh SS, Servais GE, Virdi PS. Fundus lesions in malignant hypertension. VI. 
Hypertensive choroidopathy. Ophthalmology 1986;93:1383–1400.

462. Hayreh SS, Servais GE, Virdi PS. Cotton-wool spots (inner retinal ischemic spots) in 
malignant arterial hypertension. Ophthalmologica 1989;198:197–215.

463. Leavitt JA, Pruthi S, Morgenstern BZ. Hypertensive retinopathy mimicking neuro-
retinitis in a twelve-year-old girl. Surv Ophthalmol 1997;41:477–480.

464. Oliver M, Uchenik D. Bilateral exudative retinal detachment in eclampsia without 
hypertensive retinopathy. Am J Ophthalmol 1980;90:792–796.

465. Perazella MA, Magaldi J. Images in clinical medicine. Retinopathy in leukemia. N 
Engl J Med 1994;331:922.

466. Wiznia RA, Rose A, Levy AL. Occlusive microvascular retinopathy with optic disc and 
retinal neovascularization in acute lymphocytic leukemia. Retina 1994;14:253–255.

467. Rouleau GA, Merel P, Lutchman M, et al. Alteration in a new gene encoding a 
putative membrane-organizing protein causes neuro-fibromatosis type 2. Nature 
1993;363:515–521.

468. Trofatter JA, MacCollin MM, Rutter JL, et al. A novel moesin-, ezrin-, radixin-like gene 
is a candidate for the neurofibromatosis 2 tumor suppressor. Cell 1993;72:791–800.



4 • Visual Loss: Retinal Disorders of Neuro-Ophthalmic Interest 99

521. Sujansky E, Conradi S. Outcome of  Sturge-Weber syndrome in 52 adults. Am J Med 
Genet 1995;57:35–45.

522. Phelps CD. The pathogenesis of  glaucoma in Sturge-Weber syndrome. Ophthalmology 
1978;85:276–286.

523. Awad AH, Mullaney PB, Al-Mesfer S, et al. Glaucoma in Sturge-Weber syndrome.  
J AAPOS 1999;3:40–45.

524. Yang CB, Freedman SF, Myers JS, et al. Use of  latanoprost in the treatment of  
glaucoma associated with Sturge-Weber syndrome. Am J Ophthalmol 1998;126: 
600–602.

525. Sullivan TJ, Clarke MP, Morin JD. The ocular manifestations of  the Sturge-Weber 
syndrome. J Pediatr Ophthalmol Strabismus 1992;29:349–356.

526. Schalenbourg A, Piguet B, Zografos L. Indocyanine green angiographic findings 
in choroidal hemangiomas: a study of  75 cases. Ophthalmologica 2000;214: 
246–252.

527. Wen F, Wu D. Indocyanine green angiographic findings in diffuse choroidal heman-
gioma associated with Sturge-Weber syndrome. Graefes Arch Clin Exp Ophthalmol 
2000;238:625–627.

528. Arora KS, Quigley HA, Comi AM, et al. Increased choroidal thickness in patients 
with Sturge-Weber syndrome. JAMA Ophthalmol 2013;131:1216–1219.

529. Susac JO, Smith JL, Scelfo RJ. The “tomatoe-catsup” fundus in Sturge-Weber syndrome. 
Arch Ophthalmol 1974;92:69–70.

530. Schmidt D, Pache M, Schumacher M. The congenital unilateral retinocephalic vascu-
lar malformation syndrome (Bonnet-Dechaume-Blanc syndrome or Wyburn-Mason 
syndrome): review of  the literature. Surv Ophthalmol 2008;53:227–249.

531. Dayani PN, Sadun AA. A case report of  Wyburn-Mason syndrome and review of  
the literature. Neuroradiology 2007;49:445–456.

532. Kolomeyer AM, Laviolette R, Winter TW. Wyburn-Mason Syndrome. Ophthalmology 
2016;123:50.

533. Effron L, Zakov ZN, Tomsak RL. Neovascular glaucoma as a complication of  the 
Wyburn-Mason syndrome. J Clin Neuroophthalmol 1985;5:95–98.

534. Shah GK, Shields JA, Lanning RC. Branch retinal vein obstruction secondary to retinal 
arteriovenous communication. Am J Ophthalmol 1998;126:446–448.

535. Kivlin JD, Sanborn GE, Myers GG. The cherry-red spot in Tay-Sachs and other storage 
diseases. Ann Neurol 1985;17:356–360.

507. Moore AT, Maher ER, Rosen P, et al. Ophthalmological screening for von Hippel-Lindau 
disease. Eye 1991;5:723–728.

508. Chan CC, Collins AB, Chew EY. Molecular pathology of  eyes with von Hippel-Lindau 
(VHL) disease: a review. Retina 2007;27:1–7.

509. Toy BC, Agron E, Nigam D, et al. Longitudinal analysis of  retinal hemangioblastomatosis and 
visual function in ocular von Hippel-Lindau disease. Ophthalmology 2012;119:2622–2630.

510. Singh AD, Nouri M, Shields CL, et al. Treatment of  retinal capillary hemangioma. 
Ophthalmology 2002;109:1799–1806.

511. Errera MH, Fardeau C, Cohen D, et al. Effect of  the duration of  immunomodulatory 
therapy on the clinical features of  recurrent episodes in Vogt–Koyanagi–Harada 
disease. Acta Ophthalmol 2011;89:e357–366.

512. Ach T, Thiemeyer D, Hoeh AE, et al. Intravitreal bevacizumab for retinal capillary 
haemangioma: longterm results. Acta Ophthalmol 2010;88:e137–138.

513. Mennel S, Meyer CH, Callizo J. Combined intravitreal anti-vascular endothelial growth 
factor (Avastin) and photodynamic therapy to treat retinal juxtapapillary capillary 
haemangioma. Acta Ophthalmol 2010;88:610–613.

514. Fong AH, Li KK, Wong D. Choroidal evaluation using enhanced depth imaging 
spectral-domain optical coherence tomography in Vogt-Koyanagi-Harada disease. 
Retina 2011;31:502–509.

515. Chelala E, Dirani A, Fadlallah A. Intravitreal anti-VEGF injection for the treatment 
of  progressive juxtapapillary retinal capillary hemangioma: a case report and mini 
review of  the literature. Clin Ophthalmol 2013;7:2143–2146.

516. Capitanio JF, Mazza E, Motta M, et al. Mechanisms, indications and results of  salvage 
systemic therapy for sporadic and von Hippel-Lindau related hemangioblastomas of  
the central nervous system. Crit Rev Oncol Hematol 2013;86:69–84.

517. Balcer LJ, Galetta SL, Curtis M, et al. von Hippel-Lindau disease manifesting as a 
chiasmal syndrome. Surv Ophthalmol 1995;39:302–306.

518. Meyerle CB, Dahr SS, Wetjen NM, et al. Clinical course of  retrobulbar hemangioblas-
tomas in von Hippel-Lindau disease. Ophthalmology 2008;115:1382–1389.

519. Atuk NO, Stolle C, Owen JA, Jr., et al. Pheochromocytoma in von Hippel-Lindau 
disease: clinical presentation and mutation analysis in a large, multigenerational 
kindred. J Clin Endocrinol Metab 1998;83:117–120.

520. Couch V, Lindor NM, Karnes PS, et al. von Hippel-Lindau disease. Mayo Clin Proc 
2000;75:265–272.



This page intentionally left blank



101

5 Visual Loss: Optic Neuropathies
STACY L. PINELES and LAURA J. BALCER

parallel streams throughout the pregeniculate and postge-
niculate visual pathways.3,4 Three broad pathways are gener-
ally thought to exist: the magnocellular, the parvocellular, 
and the koniocellular systems. The first is largely responsible 
for high spatial resolution, color vision, and fine stereopsis 
and is referred to as the parvocellular or P pathway based on 
the layers in the lateral geniculate body to which they project. 
The second (magnocellular, M or luminance) pathways are 
responsible for low spatial resolution, motion, and coarse 
stereopsis. The third (koniocellular, K) is not well defined5 
but has been shown to be involved in detection of  rapid move-
ment.6 For the purposes of  understanding retinal neuro-
physiology, ganglion cell types generally can be divided into 
two different broad categories, M (large) and P (small) cells.7 
M cells project to the magnocellular layer and P cells project 
to the parvocellular layer of  the LGB. As would be expected, 
the macula (fine spatial resolution) contains mostly P cells; 
in the peripheral retina the difference in numbers of  each 
type of  cell is much less. These two distinct populations of  
cells persist throughout the retrogeniculate pathways into 
the ocular dominance columns of  the striate cortex, at which 
there are probably extensive interactions between the various 
pathways. The relationship between magnocellular and par-
vocellular pathways and higher cortical areas is discussed 
in Chapter 9. Recently a class of  melanopsin-containing 
intrinsically photosensitive retinal ganglion cells has been 
described.8 Comprising approximately 0.2% of  total retinal 
ganglion cells,9 these cells are able to drive phototransduc-
tion without the need for signals from cones and rods. These 
cells likely play a role in light-dependent, nonimage-forming 
behaviors such as circadian rhythms, pupillary light reflex, 
and photophobia.10–12

Each of  the retinal ganglion cells projects to a specific 
portion of  the striate cortex to preserve the strict point-to-
point correspondence (retinotopy). Temporal retinal nerve 
fibers are arranged on either side of  the horizontal raphe 
and arch around the fovea (arcuate bundles) to divert the 
retinal elements, except the photoreceptors, away from the 
fovea (Fig. 5.1). These fibers enter the superior and inferior 
poles of  the disc. Immediately adjacent to the disc, the nerve 
fiber layer reaches its maximal thickness of  200 µm. The 
horizontal raphe divides the superior and inferior retinal 
fibers and is the anatomic basis for several types of  visual 
field defects (e.g., nasal steps, altitudinal defects). Nasal 
macular ganglion cells travel directly to the temporal portion 
of  the disc in the papillomacular bundle. Ganglion cells from 
the central 5 degrees of  the visual field constitute approxi-
mately one-third of  the total number of  axons at the disc. 
Fibers from the retina nasal to the disc enter the nasal portion 
of  the optic nerve. As they enter the optic nerve head, gan-
glion cell axons reorganize so that the axons from peripheral 
ganglion cells are most superficial in the nerve fiber layer 

The diagnosis of  optic neuropathy is usually considered under 
two circumstances: (1) when visual loss is associated with 
an anomalous, swollen, or pale optic disc or (2) when the 
fundus examination is normal but deficits in acuity, color, 
and visual field are accompanied by an afferent pupillary 
defect. In each of  these situations the examiner must rely 
upon historical information, examination findings, and diag-
nostic testing first to confirm the presence of  optic nerve 
dysfunction, then to determine its etiology.

An understanding of  optic nerve anatomy is important 
when approaching patients with optic nerve dysfunction, 
and this chapter reviews this topic. Typical clinical features 
of  optic neuropathies are then detailed. The subsequent dis-
cussion suggests an approach to patients with an optic neu-
ropathy and outlines a strategy used to distinguish the various 
optic neuropathies. The features (presentation, examination, 
and management) of  the different causes of  optic nerve dys-
function are then addressed.

Optic Nerve Anatomy

The optic nerve is composed of  1.2 million retinal ganglion 
cell axons.1 The axons form the nerve fiber layer and eventu-
ally synapse in the lateral geniculate body, the pretectum, 
the superior colliculus, the accessory optic nuclei, and the 
suprachiasmatic nuclei in the hypothalamus. The supporting 
cells and blood supply of  the optic nerve change throughout 
its course, which is generally divided into four sections: intra-
ocular, intraorbital, intracanalicular, and intracranial. The 
optic nerve, like all other parts of  the central nervous system 
(CNS), is invested by meninges including the dura (which 
blends into the sclera) and the arachnoidal and pial mem-
branes. It is myelinated by oligodendrocytes beyond the lamina 
cribrosa and is supported by astrocytes like the white matter 
in the brain and spinal cord. This is unlike peripheral nerves, 
including the other cranial nerves, which are myelinated by 
Schwann cells. In addition, the optic nerve has virtually no 
capacity for regeneration.

GANGLION CELLS AND THE  
INTRAOCULAR OPTIC NERVE

Light stimulates the retinal photoreceptors, and in turn signals 
are modified by the horizontal, bipolar, and amacrine cells 
in the inner plexiform layer of  the retina, where they synapse 
with the cell bodies and dendrites of  the retinal ganglion 
cells.2 The retinal ganglion cell axons then travel through 
the optic nerve, chiasm, and optic tract before synapsing at 
the lateral geniculate bodies (LGBs).

The concept of  parallel processing was introduced to rec-
ognize that different types of  visual information are processed 
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choroidalis and lamina cribrosa through branches of  the 
intrascleral circle of  Zinn–Haller and from branches of  cho-
roidal vessels that supply the choriocapillaris (Fig. 5.2). Capil-
laries in the region of  the lamina cribrosa are within the 
laminar beams and surround the nerve fiber bundles.13

INTRAORBITAL OPTIC NERVE

Several structural changes occur as the axons pass through 
the lamina cribrosa, which is essentially at the level of  the 
sclera. Optic nerve myelination begins (oligodendrocytes) 
and the pressure gradient on the axons increases as they 
are subjected first to intraocular pressure then to the intra-
cranial pressure, which is transmitted through the subarach-
noid space to the nerve–globe junction. The differences in 
pressure between the intraocular and intracranial compart-
ments may account for the propensity for papilledema and 
glaucoma in an individual patient. The intraorbital optic 
nerve is between 20 and 30 mm in length and is always 
longer than the distance from the globe to the orbital apex. 
Therefore, there is always slack (the optic nerve usually takes 

and form the more peripheral portions of  the optic nerve, 
and macular ganglion cell axons form the center of  the nerve. 
As they turn to exit the eye at the scleral canal, the optic 
nerve fibers exit through the lamina cribrosa.

All of  the blood supply to the optic nerve is ultimately 
derived from the ophthalmic artery. The nerve fiber layer of  
the retina receives its blood supply from branches of  the 
central retinal artery, and, when present, cilioretinal arteries 
also contribute to the peripapillary nerve fiber layer. A capil-
lary bed from the central retinal artery provides the blood 
flow to the superficial optic nerve head. Branches of  the short 
posterior ciliary arteries are the major blood supply to the 
optic nerve head below its surface. The area of  the nerve 
served by each posterior ciliary artery is variable and seg-
mental. Because anastomoses between the posterior ciliary 
arteries are scant, the optic nerve head can be a watershed 
area. The nature of  the blood supply by the posterior ciliary 
arteries to the optic nerve head is the likely explanation for 
the segmental disc swelling and atrophy that often accom-
panies ischemic processes. Twigs of  the posterior ciliary 
arteries reach the capillary plexus in the area of  the lamina 

Figure 5.1. Distribution of retinal ganglion cell axons as they travel to the optic nerve. Fibers from the nasal, superonasal, and inferonasal retina travel 
directly to the disc with the thickest nerve fiber layer at the superior and inferior poles of the disc. Fibers from the nasal half of the macula extend 
directly to the temporal portion of the optic nerve in the papillomacular bundle. Fibers from the temporal macula are separated by the horizontal 
raphe, above and below which they originate and arch around the fovea to enter the superior and inferior portions of the disc. These nerve fiber 
bundles are the basis for the different types of visual field defects that result from optic nerve disease. 
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sympathetic plexus. The dura and therefore the optic nerve 
are fixed to the periosteum throughout the canal, which is 
usually around 10 mm in length. This tight space makes 
the optic nerve particularly vulnerable to trauma and small 
space-occupying lesions in this area. Intracranially, the two 
optic canals course medially towards each other and rise at 
a 15-degree angle. In the optic canal, the pial plexus of  blood 
vessels is usually supplied by the internal carotid artery.

INTRACRANIAL OPTIC NERVE

The length of  the intracranial optic nerve is variable 
(4–15 mm), depending on the position of  the chiasm in rela-
tion to the sella turcica (above the sella, prefixed, or postfixed; 
see Chapter 7). The course of  the intracranial optic nerve is 
upward at a 45-degree angle to reach the chiasm. Immedi-
ately above the nerves lie the anterior cerebral and anterior 
communicating arteries, and above these lie the olfactory 
nerves and frontal lobes. Just lateral to each nerve lies the 
internal carotid artery, and the ophthalmic artery arises from 
the internal carotid just below the optic nerve. Just under 
each optic nerve and above the pituitary gland lies the planum 
sphenoidale. The blood supply to the pial plexus of  vessels 
supplying the optic nerve can arise from branches of  the 
internal carotid artery, the anterior cerebral arteries, or the 
anterior communicating artery.

History

The cause of  many optic neuropathies can often be correctly 
deduced after reviewing the patient’s history. The temporal 
profile of  the visual loss is most important, including the 
rapidity of  the visual loss and the time to visual nadir. Next, 
attention should be given to associated symptoms, both ocular 
and nonocular. Some related ocular symptoms that should 
be considered include pain (in particular pain worsened by 
eye movements); bulging, fullness or proptosis of  the globe; 

on an S shape) to allow for unrestricted eye movements. 
Each axon is surrounded by myelin and glial cells, which 
provide metabolic support at the nodes of  Ranvier. The entire 
nerve is surrounded by closely adherent pia mater. Arachnoid 
trabeculae connect the pia to the surrounding dura, which 
at the apex of  the orbit is contiguous with the annulus of  
Zinn. The optic nerve is divided into septae by collagenous 
connective tissue, which also contains the centripetally pen-
etrating capillaries from the pia. These are supplied largely 
by recurrent branches of  the short posterior ciliary arteries 
and capillary branches of  the ophthalmic artery. Capillaries 
are also supplied anteriorly by branches from the central 
retinal artery, which pierces the optic nerve 10–15 mm from 
the nerve–globe junction. There may also be collateral cir-
culation to the intraorbital optic nerve through anastomotic 
branches from the external carotid artery. These branches 
can be supplied from the middle meningeal, superficial tem-
poral, and transverse facial arteries.

Nerve fiber orientation within the optic nerve is highly 
specific. In the first third of  the optic nerve, macular fibers 
lie temporally and then move to occupy the central portion 
of  the optic nerve. Nasal retinal fibers remain in the nasal 
portion of  the intraorbital optic nerve. The superior temporal 
fibers are located above the temporally located macular fibers, 
and the inferior fibers are located below the macular fibers.

INTRACANALICULAR OPTIC NERVE

After leaving the orbit, the optic nerve enters the optic canal, 
which sits within the two bases of  the lesser wing of  the 
sphenoid bone (Fig. 5.3). The medial wall of  the canal forms 
the lateral wall of  the sphenoid sinus and in some patients, 
such as those with neurofibromatosis type I (NF-1), is absent, 
causing the meninges to contact the sinus mucosa directly. 
The thickest bones of  the canal are located at the orbital 
apex. The orbital plate of  the frontal bone separates the canal 
from the overlying frontal lobe. Contained within the canal 
are also the ophthalmic artery, the meninges, and the 
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Figure 5.2. The circulation of the optic nerve head. The blood is derived primarily from the arteriolar anastomotic circle of Zinn–Haller, which is sup-
plied by the posterior ciliary arteries, the pial arteriole plexus, and the peripapillary choroid. 
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temporal arteritis, or nutritional optic neuropathy. Odd or 
inconsistent behavior might be an early indicator of  the pos-
sibility of  nonorganic or functional visual loss.

VISUAL ACUITY

Although visual acuity is commonly reduced in optic neu-
ropathies, this finding is highly variable. In fact, visual acuity 
is the least sensitive of  all the tested functions and is not 
always helpful in identifying the presence of  optic neuropathy 
or its cause. For instance, profound optic nerve dysfunction 
with an afferent pupillary defect, dyschromatopsia, and visual 
field loss may be present with 20/15 visual acuity. Further-
more, virtually any of  the causes of  optic nerve dysfunction 
can be associated with any level of  visual acuity loss.

COLOR VISION

Dyschromatopsia and, in particular, the mismatch of  good 
acuity and poor color vision are very important and sensitive 
indicators of  optic nerve dysfunction. The basis for this mis-
match is not completely understood. It may reflect the fact 
that the optic nerve is largely composed of  ganglion cell axons 
arising in the macular region, and these axons have a one-
to-one relationship with the high density of  cones in this 
region. However, there are many patients with profound optic 
nerve dysfunction that may do relatively well with color plate 
testing and notice only a mild difference in color saturation 
between the two eyes.

CONTRAST SENSITIVITY

Abnormal contrast sensitivity is another sign of  optic nerve 
dysfunction and may be the most valuable test in terms of  
long-term follow-up and in clinical trials. Some patients with 
optic neuropathy have good acuity but may have reduced 
contrast sensitivity thresholds. Contrast sensitivity is also 
helpful in patients with congenital dyschromatopsia who 
are suspected of  having an optic nerve problem in whom 

redness; photophobia; diplopia; and positive visual phenom-
ena. Nonocular neurologic symptoms would include head-
ache, anosmia, facial paresthesias or numbness, facial 
weakness, bladder incontinence, transient weakness or 
numbness, hearing loss, and audible intracranial noises. 
Clues to any underlying systemic illness should be sought, 
as should evidence of  recent infection or ongoing rheuma-
tologic symptoms. Risk factors for vasculopathic disease 
should be identified in addition to systemic medications that 
may have secondary effects on the optic nerve. A careful 
family history should attempt to identify relatives with 
decreased vision or with degenerative neurologic illness, 
glaucoma, or migraine.

Examination

Most patients with optic neuropathy can be identified by the 
characteristic combination of  acuity loss, color deficiency, 
visual field defect, an afferent pupillary defect, and an 
abnormal-appearing optic nerve on ophthalmoscopy (anoma-
lous, swollen, or pale). Along with the historical review, the 
different features of  each of  these abnormal parameters are 
often helpful in identifying the particular cause of  optic nerve 
dysfunction. Specific examination techniques are detailed 
in Chapter 2.

SYSTEMIC EVALUATION

The examination of  a patient with suspected optic neuropathy 
begins with the general evaluation of  the patient’s physical 
health, mental status, and vital signs. Markedly elevated 
blood pressure in a patient with swollen discs suggests the 
presence of  malignant hypertension. An irregular pulse from 
atrial fibrillation suggests that an acutely acquired visual 
field defect might be the result of  an embolic arterial occlu-
sion. A rapid pulse might suggest hyperthyroidism, and obesity 
and recent weight gain would point to idiopathic intracranial 
hypertension. Profound cachexia might suggest cancer spread, 
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Figure 5.3. The optic canal sits between the two bases of the lesser wing of the sphenoid bone and contains the optic nerve, meninges, sympathetic 
plexus, and ophthalmic artery. Anteriorly the dura coalesces to form the annulus of Zinn. The space is tight and the dura is fixed to the bone. The 
sphenoid sinus forms the medial wall of the canal. The chiasm sits behind the sphenoid sinus, and the intracranial opening of the canal is formed by 
the anterior clinoid process. Lateral to the chiasm is the cavernous sinus, which contains the carotid artery. 
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pupils, poor patient cooperation, retinal degenerations, and 
nonorganic visual loss. However, diffuse suppression of  the 
visual field on automated perimetry is in fact the most common 
defect in patients with optic neuritis.21

Central defects. These include central scotomas, para-
central defects, and centrocecal scotomas (see Fig. 5.4). These 
three types of  visual fields are related and imply involvement 
of  the central portion of  the optic nerve. Centrocecal scoto-
mas are common defects in patients with hereditary, nutri-
tional, and toxic optic neuropathies but can be seen in any 
of  the optic neuropathies. Any patient who has reduced 
central visual acuity must have a central scotoma by defini-
tion, although such defects are not always measurable on 
perimetry. Sometimes the only abnormality on computerized 
perimetry is a reduction in the foveal threshold. Central field 
defects are also the rule in patients with macular disease.

Nerve fiber bundle defects. The third category includes 
arcuate defects, altitudinal defects, and nasal steps (see Fig. 
5.4). These defects, as they are so named, imply a localiza-
tion to a particular group of  nerve fibers. In general, they 
respect the horizontal meridian because of  the anatomic 
boundary of  the horizontal raphe. These field defects occa-
sionally may also respect the vertical meridian, but this finding 
should be considered atypical, and patients with such fields 
should be investigated for the possibility of  intracranial disease 
(see Chapter 7). The nerve fiber bundle types of  visual field 
defects can be seen in all of  the different optic neuropathies, 
but certain patterns are more common. For instance, alti-
tudinal defects are the most common defects in ischemic 
optic neuropathy, and arcuate defects with enlarged blind 
spots were most commonly seen in patients with mild vision 
loss due to papilledema enrolled in the Idiopathic Intracranial 
Hypertension Treatment Trial.22 In general, visual field defects 
will help to confirm the presence of  an optic neuropathy but 
will not be diagnostic of  a specific etiology.

OPHTHALMOSCOPY

Optic disc appearance. The normal optic nerve (Fig. 5.5) 
has a pinkish, orange color with sharp margins. The nerve 
fiber layer is best seen at the 6 and 12 o’clock positions, 
where it is thickest. A central cup is identifiable, and the 
vessels can be seen clearly as they cross the margin of  the 
disc. The normal optic disc area varies between 2.1 and 
2.8 mm2.23 Highly myopic eyes (>−8.00) may have abnor-
mally large discs, while highly hyperopic eyes (>+4.00) may 
have abnormally small discs.24

Disc swelling. Optic neuropathies are frequently associ-
ated with disc swelling or edema. The term edema might not 
be accurate, however, since there may not be interstitial fluid 
as a cause of  the swelling, and instead axoplasmic stasis 
may be the final common pathway for most disc swelling. 
The term papilledema is used only for discs that are swollen 
from elevated intracranial pressure. Ophthalmoscopic features 
of  a swollen optic nerve include hyperemia, elevation of  the 
optic nerve head, and edema of  the nerve fiber layer blurring 
the disc margins. The cup may be obliterated in severe  
swelling, and there may be associated retinal or choroidal 
folds. There may be venous dilation, associated splinter  
hemorrhages, dilated capillaries, exudates, or cotton-wool 
spots. Swollen optic nerves resulting from anterior visual 
pathway compressive lesions may have features that suggest 

color plate testing cannot be used. Less commonly, it can be 
used to document visual recovery in optic neuritis, which is 
almost always associated with a reduction in contrast sen-
sitivity. Recently low-contrast sensitivity testing has been 
incorporated in the evaluation of  new drugs for the treatment 
of  multiple sclerosis (MS) and optic neuritis. A related type 
of  low-contrast vision testing, low-contrast letter acuity, is 
similar to clinical trial–based high-contrast visual acuity 
testing with Early Treatment Diabetic Retinopathy Study 
(ETDRS) charts and is a sensitive indicator of  visual pathway 
dysfunction in MS, optic neuritis, and other neurologic dis-
orders associated with optic neuropathy.14,15 Such testing 
can be performed monocularly or with both eyes open, thus 
capturing binocular inhibition that may impair function in 
the setting of  unilateral optic neuropathy.16 Deficits in low-
contrast acuity are associated with structural measures of  
optical coherence tomography (OCT) that indicate axonal 
and neuronal loss in the optic nerve and anterior visual 
pathway.17–19

PUPILS

The identification of  a relative afferent pupil defect (RAPD) 
is very helpful in localizing unilateral or asymmetric vision 
loss to the optic nerve and is the hallmark of  asymmetric 
disease of  the anterior visual pathway (Video 2.3). The swing-
ing flashlight test is described in detail in Chapter 2.

PULFRICH PHENOMENON

Pulfrich described a phenomenon that is occasionally reported 
as a symptom in patients with unilateral or asymmetric optic 
neuropathy. The Pulfrich phenomenon is a stereo illusion 
in which an object, such as a ball on a string, is swung in a 
to-and-fro motion within the plane facing the subject with 
an optic neuropathy. Because of  the delay in visual informa-
tion reaching the cortex via the affected optic nerve, this is 
seen as an elliptical movement with the closer arc moving 
towards the affected eye.20 The Pulfrich phenomenon is only 
infrequently seen in patients with decreased vision due to 
media opacities or retinal disease. The Pulfrich phenomenon 
may be lessened by the use of  neutral-density filters over the 
unaffected eye to balance the visual signaling from the optic 
nerves.

VISUAL FIELDS

One hallmark of  an optic neuropathy is an abnormal visual 
field. Concepts of  visual field testing and the various types 
and their advantages and disadvantages are discussed in 
Chapter 3. Patients with optic neuropathy have visual field 
defects that generally fall into three different categories: (1) 
generalized constriction, (2) central defects, and (3) nerve 
fiber bundle defects.

Generalized constriction. This type of  field defect  
(Fig. 5.4) is the least specific and the hardest to localize. In 
these patients, kinetic perimetry shows reduced size of  the 
peripheral isopters, and on automated perimetry peripheral 
rim defects are seen with a general reduction in sensitivity. 
The examiner must be careful in interpreting fields with gen-
eralized constriction as there are many non–neuro-ophthalmic 
causes of  this type of  defect, including media opacities, small 
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Figure 5.4. Paired examples of static threshold perimetry gray scale (left) and kinetic perimetry visual fields (right) seen in optic neuropathies. Note 
the threshold and kinetic perimeters have different scales. The first pair of fields (A) demonstrate generalized constriction, which is the least specific, 
and hardest to localize, type of visual field defect. It can also be seen with media opacities or retinal disease or simply from slow reactions during 
testing. Altitudinal (B), nasal step (C, note the incomplete connection to the blind spot), and arcuate (D) defects are characteristic of optic neuropathies 
and represent nerve fiber bundle defects. Central scotomas (E) and centrocecal defects (F, central defects attached to the blind spot) are also com-
monly seen with optic neuropathies. 

B

A

chronicity (absence of  hemorrhages, pseudodrusen from 
axoplasmic stasis, pallor) or collateral vessels from retinal 
to ciliary circulation (“shunt vessels”).

Disc atrophy or pallor. Although this technically implies 
a histopathologic diagnosis, the term optic atrophy is often 
substituted for the ophthalmoscopic observation of  optic 
nerve head pallor or loss of  pinkness, which commonly 
accompanies permanent damage to the optic nerve. A com-
bination of  the loss of  the superficial capillary bed along 
with the loss of  tissue volume and astrocytic proliferation is 

responsible for this change in optic nerve head color. Reduced 
blood flow to the optic nerve head may be demonstrated by 
fluorescein angiography,25 OCT angiography,26 and direct 
blood flow measurements.27 By using the term optic atrophy, 
the examiner is identifying ganglion cell death, not reduction 
or involution of  function as the term atrophy implies in other 
conditions. Atrophy can be graded as mild to severe and 
may take on a characteristic pattern (altitudinal, sectoral, 
bow tie, or temporal), which can be a clue to disease patho-
genesis or localization. For instance, superior sectoral atrophy 
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the disc margin and the ophthalmoscopic view of  the disc’s 
surface details (Fig. 5.7). The typical setting for secondary 
optic atrophy is atrophic papilledema (see Chapter 6), com-
pressive optic neuropathy with prior disc edema, or severe 
inflammatory disc edema. In some cases, pallor of  the disc 
might not yet be evident, but the examiner can identify defects 
in the nerve fiber layer. In this setting there is a sharp cut-off  
from the normal-appearing nerve fibers to an area with an 
absence of  fibers (Fig. 5.8A). These defects can be more easily 
seen with red-free light (Fig. 5.8B), and an alternating “rake-
like” pattern of  normal and defective nerve fibers may be 
observed.

Related retinal lesions. When the disc is swollen, other 
fundus findings may aid in the diagnosis. For instance, dilated 
and tortuous retinal veins accompanied by retinal 

might be associated with inferior field loss. Not infrequently, 
optic atrophy is accompanied by cupping. This may simply 
be a normal evolution of  appearance or may reflect a defec-
tive structural integrity of  the optic nerve in the setting of  
atrophy.

Primary optic atrophy occurs without significant swelling 
or reactive gliosis. Secondary atrophy implies previous swell-
ing and subsequent gliotic reaction, which accompanies the 
nerve atrophy. In the former (primary optic atrophy) the disc 
pallor is associated with sharp disc margins and easily visible 
details on the disc surface and vasculature (Fig. 5.6). Most 
patients (even those with some swelling initially) with acute 
optic neuropathies later develop primary optic atrophy. In 
the latter case (secondary optic atrophy) there is a haze to 
the disc surface or overlying nerve fiber layer which obscures 
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Figure 5.4., cont’d
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with an optic neuropathy. These techniques include (1) OCT, 
which is based on imaging of  reflected near-infrared light, 
and (2) scanning laser polarimetry (GDx nerve fiber layer 
analyzer), in which a confocal scanning laser ophthalmoscope 
and integrated polarimeter quantitatively evaluate the retinal 
nerve fiber layer (RNFL) based on the birefringence of   
the microtubules in the retinal ganglion cell axons. These 
methodologies have been firmly established in the field of  
glaucoma to follow the thickness of  the nerve fiber layer 
around the disc.

The technology used for OCT has rapidly evolved, and 
time-domain OCT has been replaced by spectral-domain OCT 
(SD-OCT), which has a high scan speed (26 000–53 000 
A-scans/s) and axial resolution (approximately 5 µm). 
Because of  these features, SD-OCT provides highly reproduc-
ible and reliable results and has become popular in 

hemorrhages suggests a retinal vein occlusion, while macular 
lipid deposition suggests neuroretinitis. When the disc is 
normal, the examiner should be absolutely certain a macular 
lesion is not mimicking an optic neuropathy.

SLIT-LAMP EXAMINATION

Other causes of  visual acuity loss, such as corneal, lens, or 
vitreous opacities, should be excluded. The presence of  iritis 
or uveitis would suggest an inflammatory disorder.

Nerve Fiber Layer Imaging

Various imaging modalities have become popular to evaluate 
the nerve fiber layer and other retinal structures in patients 
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Macular OCT imaging is very helpful in evaluating patients 
with unexplained central vision loss and possible maculopa-
thy; segmentation or specific measurement of  retinal layers 
(Fig. 5.10), such as the ganglion cell layer (GCL), has also 
evolved for both clinical and research use in assessing visual 
pathway neuronal loss in MS, optic neuritis, and other neuro-
ophthalmologic disorders.18,28,29 As such, OCT techniques 
have brought the anterior visual pathway to the forefront 
for its unique ability to correlate structure with function. 
OCT measures of  RNFL and GCL thickness are thus important 
outcomes for trials of  therapies for optic nerve disease that 
involve neuroprotection and repair.15,30

RNFL thickness measurement by OCT is also frequently 
used in the clinical setting to assess and follow optic neu-
ropathies due to compressive lesions. In addition, it can be 
used to demonstrate stability of  optic atrophy after a suspected 
acute event such as nonarteritic ischemic optic neuropathy. 
SD-OCT may be limited at the extremes of  age where age-
related normative data are sparse. In addition, in advanced 
optic neuropathies, OCT may be less reliable due to the dif-
ficulty of  segmenting the exceedingly thin RNFL from the 
contribution of  blood vessels in the retina.31

Approach to Patients With  
Optic Neuropathy

When the history and examination are typical of  optic neu-
ropathy (visual acuity and color vision loss, decreased contrast 
sensitivity, afferent pupillary defect, and typical visual field 
defect), four different diagnostic groups should be considered, 
based upon the ophthalmoscopic appearance of  the disc: 
anomalous, swollen, normal, and pale. Clinically, there is con-
siderable overlap among these four groups of  patients, 

neuro-ophthalmic practice to identify and localize disease 
to the optic nerve (Fig. 5.9) and follow patients with various 
progressive optic neuropathies. Although GDx is useful for 
assessment of  the optic nerve, OCT is unique in that it pro-
vides a measurement of  the peripapillary RNFL thickness, 
optic nerve head parameters, and assessments of  the macula. 

Figure 5.5. The normal-appearing optic nerve. Margins are sharp and 
color is diffusely pink. Nerve fiber striations are seen best at the 10 to 
12 o’clock and 6 to 8 o’clock positions just beyond the disc edge (arrows). 
Despite this, the vessels are clearly seen traversing the nerve fiber layer 
and are not obscured by these fibers. 

Figure 5.6. Primary optic atrophy. The disc shows temporal pallor and 
has sharp, distinct margins. 

Figure 5.7. Secondary optic atrophy (developing after disc swelling). 
As with primary atrophy, the disc is pale but there is haziness to the 
area of the disc margin from previous swelling and reactive gliosis. 
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Figure 5.8. A. Left optic nerve with minimal temporal pallor and a sharp cut-off in the nerve fiber layer demarcating corresponding loss of ganglion 
cell axons entering the temporal aspect of the disc. The arrow delineates the beginning of the normal nerve fibers. B. Red-free photograph of right 
eye of a different patient demonstrates optic disc pallor with nerve fiber layer defect (arrows). The area of normal striations of the nerve fibers abruptly 
begins (arrows). 

BA

Figure 5.9. A. Color fundus photograph of a patient with nonarteritic ischemic optic neuropathy in the right eye with inferior optic disc pallor (thick 
arrow) and superior optic disc edema (thin arrow). B. Optical coherence tomography retinal nerve fiber layer map and thickness plot. The top left panel 
depicts the retinal nerve fiber layer thickness map. The nerve fiber layer thickness is quantified in micrometers for each sector of the nerve (G, general; 
N, nasal; NI, inferonasal; TI, inferotemporal; T, temporal; TS, superotemporal; NS, nasotemporal). The bottom panel depicts the retinal nerve fiber layer 
thickness as a continuous plot from the temporal aspect clockwise around the optic nerve. The three arrows delineate areas where the retinal nerve 
fiber layer is thicker than normal, indicating optic nerve edema superiorly and nasally in this case. The asterisk marks the region of the nerve in which 
the nerve fiber layer is thinner than normal, indicating optic nerve atrophy inferiorly. 
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or atrophic, the examiner will have to rely heavily on the 
clinical presentation, historical details, and the rest of  the 
examination to make the correct diagnosis.

ANOMALOUS DISCS

Anomalous discs are due to congenital anomalies, and they 
are listed in Box 5.1.

although we believe distinguishing between them serves as 
a useful framework when considering the differential diag-
noses of  an optic neuropathy. For instance, patients with 
anterior ischemic optic neuropathy always have abnormal-
appearing (swollen) optic nerves, and occult compressive 
lesions are important to consider in the setting of  visual loss 
and a normal fundus. Congenital disc anomalies have a dis-
tinct appearance. However, when the disc is swollen, normal, 

B

A

Figure 5.10. Single frame of macular spectral-domain optical coherence tomography (Spectralis, Heidelberg Engineering) with retinal layers labeled 
for (A) a 41-year-old patient with relapsing–remitting multiple sclerosis and (B) a research study volunteer without a history of ocular or neurologic 
disease. Both images are from left eyes and represent axial sections through the fovea and macular region. The total macular volume for the patient 
in A is 7.52 mm3; the disease-free volunteer in B has a total macular volume of 8.67 mm3. Visible relative thinning of the macular ganglion cell layer 
(GCL) and macular retinal nerve fiber layer (RNFL) are evident for the patient (red arrows). The peripapillary RNFL thicknesses were 85 microns for the 
patient with MS, compared with 98 microns for the disease-free volunteer. 
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SWOLLEN OPTIC NERVES

Box 5.2 lists optic neuropathies that may present with disc 
swelling. The most common diagnoses to consider in adults 
are anterior ischemic optic neuropathy and optic neuritis. 
Patients with anterior ischemic optic neuropathy will gener-
ally be older with vasculopathic risk factors such as diabetes 
and hypertension. Those with optic neuritis are typically 
younger and often have periocular pain exacerbated by eye 
movements.

Papilledema or disc edema from elevated intracranial pres-
sure is discussed elsewhere (see Chapter 6), but it is important 
to note the relative mismatch between the amount of  disc 
swelling and visual function in papilledema. A markedly 
swollen optic nerve with relatively preserved visual acuity 
is the hallmark of  papilledema in its early stages. In patients 
with disc swelling, acuity loss and central field defects would 
be more characteristic of  a process directly affecting the optic 
nerve such as ischemia or inflammation.

In more rare circumstances other features of  the examina-
tion will help to identify the cause of  the swollen disc with 

Box 5.1 Congenital Disc Anomalies

Optic nerve hypoplasia
Tilted discs
Optic pits
Optic disc colobomas
Morning glory disc anomaly
Staphyloma
Pseudopapilledema

Optic disc drusen
Myelinated retinal nerve fibers
Megalopapilla
Congenital optic disc pigmentation
Optic nerve aplasia

Box 5.2 Common Causes of Optic Neuropathies 
That Can Present With Disc Swelling

Idiopathic optic neuritis
Anterior ischemic optic neuropathy
Diabetic papillopathy
Optic nerve tumors

Optic nerve glioma
Optic nerve sheath meningioma

Inflammatory optic neuropathies
Sarcoidosis
Optic perineuritis

Infectious optic neuropathies
Syphilitic optic neuropathy
Lyme-associated optic neuropathy

Radiation optic neuropathy
Toxic optic neuropathy

Amiodarone-associated
Infiltrative optic neuropathy

Lymphoma/leukemia
Metastatic tumor

Uveitis-associated optic neuropathy
Acute and chronic papilledema
Traumatic optic neuropathy
Malignant hypertension

Box 5.3 Acute Optic Neuropathies That 
Commonly Present With Normal-Appearing 
Optic Nerves (Retrobulbar Optic Neuropathies)

Optic neuritis
Traumatic optic neuropathy
Compressive optic neuropathy (early)
Posterior ischemic optic neuropathy
Radiation optic neuropathy

vision loss. The presence of  vitritis would suggest the pos-
sibility of  infectious disc swelling, as in syphilitic uveitis with 
optic neuropathy. The presence of  a macular star makes 
neuroretinitis the most likely diagnosis. Other infiltrative 
conditions such as leukemia might be associated with retinal 
hemorrhages or a distinct mass in the optic nerve head.

NORMAL-APPEARING OPTIC NERVES

In retrobulbar optic neuropathies, the normal fundus appear-
ance acutely implies that the disease process is occurring in 
the optic nerve behind the lamina cribrosa in its intraorbital, 
intracanalicular, or intracranial portions. Entities that com-
monly present with a normal-appearing fundus are listed in 
Box 5.3. The examiner should be aware of  overlap in certain 
conditions, such as optic neuritis, in which one-third of  
patients will have a visibly swollen optic nerve head; Leber’s 
hereditary optic neuropathy, in which the nerve can have a 
pseudoswollen appearance; or radiation-induced optic neu-
ropathy, in which stigmata of  radiation retinopathy may be 
present with an acutely swollen nerve. Whenever the optic 
nerve appears normal in a suspected optic neuropathy, the 
macular region should be carefully examined. Chapter 4 
contains a discussion of  the differentiation between optic 
neuropathy and maculopathy.

OPTIC DISC PALLOR

Optic atrophy (disc pallor) may be evident on the initial 
examination or can evolve on subsequent evaluations. All 
of  the conditions listed in Boxes 5.2 and 5.3, when associ-
ated with permanent visual dysfunction, will eventually be 
accompanied by the development of  optic atrophy. In this 
setting the examiner will identify a history of  a previous 
episode consistent with the clinical picture; for example, a 
previous inflammatory, ischemic, or traumatic injury to the 
optic nerve. In some instances, patients become suddenly 
aware of  their visual loss at a time after the process began 
(pseudosudden onset), and their initial examination will 
reveal optic atrophy. Entities that commonly present in this 
fashion are listed in Box 5.4. Most importantly, chronic pro-
gressive visual loss accompanied by disc pallor strongly sug-
gests a compressive lesion. Thus, in patients with unexplained 
optic atrophy, neuroimaging is the most important diagnostic 
test. Other laboratory testing, such as serologies, vitamin 
levels, or genetic evaluation, should be guided by historical 
and examination findings.32

Rarely, some individuals with long-standing, “stable”  
visual loss from a distant history of  optic atrophy due to a 
childhood neoplasm, for instance, may later in adulthood 
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static. However, it is important to recognize that some con-
genital or developmental abnormalities rarely may be associ-
ated with newly acquired vision loss. For example, macular 
detachment may complicate a congenital optic pit, or optic 
disc drusen may be associated with anterior ischemic optic 
neuropathy.

HYPOPLASIA

Characterized ophthalmoscopically by an optic disc with a 
small diameter (Fig. 5.11), optic nerve hypoplasia (ONH) is 
a variable condition that can be associated with a spectrum 
of  potential visual dysfunction, ranging from normal vision 
to marked dysfunction. Hypoplasia can be unilateral or bilat-
eral and may or may not be associated with a more widespread 
neurologic developmental disorder.38 This is the most common 
congenital optic nerve abnormality.36 It has been identified 
as the third most prevalent cause of  vision impairment in 
children aged 3 years or younger in the United States and 
the most likely diagnosis to cause legal blindness in this age 
group.39

Embryologically, the reduced number of  functioning axons 
may result from the exaggeration of  a normal developmental 
process. That is, at 16–17 weeks of  gestation, there are 
approximately 3 million optic nerve axons that ultimately 
are reduced to approximately 1 million at the time of  birth. 
Hypoplasia may therefore be an overdone, but normal, process 
of  involution.40 The most commonly reported risk factors 
for ONH are young maternal age, maternal recreational drug 
use, maternal smoking, and fetal alcohol syndrome.41,42

Affected patients can have any level of  visual function 
ranging from minimal acuity or field loss to no light percep-
tion (NLP), and bilateral ONH is more common than unilateral 
cases.36,38 Severe reduction in disc diameter on the fundus 
examination is often simple to identify, particularly when it 
is unilateral and comparison with the normal eye can be 
made. However, when mild, this finding may be subtle and 
hard to recognize, and sometimes the loss of  the nerve fiber 
layer is best viewed using red-free light during ophthalmos-
copy. Because the examination in young infants may be dif-
ficult, the diagnosis of  a mild degree of  hypoplasia in this 
age group can be extremely problematic and can often be 
made only subjectively. The appearance of  hypoplastic nerves 
can be quite variable, and the key to making the diagnosis 
is identifying the true edge of  the optic nerve (see Fig. 5.11).

There are several visual aids that may assist the examiner 
in diagnosing ONH. First, one can compare the caliber of  
the overlying retinal vessels to the diameter of  the optic disc 
and determine whether the vessels appear to be relatively 
large compared with the disc diameter. Second, the examiner 
may note a peripapillary halo, or the so-called “double-ring 
sign” (see Fig. 5.11B),43 which is due to the presence of  a 
ring of  visible sclera and pigmentation surrounding the optic 
nerve. Occasionally, this ring may be associated with hyper-
pigmentation, presumably due to migration of  the retinal 
pigment epithelium to the edge of  the optic disc. Finally, in 
cooperative patients, the examiner can estimate the ratio 
between the disc diameter and the distance between the disc 
and macula. This ratio is typically greater than 0.35 in full-
term children.44,45 A ratio of  less than 0.3 may indicate that 
a patient’s optic nerve is hypoplastic. Recent studies of  patients 
with unilateral optic nerve hypoplasia have demonstrated 

experience gradual visual loss not due to tumor recurrence 
or any other obvious cause. This phenomenon has been 
attributed to normal age-related axonal loss in an individual 
with an already compromised optic nerve.33 Similar observa-
tions have been made regarding patients with congenital 
disc anomalies.34

In summary, in most cases of  suspected optic neuropathy, 
careful consideration of  historical details, general examina-
tion, and the ophthalmoscopic appearance of  the optic nerve 
head will lead to the correct diagnosis long before any ancil-
lary tests are ordered. The specific optic neuropathies are 
discussed in greater detail in the following sections.

Congenital Disc Anomalies

Congenital disc anomalies include a variety of  disorders (see 
Box 5.1) whose hallmark is an abnormal-appearing optic 
nerve, each with a pathognomonic or distinct “diagnostic 
appearance.” These anomalies take many different forms and 
generally for the congenital condition represent an embryo-
logic mishap with resulting malformation. Congenital optic 
disc anomalies account for about 15% of  severe visual impair-
ment in children.35 Occasionally, systemic associations will 
be identified to point the examiner to the correct optic nerve 
anomaly; CNS malformations are commonly associated with 
congenital optic disc anomalies. The importance of  treating 
superimposed amblyopia and the high prevalence of  systemic 
abnormalities in these patients make it critically important 
to identify these patients.36

The level of  visual loss associated with congenital disc 
anomalies ranges from minimal visual dysfunction to total 
blindness. In children, the most common ophthalmic pre-
sentation of  a unilateral disc anomaly is strabismus (usually 
sensory esotropia or exotropia), while those with bilateral 
disc anomalies more frequently present at a young age with 
poor vision or nystagmus.36,37 In some adults, a routine eye 
examination may demonstrate acuity or visual field abnor-
malities, and the fundus examination will disclose the previ-
ously unrecognized disc anomaly. Many such patients are 
unaware of  long-standing defects or arbitrarily ascribe visual 
problems to a childhood “lazy eye,” for example. Interestingly, 
color vision is often relatively preserved in children and adults 
with congenital disc anomalies. Some patients with congenital 
anomalies will become acutely aware of  their visual deficit, 
confusing the examiner since the visual field defect, by its 
nature, must have predated the onset of  the symptomatic 
awareness of  reduced vision. Usually the visual deficit is 

Box 5.4 Optic Neuropathies That  
Commonly Present With Optic Disc Pallor  
at Initial Evaluation

Compressive optic neuropathy
Toxic or nutritional optic neuropathy
Infectious (syphilitic) optic neuropathy
Hereditary (dominant, recessive, Wolfram syndrome) optic 

atrophy
In the setting of neurodegenerative disorders
In the setting of retinal dystrophies
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Figure 5.11. The optic nerve hypoplasia spectrum. A. Mild hypoplasia appreciated when comparing the size of the optic nerve head with the caliber 
of the retinal vessels (see Fig. 5.5 for the normal ratio). The edge of the hypoplastic nerve is marked by the arrows. The black dashed circle approximates 
the size of a normal optic nerve. The nerve is about one-half of the normal size when judged by the vessels, which are of normal caliber. B. More severe 
optic nerve hypoplasia (black arrows on nerve edge) accompanied by peripapillary pigmentary abnormalities and anomalous “spokelike” take-off of 
the retinal vessels. The classic double ring sign is present and is the result of the white ring of visible bare sclera (white arrows) bordered by the pigment 
epithelium that surrounds the optic nerve. 

Figure 5.12. Absence of the septum pellucidum (asterisk in single midline 
ventricle) in septooptic dysplasia demonstrated on a coronal T1-weighted 
magnetic resonance imaging. The chiasm (arrow) is extremely thin. For 
comparison with normal suprasellar structures, see Chapter 7. 

that there is also an associated thinning of  both the inner 
and outer retinal layers on macular OCT.46

Magnetic resonance imaging (MRI) frequently demonstrates 
a reduced cross-sectional area of  the optic nerves47 and 
chiasm. In general, more severely hypoplastic nerves are 
associated with poorer vision,48 because a smaller disc has 
fewer ganglion cell axons passing through it. However, even 
patients with very small nerves can occasionally achieve 
remarkably good vision; this phenomenon is likely due to 
sparing of  the papillomacular fibers.

In addition, rarely, the optic nerves fail to form at all, a 
condition known as optic nerve aplasia.49,50 Aplasia may be 
unilateral or bilateral and in monocular cases is often associ-
ated in the same eye with microphthalmos in an otherwise 
healthy individual.51

Associated features. ONH may occur in isolation or in 
combination with other midline developmental abnormalities 
which share the same embryologic forebrain derivation. This 
association, previously known as de Morsier’s syndrome, or 
septooptic dysplasia, includes ONH and an associated absence 
of  the septum pellucidum (Fig. 5.12).52 Recent prospective 
studies have assigned less significance to the absence of  a 
septum pellucidum and have shown its absence is not associ-
ated with laterality of  ONH, visual acuity, pituitary dysfunc-
tion, or developmental outcomes.44,45,53 A dysgenetic, thin, 
or absent corpus callosum may also be seen in this disorder. 
Corpus callosum hypoplasia has been found to be associated 
with developmental delay but not with hypopituitarism in 
this disorder.53 The condition likely has a genetic etiology 
with environmental factors altering the penetrance and 
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from and including the ventricular lining to the cortical surface 
(Fig. 5.14). Schizencephaly may manifest clinically with 
developmental delay, contralateral hemiparesis, and seizures.70 
Kuban et al.71 have suggested that the combination of  sep-
tooptic dysplasia and schizencephaly may result from a peri-
natal insult at or around the sixth week of  embryogenesis, 
at which time cerebral morphogenesis, development of  the 
eye, and delineation of  the lamina terminalis, which forms 
the septum pellucidum, take place. Other associated cortical 
migrational abnormalities seen in association with ONH 
include cortical heterotopias, polymicrogyria, and pachygy-
ria.68,72 Cortical migrational and corpus callosum abnormali-
ties tend to correlate with developmental delay and neurologic 
symptoms such as seizures,53,73–75 but unfortunately cognitive 
and neurologic problems can still occur in the setting of  a 
relatively normal brain MRI in children with ONH.

ONH may also occur in association with congenital supra-
sellar tumors such as craniopharyngiomas, chiasmal/
hypothalamic gliomas,76 and teratomas.77 The mechanism 
in these cases is believed to be tumor compression of  the 
visual pathways early in life, precluding normal optic nerve 
development.

Evaluation. In all young children, because the new diag-
nosis of  ONH has several potential ophthalmologic, neuro-
logic, developmental, and endocrinologic implications, a 
thorough clinical and radiologic assessment is mandated. 
Pediatric ophthalmologic evaluations are necessary for assess-
ment and management of  possible visual impairment, super-
imposed amblyopia, refractive error, nystagmus, and 
strabismus. Brodsky and Glasier’s68 careful clinical–radiologic 
study demonstrated that some children with unilateral ONH, 
who seem normal otherwise, may have posterior pituitary 
ectopia evident on MRI. In addition, a normal pituitary on 
MRI does not rule out pituitary insufficiency.44,64

Therefore, in our approach, all young children with ONH, 
whether unilateral or bilateral, should undergo (1) MRI with 
attention to the pituitary region and cortex and (2) a com-
plete evaluation and hormone screen by a pediatric endo-
crinologist, independent of  MRI findings. Radiographic 
demonstration of  cortical migrational or corpus callosum 
abnormalities should prompt an evaluation by a pediatric 
neurologist. Otherwise normal older children or adults with 
newly detected ONH without historical evidence of  endocri-
nologic (e.g., normal growth), neurologic, or developmental 
abnormalities usually need no further workup because any 
radiographic anomalies will be incidental.

Segmental hypoplasia. A peculiar variant is superior 
segmental ONH, which can occur for unclear reasons, most 
commonly in children of  diabetic mothers.78–80 One study81 
found 8.8% of  offspring of  diabetic mothers at risk had this 
condition, but it may also occur without a history of  maternal 
diabetes.78,82 Inferior visual field defects are detected in patients 
who are usually asymptomatic or perhaps have a long history 
of  tripping or bumping into objects at their feet. The field 
defect corresponds to the segmental superior hypoplasia of  
the optic nerve (Fig. 5.15). Typically the superior rim of  the 
disc is thin and the central retinal artery appears to arise 
out of  the superior portion of  the disc (see Fig. 5.15). OCT 
can be helpful in securing the diagnosis in cases that are 
ophthalmoscopically unclear.80 There may also be abnormal 
peripapillary pigment superiorly. Another variant of  the 
segmental hypoplasia of  the disc has been described by 

phenotype. Abnormalities in the developmental genes, HESX1, 
SOX2, and SOX3, have been identified in several pedigrees.54–62

In 1970 Hoyt and colleagues63 reported the association of  
septooptic dysplasia and pituitary dwarfism. Since then, the 
symptom complex of  ONH and hypopituitarism has been well 
recognized and well studied. Growth hormone (GH) deficiency 
is the most common endocrinologic abnormality, but decreased 
secretion of  thyroid-stimulating hormone (TSH), adrenocor-
ticotropic hormone (ACTH), luteinizing hormone (LH), follicle-
stimulating hormone (FSH), and antidiuretic hormone (ADH) 
may be seen individually or in combination.64 Although 
hypopituitarism occurs only in a minority of  patients with 
ONH, the consequences can be devastating. In one series of  
patients with bilateral ONH,65 11.5% had panhypopituitarism. 
Pituitary abnormalities are seen on MRI in 13–34% of  chil-
dren with ONH and in the great majority of  those with hypo-
pituitarism.53,66,67 Pituitary abnormalities most commonly 
seen include posterior ectopic pituitary tissue, usually seen 
as an abnormal area of  hyperintensity at or near the tuber 
cinereum on T1-weighted MRI (Fig. 5.13),68 or absence of  
the normal posterior pituitary bright spot. In one purported 
mechanism,37 posterior pituitary ectopia is attributed to a 
perinatal insult to the hypophyseal portal system, resulting 
in necrosis of  the infundibulum. However, other authors have 
suggested an earlier dysembryogenesis of  the developing optic 
nerves and pituitary stalk.69 Other forms of  hypothalamic 
dysfunction can be found in patients with ONH, such as 
abnormal sleep cycle and circadian rhythm and abnormal 
temperature regulation.42

ONH is also associated with schizencephaly, a cortical 
migrational abnormality producing cerebral clefts extending 

Figure 5.13. Ectopic pituitary (solid arrow) at the area of increased signal 
intensity at the tuber cinereum and agenesis of the corpus callosum 
(open arrows point to the area where the corpus callosum is normally 
situated) in septooptic dysplasia demonstrated on a sagittal T1-weighted 
unenhanced magnetic resonance imaging. For comparison with normal 
suprasellar structures, see Chapter 7. 
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to intrauterine injury and transsynaptic retrograde degen-
eration of  retinogeniculate axons after the scleral canal had 
established a normal diameter. If  the injury occurs earlier 
in gestation, when the scleral canal size has not yet been 
established, a more classical appearance of  ONH is seen.86

Hemiopic hypoplasia. Finally, the term hypoplasia has 
also been applied to the entity of  homonymous hemiopic 
hypoplasia. This condition results from transsynaptic atrophy 
of  the optic nerve in patients with congenital hemispheric 
lesions (often also associated with hemiplegia). The disc clas-
sically takes on a pattern of  bow-tie atrophy in the eye contra-
lateral to the hemispheric lesion and of  subtle hypoplasia 
on the side of  the hemispheric lesion.87

Yamamoto et al.83 in a review of  fundus photographs in a 
large series of  patients. The findings were present in 0.3% 
of  photographs, but there was no clinical correlation with 
visual field loss. Patients generally had larger cups and more 
segmental areas of  disc hypoplasia seemingly distinct from 
the “topless” disc of  diabetic mothers.84 In another form of  
segmental ONH, the nasal portion of  the disc is poorly formed. 
Nasal hypoplasia (Fig. 5.16) is often associated with dense 
visual field defects which attach to the blind spot and extend 
to the periphery.85

Segmental hypoplasia has also been described in patients 
with periventricular leukomalacia, whereby an abnormally 
large cup and thin neuroretinal rim can be seen secondary 
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Figure 5.14. Examples of cortical migrational abnormalities in patients 
with optic nerve hypoplasia. A. Nodular foci of heterotopic gray matter 
(arrows) along the walls of the lateral ventricles seen on axial 
T2-weighted magnetic resonance imaging (MRI). B. Dysplastic cortex 
in the left frontal lobe (arrow); the gyral pattern is different on the left 
side compared with the right (T2-weighted MRI). Also, the septum 
pellucidum is absent (asterisk). C. Open lip schizencephaly, with associ-
ated polymicrogyria, demonstrated on a coronal T2-weighted MRI in 
an infant with bilateral optic nerve hypoplasia. The arrows point to a 
cleft containing cerebrospinal fluid that extends from the cerebral 
convexity to the atrium of the left lateral ventricle. Associated distor-
tion and outpouching of the lateral ventricular wall where the cleft 
entered the ventricle is seen (asterisk). The cleft is lined by abnormal 
nodular gray matter. The septum pellucidum is intact. 
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Figure 5.15. Superior segmental optic nerve hypoplasia in two patients. A. Optic nerve in a patient with superior segmental hypoplasia of the optic 
disc demonstrating only a small thin area of nerve tissue superiorly (between numbers 1 (top of disc) and 2 (center of cup), compared with the distance 
between 2 and 3 (bottom of disc)). The retinal vessels seem to arise out of the superior portion of the disc. B. Similar appearance and asymmetry of 
nerve substance above the center of the cup (between 1 and 2) compared with below the center of the cup (2 and 3) in another patient with superior 
segmental optic nerve hypoplasia. C. Goldmann visual field from the left eye of a patient whose optic nerve is pictured in B demonstrating characteristic 
inferior visual field loss. The patient’s mother was diabetic. 
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acquired bitemporal hemianopias. Color vision abnormalities 
are seen in about half  of  eyes with a tilted disc anomaly.89 
Nerve fiber layer measurement and multifocal electro-
retinogram (ERG) most commonly show abnormalities in 
the superior nerve fiber layer.90–92

OPTIC COLOBOMAS AND PITS

Faulty closure of  the inferonasal quadrant of  the embryonic 
fetal fissure of  the optic stalk and cup may cause incomplete 
formation, termed a coloboma, of  the iris, optic nerve, retina, 

TILTED DISC ANOMALY

Tilted discs arise when the optic nerve enters the sclera at 
an oblique angle and the typical crescent creates a disparity 
in the opening of  the retina compared with the sclera. They 
are associated with medium myopia, astigmatism, decreased 
visual acuity, and visual field defects.88 The discs typically 
appear tilted and turned, and the vessels arise anomalously 
from the disc (Fig. 5.17). When present, the corresponding 
temporal visual field defects (Fig. 5.18), which do not respect 
the vertical meridian, are important to distinguish from 
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Figure 5.16. Right (A) and left (B) optic nerves of a patient with bilateral nasal disc hypoplasia. The discs appear tilted, and the vessels seem to originate 
from the nasal portion of the disc. There is peripapillary atrophy, and the nasal neuroretinal rim (arrows in B) is very thin compared with the temporal 
rim. C. Goldmann visual fields of the same patient. There is a “bitemporal hemianopia,” as the field defects break to the periphery from the blind spot. 
However, the defects do not respect the vertical meridian, as seen best in the superior aspect of the left eye visual field. 
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On neuroimaging, misshapen globes and enlargement of  
the optic nerve near the globe may be seen (Fig. 5.19B). 
Patients with colobomas also should be investigated  
radiographically for the possibility of  other forebrain abnor-
malities, especially basal encephaloceles (see Morning Glory 
Disc Anomaly).96,97

Colobomas may occur in association with other systemic 
abnormalities and chromosomal syndromes.93,98 The CHARGE 
syndrome consists of  coloboma, heart defect, atresia choanae, 
retarded growth and development, genital anomalies, and 
ear deformities and deafness. In patients with this syndrome, 
the colobomas are most often bilateral and associated with 
chorioretinal colobomas, and affected individuals should be 

and choroid.93 The anatomic defects are usually located  
inferiorly. Children with colobomas may present with microph-
thalmos, microcornea, iris defects, visual loss, and strabis-
mus.94 Colobomatous involvement of  the optic disc is highly 
variable but can affect a portion of, or the entire, nerve head.95 
Alternatively, only the peripapillary retinal pigment epithe-
lium and choroid may be involved. Ophthalmoscopically, the 
typical finding is a large excavated disc with visible nerve 
tissue at the superior rim and a white egg-shaped defect 
inferiorly (Fig. 5.19A). Optic disc colobomas are frequently 
associated with chorioretinal colobomas. Acuity and visual 
field loss, often superiorly, may be evident. Visual acuity loss 
is dependent on the integrity of  the papillomacular bundle. 
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Figure 5.17. Optic nerve appearance of the (A) right and (B) left eye of a patient with severe tilted disc anomaly. The optic nerves enter the sclera at 
an oblique angle, and the normal disc architecture is difficult to identify. 

Figure 5.18. Goldmann visual field of a patient with tilted discs. The defects appear in the smaller isopters and are worse superiorly. The defects slant 
across the temporal field and do not respect the vertical meridian, distinguishing them from the bitemporal hemianopia of chiasmal disease. 
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Optic pits (Fig. 5.21) are small excavations of  the neural 
retinal rim of  the optic disc, usually involving the inferotem-
poral portion of  the optic nerve. In the Beijing Eye Study, in 
which fundus photographs were examined, 1 patient out of  
4000 was found to have an optic pit, suggesting the preva-
lence is less than 0.1%.109 The area of  the “missing” disc is 
often associated with a corresponding superior arcuate field 

screened for the CHD7 gene.99,100 Renal–coloboma syndrome 
is an autosomal dominant disorder associated with renal 
abnormalities and optic nerve defects, caused by mutations 
of  the PAX2 gene.101–105 The term papillorenal syndrome has 
also been used and may be more appropriate for this condi-
tion, as other disc anomalies such as optic pits, morning 
glory discs, and dysplastic discs can be seen (Fig. 5.20).106,107,108
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Figure 5.19. Optic coloboma. A. Fundus photo of an extensive coloboma involving the peripapillary posterior pole. The optic nerve (arrow) is seen at 
the superior edge of the coloboma within the excavated area. B. From another patient with bilateral colobomas, axial T2-weighted magnetic resonance 
imaging demonstrating irregular outpouching and globe contour changes posteriorly in both eyes (arrows). 
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Figure 5.20. Papillorenal syndrome. Fundus photographs (A, right eye, and B, left eye) from a woman with a history of a renal transplantation for focal 
segmental glomerulosclerosis. Vision was normal. The optic discs were dysplastic, enlarged, and cupped with pits temporally. 
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primary vitreous has also been reported in a large series of  
patients with morning glory syndrome.121

The anomaly is likely related to defective closure of  the 
embryonic fissure, similar to a coloboma, but others purport 
a mesenchymal abnormality due to the presence of  a central 
glial tuft, scleral defect, and vascular anomalies combined 
with histologic findings of  adipose and smooth muscle 
tissue.43,122 The glial and vascular abnormalities are felt to 
result from primary neuroectodermal dysgenesis.43,122 Con-
tractile and dilation movements of  the optic disc have been 
noted and may be due to a communication between the 
subretinal and subarachnoid space.123

In addition, there have been several reports124–129 of  patients 
with morning glory disc anomaly and moya-moya disease 
(Fig. 5.22), which is a rare idiopathic cerebrovascular disorder 
characterized by progressive bilateral stenosis or occlusion 
of  the distal internal carotid arteries and formation of  a 
collateral vascular network in the basal ganglia region. The 
term moya-moya refers to the Japanese term for “puff  of  
smoke,” which describes the angiographic appearance of  
the abnormal vessels. Other similar intracranial vascular 
anomalies have been reported.130 The association of  morning 
glory disc and these blood vessel anomalies suggests the disc 
anomaly may in some cases result from intracranial vascular 
dysgenesis. Morning glory syndrome also can be seen in 
children with hemangiomas and PHACE syndrome (posterior 
fossa malformation, large facial hemangioma, arterial anoma-
lies, cardiac anomalies, and eye anomalies).131

Morning glory disc anomaly is also associated with trans-
sphenoidal basal encephalocele (Fig. 5.23),132 a condition 
which encompasses a complex series of  malformations char-
acterized by herniation of  the chiasm, hypothalamus, pitu-
itary, and anterior cerebral arteries through a bony defect 
in the anterior skull base.129,133,134 Other abnormalities include 
hypertelorism (see Fig. 5.23), depressed nasal bridge, midline 

defect.110 These temporal disc abnormalities can lead to serous 
detachment of  the macula and macula retinal schisis.111,112 
Serous detachments are thought to occur from fluid flowing 
from the vitreous cavity through the pit and elevating the 
sensory retina. Membranes demonstrated on OCT spanning 
the optic cup may protect against the development of  macu-
lopathy.113 Acquired pitlike defects have been described involv-
ing the temporal disc rim114 and are found most commonly 
in patients with glaucoma.114,115 It has been suggested that 
congenital optic pits and colobomas share the same embryo-
logic mechanism, and the former represents a milder variant 
of  the latter.43

MORNING GLORY DISC ANOMALY

The morning glory disc is a congenital anomaly named after 
the flower that it resembles (Figs. 5.22A and 5.23A). A 
congenital funnel-shaped excavation of  the posterior fundus 
typically incorporates the optic disc. Other characteristic 
features include disc enlargement, orange color, and sur-
rounding choroidal pigmentary disturbances. OCT findings 
include enlargement of  the nerve head, a thick nerve fiber 
layer, and thinning of  the retina in the macula.116,117 The 
retinal vessels curve from the disc edge and travel radially, 
producing a spokelike vessel configuration. The normal central 
retinal vasculature is conspicuously absent ophthalmoscopi-
cally. Arteriovenous connections may branch between the 
major retinal vessels, sometimes creating a rosette or arcade 
appearance on fluorescein angiography.118 Fluorescein angi-
ography of  the peripheral retina may reveal retinal nonper-
fusion.119 The disc excavation is often filled with white glial 
tissue and vascular remnants. The vision is usually poor in 
the affected eye. Transient vision loss120 and retinal detach-
ments associated with the anomaly leading to acquired visual 
loss have been described.43 Coexistent persistent hyperplastic 
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Figure 5.21. Optic pits in two different patients. The pits appear as focal gray excavations (outlined by arrows) in the temporal portion of the optic 
nerve head and can extend into the retina (B). 
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Chapter 6. However, because visual loss associated with disc 
drusen is an optic neuropathy, it is reviewed here.137

Many patients with disc drusen are completely asymp-
tomatic, although between 50% and 70% will have visual 
field defects.138–140 Although most patients will be identified 
during a routine examination (Fig. 5.24), some are detected 
after an abnormal visual field test is obtained in the setting 
of  vague, progressive (insidious) vision loss. Others are identi-
fied when elevated optic nerves are evaluated for possible 
papilledema (drusen are visible on the disc surface in only 
about 50% of  patients).140 Contact between disc drusen and 
nearby nerve fibers presumably results in nerve fiber layer 
thinning141 and axonal dysfunction. Optic nerve–type visual 
field defects are produced that may be progressive and are 
more common in patients with visible as opposed to buried 
drusen.140,142 Drusen are almost never associated with central 
vision loss unless there is an associated hemorrhage in the 
macular region. In the absence of  macular injury, all patients 
with central visual acuity loss and optic nerve head drusen 
should be investigated for superimposed conditions such as 
a compressive lesion. Typical nerve fiber bundle–type defects 
are seen, including arcuate defects and nasal steps (Fig. 5.25), 
and optic disc pallor may develop (see Fig. 5.24). Either  
ultrasound or OCT143,144 can be used to identify buried  
drusen, but OCT can also be used to follow the peripapillary 
nerve fiber layer thickness.145 With SD-OCT, drusen may 
exhibit internal reflectivity that can be homogenous or  
nonhomogenous. A characteristic appearance of  the outer 
nuclear layer of  the retina extending over and around drusen 
is often seen. Eyes with larger drusen and a larger area of  
the optic canal occupied by drusen are at higher risk for 
RNFL thinning.144

upper lid notch, cleft palate, panhypopituitarism, and callosal 
agenesis. Herniated brain tissue may present as a pulsatile 
posterior nasal mass, and surgical removal of  this tissue may 
have disastrous vascular, endocrine, and visual conse-
quences.43 Morning glory discs have also been described in 
neurofibromatosis type II (NF-2).135

Evaluation. Patients with morning glory disc should 
undergo an MRI to exclude a basal encephalocele, and MRI 
angiography should also be considered to exclude moya-moya 
vessels and other intracranial vascular anomalies, which 
may place the individual at risk for cerebrovascular ischemia. 
Neuroimaging often demonstrates the widened, excavated 
nature of  the optic nerve head and distal optic nerve.

STAPHYLOMA

In addition to disc colobomas and morning glory disc anomaly, 
staphylomas should also be considered in the differential 
diagnosis of  excavated disc anomalies. The entire disc lies 
within a deep peripapillary excavation, but features which 
distinguish it from the other two related anomalies include 
a relatively normal disc, preservation of  the normal retinal 
vasculature, and absence of  a central glial tuft.43 There are 
no commonly associated CNS abnormalities. Staphylomas 
are most often unilateral and associated with high myopia, 
poor vision, and amblyopia.136

OPTIC NEUROPATHY ASSOCIATED  
WITH OPTIC DISC DRUSEN

Pseudopapilledema, optic nerve head drusen, and their dis-
tinction from true papilledema are discussed in detail in 
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Figure 5.22. Morning glory disc and moya-moya vessels. A. Fundus photograph of the left eye demonstrating a morning glory disc and macular hole 
(arrow). The macular hole appears closer to the disc than normal due to the enlargement of the optic disc rim. B. Coronal reconstruction of three-
dimensional time-of-flight magnetic resonance angiography, with segmentation to show the anterior circulation of the carotid arteries, demonstrating 
a decrease in size of the caliber of the left internal carotid artery relative to the normal-sized right internal carotid artery with more focal marked nar-
rowing of the distal portion (long arrow). The bifurcation into the middle and anterior cerebral artery is also involved and markedly narrowed. There 
is an increase in the size of the lenticulostriate vessels (short arrow), producing a moya-moya appearance at this site.127 
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loss before the fixed deficit and a reasonably favorable visual 
prognosis have been noted with drusen-associated ischemic 
optic neuropathy.146 Other ocular ischemic conditions have 
been observed in association with optic nerve head drusen, 
including central retinal artery, branch retinal artery, and 
central vein occlusions.

Vision loss associated with optic disc drusen can also  
be caused by peripapillary neovascularization, which  
can be identified by its characteristic yellow or gray appear-
ance. There may be an associated hemorrhage or serous 

On rare occasions patients present with sudden and more 
catastrophic vision loss. This is most often on the basis of  a 
superimposed ischemic optic neuropathy, which may or may 
not be associated with true disc edema and splinter hemor-
rhages (Fig. 5.26). Patients with drusen-associated ischemic 
optic neuropathy tend to be younger but otherwise have a 
similar prevalence of  vasculopathic risk factors as non–
drusen-associated cases.146 Nonarteritic ischemic optic neu-
ropathy in association with optic disc drusen has been 
reported in patients as young as 12 years.147 Transient vision 
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Figure 5.23. Morning glory disc and transsphenoidal encephalocele. A. Morning glory disc. B. This patient has hypertelorism (increased distance 
between the two orbits), and the right pupil is pharmacologically dilated. Sagittal (C) and coronal (D) T1-weighted gadolinium-enhanced magnetic 
resonance imaging demonstrating a transsphenoidal encephalocele, with herniation of the chiasm (arrow) into the sella. 
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Figure 5.24. Optic disc drusen associated with visual loss. Drusen are 
evident as translucent crystalline deposits, and significant optic disc 
pallor has developed. 

Figure 5.25. Static perimetry demonstrates typical nasal visual field 
constriction in a patient with optic disc drusen. 

BA

Figure 5.26. Optic disc drusen with associated anterior ischemic optic neuropathy in the right eye. A. The right optic nerve is hyperemic with nerve 
fiber layer edema and associated splinter hemorrhage (arrow). B. Buried disc drusen (arrows point to yellow areas under disc surface) can be seen in 
the patient’s uninvolved left eye. 

detachment of  the retina. Best identified with fluorescein 
angiography, neovascularization is thought to result from 
chronic optic disc ischemia.148

Treatment. There is no known treatment for visual loss 
associated with optic disc drusen. Repeat computerized visual 
fields over years will generally show only slight changes and 

therefore can be done to comfort and reassure the patient 
on an annual basis. However, serial visual fields in asymp-
tomatic patients with optic disc drusen is unnecessary. Some 
have suggested that a lower threshold for treatment of  intra-
ocular pressure should be considered in patients with optic 
disc drusen, deteriorating visual fields, and borderline 
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individuals. This section reviews the demographics, charac-
teristic presentation and fundus findings, and genetics of  
this unique mitochondrial disorder.

Demographics. Eighty to ninety percent of  affected indi-
viduals are males, but the reason for this male predominance 
is unclear.156–159 In Newman’s series,156 the age at onset ranged 
from 8–60 years, with a mean of  27.6 years, and the vast 
majority were between 26 and 37 years. Women develop 
the disease at an older age than men in the same pedigree; 
however, the age at which initial symptoms occur varies. 
LHON is transmitted through the mother.

Neuro-ophthalmic symptoms. LHON causes an acute 
or subacute failure of  vision in one or both eyes. The average 
interval between first and second eye involvement is 2–3 
months,160 with a range from simultaneous presentation 
(which occurs in 25–55% of  cases) to 9 months.156,161 Many 
simultaneous cases may represent sequential involvement 
of  the eyes in which the attack in the first eye went unrec-
ognized. The vision loss is usually painless, although headache 
occasionally occurs. Uhthoff ’s symptom156,162 (worsening of  
vision associated with elevation of  body temperature; see 
Optic Neuritis) and recurrent visual loss163 have been reported 
in LHON.

Neuro-ophthalmic signs. Patients present with signs of  
an acute optic neuropathy, with loss of  central vision and 
dyschromatopsia. Visual acuity measurements reflect the dense 
central field defect and are typically between 5/200 and 20/200 
but only rarely are reduced to the hand movements or light 
perception level. Total blindness from LHON is exceedingly 
unusual. In a recent randomized controlled trial of  idebenone 
for the treatment of  LHON, 8.5% of  patients were deemed 
“legally blind,” with bilateral visual acuity worse than 
20/200.164 Color vision was affected in more than 90% of  
patients.164 Visual field testing shows a central or centrocecal 
scotoma in virtually all cases. In the uninvolved fellow eye 
mild subclinical central visual field abnormalities can be found 
before more dramatic visual loss ensues.165 Although pupillary 
light reflexes had been thought to be normal, more definitive 
studies have demonstrated that afferent pupillary defects are 
typically present when visual loss is unilateral or asymmet-
ric.166,167 This issue is still controversial, however, as some 
investigators have suggested that pupillary afferent fibers are 
relatively spared compared with those mediating vision. This 
phenomenon may be due to a relative sparing of  the melanopsin-
containing retinal ganglion cells, which are thought to be more 
resistant to metabolic insults from mitochondrial dysfunction 
compared with other types of  retinal ganglion cells.168

The classic disc appearance in patients with acute LHON 
was emphasized by Smith et al. in 1973.162 Characteristic 
findings include “circumpapillary telangiectatic microangi-
opathy” and “pseudoedema” or swelling with hyperemia of  
the nerve fiber layer around the disc (Fig. 5.27) and the 
absence of  true edema or staining of  the disc on fluorescein 
angiography. If  these fundus features are identified, genetic 
testing should be performed without additional testing for 
other acute causes of  optic neuropathy. These findings can 
also be used to identify patients within a family at risk for 
developing the disease, as they are present in a subset of  
patients who are in the preclinical phase of  the disease.169,170 
About two-thirds of  the male and one-third of  the female 
asymptomatic descendants of  affected females have the char-
acteristic fundus changes.

intraocular pressures.137 Some neuro-ophthalmologists have 
advocated the use of  intraocular pressure-lowering agents 
even in the presence of  a normal intraocular pressure. Optic 
nerve sheath fenestration appears to convey no benefit in 
the treatment of  this disorder, but experience has been limited. 
Neovascularization may be observed or treated with laser 
photocoagulation, anti–vascular endothelial growth factor 
(VEGF) agents, or surgery.148,149

MYELINATED RETINAL NERVE FIBERS

Lacking oligodendrocytes, the retina is usually unmyelinated. 
Myelinated retinal nerve fibers are anomalous white patches 
of  myelin which are often contiguous with the optic disc and 
typically contained within the nerve fiber layer (see Figs. 4.34B 
and 6.2C).150 When viewed with high magnification, the edges 
appear serrated or feathery as the myelination aligns along 
the nerve fibers. This feature distinguishes these lesions from 
cotton-wool spots. Occasionally the myelinated nerve fibers 
are large, extending along the temporal vascular arcades. 
They can also be located away from the disc in the retinal 
periphery. Although usually asymptomatic, some involved 
eyes are myopic with associated anisometropic amblyopia.151 
When the myelinated area is extensive, visual field defects 
may occur. With rare exceptions,152 myelinated retinal nerve 
fibers are static and, when found incidentally, require no treat-
ment. Although most cases of  myelinated nerve fibers are 
congenital, acquired cases have been reported in disease states 
with disruption of  the lamina cribrosa, such as optic nerve 
tumors,153 optic disc drusen,152 and papilledema.154 It is impor-
tant to recognize these benign retinal lesions in the differential 
diagnosis of  retinal ischemia and pseudopapilledema.

Hereditary Optic Neuropathies

Hereditary optic neuropathies are a heterogenous group of  
diseases characterized by an inheritance pattern that may 
be spontaneous, recessive, dominant, or mitochondrial, and 
in which vision loss occurs as the result of  optic nerve dys-
function. Hereditary optic neuropathies may manifest as 
monosymptomatic lesions or may accompany other CNS 
disease. They can present as subtle fixed deficits in early life 
(Kjer’s dominant optic atrophy) or as catastrophic sequential 
vision loss in adolescence or early adulthood (Leber’s heredi-
tary optic neuropathy (LHON)). They will be recognized in 
the setting of  the appropriate family history, the highly sug-
gestive clinical presentations and, in some cases, by specific 
genetic testing. A variation on this theme includes patients 
who develop optic atrophy in association with heritable neu-
ronal lipid storage diseases. The examiner is best served by 
working within a framework that defines these entities on a 
clinical basis. Their modes of  presentation and examination 
findings are unique. The continued evolution of  molecular 
genetics will provide a better understanding of  the patho-
genesis of  these conditions, allow more accurate classifica-
tions, and ultimately guide effective gene-directed therapy.

LEBER’S HEREDITARY OPTIC NEUROPATHY

LHON, first described by Leber in 1871,155 typically causes 
a subacute, sequential optic neuropathy in young healthy 
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Magnetic resonance imaging, particularly with short time 
inversion recovery (STIR) sequences, may demonstrate optic 
nerve high signal abnormalities,175 and optic nerve enhance-
ment and chiasm enlargement have also been reported.176,177 
On OCT, thinning of  the nerve fibers subserving the papillo-
macular bundle are involved early, then thinning occurs in 
the superior and inferior quadrants.178 In the presymptomatic 
state, the papillomacular fibers may be thicker than normal.

Other associations. The ophthalmoscopically visible local 
changes have led many to conclude that there are unique 

However, there are many cases in which the acute nerve 
fiber layer and vascular changes are absent, and the disc 
may have a normal appearance. Patients with LHON sub-
sequently develop optic atrophy regardless of  the fundus 
appearance acutely. After the onset of  optic atrophy, it is 
difficult to identify patients with LHON ophthalmoscopically, 
because the acute findings of  pseudopapilledema and telan-
giectasias have resolved (Fig. 5.28). Fortunately, spontaneous 
visual recovery may occur in 4–32% of  cases, depending on 
the specific mutation (see later discussion).156,157,171–174
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Figure 5.27. Spectrum of optic nerve abnormalities in acute Leber’s hereditary optic neuropathy. A. This patient has mild nerve fiber elevation inferiorly 
with dilated capillaries (arrow). B. This patient’s disc appears more hyperemic, with dilated surface capillaries and swelling and haziness to the nerve 
fiber layer best seen superiorly (arrow). C. This patient has more extensive pseudoswelling with obscuration of the disc margin. However, fluorescein 
angiography (D) in the same patient shows no disc leakage or staining. 
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histidine. The result is an abnormal subunit 4 (ND4) of  the 
NADH dehydrogenase:coenzyme Q1 reductase subunit 
(complex I), which is the first enzyme in the pathway of  
oxidative phosphorylation. The 11778 mutation has been 
identified in pedigrees and spontaneous singleton cases. In 
addition, other causative mutations at position 3460 and 
14484 have been identified.161,185–189 These mutations affect 
the ND1 and ND6 subunit genes of  complex I, respectively.190–192 
A number of  other mutations have been reported, but many 
are still awaiting full confirmation for pathogenicity.193 Alone, 
these mutations do not explain the variable occurrence of  
the disease within the same pedigree, its wide spectrum of  
phenotypic expression, and the susceptibility of  male off-
spring. Variable phenotypic expression of  the mitochondrial 
DNA (mtDNA) mutation is, as of  now, unexplained. The four 
theories that have been advanced to explain this are (1) het-
eroplasmy (coexistence of  mutant and normal mtDNA; there 
appears to be a threshold of  60% mutational load that must 
be exceeded for visual loss to occur194), (2) a second genetic 
factor possibly on the X-chromosome that acts synergistically 
with the primary mitochondrial mutation, (3) hormonal 
factors (low estrogen state), and (4) environmental factors. 
Although it is most likely that all of  these factors contribute 
to the phenotypic expression of  the disease, there is increas-
ing evidence to suggest that a nuclear and/or an X-linked 
factor contribute to the development of  the disease.195–199 
External factors capable of  damaging oxidative phosphoryla-
tion, such as cyanide poisoning (cigarette smoking), alcohol, 
and environmental toxins, may also contribute to the onset 
of  visual loss.

Genetic testing. Patients with suspected LHON should 
be tested for one of  the three primary mutations: 11778 
(69% of  cases), 3460 (13% of  cases), and 14484 (14% of  
cases).200 The rate of  spontaneous recovery is highest in 
patients with the 14484 mutation and lowest with the 11778 
and 3460 mutations.201 In a recent prospective study of  
patients with the 11778 mutation, 18% of  eyes recovered 
15 ETDRS letters or more, while 86% of  patients remained 
stable or had improvements of  less than 15 letters.178 Genetic 
counseling can be offered if  a mutation is identified. Prenatal 
testing and counseling is limited by incomplete penetrance 
and marked phenotypical variability.

Treatment. Many agents such as steroids, cyanide antago-
nists, and hydroxycobalamin have been tried without effect 
for the treatment or prevention of  LHON. Some physicians 
recommend that family members in LHON pedigrees and 
patients affected in one eye with LHON avoid tobacco and 
heavy alcohol use. Some success has been reported in other 
diseases that affect mitochondrial energy production with 
the use of  cofactors such as succinate and coenzyme Q.202-204 
However, their value in treating or preventing LHON remains 
to be proven. Recently idebenone, a synthetic analog of  coen-
zyme Q10, has been tested in a randomized placebo-controlled 
treatment study for LHON. Initial reports have been promis-
ing,160,164 but long-term follow-up and larger studies are still 
required. A third-generation quinine molecule, EPI-743, is 
also under early investigation for treatment of  this disease.205 
In the future it may be possible to treat LHON with allotypic 
gene therapy using an adenovirus vector carrying the nuclear 
encoded version of  the gene normally made by mitochon-
dria.178 The missing protein can then be synthesized in the 
cytoplasm and transported to the mitochondria. The 

features that place the intraocular optic nerve and perhaps 
only the papillomacular bundle ganglion cells at greatest 
risk for damage in LHON. However, central and peripheral 
nervous system and systemic abnormalities have also been 
reported. For instance, nonspecific white matter lesions have 
been observed on MRI scans of  some affected individuals.176,177 
In addition a disease resembling MS or actual MS has also 
been reported to occur with LHON.179,180 Uncommonly, 
patients with LHON also have a peripheral neuropathy.156 
An “LHON-plus” syndrome has also been described by several 
authors and presents with severe psychiatric disturbance, 
spastic dystonia, ataxia, and encephalopathy in addition to 
vision loss.181,182

Cardiac conduction defects and arrhythmias and skeletal 
deformities have been associated with LHON. Abnormal 
electrocardiograms (ECGs), specifically conduction abnor-
malities, have been convincingly demonstrated in various 
pedigrees.183 The cardiac disease is often asymptomatic and 
can be found in patients with no evidence of  optic neuropathy. 
Patients with LHON have also been found to have skeletal 
deformities including congenital hip dislocation, arachno-
dactyly, pes cavus, talipes equinovarus, kyphoscoliosis, arched 
palate, and spondyloepiphyseal dysplasia.

Mitochondrial genetics. Because mothers transmit LHON 
vertically to their offspring and men do not pass on the disease, 
mitochondrial inheritance became the most plausible expla-
nation. In their seminal studies, Wallace and colleagues184 
demonstrated a mitochondrial DNA point mutation in which 
a nucleotide substitution occurred at position 11778 in 9 
of  11 families with LHON.184 A guanine to adenine substitu-
tion causes a change of  the basic amino acid arginine to 

Figure 5.28. Subacute appearance of the right optic nerve of a patient 
with Leber’s hereditary optic neuropathy who had presented months 
earlier. There is still nerve fiber layer prominence, but temporal pallor 
with loss of nerve fibers in the papillomacular bundle has developed, 
as evidenced by the sharp cut-off from the normal nerve fibers (arrows) 
with rakelike defects. 
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is pale.214 The condition usually occurs in isolation, but other 
neurologic findings may be present.215,216 A syndromic descrip-
tion of  DOA (“DOAplus”) has been described and may occur 
in up to 20% of  cases.217 DOAplus includes a spectrum of  
associated findings such as neurosensory deafness (most 
common), myopathy, cerebellar ataxia, and peripheral neu-
ropathy.217 OCT studies have demonstrated isolated involve-
ment of  the nerve fiber and GCL with normal outer retina 
and photoreceptor layers.218

Since the disease is dominantly inherited, examination of  
first-degree relatives often aids in the diagnosis of  patients 
suspected of  having dominant optic atrophy. Because of  the 
highly variable degree of  visual dysfunction, seemingly 
asymptomatic adult and child relatives can often be identified 
if  visual acuity or color loss or optic atrophy are present.

Most families with DOA have deletions and insertions (over 
70 mutations have been reported) in this region, the OPA1 
gene at the 3q27–3q28 chromosome.219–225 Mutations at 
OPA1 are responsible for more than 75% of  all DOA cases.226 
In addition, other loci (OPA4 and OPA5)220,227 have been 
described for pure DOA, and OPA3 and OPA8 have been 
associated with syndromic DOA.228–230 It may be reasonable 
to screen for OPA1 gene abnormalities in patients with spo-
radic otherwise unexplained optic atrophy.231 Cohn and 

superficially located ganglion cells of  the eye may prove 
uniquely amenable to this type of  treatment.195,206

DOMINANT OPTIC ATROPHY

In his description of  19 affected families, Kjer207 reported 
the details of  a dominantly inherited optic neuropathy that 
now bears his name. Dominant optic atrophy (DOA) is the 
most common hereditary optic neuropathy208 and has a 
penetrance of  70–100%.209

Patients typically present before the end of  the first decade 
of  life with the insidious onset of  bilateral (although often 
asymmetric) vision loss. Acuities range from 20/20 to 
20/200, and patients typically have central and centrocecal 
visual field defects with intact peripheral isopters. Forty 
percent of  patients retain acuity of  20/60 or better.207 Pre-
sentation with nystagmus is uncommon. Progression of  
vision loss is very variable, with many patients remaining 
stable after the second decade and others losing vision very 
slowly over decades.210,211 Color vision loss typically occurs 
along the blue–yellow or tritanopic axis (see Chapter 2).212,213 
The associated optic disc pallor often takes on a striking 
wedgelike appearance with temporal excavation of  the neu-
roretinal rim (Fig. 5.29), although the whole disc sometimes 
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Figure 5.29. Genetically confirmed OPA1-dominant optic atrophy. 
Fundus photographs (A, right eye, and B, left eye) demonstrate  
temporal optic nerve atrophy bilaterally. C. Spectral-domain  
optical coherence tomography sector thickness plots reveal temporal 
thinning of both optic nerves with an overall decrease in the mean 
retinal nerve fiber layer thickness to 59 µm in the right eye and 55 µm 
in the left eye. 
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OPTIC ATROPHY ASSOCIATED WITH 
NEUROLOGIC AND METABOLIC DISEASE

Optic atrophy and progressive visual dysfunction frequently 
accompanies a variety of  other inherited, degenerative neu-
rologic conditions (Box 5.5). In each of  these conditions 
progressive visual loss occurs with dyschromatopsia, central 
or centrocecal field defects, and optic atrophy. Visual loss 
progresses along with systemic neurologic syndrome, but 
vision loss usually remains moderate. Optic atrophy occurs 
in conjunction with spinocerebellar degenerations (see 
Chapter 16), ataxias, and sensory motor peripheral neu-
ropathies. Friedreich’s ataxia246–248 and Charcot–Marie–
Tooth249–251 are classic neurologic syndromes associated with 
optic atrophy. In Harding’s series,252 of  90 patients with 
Friedreich’s ataxia, visual acuity was usually not affected 
but 25% of  patients had optic atrophy. Progressive optic 
atrophy is also recognized in patients with congenital 

associates have emphasized, however, that the OPA1 muta-
tions are only found in only about two-thirds of  patients, 
and that there are likely to be other genetic and environmental 
factors that contribute to the disease development and pre-
sentation.232 The OPA1 gene product, a dynamin-related 
GTPase, is believed to be involved in mitochondrial fusion, 
cristae organization, and control of  apoptosis, and OPA1 
mutations may lead to mitochondrial DNA dysfunction.233–235

Histopathologic studies have demonstrated diffuse loss of  
retinal ganglion cells, suggesting primary ganglion cell death 
as the mechanism of  disease.236 Spontaneous improvement 
has not been reported.

Management. There is no known effective treatment at 
this time. When dominant optic atrophy is considered in 
children without affected family members, compressive lesions 
and other causes of  optic neuropathy with pallor should be 
excluded. Patients should be screened for sensorineural 
hearing loss, as this occurs with increased frequency in this 
subgroup of  patients. In addition, features of  the OPAplus 
syndrome should be sought, which include myopathy, pro-
gressive external ophthalmoplegia, peripheral neuropathy, 
stroke, demyelination, and spastic paraplegia.

RECESSIVE OPTIC ATROPHY

Both simple (isolated) and complex (associated defects) forms 
of  recessively inherited optic neuropathy exist. As is typical 
of  most genetic conditions, the recessive form of  hereditary 
optic atrophy is generally much more severe than the domi-
nant form. Patients present in early childhood (age 2–4 years) 
with more profound visual acuity loss and searching nys-
tagmus. There is often a history of  parental consanguinity. 
Visual acuity is usually stable, and whether the visual loss 
occurs congenitally is unknown. There is usually diffuse disc 
pallor and attenuation of  retinal vessels. Complicated, reces-
sive optic atrophy, when associated with spinocerebellar 
degeneration, cerebellar ataxia, pyramidal tract dysfunction, 
and mental retardation, is termed Behr syndrome.237

DIDMOAD (WOLFRAM SYNDROME)

Wolfram or DIDMOAD (diabetes insipidus, diabetes mellitus, 
optic atrophy, and deafness) syndrome encompasses the above 
findings and presents in childhood or adolescence.238,239 The 
classic presentation of  this rare syndrome is optic atrophy 
with progressive vision loss, usually worse than 20/200, 
and hearing loss with juvenile-onset diabetes. Other reported 
abnormalities include ptosis, ataxia, seizures, cognitive 
impairment, nystagmus, abnormal ERG, abnormal cerebro-
spinal fluid (CSF) protein, and short stature.240 Most patients 
die in their 30s and 40s. Neuropathologic studies have dem-
onstrated atrophy of  the optic nerve, chiasm, brainstem, and 
cerebellum.241,242 The inheritance pattern is autosomal  
recessive, and there is now extensive evidence to suggest 
localization to chromosome 4p and the WFS1 gene.243 Muta-
tions in this gene lead to altered production of  the protein 
wolframin. Wolframin is now known to be involved in endo-
plasmic reticulum homeostasis in pancreatic β cells and 
retinal ganglion cells, as well as the brain, heart, and 
muscle.244 Early reports of  treatment with idebenone have 
been promising but are limited by exceedingly small numbers 
of  patients.245 Courtesy of Dr. Amy Waldman.

Box 5.5 Metabolic and Degenerative 
Neurologic Diseases Associated With  
Optic Atrophy

Ataxias1073

Spinocerebellar degenerations (SCAs - see Chapter 16)1074

Friedreich’s ataxia
Charcot–Marie–Tooth

Mucopolysaccharidoses

Hurler
Scheie
Hunter A,B
Sanfilippo A, B
Morquio
Maroteaux-Lamy A

Lysosomal Storage Diseases

Sphingolipidoses

Tay–Sachs
Metachromatic leukodystrophy
Krabbe disease
Niemann–Pick A

Other Lysosomal Storage Disorders

Neuronal ceroid lipofuscinosis

Hypomyelinating Disorders

Pelizaeus-Merzbacher disease

Peroxisomal Disorders

X-linked adrenoleukodystrophy

Organic Acidemias

Canavan disease

Others

Myotonic dystrophy1075,1076

Pantothenate kinase-associated neurodegeneration1077

Leigh disease
MELAS
3-Methylglutaconic aciduria Type III (Costeff syndrome)
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examinations. Visual acuity, color vision, contrast sensitivity, 
and Humphrey computerized and Goldmann visual fields 
were recorded for each patient. Every patient had blood work 
for syphilis and lupus, and a fraction who consented under-
went lumbar puncture. Patients were followed for all four 
of  the measurable visual parameters and for the development 
of  clinically definite MS, defined as development of  a second 
clinical demyelinating event.

Demographics. Patients with optic neuritis are typically 
young, with a peak incidence in the third and fourth decade, 
and more women than men are affected.268 In the ONTT, 
77% of  the patients were women, 85% were white, and the 
mean age was 32 years.269,270 Prevalence rates vary with 
race, geography, and latitude, with whites of  northern Euro-
pean ancestry at latitudes distant from the equator being 
most susceptible. In African Americans and Asians the con-
dition is relatively uncommon. Some studies have demon-
strated a seasonal pattern to its incidence.271

Neuro-ophthalmic symptoms. Vision loss is rapid in 
onset, usually over a period of  hours to a few days. Symptoms 
commonly reported by patients with optic neuritis are  
summarized in Box 5.6. Vision loss can progress for up to 
1–2 weeks. Reduced color vision invariably accompanies the 
vision loss in optic neuritis. Patients frequently report a dark-
ening or reduced vividness of  color. Red objects may be 
described as either pinker or browner in patients with 
dyschromatopsia.

Characteristic pain precedes the vision loss by a few days 
and is present in the majority of  patients (92% in the 
ONTT).268 Globe tenderness and worsening of  pain on eye 
movements are typical. The exact origin of  the pain is 
unknown but presumably is the result of  the pulling on the 
dura (in contact with the inflamed nerve) by the eye muscle 
origin from the annulus of  Zinn.272,273 Because this pain 
characteristically disappears after 3–5 days, pain persisting 
for longer than 7 days should be considered atypical and 
prompt an investigation for other causes of  pain and optic 
neuropathy such as a systemic inflammatory condition, 
scleritis, malignant glioma, orbital inflammatory syndrome, 
aneurysm, or a sinus mucocele.

Phosphenes or flashing lights described by patients with 
optic neuritis generally take a variety of  forms, including 
lights, sparkles, and shifting squares. They may be exacer-
bated by eye movements or loud noises.274–276 These symptoms 
were present in 30% of  patients in the ONTT.268 These phos-
phenes can accompany the acute loss of  vision and can also 
persist for months after resolution. They are not unique to 
inflammatory optic neuropathies but can occur in the setting 
of  compressive lesions as well. The presence of  phosphenes 

deafness253,254 and in mitochondrial protein-import disorders 
such as Mohr Tranebjærg syndrome (also known as deafness-
dystonia-optic neuropathy (DDN) syndrome)255 and 3-methyl-
glutaconic aciduria, type III256 and type V.257 More recently 
primary retinal degenerations have been recognized to occur 
in conjunction with these inherited ataxias (see Chapter 4). 
The spinocerebellar ataxias (SCAs), particularly SCA1  
and less so for SCA3, are associated with primary optic 
atrophy.258,259

Lysosomal storage diseases (inherited deficiency of  an 
enzyme required for normal metabolism of  lysosomal mac-
romolecules) are associated with a variety of  ocular mani-
festations. In particular, optic atrophy results from ganglion 
cell damage from these accumulated materials. The conditions 
in this category which can be associated with optic atrophy 
are Tay–Sachs disease, Niemann–Pick (see Chapter 16), and 
metachromatic leukodystrophy. Storage disorders with retinal 
manifestations are also discussed in Chapter 4. Patients  
with mucopolysaccharidoses (Hurler and Scheie syndromes) 
and adrenoleukodystrophy (see Chapter 8) can also develop 
optic atrophy.

Inflammatory Optic Neuropathies

Inflammatory optic neuropathies are characterized by acute 
or subacute often painful vision loss that results from inflam-
mation of  the optic nerve. They are the most common causes 
of  optic neuropathy in young adults. The term idiopathic optic 
neuritis has come to have an even more specific implication: 
inflammatory optic neuropathy that usually accompanies 
demyelinating disease. Other inflammatory optic neuropathies 
include contiguous spread of  inflammation from meninges, 
sinuses, and orbital soft tissues. These processes may be 
immune mediated, granulomatous, or infectious. Some 
patients may be labeled as having papillitis (a nonspecific 
term) when the inflammatory process leads to optic nerve-
head swelling.

OPTIC NEURITIS

The vast majority of  patients with inflammatory optic neu-
ropathy have optic neuritis, a nerve inflammation secondary 
to demyelination. In many patients optic neuritis is the her-
alding manifestation of  MS.260

The Optic Neuritis Treatment Trial (ONTT)261 has provided 
the best prospective data regarding the clinical presentation, 
visual outcome, and rate of  development of  MS in patients 
with optic neuritis. The implications of  the ONTT have been 
profound and far reaching, and new findings with regard to 
visual prognosis have emerged.262–265 Over two decades later, 
new clinical trials are underway to examine therapies in 
acute optic neuritis that can repair and protect anterior visual 
pathway axons and neurons. OCT imaging (discussed previ-
ously) has revolutionized the evaluation of  acute optic neuritis 
and our understanding of  its clinical course with regard to 
structure and function.19,266,267

The ONTT was a multicenter, randomized clinical trial 
that enrolled 448 patients. Participants were randomized to 
intravenous methylprednisolone followed by oral corticoste-
roid taper, oral placebo, or oral corticosteroids alone. Each 
patient had a detailed history and ophthalmic and neurologic 

Box 5.6 Common Symptoms in Optic Neuritis

Decreased vision
Visual field defects
Reduced color vision
Uhthoff’s symptom
Decreased depth perception
Pain
Phosphenes

Movement-induced
Sound-induced
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The ONTT carefully studied fellow eye abnormalities in 
patients with acute unilateral optic neuritis.283 Visual field 
defects were the most common (48% of  patients), although 
abnormalities in acuity, color vision, and contrast sensitivity 
were also identified. Most of  these deficits resolved over several 
months. Because all of  the abnormal visual function param-
eters tended to improve with time, they were not thought to 
be false positives or spurious results. The question remains 
as to whether these represent subtle simultaneous bilateral 
attacks or unrecognized previous attacks. Also, whether these 
patients with bilateral findings are at increased risk of  devel-
oping MS is uncertain.

On the fundus examination about one-third of  patients 
have mild optic nerve-head swelling268 (Fig. 5.30). This finding 
is generally much less marked than the swelling in papille-
dema, and it is less sectoral and unassociated with the capil-
lary dilation and splinter hemorrhages typical of  anterior 
ischemic optic neuropathy.268 Ocular imaging studies sub-
sequent to the ONTT have demonstrated that optic disc swell-
ing is likely to be more common than is evident by clinical 
examination and ophthalmoscopy alone. Peripapillary RNFL 
thickening by OCT has been noted, while GDx imaging has 
shown evidence for early axonal injury.284,285 OCT may thus 
be used clinically in acute optic neuritis to assess for subclini-
cal optic disc swelling or for macular abnormalities that could 
otherwise explain visual loss.15,30

Less than 5% of  patients have retinal exudates, phlebitis, 
or vitreous cells.268 When present, retinal abnormalities such 
as nerve fiber layer atrophy and periphlebitis may predict 
the severity of  demyelinating disease.286,287 Extensive vitritis 
and retinal vein sheathing (see Fig. 5.30) is unusual in optic 
neuritis, and in this setting alternative diagnoses such as 
sarcoidosis and syphilis should be considered. Patients with 
typical optic neuritis do not develop a macular “star.” The 
development of  a macula star is more consistent with neu-
roretinitis (see later discussion), a condition that is believed 
not to be a precursor of  MS. Atypical findings of  acute demy-
elinating optic neuritis include (1) NLP vision, (2) optic disc 
or retinal hemorrhages, (3) severe optic disc swelling, (4) 
macular exudates, (5) absence of  pain, (6) uveitis, and (7) 
bilateral visual loss. Although bilateral simultaneous optic 
neuritis is unusual in adults and requires a full evaluation 
including neuromyelitis optica (NMO) testing, the majority 
of  cases are still demyelinating.288,289

Diagnostic studies. The ONTT demonstrated that in 
typical patients (young patients with subacute vision loss 
and pain on eye movements), no laboratory test (blood studies, 
lumbar puncture, or MRI) aided in the diagnosis of  idiopathic 
optic neuritis. These tests were done on patients entering 
the study, and they did not alter the course, treatment, or 
ultimate visual outcome of  any of  the patients.268 However, 
more recently it has become clear that in patients with optic 
neuritis, clinicians should have a low threshold for testing 
for the aquaporin-4 (AQP4) antibody, which suggests a diag-
nosis of  NMO rather than typical optic neuritis associated 
with MS.290

MRI abnormalities consistent with demyelinating lesions 
in the white matter of  patients with optic neuritis are well 
recognized (Fig. 5.31). Abnormalities and enhancement are 
the result of  breakdown of  the blood–brain barrier. In the 
ONTT, 59% of  patients with a previous normal neurologic 
history had clinically silent white matter lesions.291 The most 

should also raise the possibility of  concomitant retinal disease, 
as in neuroretinitis.

Uhthoff ’s symptom is a transient visual obscuration asso-
ciated with elevation in body temperature.277,278 The symptom 
can be provoked by as little as hot food or cooking but most 
typically is brought on by physical exertion or a hot shower.278 
Vision loss generally takes the form of  blurring, graying, or 
reduced color vision and begins minutes after exposure to 
heat. Minutes to 1 hour later, vision returns to baseline 
without residual deficits. This symptom is not unique to 
patients with optic neuritis and has been described in heredi-
tary, toxic, compressive,279 and sarcoid280 optic neuropathies. 
Uhthoff ’s symptom tends to relapse and remit, and return 
of  the symptom after a period of  time does not necessarily 
herald the onset of  recurrent inflammation. For unclear 
reasons, the presence of  Uhthoff ’s symptom may be a poor 
prognostic indicator, as it correlates with white matter lesions 
on MRI and with the subsequent development of  MS and 
recurrent optic neuritis.278

Neuro-ophthalmic signs (Box 5.7). Patients typically 
have reduced visual acuity ranging from nearly normal to 
NLP. In the ONTT,261,268 10% of  patients had 20/20 vision, 
25% had between 20/25 and 20/40 acuity, 29% had 20/50 
to 20/190, and 36% had between 20/200 and NLP.

Dyschromatopsia can usually be easily identified by testing 
with pseudoisochromatic color plates and noting asymmetry 
between the eyes. Subjective intereye differences can usually 
be brought out by asking patients to describe their perception 
of  these plates or a red test object.

Contrast sensitivity was measurably abnormal in 98% of  
patients in the ONTT compared with age-matched controls.268 
In fact, contrast sensitivity in optic neuritis was found to be 
the most sensitive indicator of  visual dysfunction in acute 
and recovered optic neuritis.281

Patients with optic neuritis almost always have some visual 
field loss. On manual kinetic perimetry and tangent screen 
testing, the most common visual field defects in optic neuritis 
are central scotomas. The ONTT used static threshold perim-
etry as their standard and found 45% of  the patients had 
diffuse field loss and 55% had local defects.21,264 Of  these 
localized visual field defects, the most common were altitu-
dinal defects (20%) and “three-quadrant defects” (14%). 
Combined, central, and centrocecal defects occurred in 16% 
of  patients. Overall these patterns of  visual field loss represent 
the full spectrum of  “optic nerve”–type field defects and do 
not aid the examiner in distinguishing optic neuritis from 
other causes of  optic nerve dysfunction.282

Box 5.7 Common Examination Findings in 
Optic Neuritis

Visual acuity loss
Dyschromatopsia
Reduced contrast sensitivity
Reduced stereoacuity
Visual field loss

Global reduced sensitivity
Central or centrocecal defects
Altitudinal defects

Afferent pupillary defect
Normal or swollen optic nerve
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(Fig. 5.32). Poor visual function may correlate with optic 
nerve lesion size and location in the optic canal. The lesions 
in the canal may be the most damaging because the tight 
bony canal causes secondary compression as the nerve 
swells.294,295 This site is relatively uncommon, as the anterior 
and midorbital portions of  the optic nerve are most frequently 
involved. Enhancement with gadolinium indicates an active 
process. Eye pain is more common when the orbital portion 
of  the optic nerve or >10 mm of  the nerve enhances.272 When 
recovery occurs with the restoration of  the blood–brain 
barrier, the nerve no longer enhances with gadolinium.

Visual-evoked potentials (VEPs) are only an extension  
of  the neuro-ophthalmic examination and should not be 
used to make a diagnosis of  optic neuritis in the setting of  

typical findings are >3 mm in diameter, T2 hyperintense lesions 
in the periventricular white matter, subcortical white matter, 
and pons.292 These findings may be nonspecific and have been 
seen in “normal” patients and patients with other systemic 
inflammatory conditions. Enhancement of  the lesions on T1 
images indicates active plaques. The use of  STIR and fluid 
level attenuated inversion recovery (FLAIR) sequences 
increases the sensitivity of  detecting these white matter lesions. 
In the ONTT only 41% of  patients had normal MRIs.291 The 
significance of  the baseline MRI scans is discussed in the 
section on the relationship of  optic neuritis to MS.

Over 90% of  patients with optic neuritis have demonstrable 
lesions in the affected optic nerve using STIR sequences with 
fat-suppressed views of  the orbit and an orbital surface coil293 
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Figure 5.30. Spectrum of fundus findings in patients with optic neuritis 
with mild (A) vs diffuse (B) prominent disk swelling. The absence of 
hemorrhages, cotton-wool spots, and exudates is notable. C. Peripheral 
retinal venous sheathing (arrows) seen rarely in patients with optic 
neuritis and multiple sclerosis. 
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Figure 5.31. A–C. Fluid level attenuated inversion recovery (FLAIR) magnetic resonance imaging of the brain, three axial slices, in a patient with optic 
neuritis but no known history of multiple sclerosis (clinically isolated syndrome). Numerous high signal abnormalities in the cerebral white matter 
consistent with demyelination are visible at all three levels. Characteristic lesions in the corpus callosum (arrow in A) and periventricular white matter 
(arrows in B) are seen. 
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the RNFL, which is composed of  axons destined to form the 
optic nerve.298,299 OCT has made it possible to assess axonal 
loss quantitatively and noninvasively, and this technique has 
applications to both optic neuritis and MS.

OCT studies have confirmed reductions in RNFL thickness 
in eyes with a history of  optic neuritis and have demonstrated 
a potential threshold of  RNFL thinning below which visual 
function may remain significantly impaired.300,301 Current 
ongoing clinical trials of  neurorepair therapies thus aim to 
prevent or reduce the generally observed 5- to 40-µm thin-
ning of  the peripapillary RNFL after a single acute episode 
of  optic neuritis (Fig. 5.33). Eyes with a history of  optic 
neuritis in the setting of  MS have also been shown to have 
reduced RNFL as well as GCL thickness. The majority of  the 
thinning of  the RNFL and GCL occurs in the first 2 months 
after the optic neuritis episode, and it is particularly severe 
in the GCL layer.302 Compared with MS eyes without a history 
of  optic neuritis and disease-free control eyes, degrees of  
both axonal and neuronal loss are greatest among eyes with 
a history of  acute optic neuritis.15,17,267,303 These data empha-
size the particular unmet need in optic neuritis to reduce 
degrees of  visual pathway axonal and neuronal loss through 
new reparative and neuroprotective therapies.

There has been a paradigm shift in recent years that has 
included the use of  MRI of  the spinal cord earlier in the 
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Figure 5.32. Axial T1-weighted, fat-suppressed, gadolinium-enhanced 
orbital magnetic resonance imaging (MRI) in patients with acute optic 
neuritis. A. The MRI demonstrates focal enhancement (arrow) of the 
left optic nerve. B. In another patient, more diffuse enhancement of 
the right optic nerve (arrow) is seen. These patients had idiopathic 
optic neuritis. C. Bilateral enhancement of the optic nerves, extending 
posteriorly (arrows), in a patient with neuromyelitis optica (NMO). 

unexplained vision loss. Although changes in the VEPs can 
provide objective information to help confirm the diagnosis 
of  optic neuritis, the diagnosis will always be a clinical one. 
In general, the occipital pattern VEPs will show marked 
latency changes with amplitude changes that generally cor-
relate with the level of  acuity loss. Usually the hallmark of  
optic neuritis would be markedly prolonged latency (p100) 
with relative preservation of  amplitude. The development 
of  multifocal VEPs (mVEPs), which measure the conduction 
from multiple segments of  the visual field (see Chapter 3), 
may be a more sensitive instrument than conventional VEP.296 
In one study, 97.3% of  eyes with optic neuritis had an abnor-
mal mVEP; abnormalities included decreased amplitude in 
96% of  patients and increased latency in 68.4%.297 Other 
optic neuropathies (presumably with more direct axonal 
injury) generally have lower amplitudes with less effect on 
latency. Recovery of  the latency and improved conduction 
speed over time after optic neuritis likely reflect recovery of  
the blockade related to inflammatory changes and edema.

OCT is now widely recognized for its role in patients with 
optic neuritis, both clinically and for documenting structural 
outcomes in research and trials.15,267 The pathophysiology of  
optic neuritis is characterized by acute inflammation of  the 
optic nerve with consequent loss of  axons. Over time, degen-
eration of  retinal ganglion cell axons results in thinning of  
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had visual acuity of  at least 20/20 and 66% of  patients had 
better than 20/20 high-contrast visual acuity in both eyes. 
While these results were said to provide evidence that the 
visual prognosis in acute optic neuritis is excellent, vision-
specific quality of  life (QOL) remained impaired among ONTT 
participants even at 5–8 years after the acute episode.316 In 
this cohort, 25-Item National Eye Institute Visual Function-
ing Questionnaire (NEI-VFQ-25) scores were lower among 
patients with decreased vision and in those with neurologic 
disability due to MS.

Recovery from optic neuritis is fairly prompt, usually begin-
ning within 2–4 weeks after the onset of  symptoms. In fact, 
in almost all of  the patients in the ONTT (regardless of  treat-
ment type), recovery began within 1 month.317 The ONTT318 
and other reports319 have shown that patients with initial 
poor acuity (20/400 to NLP), more severe visual field  
loss, and more profound reductions of  contrast sensitivity 
have a poorer prognosis. Furthermore, those patients with 
a visual acuity of  20/50 or worse at 1 month will usually 
have moderate to severe residual visual impairment.318 
However, there is great variability in the quality of  the 
“20/20” vision that remains. Recovery to 20/20 vision does 
not truly capture the types of  visual dysfunction and the 
symptomatology that many patients report following recovery 
from optic neuritis.320

In the ONTT,321 63% of  patients thought that their vision 
had not recovered to normal, although only a few reported 
any difficulty carrying on daily activities. Among 215 patients 
who reported their vision to be somewhat or much worse 
than it was before their optic neuritis, 43% had either normal 
results or only one abnormal result on all four measures of  
visual function tested (acuity, color, contrast, field).321 Ste-
reoacuity (despite normal Snellen acuity) was found to be 
abnormal in 85% of  27 patients in an earlier study.322 In 
addition, patients with MS report significant reductions in 
vision-specific QOL despite having normal high-contrast 
visual acuity.323,324 These deficits in QOL have been shown 
to correlate with greater RNFL and GCL thinning in patients 
with MS both with and without a history of  acute optic 
neuritis.18,320

One study suggested that visual loss in optic neuritis in 
African Americans was more severe at onset and after 1 
year of  follow-up than that in Caucasians.325 A subsequent 
investigation of  the ONTT cohort confirmed that black race 
and ethnicity were associated with worse contrast sensitivity 
and visual acuity outcomes in affected eyes.265

Multiple sclerosis. Because of  the close association 
between optic neuritis and MS, the features of  afferent visual 
function and general paradigms for the treatment of  MS are 
summarized here.

MS is characterized by transient neurologic dysfunction, 
lasting days or weeks, owing to focal demyelination in the 
CNS. In addition to optic neuritis, other common clinical 
manifestations include double vision related to involvement 
of  the medial longitudinal fasciculus (internuclear ophthal-
moplegia (INO)) (see Chapter 15), ataxia and nystagmus 
due to cerebellar white matter tract involvement (see Chapter 
17), extremity weakness, bladder difficulty, and sensory 
abnormalities.326 Rarely, patients may also have uveitis (pars 
planitis and panuveitis).327 MS primarily affects young adults, 
most often women, but children and older adults may also 
develop the disease.

initial management of  patients with optic neuritis in attempt 
to establish a diagnosis of  clinically definite MS more 
expeditiously.304–306 CSF analyses may also be helpful as an 
adjunct to brain and spinal cord MRI scanning in the initial 
evaluation of  patients with isolated optic neuritis.304,305 
Among the 83 patients in the ONTT who had spinal fluid 
analysis, the protein and glucose were usually normal, and 
only one-third of  patients had a pleocytosis, usually between 
6 and 27 white blood cells (WBCs)/mm3. Myelin basic protein 
was detected in about one-fifth of  patients, and immuno-
globulin (Ig)G synthesis in about two-fifths. Oligoclonal 
banding occurred in approximately half  of  the patients and 
was associated with the future development of  clinically 
definite MS. However, oligoclonal banding usually occurred 
in the presence of  white matter lesions on MRI, which is less 
invasive and had a greater predictive value for the develop-
ment of  MS. Other studies have found the combination of  
an abnormal MRI scan and the presence of  oligoclonal 
banding to be strongly associated with the development of  
MS.307–310 In general, we would recommend CSF examination 
as most helpful for patients with atypical clinical features or 
course of  optic neuritis, or for patients whose brain MRI 
findings are not characteristic of  the demyelinating lesions 
seen in MS.

Course and recovery. The ONTT clearly demonstrated 
that the long-term visual prognosis in optic neuritis without 
treatment was the same as when either oral or intravenous 
corticosteroids were administered.311 Intravenous methyl-
prednisolone in the ONTT increased the rate of  visual recovery, 
but at 1 year all treatment groups tested similarly. This finding 
was confirmed in another study312 that compared intravenous 
methylprednisolone with placebo in patients with either short 
or long segments of  optic nerve enhancement on MRI. In 
the ONTT, oral prednisone was associated with an increased 
rate of  recurrent optic neuritis, particularly at the 2- and 
5-year follow-up periods.261,313 At 10 years follow-up, the 
risk of  optic neuritis recurrence remained higher in the oral 
prednisone (44%) than in the placebo (31%, p = 0.07) and 
methylprednisolone groups (29%, p = 0.03), although these 
patterns were not as evident as those seen earlier in the trial 
follow-up.314 At 10 years,315 72% of  the eyes in the ONTT 

Figure 5.33. Spectral-domain optical coherence tomography sector thick-
ness plots from a patient with multiple sclerosis but no known history of 
optic neuritis showing mild asymptomatic retinal nerve fiber layer (RNFL) 
thinning in the left eye (red sections). Light blue sections are slightly thickened. 
The overall average peripapillary RNFL thickness for the left eye (number 
in center circle of grid) is in the “green,” normal range at 91 µm but is 20 µm 
less than the average for the right eye and shows temporal thinning. 
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Table 5.1a The 2017 McDonald Criteria for Diagnosis of Multiple Sclerosis in Patients With an Attack at Onset

Number of Lesions With Objective Clinical Evidence Additional Data Needed for a Diagnosis of Multiple Sclerosis

≥2 clinical attacks ≥2 None*

≥2 clinical attacks 1 (as well as clear-cut historical evidence of a previous 
attack involving a lesion in a distinct anatomical 
location†)

None*

≥2 clinical attacks 1 Dissemination in space demonstrated by an additional clinical 
attack implicating a different CNS site or by MRI‡

1 clinical attack ≥2 Dissemination in time demonstrated by an additional clinical attack 
or by MRI§ OR demonstration of CSF-specific oligoclonal bands¶

1 clinical attack 1 Dissemination in space demonstrated by an additional clinical 
attack implicating a different CNS site or by MRI‡

AND
Dissemination in time demonstrated by an additional clinical attack 

or by MRI§ OR demonstration of CSF-specific oligoclonal bands¶

If the 2017 McDonald Criteria are fulfilled and there is no better explanation for the clinical presentation, the diagnosis is multiple sclerosis. If multiple sclerosis 
is suspected by virtue of a clinically isolated syndrome but the 2017 McDonald Criteria are not completely met, the diagnosis is possible multiple sclerosis. 
If another diagnosis arises during the evaluation that better explains the clinical presentation, the diagnosis is not multiple sclerosis.

*No additional tests are required to demonstrate dissemination in space and time. However, unless MRI is not possible, brain MRI should be obtained in all 
patients in whom the diagnosis of multiple sclerosis is being considered. In addition, spinal cord MRI or CSF examination should be considered in patients 
with insufficient clinical and MRI evidence supporting multiple sclerosis, with a presentation other than a typical clinically isolated syndrome, or with 
atypical features. If imaging or other tests (eg, CSF) are undertaken and are negative, caution needs to be taken before making a diagnosis of multiple 
sclerosis, and alternative diagnoses should be considered.

†Clinical diagnosis based on objective clinical findings for two attacks is most secure. Reasonable historical evidence for one past attack, in the absence of 
documented objective neurological findings, can include historical events with symptoms and evolution characteristic for a previous inflammatory 
demyelinating attack; at least one attack, however, must be supported by objective findings. In the absence of residual objective evidence, caution is 
needed.

‡The MRI criteria for dissemination in space are described in Table 5.1b.
§The MRI criteria for dissemination in time are described in Table 5.1b.
¶The presence of CSF-specific oligoclonal bands does not demonstrate dissemination in time per se but can substitute for the requirement for demonstration 

of this measure.
Reprinted with permission from Elsevier (Thompson AJ, Banwell BL, Barkhof F et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. 

Lancet Neurol 2017 (in press)).

susceptible individuals following an environmental expo-
sure.333 An immune cross-reaction to viral antigens has been 
implicated.334 A greater incidence of  MS in Caucasians and 
first-degree relatives of  affected individuals, and single-
nucleotide polymorphisms found in families with MS,335 
support the notion that genetic factors may also play a role. 
The possibility of  an environmental factor is also supported 
by the preponderance of  cases in northern latitudes. Reduced 
sun exposure and related hypovitaminosis D in these regions 
may explain this observation.336

The diagnosis of  MS is primarily a clinical one and can 
be formally established when a patient has an idiopathic 
syndrome consistent with inflammatory demyelination of  
the optic nerve, brain, and spinal cord. However, MRI abnor-
malities are playing a larger role in making the diagnosis of  
MS.337,338 The McDonald criteria were originally established 
to enable the diagnosis of  MS when a patient has had one 
or more clinical events consistent with demyelination and 
then has MRI evidence of  disease dissemination in time and 
space (Table 5.1).339,340 These criteria have advanced to the 
degree that an MS diagnosis can be made based on a single 
brain MRI scan in a patient with acute optic neuritis as a 
first demyelinating event.304 Low baseline macular RNFL 
values in patients with clinically isolated syndrome may 
predict new T2 lesions over the ensuing year.341

In 2017, new changes were made to the McDonald criteria 
including the ability to use the presence of  CSF oligoclonal 
banding to establish dissemination in time in a patient with 
a typical clinically isolated syndrome who has MRI evidence 

In most individuals, the initial course of  MS is relapsing–
remitting, with neurologic exacerbations separated by weeks, 
months, or years. Spontaneous recovery or near-recovery is 
the rule at this stage. Unfortunately, more severely affected 
patients may exhibit a progressive course. This is manifested 
by a continuous decline in neurologic function that may 
have a profound effect on vision, ambulation, and cognition. 
Although the observations have been inconsistent and the 
reasons unclear, there may be an increased risk of  attacks 
in the initial 6-month postpartum period in women with 
relapsing–remitting disease.328 A recent revision of  the MS 
subtype categories illustrates the heterogeneity of  disease 
course that patients may manifest and their implications for 
future trials and therapeutic strategies.329

Pathologically, new demyelinative lesions, or plaques, are 
characterized by perivascular inflammatory cell infiltration.330 
Chronically, the plaques typically exhibit myelin destruction, 
disappearance of  oligodendrocytes, and astrocyte prolifera-
tion. It is also now well recognized that axonal transection 
may be seen in many instances,298 perhaps explaining the 
irreversibility of  some neurologic deficits. Radiographically, 
the white matter lesions are typically periventricular and 
often project perpendicularly from the ventricular surface. 
However, recent attention has been directed at MRI demon-
stration of  brain atrophy, magnetic resonance spectrographic 
evidence of  neuronal cell loss, pathologic evidence of  axonal 
transection, and cortical lesions in MS.298,331,332

The underlying cause is unclear, but MS is likely to be 
primarily an autoimmune process that occurs in genetically 
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B cells, has been approved for relapsing MS and primary 
progressive MS.1088

Several oral agents for treatment of  MS have emerged 
within the past 5 years; these include fingolimod, terifluno-
mide, and dimethyl fumarate.360–362 These agents are highly 
effective in reducing both clinical and MRI-evident disease 
activity in MS. While the oral route is very convenient for 
many patients, potential side-effects of  infection and other 
factors specific to each medication need to be weighed against 
the potential benefits. At this time, these agents are first-line 
therapy for patients unable or unwilling to self-inject the 
platform therapies. Further evaluation of  these oral therapies 
postmarketing is in progress and will provide additional guid-
ance regarding risks. Because low serum levels of  25(OH)D 
were associated with higher relapse rates, vitamin D supple-
mentation for MS patients has also been suggested.336

With the development of  immunomodulatory therapy 
options for MS, four subsequent independent clinical trials 
were also performed to determine whether initiation of  plat-
form MS therapies could also be effective in the setting of  a 
first demyelinating event (including optic neuritis) and a 
brain MRI demonstrating white matter demyelinating lesions. 
This scenario has been termed clinically isolated syndrome. 
Indeed, the most reliable predictor for the future development 
of  clinical demyelinating events consistent with clinically 
definite MS is the presence of  white matter lesions on MRI. 
In long-term follow-up, the risk of  clinically definite MS is 
approximately 60–90% with a positive MRI and 20–25% 
when the baseline MRI scan is normal (Table 5.2).288,355,363,364 
Other clinical and demographic features are also predictive. 
In the 15-year follow-up in the ONTT, MS did not develop 
in any patient with a normal MRI scan who had (1) painless 
visual loss, (2) severe optic disc edema, (3) disc or peripapil-
lary hemorrhage, (4) macular exudates, or (5) NLP vision.288 
In patients with a normal baseline brain MRI, male gender 
and the presence of  disc swelling were associated with a 
smaller risk of  converting to clinically definite MS. Fifteen 
years after acute optic neuritis, 50% of  patients had developed 
MS—72% of  those with one or more brain MRI lesions at 
presentation and 25% of  those with no lesions.365

In a prospective study of  320 patients with clinically iso-
lated syndromes,366 the rates of  conversion to MS were the 
same regardless of  the type of  clinically isolated syndrome. 
After a median follow-up period of  39 months, approximately 
70% of  patients with clinically isolated syndromes and abnor-
mal baseline MRI had developed MS. Of  note, only 49% of  
the patients with optic neuritis had a positive MRI at baseline 
compared with 76% with brainstem and spinal cord syn-
dromes. The authors emphasize that those patients with a 
positive baseline MRI and a clinically isolated syndrome act 

of  dissemination in space.1085 In addition, the symptomatic 
lesions of  the brainstem and spinal cord can now be used 
to demonstrate dissemination in space or time. Previously, 
the symptomatic lesion was excluded in the lesion count but 
new evidence shows that incorporation of  such lesions 
improves MS diagnostic sensitivity without compromising 
diagnostic specificity.1086,1087 Importantly, it should be noted 
that the symptomatic optic nerve lesion is not counted in 
the new criteria because there was insufficient evidence to 
include it as a lesion site. Thus, further investigation should 
examine the criteria for incorporating the optic nerve as an 
imaging lesion site. We think establishing OCT criteria for 
an optic nerve lesion holds great promise. Finally, cortical 
lesions or juxta-cortical lesions can count for dissemination 
in space as the importance of  cortical lesions has been estab-
lished with advanced neuro-imaging in MS patients.

Treatment options in MS may be classified as symptomatic 
or immunomodulatory. Although most exacerbations are self-
limited, those causing weakness, incoordination, visual dys-
function or acute vertigo are usually treated with a short course 
of  high-dose intravenous methylprednisolone. Other treatment 
options that are rarely used for acute attacks in relapsing-
remitting disease include intramuscular adrenocorticotropic 
hormone (ACTH) and intravenous immune globulin. Plasma 
exchange may be used in patients with severe neurologic dys-
function poorly responsive to corticosteroids.

The immunomodulatory medications, now termed the 
“platform” therapies for MS—interferon β-1a, interferon 
β-1b, and glatiramer acetate—have been approved for use 
in patients with relapsing–remitting MS and are the main-
stays of  MS therapy.342 In large randomized clinical trials, 
each decreased the frequency of  exacerbations and slowed 
the rate of  appearance of  development of  new white matter 
lesions on MRI.343–352 Interferon β-1a also delayed the pro-
gression of  sustained neurologic disability in MS trials.344,353

The chemotherapeutic agent mitoxantrone is approved 
for patients with more advanced forms of  MS, but it is rarely 
used now because of  the potential side effects of  cardiotoxic-
ity and secondary leukemia.354 Natalizumab, a monoclonal 
antibody that reduces T-cell trafficking across the blood–brain 
barrier, is approved for the treatment of  the relapsing  
forms of  MS.355 However, the use of  natalizumab has been 
associated with progressive multifocal leukoencephalopathy 
(PML; see Chapter 8), and thus natalizumab is primarily  
used as a second-line therapy for patients who are not respon-
sive to MS platform therapies.356 Patients who are at par-
ticularly high risk for multiple relapses, such as those with 
numerous gadolinium-enhancing MRI lesions, may also 
benefit from natalizumab.357–359 Recently, ocrelizumab, a 
monoclonal antibody that binds to CD20 on the surface of  

Table 1.5b 2017 McDonald Criteria for Demonstration of Dissemination in Space and Time by MRI in a Patient With a 
Clinically Isolated Syndrome

•	 Dissemination	in	space	can	be	demonstrated	by	one	or	more	T2-hyperintense	lesions*	that	are	characteristic	of	multiple	sclerosis	in	two	or	more	
of four areas of the CNS: periventricular†, cortical or juxtacortical, and infratentorial brain regions, and the spinal cord

•	 Dissemination	in	time	can	be	demonstrated	by	the	simultaneous	presence	of	gadolinium-enhancing	and	non-enhancing	lesions*	at	any	time	or	
by a new T2-hyperintense or gadolinium-enhancing lesion on follow-up MRI, with reference to a baseline scan, irrespective of the timing of the 
baseline MRI

*Unlike the 2010 McDonald criteria, no distinction between symptomatic and asymptomatic MRI lesions is required.
†For some patients—eg, individuals older than 50 years or those with vascular risk factors—it might be prudent for the clinician to seek a higher number of 

periventricular lesions.
Reprinted with permission from Elsevier (Thompson AJ, Banwell BL, Barkhof F et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. 

Lancet Neurol 2017 (in press)).
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reduce the risk of  developing MS.299,372,373 After 3 years 
that beneficial effect disappeared.374

2. We have a low threshold to use intravenous corticosteroid 
treatment in patients with severe unilateral or bilateral 
visual loss because of  their slightly poorer visual prognosis 
and because steroids may hasten recovery. The protocol 
established by the ONTT is methylprednisolone 250 mg 
intravenously q.i.d. for 3 days, followed by prednisone 
1 mg/kg q.d. for days 4–14, then 20 mg of  prednisone 
on day 15, and 10 mg on days 16 and 18. As home therapy, 
intravenous steroids (1 g methylprednisolone every day 
for 3 days) can be administered safely in relatively young 
healthy individuals, and, if  there are no relative contra-
indications such as diabetes, peptic ulcer disease, or coro-
nary artery disease, the risk is small.375 Hospitalization 
may be required in older individuals and in those with 
the aforementioned medical illnesses. Because of  the 
increased risk of  recurrent episodes, patients with optic 
neuritis should not be given oral prednisone alone.376 
Despite the abundance of  class I clinical trial evidence, 
disappointingly ophthalmologists and neurologists around 
the world have not universally adopted the protocol out-
lined here.376–379 There are still many practioners who 

similarly in their conversion to MS. Patients with optic neu-
ritis as a first demyelinating event tend to have brain MRI 
lesions less frequently than do those with spinal cord or 
brainstem presentations.366 Although less predictive, CSF 
oligoclonal bands are also associated with the development 
of  MS if  positive at the time of  the first attack of  optic 
neuritis.307,310,367

Treatment in typical cases. Intravenous (IV) corticoster-
oids followed by a short course of  oral prednisone should be 
considered for patients with acute optic neuritis, particularly 
in these in two instances:

1. In patients with white matter lesions on MRI, steroid 
treatment should be offered to reduce the risk of  develop-
ing clinically definite MS for the first 2 years. The ONTT 
demonstrated that a course of  intravenous steroids given 
at the time of  an acute attack of  optic neuritis, particularly 
in patients with abnormal MRI scans, reduced the rate 
of  development of  clinically definite MS in the first 2 
years.368 Although controversial, and potentially affected 
by reanalysis bias,263,369–371 these findings led to the broad 
recommendation that patients with optic neuritis and 
abnormal MRI scans should be treated with steroids to 

Table 5.2 Prospective Studies Examining the Risk of Developing Multiple Sclerosis After a First Attack of Optic Neuritis*

Study Location
Follow-up 
(years)

Proportion Developing 
Multiple Sclerosis Comments

Landy (1983)1078 Australia Range 1–29 71%

Francis et al. (1987)1079 United 
Kingdom

Mean 11.6 57% By life-table analysis, probability of MS by 15 
years was 75%

Rizzo & Lessell (1988)260 New England Mean 14.9 58% By life-table analysis, probability of MS by 15 
years was 74% for women and 34% for men

Sandberg-Wollheim et al. 
(1990)1080

Sweden Mean 12.9 38% By life-table analysis, probability of MS by 15 
years was 45%

Morrissey et al. (1993)292 United 
Kingdom

Mean 5.3 Normal MRI: 6%; abnormal 
MRI: 82%

MRI white matter lesions were associated with 
development of MS

Jacobs et al. (1997)1081 New York Range 4 months 
to 19 years

Normal MRI: 16%; abnormal 
MRI: 38%

MRI white matter lesions were associated with 
development of MS

Optic Neuritis Study 
Group (ONTT) (1997)1082

United States 
and Canada

5 Normal MRI: 16%; abnormal 
MRI: 51%

MRI white matter lesions were associated with 
development of MS

Söderström et al. 
(1998)309

Sweden Mean 2.1 Less than 3 lesions on MRI: 
13%

3 or more lesions on MRI: 
62.5%;

Ghezzi et al. (1999)1083 Italy Mean 6.3 Normal MRI: 0%; abnormal 
MRI: 51%

Optic Neuritis
Study Group (ONTT) 

(2003)288

United States 
and Canada

10 Normal MRI: 22%; abnormal 
MRI: 56%

MRI white matter lesions were associated with 
development of MS

Tintore et al. (2005)366 Barcelona Median 
follow-up 39 
months

Abnormal MRI 67% Baseline MRI abnormal in 50.8% of ON vs 76% 
of brainstem and spinal cord patients with 
a clinically isolated syndrome

Risk of MS is similar when baseline MR is 
abnormal

Optic Neuritis
Study Group (ONTT) 

(2008)365

United States 
and Canada

15 Normal MRI 25%; abnormal 
MRI 72%

MRI white matter lesions associated with 
development of MS

*Not clinically isolated syndromes per se.
MRI, magnetic resonance imaging; MS, multiple sclerosis; ON, optic neuritis.
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Plasma exchange, used successfully in other inflammatory 
and demyelinating disorders, may have a role in treating patients 
with optic neuritis who are unresponsive to other therapies. In 
a retrospective review of  10 patients with steroid-refractory 
optic neuritis, plasma exchange was associated with short-term 
improvement in visual acuity in 7.388 However, a large prospec-
tive controlled trial is necessary to better understand the role 
of  plasma exchange in this refractory patient population.

Evaluation of  optic neuritis in atypical cases. Criteria 
for atypical optic neuritis include (1) marked disc swelling 
with hemorrhages and exudates, (2) simultaneous bilateral 
involvement, (3) vitritis, (4) progression of  visual loss after 
1–2 weeks, (5) lack of  partial recovery within 4 weeks of  
onset of  visual loss, and (6) persistent pain. A suggested 
workup with diagnostic considerations in these cases is given 
in Table 5.3. Compressive lesions should be excluded by MRI; 
other etiologies require additional testing.

NEUROMYELITIS OPTICA (DEVIC DISEASE)

NMO is classically described as a severe demyelinating disease 
that preferentially targets the optic nerves and spinal cord; 
however, occasional patients may have a more benign course 
resembling that of  MS.389 Patients typically present with 
acute-onset optic neuritis, often preceded or followed by 

prescribe oral steroids and others who prescribe steroids 
with the false notion that they improve final visual outcome.

Therapy for the patient with the clinically isolated 
syndrome. In patients with a clinically isolated syndrome 
and a brain MRI with typical white matter lesions, interferon 
β-1a, interferon β-1b, or glatiramer acetate can be given to 
reduce the risk of  developing MS. Supportive evidence comes 
from several large clinical trials.363,380–382 In practice, many 
of  these patients can now also qualify for the diagnosis of  
MS by MRI criteria304 and can be treated either with inject-
able or oral MS therapy.

Other therapies for optic neuritis. Although the use of  
oral high-dose methylprednisolone in one study was not 
associated with an increased risk of  recurrent attacks,383 
the small size of  this study precluded any definite conclusions 
regarding its use in acute optic neuritis. Small studies have 
suggested that intravenous immunoglobulin (IVIg) may have 
some benefit in patients with substantial visual deficits fol-
lowing optic neuritis.384 However, subsequent randomized 
trials in which the outcome measure was either visual acuity 
or contrast sensitivity failed to demonstrate a significant 
benefit with this treatment.385–387 Furthermore, the routine 
use of  IVIg in optic neuritis and MS remains limited by cost 
and availability.

Table 5.3 Suggested Diagnostic Considerations, Laboratory Evaluation, and Distinguishing Features in Atypical Cases of 
Optic Neuritis

Entity Laboratory Test Comment

Optic nerve compression
Neuromyelitis optica (NMO)

MRI
Aquaporin-4 (AQP4), NMO antibody

Progressive loss of vision beyond 10 days
Bilateral, severe vision loss; atypical course with poor recovery

Carcinomatous meningitis CSF cytology Systemic tumor almost always present

Syphilis MHATP Papillitis with hemorrhage
Optic perineuritis
Uveitis

Lyme Serum Lyme titer Endemic area
Erythema chronicum migrans
Optic perineuritis

Sarcoid ACE Optic nerve granuloma

CXR Uveitis
Periphlebitis

Anterior ischemic optic neuropathy ESR Age >50 years

CRP Segmental disc swelling
Disc hemorrhage

Lupus ANA Arthritis
Antiphospholipid antibody syndrome

Nutritional B12 level Progressive optic atrophy

Copper level Pernicious anemia
Ileum dysfunction
Gastric surgery

Leber’s hereditary optic neuropathy Mitochondrial analysis Males more than females
Pseudodisc edema
Telangiectasias

Retinal disease OCT
ERG

Macular changes

ACE, angiotensin converting enzyme; ANA, antinuclear antibody; CRP, C-reactive protein; CSF, cerebrospinal fluid; CXR, chest x-ray; ERG, electroretinogram; 
ESR, erythrocyte sedimentation rate; MHATP, microhemagglutination–Treponema pallidum; MRI, magnetic resonance imaging; OCT, optical coherence 
tomography.
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There is no standard treatment for optic neuritis in  
the context of  NMO, although high-dose intravenous 
corticosteroids may be beneficial in lessening the severity of  
the attack and speeding recovery of  visual function. Plas-
mapheresis may be beneficial in the acute stage for those 
failing to respond to corticosteroids.403

Long-term immunosuppression should be considered in 
patients with NMO, even in those who present with just atypical 
optic neuritis, given the risk of  subsequent devastating paralysis 
related to myelopathy. Treatment with rituximab (a chemo-
therapeutic monoclonal antibody that depletes B cells) may be 
an effective disease-modifying agent for the long term.404–406 
Mycophenolate mofetil and azathioprine are other agents that 
may be used as preventative treatment for NMO.403,407

NMO is also well recognized in children.408–412 Visual acuity 
prognosis in NMO is relatively poor, with approximately 80% 
of  children in one series having visual acuity of  20/200 or 
worse in at least one eye.413

Other systemic conditions may be associated with Devic 
disease. These include systemic lupus erythematosus,414 other 
connective tissue diseases such as Sjögren’s syndrome,415 
and pulmonary tuberculosis.416,417

Recently, anti-MOG antibodies have emerged as a potential 
marker of  recurrent optic neuritis, neuromyelitis optica, and 
acute disseminated encephalomyelitis (ADEM) in NMO nega-
tive patients.

PEDIATRIC OPTIC NEURITIS AND  
MULTIPLE SCLEROSIS

Inflammatory disease of  the optic nerve in children is quite 
different from that in adults. While there are some children 
and adolescents who have unilateral attacks of  demyelinat-
ing optic neuritis and later develop MS, there are many others 
with an illness that seems to be quite distinct from the adult 
variety of  the disease. Like adults, most children experience 
acute loss of  vision associated with an afferent pupil defect 
and visual field defects. Unlike adults, however, children have 
a much higher likelihood of  having bilateral involvement 
(50–75%) and disc swelling (50–75%), particularly when 
younger than 10 years of  age.418–423

There have been no formal studies evaluating the optimal 
treatment of  childhood optic neuritis.424 However, because of  
the patients’ young ages, we favor more aggressive evaluation 
and treatment when visual loss is unilateral and severe or 
bilateral at any level. Workup includes MRI, serologies, and 
lumbar puncture to exclude other causes. Hospitalization and 
3–5 days of  intravenous methylprednisolone (4 mg/kg q.i.d. 
or 15 mg/kg q.d.) therapy is initiated, followed by an oral 
prednisone taper (starting at 1 mg/kg, then reduced over 
2–4 weeks). Prognosis for recovery in children is generally 
excellent, with more than 80% of  children returning to 20/20 
or better,418,420,425 and 96% returning to 20/40 or better.421,422 
Good et al., however, reported a series of  10 children, 7 of  
whom remained at 20/200 or worse.426

Etiologic considerations in childhood optic neuritis suggest 
that there may be three distinct subsets of  patients. One group 
has their neurologic event (immune mediated) in the setting 
of  postinfectious ADEM, with or without radiographically 
demonstrable white matter lesions.427,428 Typically following 
a febrile illness or vaccination, this group of  patients has a 
monophasic demyelinating illness with recovery and without 

paraparesis or paraplegia. It tends to occur in young adults 
but is also well recognized in children. Both monophasic 
illnesses and recurrent attacks have been described.390 Patients 
tend to present with visual loss and evidence of  spinal cord 
dysfunction within 8 weeks of  each other.

In contrast to typical demyelinating optic neuritis, the 
vision loss observed in NMO is often bilateral and severe, 
occasionally progressing to blindness.391,392 Some patients 
may have frequent recurrent episodes of  optic neuritis. Peri-
orbital pain, an almost universal feature in typical demyelin-
ating optic neuritis, may not be as common in NMO. The 
optic disc may appear normal or swollen, and varying degrees 
of  visual recovery can occur. Like idiopathic optic neuritis, 
NMO-associated optic neuritis is associated with significant 
thinning of  the nerve fiber layer on OCT, which correlates 
with visual function and quality of  life.393

MRI of  the optic nerves in affected patients often shows more 
posterior, chiasmal, and bilateral involvement than MS-related 
optic neuritis (see Fig. 5.32C).394 Lesions of  the spinal cord are 
longitudinally extensive, involving at least three vertebral seg-
ments.395 Although diagnostic criteria for NMO originally 
excluded patients with brain lesions on MRI, it is now believed 
that brain lesions may be seen in as many as 60% of  patients 
with NMO. However, these lesions are typically nonspecific, and 
only about 10% have the typical MS morphology.395,396

Spinal fluid abnormalities may include a pleocytosis of  
greater than 50 cells/mm3, and oligoclonal bands may be 
observed in 20–30% of  patients. This contrasts with estab-
lished MS, in which a moderate pleocytosis is rare, and oli-
goclonal banding is seen in 70–90% of  patients.

Autopsy studies have demonstrated typical demyelinating 
plaques (like MS) in some patients, while in others a necro-
tizing myelitis (unlike MS) with thickened blood vessel walls 
was found.397,398 Astrocytosis, reactive gliosis, and micro-
cavitation may be seen pathologically in the optic nerves.398 
Because of  the necrotizing nature of  the lesions, the prognosis 
for recovery may be worse from both a visual and neurologic 
standpoint, especially in elderly patients.

NMO is believed to be a humorally mediated disease distinct 
from MS. A serum antibody, NMO-IgG, which targets the 
autoantigen AQP4, may be a useful marker in diagnosing 
NMO.290 The identification of  NMO-IgG in patients either 
without optic neuritis or without myelitis has led to an 
expanded definition of  NMO spectrum diseases.399 The anti-
body has also been detected in patients with NMO without 
optic nerve involvement.400

New criteria proposed by the Mayo Clinic help to distin-
guish NMO from MS.401 These criteria eliminate the require-
ment that symptoms must be referable to the optic nerves 
and spinal cord exclusively; similarly, brain lesions on MRI 
no longer preclude a diagnosis of  NMO. Currently, the diag-
nosis of  NMO is best established when a patient has had at 
least one episode of  optic neuritis, transverse myelitis, and 
a longitudinally extensive spinal cord lesion on MRI (more 
than three segments long). The diagnosis is bolstered by 
detecting the NMO antibodies and by having a normal or 
nondiagnostic baseline brain MRI. Isolated optic neuritis 
accompanied by the presence of  NMO antibodies would satisfy 
the diagnosis of  NMO spectrum disorder.402 Recently, anti-MOG 
antibodies have emerged as a potential marker of  recurrent 
optic neuritis, neuromyelitis optica, and acute disseminated 
encephalomyelitis (ADEM) in NMO negative patients.
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recurrence.429 The second group may present with “idiopathic” 
(genetic predisposition with environmental trigger) demyelin-
ation, recover, but later develop a recurrent neurologic illness 
suggestive of  MS or NMO.421 The possibility that these two 
groups are linked and that viral illness or vaccinations are 
important triggers of  MS has also been proposed.430 For 
instance, cases of  childhood optic neuritis and MS have been 
reported after viral illnesses and varicella.430–433 A third group 
of  pediatric patients have a benign condition characterized 
by isolated optic neuritis, typically with bilateral involvement 
and with disc swelling, and a normal brain MRI. Although 
recurrences of  optic neuritis may occur in this group, patients 
in this category tend not to develop MS. The presence of  anti-
myelin oligodendrocyte glycoprotein (anti-MOG) antibodies 
may be associated with recurrent optic neuritis rather than 
with MS or NMO.434,435

Overall, between 10% and 50% of  children with optic neuritis 
eventually develop MS.420,421,425,426,436–441 In one series of  children 
with optic neuritis and an average follow-up of  7.3 years, brain 
MRI abnormalities were found to be a very important prognostic 
factor, as three of  the seven children with white matter lesions 
developed MS, while none of  the 11 patients without white 
matter lesions developed MS.421 Furthermore, in a recent meta-
analysis of  282 children with optic neuritis, age was identified 
as a second important factor in determining risk of  conversion 
to MS, with an odds ratio of  1.32 for increasing age (years) 
and the development of  MS after unilateral optic neuritis, and 
after adjusting for the presence of  MRI lesions.442

MS in children is recognized in patients as young as 2 
years old.443–445 Compared with adult MS patients, children 
with MS take longer to convert to the secondary progressive 
form (median 28 years) but do so at a relatively younger age 
(median 41 years).446 Optic neuritis is often the first clinical 
attack in pediatric patients with MS. Many of  the same 
disease-modifying therapies used in adults are being used in 
younger patients as well.447–449

Optic neuritis may also be a presenting sign of  NMO in 
children. In a large case series of  pediatric patients with NMO, 
40% of  them presented initially with unilateral optic neuritis, 
while 20% presented with bilateral optic neuritis and 15% 
presented with transverse myelitis.413 At the last follow-up, 
55% of  the children with NMO had at least one clinical 
demyelinating event involving the brain.413

SARCOIDOSIS

Sarcoidosis is a multisystem disorder of  unknown etiology, 
characterized pathologically by noncaseating epithelioid cell 
granulomas.450 It is much more common in African Ameri-
cans and slightly more common in women than in men. The 
initial onset of  the systemic illness may be an isolated visual 
or neurologic presentation, or there may be systemic symp-
toms including rash, fevers, night sweats, diarrhea, pulmo-
nary symptoms, and lymphadenopathy. Most patients will 
have hilar adenopathy detectable on chest radiograph, as 
extrapulmonary sarcoidosis without hilar adenopathy is rare. 
The most commonly involved organ is the lung, which is 
involved in over 90% of  cases.451 CNS involvement in sar-
coidosis occurs in about 5% of  cases.452,453 The most common 
neurologic complication is seventh nerve palsy (see Chapter 
14), followed by involvement of  other cranial nerves, aseptic 
meningitis, and peripheral neuropathy.

Figure 5.34. Optic nerve head appearance in a patient with sarcoidosis 
and swelling of the optic nerve head and peripapillary subretinal granu-
lomas (arrows). 

On the other hand, ocular involvement in sarcoidosis occurs 
in about 25% of  patients.454 In the vast majority this takes 
the form of  a relapsing and remitting anterior uveitis, often 
associated with ocular hypertension. Conjunctival nodules 
are also relatively common. In patients with posterior segment 
involvement, sarcoidosis most commonly presents with retinal 
vasculitis, vitreous infiltrates, and choroidal lesions, often 
with associated disc swelling (see Chapter 4).

Optic nerve involvement in the setting of  sarcoidosis can 
take many different forms.455,456 Some patients present with 
a syndrome similar to idiopathic optic neuritis. Other patients 
have an optic nerve head or subretinal granuloma (Fig. 5.34), 
while others may have a swollen nerve (due to either optic 
nerve or optic nerve sheath infiltration).457 Also common is 
a pure retrobulbar presentation with a normal-appearing 
optic nerve head.455,456 Sarcoidosis is also a well-recognized 
cause of  perineuritis (see below) and can cause gaze-evoked 
amaurosis.458 Sarcoid optic neuropathy has been reported 
to occur in conjunction with AQP4-positive NMO.459

Patients can present with progressive vision loss and in 
general have less pain than patients with idiopathic optic 
neuritis. NLP vision is common and should heighten the 
suspicion for sarcoid in patients with optic neuropathies.456 
Vision loss initially may be steroid responsive. Other patients 
have a relentless downhill course, despite the use of  steroids, 
and develop profound visual impairment. Cases with spon-
taneous improvement and isolated disc swelling without optic 
nerve dysfunction have been reported.460 Sarcoidosis with 
optic nerve involvement must be considered in all patients 
thought to have inflammatory or compressive disease of  the 
anterior visual pathway (also see Chapter 7). Important clues 
include the presence of  a steroid-responsive optic neuropathy 
and findings atypical for ordinary optic neuritis such as vit-
ritis, retinal vasculitis, or enlargement of  the optic nerve on 
MRI.455,456 Sarcoidosis can also present as an orbital inflam-
matory syndrome (see Chapter 18).
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(Fig. 5.35). Clinically it must be distinguished from papille-
dema since both may share the clinical features of  bilateral 
disc swelling and relatively good visual function. In most 
patients with perineuritis, the CSF exhibits a normal opening 
pressure with a mild pleocytosis. Patients may also have an 
acute presentation that mimics optic neuritis, or they may 
present with an insidiously progressive optic neuropathy.

Rarely IgG4-related orbital disease can result in optic nerve 
involvement (see Ch. 18). Optic neuropathy may be due to 
compression from orbital apex mass lesions472 or direct optic 
nerve involvement in the setting of  sclerosing orbital disease.473

Diagnostic studies/evaluation. The presence of  associated 
vitreous cells and infiltrates is suggestive of  a systemic condi-
tion associated with the perineuritis, and extensive workup for 
sarcoidosis, syphilis, Lyme disease, herpes virus, and tuberculosis 
should be initiated in such cases. In addition, if  the clinical 
scenario warrants, evaluation for giant cell arteritis,474 granu-
lomatosis with polyangiitis,475 and Crohn disease476 should be 
sought. Optic nerve sheath thickening can be documented with 
orbital ultrasound and either CT or MRI scanning. Contrast 
enhancement of  the sheath is more prominent than enhance-
ment of  the nerve itself  (see Fig. 5.35). Radiographically, peri-
neuritis can be difficult to distinguish from optic nerve sheath 
meningioma. If  there is more widespread evidence of  meningeal 
involvement then syphilitic, cryptococcal, tuberculous, and 
carcinomatous meningitis are more likely. If  papilledema is 
considered, patients with headache should undergo lumbar 
puncture to rule out elevated intracranial pressure.

Treatment. Treatment for perineuritis is directed either 
at the systemic infection or relies on systemic steroids. In 
our experience, patients with infectious perineuritis are often 
successfully treated, with good recovery of  vision. However, 
the idiopathic variety, or that associated with orbital inflam-
mation, can take a chronic form that is resistant to steroid 
treatment and is associated with significant fibrosis of  the 
optic nerve sheath. Optimal treatment of  IgG4-related disease 
is not yet known but typically involves glucocorticoids and 
other steroid-sparing agents such as rituximab or mycophe-
nolate mofetil when indicated.477

UVEITIS-ASSOCIATED DISC SWELLING

Patients with uveitis, particularly with posterior segment 
involvement, can have disc swelling. A nonspecific process 
resulting from simple breakdown of  the blood–retina barrier 
in posterior uveitis should be distinguished from an inflam-
matory process involving the optic nerve itself. The former 
is more common, for instance in pars planitis, where disc 
swelling may be accompanied by cystoid macular edema. 
In this setting, there is usually only enlargement of  the blind 
spot without evidence of  optic neuropathy. In the second 
group of  patients, an inflammatory or infectious process, 
often granulomatous (commonly sarcoid or syphilis), involves 
the nerve itself, and significant visual dysfunction with optic 
neuropathy is often present. Optic disc swelling can also 
accompany hypotony, which may occur with chronic uveitis.

OPTIC NEUROPATHY RELATED TO SYSTEMIC 
LUPUS ERYTHEMATOSUS

Optic neuropathy is an important but uncommon neuro-
ophthalmic complication of  systemic lupus erythematosus.478,479 

Diagnostic studies/evaluation. Sarcoidosis can present 
with a markedly thickened optic nerve sheath on MRI, mim-
icking an optic nerve sheath meningioma. Imaging of  the 
orbit will often reveal a “mass lesion,” lacrimal gland enlarge-
ment, or optic nerve and/or sheath enhancement.461 MRI may 
also demonstrate periventricular multifocal white matter lesions 
in CNS sarcoidosis462 or leptomeningeal enhancement.456

When sarcoidosis is suspected, chest radiograph, angiotensin-
converting enzyme (ACE) level, and, if  necessary, a gallium 
scan or positron emission tomography (PET) should be 
obtained.463 ACE levels and chest imaging may be normal in 
a significant minority of  patients.455,456 Whenever possible, the 
diagnosis should be confirmed by biopsy (often pulmonary via 
bronchoscopy or of  hilar nodes via mediastinoscopy). On occa-
sion conjunctival or lacrimal gland biopsies, which are less 
invasive than the pulmonary or hilar biopsies, can be used and 
are diagnostic. In general we do not favor blind biopsies of  any 
organ but prefer to biopsy tissue that is visibly affected or is 
abnormal on radiography, imaging, or gallium scan. Finally, 
it is reasonable to consider sarcoidosis in all cases of  unexplained 
optic neuropathy, and screening with chest radiography and 
ACE levels will occasionally suggest the diagnosis.455,456

Treatment. Treatment with systemic steroids is likely to 
be required for a protracted time (weeks to months). Other 
patients require chronic immunosuppression with alternative 
cytotoxic drugs. Methotrexate, azathioprine, infliximab,464,465 
cyclosporine, mycophenolate mofetil, and cyclophosphamide 
have been used in cases of  steroid failure or inability to wean 
from high steroid doses.466

OPTIC PERINEURITIS AND ORBITAL 
INFLAMMATORY SYNDROMES

Optic perineuritis is a term used to describe an optic neuropathy 
presumably caused by inflammation of  the optic nerve sheath. 
In many cases the etiology is unknown. The clinical constel-
lation of  bilateral optic neuropathy (often with relative central 
vision sparing), associated with pain, typical MRI findings of  
sheath enhancement, and steroid responsiveness is highly 
suggestive of  this condition.467 Histopathologically, these 
patients have been shown to have nonspecific chronic inflam-
mation, occasionally granulomatous and often associated with 
varying degrees of  fibroplasia and collagen deposition.468–471

In our experience, patients with this condition fall into 
three broad categories. The first are patients with optic neu-
ropathy but with other evidence of  an acute orbital inflam-
matory syndrome (orbital pseudotumor) such as proptosis, 
eyelid swelling, eye muscle involvement, and posterior scleritis. 
Neuroimaging reveals orbital inflammatory changes as well 
as optic nerve sheath enhancement. This entity is discussed 
in more detail in Chapter 18. The second group of  patients 
have optic perineuritis in the setting of  a systemic condition, 
most commonly sarcoidosis, syphilis, Lyme disease, herpes, 
or tuberculosis. In the final group the condition is idiopathic 
with no evidence of  orbital disease or systemic infection.

The distinction of  optic neuritis from optic perineuritis is based 
largely on clinical presentation and radiographic demonstration 
of  optic nerve sheath thickening or enhancement in the latter. 
Patients tend to be older and the disease is often bilateral in 
perineuritis.467 Vision loss may be mild initially, and the optic 
nerve head is often swollen with secondary retinal venous stasis 
changes, dilation of  vessels, and peripheral retinal hemorrhages 
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visual loss is not usually permanent if  appropriate treatment 
is initiated.482

Other neuro-ophthalmic complications of  lupus are detailed 
in Chapters 4 and 8.

AUTOIMMUNE (OR RELAPSING OR RECURRENT) 
OPTIC NEUROPATHY

This distinct variety of  optic nerve inflammation is similar 
to lupus optic neuropathy. This likely represents a heteroge-
neous group of  conditions, some with recognized systemic 
autoimmune disease, with isolated, recurrent, often bilateral, 
steroid-responsive optic neuropathy and various autoimmune 
markers on serologic testing, including NMO antibodies.483–487 
Excluding those patients whose optic neuropathy is associ-
ated with known systemic disease or NMO antibodies, there 
remains a very small group of  patients that might be labeled 
as having autoimmune optic neuropathy. Autoimmune optic 
neuropathy may be an isolated single event, or it may be a 

In one series479 approximately half  of  the cases of  lupus-
related optic neuropathy were associated with transverse 
myelitis. This pattern of  optic neuropathy with transverse 
myelitis mimics Devic NMO (see previous discussion).414

Optic nerve dysfunction can take different forms, including 
optic neuritis, papillitis, and anterior or posterior ischemic 
optic neuropathy (AION, see next section).480 The disc swell-
ing may be associated with exudates (Fig. 5.36). It is unclear, 
but the pathogenesis is related to either demyelination or 
varying degrees of  small vessel vasoocclusive disease. Vision 
loss is often profound and when suspected should be treated 
promptly with steroids. MRI may show enhancement of  the 
optic nerve.480,481 These patients require initial treatment 
with high-dose intravenous methylprednisolone, and many 
require chronic steroids. Retinal vasculopathy may manifest 
with painless retinal ischemic changes. In this situation, an 
associated hypercoagulable state should be excluded and 
anticoagulation considered. A recent metaanalysis of  several 
case reports revealed that although relapses are common, 

C
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Figure 5.35. A and B. Optic perineuritis with bilateral optic nerve 
swelling. C. On coronal T1-weighted, gadolinium-enhanced magnetic 
resonance imaging, enhancement of the optic nerve sheaths is seen 
(arrows). 
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antinuclear antibody (ANA) testing, NMO antibodies, Sjögren 
antibodies, and skin biopsy should be considered. Addition-
ally, testing for antioptic nerve autoantibodies has been sug-
gested,495 but these autoantibodies have not yet been proven 
to be pathogenic and are of  questionable clinical significance 
at this time. Rheumatologic consultation, consideration of  
a skin biopsy to exclude vasculitis, and serologies should be 
considered in these patients to identify a possible systemic 
autoimmune condition. ERG abnormalities and nonspecific 
retinal changes are seen in most patients with suspected 
ARRON.489 In addition, multiple autoantibodies have been 
reported in association with ARRON-like presentations, 
including antibodies against a 22-kDa neuronal antigen 
found in the retina and optic nerve,496 a 35-kDa component 
of  Mueller cells,497 and alpha-enolase.495 Early recognition 
of  autoimmune optic neuropathy, CRION, and ARRON can 
lead to successful treatment with high doses of  steroids. Other 
immunosuppressive therapies such as IVIg, methotrexate, 
cyclophosphamide, chlorambucil, and azathioprine may be 
required to supplement steroid therapy in this chronic and 
relapsing condition.498 In most patients the optic neuropathy 
remains isolated without development of  another systemic 
autoimmune disease or specific syndrome.491

IDIOPATHIC HYPERTROPHIC PACHYMENINGITIS

This condition is characterized by localized or diffuse thick-
ening of  the meninges.499 Affected patients present with 
headache, optic neuropathy, or other cranial neuropathies. 
MRI may demonstrate dural thickening and enhancement, 
and lumbar puncture often shows a lymphocytic pleocytosis 
and elevated protein. When unclear, the diagnosis may depend 
on a biopsy of  the leptomeninges, which typically reveals 
nonspecific inflammation but is needed to exclude IgG4,500 
sarcoidosis, infection, or neoplasm. Most patients are treated 
effectively with corticosteroids, but many additionally require 
steroid-sparing immunosuppressive agents.

Infectious Optic Neuropathies

SINUSITIS AND MUCOCELES

Paranasal sinus disease (sinusitis and mucoceles) may cause 
either an acute optic neuropathy plus pain on eye move-
ments, similar to optic neuritis, or a chronically progressive 
optic neuropathy (Fig. 5.37). The optic nerve disturbance 
results from compression or inflammation from a nearby 
mucocele.501–503 In other cases contiguous inflammation in 
the posterior ethmoid and sphenoid sinus causes optic nerve 
dysfunction without mass effect.504–506 This may occur more 
commonly in patients with no medial wall of  the optic canal 
(meninges in direct contact with sinus mucosa), an anatomic 
variant which occurs in about 4% of  normal patients.507 
Antibiotics and often surgery should be considered.

NEURORETINITIS

The term neuroretinitis refers to the combination of  optic 
neuropathy and retinal “inflammation” characterized oph-
thalmoscopically with the unique association of  disc edema 
and peripapillary or macular hard exudates, which form a 

chronic relapsing process known as chronic relapsing inflam-
matory optic neuropathy (CRION).488 Additionally, it may 
coexist with an autoimmune retinopathy and is then known 
as autoimmune-related retinopathy and optic neuropathy 
(ARRON).489 Diagnostic criteria for ARRON have been sug-
gested and include a requirement that the patient demon-
strates (1) visual loss either in visual acuity or visual field, 
(2) no evidence of  malignancy after extensive evaluation, 
(3) optic nerve or retinal abnormalities, and (4) no identifi-
able cause for the optic neuropathy and retinopathy. In addi-
tion, patients must either demonstrate serum autoantibodies 
against the retina or optic nerve (see later discussion) or 
demonstrate a response to immunomodulation.489

In many of  these patients no specific connective tissue 
diagnosis can be made using strict clinical or serologic cri-
teria, despite extensive searching.490 Its similarity to lupus 
optic neuropathy suggests that an optic nerve antigen may 
be susceptible to an autoimmune attack. An alternative pos-
sibility is that optic nerve dysfunction arises in the setting 
of  autoimmune disease as a result of  small vessel occlusion 
from immune complex deposition or a hypercoagulable state. 
Some cases have had abnormal skin biopsies, with perivas-
cular infiltrate and immune complex deposition within the 
dermis.491,492 Affected patients are generally adults aged 
25–55 years, but the condition probably occurs at any age. 
Bee sting optic neuropathy is felt to be a unique autoimmune-
type optic neuropathy.493,494

Evaluation and treatment. We recommend a search for 
an autoimmune condition in any patient that has “optic 
neuritis” that worsens for more than 1 week after initial 
steroid therapy, or in any patient who fails to begin to improve 
by the third week after onset of  visual loss (see Evaluation 
of  Optic Neuritis in Atypical Cases). In suspected cases, 

Figure 5.36. Optic nerve appearance in a patient with systemic lupus 
erythematosus and optic neuritis. Chronic disc swelling and retinal 
exudates are present. 
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Figure 5.37. Sphenoid sinusitis causing optic nerve dysfunction. A. Axial T2-weighted magnetic resonance imaging (MRI) showing extensive ethmoid 
and sphenoid sinusitis (asterisk) adjacent to the optic canal (arrow). B. On coronal T1-weighted MRI the optic nerve (arrow) is seen adjacent to the area 
of infection and inflammation (asterisk). 
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Figure 5.38. Fundus appearance in a patient with neuroretinitis. A. Acutely there is focal pale disc swelling superiorly (arrow). B. Within 1 week the 
classic macular star developed. 

“star” or sunburst pattern around the fovea (Fig. 5.38). The 
condition was first described by Leber and is therefore fre-
quently referred to as Leber’s stellate neuroretinitis.508 Neu-
roretinitis is frequently a manifestation of  a systemic infection, 
so an etiology should be sought when the diagnosis is made. 
Although the initial presentation can be very similar to idio-
pathic (demyelinating) optic neuritis, a macular star associ-
ated with optic neuritis is not associated with an increased 
risk of  developing MS.

The macular star results from fluid leakage from optic disc 
capillaries into Henle’s layer (outer plexiform), which retains 
the lipid precipitates and can be seen on OCT (Fig. 5.39). All 
of  the leakage is believed to be from the disc since the retinal 
vasculature does not leak on fluorescein angiography. In fact, 
the presence of  these exudates can be a nonspecific finding 
in any patient with disc swelling. For instance, at least a 

partial star can occasionally be seen in patients with a variety 
of  different causes of  optic disc swelling, such as ischemic 
optic neuropathy or papilledema (see Chapter 6).

Therefore, we group patients with the finding of  optic disc 
edema with a macular lipid star into two groups:

1. Idiopathic or infectious neuroretinitis. Patients in this group 
present with decreased vision and a swollen optic nerve, 
and initially a diagnosis of  optic neuritis may be made, 
but within 1–2 weeks the macular star is evident. Patients 
in this group are generally aged 10–50 years with no sex 
predilection. Occasionally they have pain around the eye 
or bilateral involvement.509,510 Neuroretinitis has been 
reported in children and behaves similarly to the disease 
in adults.511 In up to 50% of  patients with neuroretinitis, 
a preceding viral illness is reported.
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disease).529–531 Bartonella infection is considered to be self-
limited, and no treatment has been proven to be beneficial 
in cat scratch–associated neuroretinitis. Reed and associ-
ates531 reported that treatment with doxycycline and rifampin 
seemed to shorten the course compared with historic controls. 
We consider using doxycycline if  visual loss is severe or disc 
swelling persists beyond 3 weeks. Most patients recover, but 
some are left with residual visual symptoms secondary to 
optic nerve dysfunction.

SYPHILIS

After a steady decrease in cases, ophthalmic presentations 
of  syphilis have become more common over the last several 
years, particularly in individuals coinfected with human 
immunodeficiency virus (HIV).532,533 Therefore, syphilis should 
always be in the differential diagnosis of  unexplained optic 
nerve disease.534 Optic neuropathy is not uncommon in 
patients with secondary syphilis. Patients can develop ret-
robulbar optic neuritis, papillitis with retinal vasculitis,535 
and perineuritis and neuroretinitis.536 Disc swelling, hemor-
rhages, dilated veins (phlebitis), and subretinal infiltrates 
(Fig. 5.40) are highly suggestive of  syphilis. The severity of  
visual symptoms is variable and depends on the site of  the 
infection. Patients with syphilitic perineuritis tend to have 
more mild visual loss (sometimes none at all) compared with 
patients with direct optic nerve involvement. Bilateral disease 
is almost always present, often with other evidence of  sec-
ondary syphilis such as rash, uveitis, and mild signs of  men-
ingeal inflammation.537 MRI scanning in perineuritis shows 
diffuse thickening and enhancement of  the optic nerve 
sheath.536 In contrast, progressive vision loss with optic 
atrophy can also been seen as a manifestation of  tertiary 
syphilis. This is a slowly progressive (generally not episodic) 
visual deterioration not associated with other active inflam-
mation of  the eye. Optic atrophy resulting from tertiary 
syphilis can rarely present with optic disc cupping that may 
be difficult to distinguish from glaucoma.538

Diagnostic studies/evaluation. Syphilitic optic neuropathy 
can almost always be diagnosed with appropriate serum and 
CSF serologies, except in the setting of  HIV infection, which 
can alter test results with seronegative disease. In an individual 
who is not infected with HIV, the serum microhemagglutinin 
assay for Treponema pallidum (MHA-TP) or the fluorescent 
treponemal antibody–absorption (FTA-ABS) test should almost 
always be positive in the presence of  neuro-ophthalmic signs 
and symptoms suggestive of  syphilis. The serum Venereal 
Disease Research Laboratory (VDRL) and rapid plasma reagin 
(RPR) tests are also useful for screening, but they may be 
negative in neurosyphilis. Although a positive CSF VDRL is 
confirmatory of  a diagnosis of  neurosyphilis, it is often nega-
tive and therefore cannot be used solely to exclude this diag-
nosis. Often, one relies on the presence of  a positive serum 
test and the presence of  elevated CSF white blood cell count 
or protein concentration to determine disease activity. Since 
the presentation of  syphilitic optic neuropathy is quite vari-
able, the clinical suspicion for this condition must exist in all 
cases of  atypical inflammatory optic neuropathy and unex-
plained progressive optic atrophy. A postinfectious illness similar 
to NMO has been described in patients with syphilis.539

Treatment. Treatment of  syphilitic optic neuropathy with 
positive CSF VDRL and presumed tertiary syphilis must be 

The examination is notable for moderate acuity loss 
(usually 20/40–20/200) but can be as poor as light per-
ception. Typical features of  optic nerve dysfunction are 
present with decreased color vision, nerve fiber defects 
on visual field testing, and afferent pupil defects. Vitreous 
cells are present in about 90%.509,510 The disc swelling 
can either be focal or diffuse, and sometimes it has a pale 
quality. Development of  the lipid star is often preceded 
by serous detachment of  the macula or evidence of  inflam-
mation in the peripheral retina. The prognosis for visual 
recovery is excellent, although recurrent neuroretinitis 
with poor visual outcome has been reported.512 Bilateral 
cases occur rarely.513

Important infectious causes of  neuroretinitis include 
cat scratch disease (Bartonella henselae bacillus),514,515 
syphilis,516,517 Lyme disease,518,519 toxoplasmosis,520,521 and 
tuberculosis.522 Patients with Bartonella infection fre-
quently describe cat scratches and a recent viral illness 
with fever and adenopathy.523 The diagnosis can be con-
firmed by detecting positive antibody titers or by finding 
Bartonella DNA by polymerase chain reaction (PCR).524–526

2. Macular star related to other causes of  disc swelling. These 
patients have a fairly typical presentation of  an optic 
neuropathy associated with disc edema (e.g., ischemic 
optic neuropathy527) then a few weeks from presentation 
develop a macular star. The original diagnosis may be 
rethought, and consideration should be given to papille-
dema associated with increased intracranial pressure or 
malignant hypertension as the cause of  the swelling and 
exudates. As in the first group of  patients, development 
of  a macular star is often preceded by serous macular 
detachment.

Evaluation and treatment. At the time of  diagnosis of  
neuroretinitis, an appropriate historical review and labora-
tory tests should be ordered to rule out the infectious etiolo-
gies mentioned previously. Many cases of  neuroretinitis will 
be titer negative and presumably idiopathic, and most 
instances these cases can be treated with high-dose intrave-
nous or oral steroids. Recurrent idiopathic neuroretinitis may 
require chronic immunosuppression.528 Appropriate antibiotic 
therapy is indicated when syphilis, Lyme disease, or toxo-
plasmosis is diagnosed.

However, the most common diagnosis confirmed in patients 
with neuroretinitis is Bartonella species infection (cat scratch 

Figure 5.39. Ocular coherence tomography findings in neuroretinitis. 
Discrete areas of high reflectivity (arrows) are seen in the nerve fiber 
layer of Henle and correspond to retinal exudates. The asterisk indicates 
subretinal fluid. 
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optic nerve is involved, the picture is usually one with uveitis-
associated neuroretinitis and unusual fluorescein angio-
graphic criteria including neuroretinal edema and patchy 
and diffuse hyperfluorescence.519 In some patients, neuro-
retinitis can be resistant to antibiotic treatment.519

HIV-ASSOCIATED OPTIC NEUROPATHIES

Systemic immunosuppression is an important risk factor for 
primary infection of  the optic nerve from a variety of  patho-
gens. In acquired immunodeficiency syndrome (AIDS), infec-
tious optic neuropathy may result from primary HIV infection 
of  the nerve, cytomegalovirus infection, or acute retinal 
necrosis associated with herpesvirus. In addition optic neu-
ropathy can develop in the setting of  granulomatous inflam-
mation of  the meninges associated with cryptococcus, 
toxoplasmosis, tuberculosis, aspergillus, or syphilis. These 
can also cause elevated intracranial pressure with papille-
dema and associated progressive visual loss. Primary HIV 
optic neuropathy can present as an acute retrobulbar optic 
neuritis with pain on eye movements or a slowly progressive 
condition.548 Treatment with steroids or antivirals may be 
effective. The condition likely results from direct HIV infec-
tion of  the optic nerve, or alternatively nerve damage can 
result from the immune reaction directed against the infected 
optic nerve.

Cytomegalovirus (CMV) infection is the most common 
opportunistic infection to involve the posterior segment of  
the eye. The majority of  patients develop retinitis with associ-
ated hemorrhagic necrosis. This herpesvirus can primarily 
infect the optic nerve and cause a papillitis, or the optic nerve 
can be involved secondarily by contiguous spread from adja-
cent retina.549–551 Papillitis occurs in about 4% of  patients 
with CMV retinitis. Patients require management with high 
and prolonged doses of  intravenous foscarnet or ganciclovir, 
and the prognosis for visual recovery is highly vari-
able.549,552–554 CMV papillitis has also been described in an 
immunocompetent individual.552

with intravenous aqueous penicillin. Secondary syphilis with 
perineuritis and normal CSF has been treated successfully 
with intramuscular procaine penicillin.517 Sometimes after 
successful treatment with antibiotics, steroids can used to 
treat persisting inflammation.540 The disease in patients with 
HIV is similar. Syphilitic optic nerve involvement has been 
reported as an initial manifestation of  HIV infection and 
tends to have an excellent prognosis with appropriate 
treatment.541

LYME DISEASE

Lyme-associated optic neuritis and perineuritis are rare,542–544 
and the diagnosis should be made primarily in patients who 
have a history of  erythema migrans, a bout of  arthritis, and 
positive titers in serum and CSF whenever possible. A positive 
serum Lyme titer should be confirmed by Western blot testing 
since there is a relatively high rate of  false positives seen 
with conventional serum antibody titer level testing. In a 
series of  28 patients with optic neuritis and a positive Lyme 
titer, only one patient with papillitis and posterior uveitis 
had convincing evidence of  Lyme disease; there were no 
definite cases of  Lyme-associated retrobulbar neuritis or 
neuroretinitis in this study.544 Many of  the reported cases of  
Lyme-associated optic neuritis and ischemic optic neuropathy 
are suspect. They were based simply on recent exposure and 
presence of  serum titers, neither of  which is adequate to 
implicate Lyme as the definite cause of  optic nerve dysfunc-
tion.542 For instance, Jacobson545 performed follow-up on 
four of  his previously reported patients546 with optic neuritis 
and Lyme seropositivity. Two were found to have developed 
MS, suggesting the seropositivity was coincidental. Reported 
cases of  Lyme optic neuropathy have been successfully treated 
with both oral doxycycline and parenteral treatment (e.g., 
ceftriaxone).547

Lyme is also an important cause of  low-grade meningitis 
associated with elevated intracranial pressure and a pseu-
dotumor cerebri-like presentation (see Chapter 6). When the 
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Figure 5.40. Examples of syphilitic optic neuropathy. A. Optic disc swelling in syphilitic optic neuropathy with inferior subretinal granulomas (arrows). 
B. More marked disc swelling secondary to syphilis with dilated veins and intraretinal hemorrhages. 
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Ischemic Optic Neuropathies

Ischemic optic neuropathy (ION) is an acute, presumably 
vascular, optic neuropathy. Sudden, often catastrophic, stroke-
like vision loss in elderly patients with vasculopathic risk 
factors is typical of  this condition. ION essentially occurs in 
two broad settings: nonarteritic and arteritic.

The nonarteritic variety is almost always anterior, with 
optic nerve head swelling, by definition. Thus, the term non-
arteritic AION is applied to this group. The majority of  these 
patients are elderly, have diabetes and/or hypertension, and 
are particularly at risk if  they have a small, crowded optic 
nerve head (Fig. 5.42). Other systemic conditions that have 

Fungal disease can involve the optic nerves through granu-
lomatous inflammation of  the meninges. Cryptococcus is 
the most common fungal infection of  the CNS and the most 
common cause of  optic neuropathy.555,556 Patients can present 
with either sudden vision loss or progressive vision loss from 
papilledema associated with elevated intracranial pressure. 
The mechanisms for vision loss include direct fungal invasion 
and adhesive arachnoiditis along with elevated intracranial 
pressure. Optic nerve sheath fenestration may be beneficial 
in some patients along with systemic treatment with ampho-
tericin B (see Chapter 6).

Long-term follow-up of  the patients enrolled in the Long 
Study of  Ocular Complications of  AIDS (LSOCA) has revealed 
that there is commonly a thinning of  the temporal RNFL on 
SD-OCT over time, even in patients who do not have any 
history of  ocular disease. The investigators have suggested 
that the maculopapillary bundle may undergo axonal loss 
as a result either of  HIV infection or antiretroviral therapy. 
These changes have been correlated with diminished contrast 
sensitivity, color vision, and visual field defects.557,558

HERPES ZOSTER

Optic neuropathy can occur in patients with recent herpes 
zoster ophthalmicus. This complication must be very rare 
given the paucity of  reported cases compared with the preva-
lence of  this infection. Vision loss can take the form of  a 
catastrophic ischemic event, perhaps from an angiitis, or 
behave more like an inflammatory optic neuropathy related 
to zoster infection of  the nerve.559 This condition is well rec-
ognized in both immune-competent and immune-incompetent 
patients.560–562 In immunocompromised patients varicella 
zoster optic neuritis can be precede retinitis and result in 
severe permanent vision loss.562–564 The visual loss may occur 
soon after the onset of  the rash but may also be delayed by 
weeks and in immunocompromised patients may occur 
without the characteristic rash.565 The vision loss is usually 
unilateral and severe. There may be papillitis (Fig. 5.41) with 
a macular star, or the fundus may be normal. MRI may show 
optic nerve or nerve sheath enhancement.566 Treatment with 
acyclovir and steroids can be attempted with variable 
results.566 An optic neuritis–like illness has also been described 
after primary varicella (chickenpox) infection.567
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Figure 5.41. Optic disc swelling (A) in a patient with acute optic neuritis in the setting of a typical V1-distribution herpes zoster eruption (B). 

Figure 5.42. The typical appearance of the “disc at risk” for develop-
ment of anterior ischemic optic neuropathy. The nerve is small and 
there is no cup. 
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disc as a risk factor for ION has been confirmed with modern 
optic nerve head imaging methods.587–589 The proposed 
mechanism is believed to be crowding at the level of  the 
lamina cribrosa leading to a “compartment syndrome” 
phenomenon.

Studies have also shown hyperopic refractive errors and 
smoking to be possible risk factors,590,591 although a different 
study found no increased risk from smoking.592 Patients with 
nonarteritic ION do not have an increased incidence of  carotid 
disease on the affected side compared with age-matched 
controls.593

In addition, sleep apnea may be a separate and distinct 
risk factor for the development of  nonarteritic ION.594–598 
The possible mechanisms of  sleep apnea contributing to the 
development of  ION include effects on optic nerve head blood 
flow autoregulation, possible increased intracranial pressure, 
and prolonged hypoxia.

Erectile dysfunction drugs and ION. In 2002 Pomeranz 
et al. reported a series of  patients who developed ION  
in the hours after taking erectile dysfunction drugs 
(phosphodiesterase-5 (PDE-5) inhibitors).599 Since then there 
have been numerous similar case reports,600–608 and much 
debate as to whether the relationship is causal or a coinci-
dence given that both the use of  these drugs and ION tend 
to occur in the same vasculopathic population.609–616 Most 
compelling are the cases associated with repeated episodes 
of  either transient, permanent, or sequential vision loss with 
repeated doses of  PDE-5 inhibitors.600,617,618 McGwin et al.619 
did not find a higher incidence of  erectile dysfunction drug 
use in men with a history of  ION compared with age-matched 
controls. Gorkin et al.620 reviewed the data from over 100 
clinical trials of  sildenafil and found only one case of  ION 
and estimated the annual incidence to be 2.8/100 000, which 
is not different from the reported incidence of  ION in popula-
tion studies. A review of  67 double-blind, placebo-controlled 
trials and the postmarketing safety database for sildenafil 
reviewed a total of  39 277 patients and revealed an event 
rate for NAION of  0.8%. Almost half  of  the cases for which 
medical history was available revealed predisposing vascular 
risk factors, again arguing for very low risk of  ION related 
directly to the medication.621 However, since the PDE-5 inhibi-
tor does lower systemic blood pressure slightly and since the 
medications are often taken at night (and PDE-5 inhibitor–
associated ION is most often noted in the morning), it is 
possible that they contribute to nocturnal hypotension. In 
a case-crossover study, NAION was found to be two times 
more likely to have occurred in association with use of  PDE-5 
inhibitors than without.622 In healthy individuals, there is 
no significant change in optic nerve rim or foveolar choroidal 
blood flow after a dose of  100 mg of  sildenafil,623 although 
other investigators have shown small changes in choroidal 
thickness after a 200-mg dose.624 Most experts agree, however, 
that patients who have had ION in one eye should be cau-
tioned against subsequent use of  PDE-5 inhibitors, particu-
larly if  they have systemic risk factors and a disc at risk.

Ischemic optic neuropathy has also been reported in young 
children taking sildenafil for pulmonary hypertension and 
congenital heart disease.625

Neuro-ophthalmic symptoms. Most patients with ION 
describe a sudden onset of  monocular visual loss, often upon 
awakening (40% in the IONDT study571). It usually is maximal 
when noted, and often does not progress. There are usually 

been reported in association with AION include antiphos-
pholipid antibody syndrome, previous radiation therapy, 
juvenile diabetes, shock, severe hypertension, and migraine.

Arteritic ION is usually a result of  temporal arteritis. 
Patients in this group can present either with disc swelling 
(arteritic AION) or without disc swelling. The latter presenta-
tion is termed arteritic posterior ischemic optic neuropathy 
(PION) and is sufficiently rare as an idiopathic condition 
that in an elderly patient with PION, temporal arteritis should 
always be excluded. When arteritic ION is a heralding mani-
festation of  temporal arteritis, other generalized symptoms 
are usually present.

The remainder of  this section discusses the diagnosis and 
management of  nonarteritic and arteritic ION in detail and 
also highlights some of  the other less common varieties.

NONARTERITIC ISCHEMIC OPTIC NEUROPATHY

AION is the most common cause of  unilateral optic nerve 
swelling and optic neuropathy in adults older than 50 
years.568,569

Demographics. The majority of  patients are 60–70 years 
of  age, but there is no absolute age range.570 Although  
there was a minimum age requirement of  50 years for eli-
gibility, the Ischemic Optic Neuropathy Decompression Trial 
(IONDT) found a mean age of  66 ± 8.7.571 This study ran-
domized patients with AION and visual acuity worse than 
20/64 to either optic nerve sheath decompression or 
observation.

Population studies suggest an increased rate in Caucasians 
compared with African Americans or Hispanic individu-
als.568,572 In the IONDT 47% of  the patients had hypertension 
and 24% had diabetes mellitus.571 The prevalence of  these 
systemic risk factors was lower in patients who were not 
randomized because their affected eye had vision better than 
20/64. This suggests hypertension and diabetes may be risk 
factors for more significant vision loss.573 A recent meta-
analysis of  12 case-controlled studies revealed that diabetes 
is an independent risk factor for NAION.574

The condition is less common but well reported in indi-
viduals younger than 50 years, although many such patients 
are referred to tertiary centers because of  their atypical age 
(23% in one series).575 There is an increased risk in younger 
patients with diabetes mellitus, hypercholesterolemia, ische-
mic heart disease, and systemic hypertension.575–577 Addi-
tionally, migraine and chronic renal failure tend to be more 
common in younger patients with NAION.578 Familial ION 
has been described, and it tends to affect individuals at a 
younger age and is more often bilateral.579 Genetic studies 
of  affected families have suggested a mitochondrial or X-linked 
transmission state.580 Other investigators have proposed a 
genetic predisposition to thrombosis to explain familial 
cases.581,582

Nocturnal hypotension, in some cases related to the treat-
ment of  arterial hypertension, may be a separate and distinct 
risk factor that may explain the high rate of  vision loss which 
occurs upon awakening.583,584 Decreased blood pressure at 
night has been demonstrated in patients with progressive 
vision loss.585,586

Another important risk factor is the disc at risk or crowded 
optic nerve head. The fellow eye is often found to have a 
small or absent cup. The high prevalence of  a small cupless 



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway150

hemorrhages and dilated capillaries on the disc surface  
(Fig. 5.43). In the IONDT, 49% of  patients had better than 
20/64 visual acuity at the time of  presentation and 34% 
had worse than 20/200.571 Patients typically have dyschro-
matopsia. However, many patients will identify color plates 
correctly, and the dyschromatopsia is detected only by sub-
jective comparison between the eyes. An afferent pupillary 
defect should be present unless the other eye had a similar 
previous problem. Visual field defects comprise any “optic 
nerve” type in addition to the classic altitudinal field loss. 

no prodromal ocular symptoms and no associated systemic 
symptoms. The presence of  prodromal amaurosis fugax or 
diplopia should increase the suspicion for temporal arteritis. 
Pain is rare in idiopathic ION but can occur in about 10% 
of  patients.626

Neuro-ophthalmic signs. Examination findings are typical 
of  an optic neuropathy with reduced acuity (at any level), 
dyschromatopsia, an afferent pupil defect, visual field loss 
which is most often inferior altitudinal, and (again by defini-
tion) disc edema which is often pale and sectoral with splinter 
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Figure 5.43. Typical appearances of the optic nerve in acute anterior ischemic optic neuropathy. In each case there is disc edema. Initially swelling 
may only be mild (A) and can be confused with the appearance of optic neuritis. Other commonly associated findings are segmental swelling and 
splinter hemorrhages (B), more diffuse swelling with a cotton-wool spot (C, arrow), and dilated capillaries or luxury perfusion (D, arrow) on the disc 
surface. 



5 • Visual Loss: Optic Neuropathies 151

in arteritic ION. Patients with nonarteritic ION have been 
shown to have an increased number of  white matter ische-
mic changes compared with age- and disease-matched con-
trols.631 This likely reflects the presence of  vasculopathic risk 
factors.632 Because ION is likely not related to embolic phe-
nomena (see later discussion), carotid and cardiac evaluations 
are not necessary in this setting.

Clinical course. The majority of  patients have a fixed 
deficit, but either progressive vision loss in the first month 
or alternatively spontaneous recovery can occur.633–635 In 
the IONDT, a surprising 43% of  the patients who received 
no treatment recovered three or more lines of  vision.636 In 
addition to proving surgery to be unhelpful, much was learned 
about the clinical profile and natural history of  ION in the 
IONDT.637,638 Other studies have also demonstrated sponta-
neous visual improvement.633,639,640 OCT can be used to follow 
the initial RNFL swelling associated with ION and the sub-
sequent thinning (see Fig. 5.9) that usually correlates well 
with the area of  visual field loss.641–643 Optic atrophy, often 
with altitudinal disc pallor (Fig. 5.45), develops as the disc 
edema resolves, and there may be “luxury perfusion” or 
presumed upregulated capillaries on the surface of  the ische-
mic disc.644 Disc edema may resolve faster in patients with 
more prominent vision loss, perhaps because more severely 
diseased axons die more quickly.645

Some patients will be examined during a peculiar asymp-
tomatic phase of  the disease in which no visual dysfunction 
is measured, but the disc is swollen. This premonitory phase 
of  disc swelling often progresses to cause visual loss but may 
also resolve spontaneously.646–648 Development of  symptomatic 
ION with vision loss in these patients occurs in about 45% 
of  patients, on average 6 weeks after the disc swelling is 
noted.649 OCT studies have revealed a stabilization of  RNFL 
measurements by 6 months after the acute event.650

Up to one-quarter of  patients have central scotomas.282 Vitritis 
is absent, so its presence should increase the clinical suspicion 
for alternative inflammatory and infectious diagnoses.

The characteristic disc appearance (see Fig. 5.43) has 
sectoral swelling and splinter hemorrhages, often with attenu-
ation of  the peripapillary arterioles. If  a previous attack in 
the other eye resulted in a pale disc, the term pseudo–Foster 
Kennedy syndrome applies with ischemic swelling in the newly 
affected eye and old atrophy in the other eye (Fig. 5.44; see 
also Chapter 6).627 Sequential attacks of  ischemic optic neu-
ropathy are distinguished from the true Foster Kennedy 
syndrome by inferior field loss and visual acuity reduction 
in the eye with the swollen optic nerve in consecutive ION.

Diagnostic studies/evaluation. Usually no further diag-
nostic studies need be obtained, although the erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) levels 
should be checked to screen for temporal arteritis (see later 
discussion). However, carefully timed fluorescein angiography 
may also be able to distinguish ION disc swelling from other 
causes of  disc swelling by demonstrating delayed optic nerve 
head filling.628,629 OCT studies have demonstrated a mild 
amount of  subretinal fluid in some patients with ION. This 
observation might explain some of  the visual acuity recovery 
that occurs in certain patients.630

MRI does not have a major role in the diagnosis of  acute 
anterior ION, but research studies have revealed that it may 
be useful in differentiating optic neuritis from NAION in dif-
ficult cases; unlike NAION patients, patients with optic neuritis 
are more likely to demonstrate enhancement of  the optic 
nerve after intravenous contrast administration and increased 
short T1-inversion recovery signal.293 In addition, MRI is 
occasionally necessary to exclude compressive and infiltrative 
conditions mimicking simple ION. Gadolinium enhancement 
of  the optic nerve may occur but is rare and more common 

BA

Figure 5.44. Right and left optic nerves of a patient with acute vision loss in the right eye associated with disc swelling (A) and disc pallor in the left 
eye (B) from preexisting optic neuropathy. This appearance of pallor in one eye and swelling in the other most commonly results from sequential 
attacks of ischemic optic neuropathy, as in this case, and is termed the pseudo–Foster Kennedy syndrome. 
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ION may actually be secondary to a papillary vitreous detach-
ment in certain individuals who may be more susceptible 
due to their optic disc configuration.668

Several other factors support a vascular occlusive etiology: 
sudden onset, association with diabetes, hypercholesterolemia 
and hypertension, lack of  evidence of  inflammation, simi-
larities in presentation to the arteritic variety, and the fact 
that a similar syndrome can be created in animals with an 
experimental vascular occlusion. However, there are several 
factors that cast some doubt on a simple vasoocclusive patho-
genesis in nonarteritic AION657:

1. There is no good autopsy evidence of  occluded vessels.
2. The cilioretinal and choroidal circulations are usually 

spared.
3. Occurrence soon after cataract surgery is well recog-

nized.665,669–674 Half  of  these patients have involvement 
of  the second eye if  operated, regardless of  anesthesia 
type. These patients have a lower prevalence of  vascu-
lopathic risk factors and crowded optic nerve heads, 
indicating that this may have a distinct pathogenesis.671 
It has been suggested that elevated intraocular pressure 
may be a factor.

4. AION is only rarely associated with carotid disease.
5. Sequential attacks in two eyes are separated by months 

or years without intervening evidence of  vascular occlu-
sion affecting other organs.

6. Patients may have months of  premonitory disc edema 
before visual loss.646,647

7. One cause for ION is major blood loss (see later discus-
sion). In this setting there may be a delay of  hours to 
days before vision loss occurs.675

8. There are well-recognized cases of  progression over 
weeks.633–635

9. Cases of  embolic ION are only rarely reported and are 
distinctly different from the typical presentation.676

10. Repeated attacks in the same eye are unusual.677 A pro-
tective effect from the first attack is certainly atypical 
for other kinds of  vasoocclusive disease such as stroke 
or myocardial infarction.

Some authors have hypothesized that the pathogenesis 
of  ION may be related to venous obstruction in the nerve 
head.658 In this scheme, venous occlusion leads to the devel-
opment of  a compartment syndrome and disc swelling. Ulti-
mately, the pathogenesis and treatment of  ION may be aided 
by animal models of  ION using laser-induced photothrombotic 
induction of  ischemia.678–681

Other systemic associations with nonarteritic AION. 
A hypercoagulable state secondary to antiphospholipid anti-
bodies has been reported to occur in patients with AION; 
thus “young” patients with ION should be investigated for 
this possibility.682–684 However, prothrombotic states in general 
are not associated with AION.581 Elevated serum homocys-
teine levels has been implicated in some series as a risk factor 
for ION, but other studies’ levels have not confirmed this 
association.685–687 Patients with uremia have been described 
with vision loss and optic nerve swelling, presumably on an 
ischemic basis.688,689 Visual loss is bilateral, and improvement 
with hemodialysis has been reported. Other patients with 
acute hypertensive crisis, as in the setting of  preeclampsia, 
have been reported to develop ION.690 Although perhaps an 
example of  two common, unrelated conditions occurring in 

One study suggested a lifetime risk of  30–40% of  second 
eye involvement651; however, in the cohort of  patients in the 
IONDT, the 5-year risk was only 14.7%.652 The cumulative 
incidence rates are even higher in older patients and patients 
with diabetes640 and hypertension and may also be higher 
in younger patients.578 In one study, which has been criticized, 
an increased risk of  cerebrovascular and cardiovascular 
disease was found in ION patients.653–656

Pathogenesis. Although the pathogenesis of  nonarteritic 
ION remains obscure,657,658 Hayreh659 has provided insight 
into the disorder. AION may result from insufficiency in the 
posterior ciliary artery circulation as histologic studies have 
demonstrated infarction at the level of  the retrolaminar optic 
nerve (supplied by the short posterior ciliary arteries)660 and 
Doppler studies have further corroborated reduced blood flow 
in the short posterior ciliary arteries.661 Experimental occlu-
sion of  the posterior ciliary arteries in monkeys results in a 
similar clinical appearance to ION with pale disc swelling.662 
How systemic microvascular disease, a crowded optic nerve 
head, and possibly nocturnal hypotension ultimately lead 
to a final common pathway of  axonal edema and subsequent 
axonal degeneration is still unknown.663 Intuitively it is pos-
tulated that microvascular, atherosclerotic capillary disease 
compromises already narrowed lumens (from the crowded 
disc). Ultimately relative poor perfusion and catastrophic 
infarction occurs when perfusion pressure is reduced to below 
a critical level. Impaired autoregulation may also play a role 
in pathogenesis—a loss of  autoregulation is a known con-
sequence of  systemic hypertension664—or certain humoral 
factor levels, such as endothelin-1, may be altered.665 It is 
also possible that axons within a small crowded optic nerve 
which swells are more vulnerable to tissue ischemia, as in 
a compartment syndrome.666,667 There is little evidence to 
suggest that an embolic event may cause nonarteritic ION. 
An unproven theory has been put forth that nonarteritic 

Figure 5.45. Superior segmental atrophy in a patient with inferior vision 
loss after a previous attack of anterior ischemic optic neuropathy. 
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in distinguishing the two entities are sex, presenting visual 
acuity, and laboratory tests. Depending on the type of  defect, 
the visual fields may be helpful in identifying typical ION 
from ON, as patients with ION typically have inferior altitu-
dinal field loss.713 However, there is enough overlap to make 
the distinction based on field criteria alone impossible. 
Maximal visual loss within 24 hours is not uncommon in 
optic neuritis, and progression for up to 10 days can occur 
with ION.

TEMPORAL ARTERITIS AND ISCHEMIC  
OPTIC NEUROPATHY

Visual symptoms related to temporal (giant cell, cranial, 
granulomatous, Horton’s) arteritis are a neuro-ophthalmic 
emergency. The most common mechanism is arteritic ION, 
referring to sudden optic nerve infarction due to vessel lumens 
narrowed by vasculitis. A nonocular cause of  visual loss in 
temporal arteritis, occipital lobe infarction, is reviewed in 
Chapter 8. Since many cases of  blindness in giant cell arteritis 
are preventable with immediate administration of  corticoster-
oids, suspected patients require emergent diagnosis and 
intervention.

Demographics. There is an increased incidence in woman 
(3 : 1). Most affected individuals are Caucasian, but patients 
in other racial groups may be affected.714,715 The prevalence 
of  giant cell arteritis increases with age.716,717 Most patients 
are older than 70 years, and cases in individuals younger 
than 50 years are exceedingly rare,718 making patients with 
AION due to giant cell arteritis on average older than patients 
with nonarteritic AION.

Pathology. The vasculitis involves large and midsized 
arteries, usually extradural, containing an elastic lamina. 
The arteritis has a predilection for the superficial temporal, 
vertebral, ophthalmic, and posterior ciliary arteries.719 This 
distribution explains the high frequency of  blindness and 
the occasional cerebellar, brainstem, and occipital lobe strokes 
observed in this disorder. Optic nerve infarction typically 
occurs at a retrolaminar or prelaminar–retrolaminar water-
shed zone supplied by branches of  the short ciliary arteries 
and branches of  the ophthalmic artery.720 Other vessels less 
commonly involved include the internal carotid, external 
carotid, and central retinal arteries. In addition, dissection 
related to involvement of  the proximal aorta and myocardial 
infarction from vasculitis in the coronary arteries have both 
been reported.721

Histologically, early cases are characterized by lymphocytes 
limited to the internal or external elastic lamina or adventitia 
of  the vessel wall, with destruction of  those layers. More 
marked involvement is typified by involvement of  all vascular 
layers. Necrosis and granulomas containing multinucleated 
histiocytic and foreign body giant cells, histiocytes, and lym-
phocytes may be seen.722 Inflammation of  the arterial wall 
narrows the vessel lumen and causes thrombosis and vascular 
occlusion.723

Pathogenesis. The greater incidence in Caucasians and an 
association with HLA antigens DR3, DR4, DR5, DRB1, and 
Cw3 suggest giant cell arteritis may have a genetic compo-
nent.722,724 Immunologic studies have demonstrated involvement 
of  humoral and cellular immunity, particularly of  T-cell func-
tion.724,725 Tissue and T-cell production of  interferons and mac-
rophage secretion of  interleukins are also likely important.726

the same patient, typical migrainous episodes followed by 
AION have also been reported.691,692

Treatment. There is no known effective therapy. Although 
steroids are usually considered to be ineffective, a contro-
versial retrospective study showed better vision and quicker 
resolution of  disc swelling with the use of  steroids.693 The 
significance of  these findings is uncertain, and there has not 
been widespread adaptation of  steroid treatment in ION, 
although they are occasionally used in practice. Optic nerve 
sheath fenestration or decompression has been used and 
seemed to improve vision in some progressive cases.694–696 
Other series did not support the findings of  these authors,697,698 
and ultimately the IONDT concluded that the surgery was 
not beneficial and may be harmful since the group receiving 
surgery had a lower rate of  visual recovery and a higher 
rate of  loss of  three or more lines of  acuity.636,699

Hyperbaric oxygen,700 aspirin,701 heparin, and warfarin 
have also been shown to be ineffective in altering the course 
of  ischemic optic neuropathy. In contrast, levodopa and car-
bidopa have been shown to improve visual acuity in patients 
with even long-standing vision loss from ischemic optic 
neuropathy,702 but the results were not reproduced.703 Small 
groups or single patients have been reported to improve with 
transvitreal optic neurotomy704 and triamcinolone.705 Intra-
vitreal bevacizumab has recently garnered more attention 
due to promising reports demonstrating improved visual 
acuity in almost half  of  bevacizumab-treated patients with 
NAION.706 However, these studies were small and nonran-
domized. A more recent prospective, controlled, nonrandom-
ized study of  25 patients failed to show any significant effect 
on visual field or visual acuity after administration of  beva-
cizumab compared with observation.707

Finally, the protective effect of  a previous attack of  ION 
is powerful, as recurrence within a previously affected eye 
is rare.677 In part this may result from retinal ganglion cell 
atrophy and decreased crowding at the optic nerve head. 
Thus Burde suggested prophylactic panretinal photocoagula-
tion to produce controlled optic atrophy, a treatment that 
has not yet been pursued or tested.708 Intravitreal injection 
of  prostaglandin J2 in rat models has been shown to be neu-
roprotective in NAION.709

There is also no effective prophylaxis for second-eye involve-
ment. For this purpose we often place patients with nonar-
teritic AION on daily low-dose aspirin therapy, but there is 
no prospective proof  of  its efficacy.710,711

Clinical distinction between optic neuritis and ische-
mic optic neuropathy. The clinical profile of  these two 
groups of  patients can overlap significantly, particularly in 
adults between the ages of  30 and 50 years, when they 
present with disc swelling but without pain on eye move-
ments.282 There are no laboratory tests to distinguish the 
two entities. However, in most instances the distinction is 
easily made based on consideration of  the patient’s age, 
associated symptoms, and examination findings. Otherwise 
healthy patients younger than 40 years almost never get 
ION. The presence of  pain is common in optic neuritis, while 
it is present in less than 10% of  ION patients, and generally 
is not exacerbated by eye movements.626 Also, a normal-
appearing nerve is common in ON and by definition not seen 
in AION. Warner et al.712 found that altitudinal swelling, 
pallor, arterial attenuation, and hemorrhage were more 
common in AION than in ON. Factors that are not helpful 
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most common (80–90%) cause of  vision loss in temporal 
arteritis (Table 5.5).738,742,745,746 Visual loss is usually profound 
and in general is more severe than in nonarteritic ION. Hand 
motion, light perception, and NLP vision, which are uncom-
mon in the nonarteritic version, occurred in a total of  44% 
of  eyes in one series.738

The disc edema of  arteritic AION is classically described 
as chalky white and may extend away from the disc  
(Fig. 5.46). Alternatively the infarction may be posterior or 
retrobulbar without disc swelling (PION; see later discussion). 
Cotton-wool spots may be an early sign (Fig. 5.47). Vision 
loss may also occur on the basis of  choroidal ischemia or 
branch or central retinal artery occlusion (CRAO) (Fig. 5.48). 
The simultaneous presence of  AION and retinal arterial 
occlusion indicates ophthalmic artery involvement. Since 

The simultaneous occurrence of  giant cell arteritis in a 
husband and wife727 and demonstration of  the DNA of  various 
infectious agents supports a possible but unconfirmed envi-
ronmental exposure or infectious etiology.728,729 For example, 
evidence of  Chlamydia pneumoniae, parvovirus B19, human 
papillomavirus, and human herpesvirus have all been isolated 
from temporal artery specimens.730,731 Most recently, varicella 
zoster virus DNA has been detected in some patients with 
biopsy-negative giant cell arteritis.732–734 Initial reports of  
the presence of  a Burkholderia-like bacterial pathogen in 
temporal arteries were not confirmed.735

Neuro-ophthalmic symptoms. Patients may have pre-
monitory episodes of  transient monocular blindness before 
visual loss (sometimes when rising from a supine position) 
related to impaired ocular blood flow.736 Another complaint 
may be bright-light amaurosis, caused by the increased 
metabolic demands of  photoreceptors for which blood supply 
is unavailable.737 Transient episodes of  binocular diplopia738 
and formed visual hallucinations739 may occur as well.

Visual loss is usually sudden and severe, and sometimes 
there is accompanying pain. Simultaneous bilateral vision 
loss occurs in 20–62% of  patients with temporal arteri-
tis.738,740–743 In untreated patients, one study found second 
eye involvement occurs in approximately 75% of  patients 
within days, and usually within a week.740

In contrast, simultaneous bilateral presentation with non-
arteritic ION is rare and usually occurs only as a complication 
of  surgery or with significant blood loss. Table 5.4 contrasts 
the clinical presentations of  arteritic and nonarteritic ische-
mic optic neuropathy.

Neuro-ophthalmic signs. Visual complications of  giant 
cell arteritis develop in about 30% of  patients with biopsy-
proven disease.744 Anterior ischemic optic neuropathy is the 

Table 5.4 Clinical Distinction Between and Nonarteritic and Arteritic Ischemic Optic Neuropathy

Criteria Nonarteritic Arteritic

Age Any, usually 60–70 years Rare under 50 years, most over 70 years

Race No difference More common in Caucasians, less common 
in African Americans

Sex No difference More common in women

Preceding systemic symptoms None Common

Preceding ocular symptoms None Common, transient visual loss or diplopia

Pain Rare Common

Vision loss Minimal to severe Usually severe

Simultaneous involvement of eyes Extremely rare Occasional

Second eye involvement 15–30% in months or years 75% within days or weeks

Disc appearance Sectoral edema Normal or chalky white swelling

Sedimentation rate Less than 40 Any; usually greater than 90

Fluorescein angiogram Normal; can have delayed optic nerve head filling Choroidal filling defects

Anatomic predisposition Small crowded optic nerve head None

Other signs of ocular ischemia Never Occasional

Late optic atrophy Simple pallor Can having cupping

Response to steroids None Systemically: definite
Vision: sometimes

Table 5.5 Etiology of Visual Loss (N = 63 eyes)  
in a Study of 45 patients With Biopsy-Proven Giant  
Cell Arteritis

Anterior ischemic optic neuropathy (AION)* 55 (88%)

Posterior ischemic optic neuropathy (PION) 2 (3%)

Central retinal artery occlusion (CRAO) 3 (5%)

Branch retinal artery occlusion (BRAO) 3 (5%)

Choroidal infarction 4 (6%)

Optic atrophy (exact etiology unclear) 3 (5%)

*- AION and CRAO, 1 eye; AION and BRAO, 2 eyes; AION and choroidal 
infarct, 4 eyes.

From Liu GT, Glaser JS, Schatz NJ, et al. Visual morbidity in giant cell arteritis: 
clinical characteristics and prognosis for vision. Ophthalmology 
1994;101:1779–1785, with permission.
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Figure 5.46. Acutely swollen optic nerves in arteritic ischemic optic neuropathy. The swelling may have a diffuse chalky white appearance (A) or be 
more focal and white with a cotton-wool spot (arrow) away from the disc (B). 

BA

Figure 5.47. Ophthalmoscopic appearance of the left eye of two different patients who presented with severe vision loss due to temporal arteritis. A. 
A large cotton-wool spot (arrow, temporal to the disc) is the only visible abnormality. B. More extensive, scattered cotton-wool spots are seen. In these 
patients vision loss was presumably on the basis of choroidal ischemia or posterior ischemic optic neuropathy. 

few other disorders cause both of  these together in the same 
eye, this combination makes the diagnosis of  temporal arte-
ritis extremely likely until proven otherwise. Later in the 
course when optic atrophy supervenes, it is often associated 
with cupping747,748 (Fig. 5.49). In contrast, cupping is only 
rarely found after nonarteritic AION.749

There may also be signs of  ocular ischemia.750,751 Even 
without ocular ischemia, intraocular pressure may be low.752 
Motility disturbances may also occur and result either from 
ischemia of  the extraocular muscles, ischemic ocular motor 
nerve palsies, or brainstem stroke (see Chapter 15).753 Orbital 

inflammatory masses due to giant cell arteritis also have 
been reported.754

Systemic symptoms and signs. Most patients with  
visual complications due to giant cell arteritis will have pre-
monitory systemic symptoms (Table 5.6) for days or years 
before or accompanying their visual symptoms. Patients may 
have polymyalgia rheumatica (proximal muscle ache, stiffness, 
and arthralgias), headache, scalp tenderness, jaw claudication 
when chewing or talking, fever, malaise, or weight loss. Most 
of  these symptoms are due to end-organ ischemia. Headaches 
and jaw claudication are the most common symptoms, and 
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The major neurologic complications of  giant cell arteritis, 
such as cerebrovascular symptoms and other cranial nerve 
palsies, are discussed further in Chapters 8 and 15. Aseptic 
meningoradiculitis758 and dural enhancement759 may also 
occur. As alluded to earlier, cardiovascular manifestations 
include aortic aneurysm, dissection, or rupture; coronary 
artery disease; and aortic valve insufficiency.760

Establishing the diagnosis. In our experience, patients 
with AION or CRAO due to giant cell arteritis can be identi-
fied by any combination of  (1) age older than 50 years, (2) 
typical fundus appearance (disc swelling with or without 

jaw claudication may predict a higher risk for vision 
loss.738,743,755 In fact a new onset of  headache in any elderly 
patient should raise the possibility of  giant cell arteritis. Less 
common systemic complications include scalp and tongue 
necrosis756,757 (Fig. 5.50) and tongue or swallowing claudica-
tion. Between 16% and 26% of  patients with visual complica-
tions due to giant cell arteritis will have an “occult” form745 
with ophthalmic complaints but no systemic symptoms.

Physical examination will generally show an ill-appearing 
patient. Cachexia and pallor may be evident. The temporal 
artery may be tender, prominent, cordlike, and pulseless.

BA

Figure 5.48. Retinal ischemia in temporal arteritis. A. Combined ischemic optic neuropathy with chalky white disc swelling and retinal whitening 
(arrows) secondary to branch retinal artery occlusion. B. Central retinal artery occlusion from temporal arteritis. A macular cherry-red spot (arrow) is 
present, but there is no visible occlusive embolus. 

Figure 5.49. Optic atrophy with cupping after ischemic optic neuropathy 
secondary to temporal arteritis. The arrows highlight the edge of the 
cup, seen best nasally. 

From Liu GT, Glaser JS, Schatz NJ, et al. Visual morbidity in giant cell arteritis: 
clinical characteristics and prognosis for vision. Ophthalmology 
1994;101:1779–1785, with permission.

Table 5.6 Systemic Symptoms Before Ophthalmic 
Presentation in a study of 45 Patients With Biopsy-
Proven Giant Cell Arteritis and Visual Symptoms

Headache 58%

Jaw claudication 53%

Weight loss 31%

Malaise 22%

Polymyalgia rheumatica 22%

Anorexia 20%

Fever 11%

Neck pain 11%

Scalp tenderness 11%

Anemia 9%

Dementia 4%

Swallowing claudication 4%

Confusion, facial pain, periorbital edema, 
somnolence, tinnitus, vertigo

2% each
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Fluorescein angiography. Fluorescein or indocyanine 
angiography may show delayed choroidal filling and focal, 
patchy perfusion defects (Fig. 5.51).771 We have found this 
test to be extremely useful because of  its relative sensitivity 
and specificity for giant cell arteritis when these angiographic 
features are demonstrated in the setting of  acute vision loss 
in an elderly patient.

Temporal artery biopsy. If  temporal arteritis is clinically 
suspected, a temporal artery biopsy should almost always 
be performed (Fig. 5.52). The procedure rarely results in 
significant complications, and therefore the threshold to 
perform a biopsy should be low. A high ratio of  negative to 
positive results is acceptable. Skip lesions are often present, 
so generally long segments (greater than 3 cm) are recom-
mended.772 Grossly at the time of  surgery, arterial abnormali-
ties are often present and consist of  irregular thickening, 
stiffness, and a mottled gray appearance (Fig. 5.53). Multiple 
transverse sections should be made of  each segment. Histo-
pathologic evaluation (Fig. 5.54) reveals transmural inflam-
mation, with destruction of  the internal elastic lamina, 
obliteration of  the lumen, and characteristic epithelioid cells 
and giant cells. False-positive temporal artery biopsies are 
rare but have been seen in granulomatosis with polyangiitis773 
and sarcoidosis,774 for example. Rarely necessary, alternative 
biopsy sites include the occipital artery.775

The issue of  whether to obtain a bilateral or unilateral 
temporal artery biopsy remains controversial.776,777 In many 
cases the initial biopsy can be seen to be grossly abnormal 
at the time of  surgery (Fig. 5.53), and only a unilateral biopsy 
needs to be performed. We obtain bilateral biopsies when 
the initial biopsy is negative or equivocal, and the clinical 
suspicion for giant cell arteritis remains high. A one-sided 
procedure adequately excludes giant cell arteritis when the 
pretest suspicion is low.778–781 In one study, fever, jaw clau-
dication, pale optic disc edema, or any systemic symptom 
other than headache were found more commonly in patients 
found to have arteritis.781 In another report the combination 
of  jaw claudication and double vision was highly predictive 
of  a positive biopsy.782

Withholding treatment while waiting to do a biopsy is 
unnecessary. Histopathologic evidence of  arteritis can be 
seen at 1 week after treatment with steroids.783 It is also now 
well established that biopsies in some chronic cases can still 
reflect diagnostic pathology several weeks and maybe even 
years after steroid therapy has begun.738,784–787

Only rarely is a diagnosis of  biopsy-negative temporal 
arteritis made based on clinical grounds. We caution against 
making this diagnosis routinely or without biopsy on a pre-
sumptive basis. Too often, months later during steroid treat-
ment, which can often lead to devastating side-effects for 
the patient, the clinician is left in a quandary regarding 
whether steroids can be discontinued or should be replaced 
because no tissue diagnosis was made.

Noninvasive vascular studies. Color Doppler may dem-
onstrate abnormal flow within the ophthalmic, central retinal, 
and short posterior ciliary arteries,788 and temporal artery 
wall abnormalities may also be seen with this modality, such 
as hypoechoic edematous wall swelling that is not compress-
ible.789 Currently these tests are not part of  our usual 
evaluation.

Management/treatment. When patients present with 
vision loss, successful prevention of  second eye involvement 

retinal infarction), (3) typical systemic symptoms, (4) high 
ESR combined with high CRP, (5) positive temporal artery 
biopsy, or (6) abnormal fluorescein angiography. When sys-
temic symptoms are absent in so-called “occult” temporal 
arteritis, almost always the ESR and CRP are elevated.738 If  
the ESR and CRP are normal, alternatively almost always 
systemic symptoms are present. In other words, visual loss 
due to giant cell arteritis with a normal ESR and CRP and 
without systemic symptoms would be unusual. Although 
more strict criteria for the diagnosis of  giant cell arteritis 
have been published,728,761 we have found these guidelines 
to be extremely helpful in clinical practice.

The following discussion details the various laboratory 
tests.

Blood tests. Normal ESRs can be estimated by the follow-
ing formula: (age × 0.5) for men, and ((age + 10) × 0.5) for 
women. The ESR is usually elevated in giant cell arteritis 
and often is above 90 mm/hour. However, elevated ESRs are 
nonspecific, since a number of  normal elderly patients have 
increased ESRs and half  of  people with ESRs over 50 have 
no explanation found.762 In addition, as many as 22% of  
patients with temporal arteritis and visual symptoms can 
have normal ESRs.738,744,763–765

Elevated CRP (>2.45 mg/dl), another acute phase reactant, 
is more sensitive (100%) than the ESR (>47 mm/h) for the 
diagnosis of  giant cell arteritis.755,766 The combination of  an 
ESR and CRP yielded a specificity of  97% for the diagnosis 
of  giant cell arteritis.767-770

Other blood tests. Chronic mild to moderate normochro-
mic anemia also may be evident.722 In addition, thrombo-
cytosis with platelet counts greater than 400 000 µl is 
associated with an increased odds ratio for having a positive 
temporal artery biopsy of  4.2.766 Thrombocytosis can be used 
to supplement the ESR and CRP results when distinguishing 
arteritic from nonarteritic ION.768–770

Figure 5.50. Necrosis of the tongue in a patient with temporal 
arteritis 
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visual symptoms due to giant cell arteritis require larger 
doses of  corticosteroids given intravenously.

Therefore in the absence of  prospective data, in cases in 
which the diagnosis of  giant cell arteritis is strongly suspected 
and visual symptoms or signs are present, we recommend 
emergent intravenous steroid therapy (methylprednisolone 
1 g) for 3–5 days with gastrointestinal ulcer prophylaxis. 
Because affected patients are typically elderly and therefore 
more prone to steroid-related cardiac and gastrointestinal 
side-effects, patients should be hospitalized while receiving 
intravenous steroids. To improve blood flow to the orbit, 
patients should lie flat for 24 hours, and aspirin can be given. 
Incorporation of  antiplatelet therapy in conjunction with 
steroids for patients without a bleeding risk may prevent 
severe ischemic complications.799

The high ESR and systemic symptoms usually improve 
rapidly with steroids, often after the first dose. Following the 

is the goal of  prompt and accurate diagnosis. There is also 
a risk for neurologic and cardiac complications in untreated 
patients. Evidence from anecdotal and retrospective studies 
suggest that (1) corticosteroids retard the progression of  
visual loss; (2) corticosteroids may diminish the risk of  fellow-
eye involvement; (3) on occasion (15–34%) vision may 
improve, sometimes dramatically, after steroids are admin-
istered; and (4) intravenous steroids maybe more effective 
than oral steroids in protecting the fellow eye and enhancing 
visual prognosis, in part because of  a higher intravenous 
corticosteroid dose and greater bioavailability.738,743,790–794 In 
a series by Chan et al.,795 vision improved in 40% of  intra-
venously treated patients, compared with 13% of  orally 
treated patients. Alternatively some authors have argued 
that intravenous steroids are no more effective than oral 
regimens.796–798 However, it is our impression that while 
systemic symptoms may respond to oral doses, patients with 
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Figure 5.51. Fundus photos and fluorescein angiograms in two patients with temporal arteritis and vision loss. A. Color fundus photograph of a patient 
with multiple episode of transient vision loss. B. The area of normal choroidal perfusion around the disc is seen to end abruptly (arrows), and more 
temporally there is a large patchy area of nonperfusion (asterisk). C. Ischemic disc edema in a patient with temporal arteritis. D. Fluorescein angiography 
demonstrating normal choroidal perfusion ending abruptly (arrows) with an area of choroidal nonperfusion (asterisk) between the disc and macula. 
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Finally, the addition of  angiotensin II receptor blockers may 
be associated with a lower relapse rate and more prolonged 
disease-free survival.800

Cases of  giant cell arteritis refractory to corticosteroids 
are extremely challenging.751,801 Some patients demonstrate 
flow-related ophthalmologic and neurologic phenomena, 
requiring Trendelenburg positioning or heparinization.737,802 
In addition, some patients’ symptoms recur many months 
or even years following initial corticosteroid treatment.738,803 
Repeat temporal artery biopsies can demonstrate persistent 
or recurrent arteritis in these cases.804 In these instances, 

intravenous treatment, prednisone 1 mg/kg per day is given 
orally. The steroid dose should remain high for the first month, 
then the dose can be tapered slowly over 6–12 months, as 
long as it is confirmed that the ESR stays normal and systemic 
symptoms are absent before each drop in dose. Many indi-
viduals require a small daily or every other day maintenance 
dose of  prednisone beyond this period. Side-effects from 
chronic steroid usage such as osteoporosis and skin break-
down are common in this age group, so a physician knowl-
edgeable about and experienced in the use of  steroids should 
supervise steroid dosing and management of  side-effects. 
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Figure 5.52. Sequence of steps used to perform a temporal artery biopsy, which can be performed in the office under local anesthesia. Location of 
the artery either by palpation of the pulse or with Doppler is critical. An incision is made directly over the artery through the skin and subcuticular 
layers. A. The dissection is carried through the subcutaneous fat with cautery down to the superficial temporal fascia (white arrow). The artery (black 
arrow) can be seen as a purplish ridge in the fascia. Blunt dissection is used to separate the artery from the surrounding fascia. B. A silk suture ligature 
is tied around both ends of the artery (arrow). C. The artery is separated completely from the surrounding fascia with blunt dissection. D. The segment 
of artery between the two sutures is then removed with sharp dissection. 
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steroid-sparing, antiinflammatory and immunomodulating 
therapy such as azathioprine, methotrexate,805 cyclophos-
phamide,806 or dapsone807,808 can be considered, but side-
effects may limit the use of  these medications. A prospective 
recent study tested the addition of  infliximab to the early 
steroid regimen in patients with polymyalgia rheumatica 
and found no benefit and even a possible harmful effect.809 
However, the encouraging results of  a recent study suggested 
adding tocilizumab, an interleukin-6 receptor, reduces relapse 
rate and the cumulative prednisone requirement.810

Visual prognosis. The prognosis for visual improvement 
in giant cell arteritis is relatively poor. Often there is no recov-
ery in NLP eyes, but there are rare exceptions.738 Progressive 
vision loss can also occur despite steroid therapy, oral or 
intravenous, in 9–14% of  patients.738,743,811 In one series, 
vision loss occurred in the first week in approximately 27% 
of  eyes despite high-dose intravenous steroids.812 Late recur-
rences of  ION while on treatment are often associated with 
recurrence of  systemic symptoms and abnormal laboratory 
testing (ESR), so patients must be followed closely to identify 

Figure 5.53. Gross abnormalities in the appearance of the superficial 
temporal artery at the time of biopsy in a patient with temporal arteritis. 
The thinner, more normal appearing artery is seen to the left (thin arrow) 
and the thickened, gray, more mottled artery is seen in the middle (thick 
arrow). 
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Figure 5.54. Histopathology of superficial temporal artery biopsy. A. Low-power view, elastin stain, demonstrating transmural inflammation and 
obliteration of the arterial lumen (arrow). B. Higher-power view (hematoxylin and eosin stain) demonstrating a giant cell (arrow). 

these important clues to disease activity.813 Sometimes, 
however, recurrences arise unpredictably without warning.814

Nonetheless, there are there several anecdotal reports of  
patients with giant cell arteritis and AION720,790,794 or CRAO793 
who experienced remarkable visual improvement. Literature 
reviews and institutional series demonstrate that as few as 
5%,815 and many as 15–34% of  patients may experience 
some recovery of  vision.738,743 When recovery occurs it is 
mostly manifested with improved acuity and less often with 
significant visual field recovery.816 Relatively higher rates of  
improvement have been attributed to the use of  intravenous 
versus oral corticosteroids,738 but the advantages of  intra-
venous over oral treatment are controversial.796,797 Visual 
recovery without steroid treatment is rare.817

Relationship between polymyalgia rheumatica and 
temporal arteritis. It is possible these represent the same 
rheumatologic disorder, but the term temporal arteritis is used 
to describe cases with involvement of  the arteries of  the head. 
Patients with polymyalgia rheumatica may develop temporal 
arteritis and visual loss despite years of  corticosteroid 
treatment.738

POSTERIOR ISCHEMIC OPTIC NEUROPATHY

PION, presumably due to infarction of  the retrolaminar optic 
nerve, should prompt a thorough systemic workup. Sadda 
et al.818 have suggested dividing patients with posterior ION 
into three groups: those with giant cell arteritis, those with 
perioperative vision loss, and those with only vasculopathic 
risk factors. In contrast to nonarteritic AION, nonarteritic 
PION is unusual. The diagnosis of  a retrobulbar ischemic 
optic neuropathy in an elderly patient demands immediate 
investigation for temporal arteritis, inflammatory causes, 
compressive lesions, and an infiltrative process associated 
with carcinomatous meningitis or CNS infection, for 
example.818,819 Inflammatory conditions such as lupus and 
polyarteritis nodosa and infectious causes including herpes-
virus and varicella zoster have been reported in association 
with PION.820,821 Sickle cell disease has also been reported 
as a cause.822 Neuroimaging is also required to exclude the 
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between ages 20 and 40 years, and patients have generally 
had diabetes for years. Mild visual loss to approximately 20/40 
is not uncommon, and there is often corresponding enlarge-
ment of  the blind spot with occasional arcuate or central 
field defects. Typically prominent telangiectatic vascular 
dilation (Fig. 5.55) is evident on the disc surface, and con-
tiguous swelling may extend into the macula. Disc edema 
may be bilateral and may be prolonged with a highly variable 
course. Patients have an increased risk for subsequent disc 
neovascularization.855 Visual recovery begins weeks to months 
after onset and may precede the resolution of  the disc swell-
ing. Intravitreal and periocular steroid injection may aid 
resolution of  disc swelling and improve vision,856,857 and the 
use of  intravitreal ranibizumab has also been reported.858 
Mild optic atrophy can develop. The pathogenesis of  this 
condition is poorly understood but most likely is disruption 
of  blood flow to the optic disc surface, sufficient to cause 
swelling and interfere with axoplasmic transport but insuf-
ficient to cause impaired nerve function. In contrast to NAION, 
which is most likely caused by a hypotensive ischemia, diabetic 
papillopathy may be associated with an impairment of  fluid 
transportation and resorption through abnormal capillary 
walls.859 In the setting of  bilateral disc swelling, it is important 
to distinguish this condition from papilledema.

Compressive Optic Neuropathies

Compressive lesions can be predicted by their typical presen-
tation with slowly progressive visual loss and optic  
nerve atrophy. Although less common, compressive optic 
neuropathy should still be considered in patients with acute 
vision loss, and in addition most individuals with unexplained 
vision loss should undergo MRI to exclude this potentially 
treatable cause.

sudden presentation of  a compressive mass lesion such as 
pituitary apoplexy or an ophthalmic artery aneurysm.

Migraine and posterior reversible encephalopathy syndrome 
have both also been reported as a cause of  posterior ischemic 
optic neuropathy.823,824 One series identified diabetes, hyper-
tension, and carotid stenosis as risk factors for PION,825 but 
in our experience such cases are exceedingly rare.

ISCHEMIC OPTIC NEUROPATHY ASSOCIATED 
WITH SURGERY OR BLOOD LOSS

In so-called “shock-associated” ischemic optic neuropathy, 
additional risk factors of  anemia, atherosclerosis, or severe 
blood loss are often present with low blood pressure to produce 
infarction of  the optic nerve. Cases of  perioperative vision 
loss particularly in association with spine and cardiac surgery 
have been increasingly recognized.826–828 This devastating 
complication associated with surgery is relatively rare but 
is a common cause of  postoperative vision loss. The disorder 
may occur in anterior (disc swelling) or posterior (normal 
disc) forms. When disc swelling occurs, it tends to be pallid, 
but sometimes the disc swelling can be minimal despite very 
poor vision, suggesting that the majority of  the optic nerve 
injury is retrolaminar. Perioperative vision loss can often be 
bilateral and severe, and the presentation may be delayed 
by hours or days after the surgery.

In addition to spine and cardiac surgery,829–839 it has most 
often been reported in association with radical neck 
dissection.840-844 The incidence of  perioperative ION in the 
relatively high-risk situations of  cardiac and spine surgery 
is close to 0.1%.828,830,836,839,845 A recent multicenter case-
controlled study (the Postoperative Visual Loss Study Group) 
identified risk factors for perioperative ischemic optic neu-
ropathy in spine surgery patients and found that male sex, 
obesity, the use of  a Wilson spinal frame, longer anesthetic 
duration, greater blood loss, and a lower percentage of  colloid 
in the nonblood fluid administration were all independent 
risk factors.846 Head position with the face down and eleva-
tion of  orbital venous pressure may also be a factor in some 
cases. Elevating the head of  the bed to keep the head neutral 
with the heart during spinal surgery, using colloids along 
with crystalloids for volume replacement, and considering 
staging procedures for high-risk patients has been recom-
mended.847 No definite blood pressure threshold has been 
identified, and the ideal blood pressure for any one patient 
is likely a combination of  several factors. Similar events have 
been reported after dialysis.848–853 Once recognized, correc-
tion of  severe anemia (hemoglobin <8 mg/dl) should be 
considered. However, no treatment protocol is established, 
and the prognosis for recovery is poor.

DIABETIC PAPILLOPATHY

The spectrum of  disc swelling in patients with diabetes ranges 
from the typical older patient with diabetes and common 
AION to a young patient with type I diabetes with benign 
disc swelling that resolves without residua. This is a con-
tinuum, as some young patients can develop mild optic neu-
ropathy and some older diabetics can have transient optic 
nerve swelling without vision loss.

Benign diabetic papillopathy or papillophlebitis is more 
common in type 1 diabetic patients.854 The onset is usually 

Figure 5.55. Appearance of the optic nerve in acute diabetic papil-
lopathy. In addition to the swelling there are dilated vessels on the disc 
surface. These vessels often resolve as the disc swelling abates or can 
progress to disc neovascularization. Round atrophic lesions in the retinal 
periphery are the result of previous panretinal photocoagulation. 
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(Fig. 5.56). Optic disc swelling can result from compression 
and axoplasmic stasis, elevated intracranial pressure, or direct 
nerve infiltration. Compression will result in optic nerve head 
swelling only when the lesion is intraorbital. It is not a con-
sequence of  an intracanalicular or intracranial lesion, which 
more typically result directly in optic atrophy. Papilledema 
is an unusual cause for disc swelling in the setting of  com-
pressive optic neuropathy, except with large subfrontal menin-
giomas and with massive lesions that compress the third 
ventricle and cause obstructive hydrocephalus. When a large 
frontal lobe lesion compresses one optic nerve with resultant 
ipsilateral optic atrophy and elevates intracranial pressure 
to cause contralateral papilledema, this is the Foster Kennedy 
syndrome (see Chapter 6).860 Swelling may be accompanied 
by collateral (“shunt”) vessels (Fig. 5.57) which bypass the 
central retinal vein and allow blood to flow from the retinal 
circulation directly into the ciliary circulation. They are 
common with optic nerve sheath meningioma but also occur 
with gliomas and chronic papilledema. Visual loss in the 
setting of  extrinsic compression of  the optic nerve results 

Etiology. Compressive optic neuropathy can result from 
benign or malignant neoplasms, contiguous sinus (mucocele) 
lesions or osseous processes (fibrous dysplasia), enlarged 
extraocular muscles, or abnormal vascular structures such 
as aneurysms. This condition can develop intrinsically from 
the nerve substance or from adjacent structures. More rarely 
it is the result of  infiltrative processes or from tumor metas-
tases. Box 5.8 summarizes the important causes of  compres-
sive optic neuropathy.

Symptoms. Ophthalmic and nonophthalmic symptoms 
generally evolve subacutely or insidiously (Box 5.9). Sudden 
vision loss can be superimposed on a chronic compressive 
problem such as hemorrhage into a lymphangioma (chocolate 
cyst) or in a pituitary tumor (apoplexy), expansion of  a cystic 
lesion as with craniopharyngioma, rapid enlargement of  a 
parainfectious lesion such as a mucocele, or rapid expansion 
of  an aneurysm. Other associated symptoms are outlined 
in Box 5.9.

Neuro-ophthalmic signs. Patients usually present with 
reduced acuity and color vision and visual field defects typical 
of  an optic neuropathy (central, centrocecal, or nerve fiber 
bundle). The optic nerve may appear normal, pale, or swollen. 
Nerve fiber loss can be detected and monitored using OCT 

Box 5.8 Compressive Lesions of the  
Optic Nerve

Intraorbital

Primary orbital tumors (see Chapter 18)
Cavernous hemangioma
Schwannoma

Secondary orbital tumors (see Chapter 18)
Sinus tumor
Metastatic tumors

Enlarged extraocular muscles (see Chapter 18)

Intraorbital/Intracanalicular/Intracranial

Optic nerve neoplasms (primary)
Optic nerve glioma (juvenile benign)
Malignant optic nerve glioma
Optic nerve sheath meningioma

Optic nerve neoplasms (metastatic)
Carcinomatous meningitis
Optic nerve metastasis
Lymphoma
Leukemia
Myeloma

Intracanalicular/Intracranial

Non-tumor sinus causes
Mucocele

Paraclinoid tumors
Meningioma

Vascular causes
Aneurysm
Ectatic carotid arteries

“Chiasmal” lesions (see Chapter 7)
Pituitary adenoma
Craniopharyngioma
Suprasellar meningioma

Other causes
Fibrous dysplasia

Box 5.9 Common Ophthalmic and 
Nonophthalmic Symptoms Associated With 
Compressive Optic Neuropathy

Ophthalmic

Reduced vision
Subacute progression
“Pseudosudden” onset from unrecognized disease

Decreased color vision
Gaze-evoked amaurosis
Pain on eye movement
Orbital fullness
Proptosis
Ptosis

Nonophthalmic

Headache (mass effect or dural involvement)
Facial numbness or paresthesias (trigeminal nerve involvement)
Reduced sense of smell (olfactory nerve involvement)

Endocrine Abnormalities (Hypothalamic/Pituitary  
Axis Involvement)

Figure 5.56. Spectral-domain ocular coherence tomography sector 
thickness plots from a patient with a right tuberculum sella meningioma, 
vision loss, and optic atrophy. In the right eye, areas of retinal nerve 
fiber layer (RNFL) thinning (red and yellow sections) were identified, and 
the overall average peripapillary RNFL thickness (number in center circle 
of grid) is markedly reduced. 
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optic nerve, optic nerve sheath, extraocular muscles, and 
orbital apex. It is far superior to CT in the evaluation of  the 
intracranial portion of  the optic nerve, the chiasm, and the 
cavernous sinuses. CT serves an ancillary role and is helpful 
in evaluating bony changes, tumor calcification, and para-
nasal sinus disease.

SD-OCT has been used both to follow the optic nerve 
atrophy in compressive optic neuropathy and to provide 
prognostic information for vision recovery after decompres-
sion for patients with pituitary tumors.861,862 An RNFL below 
85 microns may suggest that visual recovery is less likely. 
OCT may also be useful in differentiating optic cupping due 
to compressive etiologies from glaucoma.863

The remaining discussion highlights the various compres-
sive etiologies. However, primarily orbital processes, such as 
Graves or thyroid eye disease, are covered in Chapter 18; 
metastatic lesions are summarized later in this chapter in 
the section discussing cancer; and sellar processes which 
can cause intracranial compression of  the optic nerve are 
discussed in Chapter 7.

PRIMARY OPTIC NERVE NEOPLASMS: OPTIC 
NERVE GLIOMA (JUVENILE, BENIGN)

Primary gliomas of  the anterior visual pathways are of  two 
different varieties. The first is the juvenile, benign, pilocytic 
astrocytoma. The second is the rare malignant glioblastoma 
of  adulthood.

The benign optic gliomas of  childhood generally present 
in the first decade of  life with proptosis and slowly progres-
sive painless vision loss (Fig. 5.58). The disc may be swollen 
or pale, and secondary strabismus often accompanies the 
vision loss. Visual field defects are generally central scotomas 
but temporal or bitemporal field defects may occur if  the 
prechiasmatic portion of  the nerve or the chiasm is involved. 
When the optic nerve glioma is large, the proximal portion 
of  the nerve points upward, then after a kink the distal portion 
points downward. This can result in an eye which faces 

from a combination of  Wallerian (ascending or beginning 
at the cell body) axonal degeneration, demyelination, and 
axonal dysfunction.

Diagnostic studies/neuroimaging. The diagnosis of  
compressive lesions of  the anterior visual pathways is best 
accomplished with MRI with and without gadolinium of  the 
brain and orbits with fat-saturated orbital views. This tech-
nique offers excellent views of  the globe, optic nerve head, 

Figure 5.57. Chronic disc swelling from a subfrontal meningioma with 
disc collateral vessels (arrows) which connect the retinal venous system 
to the choroid, thereby bypassing the central retinal vein. In this setting, 
the disc swelling and collateral vessels could develop from either chroni-
cally elevated intracranial pressure or direct nerve compression. 
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Figure 5.58. Optic nerve glioma. A. Proptosis and inferior globe displacement (OS) in a young girl with decreased vision from an optic nerve glioma. 
B. Axial T1-weighted, fat-saturated, gadolinium-enhanced magnetic resonance imaging of the orbits demonstrating an optic nerve glioma in the left 
orbit. The intraorbital portion (solid arrow) of the left optic nerve exhibits fusiform enlargement and enhancement, while the intracranial portion (open 
arrow) is only slightly thickened, but also enhances. 
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part-time occlusion therapy (patching) of  the unaffected eye 
is recommended under the direction of  a pediatric ophthal-
mologist. This is an attempt to reverse any possible amblyopic 
component of  visual loss complicating that due to optic 
neuropathy. In many patients we have been able to regain 
several lines of  visual acuity within weeks of  diagnosis. Thus, 
in terms of  visual recovery, we consider patching the most 
effective therapy.

Usually serial neuro-ophthalmic examinations and MRI 
are performed to exclude clinical or radiographic progression, 
and patients with NF-1 are not treated unless radiographic 
progression or visual loss has occurred. Either is an indica-
tion for more aggressive treatment, and options include 
chemotherapy or surgical removal of  the tumor. Chemo-
therapy with vincristine and carboplatin would be first-line 
treatment in any child. In some instances tumor bulk and 
proptosis may improve with chemotherapy. Alternative che-
motherapeutic regimens include TPCV (thioguanine, pro-
carbazine, lomustine, vincristine), which is generally avoided 
in patients with NF-1 due to an increased risk of  secondary 
leukemia,882 as well as cisplatin and etoposide,883 temozolo-
mide,884 and bevacizumab.885 Radiation is now rarely used 
in optic nerve gliomas because of  possible unacceptable 
associated endocrinologic and neurologic side-effects. These 
complications are discussed in more detail in the glioma 
section in Chapter 7.

Surgical removal of  the prechiasmatic portion of  the optic 
nerve is a better option than chemotherapy or radiation when 
the eye is almost blind and the proptosis is severe and cos-
metically unacceptable. The procedure can be a combined 
approach by an orbital surgeon (to excise the intraorbital 
portion) and a neurosurgeon (to remove the intracanalicular 
and intracranial portion via craniotomy). In some instances 
tumor debulking can be achieved by removing only the intra-
orbital, intraconal portion. In either case, the extraocular 
muscles and the nerves supplying them are spared.

PRIMARY OPTIC NERVE NEOPLASMS: 
MALIGNANT OPTIC NERVE GLIOMA 
(GLIOBLASTOMA)

Malignant optic nerve glioblastoma, a high-grade glial neo-
plasm of  the anterior visual pathway, is a much rarer, distinct 
condition which affects middle-older-age adults. The presen-
tation with unilateral or bilateral visual loss, headache, and 
pain on eye movements is similar to that of  inflammatory 
conditions such as optic neuritis or sarcoidosis.886,887  
Patients often have disc swelling (Fig. 5.59), and the fundus 
appearance may mimic that of  venous stasis retinopathy.888,889 
Patients can progress to bilateral blindness within weeks. 
With intraorbital involvement there is proptosis and con-
junctival chemosis, and there can be progression to neovas-
cular glaucoma. MRI shows enlargement and enhancement 
of  the optic nerve, and the tumor can spread intracranially 
via the chiasm and tracts, later often involving the  
diencephalon (see Fig. 5.59). Death usually occurs within 
months. Radiation and chemotherapy may be associated 
with some preservation of  vision and prolongation of  life. 
Early in the course, transient visual improvement may occur 
when steroids are used empirically before the correct diag-
nosis is made.

Involvement of  the chiasm is discussed in Chapter 7.

downward with an accompanying monocular elevator deficit 
due to mechanical restriction.

Demographics. Most patients present in childhood, before 
age 10 years. About one-quarter (range 10–70%, depending 
on series) of  the patients with optic nerve and chiasmal 
gliomas have NF-1.864 In contrast, about 8–30% of  patients 
with NF-1 develop anterior visual pathway gliomas,865,866 
and in approximately half  of  this subset, there is no associ-
ated visual loss.867,868 The relationship between NF-1 and 
optic pathway gliomas is discussed in more detail in the section 
on chiasmal/hypothalamic gliomas in Chapter 7.

Diagnostic studies/neuroimaging. Neuroimaging typi-
cally reveals fusiform enlargement, kinking, and enhance-
ment of  the optic nerve (Fig. 5.58). MRI is preferred over 
CT in this setting because of  its superiority in evaluating the 
possibility of  intracranial extension and limited radiation 
exposure in young children. At the time of  detection about 
half  of  the tumors already exhibit chiasmal involvement.869 
The diagnosis is generally a clinical and radiographic one, 
and biopsy of  a suspected optic nerve glioma is almost never 
needed, especially in the setting of  NF-1. Certain radiographic 
features, including a cystic appearance of  a “pseudo-CSF” 
sign, are typical of  NF-1–associated gliomas.870,871 In our 
experience, bilateral optic nerve enlargement without chi-
asmal involvement is virtually pathognomonic of  NF-1.

Pathology. Histologically the tumors are generally juvenile 
pilocytic astrocytomas. They are intrinsic optic nerve tumors 
which only rarely extend outside the optic nerve sheath, and 
they appear benign without mitosis, cellular atypia, or necro-
sis. Occasionally proliferation of  arachnoid around the tumor 
may simulate a meningioma. A few authors have argued 
that optic pathway gliomas should be considered hamarto-
mas.872,873 However, because of  their pathologic features and 
occasional aggressive growth characteristics, we believe they 
are slowly growing neoplasms.874

Clinical course. The clinical course is highly variable. 
Most tumors grow only very slowly and may have self-limited 
growth. Many patients with smaller tumors confined to the 
orbit will maintain good vision and in some rare instances 
even improve spontaneously.875 Alvord and Lofton869 pro-
jected, however, that all tumors eventually grow, with 70% 
showing progression within 3 years. Some believe that the 
prognosis is worse in non-NF cases, and this has been our 
impression as well.

Optic nerve glioma presenting without radiographic dem-
onstration of  chiasmal or hypothalamic involvement, which 
subsequently extended posteriorly, are uncommon. To our 
knowledge, there have been only two published, well-
documented reports.876,877 However, the first case was exam-
ined with CT only, and it is possible that microscopic 
infiltration of  the chiasm in the initial study was  
missed. In fact, another study showed that MRI and even 
visualization at surgery often fails to delineate the posterior 
extent of  the tumor along the optic nerve when examined 
histopathologically.878

Visual acuity (either by grating acuity or picture/letter 
recognition acuity) is the standard of  care in the monitoring 
of  these patients.879 OCT may be useful in monitoring changes 
in the retinal nerve fiber layer.880,881

Treatment. In younger children, an optic nerve tumor is 
amblyogenic. Therefore, in children younger than 8 years 
with monocular vision loss from an optic pathway tumor, 
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sheath meningiomas surround the optic nerve and result in 
impaired axonal transport and interfere with the pial blood 
supply to the optic nerve. Growth of  these tumors is usually 
indolent over many years, but the rate may increase with 
pregnancy.

Neuro-ophthalmic symptoms and signs. Patients 
usually present with slowly progressive painless vision loss, 
and other visual complaints include double vision, transient 
visual obscurations, and gaze-evoked amaurosis. On occa-
sion they are aware of  headache or notice proptosis.

MENINGIOMAS OF THE OPTIC NERVE SHEATH

Compressive optic neuropathy may result from primary optic 
nerve sheath meningiomas (ONSM). These occur primarily 
in middle-aged women (2 : 1 over men) and are usually uni-
lateral. Bilateral and multifocal cases occur in NF-2.890,891 
In children the condition is rare and often associated with 
a more malignant tumor and NF-2.892

Pathology and growth characteristics. The tumors arise 
from meningothelial cells in the arachnoid villi. Optic nerve 
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Figure 5.59. Glioblastoma of the optic nerve presenting with disc swelling (A) and peripheral retinal hemorrhage (B) secondary to central retinal vein 
compression and subsequent venous stasis. Axial (C) and coronal (D) T1-weighted magnetic resonance imaging (MRI) with gadolinium shows thicken-
ing and enhancement of the optic nerve (arrows). Three months later there is extensive growth of the tumor seen on axial (E) and coronal (F) T1-weighted 
MRI with enhancing tissue (arrows) extending into the surrounding brain parenchyma. 

Continued
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exquisite demonstration of  the details of  the intracanalicular 
optic nerve helps to identify intracranial extension. Given 
the tight confines of  the optic canal, ONSM arising in this 
region may be visually symptomatic despite being subtle 
radiographically (Fig. 5.62).

The pattern of  fusiform enlargement overlaps with optic 
nerve glioma, but kinking is not seen with meningioma. The 
diagnosis is therefore established on clinical and radiographic 
grounds, and, like glioma, tumor biopsy is almost never 
needed. The radiographic appearance of  ONSM also can be 
simulated by orbital pseudotumor (particularly the sclerosing 
variety), optic perineuritis,898 sarcoid infiltration, and lym-
phomatous and carcinomatous meningitis. All of  these con-
ditions present much more rapidly than ONSM and are more 
likely to be associated with pain. In difficult situations, soma-
tostatin receptor scintigraphy may be useful in differentiating 
meningiomas from other optic nerve sheath processes.899

Clinical course. The natural history of  these tumors is 
characterized by insidious progression, sometimes to complete 
blindness of  the eye. Visual function has been reported to 
remain unchanged for many years in some patients with 
ONSM, and rarely spontaneous improvement of  vision can 
occur.900 Fortunately, intracranial extension of  optic nerve 
sheath meningioma is quite rare.

Treatment. In the rare equivocal case, biopsy is required 
to establish the diagnosis.901 This is recommended only for 
an eye with poor vision after serial lumbar punctures to 
exclude inflammation and neoplasm were normal, and after 
steroids failed to improve vision.

In rare cases where visual acuity and field loss are negli-
gible and the tumor is located posteriorly, careful observation 
without treatment may be warranted, but frequent reassess-
ments are crucial to prevent permanent vision loss. Most 
patients with optic nerve sheath meningiomas are treated 
with radiation therapy. This modality is generally reserved 
for adult patients with salvageable vision. Radiation typically 

The optic disc almost always appears abnormal, as about 
half  the patients have optic atrophy and half  have disc 
swelling.893–895 Optociliary collateral vessels are sometimes 
present and can be seen in both swollen and atrophic nerves. 
Most patients have measurable proptosis, but this is less 
common in patients with canalicular lesions.

Diagnostic studies/neuroimaging. Neuroimaging is 
usually diagnostic, showing diffuse, tubular optic nerve 
enlargement (Figs. 5.60 and 5.61). On CT, calcification (see 
Fig. 5.60) or a “tram track sign,” referring to two parallel 
lines along the length of  the nerve, are often seen.894,896 MRI 
is now the procedure of  choice to identify and determine the 
extent of  ONSM (see Fig. 5.61). The tumor is isointense with 
brain on T1 and T2 images and smoothly enhances with 
gadolinium.897 Often the MRI will show the tumor to be 
separate from the optic nerve proper on coronal views, and 
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Figure 5.59., cont’d

Figure 5.60. Axial computed tomography of optic nerve sheath menin-
gioma without contrast that shows thickening and calcification of the 
left optic nerve (arrow). 
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with good results in patients with optic nerve sheath 
meningiomas.903–907 Comparative studies suggest that ste-
reotactic fractionated radiotherapy may be better tolerated 
than conventional radiotherapy.904 Early reports using proton 
beam radiation therapy have also been promising,908 but 
larger studies are warranted.

improves either vision, visual fields, or disc swelling or at 
least halts visual loss.902 Conformal radiotherapy techniques 
(including three-dimensional conformal radiation, intensity-
modulated radiotherapy, and stereotactic fractionated radio-
therapy), which deliver higher radiation doses to the tumor 
and decreased radiation to surrounding tissue, has been used 
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Figure 5.61. Magnetic resonance imaging (MRI) of optic nerve sheath meningioma. A. Sagittal T1-weighted MRI showing diffuse sheath enlargement. 
Enhancement is clearly seen (black arrow), and the nerve widens (white arrow) towards the orbital apex. B. Axial, T1-weighted MRI with left optic nerve 
sheath meningioma with diffuse enlargement of the intraorbital optic nerve (arrow). T1-weighted, fat-suppressed, gadolinium-enhanced imaging, axial 
(C) and coronal (D) views, demonstrates enhancement and thickening (arrows) of the nerve sheath. 
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Figure 5.62. Magnetic resonance imaging (MRI) of optic canal meningioma. Diffuse enhancement (arrows) is seen on the axial (A) and coronal  
(B) T1-weighted MRI with gadolinium. 
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ficient to make the diagnosis of  skull base meningiomas  
(Fig. 5.63) and therefore biopsy is rarely needed. MRI features 
include isointense, smoothly enhancing masses (Fig. 5.64; 
see also Fig. 5.63) with dural tails (see Fig. 5.64).

Treatment and visual outcome. The clinical course is 
usually one of  chronic progression. Older patients with only 
mild to moderate symptoms, who are not necessarily good 
surgical candidates, can be observed with serial visual fields 
and MRI. Patients who are found to have an intact nerve 
fiber layer (NFL) on OCT have a more favorable prognosis 
for vision recovery than those with demonstrable pretreat-
ment thinning of  the NFL.862 Currently chemotherapy is not 
generally used to treat meningiomas, although previous 
reports suggested that progesterone receptor antagonists may 
be useful.912,913 The mainstays of  management of  these basal 
meningiomas are surgery and radiation, which are often 
used in combination. With microsurgical techniques patients 
have an excellent chance (44–62%) for improvement of  
vision, and this is the procedure of  choice in patients well 
enough to undergo craniotomy.914–919 Unfortunately in these 
same series up to 25% of  patients worsened after surgery, 
and mortality rates are as high as 10%. Unroofing and decom-
pressing the optic canal may be particularly important in 
restoring vision.915,920 Radiation has been shown in one series 
to improve vision909 and should be used in patients who are 
poor surgical risks or in whom there is significant residual 
tumor. Less than 45 cGy should be used to avoid the late 
complication of  radiation-induced damage to the chiasm or 
optic nerves.921

ANEURYSMS

The intracranial optic nerve is closely related to the anterior 
cerebral artery, the anterior communicating artery, the oph-
thalmic artery, and the supraclinoid portion of  the internal 
carotid artery in the anterior aspect of  the circle of  Willis 
(see Fig. 7.2). Both saccular (berry) aneurysms and fusiform 
(atherosclerotic) aneurysms are well-known causes of  com-
pressive optic neuropathy.922 Berry aneurysms typically arise 
from preexisting defects in the media and elastica of  arteries 
at the site of  arterial bifurcations. They are rare in children 
but develop with increasing frequency related to age. They 
range in size from a few millimeters up to 5 or 6 cm. The 
very small and very large aneurysms have a very low risk 
for rupture and bleeding.923 It is the large or giant aneurysms 
that are generally associated with compression of  the anterior 
visual pathways.

Giant aneurysms arising from the ophthalmic artery, the 
carotid ophthalmic junction, and the supraclinoid carotid 
artery can all present with unilateral compressive optic neu-
ropathy or chiasmal syndrome (see Chapter 7). In particular, 
aneurysms in the supraclinoid region characteristically 
present with a nasal scotoma.924 Patients with compressive 
optic neuropathy from aneurysms may have fluctuating 
vision, perhaps related to vascular spasm or spontaneous 
changes in aneurysm size. Alternatively, acute vision loss 
due to an aneurysm may mimic optic neuritis.925 MRI  
(Fig. 5.65), magnetic resonance angiography, or CT angi-
ography are the initial procedures of  choice in patients sus-
pected of  having an aneurysm, but the gold standard for 
diagnosis is formal cerebral angiography. Radiographic fea-
tures of  aneurysms in this area are reviewed in Chapter 7.

Surgical excision is not recommended as a method for 
improving vision but is used to treat blind, uncomfortable, 
or unsightly eyes or to reduce the risk of  intracranial exten-
sion. In patients with intracranial extension, surgery and 
radiation have been tried. Surgical results are poor,893 
although radiation has been shown to be of  some benefit in 
these instances.909 The potential benefit of  surgery, however, 
is much greater in ONSM than in surgical decompression 
(not necessarily excision) of  meningiomas arising secondarily 
from sphenoid wing and paraclinoid meningiomas.910,911

MENINGIOMAS OF THE SKULL BASE

Alternatively, meningiomas arising from the planum sphe-
noidale or olfactory groove may involve the optic nerve in 
its intraorbital or intracanalicular portions (Table 5.7). 
Suprasellar, tuberculum sellae, parasellar, and sphenoid wing 
meningiomas can also cause optic neuropathy, but because 
suprasellar and tuberculum sellae meningiomas more com-
monly cause chiasmal compression, and the other two more 
likely lead to eye movement disorders, they are discussed in 
more detail in Chapters 7 and 15, respectively. The section 
on meningiomas in Chapter 7 also provides an overview of  
the pathology, associations, and neuroimaging characteristics 
of  skull base meningiomas.

Planum sphenoidale and olfactory groove meningio-
mas. Tumors that involve only the olfactory groove do not 
cause vision loss as they are not in contact with the optic 
nerve or chiasm. However, tumors from this site can grow 
sufficiently large without causing many other neurologic 
symptoms. Patients may present with papilledema from mass 
effect, and further historical review may reveal anosmia and 
behavior suggestive of  frontal lobe dysfunction. The tumors 
can grow posteriorly over the planum sphenoidale to reach 
the superior aspect of  the intracranial optic nerves and cause 
direct compression and symptoms of  decreased vision. In 
this setting, with compression of  one optic nerve as well as 
intracranial pressure elevation, presentation with the Foster 
Kennedy syndrome is possible.

Visual symptoms most often develop insidiously and are 
sometimes isolated. Patients are generally found to have 
moderate to severe vision loss and either a normal-appearing 
optic nerve or optic atrophy. Neuroimaging is usually suf-

Table 5.7 Specific Neuro-ophthalmic Presentations in 
Meningiomas at the Base of Skull1084

Tumor Location Neuro-ophthalmic Findings

Planum sphenoidale 
and olfactory groove

Optic neuropathy, Foster Kennedy 
syndrome

Tuberculum sellae Unilateral or bilateral vision loss, often 
with chiasmal involvement

Optic canal and anterior 
clinoid process

Unilateral or chiasmal vision loss, 
orbital extension

Medial sphenoid wing Optic neuropathy and ophthalmoplegia

Lateral sphenoid wing Proptosis and ophthalmoplegia without 
optic neuropathy

Diaphragma sellae Chiasmal syndrome
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dysplasia is discussed in detail in Chapter 18. Metastases to 
this region, which may also cause compressive  
optic neuropathy, would more likely cause acute or subacute 
visual loss.

The optic atrophy seen in craniosynostoses, disorders 
characterized by premature closure of  the cranial sutures 
such as Apert935 and Crouzon936 syndrome, is believed to 
result not from bony compression but from elevated intra-
cranial pressure. Because not all cases develop papilledema 
before optic atrophy, the exact mechanism is unclear.937

Low-Tension Glaucoma and  
Optic Nerve Cupping

The distinction between glaucomatous optic neuropathy and 
alternative causes of  optic neuropathy is rarely difficult. 
Patients with glaucoma are usually easily identified by their 
high intraocular pressures. However, in glaucoma with low 
or normal pressures or in optic neuropathies with optic nerve 
cupping, the clinical distinction may be very complicated. 
Since making this separation is critical to avoid missed diag-
noses and unnecessary treatment, these two common sce-
narios will be reviewed.

Clinical course/treatment. The natural history of  these 
lesions is generally unfavorable, as many untreated patients 
later develop subarachnoid hemorrhage, blindness, dementia, 
or homonymous hemianopia.926 Treatment of  aneurysms 
in this area is either surgical or endovascular926–928 and is 
reviewed in more detail in Chapter 7. Vision loss as a com-
plication of  surgery for these aneurysms has been 
reported.929,930

Fusiform aneurysms or ectatic dilation of  the carotid artery 
may also compress the intracranial optic nerve or chiasm. 
They have been postulated as some of  the causes of  optic 
neuropathy in elderly patients, and in particular they may 
have a role in the pathogenesis of  some cases of  low-tension 
glaucoma (LTG).931,932 However, Jacobson et al. demonstrated 
that contact between the carotid artery and optic nerve or 
chiasm is seen in 70% of  asymptomatic patients.933 True 
compression by a dolichoectatic artery significant enough 
to produce vision loss is relatively rare.

OSSEOUS DISORDERS OF THE OPTIC CANAL

Insidiously progressive optic neuropathy due to stenosis of  
the optic canal is a common sequela of  cranial osseous dis-
orders such as fibrous dysplasia and osteopetrosis.934 Fibrous 
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Figure 5.63. Meningiomas of the anterior visual pathway causing 
compressive optic neuropathy. A. Axial T1-weighted, gadolinium-
enhanced magnetic resonance imaging (MRI) showing left sphenoid 
wing meningioma (open arrow at the lateral edge) involving the orbital 
apex and causing compression of the optic nerve (solid arrow).  
B. Coronal, T1-weighted, gadolinium-enhanced MRI of a planum sphe-
noidale meningioma. A smoothly enhancing mass (open arrow) contacts 
the chiasm–left optic nerve junction (solid arrow). C. Coronal, 
T1-weighted, gadolinium-enhanced MRI of a paraclinoid meningioma 
(open arrow) that encroaches upon the optic nerve (solid arrow). 



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway170

LTG probably includes several different subsets of  patients. 
Some patients have unrecognized (undocumented) elevated 
intraocular pressure or have secondary causes of  glaucoma 
that are currently inactive such as uveitis or intermittent 
narrow-angle or traumatic-angle recession. Some patients 
have normal pressures with visual field progression but had 
higher pressures in the past. Finally, perhaps the most inter-
esting subset of  patients have a progressive optic neuropathy 
characterized by cupping of  the optic nerve head (Fig. 5.66) 
without ever having elevated intraocular pressures. Many 
believe that these patients have a truly unique disease, perhaps 
of  an ischemic or vascular nature.

Studies have shown an increase in both the incidence of  
migraine and ischemic white matter disease on MRI in patients 
with LTG.939,940 While this observation supports a vascular, 
non–intraocular-pressure-related theory for the etiology of  
LTG, most studied patients with LTG behave much more like 
patients with primary open-angle glaucoma and elevated 
intraocular pressure than patients with “vascular optic neu-
ropathies” such as ION. Slow and relentless progression over 
years (nonepisodic visual loss) is the rule, with relatively sym-
metric disease between the eyes, along with preservation of  
central and color vision. LTG patients tend to have more focal 
atrophy and cupping of  the disc, disc hemorrhages, and more 
dense visual field defects extending closer to fixation than 
occur in high-tension glaucoma. Recent work has focused 
on the role of  impaired nitric oxide and endothelin signaling 
in patients with LTG, and although no firm conclusions have 
been drawn, most experts agree that genetics and vascular 
abnormalities likely play a role in pathogenesis.941 Addition-
ally, investigators have considered the role that intracranial 
pressure may play in the development of  LTG, but no definitive 
conclusions have been drawn.942 However, there is still suf-
ficient overlap with high-pressure glaucoma to make the two 
entities, in most situations, clinically indistinguishable except 
for the absence of  elevated intraocular pressure.

OTHER CAUSES OF OPTIC NEUROPATHY WITH 
OPTIC NERVE CUPPING

Several common scenarios occur in which optic nerve cupping 
due to high- or normal-tension glaucoma is considered, but 
alternative causes of  optic neuropathy are more likely.943 These 
situations are (1) progressive vision loss in the setting of  an 
established diagnosis of  glaucoma and normal pressure; (2) 
visual field loss, optic nerve head cupping, and pallor of  the 
neuroretinal rim without elevated intraocular pressure; (3) 
glaucoma complicated by episodic or rapidly progressive vision 
loss; and (4) congenital optic disc cupping in association with 
periventricular leukomalacia (after periventricular white matter 
loss leads to visual pathway damage and resultant retrograde 
transsynaptic degeneration of  optic nerve fibers).944

Alternative causes of  acquired cupping of  the optic nerve 
include anterior visual pathway compression by meningio-
mas, craniopharyngiomas, pituitary adenomas, and aneu-
rysms.945,946 Cupping has also been described in previous 
anterior (particularly arteritic) and posterior ischemic optic 
neuropathy, optic neuritis, shock- or hypotension-induced 
optic neuropathy, syphilitic optic neuropathy, traumatic optic 
neuropathy, dominantly inherited optic atrophy, Leber’s 
hereditary optic neuropathy, and methanol-induced optic 
neuropathy.947

LOW- OR NORMAL-TENSION GLAUCOMA

LTG is a condition in which glaucoma-like field defects, optic 
nerve head cupping, and normal intraocular pressures are 
present. In the Baltimore Eye Survey, 16.7% of  glaucomatous 
eyes never had a recorded intraocular pressure greater than 
21 mmHg, the usual upper limit of  normal.938 There is now 
ample evidence that central corneal thickness affects pres-
sures as measured by applanation. Before intraocular pres-
sures are declared normal, the central corneal thickness 
should be measured with ultrasonographic pachymetry. Eyes 
with thin corneas may have artifactually low pressures.

Figure 5.64. Contrast-enhanced, axial, T1-weighted magnetic resonance 
imaging of a smoothly enhancing sphenoid wing meningioma (open 
arrow) with a dural tail (solid arrow). 

Figure 5.65. Coronal, T1-weighted magnetic resonance imaging dem-
onstrating an aneurysm (solid arrow) in contact with the left optic nerve 
(open arrow). 
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Episodic or rapidly progressive vision loss may occur in some 
patients with a well-established history of  glaucoma. Some 
of  these patients have a subtype of  LTG in which abrupt loss 
of  vision mimics ischemic optic neuropathy. However, optic 
nerve head swelling is absent and there is often a splinter 
hemorrhage at the disc margin (Fig. 5.67). This area of  the 
disc often develops focal atrophy and cupping. Workup of  
these patients is generally unrevealing, but screening for 
vasculitis (ESR, ANA, rheumatoid factor (RF)) is indicated, 
as is careful blood pressure monitoring for episodes of  sys-
temic hypotension. These patients may have a true vascular 
optic neuropathy. A second subtype of  patients in this group 
has both glaucoma and a superimposed distinct cause of  
vision loss such as ischemic optic neuropathy or a compres-
sive lesion. Any patient who reliably describes sudden or 
rapidly progressive vision loss in the setting of  glaucoma 
should also be evaluated for other causes of  optic 
neuropathy.

LASIK-INDUCED OPTIC NEUROPATHY

The rare occurrence of  optic neuropathy following laser-
assisted in situ keratomileusis (LASIK) refractive surgery has 
been reported.950–952 The proposed mechanisms include baro-
trauma and ischemia related to transient elevation in intra-
ocular pressure during the procedure.

Optic Neuropathies Associated 
With Cancer

A history of  cancer in a patient with neuro-ophthalmic 
symptoms raises important diagnostic considerations. The 

Based on careful review of  historical information, the 
examiner should be able to identify most patients with these 
alternative diagnoses. However, on historical features alone, 
compressive lesions may be less obvious.

We suggest four criteria that in our experience are positive 
predictors of  these other causes of  optic neuropathy. These 
include (1) the presence of  headache or other neurologic 
symptoms, (2) atypical visual field defects (those respecting 
the vertical meridian, central or centrocecal scotomas), (3) 
atypical rate of  progression of  visual field loss, and (4) pallor 
beyond the cupping of  the optic nerve (i.e., the nerve rim is 
pale, especially nasally) (Fig. 5.66). In a series by Bianchi-
Marzoli et al. of  29 patients with cupping from compressive 
anterior visual pathway lesions, only one had cupping and 
field loss as an isolated manifestation of  their optic neuropa-
thy.945 All others had reduced acuity, dyschromatopsia, or 
an afferent pupillary defect. Other clinical features more 
commonly seen in compressive lesions, for instance, and less 
frequently associated with LTG include presentation before 
age 50 years, symptoms of  decreased vision, and fluctuating 
vision. In another series,948 acuity worse than 20/40 was 
another feature more associated with cupping due to an 
intracranial mass lesion.

Evaluation. Our workup of  atypical patients includes MRI 
of  the brain and orbits with gadolinium, syphilis serology, 
and, in patients with central field defects, B12 and folate levels. 
In some situations additional testing for sarcoidosis and other 
autoimmune conditions is indicated based on patient history 
and demographics. OCT may be useful in differentiating LTG 
patients from those with nonglaucomatous cupping as the 
RNFL is likely to be thinner nasally and temporally in patients 
with nonglaucomatous cupping and may also be associated 
with low macular thickness and volume.949
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Figure 5.66. Glaucomatous (A) vs nonglaucomatous (B) cupping. A. Typical appearance of advanced glaucomatous cupping. The cup (arrows) extends 
nearly to the disc rim. Regions where the vessels bend (e.g., arrow at the top of the disc) are clues to determine the size of the cup. B. Although the 
nerve has a significant cup (solid arrows), the intact neuroretinal rim is pale (open arrow) (pallor beyond cupping) in a patient with nonglaucomatous 
optic neuropathy. 
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into the biologic behavior of  tumors and their effect on the 
host immune system. Finally, toxicity of  antineoplastic drugs 
and previous irradiation can result in vision loss.

CARCINOMATOUS MENINGITIS

Carcinomatous meningitis is a common cause of  multiple 
cranial neuropathies secondary to multifocal seeding of  the 
leptomeninges. It is typically a late manifestation of  cancer, 
and the third and sixth nerves are the most commonly 
involved. Next most commonly involved are the facial, tri-
geminal, and acoustic nerves. Common primary tumors 
metastasizing to the meninges include the breast and lung. 
Optic neuropathy in these patients can mimic posterior ische-
mic neuropathy with acute or subacute vision loss with a 
normal fundus. Alternatively, the nerve may be swollen as 
in ischemic optic neuropathy. The mechanism of  optic nerve 
dysfunction may be infiltrative, ischemic, demyelinative, or 
compressive. The diagnosis must be suspected and usually 
can be made based on the presence of  abnormal CSF with 
increased protein and neoplastic cells. It may require three 
to six CSF cytological examinations to make the diagnosis. 
Although MRI (Fig. 5.68) might reveal thickening of  the 
optic nerve or abnormal meningeal enhancement, it may 
also have been normal initially.

OPTIC NERVE METASTASES

Isolated metastases to the optic nerve are uncommon but 
well recognized, representing about 5% of  all intraocular 
metastases.953 Reported primary neoplasms include breast, 
lung, stomach, prostate, and pancreas.954,955 In 20% of  
patients the primary site is unknown.953 Ophthalmoscopi-
cally there may be a visible mass invading the optic nerve 
head (Fig. 5.69), and patients may note gaze-evoked amau-
rosis. Vascular compression may result in a central retinal 
vein or artery occlusion.956 Alternatively, the fundus acutely 
may be normal if  the metastasis is situated more posteriorly, 
and the clinical scenario may mimic retrobulbar optic 

secondary effects of  cancer are typically the result of  local 
invasion, metastases, or the consequences of  asthenia. 
Primary ocular malignancies, secondary tumors (metastatic 
and direct extension from adjacent structures) and parasellar 
tumors (primary and secondary) cause vision loss because 
of  displacement or compression of  the eye or optic nerve. In 
the past two decades, unusual instances of  organ failure, 
not resulting from the direct effect of  cancer on the organ, 
have been recognized in patients with cancer and have been 
collectively termed paraneoplastic syndromes. These syndromes 
not only present diagnostic challenges but also provide insight 

Figure 5.67. Cupping of the optic nerve associated with a splinter 
hemorrhage at the disc margin. 
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Figure 5.68. Axial (A) and coronal (B) T1-weighted gadolinium-enhanced magnetic resonance imaging of a patient with carcinomatous meningitis 
and right optic nerve involvement. Abnormal enhancement (arrows) of the intracranial right optic nerve can be seen. 
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neuropathy may result from metastases to the bony optic 
canal.957

OTHER NEOPLASMS OF THE OPTIC DISC

Capillary angiomas are fleshy-appearing lesions of  the  
optic nerve head (Fig. 5.70). These benign vascular tumors 

neuritis. Radiographically the optic nerve may exhibit fusi-
form enlargement, like an intraorbital optic nerve meningioma 
or glioma. Corticosteroids, radiation, and chemotherapy may 
be indicated. The overall associated mortality is high.

The choroid and orbit are more common sites for metas-
tasis to the eye, and the optic nerve may be involved from 
secondary extension from these structures. Compressive optic 
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Figure 5.69. Optic nerve head metastasis from breast cancer. A. Fundus photography revealing massive infiltration and swelling of the optic nerve 
and subretinal space (arrow). B. B-scan orbital echography demonstrating substantial enlargement of the optic nerve head (arrow). 
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Figure 5.70. Capillary angioma of the disc. A. Color fundus photograph of the left eye shows a fleshy focal grayish lesion (arrow) with a few small, 
dilated capillaries on the surface. B. Late-phase fluorescein angiogram of the same patient details the fine vascular nature (arrows) of the lesion but 
shows no leakage. The patient did not have von Hippel–Lindau disease. 
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treatment for patients with progressive vision loss and optic 
nerve involvement from leukemia and lymphoma.

POEMS

Another rare optic neuropathy that is associated with plasma 
cell dyscrasias is the polyneuropathy, organomegaly, endo-
crinopathy, monoclonal gammopathy, and skin changes 
(POEMS) syndrome. Although peripheral neuropathy is the 
most common initial symptom, bilateral optic disc edema 
may be present in up to 50% of  patients.966 Since excess 
VEGF produced by abnormal plasma cells is thought to con-
tribute to disease activity,967,968 treatment may be directed 
at the underlying disease, possibly with anti-VEGF agents.969,970 
Compressive optic neuropathy in POEMS syndrome may also 
occur.971

PARANEOPLASTIC OPTIC NEUROPATHY

In paraneoplastic conditions, distant organ failure develops 
in the setting of  cancer but not as a result of  direct invasion, 
metastatic spread, or treatment. The process is mediated by 
an antibody directed against a tumor antigen, which then 
cross-reacts with a host (nontumor) antigen. Although para-
neoplastic retinopathy (photoreceptor dysfunction; see 
Chapter 4) is the most common type of  paraneoplastic process 
causing vision loss, rare cases of  paraneoplastic optic neu-
ropathy (PON) have been described.

PON has been reported in patients with carcinoma of  the 
lung.972–975 Other associations include lymphoma,976 neu-
roblastoma,977,978 breast,979 colon,980 pancreatic neuroendo-
crine tumors,981 melanoma,982 and renal cell carcinoma.983 
Patients develop visual loss and commonly have optic nerve 
swelling. Vision loss can precede the presentation of  the 
systemic malignancy and generally progresses over a period 
of  weeks. Spontaneous visual recovery and improvement 
on steroids have been observed. Many patients have a con-
current paraneoplastic cerebellar syndrome characterized 
by dysarthria and ataxia.972,973 Neuropathologic examinations 
have demonstrated simultaneous involvement of  the brain-
stem with findings typical of  paraneoplastic encephalomyelitis. 
Based on histopathologic demonstration of  perivascular 
lymphocytic infiltration, gliosis, and demyelination of  the 
optic nerves, the condition is thought to be inflammatory 
and might be more accurately termed paraneoplastic optic 
neuritis.973,984,985

The most frequently identified paraneoplastic antibody is 
CV2/CRMP-5,975,979,986–990 which is a collapsing response-
mediating protein regulating growth guidance cues during 
neurogenesis that is typically found in adult retina, optic 
nerve, and central/peripheral neurons.986,990 CSF typically 
reveals lymphocytic-predominant pleocytosis, elevated 
protein, oligoclonal bands, and elevated CRMP-5-IgG titers 
with no neoplastic cells.986,990 In the paraneoplastic syndrome 
associated with this antibody, an optic neuropathy with disc 
swelling, retinitis, and vitreous cells may occur.975 Associated 
neurologic symptoms include peripheral neuropathy, ataxia, 
and limbic encephalitis with dementia. Rarely, this paraneo-
plastic disorder can present as an isolated optic neuropathy 
without other neurologic symptoms.989 The most common 
tumors identified include small cell carcinoma of  the lung 

can present de novo or in patients with von Hippel–Lindau 
disease. They generally cause minimal symptoms, but vision 
loss can occur in association with fluid exudation or 
bleeding.

Melanocytomas of  the optic disc are benign pigmented 
tumors composed of  nevus cells. More common in dark-
skinned individuals, they are usually asymptomatic and 
static.958,959 Severe visual loss and malignant transformation 
can occur but are uncommon.960,961

LYMPHOMA AND LEUKEMIA

Optic neuropathies associated with lymphoma or leukemia 
are rare but can result from a variety of  different causes. 
Cases of  direct infiltration of  the optic nerve head in both 
diseases have been reported. In addition, optic neuropathy 
can be part of  the presentation of  lymphomatous meningitis. 
In this setting lymphoma causes vision loss by direct invasion 
via the pial septae. Lymphoma can also present as a mass 
lesion in the orbit, and MRI can demonstrate abnormal optic 
nerve enhancement. In some instances it is impossible to 
determine whether the optic neuropathy results from tumor 
infiltration or as a side-effect of  treatment with radiation or 
chemotherapy. Optic neuropathy has been reported as a 
manifestation of  lymphoma thought to be in remission.962

A similar spectrum exists in patients with leukemic optic 
neuropathy. Direct infiltration of  the optic nerve head can 
cause massive swelling, and there may be associated retinal 
infiltration with hemorrhages (Fig. 5.71; see also Fig. 4.33).354 
Optic neuropathy usually accompanies other manifestations 
of  CNS involvement. MRI typically demonstrates optic nerve 
enhancement, but it may be normal, so a high clinical sus-
picion must exist.963 Histopathologic studies reveal direct 
infiltration of  the optic nerve via pial septae.964,965 Vision 
loss results from vascular compromise or chronic axoplasmic 
stasis from swelling. Emergent radiation is the mainstay of  

Figure 5.71. Leukemic optic neuropathy as evidenced by massive disc 
swelling, a peripapillary hemorrhage, and venous distension and tor-
tuosity. Retinal infiltration in the same patient is depicted in Fig. 4.33. 
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and thymoma. The syndrome sometimes responds to treat-
ment of  the underlying malignancy along with corticosteroids 
or intravenous gamma globulin.

RADIATION OPTIC NEUROPATHY (RON)

Delayed radiation damage to the anterior visual pathways 
has been reported in association with radiation for ocular, 
sinus, intracranial, and intraorbital malignancies. It is believed 
to result from cumulative damage to glial cells and vascular 
endothelial cells and typically occurs 18–36 months after a 
total dose of  50 Gy. Lower doses of  radiation may be associ-
ated with optic neuropathy in patients who have had previous 
episodes of  optic neuritis.991 Optic nerve dysfunction results 
from microvasculopathy and occlusive endarteritis with 
subsequent optic nerve ischemia. There may also be a com-
ponent of  direct neuronal demyelination and degeneration 
before vascular changes are seen.

When radiation is likely to include the anterior visual 
pathways in the field, a maximum total dose of  5000–6000 
cGy in fractions under 200 cGy is considered to be associated 
with an acceptable low risk. More recent studies have sug-
gested that in patients receiving a single-fraction stereotactic 
radiosurgery at the skull base, the target dose to the anterior 
visual pathways should be below 12 Gy.992 RON occurs  
most frequently with irradiation of  pituitary adenoma (inci-
dence less than 0.5%)993 but has been documented with 
treatment of  parasellar meningioma, craniopharyngioma, 
sinus carcinoma, nasopharyngeal carcinoma, skull base 
tumors such as chordoma, and intraocular tumors. It has 
been described with gamma knife stereotactic radiosurgery 
and proton beam therapy994 in addition to conventional 
external beam irradiation.995,996 Gamma knife radiation doses 
of  up to 8 Gy to the optic nerve are associated with an approxi-
mately 2% risk of  radiation optic neuropathy.997 RON can 
also be seen after plaque brachytherapy for juxtapapillary 
uveal melanoma.998

The differential diagnosis of  RON includes recurrent tumor, 
secondary empty sella syndrome with sagging of  the chiasm, 
optic nerve and chiasmal arachnoiditis, and radiation-induced 
parasellar tumors. In fact, tumor recurrence is the most 
common cause of  late visual deterioration after CNS tumor 
excision and radiation.

Neuro-ophthalmic signs. RON typically presents with 
acute, painless visual loss in one or both eyes. There is no 
correlation with patient age, and the vision loss is often severe. 
The majority of  cases occur within 3 years after completion 
of  radiation therapy, with a peak incidence at 1–1.5 years. 
Vision loss from optic neuropathy either can include disc 
swelling (Fig. 5.72) or can be retrobulbar. Disc swelling can 
be nonspecific but may also be accompanied by stigmata  
of  radiation retinopathy including cotton-wool spots, intra-
retinal vascular abnormalities, and hemorrhages. Unfortu-
nately, progression of  visual loss over weeks to months is 
common. Spontaneous recovery is extremely rare. Chiasmal 
syndromes from radiation optic neuropathy are discussed 
in Chapter 7.

Evaluation. CT images of  CNS radionecrosis may show 
regions of  decreased attenuation in white matter and  
slight enhancement with contrast. With MRI the optic nerves 
may appear slightly swollen but otherwise normal on unen-
hanced studies and usually demonstrate focal contrast 

Figure 5.72. Fundus appearance in acute radiation optic neuropathy 
associated with disc swelling. 

Box 5.10 Diagnostic Criteria for Toxic and 
Nutritional Optic Neuropathies1009

Gradual painless progression
Bilateral
Dyschromatopsia
Centrocecal field defects
Vision better than hand movements
Optic disc appearance normal initially
Absence of metamorphopsia
Absence of hallucinations
Improvement with treatment or removal of offending toxin

enhancement with T1-weighted Gd-DTPA images (Fig. 5.73). 
The enhancement may resolve after the acute phase of  visual 
loss. MRI is the study of  choice to distinguish radiation optic 
neuropathy from recurrent tumor.

Treatment. There is no proven effective treatment for RON, 
but occasionally systemic corticosteroids have been associ-
ated with visual improvement. Their mechanism of  action 
is not clear, but steroids may reduce overall tissue edema 
and retard demyelination. Hyperbaric oxygen has been used 
in the treatment of  radiation optic neuropathy with mixed 
results.999–1006 Although there are some anecdotal reports 
of  its success in treating RON,1007 the role of  anticoagulation 
is uncertain. More recently, cases with improvement in vision 
due to bevacizumab have been reported.1008

Nutritional and Toxic Optic 
Neuropathies

Toxic and nutritional optic neuropathies are often described 
together because they both frequently present with slowly 
progressive, bilateral vision loss with dyschromatopsia and 
central or centrocecal scotomas. Diagnostic criteria proposed 
by Lessell1009 are summarized in Box 5.10. These entities are 
uncommon but are considered in the differential diagnosis 
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optic nerve may be normal or may demonstrate pallor and 
nerve fiber defects (Fig. 5.74). OCT reveals temporal RNFL 
thinning, the severity of  which has been correlated with 
plasma vitamin B12 levels at presentation.1011 Vision loss may 
precede the recognition of  the anemia or the other neurologic 
symptoms. MRI may show focal demyelination of  the optic 
nerve.1012 The diagnosis is confirmed by low serum B12 levels 
or elevated methylmalonic acid or homocysteine,1013 both 
of  which require B12 for their metabolism. Treatment is with 
parental hydroxycobalamin, and with prompt therapy, vision 
loss may be reversible.

of  unexplained vision loss. Care must be taken to distinguish 
these conditions from hereditary optic neuropathies, reti-
nopathies, and nonorganic visual loss.

Toxic optic neuropathies are usually recognized by the 
patient’s exposure history. Patients commonly encounter 
these substances either through therapy with antibiotics or 
chemotherapeutic agents, recreational drug abuse, or indus-
trial exposure. Therefore, toxic optic neuropathy might limit 
the usefulness of  a drug or cause a substance to be hazardous 
in the work place. Deficiency or nutritional optic neuropathies 
typically arise in individuals who are malnourished, have a 
malabsorption problem, or are involved in a widespread epi-
demic limiting adequate nutrition.

B12 DEFICIENCY

Vitamin B12 is found in milk, eggs, meat, and cheese and 
must be ingested. Vitamin B12 deficiency, which takes years 
to develop, generally arises in several different clinical set-
tings. The first and most common is pernicious anemia. This 
autoimmune condition, characterized in most cases by anti-
parietal cell antibodies, results in gastric atrophy, reduced 
intrinsic factor production by gastric parietal cells, and B12 
malabsorption. It affects middle-aged individuals and can 
cause a megaloblastic anemia. An associated neurologic 
condition, subacute combined degeneration of  the spinal 
cord, can develop. In this setting, patients develop both a 
peripheral neuropathy with numbness, tingling, ataxia, and 
decreased deep tendon reflexes, and leg weakness with exten-
sor plantar responses from myelopathy. The second setting 
is in patients with a previous history of  partial or complete 
removal of  the stomach or ileum, as in gastric bypass surgery 
for instance, rendering them unable to absorb B12. The third 
setting, simple lack of  B12 in the diet as might occur with a 
strict vegan or extremely finicky eater,1010 is the rarest. Finally, 
repeat exposure to nitrous oxide may produce vitamin B12 
deficiency by inactivating cobalamin.

Patients present as outlined with slowly progressive vision 
loss with dyschromatopsia and centrocecal scotomas. The 
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Figure 5.73. Radiation optic neuropathy. A. This patient underwent radiation for a cavernous sinus/skull base meningioma (thick arrow). Coronal and 
axial (B) magnetic resonance imaging shows enhancement of the right (thin arrows) more than left intracranial optic nerves. Visual loss progressed in 
both eyes over months despite treatment with hyperbaric oxygen. 

Figure 5.74. Ophthalmoscopic appearance in B12 deficiency. There is 
temporal pallor of the optic nerve head, nerve fiber dropout in the 
papillomacular bundle (short thick arrows), and rakelike defects in the 
nerve fiber layer (single thin arrow). 
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vision. Cyanide (a byproduct of  tobacco and alcohol) intoxi-
cation may play a role as well; on a cellular level, the mito-
chondrial oxidation mechanisms necessary to detoxify cyanide 
and other free radicals seem to be affected.1023 Histopathologic 
evaluation has shown prominent loss of  both papillomacular 
bundle nerve fibers and diffuse nerve fibers.1024 Specific 
vitamin deficiencies are infrequently identified, but testing 
for B12 and folate levels should be performed. All attempts 
should be made to convince the patient to reduce alcohol 
intake. Even if  the patient is unsuccessful, recovery may result 
if  a nutritious diet with B vitamin supplementation (includ-
ing hydroxycobalamin parenterally) is instituted. Since 
tobacco–alcohol amblyopia is a diagnosis of  exclusion, mim-
ickers such as compressive and Leber’s hereditary optic neu-
ropathy should be ruled out.

CUBAN AND TROPICAL OPTIC NEUROPATHIES

In Cuba in the 1990s, an epidemic of  optic neuropathy 
occurred and appeared to be linked to tobacco use and the 
malnutrition caused by Cuba’s economic situation.1025,1026 
Other groupings of  possible toxic, nutritional, or hereditary 
optic neuropathies include tropical amblyopia and those that 
occurred in Jamaica and Tanzania.1027–1029

SPECIFIC TOXIC OPTIC NEUROPATHIES

Methanol. Methanol is a well-recognized optic nerve toxin 
and can cause profound vision loss even in small doses. The 
presentation is quite different from other toxic optic neu-
ropathies, because patients may develop sudden vision loss 
with disc swelling, and they may be comatose with metabolic 
acidosis. Patients are typically inebriated, and then within 
18–48 hours develop headache, dyspnea, vomiting, abdomi-
nal pain, and bilateral visual blurring, which initially may 
be transient. Patients may have ingested methanol in a suicide 
attempt or as an inadvertent contaminant in homemade 
alcohols such as bootleg whiskey.

The acute optic disc edema is indistinguishable from pap-
illedema. Although the majority of  the damage is believed 
to result from demyelination of  the retrolaminar optic nerve 
and axoplasmic obstruction,1030,1031 electrophysiologic studies 
suggest additional widespread photoreceptor and Mueller 
cell dysfunction.1032 Treatment is aimed at the acidosis and 
includes dialysis and intravenous ethyl alcohol, which inter-
feres with methanol metabolism. Morbidity is high, and the 
prognosis for visual recovery is poor. Optic atrophy develops 
and can be accompanied by cupping.

Ethambutol. Ethambutol causes a dose-related optic 
neuropathy and was recognized as an optic nerve toxin soon 
after its introduction as a treatment for tuberculosis. The 
proposed mechanism is thought to be a direct toxic effect on 
retinal ganglion cells, most likely at the level of  the mito-
chondria, and is likely related to altered copper and zinc 
levels.1033–1036 The toxicity is thought to result from its che-
lating properties. In one large series of  800 patients taking 
ethambutol, 1.5% developed a toxic optic neuropathy.1037 A 
typical presentation includes either central field defects with 
loss of  acuity and dyschromatopsia or well-preserved central 
visual function with peripheral visual field loss. Chiasmal-
type central bitemporal field loss may also occur (Fig. 5.75).1038 
Vision loss is not accompanied by other neurologic symptoms. 

Optic neuropathy has been shown in primate studies to 
be the result of  demyelination involving the papillomacular 
bundle.1014 The pathogenesis remains unclear but may result 
from buildup of  toxic levels of  cyanide (especially in cigarette 
smokers) or improper fatty acid synthesis leading to myelin 
dysfunction. Rizzo1015 proposed that adenosine triphosphate 
deficiency may be a final common pathway for B12 optic 
neuropathy, Leber’s hereditary optic neuropathy, and tobacco–
alcohol amblyopia.

OTHER VITAMIN DEFICIENCIES

Deficiencies in thiamine (B1), pyridoxine (B6), folic acid, niacin, 
copper, and riboflavin (B2) have all been suggested causes of  
optic neuropathy. Deficiency in thiamine typically results in 
beri or Wernicke’s encephalopathy. Vision loss in prisoners of  
war is one purported example of  thiamine optic neuropathy, 
as their visual deficits improved with thiamine supplementa-
tion.1016 Ketogenic and high-protein, low-carbohydrate diets 
may also put a patient at risk for developing thiamine deficiency. 
In the case of  pyridoxine there has not been a causal relation-
ship established between the deficiency state and optic neu-
ropathy. However, certain drugs like isoniazid bind pyridoxine, 
and the toxicity of  this drug has been attributed to altered 
pyridoxine availability. For riboflavin, niacin, and folic acid, 
cases of  deficiency-associated optic neuropathy were reported 
in the first half  of  the century but were largely speculative.

Due to severe food selectivity and highly stereotyped diet, 
there is also a newly recognized association between autism 
and vitamin deficiency optic neuropathies. Optic atrophy 
has been described in this population in conjunction both 
with vitamin A and vitamin B12 deficiency.1010,1017,1018

COPPER DEFICIENCY

Copper deficiency is increasingly recognized as a cause of  
optic neuropathy after gastric bypass or other forms of  gastric 
surgery. Copper is an essential trace element required for 
structure and function in the mitochondria of  the CNS. Clini-
cally, copper deficiency can present similarly to vitamin B12 
deficiency with a subacute optic neuropathy, an associated 
myelopathy, and anemia.1019,1020 Therefore, copper levels 
should be checked in all patients suspected of  vitamin-
deficiency optic neuropathy and/or myelopathy.

TOBACCO–ALCOHOL OPTIC NEUROPATHY

The most commonly recognized nutritional or toxic optic 
neuropathy may actually be a combination of  both a nutri-
tional deficiency state and a toxic effect from tobacco smoking. 
Small series of  patients with this so-called “tobacco–alcohol 
amblyopia” or optic neuropathy have been reported.1021,1022 
Patients typically complain of  insidiously progressive loss of  
central vision and dyschromatopsia. Acute changes in the 
appearance of  the fundus have been described and include 
peripapillary dilated vessels and hemorrhages.

The exact role of  the nutritional component and the toxic 
effects of  alcohol are debated. Patients often underreport 
their daily alcohol intake and are malnourished. Since neither 
ethyl alcohol nor tobacco have been found to be directly 
toxic to the anterior visual pathways, it is generally felt that 
poor nutrition is central to the development of  decreased 
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Amiodarone. An optic neuropathy with disc swelling very 
similar to anterior ischemic optic neuropathy has been 
reported in patients taking the antiarrhythmia drug 
amiodarone.1046–1049 Debate still exists as to whether this is 
a true toxic optic neuropathy caused by amiodarone as 
opposed to ordinary ischemic optic neuropathy. The patient 
population taking the drug is likely to be vasculopathic and 
at risk for ordinary ION, further clouding the issue. However, 
some clinical features may distinguish amiodarone-associated 
optic neuropathy from ION.1048 For instance, visual loss may 
be insidious over months, often with bilateral simultaneous 
involvement of  the eyes (Fig. 5.76), and is usually less severe 
than in ordinary ION.1050,1051 The disc swelling may last for 

Doses less than 15 mg/kg/day are thought to be safe, but in 
patients taking between 15 and 25 mg/kg/day visual symp-
toms generally develop over a period of  months.1039,1040 More 
severe and irreversible vision loss has been reported in patients 
treated with ethambutol for renal tuberculosis.1041 Dyschro-
matopsia (particularly for green) and loss of  contrast sensi-
tivity are reported to be early signs of  visual loss.

OCT measurements of  the nerve fiber layer can be used 
to follow patients and may predict recovery in the setting of  
normal measurements.1042–1044 Some visual improvement 
typically occurs with discontinuation of  the drug, but abnor-
malities in the visual fields and contrast sensitivity may persist. 
Older patients may be less likely to recover.1045

Figure 5.75. Bitemporal field defects (superior arcuate defects respecting the vertical meridian) due to ethambutol toxicity. 

BA

Figure 5.76. Amiodarone optic neuropathy. Fundus photographs (A, right eye, and B, left eye) demonstrating bilateral optic disc swelling. 
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months, and some recovery can be associated with discon-
tinuation of  the drug.

Tumor necrosis factor-α inhibitors. Optic neuritis has 
been reported as a complication of  tumor necrosis factor (TNF)-
α inhibitors used to treat juvenile idiopathic1052 and rheumatoid 
arthritis.1053,1054 Infliximab is the most commonly implicated 
drug in this category, followed by etanercept and adalim-
umab.1054,1055 Although most of  the reported cases have a 
convincing temporal relationship between starting the medica-
tion and the visual symptoms, an inflammatory or infectious 
optic neuritis related to the primary condition should be con-
sidered.1056 Treatment with pulse glucocorticoids may be suc-
cessful in completely or partially reversing visual symptoms.

Other toxic optic neuropathies. As more drugs are devel-
oped to treat neoplasms, an increasing number of  optic nerve 
toxins have been identified. In some instances multiple drug 
regimens for chemotherapy and bone marrow transplanta-
tion are associated with optic neuropathy, and the specific 
cause cannot be identified. Interferon-α used to treat hepatitis 
as well as certain cancers may be associated with an ION-
like optic neuropathy.1057 The optic neuropathy is often bilat-
eral and may recur after the drug is restarted.1058–1060 Linezolid 
is an antibiotic that is commonly associated with optic neu-
ropathy that is bilateral, often associated with optic disk 
edema, and may be potentially reversible.1061 Physicians 
prescribing long-term linezolid should be aware of  this side-
effect and discuss it with their patients. The list of  other 
drugs reported to cause toxic optic neuropathy is long and 
is summarized in Table 5.8. The table does not describe every 
reported optic nerve toxin but supplements this discussion 
with some of  the more commonly encountered ones.

Traumatic Optic Neuropathy

Of  the various forms of  vision loss due to trauma, optic nerve 
injuries are some of  the most difficult to diagnose and treat. 
It is now recognized that the brow and other facial eminen-
cies are the most common sites of  impact in patients with 
posterior indirect traumatic optic neuropathy (TON) (see the 
next section).

TON can take many forms. Direct injuries are caused by 
projectiles or penetrating objects that enter the orbit. Self-
inflicted optic nerve trauma can also occur. Indirect injuries 
are caused by forces that are transmitted to the optic nerve 
from the globe and orbit. Examples of  this type include pos-
terior indirect TON, which is discussed in more detail in the 
next section, and optic nerve avulsion. The latter may occur 
with only minor damage to the front of  the eye if  it is rotated 
forcefully, causing separation of  the optic nerve as it exits 
the globe. Ophthalmoscopically, avulsion is often accompanied 
by intraocular hemorrhages which may preclude viewing 
the nerve head (Fig. 5.77). The visual prognosis following 
optic nerve avulsion is poor. Also recognized are a traumatic 
form of  ischemic optic neuropathy and optic nerve dysfunc-
tion due to optic nerve sheath or orbital hemorrhages.

POSTERIOR INDIRECT TRAUMATIC  
OPTIC NEUROPATHY

Posterior TON is traumatic loss of  vision that occurs without 
external or initial ophthalmoscopic evidence of  injury to the 

Table 5.8 Other Drugs* That Can Cause Toxic  
Optic Neuropathy

Drug Clinical Features

Arsenicals Irreversible

Busulfan Also causes cataract

Carmustine (BCNU) Also retinal degeneration

Chloramphenicol Disc swelling, associated peripheral 
neuropathy

Cisplatin May have disc swelling, associated 
peripheral neuropathy, and ototoxicity

Cytosine 
arabinoside

Optic nerve toxicity when given 
intrathecally

Digitalis Likely more prominent effect is on the retina

Disulfiram Rapid vision loss and recovery when 
discontinued, acetaldehyde may cause 
optic neuropathy

Docetaxel Vision may recover after discontinuing

Ethylene glycol Acute vision loss, disc swelling, similar 
course as methanol-induced optic 
neuropathy

Erythromycin Optic neuropathy reported in patients with 
predisposition to mitochondrial disease 
(i.e., Leber’s hereditary optic neuropathy 
(LHON)) mutation

Fludarabine Encephalopathy

Hydrogen sulfide Blindness and reduced hearing

Infliximab Acute visual loss similar to optic neuritis

Interferon Disc edema and decreased vision

Isoniazid Sensory neuropathy reversible with 
pyridoxine, disc swelling, retinal 
hemorrhages

Lead Disc edema, retinal pigment epithelium 
changes

Linezolid Reversible optic neuropathy and irreversible 
peripheral neuropathy

Methotrexate Disc edema, idiosyncratic, reversible

Organophosphates Chronic exposure, ganglion cells reduced

Quinine Ganglion cell damage

Tamoxifen May be associated with subclinical optic 
nerve swelling

Toluene Industrial exposure, reversible

Vincristine Demyelination, also ophthalmoplegia and 
cortical blindness

Zidovudine Inhibits mitochondrial polymerase gamma 
and may trigger optic neuropathy in 
patients with LHON mutations

*Not discussed in detail in the text.

eye or the nerve. This condition occurs in patients of  all ages 
and, as with any traumatic condition, it is most common in 
young men. Frontal blows are most common, and one study 
showed a high rate in patients involved in falls from bicycles 
(Fig. 5.78).1062 Patients need not have loss of  consciousness, 
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Figure 5.77. Fundus appearance of acute optic nerve avulsion after 
penetrating orbital trauma. Hemorrhage and retinal whitening second-
ary to disruption of blood flow to the eye are seen. (Courtesy of Nicholas 
Mahoney, MD, and Alexander Brucker, MD).

Figure 5.78. Location of typical trauma near the brow in indirect trau-
matic optic neuropathy. While riding his bicycle, this boy fell and hit 
the left side of his head on a cement wall, leading to an optic neuropathy 
in the left eye. Note the point of impact near his eyebrow at the sutured 
laceration (arrow) and the orbital ecchymoses, both typical for patients 
with this condition. 

and the entity certainly occurs in situations of  relatively 
minor head trauma.

Neuro-ophthalmic signs. As with any optic neuropathy, 
there is loss of  acuity and color vision, an afferent pupil 
defect, and visual field defects of  any type, although central 
scotomas and altitudinal defects are most common. The 
fundus is initially normal.

Mechanism. The mechanism of  injury in posterior indirect 
TON is uncertain but likely multifactorial. In part, the injury 
to the optic nerve probably occurs as the head hits a hard 
surface and suddenly decelerates, but the eyeball continues 
forward. This creates shearing forces that damage the optic 
nerve’s canalicular portion, which is tightly fixed by dural 
attachments. In addition, holographic interferometric studies 
performed by Anderson and Panje Gross1063 have shown that 
forces to the facial eminencies are focally manifested around 
the optic foramen. The combination of  these two factors 
leads to compressing, stretching, and contusing of  the optic 
nerve. These injuries may than cause the nerve to swell, and 
in the tight bony optic canal there is no room for expansion. 
Therefore, delayed visual loss may result from further com-
pression from edema within the optic canal.

Diagnostic studies/neuroimaging. Optic canal fractures 
are identified in only approximately one-third of  patients 
(Fig. 5.79), and therefore identification of  a fracture is not 
necessary for the diagnosis.1062 Coronal CT images are best 
for identifying these fractures. The optic canal is located in 
the superior posterior lateral aspect of  the sphenoid sinus.

Differential diagnosis. Admittedly, ophthalmoscopic 
evaluation is difficult in patients with altered consciousness, 
as their pupils cannot be dilated while pupillary status is 
monitored in acute hospital settings. Important entities that 
need to be considered in the differential diagnosis include 
preexisting optic neuropathy, traumatic retinal injury, and 
factitious visual loss, since many patients are seeking second-
ary gain in the setting of  the injury. The absence of  an affer-
ent pupillary defect would support nonphysiologic visual 
loss, bilateral involvement, or vitreoretinal pathology.

Treatment. One-quarter to one-half  of  patients improve 
spontaneously.1062,1064–1066 There is no established treatment 
for traumatic optic neuropathy. In the past, based on extrapo-
lations from traumatic spinal cord injury studies,1067,1068 
high-dose corticosteroids were proposed to treat optic nerve 

Figure 5.79. Coronal bone window computed tomography demonstrat-
ing a fracture (arrow) of the left optic canal. 
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swelling and inflammation. However, despite early evidence 
suggesting a benefit,1067 increased mortality rate among 
patients with head trauma treated with high-dose corticoster-
oids was found.1069 Therefore, high-dose intravenous steroids 
are currently not recommended in this population.

Alternatively, since the nerve is swollen within the confines 
of  a tight bony canal, removal of  those bones to decompress 
the canal and prevent compression was proposed also improve 
the condition.1070 In a comparative, nonrandomized study1071 
comparing observation with treatment with corticosteroids 
or optic canal decompression, no clear benefit was found for 
either of  these modalities. Based on careful review of  the 
literature (Cochrane database), no treatment has been shown 
to be convincingly effective.1072 Therefore, there is no standard 
of  care for the treatment of  TON, and observation alone is 
reasonable.

Optic canal decompression is indicated when there is radio-
logic evidence of  a bony fragment or hematoma impinging 
on the optic nerve. It can also be considered in patients in 
whom surgery is being performed to repair other facial frac-
tures, or in patients with vision loss that deteriorates while 
they are taking steroids. It should only be considered in 
patients who are conscious and can understand the potential 
risks and benefits of  this procedure that has unproven 
efficacy.
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6 Optic Disc Swelling: 
Papilledema and Other Causes
MELISSA W. KO

PSEUDOPAPILLEDEMA

Pseudopapilledema (or pseudodisc edema) is the term used to 
describe optic nerve variants or abnormalities that mimic 
papilledema ophthalmoscopically, including congenital 
anomalies, tilting, hypoplasia, crowded hyperopic disc, optic 
disc hamartoma, myelinated nerve fibers, and optic nerve 
head drusen (Figs. 6.2 and 6.3). Visual loss, which may occur 
in some cases, is long-standing, painless, and frequently 
unnoticed by the patient. The diagnosis may be aided by 
serial dilated fundus examinations and review of  stereo disc 
photographs; pseudopapilledema will be stable over time, 
while untreated papilledema might change. Ophthalmoscopic 
hallmarks of  pseudopapilledema include anomalous retinal 
vasculature (abnormal branching pattern, for instance), 
absence of  a central cup, irregular disc margins, and vessels 
that pass over the disc normally without being obscured by 
the nerve fiber layer. They also tend to be less elevated without 
swelling of  the nerve fiber layer, hemorrhages, or exudates, 
in contrast to discs with true disc edema.

The presence of  spontaneous venous pulsations (SVPs) 
favors pseudopapilledema, although their absence does not 
always indicate true papilledema.1 SVPs are pulse-related 
dilations and contractions of  large venous branches in or 
overlying the disc. They are best seen within the central cup 
of  the disc and where the veins bend and are most evident 
in patients with deep and large cups. The presence of  SVPs 
usually implies the intracranial pressure is less than 180 mm 
CSF H2O at the time of  viewing2; however, this is not an 
absolute.3 Additionally, the absence of  SVPs does not imply 
elevated intracranial pressure, because as much as 10% of  
the normal population may not have them in either eye.2,4

In addition, discs with true papilledema will leak during 
fluorescein angiography, in contrast to those with pseudo-
papilledema, which tend to not leak or show only late stain-
ing.5 Discs with pseudopapilledema often have nerve 
fiber–related field defects, so visual field testing cannot be 
used to separate pseudopapilledema from true papilledema.

OPTIC DISC DRUSEN

Optic disc drusen (hyaline bodies) are calcium deposits within 
the nerve head.6 In general, they are not visible at birth or 
in infancy but become more noticeable by the end of  the 
first decade of  life.7 When on the surface of  the disc, they 
appear as refractile, tapioca-like bodies that are easily identi-
fied ophthalmoscopically (see Fig. 6.3). If  they are buried 
(between the surface and the lamina cribrosa), as they usually 
are in childhood, they may simply elevate the optic  
nerve head. Drusen are often associated with an anomalous 
retinal artery branching pattern which includes a spokelike 

This chapter reviews the distinction between papilledema 
(disc swelling secondary to increased intracranial pressure), 
disc swelling associated with optic neuropathy, and disc eleva-
tion due to pseudopapilledema. The fundus appearance of  
papilledema, the associated visual loss and its mechanisms, 
and the differential diagnosis in and evaluation of  patients 
with papilledema are discussed. In addition, conditions asso-
ciated with papilledema are covered, with the greatest empha-
sis placed on diagnosis and management of  a relatively 
common nontumor cause of  papilledema, pseudotumor 
cerebri syndrome.

Distinction of Papilledema  
from Optic Neuropathy, 
Pseudopapilledema, and Other 
Causes of Disc Swelling

Table 6.1 outlines the differential diagnosis of  a swollen  
disc. The term papilledema refers to optic disc swelling  
due to increased intracranial pressure, and the two condi-
tions most commonly mistaken for it are disc swelling due 
to optic neuropathy and pseudopapilledema (disc elevation 
without nerve fiber layer edema). The distinction between 
these three major causes of  disc swelling is aided by review 
of  the history, evaluation of  visual function, ophthalmoscopic 
appearance of  the disc, and ancillary testing. At times the 
diagnosis may be difficult, but there are some useful, general 
guidelines.

Signs and symptoms of  elevated intracranial pressure, 
such as headache, nausea, vomiting, and abducens paresis, 
should suggest the diagnosis of  papilledema. However, caution 
should be applied in this regard, as patients may present 
with headache unrelated to their disc swelling. For instance, 
we have seen patients with migraine headaches and pseu-
dopapilledema, and others with headache associated with 
optic neuritis.

Ophthalmoscopically, the disc swelling due to optic  
neuropathy and that due to papilledema may be similar  
(Fig. 6.1). However, optic neuropathies such as optic neuritis 
or ischemic optic neuropathy typically lead to more severe 
visual loss, which is usually sudden in onset, unilateral, and 
associated with an afferent pupillary defect and impaired 
color vision. Papilledema, on the other hand, is more fre-
quently bilateral and more commonly leads initially to visual 
deficits such as enlarged blind spots and peripheral field 
constriction, about which the patient may not be aware. The 
various optic neuropathies are discussed in more detail in 
Chapter 5.
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drusen-associated hemorrhages are related to a peripapillary 
subretinal neovascular membrane. In rare instances, papil-
ledema may be superimposed upon underlying pseudopap-
illedema due to optic nerve head drusen.8

Optic disc drusen are thought to consist of  intracellular 
axonal debris, which accumulates throughout life because 
of  a defect in axonal metabolism. A small scleral canal is 
thought to cause this defect,9 but this is uncertain.10 They 
are present in approximately 0.3–2.0% of  the population 
and in about two-thirds of  cases are bilateral.11 Some instances 
are familial, inherited presumably in an autosomal dominant 
fashion with incomplete penetrance.12 Rarely they are associ-
ated with angioid streaks and retinitis pigmentosa.13

If  optic disc drusen are suspected but cannot be definitively 
identified ophthalmoscopically, then adjunctive imaging may 
confirm their presence. They may autofluoresce when pho-
tographed through a fluorescein filter (without dye injection) 
(Fig. 6.4A),14 and fluorescein angiography may demonstrate 
nodular staining.15 Combined A- and B-scan ultrasonography 
is probably the best modality,6,11,16 because it may demonstrate 
disc elevation secondary to highly reflective material  
(Fig. 6.4B). Computed tomography (CT) with axial sections 
through the nerve–globe junction may also reveal calcifica-
tions secondary to drusen (Fig. 6.4C), but thick slices can 
miss smaller-sized drusen.

Spectral-domain (SD) optical coherence tomography (OCT) 
is an emerging diagnostic modality for detecting optic nerve 
head drusen,17,18 but whether it can readily distinguish pap-
illedema from pseudopapilledema is uncertain19,20 unless 
optic nerve drusen (Fig. 6.4D) and an associated “boot sign” 
are seen.21 In addition, in optic disc edema there may be a 
thicker nerve fiber layer in all sections, but particularly nasally, 
than in pseudopapilledema due to optic disc drusen.21

appearance secondary to trifurcations of  the first order vessels. 
The disc generally takes on a yellowish appearance.

On occasion suspected drusen can be more easily seen if  
the disc is retroilluminated by focusing a spot or beam of  
light from the direct ophthalmoscope or slit lamp on the 
nasal peripapillary retina. The disc is then observed in the 
darkened field next to the light. Drusen may give the disc a 
translucent appearance with the disc drusen highlighted.

Various types of  hemorrhages can also be associated with 
disc drusen. The most typical is a peripapillary subretinal 
hemorrhage, which may ultimately cause peripapillary pig-
mentary disruption or hyperpigmentation. On occasion 

Table 6.1 Differential Diagnosis of a Swollen Optic 
Disc: Causes According to Frequency

Most Common Common Uncommon

Papilledema
Optic neuritis
Anterior ischemic 

optic neuropathy
Pseudopapilledema

Central retinal 
vein occlusion

Neuroretinitis

Diabetic papillopathy
Ocular hypotony
Intraocular inflammation 

(uveitis)
Malignant hypertension
Optic perineuritis
Papillitis
Intrinsic optic disc tumors
Leber’s hereditary optic 

neuropathy
Optic nerve infiltration

Sarcoidosis
Lymphoma
Leukemia

Plasma cell dyscrasia

BA

Figure 6.1. A. Normal optic disc. Disc swelling associated with (B) elevated intracranial pressure (papilledema), 
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(C) anterior ischemic optic neuropathy, and (D) optic neuritis. Figure 6.1., cont’d

OTHER CAUSES

Other causes of  disc swelling that should be contrasted from 
papilledema include (1) central retinal vein occlusion, which 
is characterized additionally by dilated, tortuous veins and 
intraretinal and peripheral retinal hemorrhages; (2) ocular 
hypotony;22 (3) intraocular inflammation (e.g., uveitis);  
(4) diabetic papillopathy; (5) optic perineuritis (idiopathic 

or due to syphilis, for instance); (6) intrinsic optic disc 
tumors,23 such as hemangiomas (in von Hippel–Lindau, for 
example), astrocytic hamartomas (in tuberous sclerosis), and 
optic disc gliomas; (7) Leber’s hereditary optic neuropathy; 
(8) optic nerve infiltration by neoplasms, antibodies in plasma 
cell dyscrasia,24 or sarcoidosis, for instance; (9) high  
altitudes;25 and (10) malignant hypertension—the associated 
disc swelling had been previously related to elevated 

BA

Figure 6.2. Examples of pseudopapilledema include (A) a tilted disc; (B) a congenitally small, crowded disc with anomalous vessels and absence of a 
central cup; and 

Continued
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C (C) a disc with myelinated nerve fibers. Figure 6.2., cont’d
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Figure 6.3. Pseudopapilledema due to (A) buried optic nerve drusen and (B) “tapioca-like” drusen visible at the optic nerve head. 

cerebrospinal fluid (CSF) pressure; however, experimental 
and clinical observations have suggested that an ischemic 
optic neuropathy may also be responsible.26,27 Disc swelling 
due to malignant hypertension is frequently accompanied 
by cotton-wool spots in the retina, macular serous retinal 
detachment, and lipid star formation.28 Many of  these enti-
ties are discussed in more detail in the chapters on retinal 
disorders and optic neuropathies (Chapters 4 and 5).

Fundus Appearance of 
Papilledema

MECHANISM

The force of  elevated CSF is transmitted to tissue fluid between 
axons in the optic nerve head, leading to axoplasmic stasis 
in the prelaminar portion of  the optic nerve (Fig. 6.5).29 This 
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Figure 6.4. Imaging features of pseudopapilledema due to optic nerve head drusen. A. Through a fluorescein filter, autofluorescence of the drusen 
is seen. B. B-scan ultrasound demonstrating highly reflective drusen (arrow). C. Calcification (arrows) at the optic nerve heads can be seen on axial 
computed tomography through the orbits. D. Spectral-domain optical coherence tomography and enhanced depth imaging. The panel in the upper 
left shows the location of the cross-section through the optic nerve head (green line with the arrow). In the larger panel, a drusen (arrow) elevating the 
optic nerve head is demonstrated. 

causes axonal swelling which is observable ophthalmoscopi-
cally as a swollen optic disc. In one alternative hypothesis, 
papilledema may not be solely caused by raised intracranial 
pressure, but may result from compartmentalization of  the 
subarachnoid space of  the optic nerve.30

EARLY AND ACUTE PAPILLEDEMA

Early disc swelling associated with elevated intracranial pres-
sure appears first superiorly and inferiorly, then nasally, and 

finally temporally (Fig. 6.6). This pattern follows the relative 
thickness of  the nerve fiber layer, in descending order, at 
different locations around the optic disc.31 Elevation of  the 
nerve fiber layer obscures the underlying vessels and blurs 
the disc margins (see Fig. 6.6).

Usually, the development of  papilledema requires at least 
1–5 days of  persistently elevated intracranial pressure.31 
However, sudden rises in intracranial pressure, caused by 
an acute subarachnoid or intraparenchymal hemorrhage, 
for instance, occasionally may result in papilledema that 
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Figure 6.5. Drawing depicting histologic sections of normal optic nerve 
(A) and papilledema (B). Note the papilledema is characterized by axo-
plasmic stasis in the prelaminar portion of the optic nerve. 

develops rapidly within hours.32 Selhorst et al.33 witnessed 
the development of  papilledema within 1 hour in a patient 
with acute aneurysmal rupture. Because axoplasmic stasis 
could not develop so quickly, they surmised that a sudden, 
severe rise in intracranial pressure could force axoplasm 
retrogradely from the intraorbital optic nerve into the optic 
nerve head.

The vascular changes associated with papilledema are 
secondary to the nerve fiber swelling. Compression of  capil-
laries and venules on the disc cause venous stasis and dila-
tion, formation of  microaneurysms, and disc and peripapillary 
radial hemorrhages. The disc becomes hyperemic because 
of  the capillary dilation. Cotton-wool spots represent ische-
mic areas within the nerve fiber layer (see Fig. 6.6). Com-
pression of  the central retinal vein can lead to retinal venous 
engorgement and tortuosity26 and disappearance of  SVPs.

Grading systems for papilledema have been devised,34 but 
these are susceptible to interobserver disagreement.35 There-
fore, more descriptive terminology is often used.36 The term 
mild papilledema refers to slight disc elevation with some or 
no peripapillary hemorrhages. High-grade or florid papille-
dema is characterized by severe disc elevation with cotton-
wool spots, peripapillary hemorrhages, and venous 
engorgement (see Fig. 6.6). The degree of  papilledema is 
usually symmetric in both eyes, but asymmetric37 and even 
unilateral38 papilledema may occur. A subarachnoidal mesh-
work within the optic canal can act as an incomplete barrier 
to transmission of  CSF pressure between the intracranial 
vault and anterior optic nerve.39 Anatomic differences in 
this meshwork may account for asymmetric papilledema as 
well as interpersonal variation in disc swelling with the same 
CSF pressure. Alternatively, Lepore37 proposed that age-related 
changes in the lamina cribrosa due to increased collagen 
and decreased elasticity might protect the optic nerve head 
from elevated intracranial pressure. Atrophic portions of  an 
optic nerve head cannot develop disc swelling, but intact 
portions can40,41 (see Foster Kennedy Syndrome).

CHRONIC PAPILLEDEMA

Box 6.1 compares the features of  acute and chronic papil-
ledema. The disc takes on a “champagne-cork” appearance 
(Fig. 6.7) when papilledema has been present for weeks or 
months. Typically, peripapillary hemorrhages are conspicu-
ously absent. White exudates, representing extruded axo-
plasm, commonly overlie the disc (pseudodrusen). Chronic 
papilledema may also be associated with venous collateral 
vessels (Fig. 6.8) and peripapillary subretinal neovasculariza-
tion.42,43 The collateral vessels form when decreased flow 
through the central retinal vein causes compensatory dilation 
of  preexisting communications between retinal and ciliary 
venous circulations.42

ATROPHIC PAPILLEDEMA

When swollen nerve fibers die, the disc atrophies and swell-
ing becomes pale and less prominent (see Fig. 6.8). Arterial 
branches, especially peripapillary, become attenuated.

TREATED PAPILLEDEMA

If  the elevated intracranial pressure is treated before atrophy 
of  nerve fibers, papilledema usually resolves completely over 
the ensuing weeks or months (Fig. 6.9). However, some 
patients, particularly those with permanent visual loss, are 
left with some degree of  disc pallor and residual disc eleva-
tion because of  gliosis (secondary disc pallor) (Fig. 6.10).

FOSTER KENNEDY SYNDROME

Foster Kennedy44 described patients with ipsilateral disc pallor, 
secondary to optic nerve compression, and contralateral 
papilledema. Preexisting optic atrophy precludes the develop-
ment of  papilledema, because there are no fibers to swell. 
Classically, the culprit lesion in Foster Kennedy syndrome is 

Box 6.1 Fundus Characteristics of Acute and 
Chronic Papilledema

Common to Both Acute and Chronic Papilledema

Disc elevation
Venous distention and tortuosity
Obscuration of the normal disc margin and overlying  

retinal vessels
Absence of spontaneous venous pulsations

Characteristic Typical of Acute Papilledema

Disc hyperemia
Cotton-wool spots
Peripapillary hemorrhages

Characteristics Typical of Chronic Papilledema

“Champagne-cork” appearance
Overlying gliosis and extruded axoplasm (pseudodrusen)
Disc atrophy
Venous collateral vessels
Peripapillary subretinal neovascularization
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Figure 6.6. Various grades of early or acute papilledema. In early mild 
papilledema (A), the nerve fiber layer is slightly elevated superiorly, 
inferiorly, and nasally, causing mild blurring of the disc margin. As in 
this case, the distinction between early papilledema and pseudopap-
illedema is often difficult. Acute papilledema (B) is characterized by 
venous dilation, disc elevation, blurring of the disc margin, peripapillary 
hemorrhages, cotton-wool spots (larger arrow), and lipid exudate 
(smaller arrow). In high-grade or florid papilledema (C), the disc is 
hyperemic, the disc is so elevated that that the usual features are 
unrecognizable, and cotton-wool spots may indicate nerve fiber layer 
ischemia. Nerve fiber layer hemorrhages are also prominent. When 
acute papilledema is associated with multiple cotton-wool spots and 
disc pallor (D), indicative of optic nerve head ischemia, accompanying 
visual loss is usually moderate or severe. In acute or subacute papil-
ledema (E), hemorrhages are less noticeable. Note the blood vessel 
obscuration by the swollen nerve fiber layer at 7 o’clock. The blood 
vessel becomes visible at the edge of the disc swelling (arrow). 
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Figure 6.7. “Champagne-cork” appearance of chronic papilledema. The 
whitish, glistening areas on the optic disc head represent gliosis and 
extruded axoplasm. Note the conspicuous absence of peripapillary 
hemorrhages. 

BA

Figure 6.8. Examples of chronic atrophic papilledema. A. Pale swollen disc due to long-standing, untreated obstructive hydrocephalus (see correspond-
ing magnetic resonance image in Fig. 6.15E). Note blood vessel narrowing is evident. B. Gliotic, pale, swollen disc with collateral (“shunt”) vessels due 
to pseudotumor cerebri syndrome and noncompliance with treatment and follow-up. 

a subfrontal mass, typically a meningioma, which compresses 
the ipsilateral optic nerve, causing disc atrophy. If  the lesion 
is large enough to cause elevated intracranial pressure, pap-
illedema results in the contralateral eye only, owing to the 
ipsilateral nerve atrophy (Fig. 6.11). Bilateral optic nerve 

compression is another possible mechanism.45 Nontumor 
causes, resulting in pseudo–Foster Kennedy syndrome, are 
actually more common. One example is consecutive anterior 
ischemic optic neuropathy, characterized by new ischemic 
disc swelling in one eye accompanied by long-standing disc 
atrophy resulting from a previous ischemic event in the other 
eye (see Fig. 5.44). Unlike the true Foster Kennedy syndrome, 
the eye with the disc swelling will usually have impaired 
visual acuity.

RETINAL FINDINGS ASSOCIATED  
WITH PAPILLEDEMA

Secondary effects on the macula are common causes of  acute 
reduction in visual acuity and metamorphopsia in papille-
dema (Table 6.2). For instance, in severe disc swelling, fluid 
may extend to the macula by dissecting between the axons 
of  the nerve fiber layer. Macular edema is difficult to see with 
a direct ophthalmoscope but is more readily visible using 
biomicroscopy and is best demonstrated with OCT (see later 
discussion).46 Retinal or choroidal folds,47 lipid (hard exudate) 

Table 6.2 Retinal Findings Associated With Papilledema

Common Uncommon

Macular changes
Edema
Lipid (hard exudate) stars
Pigment epithelial disturbances

Retinal or choroidal folds
Hemorrhages
Peripapillary “high-water” mark

Subretinal neovascular 
membrane

Venous stasis retinopathy
Retinal artery occlusion
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Figure 6.9. Papilledema associated with idiopathic intracranial hypertension: (A) right eye, (B) left eye. Six months after medical treatment the disc 
swelling has completely resolved: (C) right eye, (D) left eye. Blood vessel obscuration due to papilledema is evident in A, B by comparing A with C and 
B with D. 

stars,48 hemorrhages,49 and pigment epithelial and photo-
receptor disturbances in the macula may also be associated 
with papilledema (Fig. 6.12). Indentation or flattening of  
the posterior globe by a rigid optic nerve sheath is one pro-
posed mechanism for choroidal folds in papilledema.50 Short-
ening of  the globe’s axial length or flattening of  the posterior 
pole may also account for the association between intracranial 
hypertension, papilledema, folds, and acquired hyperopia.51 
Choroidal folds actually occur in Bruch’s membrane.52

Hemorrhages associated with papilledema are usually 
peripapillary and retinal (within the nerve fiber layer) but 
occasionally can be found more than one or two disc diam-
eters away from the optic nerve head or in the subhyaloid 
and vitreous spaces.53 Rarely, hemorrhages are due to peri-
papillary subretinal neovascular membranes, seen best on 
fluorescein angiography. When these membranes extend 
toward the fovea, photocoagulation may be indicated.54 
Venous stasis retinopathy55 and central56 or branch57 retinal 
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Figure 6.10. Progression of changes over time in papilledema associ-
ated with vision loss (A), then (B), then (C) in which the papilledema 
has resolved, but the disc is pale and gliotic, and the edge of the disc 
is still slightly elevated in a “heaped-up” fashion (secondary disc pallor). 

artery occlusion, due to compression of  vascular structures 
in the optic nerve, are rare but have been documented.

Once the papilledema improves with the appropriate treat-
ment, hemorrhages, folds, macular edema, and lipid stars 
tend to resolve over weeks as well. One may see residual 
macular pigment epithelial disturbances if  lipid, folds, or 
edema were present,58 or circumpapillary “high-water”  
marks delineating the prior extent of  peripapillary retinal 
elevation caused by disc swelling (see Fig. 6.12); in contrast 
these retinal abnormalities may require months or years to 
resolve. Unfortunately, subretinal neovascular membranes 
and associated subretinal hemorrhages may cause irrevers-
ible visual loss.59

Fluorescein Angiography, 
Echography, Optical Coherence 
Tomography, and Other Optic 
Nerve Imaging Techniques in 
Papilledema

Several modalities aid in the diagnosis and sometimes the 
follow-up of  papilledema.

Fluorescein angiography. Hayreh31 has detailed  
the typical fluorescein angiographic findings associated  
with papilledema. In the retinal arterial phase, fluorescence 
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Ultrasound. Ultrasonography is used frequently in our 
practice to help distinguish papilledema from pseudopapill-
edema, particularly when optic disc drusen are suspected.60 
In patients with papilledema, A-scan echography of  the optic 
nerve can suggest increased subarachnoid fluid within the 
nerve sheath by demonstrating a reduction in nerve sheath 
diameter by 10% when the eye rotates laterally 30 degrees 
(“positive 30-degree test”).61 However, increased subarach-
noid fluid is nonspecific and may be seen in optic neuritis, 
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Figure 6.11. Foster Kennedy syndrome. This patient presented with progressive behavioral changes, headaches, and counting fingers vision in the 
right eye. Fundus examination revealed optic atrophy in the right eye (A) and papilledema in the left eye (B). Gadolinium-enhanced coronal magnetic 
resonance imaging (MRI) (C) and axial view (D) demonstrate a large meningioma (arrow) compressing the right frontal and temporal lobes, right optic 
nerve, and third ventricle. The axial MRI scan (D) shows dilation of the left lateral ventricle consistent with noncommunicating hydrocephalus. 

may be absent when disc swelling is severe enough to  
delay the prelaminar circulation. During the retinal arterio-
venous phase, dilated capillaries, microaneurysms, and 
flame-shaped hemorrhages may be demonstrated on the 
surface of  the disc and peripapillary retina. Fluorescein may 
leak from superficial dilated capillaries during the retinal 
venous phase. During the late phase, classically there is 
hyperfluorescence of  the superficial and deep portions of  
the optic disc.



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway208

thickness correlate with low grades of  papilledema, but the 
RNFL thickness algorithms may fail with higher grades.67 
Following papilledema with OCT may be problematic since 
a decrease in swelling could be consistent with either improve-
ment or ganglion cell atrophy. RNFL thickness on OCT may68 
but does not consistently69 correlate with mean deviation 
on computerized perimetry. Another option is to follow the 

optic nerve trauma, and compressive optic neuropathy. Fur-
thermore, caution in its interpretation must be applied, as 
echography is extremely operator–dependent, and false nega-
tives and positives can occur.62

Optic nerve and retinal imaging. OCT may demonstrate 
increased retinal nerve fiber layer (RNFL) thickness in 
papilledema.63–66 OCT RNFL thickness and total retinal 
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Figure 6.12. Retinal abnormalities associated with papilledema.  
A. Disc swelling is associated with macular edema and a lipid exudate 
(arrow). B. Circumferential folds (arrow). C. The left fundus in an indi-
vidual with pseudotumor cerebri who had had severe visual loss 
associated with florid papilledema with macular edema and a lipid 
star similar to that in A. One year after optic nerve sheath fenestration, 
the vision improved, but optic nerve pallor, a residual “high-water 
mark” (solid arrows), and macular retinal pigment epithelial disturbances 
(large open arrow) are demonstrated in C. D. Two rows of high-water 
marks (arrows) in resolved papilledema. E. Choroidal folds (arrow) 
extending through the macula. 
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such as children. However, automated perimeters are more 
widely available, and because of  the advantages outlined pre-
viously, most patients with papilledema should be tested, and, 
if  necessary, followed with serial threshold field examinations. 
Finger confrontation methods and tangent screen examina-
tions are too insensitive to detect subtle visual loss.85,86

It is often difficult to correlate the severity of  disc swelling 
with the amount of  visual loss. As the papilledema becomes 
more chronic, nerve fibers atrophy, reducing the amount of  
disc swelling. Hence chronically atrophic swollen discs, likely 
associated with severe visual loss, tend not to be grossly 
elevated. However, in the acute setting it may be useful to 
generalize that mild disc elevation is usually associated with 
more minor field deficits than high-grade, florid papilledema.87 
Furthermore, at presentation, a normally shaped and colored 
disc without swelling should be associated with a normal 
visual field.

TRANSIENT VISUAL OBSCURATIONS

Transient visual obscurations are unilateral or bilateral epi-
sodes of  visual loss lasting for seconds. They can occur rarely 
or several times per day and are associated with changes in 
posture such as standing or bending over. Patients may 
describe a gray cloud or “puff  of  smoke”–like phenomenon 
that lasts for a few seconds. Likely they result from transient 
ischemia at the optic nerve head.88 Transient visual obscura-
tions do not correlate with intracranial pressure, extent of  
visual loss, or severity of  disc edema.89 They have also been 
reported in patients with other conditions causing optic nerve 
swelling or elevation.88

Differential Diagnosis in Patients 
With Papilledema

Table 6.3 outlines causes of  papilledema, categorized accord-
ing to frequency. A history of  seizures, unilateral motor or 
sensory findings on examination, reflex asymmetry, or exten-
sor plantar reflexes suggests a mass or other focal lesion. A 
sudden onset of  severe headache, altered mentation, and 
neurologic deficits would be consistent with an acute intra-
cranial hemorrhage. In a young female who is overweight 
or has a history of  recent weight gain and has papilledema 
and a normal neurologic examination, pseudotumor cerebri 
syndrome is a likely possibility. Limb weakness might suggest 
a spinal tumor or demyelinating polyneuropathy. Hyperten-
sion should be excluded. Special considerations in children 
are discussed later.

ganglion cell layer plus inner plexiform layer (GCL-IPL) thick-
ness in the macula, which can be reduced by retrograde and 
transsynaptic degeneration of  damaged retinal ganglion cell 
axons at the optic nerve head.35,70 This measurement is less 
likely to be influenced by axoplasmic stasis at the optic disc 
and therefore may be a more reliable correlate of  axonal 
damage in the optic nerve.71 Other retinal abnormalities 
which may be detected by OCT include photoreceptor damage, 
inner nuclear layer cysts, and subretinal fluid.70 Ultimately, 
it is best to correlate OCT parameters with perimetry and 
fundus appearance.

Laser scanning tomography also can quantify the degree 
of  change in papilledema.72 Tomography measurements  
correlate with CSF opening pressures72 and visual field 
deficits.73

Visual Deficits Associated  
With Papilledema and  
Their Mechanism

Visual loss due to papilledema is, for the most part, related 
to optic nerve head dysfunction.74 The field deficits are similar 
to those in other disorders which affect the anterior optic 
nerve, such as glaucoma, and they do not align along  
the vertical meridian, as in chiasmal or retrochiasmal 
lesions.75 It is less certain whether ischemia or axoplasmic 
stasis causes axonal dysfunction.29 Rapid improvement in 
vision following optic nerve sheath decompression suggests 
that axoplasmic stasis plays at least some part,76 but cases 
with frank optic nerve ischemia have been documented as 
well.77 Preexisting anemia or hypertension may be associated 
with more severe visual loss, perhaps by aggravating optic 
nerve head ischemia.42,78

Blind spot enlargement is commonly associated with pap-
illedema (Fig. 6.13). The etiology is either mechanical dis-
placement and folding of  the peripapillary retina or a 
refractive scotoma caused by relative hyperopia due to peri-
papillary retinal elevation.79 Nasal defects (especially inferi-
orly80) are also common initially, in part because the temporal 
arcuate bundles are densest, and hence more susceptible to 
axoplasmic stasis and compression.75 Further involvement 
of  nerve fibers leads to arcuate defects then field constriction 
(see Fig. 6.13).42,81 Once sufficient nerve fiber layer loss devel-
ops, central visual acuity loss results.42 Central visual defects 
and metamorphopsia in acute papilledema are uncommon, 
but when they occur with relatively normal color vision, 
they are almost always due to retinal processes affecting the 
macula (discussed previously).

VISUAL FIELD TESTING

Computerized threshold static perimetry of  the central 24 or 
30 degrees of  vision (Swedish Interactive Threshold Algorithm 
(SITA) standard program) is a reasonably reproducible test for 
patients with neuro-ophthalmic conditions, such as papille-
dema.82,83 Each field can be quantified using the average of  all 
the threshold values (in decibels (dB)) for each measured area, 
allowing for objective, numerical comparison of  serial fields. 
Kinetic Goldmann perimetry84 is more appropriate for patients 
with significant visual loss and those who are less cooperative, 

Table 6.3 Causes of Papilledema

Common Uncommon

Intracranial mass lesion
Pseudotumor cerebri 

syndrome
Hydrocephalus
Venous thrombosis or 

obstruction
Meningitis

Dural sinus arteriovenous malformation
Obstructive sleep apnea
Guillain–Barré syndrome
Intracranial hemorrhage
Chronic inflammatory demyelinating 

polyneuropathy
Spinal cord tumors
Craniosynostoses
Nonaccidental injury
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Figure 6.13. Examples of Humphrey (threshold) 30–2 computerized perimetry demonstrating (A) typical enlarged blind spot, (B) infranasal constric-
tion, and (C) diffuse constriction due to papilledema associated with pseudotumor cerebri. The gray scale plots the central 30 degrees of vision.  
D. Goldmann (kinetic) visual field typical for visual loss associated with papilledema due to pseudotumor cerebri. An enlarged blind spot, inferior nerve 
fiber bundle defect, and infranasal constriction are present. (A, B, and D, From Galetta SL, Liu GT, Volpe NJ. Diagnostic testing in neurology. Neuro-oph-
thalmology. Neurol Clin 1996;14:201–222, with permission.)

angiography may be ordered if  a dural arteriovenous  
malformation (AVM) is considered as a possible cause of  
elevated intracranial pressure. If  neuroimaging is normal, 
a lumbar puncture (LP) is necessary to rule out meningitis 
and to document the CSF opening pressure. In patients  
with pseudotumor cerebri syndrome, the LP often alleviates 
the headache. The LP should be performed with the  
patient relaxed in a lateral decubitus position, with the head 
and spine at the same level and the neck and knees slightly 
flexed; however, one study in children found no clinically 

Evaluation of Patients  
With Papilledema

In patients with papilledema, we recommend urgent neu-
rologic evaluation and neuroimaging (magnetic resonance 
imaging (MRI) or CT with contrast) to rule out an intracranial 
mass lesion, hemorrhage, hydrocephalus, or venous throm-
bosis (Box 6.2). Magnetic resonance (MR) venography should 
be requested as well when a venous clot is suspected. MR 
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performed before a lumbar puncture. However, the absence 
of  papilledema should not be used to rule out elevated intra-
cranial pressure.

Papilledema in Children

Much of  the differential diagnosis of  papilledema in children 
overlaps that of  adults, but there are some special consider-
ations in younger age groups. Of  the patients seen by the 
neuro-ophthalmology service at the Children’s Hospital of  
Philadelphia, the two most common causes of  papilledema 
are a brain neoplasm or pseudotumor cerebri syndrome. 
Other commonly seen etiologies are meningitis (particularly 
Lyme), hydrocephalus, venous thrombosis, and 
craniosynostoses—a craniofacial condition characterized by 
premature closure of  the cranial sutures. If  brain growth 
exceeds that of  the skull, elevated intracranial pressure and 
papilledema may result.

Papilledema is rare in infants because the cranial sutures 
have not closed, allowing the cranial vault to expand in 
response to elevated intracranial pressure. However, if  the 
pressure is exceedingly high or elevates rapidly, papilledema 
is still possible.23 A bulging anterior fontanelle, enlarging 
head size, and irritability are better indications of  elevated 
intracranial pressure in this age group.

The most common ocular finding in nonaccidental injury 
(shaken-baby syndrome, nonaccidental trauma, abusive head 
trauma, etc.93) is retinal hemorrhages in any layer of  the 
retina.94,95 While papilledema is seen in only 5% of  such 
cases,96 it usually indicates an accompanying subdural hema-
toma.23 In these unfortunate instances, other evidence of  
nonaccidental trauma, such as ecchymoses, fractures, or 
burns, should be sought.97 Generally, only a small proportion 
of  children with nontraumatic elevated intracranial pressure 
have retinal hemorrhages, and they are associated with 
intraretinal hemorrhages located adjacent to a swollen optic 
disc. The peripapillary pattern is distinct from the multilay-
ered, widespread pattern of  retinal hemorrhages in abusive 
head trauma.98

Intracranial Neoplasms

Although papilledema is an excellent sign of  elevated intra-
cranial pressure, the absence of  disc swelling does not nec-
essarily rule out an intracranial mass lesion such as a 
neoplasm or abscess. In a series of  patients (age range 0–90 
years) with brain tumors presenting to an emergency depart-
ment,99 only 28% had papilledema. Van Crevel100 studied 
the relationship between papilledema and brain tumors and 
suggested that disc swelling is less likely if  (1) the patients 
were older, because age-related cerebral atrophy may allow 
for greater tumor expansion without causing elevated intra-
cranial pressure, or (2) the tumor were located in the parietal 
lobe. In his study, tumor size correlated poorly with the 
presence of  papilledema. In contrast, childhood brain tumors, 
which are more commonly located in the posterior fossa 
and frequently cause fourth ventricular compression and 
noncommunicating hydrocephalus, may be more likely to 
present with papilledema (34% from one large pediatric 
metaanalysis101).

meaningful difference in pressure if  legs were extended or 
flexed.90

Normal CSF opening pressure in an adult is less than 
250 mm CSF.91 In children, normal CSF opening pressure  
is less than 280 mm CSF; however, if  the child is not  
sedated and not obese, the pressure should be less than 
250 mm CSF.92

CSF measurements should also include at least those for 
protein, glucose, cell count and differential, Gram stain, 
culture, and cytology. In an immunocompromised patient, 
CSF testing for opportunistic infections could include cryp-
tococcal antigen and India ink. Presence of  papilledema, 
normal neuroimaging, and elevated CSF opening pressure 
but normal CSF constituents strongly suggests pseudotumor 
cerebri syndrome. CSF pleocytosis with or without elevated 
protein suggests meningitis. Bloody CSF or xanthochromia 
implies an intracranial hemorrhage, even if  the neuroimag-
ing is normal.

In the emergency setting, the presence of  papilledema may 
alter management in patients with fever, stiff  neck, and 
decreased mentation suggestive of  bacterial meningitis. Pap-
illedema, indicative of  elevated intracranial pressure, may 
reflect an abscess or hydrocephalus in these patients and a 
tendency to herniate. In one approach, emergent empiric 
intravenous (IV) antibiotics can be given, then neuroimaging 

Box 6.2 Evaluation of Patients  
With Papilledema

 I. Distinguish from other causes of disc swelling (see Table 6.1), 
based upon clinical, fundus, and adjunctive laboratory 
features.

 II. Clinical history
■ Rapidity of onset of headache and/or visual symptoms 

which might suggest a hemorrhage, venous thrombosis, or 
quickly expanding mass lesion

■ Other neurologic symptoms such as hemiparesis, sensory 
loss, or ataxia that suggest a mass lesion

■ Body habitus (overweight female suggests idiopathic 
intracranial hypertension)

 III. Neuro-ophthalmic examination
■ Including careful visual field testing looking for field defects 

associated with papilledema
 IV. Neurologic examination

■ Evidence of mental status abnormalities, focal neurologic 
abnormalities, or long tract signs suggest a mass lesion.

■ Fever and stiff neck suggest meningitis.
 V. Neuroimaging

■ Magnetic resonance imaging or computed tomography 
with contrast to exclude a mass lesion or hydrocephalus

■ Magnetic resonance venography, if venous sinus 
thrombosis suspected

 VI. Lumbar puncture
■ Measurement of opening pressure when neuroimaging is 

unrevealing or if a venous sinus thrombosis is detected
■ Cerebrospinal fluid tests to exclude meningitis, for example: 

protein, glucose, cell count with differential, Gram stain, 
culture, cryptococcal antigen, and India ink.

■ When the clinical scenario requires the consideration of 
other entities: syphilis serologies, acid-fast staining, 
cytology for malignant cells, angiotensin-converting 
enzyme, Lyme titers
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Two types of  cerebral neoplasms, gliomatosis cerebri and 
leptomeningeal primitive neuroectodermal tumors, may 
mimic pseudotumor cerebri syndrome (see later discussion). 
Affected patients may present initially with papilledema, 
elevated CSF opening pressure with normal constituents, 
and relatively normal neuroimaging. However, subsequent 
mental status changes and neurologic deterioration are 
inevitable with these tumors, and MRI at this point will likely 
demonstrate the characteristic infiltrative lesions of  the cere-
bral hemispheres, brainstem, or leptomeninges.102,103

Cerebral Hemorrhage

The types of  intracranial hemorrhages associated with pap-
illedema include aneurysmal or AVM-related subarachnoid 
hemorrhage, acute subdural hematoma, and intraparenchy-
mal hemorrhage. CT scanning is better than MRI at identify-
ing the presence and location of  acute blood. Hemorrhagic 
or xanthochromic CSF can confirm a subarachnoid hemor-
rhage, and formal cerebral angiography should be performed 
when an aneurysm or AVM is suspected. CT or MR angiog-
raphy can be used as a screening tool, but they do not have 
the sensitivity of  conventional angiography in excluding 
aneurysms. Elevated intracranial pressure results from mass 
effect produced by a hematoma or obstructive hydrocephalus 
from subarachnoid blood. As discussed previously, acute rises 
in intracranial pressure associated with intracranial hemor-
rhages may result in the development of  papilledema within 
hours. However, for unclear reasons, papilledema due to 
subarachnoid or intraparenchymal hemorrhage occurs in 
only a minority of  patients, despite the presence of  elevated 
intracranial pressure. Therefore, normal optic nerve appear-
ance should not be the sole criterion to exclude the presence 
of  elevated intracranial pressure.104

In Terson syndrome, acute subarachnoid bleeding (more 
typically) or an acute subdural hematoma causes intraocular 
hemorrhage in the vitreous, preretinal (subhyaloid), intra-
retinal, or subretinal spaces (Fig. 6.14).105,106 In a prospective 
series,107 intraocular hemorrhages occurred in 18% of  adults 
with subarachnoid hemorrhages, and the presence of  Terson 
syndrome was related to the severity of  the subarachnoid 
hemorrhage. Terson syndrome is uncommon (8%) in children 
with intracranial hemorrhages not related to abusive head 
trauma.108

Preretinal hemorrhages in Terson syndrome usually occur 
between the temporal vascular arcades and can character-
istically layer out. When present, vitreous hemorrhages can 
prevent adequate visualization of  retinal hemorrhages. Severe, 
sudden rises in intracranial pressure can be transmitted to 
the optic nerve,109,110 and subsequent compression of  both 
the central retinal vein and retinochoroidal anastomoses 
could result in an acute decrease in venous drainage from 
the retina and cause stasis and intraocular hemorrhage.111 
Tracking of  blood within the optic nerve sheath subarachnoid 
space and into the vitreous has been proposed, but similar 
ocular hemorrhages may be seen in patients with sudden 
elevations in intracranial pressure without subarachnoid 
hemorrhage (see Fig. 6.14).

In a study by Schultz et al.,105 affected eyes in Terson syn-
drome had visual acuities ranging from 20/20 to light per-
ception, and the natural history was for spontaneous 

resorption of  the blood and moderate to good spontaneous 
recovery in vision within 9 months. Epiretinal membranes 
developed commonly, but their etiology was unclear. Vitrec-
tomy allowed faster recovery, but the visual prognosis was 
no different. Thus, vitreous surgery112 might be reserved for 
young children with immature visual systems at risk for 
amblyopia and adults with bilateral involvement or hemor-
rhage that does not clear after 3 months.113

Trauma

In one study,33 papilledema was identified in only 3.5% of  
patients with acute head injury. Its presence had little cor-
relation with the degree of  elevated intracranial pressure, 
and its absence did not rule out increased intracranial pres-
sure. On the other hand, papilledema is much more common 
(approximately 50%) in chronic subdural hematomas.33 There 
are numerous reports of  trauma-related papilledema in the 
setting of  depressed skull fractures overlying a venous sinus 
leading to venous outflow obstruction. Once imaging studies 
(CT or MR venography) exclude the presence of  a venous 
sinus thrombosis, surgical elevation of  the depressed skull 
fracture overlying the sinus is one treatment approach.114,115

Meningitis

Patients with infectious meningitis can develop papilledema 
and sixth nerve palsies associated with elevated intracranial 
pressure. Infectious etiologies include bacteria (e.g., pneu-
mococcus), Lyme borreliosis, tuberculosis, and cryptococcus, 
for instance. When basilar meningitis causes obstructive 
hydrocephalus, shunting is usually required.116

Of  the patients with Lyme meningitis, papilledema and 
sixth nerve palsies seem more common in children affected 
with the disorder.117,118 In fact, in our experience the most 
common mimicker of  pseudotumor cerebri syndrome (see 
later discussion) in children with normal imaging is Lyme 
meningitis. Almost all patients do extremely well with reso-
lution of  symptoms within weeks after treatment with IV 
antibiotics such as ceftriaxone, and some evidence suggests 
oral doxycycline may be effective in Lyme meningitis as well.119 
We have added acetazolamide in affected patients until disc 
swelling resolves, but there is no evidence that this is neces-
sary. Several authors120,121 have used the term “pseudotumor 
cerebri due to Lyme disease” in these cases; however, that is 
a misnomer, because these patients have abnormal CSF 
contents.

Cryptococcal meningitis is notorious for causing cata-
strophic visual loss associated with disc swelling.122,123 The 
mechanism is due either to the effects of  high intracranial 
pressure or to direct optic nerve invasion by the cryptococci.124 
In addition to antifungal agents,125 acetazolamide can be used 
in cases with mild visual loss secondary to disc swelling.126 
However, optic nerve sheath decompression has become the 
treatment of  choice for severe visual loss in this infection, 
particularly when there is elevated intracranial pressure.127

Papilledema due to viral or other causes of  aseptic men-
ingitis, such as chemical or drug-induced,128 is much less 
common.129 Papilledema may occur in patients with elevated 
intracranial pressure due to carcinomatous or sarcoid 
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outlined previously, common causes included neoplasms, 
intraventricular or subarachnoid blood, and meningitis. Other 
etiologies which should be considered include congenital 
aqueductal stenosis, myelomeningocele, and, in endemic 
areas, cysticercosis.133

In addition to treatment of  the primary problem, many 
patients with obstructive hydrocephalus will require a  
CSF diversion procedure. Papilledema, if  present preopera-
tively, usually resolves following successful CSF shunting  
or endoscopic third ventriculostomy.134 However, some  
require periodic ophthalmic or neuro-ophthalmic examina-
tions, because ocular signs may signify shunt failure  
even in the absence of  headache, nausea, vomiting, or 
ventriculomegaly.135,136

meningitis, and hydrocephalus is the usual cause in these 
instances.130

Papilledema in association with elevated intracranial pres-
sure and idiopathic CSF lymphocytic pleocytosis is well rec-
ognized131,132 but is a diagnosis of  exclusion. In most cases 
the condition is self-limited, but we have treated such patients 
with acetazolamide.

Hydrocephalus

Obstructive (noncommunicating) hydrocephalus results  
from compression of  the ventricular system or its associated 
foramina (e.g., Monro, Sylvian aqueduct) (Fig. 6.15). As 
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Figure 6.14. Examples of Terson syndrome. A. Papilledema and a 
subhyaloid boat-shaped hemorrhage overlying the macula in a patient 
with an aneurysmal subarachnoid hemorrhage. The view is slightly 
hazy because of vitreous blood. B,C. Fundus findings in two patients 
with lymphocytic meningitis and elevated intracranial pressure.  
B. Papilledema with peripapillary hemorrhages accompanied by vitre-
ous hemorrhages, some of which have become white while being 
resorbed (10 o’clock). C. Papilledema with peripapillary retinal hemor-
rhages accompanied by multiple subhyaloid hemorrhages (inferiorly) 
that have “layered out.” (A, Photo courtesy of Dr. Darma Ie. From Laskowitz 
D et al: Acute visual loss and other disorders of the eye. Neurol Clin N 
Am 1998;16:323–353, with permission.)
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elevated intracranial pressure and papilledema, in part due 
to skull noncompliance, despite normal shunt function. 
Treatment in these cases consists of  either acetazolamide 
or neurosurgical cranial vault expansion. In some reports, 
lumboperitoneal141 and cisterna magna-ventricular142 shunt-
ing were used. In another subset of  patients, the ventricles 
are normal or subnormal in size during asymptomatic periods, 
but when symptomatic with headaches, mild ventriculo-
megaly is evident. Intermittent proximal shunt malfunction 
is the cause in these cases, and these individuals respond to 
proximal shunt revision.143

A postdecompression optic neuropathy has been described 
in which patients with papilledema develop acute visual loss 
following rapid decreases in CSF pressure due to shunting 
or decompressive craniotomy.137 The postulated mechanism 
is hypoperfusion to the prelaminar portion of  the optic nerve, 
and the visual prognosis is poor.138 Fortunately, we have found 
this complication to be an uncommon one.

In addition, children who are shunted for hydrocephalus 
early in life may later develop slit-ventricle syndrome, an 
uncommon condition characterized by headaches and sub-
normal ventricular sizes.139,140 Affected patients may develop 
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Figure 6.15. Magnetic resonance imaging demonstration of causes of hydrocephalus associated with papilledema. Note the enlarged ventricles in all 
images. A,B. Axial images demonstrating (A) hydrocephalus in an 18-year-old with (B) previously unrecognized aqueductal stenosis (the smaller arrow 
points to the absence of the normally more prominent signal of a patent cerebral aqueduct; the larger arrow points to the abnormally dilated temporal 
horn of the lateral ventricle). C. T1-weighted gadolinium-enhanced image showing noncommunicating hydrocephalus in a young woman who pre-
sented with headaches, a sixth nerve palsy, and papilledema due to a pineoblastoma (arrow). D. A tectal glioma (arrow), which obstructed the cerebral 
aqueduct, as seen on a T2-weighted image. E. Third ventricular astrocytoma (arrow). See Fig. 6.8A for the corresponding fundus photo. 
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Box 6.3 Classification of Pseudotumor  
Cerebri Syndrome144

Primary Pseudotumor Cerebri

Idiopathic intracranial hypertension

Secondary Pseudotumor Cerebri

Cerebral Venous Abnormalities

Arteriovenous fistulas
Bilateral jugular vein thrombosis or surgical ligation
Cerebral venous sinus thrombosis
Decreased cerebrospinal fluid absorption from previous 

intracranial infection or subarachnoid hemorrhage
Hypercoagulable state
Increase right heart pressure
Middle ear or mastoid infection
Superior vena cava syndrome

Medications

Antibiotics (tetracycline, minocycline, doxycycline)
Vitamin A and retinoids (hypervitaminosis A, all-trans retinoic 

acid, excessive liver ingestion)
Growth hormone
Withdrawal from chronic corticosteroids
Lithium

Medical Conditions

Endocrine disorders
Addison’s disease
Hypoparathyroidism

Hypercapnia
Sleep apnea
Pickwickian syndrome

Anemia
Renal failure
Down syndrome
Turner syndrome

Table 6.4 Revised Diagnostic Criteria for Pseudotumor Cerebri Syndrome144

Comment

Diagnosis of pseudotumor 
cerebri syndrome (PTCS)

A Papilledema
B Normal neurologic examination May have cranial nerve abnormalities
C Normal cerebrospinal fluid (CSF) composition
D Normal neuroimaging without signs of 

hydrocephalus, mass or structural defect, 
and without meningeal enhancement on 
magnetic resonance imaging (MRI)

MRI ± contrast in obese females
MRI ± contrast with magnetic resonance venography in all 

others
May use contrast computed tomography if MRI is unavailable

E Elevated lumbar puncture opening pressure ≥250 mm H2O in adults
≥280 mm H2O in sedated, obese children
≥250 mm H2O in not sedated or obese children

Diagnosis of PTCS without 
papilledema

1 B–E from above are satisfied
2 Unilateral or bilateral abducens nerve palsy

Probable PTCS 1 A–D from above are satisfied
2 Normal lumbar puncture opening pressure

Suggested PTCS 1 B–E from above are satisfied
2 Neuroimaging shows at least 3 of: Empty sella

Flattening of posterior globe
Distension of perioptic subarachnoid space ± tortuous 

optic nerve
Transverse venous sinus stenosis

Pseudotumor Cerebri Syndrome 
(PTCS), Including Idiopathic 
Intracranial Hypertension (IIH)

Features characteristic of  patients with PTCS are elevated 
intracranial pressure measured during a lumbar puncture, 
normal spinal fluid constituents, and neuroimaging that 
excludes a mass lesion or hydrocephalus and demonstrates 
normal brain parenchyma. Primary pseudotumor cerebri 
syndrome includes IIH, while secondary pseudotumor cerebri 
syndrome includes etiologies such as medications, medical 
conditions, and cerebral venous abnormalities (Box 6.3). The 
diagnosis is formally established when the revised PTCS 
diagnostic criteria144 are satisfied (Table 6.4). The greatest 
morbidity from this disorder is visual loss related to optic 
disc swelling.

Several terms have been used for this condition. “Benign 
intracranial hypertension” should be eschewed, because the 
condition may be associated with severe debilitating visual 
loss in as many as 25% of  patients,78,145 and therefore it is 
not always “benign.” Some experts today advocate the use 
of  the term “idiopathic intracranial hypertension.”146 
However, we have found “pseudotumor cerebri syndrome”147 
a more descriptive umbrella term, as it includes both idio-
pathic and secondary causes. It is also easier for patients 
and providers to remember and use due to familiarity.

IDIOPATHIC INTRACRANIAL  
HYPERTENSION (PRIMARY PSEUDOTUMOR 
CEREBRI SYNDROME)

In cases that are idiopathic, the patients are almost uniformly 
females in early adulthood and are overweight or have a 
history of  recent weight gain.148 In four large series, approxi-
mately 90% of  the patients were women and the mean age 
was 27.8–34 years.78,89,149,150 The approximate annual 
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incidence of  IIH was 0.9–1.7/100 000 in the general 
population.151–153 However, among females 15–44 years of  
age the incidence is 3.3–12.0/100 000, and among obese 
females in this age group the incidence climbs to 7.9–21.4/100 
000.151–153 Case-control studies149,154,155 confirm that obesity 
and recent weight gain of  as little as 5% are more common 
among patients with IIH than among controls.

When men develop IIH, they tend to be either in a similar 
age distribution to affected women, or slightly older, and 
they are also usually obese.156–158 However, when pseudotu-
mor cerebri syndrome in a man is suspected, other responsible 
etiologies (see later discussion) should be excluded. Sleep 
apnea may be more prevalent in men with IIH.158–160

Patients with a normal body mass index and age older 
than 50 years can occasionally develop IIH.161 IIH in children 
is discussed in more detail at the end of  this section.

SECONDARY PSEUDOTUMOR CEREBRI 
SYNDROME ASSOCIATED WITH MEDICAL 
CONDITIONS AND MEDICATIONS

Box 6.3 lists the most notable medical conditions and medi-
cations that are associated with secondary pseudotumor 
cerebri syndrome, and affected patients satisfy the revised 
diagnostic criteria for PTCS. More comprehensive lists have 
been published elsewhere.89,162,163

Anemia. Pseudotumor cerebri syndrome has been associ-
ated with several forms of  acquired anemia, including iron 
deficiency,164–166 aplastic anemia,167,168 hemolytic anemia,169,170 
and sickle cell disease.171,172 The mechanism by which anemia 
causes PTCS is unclear, but it has been theorized to result 
from tissue hypoxia leading to increased capillary permeability 
or abnormalities in hemodynamics leading to increased 
cerebral blood flow (high-flow state).

Steroid withdrawal and corticodeficient states. Steroid 
withdrawal (not steroid use) is a well-recognized, but not 
well-documented, risk factor,173 most commonly occurring 
in children receiving chronic corticosteroid therapy for respi-
ratory, renal, or dermatologic disorders.145,174 Discontinuation 
of  a short course of  steroids taken for a few days or weeks 
is not a risk factor. Reports of  PTCS occurring in corticosteroid-
deficient states such as Addison’s disease,175 adrenocortico-
tropic hormone (ACTH) deficiency, primary and secondary 
hyperaldosteronism,176,177 and following removal of  an ACTH-
secreting pituitary adenoma178,179 have also been reported.

A possible association between papilledema and Addison’s 
disease (adrenal insufficiency despite elevated ACTH levels) 
has been suggested when glucocorticoid and mineralocor-
ticoid replacement resulted in resolution of  symptoms in 
two reports,175,180 with one patient requiring additional treat-
ment with acetazolamide.180 Conversely, we have seen a 
patient who developed PTCS following removal of  a long-
standing ACTH-secreting pituitary tumor (Cushing disease; 
see Chapter 7).

Synthetic growth hormone. First reported in 1993, there 
have been multiple cases of  secondary pseudotumor cerebri 
syndrome in children treated with recombinant (biosynthetic) 
human growth hormone (GH).181–183 In a large database 
analysis, the prevalence of  PTCS in the GH-treated popula-
tion was approximately 100 times greater than in the normal 
population.184 It appears that risk factors such as obesity, 
Turner syndrome, chronic renal failure, Prader–Willi 

syndrome, and delayed puberty can increase the risk of  
developing PTCS in this setting.185,186

It has been proposed that GH passes the blood–brain barrier 
and acts locally to increase levels of  insulin-like growth factor 
1 (IGF-1), which in turn increases CSF production from the 
choroid plexus.187 Furthermore, it seems as though aggres-
sive GH dosing places a child at a higher risk of  developing 
PTCS; thus starting hormone therapy at the lowest recom-
mended dose, with prudent gradual titration to higher doses 
if  needed, has been advised.188

Tetracycline derivatives. The evidence regarding the role 
of  tetracycline and its synthetic relative, minocycline, in PTCS 
is convincing.189–194 They are commonly prescribed drugs, 
especially for acne. A true association was suggested in many 
affected patients who improved following removal of  the  
drug and recurrence in some who then restarted the medica-
tion. A combination of  other factors, including genetic  
susceptibility,189 female gender, and obesity, may predispose 
some individuals to developing PTCS when these medications 
are used.191,195

Vitamin A, all-trans retinoic acid, and related com-
pounds. Vitamin A intoxication may produce signs and 
symptoms consistent with PTCS. In a prospective study on 
adults, hypervitaminosis, either secondary to increased levels, 
altered metabolism, or hypersensitivity to vitamin A, was 
shown to be associated with PTCS.196 Infants given vitamin 
A supplementation were more likely to develop bulging fon-
tanelles than those who did not receive supplementation.197 
There have been several reports of  cases of  PTCS after acne 
treatment with isotretinoin (13-cis retinoic acid), a vitamin 
A derivative,198 with or without tetracyclines (discussed  
previously).199,200 Combination therapy seems to increase  
the risk.

In addition, there have also been several reports on the 
development of  PTCS in patients with acute promyelocytic 
leukemia (APML) treated with all-trans retinoic acid (ATRA), 
a vitamin A derivative.201–203 Several studies have shown that 
children, especially those younger than 8 years, are more 
sensitive to the effects of  ATRA on the central nervous system 
than are adults.201,204 Therefore, it has been suggested that 
lower-dose regimens of  ATRA should be considered in chil-
dren to avoid potential side effects such as the development 
of  PTCS.205

Systemic lupus erythematosus. Lupus has been described 
as causing PTCS.206 The mechanism is unclear, but patients 
may be predisposed because of  renal insufficiency or a hyper-
coagulable state.

Renal failure and transplantation. Purportedly, children 
with impaired renal function may be at higher risk of  devel-
oping PTCS.207 It has also been suggested that those who 
undergo renal transplantation may also be at greater risk 
posttransplantation.208 In one retrospective analysis of  chil-
dren undergoing renal transplant in the United Kingdom 
over an 11-year period, it was claimed that 4.4% developed 
PTCS posttransplantation.209 However, it must be noted that 
almost all of  the reported patients were treated with chronic 
immunosuppressive medication, including corticosteroids, 
and many had other risk factors, including obesity and treat-
ment with GH, that could have also increased their risk of  
developing PTCS.208,210

Pulmonary disease. Elevated intracranial pressure and 
papilledema may develop in the setting of  respiratory 
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pressures234,235 and collapse of  the walls of  the transverse 
sinuses.236

Elevated brain volume secondary to cerebral edema or 
increased cerebral blood volume has also been proposed,237–242 
but the pathologic evidence is unconvincing.243,244 An 
increased rate of  CSF formation is also unlikely,245,246 as 
choroid plexus papillomas tend to cause hydrocephalus.

Recent studies have shown that both serum retinol binding 
protein (RBP)247 and levels of  retinol248,249 and vitamin A250 
in the CSF are elevated in those with IIH compared with 
normal controls. It has been proposed that excess retinol 
and RBP in the serum are transported to the CSF, where 
retinol is toxic to arachnoid granulations, thereby disrupting 
CSF absorption.248,250 Alternatively RBP could alter aquaporin 
expression251 or act as a signaling molecule,252 in either case 
leading to abnormal CSF secretion by the choroid plexus or 
CSF absorption by the arachnoid villi. However, the Idiopathic 
Intracranial Hypertension Treatment Trial (IIHTT) did not 
find any evidence of  vitamin A toxicity in the blood or sera 
of  patients with IIH.253

The association between IIH and female gender and obesity 
suggests an endocrine basis for the disorder. Recent theories 
have unified various neuroendocrine effects on the miner-
alocorticoid receptor (MR) as a possible mechanism for the 
increased CSF production and intracranial pressure in sec-
ondary PTCS. The mineralocorticoid receptor is abundant 
in the choroid plexus epithelial cells, which regulate CSF 
production. When mineralocorticoid receptor or its down-
stream pathways are activated, this can create an osmotic 
gradient to drive CSF production and pressure. Furthermore, 
corticosteroids in many instances effectively treat pseudo-
tumor cerebri,89 and corticosteroid withdrawal is associated 
with pseudotumor cerebri,173 suggesting that corticosteroids 
have an effect on CSF dynamics.254,255 A pathway governing 
CSF production or absorption at the level of  the choroid plexus 
may be a key mechanism for secondary PTCS in patients 
with hyperaldosteronism, obesity, hypercortisolism, hyper-
vitaminosis A, and recombinant GH.256,257

In summary, the mechanism is likely to be decreased CSF 
absorption due either to dysfunction at the level of  the arach-
noid villi or lymphatics or to elevated intracranial venous 
pressures. The association of  elevated intracranial pressure 
and many other medical conditions and medications suggests 
that these purported mechanisms may be the final common 
pathway, but the inciting factors may be multiple.

PRESENTING SIGNS AND SYMPTOMS OF 
IDIOPATHIC INTRACRANIAL HYPERTENSION

The IIHTT provides the best data regarding frequency of  
presenting symptoms.258,259 Headache was the most common 
complaint, occurring in more than 80% of  patients in the 
study. Many had related neck stiffness or retrobulbar pain, 
the latter sometimes exacerbated by eye movements. However, 
the headache features in IIH are nonspecific, as symptoms 
such as nausea, vomiting, and photophobia in IIH are also 
shared with migraine and tension headache.260

Seventy percent of  patients in the IIHTT reported transient 
visual obscurations. Diplopia (20%) and visual loss (30%) 
were less common ophthalmic complaints. Fifty percent of  
patients complained of  a pulsatile intracranial noise, char-
acterized either by tinnitus or a “whooshing.” The bruit 

insufficiency as a result of  hypercapnia-induced cerebral 
vasodilation.211 These patients can be distinguished by their 
lethargy, peripheral retinal hemorrhages (due to the venous 
hypertension), arterial blood gas results, and high serum 
bicarbonate.212

Obese patients with Pickwickian syndrome (sleep apnea 
and obesity hypoventilation syndrome) may develop papil-
ledema,212,213 and it is easy to mistakenly diagnose them with 
IIH. Excess fat in the hypopharynx leads to obstructive sleep 
apnea, chronic hypoxemia and hypercapnia, pulmonary 
hypertension, right-sided heart failure, and venous hyperten-
sion. The papilledema tends to respond to treatment of  the 
lung abnormalities, including oxygenation, positive airway 
pressure, and weight reduction, under the direction of  a 
pulmonologist.212,214 If  there is mild visual field loss associ-
ated with the disc swelling, acetazolamide can be added.

Questionable and mistaken associations. The literature 
is replete with purported disease and drug associations, but 
many published cases must be reviewed skeptically because 
they fail to satisfy the revised diagnostic criteria. In some 
patients the neurologic examinations aside from cranial 
neuropathies were abnormal, and in others the CSF profile 
was abnormal due to pleocytosis.

MECHANISM OF IDIOPATHIC INTRACRANIAL 
HYPERTENSION

The cause of  IIH is unclear, but any explanation must account 
for elevated intracranial pressure with normal neuroimaging 
(without hydrocephalus), CSF constituents, and neurologic 
examinations. Decreased CSF absorption by the arachnoid 
villi has been cited as the most likely explanation suggested 
by radioisotope cisternography and other observations.215–218 
It is possible that decreased CSF absorption is a secondary 
phenomenon, resulting from compression of  the arachnoid 
villi by elevated intracranial pressure from any cause.219 
Recently, more attention is being directed beyond just the 
role of  the arachnoid villi in CSF absorption to that of  the 
extracranial lymphatics, which can amount to 50% of  this 
process.220–222

Abnormal CSF pressure gradients caused by increased 
intracranial venous pressure may also account for decreased 
absorption.223 Elevated intraabdominal pressure secondary 
to obesity may increase pleural pressure and cardiac filling 
pressure, thereby leading to increased intracranial venous 
pressure, and elevated intracranial pressure has been a pos-
tulated mechanism.224 However, the validity of  this mecha-
nism has been questioned.225

King et al.226 performed cerebral venography and manom-
etry in patients with IIH, and they found consistently elevated 
venous pressures. In addition, narrowing of  the transverse 
(lateral) sinuses has been demonstrated in many patients 
with IIH (Fig. 6.16),227 suggesting possible abnormalities in 
venous blood flow. It is unclear whether these pressure and 
anatomic abnormalities are the cause or the consequences 
of  IIH, but the latter is more likely. Previously, it was thought 
that unrecognized thrombi may be the cause of  tapered  
stenoses and filling defects in transverse sinuses in patients 
with pseudotumor.228 However, the elevated venous pres-
sures229 and sinus narrowing230–232 often, but not always,233 
resolve with lowering of  CSF pressure. This implies that 
increased intracranial pressure caused the elevated venous 
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Figure 6.16. Magnetic resonance (MR) venogram and magnetic resonance imaging (MRI) findings associated with idiopathic intracranial hypertension. 
A. MR venogram, axial view, demonstrating narrowing of the left transverse sinus (arrow). B. T2-weighted image showing optic disc elevation (black 
arrows), dilated optic nerve sheaths (white arrows), tortuous optic nerves, and indentation of the globes posteriorly. C. T2-weighted coronal image in 
another patient showing dilated optic nerve sheaths (arrows). D,E. Empty sella (open white arrow) is demonstrated in sagittal T1-weighted sagittal  
(D) and coronal (E) images. Note the absence of the normal pituitary contents, which seem pushed to the bottom of the sella. 
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Visual acuity, color vision, and pupillary reactivity are 
typically normal in patients with IIH.75 Sixth nerve palsies 
occur also in just a minority (approximately one-fifth).75 
Therefore, these parameters are felt to be insensitive measures 
of  alteration in visual function compared with visual field 
testing.89 Most experienced clinicians do not use contrast 
sensitivity or visual-evoked potentials in the evaluation or 
follow-up of  patients with IIH.

Risk factors for more severe visual loss at presentation 
include male gender, black race, morbid obesity, anemia, 
obstructive sleep apnea, and acute onset.158,284

Papilledema. Papilledema, which is required for a definite 
diagnosis of  IIH,144 is uniformly present, can be asymmetric, 
and in uncommon instances is unilateral.37,285,286 In asym-
metric cases, the vision loss is usually worse in the eye with 
the more severe swelling.287 Pseudopapilledema mistaken 
for papilledema is a common reason for a misdiagnosis of  
IIH.288 There are patients in whom intracranial pressure is 
elevated but papilledema does not develop (see later 
discussion).

Neuroimaging. MRI of  the brain with gadolinium is pre-
ferred over CT with contrast to exclude hydrocephalus or 
any cause of  elevated intracranial pressure such as a mass 
lesion or dural AVM. Common radiographic findings in IIH 
include an empty sella,289 dilation and tortuosity of  the optic 
nerve sheaths, and elevation of  the optic disc (see Fig. 
6.16).290,291 Occasionally on MRI the swollen optic disc will 
enhance.292,293 The empty sella is thought to result from 
chronically elevated intracranial pressure associated with a 
congenitally incompetent diaphragma sella. Many patients 
will have “slitlike” ventricles,294 but in at least two studies,295,296 
age-matched controls had similar ventricular sizes.

Some studies297 have suggested sulci effacement on CT is 
a helpful radiologic sign, but we have found this to be an 
inconsistent feature. Less common radiographic abnormali-
ties include low-lying cerebellar tonsils,298 widened foramen 
ovale,299 widening of  the optic canal,300 and narrowing of  
Meckel’s cave.301

Others226,228 have used formal venography in the workup 
of  their patients with IIH. Because of  the risks of  the proce-
dure, we have not done so. We prefer to use less-invasive, 
albeit less-sensitive, MR venograms in addition to regular 
MR sequences as a better screen for patients suspected of  
having a venous sinus thrombosis (see later discussion). The 
common narrowing of  the transverse sinuses demonstrated 
on MR venography302 was discussed previously.

Cerebrospinal fluid. After normal neuroimaging, a 
lumbar puncture is necessary to rule out meningitis (for 
example) and to document the CSF opening pressure. When 
bedside LPs are difficult to obtain due to patient obesity, fluo-
roscopically guided LPs may be necessary. Of  note, nearly 
75% of  neuroradiologists measure the opening pressure of  
fluoroscopic-guided LPs with the patient in the prone posi-
tion,303 which then requires adding the needle length to the 
manometer when obtaining the opening pressure. There is 
no clinically significant difference between prone- and lateral 
decubitus–measured opening pressures.304 LPs should be 
performed judiciously in patients with low-lying cerebellar 
tonsils because of  the risk of  fatal herniation.305

To establish a definite diagnosis of  PTCS, the CSF opening 
pressure should exceed 250 mm CSF, the upper limit of  normal 
for most obese and nonobese adults.91,306 Approximately 

sounds are usually subjective (internal), but occasionally 
they can be auscultated or externally audible.261 The cause 
of  the noise is likely transmission of  systolic pulsations of  
high-pressure CSF against the exposed walls of  the dural 
venous sinuses, leading to turbulent blood flow through the 
venous sinuses.262 Mentation and level of  alertness is normal 
in all patients. Gaze-evoked amaurosis (see Chapter 10) can 
also occur.263

Eye movement abnormalities other than abducens palsies 
are unusual, but third264,265 and fourth nerve dysfunction,266 
internuclear ophthalmoplegia, bilateral ophthalmoplegia,267 
skew deviation, and nystagmus have been reported. Seventh 
nerve dysfunction is also commonly recognized268 and may 
result from brainstem shifts from elevated intracranial pres-
sure leading to stretching and compression of  the extraaxial 
facial nerve in the bony facial canal.269 Hemifacial spasm 
has also been reported.270,271 In addition, trigeminal272,273 
and acoustic neuropathies274 have been observed.

Less-specific symptoms of  elevated intracranial pressure 
such as distal extremity paresthesias, joint pain, and low 
back pain are not uncommon in patients with IIH.275 These 
symptoms may be related to nerve root irritation or spinal 
root pouch enlargement. CSF rhinorrhea or otorrhea are 
also possible but unusual presentations.276,277

The IIHTT also showed that quality of  life for these patients 
is reduced, likely due to vision loss and headache more than 
obesity.278

NEURO-OPHTHALMIC FINDINGS IN IDIOPATHIC 
INTRACRANIAL HYPERTENSION

Visual loss. When it occurs, visual loss is typically insidious, 
and most patients are unaware of  minor deficits because 
central vision is usually spared. Severe loss of  visual acuity 
in pseudotumor cerebri is uncommon76 except when the 
papilledema is severe or when there is retinal involvement,279 
such as a neurosensory retinal detachment, macular lipid 
exudate, or hemorrhage.49 Most likely, the extent of  visual 
loss does not correlate with the frequency of  transient visual 
obscurations,75 but opinions are conflicting.42 Sudden visual 
loss can occur, although often it seems to be the result of  
sudden awareness, or rarely from acute optic nerve ischemia77 
or retinal artery occlusion.56,57 An uncommon but well-
recognized fulminant presentation can occur, in which 
patients develop acute and severe visual loss over days.76,280,281

Visual field testing82 is the most sensitive method for detect-
ing visual loss in these patients, and the most common 
abnormalities are blind spot enlargement and localized nerve 
fiber bundle defects such as a nasal step, pericentral, partial 
arcuate, or arcuate field loss (see Fig. 6.13).282 Because of  
reasons outlined previously, we prefer to test and follow 
patients with computerized threshold visual fields, which 
tend to be more objective and reproducible. In a prospective 
study by Wall and George,75 96% of  patients had some abnor-
mality detected on Goldmann perimetry, while 92% had 
deficits on computerized testing. As a cautionary note, we 
have encountered many patients with IIH with advanced 
vision loss who have had a component of  functional visual 
loss.283 Often in these individuals there are confounding 
psychiatric, medical, and psychosocial issues. Tangent screen 
visual field examination may be necessary to document non-
physiologic field constriction.
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20–30 cc of  CSF can be removed, although the optimal 
amount has not been studied. It is not necessary to measure 
the closing pressure. In suspected cases with a normal CSF 
opening pressure and no papilledema (see later discussion), 
for instance, invasive CSF monitoring may be considered to 
establish whether headache correlates with peaks in CSF 
pressure.307 The cell count and glucose should be normal 
and the protein normal or low. One study308 found an inverse 
relationship between CSF opening pressure and CSF protein, 
while another309 refuted this and documented a CSF protein 
level <20 mg/dl in only 26% of  patients. Many patients expe-
rience relief  of  their headache after the first LP. Serial LPs, 
either to withdraw more fluid or follow the CSF pressures, 
have a limited role in the management of  this disorder (see 
the next section).

Other imaging modalities. The use of  SD-OCT to assess 
and follow papilledema is discussed in the previous section.

MANAGEMENT OF IDIOPATHIC INTRACRANIAL 
HYPERTENSION AND SECONDARY CAUSES OF 
PSEUDOTUMOR CEREBRI SYNDROME

While the diagnosis requires a neurologist, the management 
of  patients with IIH and secondary causes of  PTCS also 
requires the skills of  an ophthalmologist or neuro-
ophthalmologist to assess the vision and fundi.310 The initial 
evaluation of  a patient with suspected pseudotumor cerebri 
should include complete ophthalmic and neurologic exami-
nations and computerized visual field testing. The MRI and 
LP, in that order, should then be performed. Follow-up exami-
nations should include assessment of  visual fields, visual 
acuity, color vision, pupillary reactivity, ocular motility and 
alignment, and fundus appearance. Patients should be fol-
lowed either weekly or biweekly initially, then, if  vision sta-
bilizes or improves, the intervals between examinations can 
be lengthened. To monitor disc swelling, fundus photographs 
can be taken at presentation, then again once the papille-
dema resolves. The latter serves as a reference should the 
patient’s symptoms recur. Potentially inciting risk factors, 
such as systemic lupus erythematosus or Addison’s disease, 
should be treated, and offending medications such as tetra-
cycline or vitamin A should be discontinued.

Corbett and Thompson310 have emphasized that treatment 
decisions should not rest on the frequency of  transient visual 
obscurations, presence of  diplopia, severity of  the papille-
dema, or CSF opening or closing pressure. Instead, the modern 
management of  PTCS is based largely upon the level of  visual 
loss, as additional therapeutic strategies should be guided 
by visual fields and visual acuity (Table 6.5).87,311 For the 
most part, patients with IIH are treated medically and strongly 
encouraged to lose weight.

Thus treatment suggestions according to level of  visual 
loss are as follows:

1. For patients with no visual loss: Patients with no visual 
loss, headache, or other symptoms can be observed. Those 
with headache may be treated with acetaminophen, non-
steroidal antiinflammatory agents, tricyclic antidepres-
sants, or beta-blockers, for instance (but not steroids). 
Weight loss is highly recommended. Acetazolamide (see 
the next entry) may be used in these instances as well 
but may not be necessary.

Table 6.5 Management of Pseudotumor Cerebri 
Syndrome, Based Upon the Severity and Progression of 
Visual Deficits

No visual loss Symptomatic headache therapy
Weight reduction, if necessary
Acetazolamide

Mild visual loss Acetazolamide
Furosemide
Weight reduction, if necessary

Severe, or progression 
of visual loss

Optic nerve sheath decompression (ONSD)
High-dose intravenous steroids and 

acetazolamide
Lumboperitoneal shunt for failed ONSD or 

intractable headache

2. For patients with mild to moderate visual loss: Most patients 
with IIH fall into this group. Visual deficits include enlarged 
blind spots, arcuate defects, mild peripheral constriction, 
and visual acuity of  20/30 or better. Acetazolamide, a 
carbonic anhydrase inhibitor which decreases CSF produc-
tion, is the first-line medication. The IIHTT demonstrated 
that use of  acetazolamide along with a low-sodium weight-
reduction diet compared with placebo and diet alone in 
this group of  patients resulted in modest improvement in 
visual field function and quality of  life.258 We prefer acet-
azolamide 500 mg orally two or three times per day, as a 
starting dose; the total dosage can be increased to 3 g daily 
if  necessary. The drug is not contraindicated in those with 
sulfa allergies, as cross-reactivity is likely to be more theo-
retical than real.312 Its major side-effects include paresthesias 
of  the lips, fingers, and toes (which most patients tolerate), 
abnormal taste (particularly a metallic taste with carbon-
ated beverages), nausea, vomiting, malaise, sedation, renal 
calculi, and metabolic acidosis.219,313 We typically do not 
routinely monitor electrolytes or blood counts in patients 
taking acetazolamide, as the metabolic abnormalities are 
usually inconsequential and aplastic anemia associated 
with acetazolamide is extraordinarily rare.314 The gastro-
intestinal side effects can be minimize by taking the  
acetazolamide with meals. The dose can be lowered in indi-
viduals who are not tolerating the drug. Most individuals 
in this group do extremely well with acetazolamide, with 
resolution of  the field defects and papilledema within  
6–9 months, after which the medication can be tapered. 
When acetazolamide is not tolerated, we switch the patient 
to furosemide (20–40 mg) and monitor the potassium 
carefully.

If  acetazolamide or furosemide fail, topiramate 
(1.5–3.0 mg/kg/day in two divided doses, and no more 
than 400 mg/day) may be used, particularly when the 
patient is obese or headache is a major issue. Topiramate, 
an antiepileptic medication, has secondary carbonic anhy-
drase activity. It is unclear whether it is superior to acet-
azolamide in reducing CSF pressure.315,316 However, 
topiramate has the added benefit of  appetite suppression 
and weight loss in many patients, it is excellent for treat-
ment of  chronic daily headache, and it has been used 
safely for years in patients with epilepsy. The dosage should 
be built up slowly over weeks (25 mg/week) to reduce 
the risk of  cognitive side-effects, which are more likely to 
occur with rapid dose escalations and at doses higher 
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While instantaneous decompression of  the optic nerve 
is essentially guaranteed by this procedure, whether this 
type of  surgery provides a long-term fistula or drain is 
uncertain. Improvement of  disc swelling in the fellow eye 
and resolution of  headache suggests sheath decompres-
sion acts as a filtering procedure.334,335 Postoperative MRI 
may demonstrate a decrease in intrasheath fluid and col-
lections of  fluid within the orbit.336 Pathologic studies of  
eyes following sheath decompression suggest CSF exits 
either via intact open fistulas in the dura or via enclosed 
blebs of  fibrosis.337 Transient cystlike structures, contigu-
ous to the fenestration site, have been imaged and may 
also act as filters.338,339 However, evidence against the 
filtration hypothesis is (1) an inability to demonstrate 
extravasation of  iopamidol dye into the orbit following 
intrathecal injection, despite its visualization in the sub-
arachnoid space by CT scanning, and (2) inconsistent 
CSF pressure measurements, both lowered and persistently 
elevated,340 following the procedure. Alternatively, fat and 
Tenon’s capsule may attach to the openings or fenestra-
tions, and extensive scarring and adhesions are almost 
always seen on reoperations. Chronic adhesion of  the 
dura to the retrolaminar portion of  the optic nerve may 
prevent the transmission of  high CSF pressure to the optic 
nerve head.334 Another possible mechanism for the effec-
tiveness of  sheath decompression is improved blood flow 
in the short posterior ciliary arteries.

ONSF is more effective in reversing visual loss due to 
acute papilledema, in contrast to that due to chronic disc 
swelling.341 In the long term, vision stabilizes or improves 
in the majority, but as many as 32% of  operated eyes 
may experience deterioration following initially successful 
surgery.342 A reoperation can be performed,341 but we 
prefer a CSF shunting procedure in these instances.

If  the severe visual loss is sudden, if  central visual loss 
is caused by macular edema, or if  ONSF is not immediately 
available, then high-dose IV steroids combined with acet-
azolamide is another treatment option.343 IV methyl-
prednisolone, 250 mg four times or 1 gm per day for 5 
days, can be given in combination with acetazolamide 
500 mg three times per day, and ranitidine. Lack of  imme-
diate improvement is an indication for ONSF. The IV 
steroids are followed by 60 mg prednisone orally, tapered 
over 2 weeks to avoid the side-effects of  chronic use, and 
the acetazolamide is continued until the disc swelling 
resolves.

We reserve lumboperitoneal or ventriculoperitoneal (VP) 
shunting for patients in whom headache is the major 
problem or in whom visual loss progresses despite 
ONSF.344–346 Although lumboperitoneal shunting is effec-
tive in treating visual loss,347–349 shunt failure and low-
pressure headaches are common enough in our opinion 
not to make it a first-line therapy.346 Sometimes within the 
same patient, shunts fail several times, requiring multiple 
shunt revisions.350 Relatively small or normal ventricle sizes 
make VP shunting difficult.351 However, because VP shunt-
ing may have higher patency rates than lumboperitoneal 
shunting and technology for inserting VP shunts is improv-
ing, its use in PTCS may become more popular.352–355

Endovascular treatment. Venous sinus stenting, often 
with dramatic results, has been performed based upon the 

than 200 mg/day.317 While topiramate can be added to 
acetazolamide, patients should be made aware that this 
can increase the risk of  nephrolithiasis. Zonisamide, 
another drug with secondary carbonic anhydrase activity 
and appetite suppression, may be used in similar doses if  
the side-effects of  topiramate are not tolerated.318

3. For patients with severe or progressive visual loss despite medical 
management: Optic nerve sheath fenestration (ONSF) surgery 
is the primary option for these patients,319 which fortunately 
make up only a minority of  those with PTCS. Other indica-
tions for optic nerve surgery are severe visual loss at pre-
sentation, inability to comply with medications, poor 
follow-up, or inability to cooperate with visual field testing.310 
As stated previously, nonorganic visual loss should be 
excluded since nonphysiologic tubular visual fields may 
be mistaken for field loss associated with papilledema.283

During ONSF, windows or slits, followed by blunt lysis 
of  subarachnoid adhesions, are created through the dura 
and arachnoid surrounding the optic nerve (Fig. 6.17, 
Video 6.1), allowing CSF egress, local relief  of  CSF pres-
sure, and improvement in papilledema, or a window of  
dura can be excised. The latter approach is more techni-
cally demanding, and there has never been a study to 
show that it is superior to simply incising the sheath. 
Acuity or fields improved in 85–100% of  patients with 
IIH in the original three reports.320–322 Interestingly, of  
the 33 patients who had only one eye operated upon, 24 
(73%) experienced improvement in disc swelling bilater-
ally, and of  the patients who had headache, two-thirds 
had some relief  postoperatively.310 Others319,323–326 sub-
sequently published similar results.

When both eyes are affected by acuity or field loss, the 
eye with the worse vision should be operated upon first. 
If  the fellow eye does not improve and also requires surgery, 
that can be performed a few days later. Simultaneous bilat-
eral surgery is ill-advised. The lateral orbitotomy approach 
has been used,327 but the medial approach (transconjunc-
tival and under the medial rectus muscle) is less compli-
cated and more popular. The medial approach also avoids 
the temporal posterior ciliary artery and therefore makes 
a catastrophic vascular event involving the blood supply 
to the submacular choroid less likely. More recently, the 
anterior medial upper eyelid crease approach has been 
suggested, as it offers fairly direct access to the retrobulbar 
optic nerve via a relatively avascular plane between the 
superior oblique and medial rectus muscles without need 
for disinsertion or traction of  any extraocular muscles.324 
The surgery can easily be performed with retrobulbar or 
sub-Tenon local anesthesia; however, these techniques do 
not allow monitoring of  pupil size during the surgery or 
assessment of  the vision immediately postoperatively.328 
Since most of  the patients are young and otherwise 
healthy, our preference is for general anesthesia.

Complication rates in various series are as low as 4.9%329 
and as high as 40%.330 Minor complications include tem-
porary motility dysfunction, usually an adduction deficit 
owing to the temporary disinsertion of  the medial rectus 
muscle, and a transient tonic pupil, resulting from damage 
to the short ciliary nerves or their blood supply.330 Uncom-
mon major complications include branch and central 
retinal artery occlusions,330 choroidal infarction,331 and 
worsening optic neuropathy.332,333
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Figure 6.17. Surgeon’s view of the right eye for optic nerve sheath fenestration (ONSF) in idiopathic intracranial hypertension. A. The solid white 
arrowhead is on the patient’s skin between the lower eyelid and nose and points to the patient’s feet. A medial conjunctival peritomy was performed 
and the conjunctiva (curved black arrow) was reflected medially. The medial rectus (short, solid white arrowhead) then was isolated on a Vicryl suture 
in a standard fashion and detached from the globe. During the procedure it was reflected medially. A 5–0 Vicryl suture was then sutured into the 
medial rectus insertion site (thin straight black arrow) in a running locking fashion. B. The globe was retracted upward and laterally. A medial orbital 
retractor (arrow) was used to retract the medial rectus and medial orbital tissue toward the nose. Orbital fat (asterisk) is seen. C. The fat was dissected 
bluntly using cotton-tipped applicators to expose the posterior medial orbit and the optic nerve sheath (arrow). Ciliary vessels are visible around the 
optic nerve sheath. D. Next, a micro vitreo retinal (MVR) blade (arrow), which has a spadelike shape, was brought to the sheath. E. The width of the 
blade was used to create a slit in the optic nerve sheath, through which spinal fluid egressed. The process was repeated three times. F. A curved 
tenotomy hook (arrow) was then passed from one previously made slit to the next within the subarachnoid space. Gentle movements were used to 
lyse subarachnoid adhesions. 
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pressure), chronic corticosteroids, and serial lumbar punc-
tures. Chronic steroid treatment is complicated by elevated 
intraocular pressures, weight gain, and difficulty weaning 
off  the medication.78 Following intracranial pressures with 
repeated lumbar punctures is unnecessary, impractical, inva-
sive, and punitive.310 They are poorly tolerated, and serial 
lumbar punctures are ineffective as a long-term treatment.369 
It is impossible for serial LPs alone to remove enough fluid 
to relieve elevated intracranial pressure, as CSF is produced 
at a rate of  0.35 ml/min, allowing the entire CSF circulation 
to be replenished in just 2 hours.219 In fact, we believe most 
patients require just one (the first) spinal tap, which is both 
diagnostic and sometimes therapeutic, without the need of  
repeating the procedure. Its long-lasting effects are likely 
due to a persistent CSF leak at the LP site, or decompression 
of  the arachnoid villi, allowing improved CSF absorption.219 
In general, there is no need for chronic monitoring of  CSF 
pressure.370

Pregnant patients.371 Digre et al.372 compared pregnant 
patients with IIH and those without, and they found that 
those with IIH tended to be obese. Women who are pregnant 
and develop IIH can be treated similarly to nonpregnant 
patients except for the following three caveats: (1) because 
of  a single case report of  a sacrococcygeal teratoma in an 
infant following the mother’s use of  acetazolamide in the 
first trimester, the drug should be reserved for use only in 
the last two trimesters; furthermore, despite anecdotal evi-
dence that acetazolamide may have no adverse effects in 
pregnancy,373,374 its safety has not yet been proven in preg-
nancy; (2) stronger diuretics should not be used because of  
potential decrease in placental blood flow; and (3) weight 
reduction should not be recommended.219,372 Therapeutic 
abortions are also unnecessary, and vaginal deliveries are 
allowed.375

OUTCOME IN IDIOPATHIC INTRACRANIAL 
HYPERTENSION

Most patients with mild to moderate visual loss tend to recover 
vision following medical therapy.376 Papilledema usually 
resolves completely over weeks or months, but many patients 

frequent finding on MRI or CT venography of  narrowed 
transverse sinuses.356–360 Given the invasive nature of  stent-
ing with potential serious complications, at this time we 
would only recommend this procedure in carefully selected 
patients with PTCS who have failed maximal medical therapy 
with documented venous sinus pressure gradient on venous 
manometry and absence of  venous stenosis resolution with 
normalization of  intracranial pressure.

Special considerations in associated conditions. When 
PTCS is due to a medication, stopping the drug is often sufficient 
to resolve headaches, papilledema, and elevated CSF pressure. 
However, other causes of  intracranial hypertension should still 
be excluded with neuroimaging and CSF examination. We have 
still used acetazolamide when headaches and vision loss are 
present. If  desired, restarting the medication, such as GH, later 
at a lower dose typically prevents symptom recurrence.

In patients with PTCS related to withdrawal from chronic 
steroids, our approach has been to restart the steroids at the 
dose maintained before the withdrawal, along with treating 
with acetazolamide.174 Once the disc swelling resolves, the acet-
azolamide can be tapered. Subsequently the steroid dose can 
be decreased at a rate slower than that which led to the PTCS.

Weight-loss therapies. All nonpregnant obese patients 
are strongly encouraged to lose weight, and often they are 
referred to a nutritionist. Improvement in IIH due to weight 
loss has been documented anecdotally following a rice/
reduction diet,361 in retrospective studies,362,363 and in a pro-
spective cohort study.364 In practice, for obese patients, we 
recommend a target weight loss of  10% of  the weight at 
diagnosis, as this is approximately the amount of  weight 
gain that likely led to the condition.155

Bariatric surgeries, including gastric banding, gastric 
bypass, and gastroplasty, because they are so highly effective 
in reducing weight,365 may be recommended in morbidly 
obese patients with IIH.366,367 As the population has become 
more overweight over the past three decades, the number 
of  shunting procedures and bariatric surgeries for pseudo-
tumor cerebri has increased.368

Treatment modalities which are no longer routinely rec-
ommended include subtemporal or suboccipital decompres-
sion (removing part of  the skull to relieve elevated intracranial 

HG

G. After hemostasis was achieved, the previously placed Vicryl sutures (curved arrow) were used to reattach the medial rectus 
muscle (straight arrow) to the sclera. H. Last, the conjunctiva (asterisks) was closed over the muscle. 
Figure 6.17., cont’d
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youngest age groups, there may be a different underlying 
mechanism.

Several series of  patients with pediatric IIH have been 
reported,396–405 and in contrast to the female predominance 
among adults and adolescents, males constitute approximately 
50% of  prepubertal pediatric patients with IIH. Like adults, 
affected adolescents tend to be overweight, but obesity and 
weight gain are not associated risk factors in patients younger 
than 11 years.402,406 Thus, we have seen several young thin 
boys with IIH, most without an obvious cause for their dis-
order. In a third middle group, preadolescents may be either 
overweight or obese and slightly taller than normal children 
in that age group.406

The symptoms of  IIH in most children are similar to those 
found in adults, with headache being the main complaint. 
Asymptomatic idiopathic intracranial hypertension, however, 
diagnosed when papilledema is incidentally noticed during 
a routine physical examination in a child without headaches 
or visual complaints, is a more commonly recognized entity 
in younger children.402,404,407–412 It is unclear why this occurs; 
one plausible explanation is that preschool and young school 
age children often undergo routine eye examinations.

The signs of  PTCS in children are the same as those in 
adults, with the exception of  infants with open sutures, where 
papilledema may be absent. Papilledema generally resolves 
within 6–9 months with medical treatment, but some cases 
may last for several additional months. Vision loss in children 
with PTCS is usually mild, moderate, and reversible, but in 
rare instances it can be devastating.145,397,398 One report sug-
gested puberty was a risk factor for less favorable visual 
outcome.413 Sixth nerve palsies are more common (approxi-
mately one-third) in children,402 and other cranial nerve 
palsies can occur.

Secondary PTCS is more common in children (53–77%) 
than in adults.411 Although most of  the secondary causes 
discussed previously have been reported to be associated with 
PTCS in children, those which are pediatric medical condi-
tions and medications more likely to be used in children are 
of  course seen more commonly. These include Down syn-
drome,414 tetracyclines, GH, and ATRA. Children with sec-
ondary PTCS are still often overweight or obese.195

In the medical history, the development of  secondary sexual 
characteristics should be documented. Each child should 
undergo a complete neurologic and neuro-ophthalmic exami-
nation; however, unlike adults, we tend not to follow young 
children with computerized visual field testing, because they 
have difficulty producing dependable, repeatable results. 
Normal neuroimaging is mandatory before diagnosing pedi-
atric pseudotumor cerebri and performing a lumbar puncture. 
In young children, we opt for MRI of  the brain with and 
without contrast and MR venography and provide sedation 
if  needed. Overweight and obese females with suspected IIH 
need only an MRI with contrast. Lumbar puncture should 
then be performed. As indicated previously, opening pres-
sures values ≥280 mm CSF in children (or ≥250 mm CSF if  
the child is not sedated and not obese) would be considered 
elevated.92

While the IIHTT studied treatment of  PTCS in adults, no 
data exist for children. Secondary causes should be addressed. 
In children who are overweight, weight loss must be encour-
aged. We often recommend a weight loss of  10% of  the child’s 
weight at diagnosis, but often the amount of  weight loss is 

are left with some residual disc elevation, especially nasally; 
macular pigment epithelial changes if  lipid or edema had 
been present (see Fig. 6.12); or circumferential “high-water” 
marks delineating the prior extent of  peripapillary retinal 
elevation associated with disc swelling (see Fig. 6.12). In 
general, follow-up need not extend past 6–12 months past 
tapering of  medication.

Among those with severe visual loss requiring surgery, 
residual acuity and field deficits are not uncommon and are 
occasionally debilitating.78,145 In the series by Wall and 
George,75 approximately 3% of  eyes had visual acuity worse 
than 20/100. The rare malignant or fulminant cases often 
seem recalcitrant to medications, ONSF, and shunting. 
Because recurrences are more frequent in this group,342 
follow-up in these patients should include semi-annual 
examinations for at least 2–3 years following surgery. In 
addition to the aforementioned residual fundus changes, 
most patients in this group are left with some degree of  optic 
atrophy.

Factors associated with a worse visual prognosis in IIH 
include male gender,158,377 African American race,378 high 
grades of  papilledema,377 presentation with decreased visual 
acuity,377 older age, high myopia, anemia,42 hypertension,78 
and uremia.379

Recurrence has been reported in 8–40% of  patients.78,380–382 
In our experience recurrence is frequently associated with 
weight gain.383 Rarely some patients with IIH develop a chronic 
form requiring years of  treatment with acetazolamide.384

PSEUDOTUMOR CEREBRI SYNDROME  
WITHOUT PAPILLEDEMA

PTCS without papilledema is suggested by chronic daily 
headache, pulsatile tinnitus, obesity, female sex, and elevated 
CSF opening pressure, but optic disc swelling is absent.385–389 
In patients without papilledema, in general there should be 
no threat of  vision loss, and treatment is usually geared 
toward symptomatic headache management. Rare exceptions 
with vision loss have been documented, however.390

In our experience and that of  others,389,391,392 patients with 
this condition tend to have CSF opening pressures which are 
only slightly elevated (250–300 mm CSF), compared with 
higher pressures in those with papilledema. Furthermore, 
patients with PTCS without papilledema also tend to have 
headaches which are more severe, chronic, refractory to 
medical treatment, and associated with functional features. 
Some authors recommend performing spinal taps and check-
ing CSF pressures to screen for this condition in patients 
with unexplained chronic headaches, particularly those who 
are overweight.386,391

Table 6.4 outlines the diagnostic criteria for PTCS without 
papilledema.144

PEDIATRIC PSEUDOTUMOR  
CEREBRI SYNDROME

Although PTCS occurs more frequently in adults, its occur-
rence in pediatric patients, even in young children, in not 
uncommon.182,183,393 Rampant obesity in childhood394,395 is 
one reason. However, disparities from the condition in adults 
include more heterogeneous demographic features and 
asymptomatic presentations, suggesting that at least in the 
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drains into the right transverse sinus and the straight sinus 
directly into the left transverse sinus. In turn, the transverse 
sinuses drain into the sigmoid sinuses, each of  which empties 
into the internal jugular veins.418 Impaired flow in any of  
these sinuses can cause venous hypertension and subse-
quently decrease CSF absorption.

The causes of  clot formation within the sinuses are mul-
tiple, but fall largely into three categories:

1. Hypercoagulable states. These include Behçet disease,419,420 
the presence of  antiphospholipid antibodies421 or lupus 
anticoagulant, protein C or S deficiency,422 antithrombin 
III deficiency, factor V Leiden mutation, elevated factor 
VIII levels,423 homozygosity for thermolabile methylene 
tetrahydrofolate reductase polymorphisms,424 oral con-
traceptive use, pregnancy, cancer, and thrombocytosis.425 
Venous thrombosis due to hypercoagulability may be a 
mechanism for many of  the PTCS-like presentations in 
patients with systemic lupus erythematosus.426–428 
L-asparaginase predisposes to clot formation by decreas-
ing antithrombin III levels. Cerebral venous thrombosis 
is also a recognized complication of  paroxysmal nocturnal 
hemoglobinuria.429,430

2. Contiguous infection. Although antibiotics have made lateral 
sinus thrombosis secondary to adjoining mastoiditis or 
middle ear infections uncommon, such cases are still seen 
(Fig. 6.19).425,431 The mechanism is likely contiguous vessel 
wall inflammation and thrombophlebitis. Surgical exci-
sion of  infected mastoid tissue may be required.

3. Contiguous neoplasm. Neoplasms may compress the venous 
sinuses, impeding venous drainage and leading to clot 
formation (Fig. 6.20). Reported examples include medul-
loblastoma, sarcoma, melanoma,420 meningioma,432 and 

tailored to the medical and social situation. First-line treat-
ment is medical with acetazolamide (15 mg/day divided into 
three equal doses) until headache and papilledema resolve. 
We tend not to monitor electrolytes as children are usually 
asymptomatic from the acidosis. If  the side-effects become 
intolerable, the dose is lowered or acetazolamide can be 
replaced with furosemide (0.3–0.6 mg/kg/day). Topiramate 
(1.5–3.0 mg/kg/day in two divided doses, no more  
than 200 mg/day) may be used as a second-line agent. Chil-
dren with severe or progressive visual loss may require 
ONSF415,416 or shunting.417 If  surgery is not immediately 
available, oral or IV acetazolamide and IV methylprednisolone, 
15 mg/kg, can be used, but the use of  chronic steroids should 
be avoided.

Secondary Pseudotumor Cerebri 
Syndrome Due to Cerebral 
Venous Abnormalities

VENOUS THROMBOSIS OR OBSTRUCTION

Elevated intracranial pressure and papilledema can result 
from thrombosis or obstruction of  the cerebral dural venous 
sinuses, which drain blood from the brain (Fig. 6.18). The 
superior sagittal sinus runs along the superior portion of  
the falx cerebri, while the inferior sagittal sinus, which lies 
along the inferior portion of  the falx, joins the great vein of  
Galen to drain into the straight sinus. The superior sagittal 
sinus, straight sinus, and two transverse sinuses frequently 
join posteriorly at the confluence of  sinuses (or torcular 
Herophili), but in many instances the superior sagittal sinus 
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Figure 6.18. Major venous sinuses of the dura mater in (A) sagittal and (B) axial views. The arrows indicate the direction of blood flow. 
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Radical neck dissection or iatrogenic ligation of  one of  
the draining veins or sinuses can result in outflow obstruc-
tion.425,437 Venous catheterization (jugular or subclavian, for 
instance) may be associated with local clot formation and 
venous hypertension.

metastases.433 Outflow obstruction without clot can  
result from direct tumor compression by a parasagittal 
meningioma (superior sagittal sinus)425,434 or glomus 
jugulare435 or other base-of-skull436 tumors (jugular veins), 
for instance.

DC

BA

Figure 6.19. Venous sinus thrombosis due to mastoiditis in a 7-year-old boy who presented with papilledema and double vision. Axial (A) and coronal 
(B) T2-weighted magnetic resonance imaging demonstrates mastoiditis, left (arrows) worse than right. Axial (C) and coronal (D) Magnetic resonance 
venograms show absence of flow (arrows) in the left transverse and sigmoid sinuses and left internal jugular vein, consistent with venous 
thrombosis. 
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intravenous catheters as a source should be excluded. Clini-
cal evidence for Behçet disease (oral and genital ulcers) or 
lupus (rashes or joint aches) should be investigated. The 
patient should be asked about oral contraceptive use or per-
sonal and family history of  clotting disorders or miscarriages. 
In patients with suspect cerebral venous thrombosis (CVT), 
laboratory investigation should include complete blood count, 
chemistry panel, sedimentation rate, prothrombin time, and 
activated and partial thromboplastic time. Screening for 
prothrombotic conditions can be helpful, including antiphos-
pholipid antibodies (lupus anticoagulant, anticardiolipin 
antibody, and anti-B2-glycoprotein I), protein C or S or anti-
thrombin III deficiency, factor V Leiden mutation, prothrombin 
G20210A mutation, antinuclear antibodies, high levels of  
factor VIII, and thrombocytosis. Testing for protein C, protein 
S, and antithrombin deficiency is indicated 2–4 weeks after 
completing anticoagulation, as levels are difficult to interpret 
during treatment with warfarin.444 In cases without mass 
effect, lumbar puncture should be performed to document 
the opening pressure, and the vision should be assessed care-
fully, including visual field testing.

Treatment. If  identifiable, the offending drug should be 
discontinued or the underlying medical condition or mass 
lesion treated. Because dehydration and hypotension can 
aggravate cerebral thromboses and overhydration can worsen 
elevated intracranial pressure, patients should be kept 
euvolemic with judicious use of  intravenous fluids. Antico-
agulation is recommended to reduce the risk of  clot propaga-
tion with intravenous or low-molecular-weight heparin for 
5–7 days followed by vitamin K antagonists with a target 
INR of  2–3 for 3–6 months in the setting of  patients with 
provoked CVT and 6–12 months in the setting of  unprovoked 
CVT. For patients with recurrent CVT or first CVT with severe 
thrombophilia (i.e., homozygous prothrombin G20210A or 

Presenting signs and symptoms. In most instances the 
neuro-ophthalmic features are similar to those with IIH: 
headache, nausea and vomiting, papilledema, optic nerve–
related visual loss, and sixth nerve palsies.425,438–440 The signs 
and symptoms often develop more rapidly in patients with 
venous sinus thrombosis than in those with IIH. In addition, 
patients with venous thrombosis may develop altered menta-
tion, and cortical vein thrombosis and cerebral infarction 
can, for instance, lead to hemiparesis, hemisensory loss, and 
focal or generalized seizures.441,442

Thromboses of  the dural venous sinuses, as described 
previously, should be distinguished from those of  the deep 
venous drainage (e.g., internal cerebral veins and the vein 
of  Galen). Patients with the latter tend to present more acutely 
with altered consciousness and long tract signs. The signs 
and symptoms of  elevated intracranial pressure, although 
present, are less prominent.443

Neuroimaging. Cerebral venous thromboses can be imaged 
with MR with gadolinium, with sagittal images especially, 
combined with MR venography. Clot is suggested by the 
absence of  a fluid void signal in the sinus, T2 hypointensity 
suggestive of  a thrombus, or a central isodense lesion in a 
venous sinus with surrounding enhancement. Axial CT scans 
with contrast may demonstrate the characteristic “empty 
delta sign” at the intersection of  the straight sinus and distal 
superior sagittal sinus.437 Characteristically the ventricles 
are small on neuroimaging. CT of  the head or CT venography 
can be used if  MRI is not readily available or is contraindi-
cated. Invasive angiographic studies are less commonly used 
and reserved for situations in which MR- or CT-venography 
is inconclusive or when an endovascular procedure is being 
considered.444

Laboratory evaluation. If  a clot is demonstrated radio-
logically, then prior ear infections, neck surgery, and 
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Figure 6.20. Venous thrombosis secondary to tumor compression by presumed lymphoma. This thin woman presented with bilateral papilledema 
and headaches, and the sagittal T1-weighted magnetic resonance imaging (A) demonstrated a mass (arrow) compressing the posterior portion of the 
superior sagittal sinus. B. The magnetic resonance venogram shows occlusion of the sinus (large arrow) and poor venous flow (small arrow). A parotid 
mass was biopsied and disclosed as B-cell lymphoma. The patient also had splenic and bone marrow involvement and a pleural effusion. Venous sinus 
compression, headaches, and disc swelling resolved following chemotherapy and whole-brain and focal radiation. 
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sinus, a cranial bruit may be audible, and the patient may 
complain of  tinnitus. The dural AVM may be evident on MRI 
or CT with contrast. However, formal angiography is usually 
required to outline the vascular anatomy, including feeding 
and draining vessels.451 Treatment options include surgical 
excision of  the AVM or embolization. However, some larger 
AVMs are incurable, and elevated intracranial pressure and 
papilledema may require further management with acet-
azolamide, ONSF, or lumboperitoneal shunting.452 Cerebral 
AVMs, which are much more common, are discussed in 
Chapter 8, while dural AVMs are reviewed in more detail in 
Chapter 15.

Hypercoagulable states without obvious dural sinus throm-
boses have been reported in association with and in some 
cases used to explain the mechanism for IIH.453–457  
For instance, it has been proposed that patients with IIH 
may have genetic thrombotic risk factors that predispose 
them to microvascular occlusion in the arachnoid  
villi.454 In published cohorts of  patients with pseudotumor, 
several individuals were found to have antiphospholipid 
antibodies, hyperfibrinogenemia, or other conditions related 
to thrombosis.453,455,457,458

Guillain–Barré Syndrome and 
Chronic Inflammatory 
Demyelinating Polyneuropathy

These conditions, discussed in more detail in Chapter 14, 
are characterized by muscle weakness and areflexia due  
to inflammatory demyelinating polyneuropathy. Chronic 

factor V Leiden mutation; deficiencies of  protein C, S, or 
antithrombin; antiphospholipid syndrome; or combined 
thrombophilia defects), indefinite anticoagulation may be 
considered,444 even in patients with evidence of  hemor-
rhage.445 Current guidelines recommend interventional 
thrombolytic and mechanical therapies as treatment for CVT 
when clinical deterioration occurs despite treatment with 
anticoagulation.444

As in IIH, acetazolamide can be used to treat elevated 
intracranial pressure and mild field loss.446 Any diuretic, 
however, should be used with caution with monitoring of  
fluid status and blood pressure because of  the potential for 
worsening the thrombosis. Patients with progressive or severe 
visual loss despite medical therapy and treatment of  the 
offending source should undergo ONSF.434,447 The visual 
outcome is favorable in most instances.425 Lumboperitoneal 
shunting should be used in patients in whom headache or 
nausea and vomiting are refractory to acetazolamide, anti-
coagulation, and conservative medical therapy.

Arteriovenous Malformations of 
the Dural Sinuses

Prehemorrhagic dural AVMs which drain into the venous 
sinuses (AV fistulas) can cause elevated intracranial pressure 
and papilledema without ventriculomegaly by increasing 
blood flow within the sinuses or by causing venous throm-
bosis.448,449 Both mechanisms can lead to decreased CSF 
absorption. Less commonly, unruptured cerebral AVMs can 
drain into the superior sagittal sinus and cause similar symp-
toms (Fig. 6.21).450 If  a dural AVM drains into the transverse 
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Figure 6.21. Arteriovenous malformation (AVM) associated with papilledema due to shunting into the venous sinuses. Contrast angiography via right 
internal carotid injection demonstrates an AVM in the pericallosal region at the level of the body of the corpus callosum involving the bilateral medial 
frontal lobe regions. A. Coronal. B. Sagittal. The predominant feeders are bilateral anterior cerebral arteries, lenticulostriate branches off the M1 segment 
of the left middle cerebral artery, and splenial branch off the left posterior cerebral artery. Elevated intracranial pressure was due to superficial venous 
drainage into the superior sagittal sinus (arrow) and deep venous drainage via the internal cerebral vein into the straight sinus (not shown). 
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Chiari Malformation

Uncommonly, Chiari malformation type 1, in which the cer-
ebellar tonsils extend below the foramen magnum, can lead 
to elevated intracranial pressure and papilledema.469,470 The 
cause is not clear but may be related to disrupted CSF flow 
dynamics, and neurosurgical suboccipital decompression is 
one treatment option.
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inflammatory demyelinating polyneuropathy (CIDP) has a 
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illness. However, papilledema may go unnoticed because daily 
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and they may be paralyzed, intubated, and unable to com-
plain about headache or abnormal vision. We have seen one 
patient with GBS461 who received respiratory support for 3 
months and, upon discontinuation of  ventilatory assistance, 
told us she had had blurry vision in the left eye for weeks. 
Only then was chronic papilledema detected, and the CSF 
pressure was measured and found to be elevated. Abducens 
palsies are unreliable as a sign of  elevated intracranial pres-
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affected in GBS.
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pressure, and GBS is generally associated with high CSF 
protein levels (above 200 mg/dl). Decreased CSF resorption 
by the arachnoid villi due to elevated protein concentrations 
is one proposed mechanism for the papilledema, but other 
possibilities include increased CSF outflow resistance, hydro-
cephalus,462 and increased venous pressure.460 Some 
authors460,461 have used the term pseudotumor cerebri in these 
situations; however, the designation is technically incorrect 
if  the CSF protein is abnormal.

Neuro-ophthalmic management may be difficult in these 
instances because the patients’ poor medical condition may 
preclude careful assessment of  visual acuity and fields. 
However, as in pseudotumor cerebri syndrome, acetazol-
amide,463 corticosteroids,461 and ONSF459 may be used to treat 
documentable visual loss, based upon the level of  its 
severity.

Spinal Cord Tumors and Masses

Papilledema and elevated intracranial pressure are well 
established but uncommon complications of  spinal cord 
tumors and masses.464–466 Approximately 50% involve spinal 
cord ependymomas,467 but a responsible lumbar subdural 
abscess has been reported.468 Elevated CSF protein causing 
decreased CSF absorption by the arachnoid villi has also been 
a purported mechanism in these instances, but abnormal 
CSF dynamics caused by tumor cell dissemination, tumor 
mucin production, recurrent subarachnoid hemorrhages, 
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been considered as well.464,467 Froin syndrome is a term used 
to describe CSF with yellow color and high protein due to 
spinal block.
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ommended when paraparesis or quadriparesis, lumbar pain, 
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or bladder dysfunction are present. Neuroimaging of  the 
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removal or biopsy of  the spinal cord tumor as well as a ven-
triculostomy or ventriculoperitoneal shunt, if  necessary.
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7 Visual Loss: Disorders of 
the Chiasm
ROBERT A. AVERY

Chiasmal disorders are important in the differential diagnosis 
of  anterior visual pathway dysfunction, particularly when 
the visual loss is gradually progressive. Involvement of  the 
chiasm is suggested by (1) any amount of  temporal field loss 
in one or both eyes or (2) visual loss of  any type associated 
with endocrine dysfunction. The most common causes are 
compressive sellar masses, and therefore the diagnosis and 
management depend heavily on neuroimaging. These lesions 
produce visual acuity and field deficits by interfering with 
the optic nerves, chiasm, or optic tracts or, less often, by 
obstructing the third ventricle and causing chronic atrophic 
papilledema. Endocrinopathy is the result of  pituitary, stalk, 
or hypothalamic dysfunction, while ocular motility abnor-
malities can result from lateral extension and involvement 
of  the cavernous sinuses. Because sellar masses are so com-
monly associated with visual disturbances, neuro-ophthalmic 
evaluation often leads to their detection and is important 
for pretreatment assessment and subsequent follow-up.

Anatomical aspects of  the chiasm and sellar and parasellar 
structures are reviewed first, followed by a discussion of  the 
neuro-ophthalmic signs and symptoms of  chiasmal disease. 
Because of  its clinical importance, pituitary and hypothalamic 
physiology are also covered. The differential diagnosis of  the 
various entities affecting the chiasm then are discussed in 
the context of  the patient’s age, clinical history, general 
physical findings, neuroimaging, and endocrine testing. 
Finally, the clinical features and treatment of  these disorders 
are detailed, with the greatest emphasis placed on the most 
common disorders: pituitary adenomas, craniopharyngiomas, 
meningiomas, aneurysms, and chiasmal–hypothalamic 
gliomas.

Neuroanatomy

Intracranially, the optic nerves ascend and converge medially 
to join at the optic chiasm, which has the shape of  the letter 
X when viewed from above or below. The chiasm tilts upward 
at an angle of  45 degrees and lies in the subarachnoid (cere-
brospinal fluid (CSF)–filled) space of  the suprasellar cistern 
(Fig. 7.1). It is approximately 12 mm wide, 8 mm in antero-
posterior diameter, and 4 mm thick.1 Its posterior portion 
forms the anterior and inferior wall of  the third ventricle. 
The chiasm lies inferior to the hypothalamus and third ven-
tricle and anterior to the pituitary stalk (or infundibulum, 
which connects the hypothalamus and the pituitary)  
(Fig. 7.2). The pituitary gland sits 10 mm below the chiasm 
in a recess in the sphenoid bone called the sella turcica. The 
bony boundaries of  the sella include the tuberculum sellae 

Corpus callosum Third ventricle
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Mammillary
body

Midbrain

Pons

Medulla

Frontal
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Optic
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(in sella)  

Chiasm

Figure 7.1. Sagittal view of the brain detailing the chiasm and sur-
rounding structures. Note the optic nerves and chiasm rise at approxi-
mately 45 degrees. The chiasm lies in a cerebrospinal fluid–filled space 
called the suprasellar cistern (*) bordered superiorly by the frontal lobe 
and inferiorly by the diaphragma sellae (which forms the roof of the 
sella above the pituitary gland). The chiasm is also located at the anterior 
and inferior part of the third ventricle, immediately inferior to the 
hypothalamus. 

anteriorly, the dorsum sellae posteriorly, and the anterior 
and posterior clinoid processes superiorly (Fig. 7.3).2 The 
cavernous sinuses, containing cranial nerves III, IV, V1, V2, 
and VI, the internal carotid arteries, and sympathetic fibers, 
form the lateral walls of  the sella.3 The diaphragma sellae, 
penetrated only by the pituitary stalk, is a horizontal fold of  
dura mater that separates the pituitary gland from the supra-
sellar cistern (see Fig. 7.3).4 In 80% of  individuals, the chiasm 
is located directly above the pituitary gland, while in 15% it 
lies over the tuberculum sellae (prefixed chiasm), and in 5% 
it is over the dorsum sellae (postfixed chiasm) (Fig. 7.4).5,6

Magnetic resonance imaging (MRI) provides exquisite 
detail of  the sellar area (Fig. 7.5). Normally on T1-weighted 
magnetic resonance (MR) coronal images the body of  the 
chiasm has a dumbbell shape6 and is located in the middle 
of  the suprasellar cistern. More anteriorly the two optic nerves 
are visible, but more posteriorly the chiasm lies sandwiched 
between the vertically oriented third ventricle above it and 
the pituitary stalk below it. On coronal images within the 
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Details of  the chiasm and sellar region are less evident with 
computed tomography (CT).

At the chiasm, axons from the nasal retinal ganglion cells 
(temporal visual field) from both eyes cross, and the most 
ventral axons originating in the inferonasal retina bend 
temporarily up to 3 mm into axons of  the contralateral optic 

sella the pituitary gland appears flat, and the cavernous 
sinuses are lateral to it. The pituitary stalk and cavernous 
sinuses normally enhance with gadolinium. On sagittal sec-
tions, the tilted chiasm is easily identified above the pituitary. 
On T1-weighted images, the anterior pituitary is isointense 
with the pons, but the posterior portion of  pituitary is bright.7 

B

Anterior cerebral arteries

Posterior cerebral artery
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Vertebral artery

Posterior communicating
artery

Internal carotid artery

Infundibulum

Temporal lobe

Mammillary body

Left optic nerve

Optic chiasm

Right optic nerve

Left optic tract

A

Figure 7.2. A. Ventral view of the brain detailing the chiasm and its rela-
tionship with the circle of Willis. Note the anterior cerebral and anterior 
communicating arteries lie superior (dorsal) to the optic nerves and chiasm, 
while the posterior communicating arteries lie inferior (ventral) to the 
chiasm and optic tracts. The infundibulum is immediately posterior to 
the body of the chiasm. B. Ventral side of an autopsy specimen (view 
corresponds roughly to the drawing in part A). The arrow points to the 
chiasm. 
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Figure 7.3. Sagittal view of the chiasm, pituitary gland, and sella. 

short-wavelength (blue) light, travel through the posterior 
chiasm then project to the hypothalamus, specifically the 
suprachiasmic nucleus or the supraoptic nucleus.13,14 Neurons 
within the suprachiasmatic nucleus express vasoactive intes-
tinal peptide, a major regulator of  circadian rhythms.14

The supraclinoid portions of  the carotid arteries ascend 
lateral to the optic chiasm. The precommunicating segments 
of  the anterior cerebral arteries and the anterior communi-
cating arteries are located anterior and superior (dorsal) to 
the chiasm. Because of  the chiasm’s upward tilt, the posterior 
portion of  the circle of  Willis lies behind and below it (ventral) 
(see Fig. 7.2).15 The chiasm derives its blood supply from an 
inferior and superior anastomotic group of  vessels. The infe-
rior group is made up of  the superior hypophyseal arteries, 
which derive their blood supply from the internal carotid, 
posterior communicating, and posterior cerebral arteries. 
The superior group of  vessels consists of  precommunicating 
branches of  the anterior cerebral arteries.15 There is evidence 
to suggest that the body of  the chiasm receives its blood 
supply only from the inferior group, while the lateral parts 
of  the chiasm are fed by branches from both inferior and 
superior groups.16

Neuro-ophthalmic Symptoms and 
Signs in Chiasmal Disorders

VISUAL SYMPTOMS

Because most chiasmal disturbances are caused by compres-
sive lesions, the visual loss is usually insidious and often not 
suspected or detected until formal perimetry is performed. 
Acute visual loss would imply a rapidly expanding mass; 
hemorrhage within a mass; or an infectious, vascular, or 
inflammatory etiology, and these situations may mimic ret-
robulbar optic neuritis. Visual complaints are usually vague, 
often reflecting blurry or hazy vision or difficulty reading or 
focusing. Patients with slowly progressive chiasmal field loss 
may be without visual complaints unless acuity is abnormal, 
and a temporal field defect may not be apparent until the 
patient reads only the nasal half  of  the acuity chart. Others 
might describe double vision because of  ocular motility dys-
function or difficulty aligning noncorresponding nasal fields 

nerve (Wilbrand’s knee8,9) (Fig. 7.6). The knee’s existence 
has been questioned,10,11 and one author attributed it to a 
histopathologic artifact of  long-term monocular enucle-
ation.10 Fibers from the temporal retina (containing informa-
tion from the nasal field) remain ipsilateral. The ratio of  
crossed to uncrossed fibers is 53 : 47. The fibers transmitting 
visual information from the superior retina remain superior 
in the chiasm; those from the inferior retina remain inferiorly 
situated. Approximately 90% of  chiasmal fibers originate 
from the macula,12 and, of  these, those that cross lie supe-
riorly and posteriorly within the chiasm.

Most of  the ganglion cell axons traveling through the optic 
chiasm exit posteriorly and diverge to form the left and right 
optic tracts. Each tract is made up of  ipsilateral temporal 
fibers and contralateral nasal fibers. In addition, retinal  
ganglion cell axons within the retinohypothalamic tract 
mediate the visual input responsible for diurnal variations 
of  various neuroendocrine systems (circadian rhythms). 
These cells, which express melanopsin and respond to 
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Figure 7.4. Relationship of the chiasm to the sella (sagittal views). Normally, in approximately 80% of individuals, the chiasm is directly above the 
pituitary gland. In 15% the chiasm is prefixed and over the tuberculum sella, and in the remaining 5% it is postfixed and over the dorsum sella. 
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Figure 7.5. A. Top: Sagittal magnetic reso-
nance imaging (MRI) (T1-weighted) through 
the chiasm (see Fig. 7.1 for corresponding 
illustration and labeling of structures). 
Bottom: Corresponding coronal sections (T1-
weighted with gadolinium) through the optic 
nerves/anterior chiasm, body of chiasm, and 
posterior chiasm/optic tracts. The slice 
numbers are indicated in the sagittal image. 
B. Axial MRI scans (gadolinium enhanced) 
through the anterior–inferior, mid-, and 
posterior–superior chiasm. 

(see Hemifield Slide Phenomena, discussed later). Photophobia 
is a rare but reported visual symptom due to compressive 
lesions of  the chiasm.17

VISUAL ACUITY, COLOR VISION, AND AFFERENT 
PUPILLARY DEFECTS

When acuity is diminished, asymmetry is the rule.12 Color 
vision may be altered only in defective fields, and asymmetric 
lesions may produce an afferent pupillary defect.

PATTERNS OF VISUAL FIELD LOSS

Temporal field defects respecting the vertical meridian, in 
one eye or both eyes, are the hallmarks of  chiasmal dysfunc-
tion. The actual pattern of  field loss depends on the chiasm’s 

position and the exact location of  the culprit lesion  
(see Fig. 7.6). For instance, if  the process affects the crossing 
nasal fibers in the body of  the chiasm, in the case of  a sellar 
mass growing upward and impinging upon a normally situ-
ated chiasm, a classic bitemporal hemianopia is the result 
(Fig. 7.7). Incomplete and asymmetric bitemporal defects 
occur in the majority of  cases (Fig. 7.8). Compression of  the 
superior portion of  the chiasm will result in visual field defects 
that are denser inferiorly (Fig. 7.9). More diffuse processes 
in this location can, of  course, eventually cause nasal defects 
and acuity loss. However, it is a common observation that 
large sellar masses, despite compression, elevation, and flat-
tening of  the chiasm, as well as optic nerves and tracts in 
many instances, sometimes produce only a bitemporal hemi-
anopia. It is unclear why the crossing fibers are so vulnerable. 
Mechanical distortion of  nerve fiber bundles and impairment 
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the crossing fibers at higher risk for damage.20 The smaller 
surface area exposed to external pressure as well as  
fiber orientation are also believed to contribute to this vul-
nerability.19,21 Alternatively, an enlarging suprasellar mass 
might preferentially interrupt the inferior blood supply of  
the chiasm, affecting the body of  the chiasm and crossing 

of  the extrinsic vascular supply are two possible explanations, 
but a combination of  both is likely.8,18 The crossing fibers 
may be more prone to deformation from a mass compressing 
the chiasm inferiorly.19,20 In a cadaveric model of  an upward-
expanding pituitary mass, the chiasm experienced a non-
uniform distribution of  pressure, greatest centrally, putting 

Figure 7.6. Optic chiasm: correlation of lesion site and field defect. Note the most ventral nasal fibers (mostly from the inferior nasal retina) temporarily 
travel within the fellow optic nerve in Wilbrand’s knee. (Adapted from Hoyt WF, Luis O. Arch Ophthalmol 1963;70:69–85, with permission (Copyright 1963, 
American Medical Association).)

Figure 7.7. Bitemporal hemianopia documented on Goldmann perimetry in a patient with a craniopharyngioma compressing the chiasm from below. 
Note the preservation of a small amount of temporal field in each eye inferiorly, reflecting the sparing of some fibers in the superior portion of the 
chiasm. 
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Figure 7.8. Incomplete, asymmetric bitemporal hemianopia, denser superiorly in each eye, documented on computerized threshold perimetry in a 
patient with inferior chiasmal compression by a pituitary adenoma. 

Figure 7.9. Computerized visual fields in a patient with an inferior bitemporal hemianopia, denser inferiorly in each eye, due to superior chiasmal 
compression by a craniopharyngioma. 
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also often functional, patients with organic monocular  
temporal field defects should be distinguished by an associ-
ated ipsilateral afferent pupillary defect, sometimes with  
optic atrophy. Less commonly, a disturbance of  the crossing 
nerve fiber bundle anteriorly may result in an arcuate scotoma 
emanating from the blind spot and ending abruptly at the 
vertical meridian (Fig. 7.12).27 Central bitemporal hemianopic 
scotomas (Fig. 7.13) or optic tract syndromes may be  
the product of  prefixed chiasms or more posteriorly situated 
lesions.

The examiner should be aware of  processes that produce 
bitemporal defects which do not respect the vertical  
meridian. These include tilted or hypoplastic optic discs (see 
Chapter 5), sectoral (nasal) retinitis pigmentosa, and enlarged 
blind spots (see Chapter 6). In these cases, neuroimaging of  
the chiasm will be unremarkable.

Binasal defects respecting the vertical meridian that are 
due to chiasmal dysfunction are extremely unusual.28 Theo-
retically this pattern can result from bilateral ectatic carotid 
artery compression of  the lateral portions of  the chiasm, 
compression from a variety of  chiasmal region tumors, or 
third ventricular enlargement (see later discussion). Usually 
binasal visual field defects have ocular causes such as glau-
coma, optic disc drusen, retinitis pigmentosa, and ischemic 
optic neuropathy.29 Uncommonly, altitudinal defects can 
occur when crossed and uncrossed fibers are affected equally 
by a process involving the inferior or superior portions of  
the chiasm.

Visual field testing. Patients with suspected chiasmal 
disorders should undergo careful documentation of   
visual fields in addition to the neuro-ophthalmic examina-
tion. Subtle superior temporal defects respecting the vertical 
meridian may be the first sign of  a compressive sellar  
mass, so examiners should look carefully in these areas.30 
Goldmann kinetic perimetry may be necessary in poorly 
cooperative patients and those with severe visual loss. 
However, we prefer computerized threshold perimetry in most 
patients with chiasmal disturbances, as they likely will 
require serial field examinations to monitor disease activity. 
We do not advocate the use of  visual-evoked potentials 
(VEPs)31 in the evaluation or follow-up of  patients with chi-
asmal disorders.

OPTIC DISC FINDINGS

Long-standing processes can lead to optic disc pallor, but 
this finding is variable and does not correlate with the degree 
of  visual loss. Nevertheless, disc pallor and retinal nerve 
fiber layer (RNFL) loss32,33 generally are associated with a 
poorer prognosis for visual improvement following treatment. 
Optic disc swelling in the setting of  chiasmal dysfunction 
indicates either papilledema due to third ventricular com-
pression by a sellar mass or an infiltrative or inflammatory 
process involving the anterior visual pathway. A pattern of  
pseudobitemporal hemianopia can also develop in patients 
with papilledema from lesions unrelated to the chiasm  
when they develop markedly enlarged blind spots.34 Cupping 
of  the optic disc may occur due to chronic optic nerve 
compression.35

In patients with bitemporal hemianopias, a characteristic 
transverse “band” optic atrophy36 or cupping can result from 
chiasmal compression of  crossing nasal fibers.34 In each eye, 

fibers,16 and leave the more lateral and superior vascular 
supply of  the lateral parts of  the chiasm relatively spared. 
The relatively immediate improvement in visual fields  
following surgical decompression in some patients with 
chronic mass lesions is also enigmatic. In these instances, 
vascular compromise seems less likely than reversible axonal 
compression.

Patients with complete bitemporal hemianopias and post-
fixation blindness22 may have trouble performing near tasks 
and complain of  abnormal depth perception. When the eyes 
converge on a near target, the blind temporal fields overlap 
behind it (Fig. 7.10). Objects behind the fixation point are 
therefore not seen. Affected patients will have difficulty thread-
ing a needle, for instance. This can be investigated by having 
the patient fixate on a near target, then testing whether they 
see any objects directly behind it (Video 7.1).

If  the chiasm is postfixed (see Fig. 7.4) in relationship to 
a sellar mass or the lesion affects the anterior portion of  the 
chiasm, several patterns of  field loss can be seen. Patients 
may present with a monocular arcuate or central scotoma 
if  the process primarily affects one optic nerve, and these 
instances may be difficult to separate from glaucoma or optic 
neuritis. More characteristic of  a chiasmal lesion is involve-
ment of  the ipsilateral optic nerve and Wilbrand’s knee, 
resulting in a junctional scotoma.23,24 This field deficit is 
characterized by a central scotoma or other optic nerve–
related defect in the ipsilateral eye and a supratemporal defect 
in the other eye (Fig. 7.11). This pattern of  visual field loss 
localizes to the proximal optic nerve whether Wilbrand’s knee 
truly exists or not (see previous discussion).25 A monocular 
temporal field defect also localizes to the ipsilateral anterior 
chiasm and proximal optic nerve. Here a unilateral lesion is 
posterior enough to disrupt the ipsilateral crossing nasal 
fibers after they have segregated but is too anterior to involve 
the contralateral ones.26 Because this pattern of  field loss is 
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Figure 7.10. Postfixation blindness associated with a complete bitem-
poral hemianopia. When the eyes converge and fix on a near target (T), 
the blind temporal fields overlap behind it. Objects directly behind the 
target are invisible. M, macula. 



7 • Visual Loss: Disorders of the Chiasm 245

HEMIFIELD SLIDE PHENOMENA

Rarely, patients with complete bitemporal hemianopias may 
have odd complaints caused by an inability to align the non-
corresponding nasal visual fields of  each eye (hemifield slide 
phenomena22) (Fig. 7.14). With a hypertropia, a patient may 

ganglion cells and their axons degenerate in the blind nasal 
hemiretina, leading to a nasal wedge of  optic atrophy. Fibers 
from the blind nasal half  of  the macula are similarly affected, 
resulting in a temporal wedge of  optic atrophy. The nerve 
fibers coming from the “seeing” temporal macula and retina, 
entering the disc superiorly and inferiorly, are preserved.

B

A

Figure 7.11. Junctional syndromes, owing to involvement of the Wilbrand’s knee on the right in both cases. A. From a pituitary adenoma affecting 
the anterior chiasm, the patient has an inferior arcuate defect in the right eye reflecting optic nerve dysfunction. The left eye has a superior temporal 
defect superiorly. B. In another example, the right eye has a severely depressed visual field, while the left eye has an upper temporal defect. 
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EYE MOVEMENT ABNORMALITIES

Ocular motor palsies and nystagmoid eye movements can 
be associated with chiasmal disorders but are uncommon. 
Chiasmal field loss accompanied by an ocular motor palsy 
implies cavernous sinus involvement, sometimes also sug-
gested by facial pain or numbness resulting from trigeminal 
nerve dysfunction. The sellar process which most commonly 

describe vertical misalignment or slippage of  nasal fields. In 
contrast, esodeviated eyes can result in horizontal separation 
of  nasal fields. Exodeviated eyes may cause overlap of  nasal 
fields and so-called nonparetic double vision.37 The examiner 
can test for these phenomena in patients with horizontal 
deviations by drawing a line of  small dots or circles, then 
asking the patient to look quickly at the center of  them and 
tell the examiner how many he or she sees (Fig. 7.15).

B

A

Figure 7.12. Arcuate scotomas in two patients ending abruptly at the vertical meridian due to chiasmal compression, a pattern that may result from 
a disturbance of the crossing optic nerve fibers anteriorly in the optic chiasm. A. Goldmann visual field demonstrating a superior bitemporal hemianopia 
due to tumor compression. A superior arcuate scotoma in the left eye respects the vertical meridian. B. Computerized visual field showing an asym-
metric bitemporal hemianopia due to a prolactinoma compressing the chiasm from below. In the right eye a superior arcuate scotoma ends abruptly 
at the vertical meridian. 



7 • Visual Loss: Disorders of the Chiasm 247

mechanism is unclear, but almost all patients with acquired 
see-saw nystagmus have either a bitemporal hemianopia or 
bilateral involvement of  the interstitial nuclei of  Cajal (inC) 
in the mesencephalon.39 Most sellar masses which exhibit 
see-saw nystagmus are large, causing both the field defect 
and midbrain compression. However, each factor by itself  is 
sufficient for the development of  this motility disorder. Patients 
with see-saw nystagmus and chiasmal trauma, for instance, 
usually have a bitemporal hemianopia, while those with 
midbrain infarction or hemorrhage involving the inC have 
no visual loss. Proposed explanations relating the bitemporal 
hemianopia and see-saw nystagmus include (1) a torsional 
adaptive process which attempts to increase the overlap of  
noncorresponding nasal fields40 and (2) disruption of  the 
visuovestibular connections between the retina and inferior 
olive.39 Rare achiasmatic and hemichiasmatic individuals, 

affects both the chiasm and cavernous sinuses, with overt 
and rapid onset of  clinical manifestations, is pituitary apo-
plexy (see later discussion).

See-saw nystagmus can be a sign of  a chiasmal process, 
and sellar masses and trauma are the usual culprits. In this 
unique motility disturbance one eye elevates and intorts  
while the other depresses and extorts, then vice versa, in a 
pendular fashion (see Fig. 17.13, Video 17.31).38 The exact 

Figure 7.13. Goldmann visual field demonstrating central bitemporal hemianopic scotomas due to a posterior chiasmal lesion. 

Left hypertropia

Right hypertropia

OrthophoriaEsotropia Exotropia

Figure 7.14. Hemifield slide phenomena associated with complete 
bitemporal hemianopias. The diagrams depict the visual fields from the 
patient’s perspective with both eyes open (cyclopean view). If the eyes 
are orthophoric (no misalignment), then the nasal fields will align prop-
erly. n.f.L.E., Nasal field of the left eye; n.f.R.E., nasal field of the right eye. 
However, because the nasal fields are noncorresponding, affected indi-
viduals will be unable to compensate for any tendency for ocular mis-
alignment, and the nasal fields will drift if there is a hypertropia, esotropia, 
or exotropia. 

EsotropiaExotropiaPattern of misalignment:

Patient interprets as:

Nasal fields as the
patient views three
numbered circles:

1 2 31 2 3

1 321 2 3

Figure 7.15. Sensory double vision and hemifield slide phenomena 
associated with complete bitemporal hemianopias. The diagrams depict 
the visual fields from the patient’s perspective with both eyes open. As 
described in Fig. 7.14, if a patient with a bitemporal hemianopia and 
an exotropia views three numbered circles, he or she might think he 
or she is seeing four circles. The no. 2 circle is contained in each nasal 
field and is therefore duplicated (“double vision”). A patient with an 
esotropia might actually see only two of the circles, because neither 
nasal field contains the no. 2 circle. 
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who may have normal fields, can also have see-saw nystag-
mus (see Developmental Anomalies of  the Chiasm).41,42 
See-saw nystagmus is also discussed in Chapter 17.

ASYMMETRIC OR MONOCULAR NYSTAGMUS

Young children with sellar masses such as gliomas or cra-
niopharyngiomas may rarely present with monocular or 
asymmetric nystagmus when the chiasm is involved. Some-
times the full triad of  nystagmus, head nodding, and head 
tilt is present, mimicking the benign symptom complex of  
spasmus nutans.43 Usually those with intracranial lesions 
will have reduced vision, optic atrophy, strabismus, or dien-
cephalic syndrome,44 and these findings will convince the 
examiner that neuroimaging should be performed (Video 
17.6). The mechanism by which sellar masses produce the 
nystagmus is not clear. For a more detailed discussion of  
spasmus nutans and its imitators, the reader is referred to 
the chapter on nystagmus and nystagmoid eye movements 
(Chapter 17).

Endocrine Disturbances 
Associated With  
Chiasmal Disorders

PITUITARY GLAND, HORMONE PHYSIOLOGY, 
AND ENDOCRINOPATHY

Traditionally, the pituitary gland is separated into the anterior 
(adenohypophysis) and posterior (neurohypophysis) lobes 
(see Fig. 7.3).45,46 Laterally, the adenohypophysis contains 
cells which secrete prolactin and growth hormone (GH), 
while cells which produce thyroid-stimulating hormone (TSH), 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), and adrenocorticotropic hormone (ACTH) are located 
medially. The hormones vasopressin (or antidiuretic hormone 
(ADH)) and oxytocin are synthesized in the supraoptic and 
periventricular nuclei in the hypothalamus, then transported 
to the posterior lobe via long axons within the pituitary stalk.

Prolactin stimulates production of  breast milk in women. 
GH stimulates liver production of  insulin-like growth factor 
1 (IGF-1, also called somatomedin C). Corticotropin (ACTH) 
causes adrenal secretion of  both cortisol and androgens. 
TSH stimulates thyroid production of  triiodothyronine (T3) 
and thyroxine (T4). In women, FSH and LH lead to estradiol 
and progesterone secretion, folliculogenesis, and ovulation, 
while in men, these two hormones stimulate testosterone 
secretion and spermatogenesis.46 Hormone secretion in the 
adenohypophysis is regulated in part by proteins produced 
in the hypothalamus and brought to the pituitary via  
the hypophyseal portal venous system (Fig. 7.16). Dopamine 
tonically inhibits prolactin secretion, for example. End- 
organ hormone levels confer additional regulation by modu-
lating the production of  pituitary- and hypothalamic-releasing 
hormones. ADH, released in the neurohypophysis, stimulates 
free-water reabsorption in the collecting ducts of  the  
kidney. Oxytocin stimulates uterine contraction and milk 
ejection.46

Because of  the chiasm’s proximity to the pituitary, stalk, 
and hypothalamus, chiasmal disorders, especially those due 

to mass lesions, often present concomitantly with endocrine 
dysfunction. In this setting, the endocrinopathies usually fall 
into two major categories: pituitary hormone deficiency 
(hypopituitarism) and hypersecretion. Hypopituitarism can 
be the result of  compression of  normal pituitary tissue, 
impaired blood flow of  normal tissue, or interference with 
hypothalamic production or delivery of  releasing hormones.46 
Symptoms consistent with hypopituitarism, which can vary 
according to sex, are outlined in Table 7.1. Of  these, the most 
common are those associated with GH deficiency, but the 
most salient clinical features of  hypopituitarism actually vary 
with age. In children, failure of  normal linear growth is the 
dominant symptom; in adolescence, it is delayed sexual matu-
ration; and in adults, it is secondary hypogonadism.47 Recent 
data suggests both pediatric- and adult-onset hypopituitarism 
negatively affect cardiovascular health, bone mass, and overall 
life expectancy, despite replacement treatment.48

On the other hand, pituitary hormone excess generally is 
caused either by hypersecreting pituitary adenomas or by 
target organ failure with secondary hypersecretion. In the 
one exception, mild degrees of  hyperprolactinemia can be 
associated with hypothalamic dysfunction or stalk compres-
sion, both of  which result in decreased delivery of  dopamine, 
which normally inhibits prolactin secretion, to the pituitary 
gland. Clinical features of  pituitary hormone hypersecretion 
due to adenomas are highlighted in Table 7.2. When chiasmal 
dysfunction due to a sellar mass is present, hypopituitarism 
is more common than hypersecretion, but patients can have 
elements of  one or both (for instance, when a hypersecreting 
adenoma compresses and compromises adjacent normal 
pituitary tissue).

Hypopituitarism can also be an unavoidable side-effect of  
surgery or irradiation of  sellar lesions. Thus, before and fol-
lowing treatment in many instances, hormone replacement 
will be required, because cortisol and thyroxine are necessary 
for life, uncontrolled diabetes insipidus can be life-threatening, 
and gonadotropin deficiency is associated with osteoporosis 
and impaired reproductive and sexual functions. It is not 
uncommon for patients with sellar processes to require 
replacement regimens consisting of  various combinations 
of  corticosteroid, thyroxine, GH (in children), estrogen (for 
women), testosterone (for men), and DDAVP (desmopressin; 
1-deamino-8-d-arginine vasopressin).

HYPOTHALAMIC SYNDROMES

Two childhood endocrinopathies, Russell’s diencephalic syn-
drome49 and precocious puberty, are the most important 
clinical syndromes associated with hypothalamic lesions in 
the pediatric age group. The diencephalic syndrome has a 
typical age of  onset between the newborn period and 4 years 
of  age50 and is characterized by emaciation, hyperkinesis, 
and euphoria (Fig. 7.17). The weight loss is the most salient 
trait, and it occurs after initially normal weight gain. Children 
are often evaluated for failure to thrive.51 Linear growth and 
head circumference are unaltered.52 An alert appearance 
(due to lid retraction), vomiting, pallor, and nystagmus are 
other common features.53 Optic atrophy occurs in approxi-
mately one-quarter.53 Hypothalamic chiasmal gliomas are 
the usual cause, although craniopharyngiomas should also 
be considered.54 Anterior hypothalamic dysfunction is one 
proposed mechanism for the syndrome.53
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surgeries in the hypothalamic region may also experience 
restricted growth rates.56

Diagnosis/Approach

It is often difficult on the basis of  the neuro-ophthalmic signs 
and symptoms alone to arrive at the specific pathologic diag-
nosis. The visual complaints and field patterns facilitate 
chiasmal localization but are usually nondiagnostic with 
regards to etiology. Only in rare instances, such as progres-
sive superior bitemporal field deficits due to an expanding 
pituitary adenoma, does the pattern of  visual loss suggest 
a specific entity. Rather, once a chiasmal disorder is suspected 
on neuro-ophthalmic grounds, the diagnosis is best estab-
lished by considering the patient’s age, clinical history, general 
physical findings, neuroimaging results, and endocrine testing.

Precocious puberty is seen in boys more commonly than 
in girls, and affected children are tall for their age and exhibit 
early gonadal maturation. Responsible lesions typically lie 
in the floor of  the third ventricle, posterior hypothalamus, 
tuber cinereum, or median eminence. Common etiologies 
in these areas include hamartomas of  the tuber cinereum, 
hypothalamic gliomas, and suprasellar germ cell tumors.55 
There may be several mechanisms, each resulting in a pre-
mature onset of  puberty. Germ cell tumors, for instance (see 
later discussion), produce β-human chorionic gonadotropin, 
which stimulates Leydig cells. Alternatively, hypothalamic 
infiltration might cause increased secretion of  gonadotropin-
releasing hormone.50

Surgery in the hypothalamic region, usually for cranio-
pharyngiomas, commonly causes weight gain and obesity 
in both children and adults—likely due to injury of  the satiety 
centers in the hypothalamus.56 Children undergoing 

A

Corticotropin

Pituitary

Hypothalamus

Hypothalamus

CRH

Adrenal glands

Liver

Cortisol

++

+

–

–

C D E

FSHLH

Pituitary

GnRH

Ovaries Testes

Testosterone
Inhibin
Spermatogenesis

Estradiol
Progesterone
Ovulation

+

+ +
+ +

––

––

B

Thyrotropin

T3

T4

Pituitary

Somatostatin

Somatostatin

TRH

Thyroid gland

+

+

GH

IGF-I

+

–
–

–

–

–

Pituitary

GnRH

GHRH +

–

–

–

–– Hypothalamus

Dopamine

Prolactin

Breast milk

+

Pituitary
–

Figure 7.16. Interactions among the hypothalamus, pituitary, and target glands. A. The hypothalamic–pituitary–adrenal axis. B. The hypothalamic–
pituitary–thyroid axis. C. The hypothalamic–pituitary–gonadal axis. D. The regulation of growth hormone (GH) secretion. E. The regulation of prolactin 
secretion. CRH, corticotropin-releasing hormone; FSH, follicle-stimulating hormone; GHRH, growth hormone–releasing hormone; GnRH, gonadotropin-
releasing hormone; IGF-1, insulin-like growth factor 1; LH, luteinizing hormone; T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone. 
Plus signs denote stimulation, and minus signs inhibition.585 
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processes and metastases in late adulthood. The inflamma-
tory, infectious, and infiltrative disorders occur at all ages.

CLINICAL HISTORY

Both the rate of  onset of  symptoms and presence and quality 
of  endocrine features are important. Because the most 
common etiology is a compressive sellar mass, most visual 
and endocrine symptoms are insidious. Acute chiasmal 

AGE

Most chiasmal disorders are due to compressive lesions, many 
of  which have a tendency to occur more frequently either in 
(1) children and young adults or (2) middle-aged and elderly 
individuals. Table 7.3 outlines the differential diagnosis of  
most sellar and suprasellar processes, based upon age predi-
lection and frequency. In general, congenital tumors and 
masses are more common in childhood, and rarer vascular 

Table 7.1 Typical Features of Hypopituitarism Due to Hypothalamic/Pituitary Dysfunction585,603

Hormones Affected In Women In Men In Women and Men

Hypogonadism ↓ or normal LH
↓ or normal FSH
↓ estradiol in women
↓ testosterone in men

Oligomenorrhea or 
amenorrhea

Dyspareunia
Vaginal dryness

↓ facial and body hair
Testicular atrophy
Erectile dysfunction
Gynecomastia

↓ libido

Hypoprolactinemia ↓ prolactin Failure to start and 
maintain lactation

Hypothyroidism ↓ or normal TSH
↓ T3, T4

Fatigue, weakness, inability to lose weight, 
puffiness, constipation, cold intolerance, 
memory impairment, altered mentation, 
bradycardia, delayed relaxation of deep 
tendon reflexes

Growth hormone 
deficiency

↓ GH, IGF-1 Short stature in children
↓ vigor, ↓ exercise tolerance
↓ body muscle:fat ratio

Hypoadrenalism ↓ or normal ACTH
↓ cortisol

Loss of axillary and 
pubic hair

Fatigue and malaise, postural hypotension, 
pallor, anorexia, and nausea

Diabetes insipidus ↓ ADH Polyuria
Polydipsia
Hypernatremia

Oxytocin deficiency ↓ milk ejection 
during lactation

ACTH, Adrenocorticotropic hormone; ADH, antidiuretic hormone; FSH, follicle-stimulating hormone; GH, growth hormone; LH, luteinizing hormone;  
IGF-1, insulin-like growth factor 1; TSH, thyroid-stimulating hormone.

Table 7.2 Typical Features of Hypersecreting Syndromes Associated With Pituitary Adenomas

Hormones Affected In Women In Men In Women and Men

Hyperprolactinemia ↑ prolactin Amenorrhea
Oligomenorrhea
Infertility

Impotence
Gynecomastia

↑ libido
Galactorrhea (rare in men)

Growth hormone 
excess

↑ GH, IGF-1 Acromegaly
Gigantism (children)

ACTH excess 
(Cushing disease)

↑ or normal ACTH
↑ cortisol

Oligomenorrhea
Amenorrhea

↑ libido Sudden weight gain
Moon facies
Buffalo hump
Hypertension
Hirsutism
Acne
Glucose intolerance
Muscle wasting and weakness60

Hyperthyroidism ↑ or normal TSH
↑ T3, T4

Thyrotoxicosis
Goiter

Excess LH/FSH ↑ or nl LH
↑ or normal FSH
↑ or normal estradiol in women
↑ testosterone in men (variable)

Amenorrhea
Oligomenorrhea

Precocious puberty in childhood
↑ libido in adults

ACTH, Adrenocorticotropic hormone; FSH, follicle-stimulating hormone; GH, growth hormone; LH, luteinizing hormone; IGF-1, insulin-like growth factor 1;  
TSH, thyroid-stimulating hormone.
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or pituitary hormone hypersecretion. While the former could 
be due to any sellar mass, the latter suggests a pituitary 
adenoma. Other types of  endocrine dysfunction, such as 
diabetes insipidus, are characteristic of  sellar sarcoidosis and 
germinoma, for instance. However, diabetes insipidus may 
be seen in many other suprasellar processes.

GENERAL PHYSICAL FINDINGS

The examiner should look for evidence of  endocrine dysfunc-
tion, and in some cases the diagnosis can be made on physical 
findings alone. Patients with gynecomastia, Cushingoid fea-
tures, or acromegaly, for example, might harbor hypersecret-
ing pituitary adenomas. Precocious puberty suggests 
hypothalamic dysfunction, while growth retardation might 
be due to GH deficiency. Features of  neurofibromatosis (NF), 
such as café-au-lait spots and neurofibromas, should also 
be excluded because of  its association with optic pathway 
gliomas.

DIAGNOSTIC STUDIES/NEUROIMAGING

All patients suspected of  having a chiasmal disorder should 
undergo enhanced and unenhanced MRI with special atten-
tion to the sellar area, including axial and 3 mm coronal 
and sagittal sections. If  the clinical history and findings on 
examination suggest chronicity (long duration of  symptoms 
and optic disc pallor, for example), neuroimaging can be 
performed over the next day or two. However, either sudden 
visual loss, indicating an acute process, or optic disc swelling, 
a sign of  possible hydrocephalus, are indications for emergent 
scanning. MRI is far superior to CT in the evaluation of  this 
region, because it provides excellent anatomic detail, sagittal 
views, and better soft tissue imaging. The only disadvantage 
of  MRI in this regard is its inability to demonstrate small 

syndromes can occur when tumors enlarge suddenly, due 
to cyst expansion or intratumor hemorrhage, as in pituitary 
apoplexy. However, sudden chiasmal field loss might also 
suggest chiasmal neuritis, ischemia, or an intrinsic vascular 
malformation. Patients should also be questioned about double 
vision or difficulty with depth perception.

Historical features suggestive of  endocrine dysfunction 
should be investigated. In particular, the patient should be 
asked about symptoms consistent either with hypopituitarism 

BA

Figure 7.17. A. A young girl with emaciation as part of Russell’s diencephalic syndrome due to a hypothalamic glioma, demonstrated in contrast-
enhanced magnetic resonance imaging (B); the arrow points to the lesion. 

Table 7.3 Sellar and Suprasellar Processes Which Can 
Affect the Chiasm, According to Age Group, Etiology, 
and Frequency

Age Group More Common Less Common

Pediatric–young 
adult

Chiasmal–hypothalamic 
glioma

Craniopharyngioma

Germ cell tumors
Germinoma
Teratoma
Nongerminoma
Pituitary adenoma
Suprasellar 

arachnoid cyst

Middle-aged–
elderly

Pituitary adenoma
Meningioma
Craniopharyngioma
Aneurysm (internal 

carotid)

Malignant optic 
glioma

Metastases to 
chiasm, sella, or 
suprasellar region

Pituitary apoplexy
Rathke’s cleft cyst
Sphenoid sinus 

mucocele

No particular age 
predilection

Histiocytosis
Chiasmal neuritis
Meningitis
Sarcoidosis
Trauma
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amounts of  calcification and changes in the sellar walls, 
which are made of  cortical bone and separate the pituitary 
gland and cavernous sinuses. When MRI is contraindicated 
or intolerable, CT can still be useful, especially if  contrast 
images and coronal views (thin 1.5 mm sections) can be 
obtained. In some instances CT scanning is adjunctive to 
MRI by outlining bony landmarks and possibly their erosion 
by a sellar mass. CT can also identify calcification within 
suspected sellar lesions. When aneurysms are suspected 
because of  MRI or CT findings, an MRI or CT angiogram or 
a conventional angiogram is necessary.

Intrinsic disorders of  the chiasm will be suggested by 
radiographically demonstrated chiasmal enlargement, signal 
abnormality, or gadolinium enhancement. Extrinsic com-
pression will be evident if  there is a mass lesion and distortion 
or displacement of  the chiasm.

DIAGNOSTIC STUDIES/ENDOCRINE TESTING

The outpatient endocrinologic panel should include serum 
prolactin, serum early morning cortisol, TSH, T4, LH, FSH, 
estradiol (in women), and testosterone (in men) levels. Other 
tests which should be ordered include GH (after a 75 g oral 
glucose load), IGF-1, ACTH, and 24-hour urine-free cortisol. 
Low values, and even normal ones in some instances, are 
consistent with hypopituitarism (see Table 7.1). High values 
imply hypersecretion (see Table 7.2). Some relevant details 
should be understood:

1. As a rule, prolactin-secreting macroadenomas are associ-
ated with a serum prolactin level of  greater than 
150–200 ng/ml (normal 2–15 ng/ml), and elevated  
levels correlate with tumor size.57 Microadenomas, hypo-
thalamic dysfunction, pituitary stalk compression, or 
drugs such as neuroleptics and antidepressants lead to 
more modest elevations.57,58 Physiologic hyperprolac-
tinemia, also modest, occurs during pregnancy and post-
partum lactation.

2. After a 75 g oral glucose load, the normal GH level is 
<2 ng/ml. Lack of  suppression to this extent is the  
rule in acromegaly, and secretory spikes are frequent in 
this disorder. IGF-1 levels are also elevated but are more 
stable and correlate better with the severity of  the 
acromegaly.59

3. If  neuroimaging suggests a pituitary adenoma and  
clinical features are consistent with ACTH hypersecretion 
despite normal or equivocal ACTH and cortisol levels,  
an overnight dexamethasone suppression test with  
measurement of  morning plasma cortisol may be 
required. Finally, petrosal venous60 or cavernous sinus61 
ACTH sampling may be performed, but this is rarely nec-
essary if  an adenoma has already been demonstrated 
radiographically.

A summary of  the evaluation of  patients with suspected 
chiasmal disorders is outlined in Box 7.1. The discovery of  
a mass lesion requires neurosurgical consultation, while the 
presence of  endocrine dysfunction, on either clinical or labo-
ratory grounds, should prompt a formal endocrinologic 
evaluation as well. The remainder of  this chapter discusses 
the various entities leading to chiasmal dysfunction. The 
clinical features and the management of  each are 
emphasized.

Pituitary Adenomas

These tumors are the most common cause of  chiasmal dys-
function in adults, and they are very common, representing 
about 10–15% of  all intracranial tumors.47 Pituitary adeno-
mas may be found in 3.1–22.5% of  routine autopsies, but 
frequently these incidental lesions are smaller than 2 mm 
in size.62,63 About 70% of  pituitary adenomas occur in indi-
viduals aged 30 to 50 years, and only 3–7% occur in patients 
younger than 20 years.64,65 Pituitary adenomas are uncom-
mon but can occur in children.66,67

There is disagreement whether adenomas arise from 
somatic mutation of  a single cell or from hyperstimulation 
due to hypothalamic or hormonal dysregulation, or both.65,68 
Recent data has implicated enhanced STAT3 expression, 
which is not found in nonsecreting pituitary tumors, as the 
primary cause for hyperstimulation.69 In general, they are 
benign epithelial neoplasms which rarely metastasize; primary 
pituitary carcinomas are rare. Microadenomas are adenomas 
smaller than 10 mm, and these are rarely large enough to 
cause chiasmal compression, while macroadenomas are 
larger than 10 mm. Pituitary adenomas are usually isolated, 
but they can be associated with tumors of  the parathyroid 
gland and pancreas, and less commonly with those of  the 
thymus, in multiple endocrine neoplasia (MEN) type I 
syndrome.70,71

Box 7.1 Evaluation of Patients With Suspected 
Chiasmal Disorders

 I. Consideration of patient’s age
Childhood and young adulthood
Middle-aged and elderly

 II. Clinical history
Visual symptoms
Endocrine symptoms

 III. Neuro-ophthalmic examination
Including careful visual field testing

 IV. General physical examination
Evidence of endocrine dysfunction
Evidence of underlying systemic disease

 V. Neuroimaging
MRI, preferably including sagittal and coronal thin cuts 

through the sellar region
CT with coronal views

 VI. Endocrine testing and evaluation
Serum prolactin, morning cortisol, TSH, T4, LH, FSH, 

estradiol (in women), and testosterone (in men)
GH (after a 75-g oral glucose load) and IGF-1 if acromegaly 

suspected; ACTH and dexamethasone suppression tests 
if inappropriate ACTH secretion suspected.

 VII. Other adjunctive tests
Lumbar puncture if neuroimaging suggests an infectious, 

inflammatory, or infiltrative disorder
Optical coherence tomography imaging of the 

circumpapillary retinal nerve fiber layer and whole 
volume imaging of the macula

ACTH, Adrenocorticotropic hormone; CT, computed tomography; FSH, 
follicle-stimulating hormone; GH, growth hormone; LH, luteinizing 
hormone; IGF-1, insulin-like growth factor 1; MRI, magnetic resonance 
imaging; TSH, thyroid-stimulating hormone.
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Cavernous sinus invasion,81 following lateral erosion of  
the thin sellar wall, may lead to ocular motor palsies (in 
1–5% of  patients18) or trigeminal dysfunction. However, 
motility disturbances are much more common with pituitary 
apoplexy (see later discussion) than with pituitary adenomas. 
When ocular motor palsies occur, the III nerve is the most 
commonly affected.18,78 Rarely, a III, IV, or VI nerve palsy is 
the sole presenting feature of  the pituitary adenoma.82,83 
Orbital invasion84 and extrasellar pituitary adenomas85 have 
been reported but are uncommon growth patterns.

Traditionally headaches have been thought not to be caused 
by pituitary tumors. One prospective series identified headache 
as the primary reason for presentation in 14% of  patients with 
newly diagnosed pituitary adenomas.77 However, Levy et al.86,87 
analyzed a large number of  patients with pituitary adenomas 
and headaches, many of  whom improved following medical or 
surgical treatment of  the tumor. Headache types included 
migraine, trigeminal autonomic cephalgias such as cluster 
headache, short-lasting unilateral neuralgiform headache attacks 
with conjunctival injection and tearing (SUNCT), and trigeminal 
neuralgia. SUNCT syndrome occurred usually in association 
with prolactinomas and GH-secreting adenomas. Large tumor 
size and cavernous sinus invasion may be88 but are not always86 
associated with headache, suggesting dural stretching and tri-
geminal involvement, respectively, were not necessarily the cause.

DIAGNOSTIC STUDIES/NEUROIMAGING

In 80–95% of  microadenomas, a hypointense lesion is evident 
within the normal pituitary on T1-weighted MRI.89 A hyper-
intense region on T1-weighted images usually indicates a 
hemorrhagic component. Most of  the time (75%) the hem-
orrhage is not associated with clinical apoplexy (see later 
discussion).90 In about one-third to one-half  of  cases, the 
adenoma is hyperintense on T2-weighted images. Contrast 
may be helpful if  the unenhanced images are equivocal. The 
various types of  adenomas usually cannot be distinguished 
by MRI, although prolactinomas and GH-secreting adenomas 
tend to be more lateral, while ACTH, TSH, and LH/FSH-
secreting adenomas are usually more midline. This pattern 
reflects the normal location of  the secreting cells.

Macroadenomas share similar MRI signal characteristics 
but differ morphologically (Fig. 7.18). They are characterized 
frequently by suprasellar extension, enlargement of  the sella 
turcica, and a dumbbell or figure-eight shape on sagittal and 
coronal images (caused by the limitations of  the bony sella). 
In some instances there is demonstrable lateral extension 
into the cavernous sinus.91 Approximately 20% of  macroad-
enomas may exhibit radiographic evidence of  cystic changes, 
necrosis, or hemorrhage, but only 1% are associated with a 
history of  sudden clinical deterioration89 (see Pituitary Apo-
plexy). MRI should be sufficient to outline vascular structures 
and rule out coexisting aneurysms,92 so routine angiography 
is unnecessary in most preoperative assessments. On CT the 
pituitary adenomas are hypodense compared with the normal 
gland on both enhanced and unenhanced images. Sellar 
erosion can be evident on CT with larger adenomas.

Optical coherence tomography (OCT) has demonstrated 
a strong relationship between vision loss and a decline in 
RNFL thickness in subjects with pituitary adenomas.32,93 
RNFL thinning before treatment of  these tumors is associ-
ated with a poorer prognosis for visual recovery.32

Pituitary adenomas can be classified functionally by their 
endocrine abnormality into two major groups: those with 
nonfunctional enlargement and those exhibiting hormone hyper-
secretion.62 Approximately one-quarter to one-third clinically 
apparent pituitary adenomas are nonfunctioning or nonse-
creting.72,73 On the other hand, the two most common hyper-
secreting adenomas are prolactinomas and GH-secreting 
tumors,74 but ACTH, TSH, and LH/FSH-secreting tumors are 
also clinically important. Modern morphologic techniques 
have rendered the classification of  pituitary adenomas based 
upon staining characteristics, such as acidophilic, basophilic, 
and chromophobic, less helpful.75

The presentation of  pituitary adenomas varies according 
to tumor subtype. Nonfunctioning adenomas are often asymp-
tomatic until after they have extended beyond the sella, 
causing signs related to tumor enlargement and compression 
of  surrounding structures: visual loss, headache, and hypo-
pituitarism. Most (70%) of  the large adenomas causing visual 
loss are nonfunctioning.76 In contrast, hypersecreting tumors 
present more commonly with characteristic endocrine symp-
toms, described in detail later in the chapter. In all pituitary 
adenomas, diabetes insipidus at presentation is unusual.

NEURO-OPHTHALMIC SYMPTOMS AND SIGNS

Chiasmal visual field loss is the most important neuro-
ophthalmic manifestation of  pituitary adenomas.77 Usually 
it is insidious and slowly progressive,47 and often there is a 
delay of  months or years between the onset of  visual loss 
and diagnosis of  the pituitary tumor. Since the chiasm is 
located directly above the pituitary in most instances, the 
crossing inferonasal fibers are usually the first to be disturbed 
by upward-growing adenomas, causing superotemporal 
defects respecting the vertical meridian. Further tumor 
enlargement results in more complete interruption of  crossing 
fibers in the body of  the chiasm, leading to a complete bitem-
poral hemianopia. Because of  the distance between the dia-
phragm and the chiasm, only macroadenomas with significant 
suprasellar extension are associated with field loss. These 
principles are reflected in the excellent data from a review 
of  1000 cases by Hollenhorst and Younge who reported that 
30% of  patients had no visual field abnormalities.78 Of  those 
with vision loss, superotemporal field defects and bitemporal 
hemianopias were the most common field defects. Junctional 
scotomas, central scotomas, and homonymous hemianopias 
were less frequent, consistent with the lower incidence of  
post-fixed and prefixed chiasms. More recent prospective 
studies show that approximately 50% of  patients have visual 
field loss, perhaps reflecting earlier tumor detection by more 
modern endocrinologic testing and neuroimaging.77

Acuity is affected less commonly (estimated between 
16–25%) than visual fields; it is typically altered in those 
with central scotomas or generalized depression.77 Disc pallor 
occurs in about 30% of  patients78 and correlates with the 
presence of  decreased visual acuity better than with field 
loss or the severity of  visual loss.12 Papilledema is unusual 
unless the adenoma is large enough to cause hydrocephalus79 
and instead suggests other sellar processes which have a 
greater tendency for causing third ventricular obstruction. 
Formed visual hallucinations, presumably release phenomena 
(see Chapter 12), have been reported in association with 
field loss due to pituitary adenomas.80
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reported in smaller studies.102,103 Prognostic signs which 
are associated with lack of  improvement included optic 
disc pallor, lengthy delay before diagnosis, and poor visual 
acuity.12,104 Interestingly the degree of  visual field loss 
has no predictive value, as patients with profound field 
defects still have a reasonable chance for improvement.

3. External beam radiotherapy is useful in instances of  residual 
or recurrent tumor, but, in general, the clinical effects 
(e.g., reduced hormone levels) and reduction in tumor 
size are not seen for months or years.105–107 Patients should 
be informed of  the possible late side-effects of  radiation, 
such as chiasmal or optic neuropathy in up to 3%,108 
hypopituitarism, brain parenchymal necrosis, and second-
ary neoplasms (meningiomas and sarcomatous transfor-
mation of  the pituitary adenoma).105,106,109,110 Fortunately, 
radiation optic neuropathy is becoming less common in 
this setting.111 Stereotactic radiosurgery112–115 and proton 
beam radiation116 allow more precise delivery of  radiation 
to this area with less risk to surrounding tissues.

4. We recommend a neuro-ophthalmic examination, includ-
ing visual field testing, within the first few weeks postop-
eratively, and Klibanski72 recommends a follow-up MRI 
at this time to check for residual tumor. Serial neuroim-
aging and neuro-ophthalmic examinations then can be 
performed at 1, 6, and 18 months postoperatively, and, 
if  stable, the patient can be discharged after that. Post-
radiation follow-up can be similar. Follow-up of  prolac-
tinomas is slightly different because the primary treatment 
is medical (see later discussion). However, if  surgery or 
radiation becomes part of  the management of  a prolac-
tinoma, the mentioned schedule may be applied. Endocrine 
follow-up is also necessary.

Rarely, a delayed visual loss months or years following 
transsphenoidal resection without radiation can occur. The 
visual deficits are slowly progressive, and possible mechanisms 
include chiasmal prolapse into an empty sella117 or tethering 
scar tissue. Some authors have advocated surgical removal 
of  adhesions and repair of  the sellar floor.118 Postoperative 
pneumatoceles causing visual loss have also been reported.119

DIAGNOSTIC STUDIES/LABORATORY TESTS

In addition to the MRI, endocrinologic studies are necessary 
to classify the tumor type and direct treatment (see Box 7.1). 
Abnormal results and their interpretation are outlined in 
Tables 7.1 and 7.2.

Treatment. Some generalizations regarding treatment, 
outcome, and management of  pituitary adenomas can be 
made:

1. Except for prolactinomas, the first-line treatment of  symp-
tomatic adenomas is transsphenoidal neurosurgery.94 
Advantages of  this method versus a craniotomy include 
direct visualization of  the pituitary gland and tumor, no 
external scars, and better tolerance of  the surgery even 
by elderly and medically complicated individuals. Access 
to the sphenoid is usually via a sublabial or transnasal 
approach or combinations of  both,95 and tumors are 
removed with the aid of  the operating microscope. When 
necessary, the sella floor is reconstructed with a plate of  
nasal bone or cartilage, and the sphenoid sinus is packed 
with muscle, fat, or Gelfoam.96 Postoperative diabetes insipi-
dus (usually transient), CSF leak, visual loss, ocular motor 
nerve palsy, hemorrhage, traumatic aneurysm, and cerebral 
ischemia are potential complications, but the morbidity 
and mortality rates are usually very low.94,97 At some insti-
tutions, the sella is exposed transnasally or transseptally 
using an endoscope, and the tumor removal is accomplished 
also endoscopically98 or with an operating microscope.99 
A pterional or transfrontal approach via craniotomy should 
be considered when there is extensive extrasellar tumor.100

2. The prognosis for visual improvement is excellent follow-
ing surgical or medical decompression. Recovery to  
some degree may occur within days or weeks of  treatment 
(Fig. 7.19). In Trautmann and Laws’101 large series  
of  patients who underwent transsphenoidal surgery, 
approximately half  of  those with reduced acuity experi-
enced improvement in this parameter, while about three-
quarters of  those with field loss had restoration or 
improvement in visual fields. Slightly better results were 

BA

Figure 7.18. Enhancing, nonsecreting pituitary macroadenoma (long arrow) seen on gadolinium-enhanced magnetic resonance images. A. Coronal 
view. The short arrow points to the compressed, elevated chiasm. B. Sagittal view. 
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compression of  the normal residual pituitary gland  
or the stalk often leads to loss of  normal LH/FSH, ACTH, 
and TSH secretion along with mild degrees of  
hyperprolactinemia.72,96

Although classically “nonfunctioning,” immunocytochemi-
cal techniques have demonstrated that cells in the majority 
of  these tumors are capable of  producing a small amount 
of  hormone, but not enough to elevate serum levels.72,73 In 
one surgical series,96 82% percent were null-cell adenomas, 

THE CLINICAL FEATURES AND TREATMENT OF 
NONFUNCTIONING AND HYPERSECRETING 
PITUITARY ADENOMAS

Nonfunctioning (nonsecreting) pituitary tumors. These 
are usually macroadenomas without clinical evidence  
of  pituitary hormone hypersecretion.69 In one report,  
visual loss occurred in 72%, hypopituitarism in 61%, head-
ache in 36%, and cranial neuropathies in 10%.96 Tumor 

B

A

Figure 7.19. Marked improvement in visual fields following transsphenoidal resection of the pituitary adenoma shown in Fig. 7.18. A. Preoperative 
computerized visual fields demonstrating an almost complete bitemporal hemianopia. B. At 2.5 months postoperatively, the visual fields are near 
normal. 
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performed in 2–3 weeks in patients who do not improve, 
and surgery should be recommended in such cases.

A prolactinoma in the setting of  pregnancy is a special 
situation.134 During pregnancy, the normal pituitary gland 
increases in size by 50–70% due to lactotroph hyperplasia,76 
but chiasmal compression is rarely an issue. On the other 
hand, pregnant women with microprolactinomas have a 1% 
chance of  developing symptomatic pituitary enlargement, 
but those with macroprolactinomas have a 10–25% chance.122 
Although bromocriptine and cabergoline are probably safe 
during pregnancy,135 most experts suggest stopping the medi-
cation in women with prolactinomas who become pregnant, 
and then monitoring visual function carefully.122,134 If  visual 
acuity or field abnormalities develop, either continued obser-
vation or restarting medication would be reasonable 
approaches. Finally, transsphenoidal surgery can also be 
carried out successfully during pregnancy if  absolutely 
necessary.

Growth hormone–secreting pituitary tumors. The 
mean age of  affected patients at diagnosis is 42 years, and 
approximately half  are women.136 Up to one-third of  patients 
with McCune–Albright syndrome can develop GH-secreting 
tumors, most of  whom have clinical symptoms within the 
first or second decade of  life.137,138 Endocrine manifestations 
are the most common symptom, while visual field defects 
occur in approximately 20% of  patients with this type of  
tumor.139 Headaches occur in 55%, but their etiology is 
unclear because they correlate poorly with tumor size.

Gigantism and acromegaly are the two major medical 
conditions which result from GH hypersecretion. Character-
istic bony and soft-tissue changes occur, primarily owing to 
GH-induced increases in IGF-1. GH oversecretion in childhood 
is associated with pituitary gigantism, as in this disorder 
longitudinal bone growth is still possible. In acromegaly, 
typified by overgrowth of  acral segments (hands, feet, nose, 
chin, and forehead),59 epiphyseal closure has already occurred, 
prohibiting bone elongation.59 The disfiguring frontal bossing 
and enlargement of  the mandible and hands are character-
istic (Fig. 7.20). Because the changes are insidious, patients 
may notice only a gradual increase in glove or hat size. Fur-
thermore, because acromegaly primarily occurs in middle-
aged individuals, the changes are often attributed to “normal 
aging.” In fact, the delay between onset of  symptoms and 
diagnosis averages 8.7 years.136

In addition, bony and soft tissue overgrowth commonly 
results in carpal tunnel syndrome and other entrapment 
neuropathies.136 Myopathy, arthropathy, and depression are 
also seen in association with acromegaly. Patients with acro-
megaly have a higher mortality rate than the normal popu-
lation, due in part to greater frequencies of  hypertension, 
diabetes, cardiovascular disease, hypertrophic cardiomyopa-
thy, upper and lower airway restrictive pulmonary disease, 
and gastrointestinal malignancies (in the colon, especially) 
occurring in individuals with this endocrinopathy.136 GH 
hypersecretion can also cause ocular hypertension and 
exophthalmos.47 Hypogonadism occurs in 30–40%, likely a 
result of  stalk compression and hyperprolactinemia (by 
inhibiting gonadotropin-releasing hormone secretion).59 
Some GH-secreting adenomas cosecrete prolactin.

Definitive treatment of  GH-secreting adenomas is imperative 
because of  their associated disfigurement and increased mor-
tality. Transsphenoidal surgery is the primary treatment,140 

while the rest were silent prolactinomas, gonadotropic adeno-
mas, and corticotropic adenomas.

Transsphenoidal tumor removal is the treatment modality 
of  choice. All patients with headache in the series of  Ebersold 
et al.96 were relieved of  this symptom. However, the prognosis 
for recovery of  pituitary function following transsphenoidal 
surgery of  nonfunctioning tumors is fair to good.120 Because 
these tumors are nonfunctioning, hormone levels are unhelp-
ful in detecting residual tumor or recurrences. In younger 
patients with moderate residual tumor postoperatively, local 
irradiation should be considered.73,121 Surgery is the preferred 
modality when tumors recur following radiotherapy.

Medical options such as bromocriptine (see Prolactinomas) 
or octreotide (see Growth Hormone–Secreting Pituitary 
Tumors) are available to patients with nonfunctioning adeno-
mas in whom surgery is contraindicated, or in whom post-
operative or postradiation recurrence is documented. The 
mechanism of  action of  these medications in this setting is 
unclear.

Prolactinomas. Prolactin-secreting tumors are the most 
common hormone-secreting pituitary adenomas.57 In women, 
endocrine symptoms caused by prolactinomas include galac-
torrhea and evidence of  gonadal dysfunction such as 
decreased libido, amenorrhea, oligomenorrhea, or infertility 
(see Table 7.2). In men, diminished libido, gynecomastia, or 
impotence are the most common manifestations, and galac-
torrhea is less frequent.122 Prolactinomas have been reported 
in childhood and adolescents.123

Medical therapy with dopamine agonists, such as bromo-
criptine and cabergoline, which inhibit the synthesis and 
secretion of  prolactin, are the first-line treatment of  prolac-
tinomas.124 These medications can afford tumor shrinkage 
and reduction in serum prolactin level in the majority of  
patients with prolactinomas.125,126 Common side-effects 
include nausea, vomiting, dizziness, and orthostatic hypoten-
sion, but sometimes these can be avoided by starting with 
lower dosages.58 Cabergoline, now a first-line treatment,124 
needs to be taken only twice a week and is better tolerated 
than bromocriptine.127 Moster et al.128 followed 10 patients 
with prolactinomas treated with bromocriptine. Improvement 
in visual acuity and fields and reduction in tumor size occurred 
in 9 of  10 patients, and in general the salutary effect was 
sustained. Patients often noticed the visual improvement 
within days of  starting the drug, and subsequent studies129,130 
have confirmed the potential for rapid visual recovery.

In patients who experience normalization of  prolactin 
levels and whose MRIs show no evidence of  residual tumor, 
cabergoline may be tapered with careful monitoring.131 
However, in many others the medication must be taken 
indefinitely.

Transsphenoidal surgery of  prolactinomas is less effec-
tive,132 as hyperprolactinemia often recurs postoperatively.133 
Radiotherapy alone may reduce tumor mass effect and prevent 
further growth,105 but it is generally an ineffective treatment 
of  hyperprolactinemia.122 Surgery and radiotherapy should 
be reserved for patients who do not tolerate or who fail medical 
therapy.

Besser58 recommends biweekly neuro-ophthalmic follow-
up and prolactin levels initially at the start of  medical therapy 
in individuals with compromised vision. Neuroimaging can 
be repeated in 6 weeks if  vision and prolactin levels have 
improved. Alternatively, repeat neuroimaging should be 
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disease).149,150 Elevated ACTH levels result in adrenocortical 
hyperplasia and increased secretion of  cortisol. Common 
clinical features include obesity with moon facies and a buffalo 
hump, hypertension, hirsutism, striae, psychiatric symptoms, 
gonadal dysfunction, osteopenia, and glucose intolerance.149 
Usually these tumors are microadenomas without extrasellar 
involvement.

Transsphenoidal removal is the procedure of  choice.151–153 
Radiotherapy can be used in patients with persistent or recur-
rent disease,105,154 but cortisol levels may not be controlled 
until 1–2 years later. Medical therapy has not proved helpful 
historically, although recently the use of  pasireotide has been 
proposed as monotherapy for adults with mild to moderate 
disease.155 As a last resort, those individuals failing both 
surgery and radiation are candidates for bilateral adrenal-
ectomy to suppress the hypercortisolism, but this procedure 
carries significant risk and is associated with a high mortal-
ity.156,157 Nelson syndrome, characterized by hyperpigmenta-
tion, elevated ACTH levels, and an enlarging pituitary gland, 
is the clinical progression of  an ACTH-secreting pituitary 
adenoma following bilateral adrenalectomy for Cushing 
disease.158

Thyrotropin-secreting pituitary tumors. These are 
uncommon but occur in two varieties. In the first type, which 
is really not a tumor per se, primary hypothyroidism  
leads to compensatory hyperplasia of  pituitary thyrotroph 
cells.159 In one review,160 one-third of  affected patients devel-
oped visual defects (types unspecified) due to pituitary 

and successful surgery results in a rapid fall in the GH level, 
although usually not to normal levels.59,141 Unfortunately, 
advanced acromegalic features are rarely reversible, but mild 
soft tissue enlargement can be reduced.

Surgical, medical, and radiotherapeutic treatment options 
can be combined in an overall approach to patients with 
acromegaly. Octreotide, a somatostatin analog, can normalize 
growth hormone levels and decrease tumor size.142,143 Octreo-
tide alone can lead to marked improvement in chiasmal visual 
field defects.144,145 The major side effects are transient diar-
rhea and nausea, and less frequent ones are gallbladder sludge 
and asymptomatic gallstones. Melmed’s treatment algo-
rithm142 is a reasonable one and suggests octreotide before 
surgery to facilitate removal146 in patients with tumors 
>5 mm. A cure is considered a reduction in GH levels to 
<2 µg/l after an oral glucose challenge. Bromocriptine and 
cabergoline may be used but are not as effective as octreo-
tide.59,147 Cabergoline may be more efficacious than bromo-
criptine. Pegvisomant, a GH-receptor antagonist, can also 
be used.148 Patients with persistently high GH levels despite 
these measures can be retreated with octreotide or receive 
radiotherapy.105 Despite doses of  4000–5000 cGy, radiation 
can take years to lower GH levels.

Adrenocorticotropin-secreting pituitary tumors 
(Cushing disease). These adenomas occur primarily in 
women of  childbearing age, and approximately three-quarters 
of  cases of  Cushing syndrome (excess circulating cortisol) 
are caused by ACTH-secreting pituitary tumors (Cushing 

BA

Figure 7.20. Acromegaly due to growth hormone–secreting adenoma. A. Coarse facial features and nasal and mandibular overgrowth. B. Enlargement 
of the hands. Note the enlargement of the left ring finger relative to the ring. 
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may include sudden trauma, hypertension,168 anticoagula-
tion,175 alteration of  pressure gradients (angiography, for 
example), cardiac surgery,176–178 diabetic ketoacidosis, estrogen 
use, bromocriptine, radiotherapy, and postpartum hemor-
rhage (Sheehan syndrome).179

The clinical suspicion of  pituitary apoplexy mandates MRI, 
as routine CT may miss the lesion. MRI usually demonstrates 
a macroadenoma with heterogeneous signal characteristics 
due to the presence of  blood, while CT can reveal an unen-
hancing, hyperdense sellar mass.180 Hemorrhage, when 
present, can extend in the subarachnoid space and ventricles. 
Lumbar puncture may demonstrate an aseptic meningitis, 
sometimes accompanied by red blood cells. Since the sudden 
headache and ocular motor palsies associated with pituitary 
apoplexy may mimic aneurysmal subarachnoid hemorrhage, 
a CSF hemorrhagic component may warrant angiographic 
exclusion of  an aneurysm if  CT or MRI are inconclusive. 
Transsphenoidal surgery and emergent steroid and other 
hormonal replacement have facilitated the management of  
pituitary apoplexy. Some cases improve spontaneously.181 
The prognosis for visual improvement depends more upon 
early surgical decompression than upon the severity of  the 
visual deficit.182 One study found that patients with tumor 
infarction had a slightly better visual prognosis than those 
with hemorrhage.183 Almost all patients undergoing surgery 
within 1 week will experience some improvement in acuity, 
fields, and ocular motility.170,184 A conservative approach 
may be appropriate for stable or improving patients without 
visual loss or mental status changes who have a medical 
contraindication for surgery.

Metastatic tumors to the pituitary. These can have 
clinical and radiographic presentations similar to nonsecret-
ing pituitary adenomas, except that patients with metastases 
to the pituitary are more likely to have diabetes insipidus 
and ocular motor palsies, and a more rapidly evolving clini-
cal course is seen.185,186 The most common primary sources 
are the breast and lung.187 The pituitary lesion may be the 
first indication of  malignancy, and in these instances patients 
may undergo transsphenoidal surgery with an incorrect 
preoperative diagnosis of  pituitary adenoma.

Incidental pituitary adenomas. Incidental identification 
of  a pituitary lesion may occur in as many as 10% of  patients 
undergoing neuroimaging for other reasons. All such indi-
viduals require endocrinologic screening, but those with 
macroadenomas also need neuro-ophthalmic evaluation. If  
endocrine and visual function are normal, neuroradiologic 
and neuro-ophthalmic assessments can be repeated on a 
semiannual or annual basis. Surgery would be indicated if  
there is evidence of  tumor compression or growth. Inciden-
tally detected macroadenomas have approximately a one-third 
chance of  enlarging, while only 15% of  microadenomas will 
increase in size.188

Craniopharyngiomas

Craniopharyngiomas are cystic, calcified sellar-region tumors 
which constitute 1.2–3% of  all intracranial neoplasms.189,190 
They may present at any age, but in various series,191,192 the 
peak age incidence occurred in either the first or second 
decade of  life. Approximately half  of  all cases are seen in 
adults, and some present in patients in their sixth decade.189 

enlargement and chiasmal compression. Reduction in pitu-
itary size and improvement in visual field deficits are often 
achieved after thyroid replacement.161

In contrast, the second type, a thyrotropin-secreting 
adenoma (thyrotropinoma), is usually associated with thy-
rotoxicosis due to inappropriate TSH secretion. The diagnosis 
is established by demonstrating high circulating levels of  T3 
and T4, normal or elevated TSH, and a pituitary lesion. In 
Smallridge’s literature review,160 54% of  affected individuals 
had abnormal visual fields (again, types unspecified). In general, 
patients do not develop thyroid-associated ophthalmopathy. 
Transsphenoidal surgery, followed by radiation if  necessary, 
is the treatment of  choice.162 Thyroidectomy or radioactive 
iodine controls the hyperthyroidism but not the pituitary 
enlargement. Octreotide, which can improve chiasmal field 
defects in this setting, may also be considered.162,163

Gonadotropin-secreting pituitary tumors. Patients 
with gonadotropin (LH or FSH)-secreting adenomas are typi-
cally female and premenopausal and have normal gonadal 
function.164 Both genders frequently have headache and 
vision problems at diagnosis, while women will have men-
strual irregularities and men experience testicular enlarge-
ment or hypogonadism.164,165 In Snyder’s series,166 17% of  
139 men with pituitary macroadenomas had this type of  
tumor. In a series of  100 patients from the Mayo Clinic,167 
43% presented with visual loss, 22% with symptoms of  
hypopituitarism, and 8% with headache. Hypersecretion of  
FSH is the most common endocrinologic abnormality. Preco-
cious puberty results when this tumor occurs in childhood. 
Transsphenoidal surgery usually results in some visual 
improvement,167 and octreotide may have a beneficial effect 
with this type of  adenoma as well.144

Three other situations related to pituitary adenomas—
pituitary apoplexy, metastases to the pituitary, and incidental 
pituitary adenomas—deserve special mention.

Pituitary apoplexy. This clinical syndrome is character-
ized by sudden visual loss, headache, and ophthalmoplegia 
due to rapid expansion of  a pituitary adenoma into the 
suprasellar space and cavernous sinuses (Fig. 7.21).168,169 
Defined in this way, pituitary apoplexy presents with head-
ache in 95% of  cases, vomiting in 69%, ocular motor paresis 
in 78%, visual field deficits in 64%, and reduction in acuity 
in 52%.170,171 Third nerve palsies are more common than 
IVth and VIth nerve deficits. When visual loss and headache 
are the primary symptoms, the condition can be confused 
with retrobulbar optic neuritis. Alteration in consciousness 
occurs in 30% of  patients172 due to diencephalic compres-
sion, and hypopituitarism, facial pain or numbness, and signs 
of  meningeal irritation (blood or necrotic tumor tissue–
induced) are common associated features. Other rare but 
reported clinical manifestations include retraction nystag-
mus,173 presumably due to dorsal midbrain compression, and 
Horner syndrome caused by interference of  the oculosym-
pathetic fibers surrounding the cavernous internal carotid 
artery.174 Diabetes insipidus is surprisingly uncommon in 
this setting. Most affected patients were previously unaware 
that they harbored a pituitary adenoma. The syndrome is 
uncommon, and only about 2% of  pituitary adenomas will 
present apoplectically.170

Often pituitary apoplexy is the result of  extensive tumor 
infarction or hemorrhage. Although most cases are associ-
ated solely with a pituitary adenoma, predisposing factors 
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Figure 7.21. Pituitary apoplexy. Top three rows: This patient developed 
sudden headache, complete ophthalmoplegia and mydriasis of the 
right eye, ptosis of the right upper eyelid, loss of sensation in the 
right forehead, and chiasmal field loss. Bottom: Magnetic resonance 
imaging demonstrated a heterogeneous sellar mass (large solid arrow) 
compressing the chiasm (open arrow) and invading the right cavern-
ous sinus (curved solid arrow). 
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also been reported. On rare occasions, ectopic spread can 
occur.212,213

Fluid leakage, from surgical or spontaneous cyst rupture, 
can result in a severe chemical arachnoiditis or meningitis.194 
Spontaneous hemorrhage with subarachnoid component is 
a reported but unusual complication.214

SYMPTOMS

Initial manifestations can be grouped into four major catego-
ries: visual, endocrinologic, cognitive abnormalities, and 
headaches.198,200 Visual symptoms are usually the most 
common manifestation, occurring in 52–77% of  
patients.198,215–219 These and endocrinologic abnormalities 
are discussed in more detail later in the chapter. Cognitive 
deficits include personality changes, memory loss, depres-
sion, and confusion. Headaches are nonspecific, but are 
sometimes accompanied by nausea and vomiting. Some 
authors have touted a varied presentation according to age 
group, with visual loss and endocrine symptoms seen at all 
ages, but with headaches and papilledema occurring more 
frequently in childhood and mental status changes more 
often in adult cases.218,219

NEURO-OPHTHALMIC SIGNS

In the series by Repka et al.,220 visual acuity was less than 
20/40 in 41% of  eyes at presentation, and approximately 
15% were worse than 20/400. However, a recent study from 
the United Kingdom reported 32% of  pediatric patients had 
visual acuity of  20/400 or worse.219 Bitemporal hemianopias 
are commonly observed field abnormalities,218,219 and asym-
metry and incomplete defects appear to be the rule.192,221 
Homonymous hemianopias, due to optic tract compression,222 
are less frequent.191,215 Usually visual impairment occurs 
gradually, but sudden unilateral or bilateral visual loss, mim-
icking retrobulbar optic neuritis, has been reported.192,223 
The majority of  patients with visual loss will have optic 
atrophy.191 Sixth nerve palsies are common and usually due 
to third ventricular compression and elevated intracranial 
pressure, but they can also result from infiltration of  the 
cavernous sinuses. Children may present with comitant or 
incomitant esotropia.191 See-saw nystagmus may also be an 
associated finding.40

Some authors194 have written that children with cranio-
pharyngiomas may be less apt to report visual loss, so visual 
deficits at presentation may be more severe than in adults. 
However, not all comparative data support this notion. In 
one analysis,191 the difference was not statistically significant. 
In another series,220 more children had subnormal acuities, 
but more adults had visual field deficits.

ENDOCRINOLOGIC MANIFESTATIONS

Common endocrine abnormalities associated with cranio-
pharyngiomas include diabetes insipidus, weight gain, short 
stature, hypogonadism, myxedema, and somnolence.224 It 
is uncertain whether endocrinopathy is more frequent in 
adults or children, because different series give conflicting 
results.198,200 The syndrome of  inappropriate secretion of  
antidiuretic hormone (SIADH) at presentation can occur but 
is uncommon.225

They are epithelial in origin and are thought to derive from 
remnants of  Rathke’s pouch, which ordinarily migrates 
upward from the primitive buccal cavity. Craniopharyngiomas 
can be found anywhere along the migratory path.193,194 Others 
have suggested that craniopharyngiomas might originate 
from squamous metaplasia in cells of  the adenohypophysis.194 
Although benign in histology, craniopharyngiomas may act 
aggressively by invading local structures and by recurring 
despite apparent complete resection.195

PATHOLOGY

There are two major histologic subtypes, adamantinomatous 
and squamous papillary, each with different age predilections 
that are driven by distinct genetic mutations.196,197 Although 
seen in all age groups, adamantinomatous craniopharyn-
giomas most often occur in childhood and frequently contain 
CTNNB1 (β-catenin) mutations.196 The microscopic appear-
ance is characterized by angulated columnar cells, and keratin 
nodules and calcification are common.194 Cysts are present 
in 90% and are mixed frequently with solid components. 
The cyst fluid has the consistency of  light machinery (“crank-
case”) oil and contains suspended cholesterol crystals. 
Although usually well-defined, adamantinomatous cranio-
pharyngiomas may adhere to surrounding brain and vascular 
structures.194 Reactive gliosis and tumor islets198 may be seen 
in adjacent brain tissue. These features may, in part, account 
for recurrences of  adamantinomatous craniopharyngiomas 
despite “total” resection.198

Craniopharyngiomas in adulthood tend to be squamous 
papillary, and nearly all contain BRAF mutations.196,199 Cal-
cification, keratin nodule formation, and adamantinous 
epithelium are conspicuously absent in these tumors. Cysts 
occur in approximately 50% of  cases.198 Squamous papillary 
craniopharyngiomas tend to be well demarcated, and after 
complete resection they tend not to recur.198,200

LOCATION AND GROWTH CHARACTERISTICS

Craniopharyngiomas may occur in the sella, suprasellar area, 
or third ventricle. Typically they traverse more than one of  
these spaces, and entirely intrasellar or intraventricular cra-
niopharyngiomas are unusual.201 Prechiasmatic tumors, 
when large, can protrude between the optic nerves and lift 
the A1 segments of  the anterior cerebral arteries. Retrochi-
asmal tumors can extend posteriorly into the third ventricle 
and abut the basilar artery and midbrain.202 Their size may 
vary from a few millimeters to several centimeters, but the 
majority of  tumors are 2–4 centimeters in greatest diame-
ter.203 Tumors may be densely adherent to the hypothalamus 
with small papillary projections.194 Hydrocephalus, due to 
third ventricular compression, occurs in approximately 40% 
of  patients presenting with acute symptoms.203

Craniopharyngiomas typically disrupt the anterior visual 
pathways by external compression. However, unusual 
instances of  intrachiasmatic craniopharyngioma, causing 
chiasmal thickening, have been described.204,205 Tumor exten-
sion through the optic foramen and canal into the orbit is 
also rare but has been reported.206,207 Other unusual growth 
patterns include spread beyond the sellar area into the ante-
rior, middle, and posterior fossas.208 Midbrain,209 hemi-
spheric,210 and cerebellopontine angle211 involvement have 
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component is completely calcified. After administration of  
gadolinium, the solid portion may exhibit modest enhance-
ment (see Fig. 7.22).89 High signal within the optic tracts 
and posterior limbs of  the internal capsules has been observed 
with MRI, producing a “moustache” appearance,227 but 
resolution of  this finding following tumor resection suggests 
perifocal edema rather than tumor invasion.228 In some 
instances MR angiography may be helpful in excluding an 
aneurysm and defining the tumor’s relationship to vascular 
structures within the circle of  Willis, which can be either 

DIAGNOSTIC STUDIES/NEUROIMAGING

The MRI appearance of  craniopharyngiomas is character-
istic.226 They are discrete intrasellar or suprasellar masses 
which can be hyperintense on T1-weighted images due to 
increased amounts of  cholesterol or protein or hemorrhage. 
Cysts appear as round masses which are hypointense on 
T1-weighted images (Fig. 7.22) and hyperintense on 
T2-weighted images. Areas of  signal void within the tumor 
represent calcification, and on rare occasions the solid 

A B

C

Figure 7.22. Large suprasellar multicystic craniopharyngioma.  
A. Sagittal T1-weighted magnetic resonance imaging (MRI) showing 
the mass (large arrow) compresses the brainstem (small arrow).  
B. Coronal FLAIR MRI demonstrating the heterogeneous signal 
characteristics of the mass (large arrow) and hydrocephalus and 
subependymal fluid (small arrow) due to third ventricular compres-
sion. C. Axial T1-weighted MRI with gadolinium highlights the 
enhancing mass (large arrow), splaying of the midbrain cerebral 
peduncles (small arrows), and hydrocephalus. 
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Multiple procedures may be required for complete decom-
pression of  large and recurrent tumors.235 Shunt placement 
may be necessary when hydrocephalus is present.207

Experts disagree whether the best treatment is complete 
excision or subtotal resection plus radiation.207 The contro-
versy exists in part because many authors espouse just one 
treatment approach.236 Advocates of  complete resec-
tion202,207,237 argue that modern neuroimaging, microsurgical 
techniques, and hormonal replacement therapy allow aggres-
sive surgery, and patients are spared the side-effects of  radia-
tion. However, extensive surgery can result in debilitating 
visual, endocrinologic, emotional, sleep, and cognitive defi-
cits224,231,238 and has an operative mortality of  2.5–10%.217 
Accidental tears in the carotid artery, leading to cerebral 
infarction, have been reported when complete excision was 
attempted.202 Furthermore, this approach does not guarantee 
a cure, as recurrence rates still range from 6–50% despite 
apparent complete removal.202,217,232,237

Proponents of  subtotal resection plus external beam radia-
tion readily emphasize a lower rate of  operative morbidity 
and mortality associated with this method of  treat-
ment.231,232,239 Given the significant impact of  endocrinologic 
abnormalities on overall health and quality of  life, some 
investigators believe that fewer gross total resections have 
resulted in improved endocrine outcomes.224,231 Postoperative 
radiotherapy decreases the rate of  recurrence and improves 
patient survival compared with partial removal alone.240 
Craniopharyngiomas that recur after surgery and radiation 
are especially hard to treat and manage.241 Radiation doses 
usually range from 5000–5500 cGy, given in 180 cGy frac-
tions.216,242 Unfortunately, dose-related radiation toxicity, 
manifesting as endocrinopathy, optic neuropathy, vascular 
events, and secondary malignancies, can occur in approxi-
mately 50% of  patients treated in this fashion.243

Comparisons of  the various approaches224,244,245 suggest 
the following: (1) hypothalamic–pituitary dysfunction 
occurred least commonly in patients treated with limited 
excision plus radiotherapy, (2) tumor recurrence rate was 
similar in children and adults, (3) subtotal resection alone 
had the highest rate of  recurrence, and (4) subtotal resection 
combined with radiation is associated with a lower recur-
rence rate than total resection. Metaanalyses,194,216,242 
however, show that the recurrence rates for the latter two 
approaches were similar.

Therefore, based upon these results, the most reasonable 
approach seems to be to attempt complete resection if  pos-
sible, especially in young children, in whom radiation is less 
desirable. Most tumors can be handled in this way. When 
involvement of  visual and endocrine structures precludes 
complete excision, and when neuroimaging indicates residual 
tumor following surgery, external beam irradiation should 
be performed postoperatively.224,245,246 This is the treatment 
algorithm currently practiced by the neurosurgery service 
at the Children’s Hospital of  Philadelphia.247

Another recognized complication of  surgery is fusiform 
enlargement of  the supraclinoid internal carotid artery ipsi-
lateral to the surgical approach.248,249 The mechanism is 
thought to be related to surgical manipulation, but the 
abnormality has no clinical consequences.

Some craniopharyngiomas can be treated with either single 
dose (e.g., gamma-knife) or fractionated stereotactic radio-
surgery, which deliver more concentrated radiation doses 

displaced or surrounded by the tumor.210 Conventional inva-
sive angiography, which may demonstrate absence of  neo-
vascularity or tumor staining,229 is rarely necessary.

CT scanning, especially with coronal views, is comple-
mentary and often diagnostic when calcification is evident 
(Fig. 7.23).226 Cysts and solid components are easily distin-
guishable, and the solid portions variably enhance after 
administration of  intravenous contrast. Cysts may ring 
enhance. Calcification within an intrasellar or suprasellar 
mass on CT is highly characteristic of  craniopharyngiomas 
and occurs in approximately 80% of  cases.210 Thus, preop-
eratively many authorities would recommend MRI, with  
its sagittal views and emphasis on anatomic detail, as well 
as CT.194

TREATMENT

The primary treatment of  craniopharyngiomas is neurosur-
gical,230–232 utilizing microsurgical techniques. Tumors which 
are primarily intrasellar or subdiaphragmatic may be ame-
nable to transsphenoidal surgery,233,234 which offers a lower 
surgical morbidity. However, the two most common 
approaches are unilateral pterional and subfrontal crani-
otomies, which can be combined with a transcallosal approach 
if  the tumor involves the third ventricle, or a transsphenoidal 
procedure when there is subdiaphragmatic extension.207 

Figure 7.23. Craniopharyngioma exhibiting calcification (arrow) on axial, 
noncontrast computed tomography. 
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PATHOLOGY

Rathke’s cleft cysts also originate from Rathke’s pouch, but 
histopathologically are less complex than craniopharyngio-
mas. The cysts are lined by a single layer of  cuboidal or cili-
ated columnar epithelium, contain a gold-colored or white 
serous or mucinous fluid, and do not demonstrate the BRAF 
mutations known to occur in papillary craniopharyngio-
mas.196,267 Calcification is rare.

LOCATION AND GROWTH CHARACTERISTICS

Most cysts are intrasellar, and when symptomatic lead to 
headache and hypopituitarism. A prominent suprasellar 
component can result in chiasmal compression and hypo-
thalamic dysfunction and, in unusual situations, obstructive 
hydrocephalus.268 Rarely, symptomatic Rathke’s cleft cysts 
are entirely suprasellar.266,268

SYMPTOMS

In one series,269 the most common presenting symptom was 
pituitary dysfunction, found in 69% of  cases. Hypopituita-
rism, amenorrhea–galactorrhea, and diabetes insipidus 
occurred in decreasing order of  frequency. Visual disturbances 
were present in 56% (see later discussion), and headache in 
49%. In another large series, Chotai et al.266 found headache 
to be the most common presenting symptom, occurring in 
76% of  patients, while one-third or less had endocrinologic 
symptoms.

NEURO-OPHTHALMIC SIGNS

Approximately one-half  of  patients have visual field  
deficits, and about one-quarter will have visual acuity 
loss.266,269 Most visual field deficits indicate a chiasmal dis-
turbance (i.e., bitemporal or monocular temporal field 
abnormalities).267

DIAGNOSTIC STUDIES/NEUROIMAGING

There are two characteristic patterns. Serous lesions are 
hypodense on CT, and on MRI they are hypointense in 
T1-weighted images and hyperintense on T2-weighted images, 
like CSF (Fig. 7.24).270 On the other hand, mucoid cysts on 
CT are either isodense or hyperdense compared with brain. 
On MRI they are hyperintense on T1-weighted images and 
isointense or hypointense on T2-weighted images.271 The 
cyst wall (rim) may enhance, and blood or hemosiderin can 
also be evident.272,273

TREATMENT

Neurosurgical decompression is curative and often affords 
symptomatic improvement.274 Because Rathke’s cleft cysts 
are primarily intrasellar, transsphenoidal drainage and  
biopsy of  the cyst wall is the favored surgical approach.275 
In a large metaanalysis of  1151 patients, Mendelson et al.276 
reported an overall recurrence rate of  12.5%. Associated 
morbidity and mortality is limited to diabetes insipidus. In 
one series,277 headache was cured in all cases in which it 
was present preoperatively, but endocrine outcomes were 

within narrower fields.250–252 However, these modalities may 
not be suited for residual perichiasmal tumor. Ideal cranio-
pharyngiomas for stereotactic radiosurgery are smaller than 
2.5 cm and are sufficiently distant from the optic chiasm 
(>5 mm) to limit the chance of  chiasmal radiation necrosis.253 
Recently, proton beam therapy has been used to treat 
craniopharyngiomas.254–256 Bishop et al.256 found equivalent 
rates of  recurrence and toxicity between proton beam therapy 
and intensity modulated radiation therapy. When cysts recur 
after subtotal resection, interferon α has been used, but with 
mixed success.257

Although survival in craniopharyngioma is excellent, the 
visual and endocrinologic complications can be devastat-
ing.246,258 These are discussed separately.

Visual outcome. Dramatic visual recovery can occur,259 
but in general, the prognosis for visual improvement follow-
ing therapy for craniopharyngiomas is modest at best219,220,247 
and less sanguine than that associated with pituitary adeno-
mas. Optic atrophy was associated with poorer postoperative 
visual acuities, whereas normal preoperative optic nerve 
appearance almost always predicted a postoperative visual 
acuity of  20/30 or better. Adults had a greater chance for 
improvement in acuity and fields compared with children, 
and the authors attributed this difference to longer periods 
of  undetected visual loss in younger patients. A poorer visual 
prognosis in children was confirmed in other series.247,260 
Based on personal experience, I agree with Repka and Miller261 
that “one should not be optimistic regarding postoperative 
visual outcome after removal of  craniopharyngioma, par-
ticularly in children … cautious optimism may be appropriate 
for some adults, particularly those without ophthalmoscopic 
evidence of  optic atrophy.”

Endocrine outcome. Posttreatment pituitary dysfunction 
is the rule, usually the result of  surgery but occasionally 
due to radiation.224,231 In one series,262 74% of  patients had 
diabetes insipidus posttreatment, 100% were growth hormone 
deficient, 72% had ACTH deficiency, 65% had TSH deficiency, 
and 93% had gonadotrophin deficiency. Thus, after treatment 
most patients require some combination of  GH, corticosteroid, 
thyroid, and gonadal steroid replacement and DDAVP.  
Diabetes insipidus, if  not present preoperatively, usually 
manifests after surgery, sometimes following a transient  
phase of  SIADH. There may be slight improvement, and a 
minority recover, but most affected patients develop perma-
nent ADH deficiency.263 Interestingly, even without GH 
replacement, some patients experience normal or accelerated 
growth posttreatment, sometimes accompanied by obesity 
and hyperphagia.262,264

Rathke’s Cleft Cysts

Rathke’s cleft cysts are similar to craniopharyngiomas in 
derivation, location, and symptoms, but there are some 
important differences. Although small incidental cysts are 
found commonly on neuroimaging and in the pars distalis 
or pars intermedia in 2–26% of  routine autopsy cases, symp-
tomatic Rathke’s cleft cysts are unusual.265 Patients are typi-
cally older; the average age at presentation is 41 years.266 
Other dissimilarities, including a better visual prognosis, are 
highlighted in the following sections.
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subfrontal craniotomy or fenestration of  the cyst into the 
lateral ventricle and shunt insertion are other options.278,281

Meningiomas of the Skull Base

Meningiomas can affect the chiasm when they arise from 
the tuberculum sellae, anterior clinoid processes, or dia-
phragma sellae (see Fig. 7.3). Dorsum sellae meningiomas 
are rare.284 When they become large enough, juxtasellar 
and parasellar meningiomas can also cause chiasmal com-
pression, but these are discussed in the chapters dealing with 
their primary neuro-ophthalmic disturbance: planum sphe-
noidale, olfactory groove, and optic sheath meningiomas in 
Chapter 5 and middle and lateral sphenoid wing and cavern-
ous sinus meningiomas in Chapter 15. This section concen-
trates on the meningiomas that occur primarily in the 
suprasellar region, which account for approximately 8% of  
all intracranial meningiomas.285

PATHOLOGY

Meningiomas arise from the arachnoid mater,285 and in par-
ticular suprasellar meningiomas derive from the meninges 
covering the medial portion of  the sphenoid bone, tuberculum, 
and anterior clinoid processes. They tend to be vascular and 
firm in consistency.286 Histologically they are usually of  the 
“classic” variety, characterized by whorls and psammoma 
bodies.287 “Classic” subtypes include meningotheliomatous, 
fibroblastic, transitional, psammomatous, and angioma-
tous.288 Other classes of  meningiomas, such as angioblastic,288 
are much less common in the sellar region. For the most 
part meningiomas grow slowly, are benign, and cause dys-
function by compressing adjacent structures. They generally 
do not invade brain. They can grow exclusively along a dural 

variable. Hypopituitarism and diabetes insipidus frequently 
persist.269,275

VISUAL OUTCOME

In contrast to visual loss associated with craniopharyngio-
mas, the visual prognosis associated with Rathke’s  
pouch cysts is excellent following decompression, with  
over two-thirds experiencing improvement in visual acuity 
or fields.267,269

Suprasellar Arachnoid Cysts

Suprasellar arachnoid cysts are uncommon lesions, and they 
are thought to derive from an anomaly in Liliequist’s mem-
brane, either as a diverticulum or as a cleavage within the 
membrane and CSF secretion into the cavity.278 On CT and 
MRI, suprasellar arachnoid cysts contain fluid with neuro-
imaging characteristics of  CSF, and the cyst wall does not 
enhance. The cysts are usually noncommunicating but in 
some instances may connect with the basal cisterns. Rare 
instances of  intraluminal hemorrhage may give a cyst a 
“blue-domed” appearance.279 Half  of  cases present before 6 
years of  age.278 Improved prenatal imaging has also detected 
these cysts in-utero.280 Common clinical features include signs 
and symptoms of  slowly progressive obstructive hydrocepha-
lus, visual impairment, endocrine dysfunction, spasticity, 
and gait disturbances, but many, particularly in younger 
children, are asymptomatic.281 Approximately 10% of  patients 
will have a peculiar to-and-fro head bobbing.281,282

Asymptomatic suprasellar arachnoid cysts can be observed, 
but in symptomatic cases the treatment is neurosurgical.283 
Endoscopic ventriculocystosomy seems to be the safest and 
most effective technique.281 Removal or fenestration via 

A B

Figure 7.24. Symptomatic Rathke’s cleft cyst (thick arrow), serous type, compressing the chiasm (small arrows). A. Coronal view. B. Sagittal view. The 
cyst contains fluid that is hypointense on these postcontrast T1-weighted magnetic resonance images, and the cyst wall enhances. Like cerebrospinal 
fluid, the cyst fluid was bright on T2-weighted images (not shown). The patient had a bitemporal hemianopia. (Courtesy of Lawrence Gray, OD.)
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surface (en plaque meningioma), or a similar flat dural com-
ponent can be attached to a more clearly defined soft tissue 
mass (dural tail).

ASSOCIATIONS

Progesterone and sometimes estrogen receptors can be found 
in meningiomas. The functional significance of  these recep-
tors is not clear, except meningiomas are more common in 
women than in men, can enlarge during pregnancy and during 
hormonal replacement, and are associated with breast car-
cinoma. They are found frequently in patients with NF type 
II (NF-2) and prior intracranial irradiation. They generally 
present in middle and older age. Metastases from distant sys-
temic cancers are recognized to spread to meningiomas.289

NEURO-OPHTHALMIC SYMPTOMS AND SIGNS

Painless, progressive visual loss is a feature of  almost all 
symptomatic suprasellar meningiomas, and often it is the 
only manifestation.290 The pattern of  the visual deficit depends 
on the exact location of  the meningioma in relationship to 
the optic nerve, chiasm, and tract (see later discussion).290 
Because meningiomas take years to enlarge, visual loss is 
usually accompanied by optic atrophy. Third ventricular 
obstruction and papilledema can occur in association with 
large meningiomas, but big asymmetric tumors involving 
the optic foramen may instead present with ipsilateral optic 
disc pallor and contralateral disc swelling (Foster Kennedy 
syndrome; see Chapter 6). Optociliary shunt vessels would 
be more characteristic of  intraorbital optic nerve sheath 
meningiomas, but in some rare instances they can occur 
with suprasellar meningiomas,285 especially those associated 
with elevated intracranial pressure. Ocular motility deficits, 
proptosis, and eye pain can result when there is more lateral 
involvement of  the superior orbital fissure or cavernous sinus.

OTHER SYMPTOMS AND SIGNS

Headache, usually frontal, occurs in about half  of  patients.290 
Much less frequent symptoms include changes in personality 
or mentation (due to frontal lobe dysfunction), anosmia,  
and seizures. Endocrine dysfunction is also uncommon,  
but when it occurs the symptoms are consistent with 
hypopituitarism.290

DIAGNOSTIC STUDIES/NEUROIMAGING

On CT meningiomas are round and isodense compared with 
brain on unenhanced scans, may be partially calcified, and 
enhance uniformly with contrast (Fig. 7.25).287 Surrounding 
cerebral edema may be evident. Hyperostosis, bony erosion, 
and calcification are best demonstrated by CT. On T1-weighted 
MRI, meningiomas are usually isointense to gray matter (see 
Fig. 5.61) and less commonly are hypointense. Half  the time 
on T2-weighted images, they remain isointense, while in 
remaining instances they are hyperintense. Thickening of  
the dura, a wide dural base, a dural tail, and homogeneous 
gadolinium enhancement are also characteristic features 
(Fig. 7.26).89 MR or conventional angiography may be neces-
sary to outline the tumor’s relationship to vascular structures. 
Angiography may be necessary in the preoperative evaluation 

Figure 7.25. Meningioma (arrow) arising from the anterior clinoid evident 
on computed tomography, coronal view with contrast. (Courtesy of 
Lawrence Gray, OD.)

of  these meningiomas because large tumors commonly elevate 
and encase the proximal anterior cerebral arteries. Conven-
tional angiography also may add more information regarding 
arterial supply and venous drainage, especially if  emboliza-
tion is considered.291

TREATMENT

Visual loss is the best indication for intervention, which is 
primarily neurosurgical. In some instances preoperative 
embolization facilitates removal, given the hypervascularity 
of  these lesions.292 Pterional or subfrontal craniotomies are 
the most popular surgical approaches. When the tumor is 
densely adherent to the internal carotid or anterior cerebral 
arteries or the anterior visual pathway, a subtotal resection 
is recommended.291 Smaller, less-complicated sellar menin-
giomas may be removed transsphenoidally using endoscopic 
techniques.293 External beam radiation (5000–5500 cGy)294 
or gamma-knife stereotactic radiosurgery295 should be con-
sidered when there is residual or recurrent tumor or when 
surgery is contraindicated.

Alternatively, observation may be the best approach in 
some cases. Elderly patients or poor operative candidates with 
mild to minimal visual loss, for instance, may be better off  
with conservative management.296 Hormonal therapy may 
be another option when tumors recur despite surgery or 
radiation, when they become unresectable because of  loca-
tion, or when these traditional approaches are contraindi-
cated.297 Experience with suprasellar meningiomas, however, 
is limited,298 and some hormonal treatments such as RU-486 
are poorly tolerated because of  a flulike side-effect.

OUTCOME

The chance for visual improvement following neurosurgical 
decompression is good and only slightly less than that of  
treated pituitary adenomas. However, this is tempered by 
the fact that suprasellar meningiomas have a higher risk of  
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meningiomas present in middle age and interfere with the 
anterior portion of  the chiasm, causing asymmetric bitem-
poral or junctional field defects and optic atrophy. Loss of  
vision is usually insidious and progressive. Grant and 
Hedges303 observed a characteristic pattern: the visual loss 
was “invariably asymmetric in its progression and accom-
panied initially by central hemianopic temporal visual field 
defects. Slowly developing blindness in one eye with diminu-
tion of  acuity is then accompanied by a temporal field defect 
in the opposite eye.” This temporal sequence of  progressive 
monocular visual loss followed months later by fellow eye 
involvement was confirmed by Gregorius et al.304 In some 
instances the visual loss may mimic that of  retrobulbar optic 
neuritis or fluctuate.305 Ocular motor palsies and proptosis 
are very unusual, reflecting the midline origin of  the tumor.303

Because of  their location, sometimes radical resection of  
tumor, dura, and bone is possible.306 Smaller lesions may be 
amenable to transsphenoidal, endoscopic removal.293 Surgi-
cal morbidity consists of  further visual impairment and 
hypopituitarism, including diabetes insipidus.290 Operative 
visual loss is usually the result of  interruption of  the blood 
supply of  the chiasm or optic nerve. The small surgical mor-
tality is in part due to the risk of  pulmonary embolism.305

Anterior clinoidal meningiomas. The two anterior 
clinoid processes lie on the medial ridge of  the lesser wings 
of  the sphenoid bone. They look like two triangles pointing 
toward the back of  the head. On each side of  the midline, 
the intracranial and canalicular portions of  the optic nerve, 
and the internal carotid artery, exiting from the cavernous 
sinus just below the nerve, lie just inferomedial to the anterior 
clinoid process. Meningiomas of  the anterior clinoid can 
cause either an optic neuropathy or chiasmal disturbance. 
Foster Kennedy syndrome and superior orbital fissure or 
cavernous sinus involvement are more common with this 

recurrence, and their surgical removal is associated with 
much higher rates of  visual loss, morbidity, and mortality. 
In a large series by Symon and Rosenstein,286,299 64% of  
patients experienced some improvement in visual acuity or 
fields, while visual function remained unchanged in 12% 
and worsened in 24%. Other authors293,300,301 have described 
similar results. Patients with large tumor size and long-
standing or severe visual deficits tend to have the poorest 
visual prognosis,299 but those factors do not preclude the 
chance for some visual recovery following surgery.302 Radia-
tion alone in some instances can afford visual improvement 
as well.294 Symon and Rosenstein286 found that one-third of  
partially resected tumors recurred, compared with only 1.4% 
of  completely resected ones. Recurrences typically occurred 
years (average 3.7 years) after initial therapy and were treated 
with either radiation or repeat craniotomy.

The three major types of  suprasellar meningiomas, tuber-
culum sellae, anterior clinoidal, and diaphragma sellae, are 
considered separately in the following sections, as they differ 
slightly in presentation and treatment.290 They are named 
after the bony or meningeal structure from which they arise. 
There is considerable overlap, and when the tumors are  
large sometimes the distinction is artificial. The classification, 
however, is most useful regarding outcome. In general,  
meningiomas restricted to the tuberculum sellae have a  
more favorable visual prognosis following surgical decom-
pression. On the other hand, those involving the anterior 
clinoid and diaphragma sellae are more difficult to remove 
completely and are associated with higher rates of  operative 
visual loss, postoperative visual deterioration,302 and surgical 
morbidity.

Tuberculum sellae meningiomas. The tuberculum sellae 
lies midline in the sphenoid bone and is anterior and inferior 
to the chiasm (see Fig. 7.26). Classically tuberculum sella 
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Figure 7.26. Tuberculum sella meningioma. A. Enhanced T1-weighted sagittal magnetic resonance imaging demonstrating an enhancing suprasellar 
mass. The mass extends posteroinferiorly into the sella turcica (larger arrow) and anteriorly along the planum sphenoidale with a characteristic dural 
tail (smaller arrow). B. Coronal enhanced view shows the meningioma (arrow). 
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toward the chiasm. Anterior chiasmal compression is the 
likely cause of  visual loss in these instances, and these aneu-
rysms are similar to anterior clinoidal meningiomas in loca-
tion and associated field defects.

When cavernous or anterior communicating artery aneu-
rysms cause visual loss, the mechanism is usually optic nerve 
compression.317 However, less commonly these two types can 
cause chiasmal disturbances, depending on their growth 
pattern.317 For instance, cavernous aneurysms can extend 
medially to invade the pituitary fossa, then superiorly to 
compress the chiasm. Anterior communicating aneurysms 
with downward extension (because the anterior communi-
cating artery is above the chiasm) rarely can encroach upon 
the chiasm.318

Pregnancy may be associated with a higher risk of  aneu-
rysmal rupture, with subsequent high rates of  morbidity 
and mortality for both the mother and the fetus. Thus, in 
their review of  the management of  a pregnant patient with 
aneurysmal visual loss, Shutter et al.319 emphasized that 
pregnancy should not alter the neurosurgical management 
of  symptomatic ruptured or unruptured aneurysms.

SYMPTOMS

Some individuals have headache, although most patients 
with visually symptomatic aneurysms in this area will not.320 
Retro-orbital pain is also an occasional accompanying feature. 
Visual loss and endocrinopathy have already been alluded 
to and are discussed in more detail later. Although many 
patients will present with neuro-ophthalmic symptoms, others 
may present following aneurysmal rupture, and the visual 
loss is detected at that time. The ocular features of  aneurys-
mal rupture and subarachnoid hemorrhage are discussed 
in Chapter 6.

NEURO-OPHTHALMIC SIGNS

The visual presentation is usually similar to that of  other 
sellar masses, with chronic visual acuity and field loss and 
optic atrophy. However, the examiner should be alert for the 
possibility of  an aneurysm if  the visual loss fluctuates. Sudden 
worsening or improvement can result from aneurysmal 
thrombosis or dilation, and acute visual loss might be the 
result of  hemorrhage into the chiasm.313 In addition, aneu-
rysmal chiasmal disturbances tend to produce very asym-
metric field loss. A symmetric bitemporal hemianopia caused 
by an aneurysm would be unusual and more suggestive of  
a pituitary adenoma.

Because of  their varying location and growth patterns  
as described previously, the different aneurysmal subtypes 
are purported to have characteristic patterns of  chiasmal 
visual loss:

1. Supraclinoid carotid artery aneurysms. These arise from the 
supraclinoid portion of  the internal carotid artery. Visual 
loss is typically highly asymmetric and sequential, begin-
ning in the ipsilateral eye.321 Because the aneurysm is 
lateral to the chiasm, the visual loss in the ipsilateral eye 
is first nasal, then central and temporal. Vision is usually 
severely reduced in this eye; then, as the aneurysm 
enlarges, the crossing nasal fibers of  the other eye are 
affected. The end result is a blind ipsilateral eye and a 

type, given its more lateral location.307 Complete neurosurgi-
cal removal may be impossible when the tumor encases either 
the optic nerve or the internal carotid artery, and adjuvant 
radiotherapy is required in these instances. Surgical mortal-
ity, related to injury of  the internal carotid or middle cerebral 
arteries, can be as high as 42%.307 Visual recovery in general 
is poor.

Diaghragma sella meningiomas. A less common type 
of  meningioma in this area arises from the diaphragma sellae. 
Kinjo et al.308 presented their personal experience with 12 
such patients and reviewed 27 other reported cases. Visual 
field disturbances are still frequent with this variation. When 
these meningiomas originate from the diaphragm’s upper 
leaf, they grow upward into the suprasellar cistern, so their 
presentation and management is similar to that of  other 
suprasellar meningiomas. Those originating from the lower 
leaf, when they grow large enough, expand the sella, and 
can mimic a nonsecreting pituitary adenoma clinically and 
radiographically.309 Some of  the latter type may be amenable 
to a combined transsphenoidal-transcranial resection. In 
either type, however, complete resection may be limited when 
the tumor encases the chiasm or pituitary stalk.

Aneurysms

Because of  the intimate relationship of  the circle of  Willis 
to the chiasm and sella (see Fig. 7.2), large saccular aneu-
rysms in this area can cause chiasmal visual loss and endo-
crinopathy.310,311 In some instances, their presentation may 
be clinically indistinguishable from a pituitary adenoma or 
craniopharyngioma.312

PATHOLOGY/DEMOGRAPHICS

Aneurysms most likely develop from congenital defects in 
arterial walls, and pathologically they are characterized by 
disruption of  the media and fibrinoid changes.313 Arterial 
bifurcations which are either sharp or give rise to a hypo-
plastic branch may predispose to development of  an aneu-
rysm.314 In addition, hypertension, hemodynamic stress, 
smoking, heavy alcohol use, cocaine abuse, and atheroscle-
rosis are modifiable risk factors for their development.315,316 
Affected patients tend to be female and middle-aged.

LOCATION AND GROWTH CHARACTERISTICS

Any aneurysm arising from the anterior circle of  Willis may 
compress the chiasm, but chiasmal syndromes are most 
characteristic of  those of  the supraclinoid internal carotid 
artery. These tend to be large (several centimeters in diameter) 
with upward and medial growth, resulting in compression 
of  the anterolateral portion of  the chiasm.

Carotid–ophthalmic artery aneurysms are also frequently 
associated with chiasmal disturbances. This type of  aneurysm 
arises in the first 2 mm of  the internal carotid artery above 
the cavernous sinus. The overwhelming majority of  individu-
als presenting with visual loss are women. There is up to a 
20% incidence of  bilateral carotid–ophthalmic aneurysms, 
and many affected individuals have multiple aneurysms 
elsewhere.313 When they enlarge superiorly, they can erode 
the ipsilateral anterior clinoid process, then grow upward 
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Chiasmal compression and bitemporal hemianopias are 
rare but can result from an aneurysm of  this type growing 
downward between the optic nerves, then enlarging and 
forcing the chiasm upward and backward.323

5. Posterior communicating aneurysms. The most common 
neuro-ophthalmic presentation associated with an aneu-
rysm at the junction of  the internal carotid and posterior 
communicating artery is a pupil-involving III nerve palsy. 
Visual loss is unusual, because the aneurysm usually 
points away from the optic pathways. However, when a 
giant posterior communicating aneurysm projects into 
the suprasellar region, the optic tract can be involved. 
Rarely, medial chiasmal compression and a bitemporal 
hemianopia can be observed.324 These aneurysms also 
receive more attention in Chapters 13 and 15.

ENDOCRINOLOGIC MANIFESTATIONS

The frequency of  endocrinopathy has not been well studied, 
but it is clear that hypopituitarism of  varying degrees can 
occur due to pituitary or stalk compression by an adjacent 
suprasellar aneurysm.325 Following treatment, it is interest-
ing that few patients require endocrine replacement, in con-
trast to those with other types of  sellar lesions.313

DIAGNOSTIC STUDIES/NEUROIMAGING

On MRI suprasellar aneurysms will appear as round lesions 
in this area (Fig. 7.27). The signal characteristics depend on 
the presence of  clot. Nonthrombosed aneurysms have a tell-
tale internal signal void (hypointense on T1) produced by 
rapid blood flow and disappearance of  protons before they 
have a chance to emit a signal.326 Aneurysmal blood flow 
can also cause a characteristic phase-encoded artifact which 

temporal defect in the fellow eye.317 Uncommonly the 
aneurysms compress the chiasm from above rather than 
from the side. In these cases patients can develop an asym-
metric bitemporal hemianopia.

2. Carotid–ophthalmic aneurysms. In Ferguson and Drake’s 
series320 of  100 patients with carotid–ophthalmic aneu-
rysms, which arise from the origin of  the ophthalmic 
artery, 32 (25 of  61 with intact aneurysms, 7 of  39 with 
ruptured aneurysms) had visual abnormalities. Giant 
aneurysms (larger than 2.5 cm in diameter) were found 
in 28 of  the 32 patients. Evidence of  chiasmal compres-
sion was found in 16, based upon the pattern of  field loss 
(3 of  the 16 had bilateral aneurysms). The chiasmal field 
defects fell roughly into two groups: asymmetric bitem-
poral hemianopias and junctional field loss characterized 
by severe visual loss in the ipsilateral eye and a temporal 
field defect in the fellow eye. More recently, Ferrell and 
colleagues reported a much lower incidence of  visual 
complications from these aneurysms both before and after 
endovascular embolization.322 Carotid–ophthalmic aneu-
rysms are discussed further in Chapter 5.

3. Cavernous carotid aneurysms. The diagnosis is suggested 
by signs of  cavernous sinus involvement: III, IV, or VI 
nerve palsies, ipsilateral facial pain or dysesthesias, or 
Horner syndrome. In the late stages of  aneurysmal expan-
sion, optic nerve and pituitary dysfunction may occur. 
These aneurysms receive more attention in Chapter 15.

4. Anterior communicating aneurysms. An aneurysm of  the 
anterior communicating artery or of  its junction with 
an anterior cerebral artery more commonly ruptures 
before becoming large enough to compress the optic appa-
ratus.317 When visual loss occurs, monocular or binocular 
inferior altitudinal defects can be observed because of  
the aneurysm’s location above the anterior visual pathway. 
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Figure 7.27. Internal carotid artery aneurysm that presented with an incomplete bitemporal hemianopia. A. T2-weighted magnetic resonance imaging 
revealed a round flow void (arrow). B. Magnetic resonance angiography confirmed a large internal carotid aneurysm (arrow). 
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Vascular Malformations Intrinsic 
to the Chiasm

Maitland et al.336 used the term “chiasmal apoplexy” to 
describe sudden visual loss due to an intrachiasmal hema-
toma. Vascular malformations are the usual cause,337 
although in one case the hemorrhage was associated with 
an optic glioma336 and in another a pituitary adenoma bled 
into the chiasm.338 Characteristically, acute visual loss is 
accompanied by headache and nausea.337 Because the hema-
tomas distend but are usually confined to the chiasm, endo-
crine symptoms, meningismus, and focal neurologic signs 
are conspicuously absent. The various subtypes of  vascular 
malformations intrinsic to the chiasm are discussed in the 
following sections.

CAVERNOUS ANGIOMAS (CAVERNOUS 
HEMANGIOMAS, CAVERNOMAS)

Kupersmith339 describes cavernous angiomas histologically 
as “irregular sinusoids of  vascular channels” without inter-
posed neuronal tissue and without a major arterial supply 
or venous drainage. Usually they are sporadic, but in rare 
instances familial cavernous hemangiomas can present in 
the chiasm.340 Symptoms are related to hemorrhage in the 
chiasm and are frequently sudden.337 On MRI the chiasm is 
enlarged, and the cavernous angioma is usually heteroge-
neous on T1-weighted MRI (Fig. 7.28) and contains dark 
areas on gradient-echo images indicative of  hemosiderin.337,341 
On CT a calcified or enhancing suprasellar mass can be 
detected. Not infrequently, angiography fails to demonstrate 
these lesions because of  their slow flow characteristics.

The best management of  symptomatic cavernous angiomas 
in the chiasm is unclear.342 Several authors343,344 have advo-
cated microsurgical removal of  these lesions to prevent further 
hemorrhages. A review by Liu suggests surgical intervention 

runs through the aneurysm and across the image.89 Partially 
thrombosed aneurysms contain clot which can appear lami-
nated and bright on T1- and T2-weighted images, mixed 
with areas of  signal void. Hemosiderin, evident as dark areas 
on T2-weighted images, may be visible outside of  the aneu-
rysm in adjacent tissues. Gradient-echo images may be helpful 
in demonstrating intraluminal flow in equivocal cases.327

On CT aneurysmal calcification may be evident, and aneu-
rysms contrast enhance. CT is better than MRI in detecting 
the presence of  subarachnoid hemorrhage (when that is an 
issue) and in delineating the relationship of  the aneurysm 
to bony structures.

When aneurysms are suspected, MR or CT angiography 
should be performed. Since most of  the suprasellar aneurysms 
which cause visual loss are giant ones, MR angiography 
should provide a reasonable screening tool (see Fig. 7.27). 
Treatment decisions will almost always require conventional 
angiography to locate the neck of  the aneurysm and to delin-
eate the aneurysm’s exact blood supply and its relationship 
to surrounding vessels. Angiography also screens for the 
presence of  other intracranial aneurysms. An aneurysm 
detected on MRI may appear smaller on angiography if  it is 
partially thrombosed with a small lumen.313

TREATMENT

In general, aneurysms which cause compressive chiasmal 
syndromes should be treated.328 A nonruptured aneurysm 
needs to be occluded to prevent symptom progression or 
subarachnoid hemorrhage, which is associated with a 8–60% 
mortality rate even before an affected individual reaches the 
hospital.315 Even after admission to the hospital, the mortal-
ity rate following subarachnoid hemorrhage is 37%.315 
Patients whose aneurysms have ruptured, and who are sal-
vageable, require definitive treatment to prevent rebleeding. 
On the other hand, two large studies329,330 suggested that 
the morbidity and mortality associated with surgery greatly 
exceeded the risk of  bleeding in unruptured aneurysms 
smaller than 0.7 cm in patients without any previous history 
of  subarachnoid hemorrhage.331

Neurosurgical clipping of  the aneurysm remains the most 
popular approach.332–334 When feasible, a metal clip with a 
spring closure is placed around the aneurysmal neck to isolate 
it from the parent vessel. When small perforating arteries 
arise from the aneurysm, clipping may be undesirable. Per-
cutaneous intraarterial (endovascular) embolization of  the 
aneurysm with balloons or metallic coils, or balloon occlu-
sion of  the parent artery, are two alternatives in patients 
with inoperable aneurysms.322 A large study335 concluded 
that coiling was superior to clipping in ruptured aneurysms. 
However, the choice between surgery and an endovascular 
procedure can be made on a case-by-case basis considering 
the age and medical condition of  the patient, the location 
and size of  the aneurysm, and the center’s level of  expertise 
with the two options.

VISUAL OUTCOME

In Ferguson and Drake’s series,320 of  those with visual deficits 
who survived and were treated, approximately half  had some 
improvement in visual acuity or field, one-third remained 
unchanged, and about 15% worsened.

Figure 7.28. Cavernous hemangioma of the chiasm demonstrated on 
T1-weighted unenhanced coronal magnetic resonance image. Note the 
heterogeneous signal characteristics with surrounding low signal (arrow), 
consistent with hemosiderin. The patient presented with a sudden 
headache and visual loss. 
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appropriate studies should be obtained (see Atypical Optic 
Neuritis and Giant Cell Arteritis in Chapter 5 and Vasculitides 
in Chapter 8) and high-dose intravenous steroids should be 
considered.

COMPRESSION BY ATHEROSCLEROTIC 
ANTERIOR CEREBRAL AND INTERNAL  
CAROTID ARTERIES

In our opinion, compression by atherosclerotic anterior cere-
bral and internal carotid arteries is even more uncommon. 
Dolichoectatic sclerotic anterior cerebral arteries may cause 
bitemporal field loss either by direct chiasmal compres-
sion348,352,353 or by impairing the blood supply of  the chiasm.354 
MRI and MR angiography can confirm the diagnosis. It is 
unclear whether surgical decompression is the best treatment 
approach. In one case report,355 atherosclerotic internal 
carotid artery compression of  the optic nerves mimicked a 
sellar mass. The patient presented with a bitemporal hemi-
anopia, and unroofing of  the optic canals resulted in improve-
ment in visual fields. The close anatomic relationship of  the 
internal carotid artery and the optic nerves and chiasm 
predisposes to compressive neuropathy, even when the carotid 
artery is normal.356

Optic neuropathy due to these causes is discussed in Chapter 
5.

COMPRESSION BY AN ARTERIOVENOUS 
MALFORMATION

In contrast to the smaller cryptic chiasmal AVMs which present 
acutely, extrinsic compression by a larger AVM is more likely 
to cause insidious symptoms. Sibony et al.357 described two 
patients with large, angiographically evident AVMs affecting 
the chiasm. One was suprasellar and fed by the right oph-
thalmic artery, while the other was a large frontal AVM. Both 
patients had long-standing evidence of  decreasing vision. 
We have seen a similar case in which the AVM’s draining vein 
compressed the chiasm.358 Endocrine disturbances, mimick-
ing those associated with a pituitary macroadenoma, may 
occur when the AVM is intrasellar.359

Chiasmal/Hypothalamic Gliomas

Chiasmal/hypothalamic gliomas, along with craniopharyn-
giomas, constitute the two most common sellar masses in 
children. In general, optic gliomas or optic pathway tumors 
are intrinsic tumors of  the anterior visual pathways (optic 
nerve, chiasm, and tracts) and hypothalamus.360 These tumors 
are rare, but they constitute 5% of  all childhood brain tumors 
and 30% of  all brain tumors in children younger than 5 
years old at The Children’s Hospital of  Philadelphia.361 
Between 59% and 70% present before age 10 years, and 
another 20–22% by age 20 years.360,362

Optic nerve gliomas, which involve only the optic nerve, 
are reviewed in Chapter 5. In general the greatest morbidity 
of  optic nerve gliomas is visual loss, and the mortality rate 
is extremely low.360 On the other hand, optic pathway tumors 
involving the chiasm and/or hypothalamus, given their loca-
tion, often present with endocrine dysfunction and are asso-
ciated with higher morbidity and mortality rates. Therefore, 

has a high rate of  visual recovery, although spontaneous 
visual recovery was also observed in untreated patients.337 
We have managed several patients with recurrent hemor-
rhages and visual loss which have resolved spontaneously 
over weeks following the ictus. It would seem unwise to subject 
all individuals with a chiasmal cavernous angioma to a cra-
niotomy and unnecessary surgery involving the optic appa-
ratus when some display a benign course.

ARTERIOVENOUS MALFORMATIONS

Rarely, arteriovenous malformations (AVMs), consisting of  
direct arterial communication with veins, occur in the chiasm 
and cause a bitemporal hemianopia when they bleed. Lavin 
et al.345 reported two patients in whom formal angiography 
failed to demonstrate any vessel abnormalities, but chiasmal 
cryptic AVMs were confirmed histopathologically. The first 
presented with repeated episodes of  visual loss which resolved 
either spontaneously or following surgical decompression 
of  the hematomas. The second patient had just one acute 
episode of  visual loss before surgery. CT in both patients 
revealed high-density suprasellar masses. Surgical removal 
of  these AVMs should be considered. External compression 
of  the chiasm by AVMs is discussed later. AVMs of  the cerebral 
hemispheres, which are much more common, are discussed 
in Chapter 8.

VENOUS ANGIOMAS

Venous angiomas represent developmental anomalies of  the 
venous system and are usually asymptomatic.339 One rare 
case of  a chiasmal venous angioma presenting apoplectically 
has been described.346

OTHERS

Balcer et al.347 reported the rare occurrence of  a hemangio-
blastoma of  the chiasm in a patient with von Hippel– 
Lindau disease. The chiasmal lesion was accompanied by 
retinal capillary hemangiomas and cervicomedullary 
hemangioblastomas.

Other Vascular Processes 
Affecting the Chiasm

ISCHEMIC CHIASMAL SYNDROME

Patients with vasculopathic risk factors may develop small-
vessel infarction of  the chiasm.348–350 However, for unclear 
reasons, this is unusual. This diagnosis might be entertained 
in an elderly patient with diabetes or hypertension, with or 
without a previous history of  small vessel strokes, who devel-
ops a sudden bitemporal hemianopia or bilateral visual loss.351 
Neuroimaging fails to reveal a sellar mass, but typical small-
vessel–related white matter and basal ganglia lesions may 
be evident.

Like posterior ischemic optic neuropathy, atherosclerotic 
ischemic chiasmal syndrome must be a diagnosis of  exclu-
sion. Vasculitides such as giant cell arteritis can all cause 
infarction of  the chiasm.348 MRI may reveal chiasmal T2 
high signal or enhancement. When vasculitis is suspected, 
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with an optic glioma, the presence of  any other feature of  
NF-1 establishes the diagnosis. Although there have been a 
few reported individuals with NF-2 (bilateral acoustic neu-
romas) and optic pathway tumors,365 an association has not 
been confirmed.

In one study by Lewis et al.,366 15% of  patients with NF-1 
were found to have optic pathway gliomas when screened 
with brain CT. Listernick et al.367 found 19% of  their NF-1 
patients had optic gliomas. The slightly higher proportion 
in this study may have resulted from the fact that patients 
were screened with both CT and MRI, the latter of  which 
may be more sensitive in detecting optic pathway involve-
ment. Optic gliomas in NF-1 are more likely to involve the 
optic nerves, while those in patients without NF-1 more 
commonly involve the chiasm.368 Bilateral optic nerve gliomas 
without chiasmal involvement is highly suggestive of  NF-1 
and is unusual in its absence.

they must be managed differently. Chiasmal/hypothalamic 
gliomas constitute approximately 75% of  all optic pathway 
gliomas.362

ASSOCIATION WITH NEUROFIBROMATOSIS 
TYPE 1

The incidence of  NF type I (NF-1, von Recklinghausen’s 
disease) among patients with optic gliomas is 10–70% 
(average 29%).360,363 Because of  the strong association, all 
patients with newly discovered optic gliomas should be 
screened for NF-1. Diagnostic criteria for NF-1 include two 
or more of  the following (Fig. 7.29): (1) café-au-lait spots 
on the skin, (2) cutaneous neurofibromas, (3) axillary or 
inguinal freckling, (4) optic gliomas, (5) iris hamartomas 
(Lisch nodules), (6) bony lesion such as sphenoid wing dys-
plasia, and (7) family history of  NF-1.364 Thus, in a patient 
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Figure 7.29. Systemic manifestations of neurofibromatosis type I. A. Typical café-au-lait spots on the skin. B. Multiple cutaneous neurofibromas.  
C. Iris Lisch nodules (arrows) in an individual with a dark iris, evident on slit-lamp examination. The nodules are light-colored and appear like splattered 
putty or white paint. D. In contrast, individuals with light irises tend to have orange or brown round Lisch nodules (arrows). 
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regulation earlier in the mitogen-activated protein kinase  
(MAPK) pathway is the most critical mechanism—making 
it a target for new therapeutic agents.395 Alterations in the 
BRAF gene, noted by either a specific point mutation or fusion 
protein analysis, cause activation of  the MAPK pathway in 
sporadic optic gliomas.395

LOCATION AND GROWTH CHARACTERISTICS

Gliomas involving the chiasm and the optic nerves are termed 
anterior chiasmal gliomas, while those with extension into the 
optic tracts or hypothalamus are classified as posterior chiasmal 
gliomas.

For decades, the growth potential of  these optic gliomas 
had been a controversial issue.396 Hoyt and Baghdassarian397 
advocated the notion that they are benign hamartomas: “optic 
gliomata are clinically indolent tumors that tend to enlarge, 
cause symptoms early in life, and remain static thereafter. 
Unlike the rare glioblastomata that arise in the adult optic 
nerve, childhood gliomata do not undergo malignant degen-
eration. They have features of  congenital hamartomata.” On 
the other hand, more recent histopathologic studies have 
suggested that optic gliomas are true neoplasms.398–400

It has been our personal experience that chiasmal/
hypothalamic gliomas behave unpredictably, and their growth 
rates span a wide spectrum. Some do behave like hamarto-
mas,401 but some grow over years, then stop, while others 
continue to enlarge and cause progressive symptoms despite 
all interventions. In rare instances, spontaneous improve-
ment in vision and radiographic appearance can also 
occur.402–407 Central nervous system (CNS) and abdominal 
(via ventriculoperitoneal shunting) metastases also have 
been documented.408–412 In general, the morbidity and mor-
tality of  anterior chiasmal gliomas is much less than those 
with posterior extension.413–415

Extension of  an optic nerve glioma into a previously unin-
volved chiasm is extremely rare.416 Therefore we do not rou-
tinely recommend removal of  a posteriorly situated optic 
nerve glioma to prevent “spread” into the chiasm. In any 
case, histopathologic studies have demonstrated that clean 
tumor margins are difficult to achieve.417

In neurofibromatosis, there is a relatively high rate of  
second intracranial tumors such as cerebral gliomas.418

SYMPTOMS

Because they are slow growing, chiasmal/hypothalamic 
gliomas tend to present insidiously with visual loss with optic 
atrophy and/or endocrine dysfunction. Headache can be a 
common complaint, especially when the third ventricle is 
obstructed by a large hypothalamic component.

NEURO-OPHTHALMIC SIGNS

Visual acuity varies at presentation, but profound acuity 
loss (worse than 20/200) is not uncommon.362 Monocular 
or bitemporal field defects occur in about 40% of  cases, and 
other patterns of  field loss include unilateral or bilateral optic 
nerve–related deficits, homonymous defects due to optic tract 
involvement, or diffuse visual loss.401 In general, it is difficult 
to correlate an optic glioma’s location with the field defect, 
as dysfunction of  anatomically involved structures does not 

Only a portion of  patients with NF-1 develop visual loss, 
usually at a young age. Lewis et al.366 found that only one-
third of  their patients with radiographically demonstrated 
gliomas were symptomatic with either subnormal vision or 
optic atrophy. In a study by Balcer et al.,369 approximately 
one-half  of  patients with NF-1 and optic gliomas developed 
vision loss, most often before age 10 years. All symptomatic 
optic pathway tumors in the study by Listernick367 were 
diagnosed before the patient was 6 years of  age. New vision 
loss or visual progression can occur in adolescence but is 
less common.369–371 A newly symptomatic NF-1–related optic 
pathway glioma would be very unusual in adulthood.372

There is considerable debate whether all children with 
NF-1 should undergo routine neuroimaging373–376 or 
VEPs377,378 to screen for optic pathway tumors.363 Currently 
at The Children’s Hospital of  Philadelphia, the decision to 
perform an MRI is made on an individual basis. MRIs are 
obtained in NF-1 patients with an abnormal neurologic 
examination, endocrinopathy, or abnormal growth param-
eters or in those not cooperative for a visual assessment. 
Every patient with NF-1 receives at least an annual neuro-
ophthalmologic examination, and unexplained acuity, color, 
or field loss; afferent pupillary defect; proptosis; or optic 
atrophy would also mandate neuroimaging.363 Because there 
is no evidence that treating an asymptomatic optic glioma 
in patients with NF-1 prevents subsequent visual loss, in 
general there is no advantage in detecting these lesions at 
an early stage with screening neuroimaging. Even after a 
normal MRI, the neuro-ophthalmologic status of  a young 
patient with NF-1 is still closely monitored, because optic 
gliomas may still develop despite the unremarkable initial 
neuroimaging.379,380 Some authors381–385 have suggested 
screening for and following gliomas related to NF-1 with 
VEPs. However, our NF-1 patients do not undergo VEPs, 
because the testing is associated with unacceptable false-
positive378 and false-negative rates386 regarding tumor detec-
tion.387 The neuro-ophthalmic examination in our opinion 
is a more reliable screen for symptomatic optic pathway 
gliomas, even in young children.363,388

PATHOLOGY

Optic gliomas, like cystic cerebellar astrocytomas, are juvenile 
pilocytic astrocytomas.389 In general, these are benign, low-
grade glial tumors, which are grade 1 in the World Health 
Organization classification of  gliomas.390 Other pathologic 
features include eosinophilic Rosenthal fibers and the absence 
of  mitotic figures. Extracellular accumulation of  acid muco-
polysaccharide may account for some instances of  tumor 
enlargement,391,392 and resorption of  this mucosubstance 
may explain spontaneous shrinkage of  some optic nerve and 
chiasmal gliomas. Other possible mechanisms for tumor 
growth include proliferation of  neoplastic cells and reactive 
arachnoidal proliferation.362 Optic gliomas should be distin-
guished from cerebral gliomas and malignant optic gliomas 
of  adulthood, which are discussed in the subsequent section.

Recently, the molecular signaling pathways of  both spo-
radic and NF-1–associated optic gliomas has been elucidated. 
In NF-1, the lack of  neurofibromin produces an increased 
activation of  the mammalian target of  rapamycin (mTOR) 
pathway, resulting in increased cellular growth.393–395 While 
the mTOR signaling is relevant, it is now believed that dys-
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the hypothalamus.425,426 Russell’s diencephalic syndrome 
and precocious puberty are the two most common endocri-
nopathies at presentation (see Fig. 7.17),51,412 while diabetes 
insipidus and hypopituitarism are uncommon initial 
symptoms.

DIAGNOSTIC STUDIES/NEUROIMAGING

MRI is preferable to CT in the evaluation of  these tumors 
because of  its superior ability in imaging the optic tract and 
hypothalamic extent of  the lesion.360,427 Chiasmal gliomas 
are seen best on coronal images, and they appear as intrinsic 
enlargement of  the chiasm (Fig. 7.31),428 occasionally with 
a cystic component.429 When the optic nerves are also involved 
and enlarged, the anterior chiasm looks like an upside-down 
pair of  pants on axial images. Chiasmal/hypothalamic gliomas 
are usually round suprasellar masses, and often it is difficult 
to tell whether the growth arises from the chiasm or hypo-
thalamus (Fig. 7.32). The lesions are isointense or hypointense 
on T1-weighted images, hyperintense on T2-weighted images, 
and may enhance with gadolinium.89 Optic tract involvement 
can be evident when the tracts are bright on T2 and enhanced 
images (Fig. 7.33). Involvement of  the optic radiations is 
rare but has been reported.430

When there is intrinsic enlargement of  visual pathways 
in any child or an individual of  any age with NF-1, the MRI 
appearance is almost pathognomonic. Masqueraders include 
gangliogliomas, germ cell tumors, sarcoidosis, and intrachi-
asmal craniopharyngiomas. Although chiasmal neuritis may 
have a similar neuroradiologic appearance, its sudden visual 
loss should easily distinguish that entity from a chiasmal 
glioma. Malignant optic gliomas can be distinguished clini-
cally by rapidly progressive visual loss and onset in 
adulthood.

Fletcher et al.419 outlined three characteristics of  chiasmal 
gliomas evident on CT: tubular thickening of  the optic nerve 
and chiasm, a suprasellar tumor with contiguous optic nerve 
expansion, and a suprasellar tumor with optic tract involve-
ment. The diagnosis cannot be made with certainty in the 
case of  a globular suprasellar mass without optic nerve or 
tract extension.

THE BEST METHOD FOR FOLLOWING OPTIC 
PATHWAY GLIOMAS

Visual acuity is the most reliable method for following patients 
with optic pathway gliomas, even in young patients (see 
Teller, Lea, and HOTV testing methods in Chapter 2).363,431,432 
A two-line difference in visual acuity is considered to be a 
meaningful change. Although serial MRI for follow-up should 
still be performed, changes on MRI do not correlate with 
changes in vision.420 Visual field testing is unreliable in young 
children, and VEPs are not reliable measures of  visual func-
tion.363 OCT is on the horizon as an adjunctive biomarker, 
particularly in children who cannot cooperate with vision 
testing, as vision loss correlates with thinning of  the 
RNFL.433,434

TREATMENT

Despite the myriad of  retrospective series and reviews by 
authorities on the subject,362,363,397,401,413–415,435–456 the best 

always occur. Despite diffuse infiltration of  the anterior visual 
pathway, an optic glioma may present solely with a bitem-
poral hemianopia or a unilateral central scotoma. In the 
extreme case of  some patients with neurofibromatosis with 
large radiographically demonstrated lesions, there may be 
no visual field defect. In addition, optic gliomas may progress 
radiographically without change in visual function, and 
vision can worsen without any change in size of  the 
lesion.419,420

Visual loss rarely can occur apoplectically,421,422 and in 
some instances this behavior may reflect sudden cyst enlarge-
ment rather than tumor growth per se. Young children, who 
might not complain of  visual loss, may present with stra-
bismus owing to poor vision in one eye. Other presentations 
include monocular423 or asymmetric nystagmus (Video 17.6) 
or the full triad of  head nodding, head tilt, and nystagmus, 
mimicking spasmus nutans.44,424 Optic atrophy is the rule, 
but optic nerve infiltration or third ventricular obstruction 
with hydrocephalus may be associated with optic disc swell-
ing (Fig. 7.30). A large optic nerve component might also 
lead to proptosis. Cranial neuropathies in general are not 
associated with chiasmal/hypothalamic gliomas.

ENDOCRINOLOGIC MANIFESTATIONS

Endocrine signs and symptoms can be a prominent  
feature when the glioma either originates or extends into 

Figure 7.30. Axial T2-weighted magnetic resonance image showing a 
globular chiasmal/hypothalamic glioma (arrow) obstructing the third 
ventricle and causing hydrocephalus and papilledema. 
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slowly, and in some instances many years may pass following 
treatment before they progress again.

Combined, the neuro-oncology and neuro-ophthalmology 
services at The Children’s Hospital of  Philadelphia451,452,455 
currently maintain an individualized approach to chiasmal/
hypothalamic gliomas based upon (1) location of  the tumor 
on MRI, (2) tumor size, (3) neuro-ophthalmic status, (4) 
endocrine status, and (5) the presence of  NF-1. Anterior chi-
asmal gliomas, especially in patients with NF-1, do not require 
a biopsy, and without evidence of  radiographic or clinical 
(visual or endocrine) progression, can be observed.413 The 
MRI and neuro-ophthalmic examination, including visual 
fields, should be repeated every 3 months for the first year 

treatment of  chiasmal/hypothalamic gliomas is unfortunately 
still unclear. The controversy exists in part because the tumors 
are heterogeneous in terms of  clinical presentation, location, 
and natural history, and each institution has its own bias 
with regards to treatment approach. Many studies failed to 
include complete neuro-ophthalmic data, and older studies 
were performed before the availability of  MRI, which has 
greatly improved tumor localization. Several studies analyzed 
the efficacy of  radiation, previously a popular treatment, 
but today it is rarely used because of  side-effects. A prospec-
tive, controlled trial is necessary to resolve these treatment 
issues, but such a study would have to account for tumor 
heterogeneity and include long follow-up. The tumors grow 

A B

Figure 7.31. Chiasmal glioma. Intrinsic enlargement of the chiasm (arrow) is demonstrated on T2-weighted magnetic resonance images. A. Axial view. 
B. Coronal view. 

A B

Figure 7.32. Chiasmal/hypothalamic glioma, depicted in enhanced T1-weighted magnetic resonance images. The large enhancing mass (arrow) 
obliterates the chiasm, hypothalamus, and third ventricle. A. Sagittal view. B. Coronal view. 
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tumors474 have also has been reported. Therefore, radiation 
is only uncommonly used now.

In young children with grossly asymmetric visual loss, 
part-time monocular patching of  the better eye should also 
be considered when superimposed amblyopia may be present 
(see Chapter 5).

Posterior chiasmal gliomas may be observed in patients with 
NF-1, particularly when their neuro-ophthalmic examina-
tion is normal. In those without NF-1 and with hypothalamic 
involvement, a biopsy of  that part should be performed, 
because the differential diagnosis, which includes cranio-
pharyngiomas or germinomas, for instance, can be broad. 
Since these posterior gliomas have a poorer prognosis, it may 
be prudent in some cases then to institute chemotherapy 
right away, without requiring documentation of  radiographic 
or clinical progression. It has been debated whether partial 
or radical resection of  a globular hypothalamic component, 
in cases without extensive optic nerve or tract involvement, 
enhances the prognosis.447,449,450,452 Large tumors, obstruc-
tion of  the foramina of  Monro, and cysts associated with 
visual progression are other reasonable indications for neu-
rosurgical intervention.475 However, it is unclear whether 
aggressive surgery, which can be associated with vascular 
occlusion, endocrinopathy, and further visual loss, is neces-
sary in every instance.

OUTCOME

In patients with NF-1, those with gliomas involving the tract 
or hypothalamus have a worse visual prognosis than  
those with solely optic nerve or chiasmal involvement.369,420 
Chemotherapy may halt or reverse visual and radiographic 
progression in the majority of  cases, but many patients con-
tinue to lose vision despite chemotherapy.456,476 Outcome 
analyses of  patients treated with radiation are no longer 
relevant.362,415,464

It has been our impression that children who present at 
a very young age in general have a poor prognosis, but that 
those with NF-1 have a better prognosis.420 While some 
authors have agreed with our observations,441,449 analyses 
of  larger numbers of  patients have not arrived at the same 
conclusions regarding the protective effect of  NF-1.362,414,454

Malignant Optic Chiasmal 
Gliomas of Adulthood

Malignant optic chiasmal gliomas of  adulthood are uncom-
mon tumors that also primarily involve the anterior visual 
pathway and occur primarily in middle-aged and elderly 
individuals. In contrast to the aforementioned pediatric optic 
gliomas, however, malignant optic chiasmal gliomas of  adult-
hood cause rapidly progressive bilateral visual loss and are 
uniformly lethal. Some cases have been associated with prior 
intracranial irradiation.477 Only a handful of  unusual cases 
in children have been reported.478

PATHOLOGY, LOCATION, AND GROWTH 
CHARACTERISTICS

These tumors should be considered glioblastomas of  the 
anterior visual pathway, although some would also include 

after diagnosis, then semiannually if  stable until age 8 years, 
then yearly until age 18 years. If  the lesion is confined to 
the optic nerves and chiasm, biopsy or surgery carries the 
chance of  causing further visual loss and therefore should 
be avoided.

Evidence of  progression on two successive neuro-
ophthalmologic or radiologic examinations would be an 
indication for chemotherapy.361,457,458 In the case of  a very 
young child with a chiasmal/hypothalamic glioma and pro-
found visual loss, it is reasonable to initiate chemotherapy 
without evidence of  progression, as the child’s age may pre-
clude detection of  small changes in vision. Currently vin-
cristine and carboplatin (preferred now over actinomycin D) 
are first-line agents;459 topotecan and oral etoposide (VP-16), 
procarbazine, vinblastine, N-(2-chloroethyl)-N-cyclohexyl-
N-nitrosourea (CCNU), and thioguanine are other alterna-
tives, especially when the tumors recur.456,460 Patients who 
failed first-line chemotherapy or experienced rapid vision 
loss have demonstrated good visual recovery from bevaci-
zumab, an antiangiogenic agent targeting vascular endothelial 
growth factor.461 Clinical trials evaluating the MEK inhibitor 
selumetinib, which can be taken orally, are currently under-
way in children with low-grade gliomas found to have BRAF 
abnormalities.462

External beam radiation (approximately 4500–5000 cGy 
in divided doses463) can halt tumor growth and the progres-
sion of  visual loss.444,445,464–467 Less commonly, vision 
improves.468 However, major side-effects of  cranial irradiation 
for optic gliomas include mental retardation, endocrinopa-
thies, and cerebrovascular disease, including moyamoya 
syndrome,469–471 particularly in smaller children who are 
most vulnerable to these complications. Radiation therapy 
does not appear to exacerbate behavior or emotional func-
tioning.472 Radionecrosis of  the chiasm473 and secondary 

Figure 7.33. Optic tract involvement (arrow) by a chiasmal/hypothalamic 
glioma. T2-weighted axial MRI. 
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TREATMENT

The results of  most treatment modalities in this disorder are 
disappointing. Steroids usually have only some transient 
benefit. In exceptional instances, combined radiation and 
chemotherapy may prolong survival.483

Hypothalamic (Tuber Cinereum) 
Hamartomas

Hypothalamic hamartomas present primarily with preco-
cious puberty because they release luteinizing hormone–
releasing hormone (LHRH), and other common clinical 
features can include gelastic seizures, mental retardation, 
and behavioral disturbances.484 However, when they grow 
large enough, they can compress the chiasm. Hypothalamic 
hamartomas are noninvasive, rarely grow in size, and micro-
scopically are composed of  neurons and glia. Radiographi-
cally, they appear as round sessile or pedunculated masses 
(“collar-buttons”) attached to the posterior hypothalamus 
between the infundibulum and mamillary bodies.484 They 
are isointense relative to gray matter on T1-weighted MRI 
and are homogeneous and hyperintense on T2-weighted 
images.

When the clinical, radiographic, and endocrinologic (e.g., 
LHRH levels) features are consistent with a hypothalamic 
hamartoma, observation with serial biannual or annual 
neuroimaging and examinations may be sufficient. Treat-
ment of  the precocious puberty consists of  hormonal sup-
pression therapy. Surgical management should be reserved 
for chiasmal compression, atypical lesions, progressive 

anaplastic astrocytomas in this location. Hoyt et al.479 called 
these lesions a “common type of  brain tumor in an uncom-
mon location.” Initially malignant optic gliomas affect just 
one optic nerve, then within several weeks spread to the 
chiasm and other optic nerve before reaching the optic tracts, 
hypothalamus, internal capsules, and basal ganglia.

SYMPTOMS AND SIGNS

Initially, patients appear to have optic neuritis in one eye, 
with monocular visual loss occurring over a few weeks, and 
the optic disc is either normal or exhibits only mild disc swell-
ing.479 They may also complain of  ocular pain exacerbated 
by eye movements. Within the ensuing weeks or months, 
visual loss progresses, often accompanied by ophthalmoscopic 
evidence of  a central retinal artery or venous occlusion due 
to tumor infiltration of  the proximal optic nerve. Later, vision 
in the other eye becomes involved, and eventually each eye 
suffers from severe visual loss. Cerebral extension is mani-
fested by hypothalamic disturbances, hemiparesis, and altered 
mental status.

DIAGNOSTIC STUDIES/NEUROIMAGING

Typically on MRI, the chiasm is enlarged and enhances with 
gadolinium. As the lesion progresses, radiographic involve-
ment of  the optic tracts, hypothalamus, and other cerebral 
structures becomes evident (Fig. 7.34).480,481 On CT scanning, 
adult chiasmal gliomas may appear cystic with ring enhance-
ment and mimic other suprasellar masses.482 Since the neu-
roimaging features are nonspecific, the diagnosis relies more 
on the patient’s age and rapidly progressive symptoms.

A B

Figure 7.34. Malignant chiasmal glioma, which presented with rapidly progressive visual loss and was biopsy proven. A. Axial MRI scan with gadolinium 
demonstrates chiasmal enlargement and enhancement (arrow). B. Axial MRI scan with gadolinium, dorsal to the view in part A, revealing tumor 
involvement of the left optic tract (larger arrow) and lateral geniculate nucleus (smaller arrow). 
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hypothalamus, infundibulum, and optic nerves. Subarach-
noid, intraaxial, and subependymal (ventricular) seeding 
unfortunately is not uncommon.497 Germinomas can secrete 
human chorionic gonadotropin (HCG), α-fetoprotein, and 
carcinoembryonic antigen (CEA). In a minority of  cases there 
is concomitant involvement of  both the suprasellar region 
and the pineal gland, a presentation known as “multiple 
midline germinomas”463 (Fig. 7.35).

SYMPTOMS AND SIGNS

The symptom triad of  diabetes insipidus, visual loss, and 
hypopituitarism is present in the majority of  patients with 
suprasellar germ cell tumors.495,496 Of  these, diabetes insipidus 
is the most common, occurring in almost all patients.497 It 
is usually the initial symptom and can be present for years 
before diagnosis. Visual deficits result either from tumor 
compression from infiltration of  the chiasm. Thus bitemporal 
hemianopias as well as nondescript field loss can be 
observed,497,499 and optic atrophy is very common. Papille-
dema due to elevated intracranial pressure and ocular  
motor palsies occur in only a very small minority.500 Hypo-
thalamic and pituitary dysfunction manifests as, in decreasing 
order of  frequency, hypogonadism, panhypopituitarism, 
hypothyroidism, dwarfism, hypocortisolism, central hyper-
thermia, cachexia, and precocious puberty.496 Tumor β-HCG 

enlargement, and instances where medical management fails 
to control endocrine dysfunction.484,485

Gangliogliomas

Gangliogliomas are CNS neoplasms which contain neuronal 
and glial elements. These tumors may arise anywhere in the 
neuroaxis but are more common in the cerebral hemispheres 
and spinal cord.486 Patients usually present with intellectual 
and behavioral abnormalities, seizures, or focal neurologic 
deficits.487

Gangliogliomas involving the anterior visual pathways are 
uncommon but have been reported.488–491 Mechanisms include 
medial extension of  a temporal lobe ganglioglioma into the 
suprasellar area and tumor intrinsic to the hypothalamus and 
chiasm. Since the optic nerve and chiasm do not contain neu-
ronal cell bodies, these gangliogliomas may have arisen from 
ectopic neural tissue or more primitive neurons, or spread 
from the floor of  the third ventricle. Because of  their indolent 
visual loss associated with optic nerve or chiasmal enlarge-
ment, gangliogliomas intrinsic to the anterior visual pathway 
may mimic optic gliomas clinically and radiologically.491

Gangliogliomas are usually slowly growing neoplasms and 
occasionally behave like hamartomas. When surgically acces-
sible, complete resection is usually curative, with radiation 
and chemotherapy reserved for cases with progression or 
recurrence.492 When the chiasm and hypothalamus are 
involved, however, complete surgical resection is impossible. 
In these instances, patients should undergo subtotal removal 
followed by radiotherapy, but the visual prognosis is varied.

Germ Cell Tumors

Intracranially, these tumors arise in midline structures, par-
ticularly the suprasellar and pineal regions. The reason for 
the predilection for those areas is not clear, but these may 
be sites of  primordial germ cell migration during ontogeny.493 
Most are diagnosed between 10 and 21 years of  age,494 and 
there is no sex preponderance for suprasellar lesions.495 Actu-
ally, extracranial sites are more common and include the 
gonads (e.g., testicular seminomas and ovarian dysgermi-
nomas), retroperitoneum, and mediastinum.494

There are three major groups of  intracranial germ cell neo-
plasms: germinomas, teratomas, and nongerminoma germ 
cell tumors.493 Suprasellar germinomas include tumors previ-
ously termed ectopic pinealomas,496 atypical teratomas,497 or 
dysgerminomas. They are composed of  primordial, polygonal 
germ cells with lymphocytic infiltration, and these tend to 
have the best prognosis because of  their radiosensitivity. Tera-
tomas, on the other hand, consist of  differentiated tissue of  
all three germ layers. Pure teratomas are benign and also 
have a good prognosis.498 The nongerminoma germ cell tumors 
include embryonal carcinomas, yolk sac or endodermal sinus 
tumors, choriocarcinomas, and immature teratomas.494 As 
these are radioinsensitive, they have the worst prognosis.

LOCATION AND GROWTH CHARACTERISTICS

Suprasellar germ cell tumors tend to be located inferior and 
posterior to the chiasm. Frequently they infiltrate the 

Figure 7.35. Enhanced axial magnetic resonance image demonstrating 
multicentric germinoma involving the sella (large arrow) and pineal 
region (small arrow). 
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epidermoids and dermoids appear as round homogeneous 
masses which are hyperintense on T1- and T2-weighted 
images. Their signal characteristics are similar to subcutane-
ous fat, reflecting the presence of  glandular tissue from hair 
follicles and sebaceous and apocrine glands.

CHIASMAL METASTASES

Cohen and Lessell504 described three such cases, each pre-
senting with acuity loss and bitemporal hemianopia. Breast 
and lung cancer were the primary malignancies in two of  
the patients, while in the third no primary source was found. 
Dexamethasone and radiation, with chemotherapy in one 
case, offered some visual recovery.

SELLAR AND CHIASMAL LYMPHOMA

Primary B-cell CNS lymphoma should be considered when 
there is a sellar mass in any immunocompromised individual, 
especially one with acquired immunodeficiency syndrome 
(AIDS).505 In addition, cases in immunocompetent individu-
als have been described, none of  whom displayed evidence 
of  systemic lymphoma.506,507

GRANULAR CELL AND RELATED TUMORS

When occurring in the suprasellar region, these masses clini-
cally and radiographically act like pituitary adenomas, pre-
senting with hypopituitarism and visual loss. However, 
typically they arise from the posterior pituitary or stalk. Other 
terms used for or lesions highly related to sellar granular 
cell tumors include choristomas, gangliocytomas, myoblas-
tomas, infundibulomas, pituicytomas, and posterior pituitary 
astrocytoma.508–511 Technically, choristomas are composed 
of  histologically normal tissue in an abnormal location (het-
erotopias). In one report of  a patient with slowly progressive 
visual loss owing to a chiasmal choristoma, fibrous tissue 
and smooth muscle were found in the optic nerve and 
chiasm.512 Pituicytomas arise from pituicytes, the parenchy-
mal cells of  the posterior lobe of  the pituitary. Surgical removal 
seems to be the most reasonable approach for all these tumors.

CHORDOMAS AND CHONDROSARCOMAS

These skull base tumors more commonly present with ocular 
motor palsies and thus are discussed in more detail in Chapter 
15. However, rarely chordomas and chondrosarcomas involv-
ing the central skull base can present with chiasmal interfer-
ence and bitemporal hemianopias.513,514

Chiasmal Neuritis

Autopsy studies of  patients with multiple sclerosis commonly 
reveal demyelinating lesions in the chiasm. In addition, occa-
sionally patients with optic neuritis with complaints in just 
one eye are found to have a bitemporal field defects on formal 
perimetry.515,516 However, clinically evident chiasmal neuritis 
occurs much less frequently than ordinary optic neuritis. 
Most affected individuals are young adult or middle-aged 
females.517,518 The rate of  onset of  the visual loss is variable, 
and chiasmal field defects are often accompanied by evidence 

production stimulates Leydig cells to secrete testosterone, 
leading to precocious puberty in males.

DIAGNOSTIC STUDIES/NEUROIMAGING

By the time they present, suprasellar germinomas are usually 
already large. They are homogeneous and only rarely have 
cystic components. On MRI they are mildly hypointense on 
T1-weighted images, hyperintense on T2-weighted images, 
and enhance with contrast. Teratomas tend to be more het-
erogeneous with evidence of  fat or calcification.89 On CT the 
lesions are isodense or high density, and they also contrast 
enhance.499

DIAGNOSTIC STUDIES/LABORATORY TESTS

Along with the standard endocrinologic screening, serum 
and CSF β-HCG and α-fetoprotein levels should be evaluated. 
These tumor markers are helpful in monitoring treatment. 
High β-HCG levels suggest choriocarcinoma. Cerebrospinal 
fluid also should be sent for cytologic examination, which 
can reveal abnormal cells when there is a germ cell tumor.

TREATMENT

Previously, germinomas were empirically irradiated, some-
times supported by an abnormal CSF cytology.499 However, 
modern neurosurgical techniques, a preference for histologic 
confirmation,493 and the observation that decompression of  
the anterior visual pathways can result in visual improve-
ment have made subtotal resection the preferable approach.500 
Benign teratomas require no further therapy,501 and pure 
germinomas respond well to postoperative radiation.  
The optimal treatment regimen in children remains contro-
versial.502 Younger children with localized tumors have  
demonstrated similar outcomes whether treated with  
radiation compared with radiation combined with chemo-
therapy. Children with metastatic disease appear to respond 
best to radiation, although the late effects of  treatment are 
common. The more aggressive nongerminoma germ cell 
tumors require both craniospinal irradiation and adjuvant 
chemotherapy.463,502

OUTCOME

Recurrence and survival rates depend heavily on tumor his-
tology. In one series,500 intracranial germinomas had an 85% 
long-term survival rate, while those with intracranial non-
germinoma germ cell tumors had only a 45% survival rate.

Miscellaneous Growths

EPIDERMOIDS AND DERMOIDS

Epidermoids and dermoids are congenital inclusions of  germ 
layers that occur at the time of  neural tube closure.503 Epi-
dermoids consist of  ectodermal germ cells, while dermoids 
contain both ectodermal and mesodermal germ layers. Visual 
disturbances, and less commonly hypopituitarism, diabetes 
insipidus, and cranial neuropathies, can occur when these 
lesions are in the suprasellar region.89 On MRI suprasellar 
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of  optic nerve involvement. MRI typically shows chiasmal 
enlargement and enhancement, along with intrinsic bright 
T2 signal. Although most individuals improved with or 
without corticosteroids, for unclear reasons these patients 
take longer (months) to recover than those with ordinary 
optic neuritis.517

In an individual with a history of  multiple sclerosis, no 
further workup is required. In other cases, systemic lupus 
erythematosus,519 sarcoidosis, neuromyelitis optica (NMO), 
and other systemic disorders should be excluded by appropri-
ate testing (antinuclear antibodies (ANA), angiotensin-
converting enzyme (ACE), NMO antibody, erythrocyte 
sedimentation rate (ESR), and chest radiograph and/or 
gallium scan). Optic gliomas appear similar radiographically, 
but they can be distinguished clinically by their more insidi-
ous visual loss.

In the Optic Neuritis Treatment Trial,520 patients with optic 
neuritis who were given corticosteroids recovered more 
quickly, but their visual outcomes at 1 year were similar to 
those given placebo. However, we consider chiasmal neuritis 
as a different situation because of  the bilateral nature of  the 
visual loss. If  the field defects are subtle, then it might be 
reasonable to observe. On the other hand, we treat those 
patients with dense bitemporal defects or severe acuity loss 
with 3–5 days of  high-dose (1 g) intravenous methyl-
prednisolone, followed by a short taper of  oral prednisone 
over 5–10 days.

Inflammatory Masses

Inflammatory suprasellar masses include sarcoidosis, his-
tiocytosis X, lymphocytic adenohypophysitis, idiopathic 
granulomatous hypophysitis, and optochiasmatic arachnoidi-
tis. Sarcoidosis is more common than the others. In unusual 
cases, these disorders can present with isolated sellar lesions 
without systemic involvement, thereby mimicking pituitary 
tumors or craniopharyngiomas. In such instances, a trans-
sphenoidal or stereotactic biopsy is required to establish the 
diagnosis.

SARCOIDOSIS

Because of  its tendency to involve the basal meninges, it is 
not uncommon for sarcoidosis to affect the chiasm, hypo-
thalamus, or pituitary gland.521,522 The typical scenario is a 
bitemporal hemianopia or some other pattern of  bilateral 
visual loss, diabetes insipidus, obesity, and hypopituitarism—
with or without systemic involvement.523,524 Chronic cases 
usually present with optic atrophy, but concomitant optic 
nerve involvement may be associated with disc swelling. 
Concurrent uveitis or facial nerve or ocular motor palsies 
are highly suggestive of  sarcoid. On MRI, suprasellar sarcoid 
appears as an irregular, infiltrative mass which is isointense 
to brain on T1-weighted images, hyperintense on T2-weighted 
images, and enhances with contrast (Fig. 7.36; also see  
Fig. 17.14). Sarcoid can also be intrinsic to the chiasm and 
optic nerves, causing radiographic enlargement and gado-
linium enhancement of  the anterior visual pathway.521 
Gelwan et al.525 treated four patients with chiasmal sarcoid 
and visual loss with high-dose intravenous corticosteroids. 
Visual improvement was usually temporary, and subsequent 

Figure 7.36. Coronal T1-weighted magnetic resonance imaging with 
gadolinium in a patient with vision loss due to sarcoidosis involving 
the chiasm (arrow). 

deteriorations necessitated radiation, then immunosuppres-
sive medications such as azathioprine or chlorambucil.522 
Other steroid-sparing agents such as cyclophosphamide,522 
methotrexate,522,526 cyclosporine,522 mycophenolate mofetil,522 
radiation,522 and cladribine527 have been used in sarcoidosis 
in this region.528

Further details regarding the histopathology, diagnosis, 
and treatment of  sarcoidosis involving the anterior visual 
pathway are discussed in Chapter 5.

LANGERHANS CELL HISTIOCYTOSIS 
(HISTIOCYTOSIS X)

Pathologically, Langerhans cell histiocytosis is typified by 
distinctive granulomas resulting from idiopathic proliferation 
of  histiocytes, plasma cells, and eosinophilic inflammatory 
cells.529 Other terms for Langerhans cell histiocytosis have 
been used, depending upon its focality and severity. Eosino-
philic granuloma is the preferred designation when the process 
is unifocal. Hand–Schüller–Christian disease, the multifocal 
type, has a classic triad of  exophthalmos, diabetes insipidus, 
and skull lesions. The cells are well-differentiated in these 
two types. In contrast, Letterer–Siwe disease is a more aggres-
sive form characterized by poorly differentiated histiocytes 
and multiorgan involvement.

Intracranial Langerhans cell histiocytosis has a predilec-
tion for the hypothalamic–pituitary axis.530,531 Endocrine 
disturbances are the most common manifestation, and the 
most frequent of  these are diabetes insipidus, GH deficiency, 
and delayed puberty.494 Histiocytosis should always be con-
sidered in an individual with diabetes insipidus and an 
enhancing mass involving the pituitary stalk.532 Visual loss 
due to compression of  the anterior visual pathway can 
occur.531,533,534 Previous or concurrent skin, bone, or reticu-
loendothelial involvement should suggest the diagnosis, but 
cases can be isolated to the CNS. Surgical removal, chemo-
therapy, immunosuppression, and radiation therapy are all 
reasonable treatment options, depending upon the extent 
of  CNS and systemic involvement.531
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In addition to tuberculous meningitis, which is discussed in 
more detail later, purulent meningitis due to Streptococcus 
pneumoniae, Staphylococcus, Pseudomonas aeruginosa, Crypto-
coccus, and syphilis infrequently can involve the chiasm. Other 
types of  infections in this area are discussed later.

TUBERCULOSIS

Pathologically, tuberculous meningitis is characterized by a 
thick grayish, gelatinous exudate at the base of  the brain 
and cisterns,553 consisting of  polymorphonuclear cell infiltra-
tion, fibrin, endarteritis, and caseous necrosis.554 With modern 
multidrug therapy, anterior visual pathway involvement in 
tuberculous meningitis has become exceedingly rare in devel-
oped nations.555 However, we treated a previously healthy, 
immunocompetent 11-year-old boy who developed blindness, 
optic atrophy, and bilateral partial III nerve palsies as early 
sequelae of  tuberculous meningitis. MRI revealed perichi-
asmal and basal cistern enhancement (Fig. 7.37).556 Some 
authors have termed this process tuberculous optochiasmatic 
arachnoiditis.557 When this occurs, visual field defects may 
be scotomatous or hemianopic, but more typically concentric 
contraction is present.557 The diagnosis is supported by MRI 
evidence of  perichiasmal enhancement. CSF analysis should 
be consistent with tuberculous meningitis (low glucose, lym-
phocytic or polymorphonuclear pleocytosis, and elevated 
protein).558 Unfortunately, CSF acid-fast bacilli smears are 
often negative, and tubercle bacilli culture takes days or weeks. 
For those reasons, polymerase chain reaction (PCR) for rapid 
detection of  Mycobacterium tuberculosis in the CSF can be 
used as a diagnostic tool.559,560 Chest radiographs will reveal 
evidence of  pulmonary tuberculosis in a majority of  cases.553 
Antituberculous medication is the primary therapy in this 
disorder, at times in combination with neurosurgical lysis 
of  adhesions.557 Tuberculomas of  the chiasm have also been 

LYMPHOCYTIC ADENOHYPOPHYSITIS

Lymphocytic adenohypophysitis occurs predominantly in 
younger women and is most common during pregnancy or 
in the postpartum period.535,536 It is a presumed autoimmune 
disease,537 as other associated conditions include Sjögren’s 
disease, thyroiditis, pernicious anemia, rheumatoid arthritis, 
and type 1 (insulin-dependent) diabetes.538 The disorder is 
characterized histopathologically by plasma cell and lympho-
cyte infiltration of  the pituitary and clinically by headaches 
and hyperprolactinemia or hypopituitarism out of  proportion 
to the degree of  radiographic pituitary enlargement.536 Bitem-
poral field defects may occur when extrasellar extension involves 
the chiasm.539 On MRI, lymphocytic adenohypophysitis appears 
as a symmetric, solid sellar mass which is isointense with gray 
matter on T1- and T2-weighted images and which gadolinium 
enhances.540 The lesions are homogeneous and contrast 
enhancing on CT. Because the clinical and radiographic fea-
tures can be confused with those of  a pituitary adenoma,541 
a definitive diagnosis requires a biopsy. Chiasmal compression 
is an indication for partial resection, but complete removal, 
often resulting in unwarranted panhypopituitarism, should 
be avoided.542 Adjunctive corticosteroid treatment is usually 
extremely effective; however, treatment with rituximab has 
also been proved to be beneficial.543,544

Both infliximab and ipilimumab, immunomodulatory 
agents used to treat rheumatologic and oncologic conditions, 
have recently been discovered to cause chiasm inflammation 
and adenohypophysitis.545,546 Resolution of  symptoms is 
facilitated by stopping the medication and treating with 
glucocorticoids.546

IDIOPATHIC GRANULOMATOUS HYPOPHYSITIS 
(GIANT CELL GRANULOMA)

A related disorder, idiopathic granulomatous hypophysitis, 
can involve the pituitary, infundibulum, and potentially the 
chiasm.547–549 Granulomatous hypophysitis typically presents 
in middle-aged or older women with hypopituitarism and 
diabetes insipidus. The older age predilection, diabetes insipi-
dus, MRI evidence of  infundibular thickening, and granu-
lomatous inflammation distinguish this disorder from 
lymphocytic adenohypophysitis. Lack of  systemic involvement 
separates it from the aforementioned granulomatous proc-
esses. Transsphenoidal biopsy is usually necessary to establish 
the diagnosis, and corticosteroids are the treatment of  choice. 
Rarely, granulomatous hypophysitis caused by a ruptured 
intrasellar Rathke’s cleft cyst can be identified.550

OPTOCHIASMATIC ARACHNOIDITIS

An inflammatory response in the suprasellar space may occur 
idiopathically or in association with head trauma or infec-
tions such as tuberculosis and cysticercosis (see later discus-
sion). In addition, optochiasmatic arachnoiditis may be 
induced by muslin wrapping of  intracranial aneurysms in 
this region.551,552

Infections

Because the chiasm is surrounded by cerebrospinal fluid, it 
is particularly vulnerable to any of  the infectious meningitides. 

Figure 7.37. This patient with tuberculous meningitis presented with 
blindness, III nerve palsies, and altered mental status. The coronal mag-
netic resonance image with gadolinium demonstrated perichiasmal 
enhancement (arrow), presumably due to arachnoiditis. (From Silverman 
IE, Liu GT, Bilaniuk LT, et al. Tuberculous meningitis with blindness and 
peri-chiasmal involvement on MRI. Pediatr Neurol 1995;12:65–67, with 
permission.)
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treatment fields, and concurrent chemotherapy.569 In one 
study, the time between completion of  radiation therapy and 
onset of  visual symptoms ranged from 4 to 35 months.570 
Visual loss is painless and can be either acute or gradual. 
Both eyes may be involved simultaneously or sequentially, 
with fellow eye involvement separated by weeks or months. 
Acutely the fundus appearance is normal, but eventually 
optic atrophy ensues.

Neuroimaging is required to confirm the diagnosis  
and exclude recurrent or secondary tumor. Typically, radio-
necrosis of  the chiasm causes intrinsic enlargement and 
gadolinium enhancement on MRI.571,572 Involvement of  sur-
rounding structures, such as the hypothalamus, frontal lobes, 
or pons, is often evident due to contrast enhancement or  
T2 signal abnormalities.573 With a history of  previous  
radiation, the MRI findings are virtually diagnostic and 
obviate the need for further testing or biopsy.574 CT, with  
or without enhancement, can be insensitive to subtle 
changes. In equivocal cases, positron emission tomography 
(PET) with 18F-deoxyglucose may be helpful in distinguishing 
radiation necrosis from tumor. The former is hypometabolic 
on PET, while recurrent or secondary tumors are 
hypermetabolic.

The pathophysiology and relative merits of  treatment with 
corticosteroids, hyperbaric oxygen, anticoagulation, and 
bevacizumab575 are discussed under Radiation Optic Neu-
ropathy in Chapter 5.

SECONDARY TUMORS

Radiation-induced tumors of  the chiasm are unusual but 
have been reported. Hufnagel et al.576 reported a 41-year-old 
man who developed rapidly progressive visual loss due to a 
malignant optic chiasmal glioma 8 years following radio-
therapy for a prolactinoma.

Third Ventricular Enlargement

The neuro-ophthalmologic complications of  third ventricular 
enlargement are described in an excellent review by Osher 
et al.577 Rarely, third ventricle dilation causes downward 
chiasmal compression and a bitemporal hemianopia, owing 
to the intimate relationship of  those two structures.578 Optic 
tract and optic nerve disturbances can also occur if  the chiasm 
is prefixed or postfixed, respectively. Proptosis, ocular motor 
palsies due to cavernous sinus compression, and Parinaud 
syndrome can be other complications. Posterior fossa tumors, 
aqueductal stenosis, and postmeningitic adhesions are 
common causes. Shunting or ventriculostomy procedures 
can improve visual field deficits and other symptoms.

Theoretically, binasal hemianopias may result from third 
ventricular enlargement if  the chiasm and optic nerves are 
pushed downward and laterally against the carotid arteries. 
We agree with Osher et al.577 that binasal defects in the setting 
of  hydrocephalus are much more commonly caused by 
papilledema.

Chiasmal Trauma

In the setting of  blunt head trauma, vision loss much less 
commonly localizes to the chiasm than the optic nerve. 

described561 but are even more uncommon. Clinicians should 
be aware that ethambutol toxicity can produce visual field 
loss similar to that of  a bitemporal hemianopia.562

PITUITARY ABCESSES

Pituitary abscesses are rare. Typically patients present with 
visual field loss and meningitis, or they appear as if   
they have a pituitary tumor: headache, bitemporal hemi-
anopia, and hypopituitarism.563,564 Etiologies of  primary 
pituitary abscesses include contiguous sphenoid sinus or 
cavernous sinus infection, meningitis, bacteremia, and  
CSF leaks. They may also occur secondarily when existing 
lesions such as pituitary adenomas, craniopharyngiomas, 
or Rathke’s cleft become infected.565 Pituitary abscesses  
are typically isointense or hypointense on T1-weighted MRI 
and rim enhance.566 Antibiotics should be administered, and 
if  there is no response, the abscess can be drained 
transsphenoidally.564

CYSTICERCOSIS

In unusual instances cysticerci may infect the suprasellar 
cistern or sella and imitate a pituitary tumor.567,568 On MRI 
or CT, calcified cysts may be evident, and if  large enough 
the cysts can cause hydrocephalus due to third ventricular 
compression. Proximity to the meninges or ventricular system 
can result in lymphocytic or eosinophilic meningitis. The 
diagnosis should be suspected when the neuroradiologic 
findings are suggestive in an individual from an endemic 
area (e.g., Central America) or in a person who might have 
had direct contact with someone else who is infected with 
the parasite. Serum serologic testing for antibodies directed 
against the responsible tapeworm, Taenia solium, is the most 
sensitive and specific test for cysticercosis. Corticosteroids 
and anticysticercal drugs such as praziquantel or albendazole 
should be administered, and the presence of  hydrocephalus 
may require a shunting procedure. Surgical removal is some-
times necessary for large lesions. Cisternal cysticercosis may 
have a poor prognosis despite treatment. Chronic inflamma-
tion of  cysts and meninges can cause fibrosis and adhesions, 
leading to impairment of  CSF flow and vasculitis with sub-
sequent brain infarction.567

Side-Effects of Radiation

The previous sections on pituitary adenomas and cranio-
pharyngiomas alluded to the hazards of  radiotherapy  
near the sellar area. This section discusses in greater detail 
those which can cause chiasmal visual loss: radionecrosis 
of  the chiasm and secondary neoplasms. Fortunately more 
modern techniques utilize more focused radiation, resulting 
in less damage to surrounding structures and thus fewer 
complications.

CHIASMAL RADIONECROSIS

Chiasmal radionecrosis has been most frequently reported 
following radiation treatment of  pituitary adenomas, cra-
niopharyngiomas, meningiomas, and other tumors near the 
skull base. Risk factors include radiation dose exceeding 4800 
cGy, fractional dosage greater than 200 cGy, overlapping 
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Empty Sella Syndrome

In empty sella syndrome, the sella is enlarged and the pitu-
itary flattened against the sellar floor because of  arachnoid 
herniation through a defect in the diaphragm (see Fig. 
6.16).585 In primary empty sella syndrome, the defect is pre-
sumably congenital, while in secondary cases it results from 
surgery, radiation, infarction of  a pituitary adenoma, or 
elevated intracranial pressure. In most instances when the 
sella is empty, it is CSF filled. However, occasionally the supra-
sellar portions of  the optic nerves, chiasm, and tracts and 
anteroinferior third ventricle herniate into the space.586 
Bitemporal field deficits can occur in primary empty sellae,587 
but they are uncommon and seem unrelated to the amount 
of  herniation.586 Visual loss is usually nonprogressive, so 
surgical intervention is for the most part unnecessary. Endo-
crine function is usually preserved, but uncommonly hormone 
abnormalities are found. Visual acuity and field loss in 

Nonetheless, a traumatic chiasmal syndrome is well recog-
nized. Blunt frontal head trauma is the usual cause, and 
patients wake up with a nonprogressive bitemporal hemi-
anopia, often complete.579 Common associated findings 
include ocular motility deficits, anosmia, deafness, CSF rhi-
norrhea and otorrhea, and diabetes insipidus due to trauma 
to the pituitary stalk.580 In a few instances see-saw nystagmus 
is related to chiasmal trauma.39 Neuroimaging may reveal 
longitudinal disruption of  the chiasm (Fig. 7.38).581,582  
The mechanism of  the bitemporal hemianopia is unclear, 
and proposed theories include stretching of  the body of   
the chiasm;580 a vascular insult; or contusion hemorrhage, 
necrosis, or tears.583 Two patients with traumatic  
chiasmal syndrome were found to have midline basilar  
skull fractures through the midclivus, sella turcica floor, 
dorsum sellae, and sphenoid sinus, suggesting the chiasm 
was torn.579 One case following autoenucleation and removal 
of  the optic nerve and half  of  the chiasm has also been 
reported.584

A B

C D

Figure 7.38. Chiasmal trauma following a fall and associated head trauma. The patient had a complete bitemporal hemianopia and was symptomatic 
with hemifield slide phenomena. The chiasm was almost completely transected (arrow), as demonstrated on (A) axial and (B) coronal T1-weighted 
magnetic resonance images. C. Inferior frontal lobe contusions were also found (arrows). D. The patient had multiple base of skull fractures, including 
one through the sellar floor (arrow) shown on axial computed tomography. 
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vertical and torsional planes. Their MRI demonstrated com-
plete absence of  the chiasm.
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secondary empty sella is multifactorial and more likely the 
result of  the original process. An empty sella is commonly 
observed in patients with pseudotumor cerebri syndrome588 
but generally does not contribute to visual loss or endocrine 
dysfunction because herniation of  suprasellar structures 
does not occur.

Sphenoid Sinus Mucoceles

Sphenoid sinus mucoceles can be considered retention cysts 
of  the sinus, in many instances owing to inflammatory block-
age of  the draining ostium.589 They consist of  a sterile creamy 
fluid which is sometimes purulent.565 Enlargement usually 
causes headache and orbital apex interference; however, 
chiasmal syndromes have been reported.590 Surgical drain-
age of  these mucoceles is best achieved via transnasal or 
transoral routes by an otolaryngologist.

Developmental Anomalies  
of the Chiasm

Developmental anomalies of  the chiasm are rare and include 
chiasms which either malformed or miswired.591 Trans-
sphenoidal encephaloceles, for instance, are characterized 
by congenital downward herniation of  the optic nerves, 
chiasm, tract, and hypothalamus through the sphenoid 
bone.592 Hypopituitarism, agenesis of  the corpus callosum, 
and other cranial midline defects, such as hypertelorism, 
cleft lip, and cleft palate, are frequent accompanying features. 
Bitemporal hemianopias are the most common visual field 
defect. Disc atrophy is the usual fundus finding, but some 
patients instead have optic nerve colobomas or morning glory 
disc anomalies (see Fig. 5.23). Indications for surgical inter-
vention include progressive visual loss (uncommon), epi-
pharyngeal respiratory obstruction, and CSF rhinorrhea. 
The surgeon must always be careful to reduce rather than 
amputate the sac containing neural and endocrine 
structures.

Chiasmal aplasia or asymmetry can be associated with 
anophthalmia, which results from faulty development of  one 
or both optic vesicles.593 Chiasmal dysplasia can accompany 
optic nerve hypoplasia, absence of  the septum pellucidum, 
and pituitary ectopia (de Morsier’s septooptic dysplasia).8 A 
hereditary chiasmal optic neuropathy, without any major 
abnormalities on neuroimaging, has also been described.594

Miswiring of  retinal fibers in the chiasm occurs almost 
exclusively in albinos, in whom some temporal ganglion cell 
axons can cross and project to the contralateral lateral genicu-
late nucleus. Greater activation of  the contralateral occipital 
lobe following monocular stimulation has been demonstrated 
using VEPs595 and functional MRI.596 The appearance of  the 
chiasm on MRI seems to be unaffected.597

Nonalbino patients without chiasms have been 
reported.598–602 These individuals had optic nerves which 
projected solely ipsilaterally to the optic tracts. In typical 
examples, Apkarian and colleagues598,599 described two indi-
viduals whose visual fields were normal, but they had reduced 
acuity, esotropia, torticollis, and head tremor. Eye movement 
recordings demonstrated congenital nystagmus waveforms 
in the horizontal plane and see-saw nystagmus in the 
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8 Retrochiasmal Disorders
SASHANK PRASAD

in the retrochiasmal pathway. In general, incongruous hemi-
anopias localize to more anterior retrochiasmal lesions, for 
instance in the optic tract. Congruous hemianopias suggest 
more posterior disturbances, such as the occipital lobe, but 
there can be exceptions with some congruous defects occur-
ring with more anterior lesions.

The explanation offered for the incongruity observed with 
more anterior lesions is anatomical. Uncrossed and crossed 
axons combine first in the optic tract, where fibers carrying 
information from corresponding areas of  the contralateral 
homonymous hemifield may still be separated.7,8 More pos-
teriorly, the fibers subserving corresponding areas are closer 
together. Thus a partial anterior lesion may affect the visual 
field in each eye asymmetrically, while posterior lesions are 
more likely to cause the same deficit in both eyes. However, 
exceptions to these guidelines are common. Incongruous 
homonymous hemianopias may be caused by optic radiation 
and occipital lobe lesions, and optic tract lesions may result 
in congruous visual field defects.9

LESIONS OF THE 
RETROCHIASMAL PATHWAYS

Optic Tract

In adults, optic tract lesions are relatively uncommon and 
accounted for only 10% of  hemianopias in the Zhang et al. 
series.4 The higher frequency of  tract involvement in children 
(8 out of  36 (22%); see Table 8.2)6 may in part relate to the 
higher incidence of  sellar masses and the lower incidence 
of  strokes in pediatric patients.

NEUROANATOMY

The afferent visual fibers (ganglion cell axons) exit the chiasm 
posteriorly and diverge to form the left and right optic tracts, 
each of  which is made up of  fibers from the ipsilateral tem-
poral retinal and the contralateral nasal retina (see Figs. 
3.1, 3.2, and 7.6). The optic tracts sweep around and above 
the infundibulum, below the third ventricle, and then turn 
posterolaterally to the interpeduncular cistern just ventral 
to the rostral midbrain and cerebral peduncles (see Figs. 7.2 
and 7.5). In the optic tract, fibers from each eye that represent 
the corresponding area of  the visual field come together. 
There is an inward rotation in the arrangement of  fibers 
such that the lower field is represented medially and the upper 
field is represented laterally. Most of  the tract fibers synapse 
within the ipsilateral LGN, but a subset of  fibers split off  to 
complete the afferent limb of  the pupillary light reflex by 

The retrochiasmal afferent visual pathways include the optic 
tract, lateral geniculate nucleus (LGN), optic radiations, and 
striate cortex. The most common neuro-ophthalmic presen-
tation of  a unilateral retrochiasmal disturbance is a hom-
onymous hemianopic field defect with normal acuity.

Important concepts in retrochiasmal disorders are discussed 
first. The second part of  this chapter is subdivided by local-
ization and progress from anterior to posterior structures, 
with neuroanatomy, clinical presentation, and common 
etiologies described in each section. The last portion of  this 
chapter details the diagnosis and management of  lesions in 
the optic radiations and occipital lobe. Emphasis is placed 
on cerebrovascular disease, since it is among the most 
common causes of  retrochiasmal disorders.

Important Concepts in 
Retrochiasmal Disorders

ETIOLOGY AND LOCALIZATION IN ADULTS 
VERSUS CHILDREN

In adults, the most common cause of  unilateral retrochiasmal 
visual loss is a stroke (Table 8.1).1–3 In a study by Zhang 
et al.4 of  isolated and nonisolated hemianopias in adults, all 
of  whom had undergone computed tomography (CT) or 
magnetic resonance imaging (MRI), 59% were caused by 
ischemic stroke, 14% by trauma, 11% by hemorrhages, and 
11% by brain tumors. The responsible lesion in adults is 
most commonly in the occipital lobe (43%), followed by the 
optic radiations (32%), the optic tract or geniculate body 
(10%), or multiple sites (11%).4

In contrast, Kedar et al.5 found in children the most 
common causes of  a hemianopia were trauma (34%) and 
tumor (27%). In our own experience from the Children’s 
Hospital of  Philadelphia,6 brain neoplasms involving the 
visual pathways or their associated biopsy or removal were 
the most common etiology in pediatric patients (Table 8.2). 
Injury to the optic radiations is the most common localiza-
tion in children (37%).5 Cerebrovascular disease and cerebral 
hemorrhages are also responsible causes in children but are 
seen less commonly.

HEMIANOPIA CONGRUITY AND LOCALIZATION

As discussed in Chapter 3, congruity refers to the symmetry 
of  the homonymous visual field defects. Congruity can be 
assessed only in incomplete homonymous hemianopias that 
do not completely involve half  of  the visual field. With com-
plete homonymous hemianopias, the concept of  congruity 
cannot be used to localize the visual deficit to a specific site 
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disturbance. If  the chiasm or optic nerves are also involved, 
by a large sellar mass, for instance, acuity may become 
reduced, and a RAPD may be evident in the eye with the 
greater visual field loss. In most cases the RAPD is observed 
in the eye contralateral to the optic tract lesion, because the 
temporal field loss is usually larger than the nasal field loss 
(also see Chapter 13). The classic explanation for a contra-
lateral RAPD in the setting of  an optic tract lesion is that 
the proportion of  crossed to uncrossed fibers is 53 : 47, so a 
complete optic tract lesion disrupts more fibers arriving from 
the contralateral eye. However, one study11 suggested the 
presence and magnitude of  an optic tract RAPD was simply 
related to the asymmetry of  visual field loss. Other described 
pupillary abnormalities include contralateral mydriasis (Behr’s 
pupil) and hemianopic pupillary reactivity (Wernicke’s pupil), 
but both of  these pupillary findings are of  uncertain clinical 
significance.12

In contrast to patients with visual field deficits from ret-
rogeniculate lesions, patients with isolated tract lesions may 
develop bilateral optic disc pallor, because presynaptic gan-
glion cell axons have been injured. The classic pattern of  
atrophy resulting from an optic tract lesion is temporal pallor 
in the ipsilateral eye (corresponding to the location of   
the injured axons in the temporal retina) and “bow-tie” or 
“band” atrophy in the contralateral eye (corresponding to 
where the injured axons enter, on both sides of  the optic 

passing ventral to the medial geniculate nucleus, and then 
continue through the brachium of  the superior colliculi to 
synapse at the pretectal nuclei. In turn, fibers from the pre-
tectal nuclei connect bilaterally to the Edinger–Westphal 
nuclei in the oculomotor complex (see Fig. 13.2).

The blood supply of  the optic tract is variable but typically 
comes from an anastomotic network of  branches from the 
posterior communicating and anterior choroidal arteries 
(from the internal carotid artery (ICA)) (Fig. 8.1).10

SYMPTOMS AND SIGNS

Visual field defects. Incongruous homonymous hemianopias 
are seen more frequently in association with optic tract lesions 
than with more posterior retrochiasmal lesions.9 Classically, 
incomplete optic tract lesions characteristically result  
in highly incongruous homonymous hemianopias of   
variable density and with sloping margins (Fig. 8.2).7 If  the 
lesion progresses to involve the entire optic tract, the result 
is a complete macular-splitting contralateral hemianopia 
(Video 8.1).

Other neuro-ophthalmic signs. Acuity is preserved in 
an isolated tract lesion, but a relative afferent pupillary defect 
(RAPD) may be observed. In fact, a homonymous hemianopia 
accompanied by normal visual acuities but a RAPD ipsilateral 
to the field defect is highly suggestive of  an optic tract 

Table 8.1 Frequency of Etiologies (by Category and Primary Location) of Hemifield Loss in Inpatient and Outpatient Adults 
Seen by One of the Editors (G.T.L.) From July 1993 to October 1996

Optic Tract Optic Radiations Occipital Lobe Total

Vascular (68%) Stroke (infarction) 6 17 23 (52%)
Hemorrhage 1 5 6 (14%)
Aneurysm 1 1 (2%)

Neoplasm (18%) Preoperative or following neurosurgical removal of 
neoplasm involving the visual pathways

7 1 8 (18%)

Trauma (4%) 1 1 2 (4%)

Other (9%) 3 1 4 (9%)

Total 44

All patients had CT or MRI confirmation of the lesion and localization.

Table 8.2 Frequency of Etiologies (by Category and Primary Location) of Hemifield Loss in Pediatric Patients Seen at the 
Children’s Hospital of Philadelphia From July 1993 to February 19976

Optic Tract Optic Radiations Occipital Lobe Total

Neoplasm (39%) Preoperative 5 1 6 (17%)
Following neurosurgical removal of neoplasm 

involving the visual pathways
2 4 2 8 (22%)

Vascular (25%) Stroke (infarction) 2 2 4 (11%)
Hemorrhage 1 1 2 4 (11%)
Following neurosurgical removal of hematoma 

involving anterior visual pathway
1 1 (3%)

Trauma (19%) Nonsurgical 4 1 5 (14%)
Neurosurgical, during operations that did not involve 

tumors in the visual pathways
2 2 (6%)

Other (17%) Congenital 2 2 (6%)
Other 3 1 4 (11%)

Total 36
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may also be seen. In Bender and Bodis-Wollner’s13 series of  
patients with optic tract lesions, 5 of  12 patients had memory 
problems and 3 had visual hallucinations, which the authors 
attributed to temporal lobe involvement.

ETIOLOGY

Because of  the anatomic relationship between the two, any 
process which can involve the optic chiasm (see Table 7.3) 
may also affect the optic tract, and therefore the differential 

disc) (Figs. 8.3 and 8.4). Larger lesions also affecting the 
chiasm or optic nerves may produce bilateral optic atrophy 
with more diffuse disc pallor. A homonymous hemianopia 
accompanied by optic atrophy would be consistent with a 
disturbance of  either the optic tract or LGN.

Other symptoms and signs. Because of  its proximity to 
the optic tract, the cerebral peduncle can be simultaneously 
affected by compressive mass lesions, leading to a hemiparesis 
on the same side as the hemianopia. Endocrine disturbances, 
owing to involvement of  the pituitary, stalk, or hypothalamus, 

Anterior communicating a.
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Optic chiasm
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Optic tract

Infundibulum

Mamillary body and paramedian
penetrating aa.

Ant cerebral a.

A2A1
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Figure 8.1. Relationship of the anterior choroidal artery (*) and the posterior choroidal arteries with the circle of Willis. The anterior choroidal artery 
is a branch of the internal carotid/middle cerebral artery complex, while the posterior choroidal artery is a branch of the posterior cerebral artery.  
a, Artery; aa, arteries. 

Figure 8.2. Incongruous left homonymous hemianopia due to a hypothalamic glioma involving the right optic tract. Computerized perimetry gray 
scale output. 



Figure 8.3. “Bow-tie atrophy” due to an optic tract lesion. Top: Following a chronic lesion (“X”) in the left optic tract, three groups of retinal ganglion 
cell fibers atrophy (middle): (A) those from the nasal half of the macula in the right eye, (B) those from the nasal retina in the right eye, and (C) those 
from the temporal retina of the left eye. A and B result in a “bow-tie” or “band” pattern of optic atrophy (white areas) in the right disc, and C results in 
temporal atrophy of the left disc (white area). This pattern of optic atrophy is similar to that seen in homonymous hemioptic atrophy due to a congenital 
lesion of the geniculocalcarine pathway. Bottom: Right disc (left) and left disc (right) exhibiting “bow-tie” atrophy due to a left optic tract lesion. Atrophic 
areas are highlighted by the asterisks. 
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considered unusual.14 With the use of  modern neuroimag-
ing, more patients with demyelination of  the optic tract have 
been recognized (Fig. 8.5B), often in the setting of  multiple 
sclerosis.15 In addition, individuals with homonymous hemi-
anopias due to arteriovenous malformations,16 basilar artery 
dolichoectasia,17 and metastases18 (Fig. 8.5C) involving the 
optic tract and congenital absence of  the optic tract19 have 
been described. Overall, these studies together suggest that 
an optic tract lesion is often caused by a compressive process.

Lateral Geniculate Nucleus

The majority of  ganglion cell axons traveling in the optic 
tract end in LGN, where they synapse with neurons that 
form the optic radiations. Isolated disturbances of  the lateral 
geniculate are even less common than those of  the optic 
tract. However, when they occur, they are sometimes recog-
nized by characteristic patterns of  sectoral hemianopic field 
loss, which are discussed in detail later.

NEUROANATOMY

The LGN, situated within the lateral recess of  the choroidal 
fissure above the ambient cistern,20–22 is part of  the thalamus 
(Fig. 8.6). The LGN has six neuronal layers, and the  
input into each is monocular and retinotopically organized 
(Fig. 8.7). Visual information from the ipsilateral eye synapses 
within laminae 2, 3, and 5, while that from the contralateral 
eye synapses within laminae 1, 4, and 6. Furthermore, 
macular vision is subserved by the middle wedge (hilum), 
while the medial and lateral horns carry information from 
the inferior and superior quadrants, respectively (Fig. 8.8).

Layers 1 and 2 contain large neurons (magnocellular LGN 
layers), while layers 3–6 contain smaller neurons (parvocel-
lular LGN layers). There are at least two types of  retinal 
ganglion cells (M and P, respectively) that project preferentially 
to each group, and each layer may have distinct projections 
to subdivisions of  the striate cortex. The M-group of  retinal 
ganglion cells are important in motion detection, while P cells 
serve form and color vision (see Chapters 4, 5, and 9 for 
further discussion).

The LGN also has a rich anastomotic blood supply made 
up of  the anterior and posterior choroidal arteries. While 
the anterior choroidal artery derives from the ICA, the pos-
terior choroidal arteries, consisting of  one medial and two 
lateral arteries, are branches of  the posterior cerebral artery 
(PCA) and arise distal to the thalamogeniculate arteries.23 
The medial and lateral horns of  the LGN are supplied by the 
anterior choroidal artery, and the hilum is supplied by the 
posterior choroidal artery and its branches (see Figs. 8.1 
and 8.8).24 In about 50% of  cases, small portions of  the LGN 
receive blood from other small PCA branches. Ischemic lesions 
to the posterior portion of  the optic tract and the LGN are 
considered rare due to their rich anastomotic blood supply, 
but they are discussed because of  their unique patterns and 
localizing value.10,25

SYMPTOMS AND SIGNS

Visual field defects. Compressive or infiltrative lesions of  
the LGN typically cause an incongruous contralateral 

diagnosis is similar. If  the chiasm is prefixed (short intra-
cranial optic nerves; see Fig. 7.4), an enlarging sellar mass 
is likely to cause a posterior chiasmal or optic tract interfer-
ence. Sellar disturbances are discussed in detail in Chapter 
7. In addition, temporal lobe masses may cause optic tract 
disturbances, but in these instances it may be difficult to 
distinguish pressure on the optic tract from involvement of  
the optic radiations.

Among 21 patients with optic tract syndromes in one 
series,12 the most common etiologies were craniopharyngioma 
(38%), aneurysms (14%) (Fig. 8.5A), and pituitary adenomas 
(14%). Other less frequent causes were trauma, temporal 
lobe tumor, demyelination, meningioma, pinealoma, and 
malignant astrocytoma. In another series,13 suprasellar 
masses were also the most common etiology. Because of  the 
rich anastomotic blood supply from the anterior choroidal 
and posterior cerebral arteries, ischemic tract lesions are 
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Figure 8.4. A. Optical coherence tomography (OCT), retinal nerve fiber 
layer (RNFL) thickness map demonstrating bow-tie optic disc atrophy 
(Right eye) and temporal optic disc atrophy (Left eye) due to a left optic 
tract lesion. Red shading indicates a thin RNFL. B. Magnetic resonance 
axial fluid level attenuated inversion recovery image from the same 
patient demonstrating a high signal lesion (arrow) involving the left 
optic tract and temporal lobe in a woman with neuromyelitis optica 
(NMO) causing an incongruous right superior quadrant field defect and 
mild right hemiparesis. G, Global; I, inferior; N, nasal; PMB, papillomacular 
bundle; S, superior; T, temporal. 
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1. A horizontal homonymous sectoranopia is the hallmark of  
posterior choroidal artery territory infarction (Fig. 8.9).24 
The field defect, which characteristically points inward 
and involves fixation, results from involvement of  the 
central hilum of  the LGN.27 Several authors, however, 

homonymous hemianopia. When the disturbance involves 
the LGN completely, the result is a complete hemianopia.

Two patterns of  field loss, although rare, are highly sug-
gestive of  LGN involvement and relate to its blood supply 
and retinotopic organization:26

C

BA

Figure 8.5. Other examples of optic tract lesions. A. Supraclinoid 
aneurysm (solid arrow) compressing the optic tract (open arrow).  
B. Optic tract demyelination vs idiopathic inflammation (arrow) dem-
onstrated on T2-weighted magnetic resonance imaging (MRI). The 
patient presented with a dense incongruous inferior quadrant defect, 
which resolved with corticosteroid treatment. There were no other 
white matter lesions on MRI, and serologies and spinal fluid examina-
tion were unremarkable. C. Left optic tract ring-enhancing mass (arrow) 
due to metastatic renal cell carcinoma demonstrated on this T1-weighted 
axial MRI with gadolinium. The patient presented with a homonymous 
right inferior quadrant defect. 
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However, because ganglion cell axons subserving the pupil-
lary light reflex leave the anterior visual pathway before the 
LGN (see Fig. 13.2), lesions limited to the LGN alone should 
have no influence on pupillary reactivity or size and should 
not cause a RAPD.

Other signs and symptoms. Thalamic involvement due 
to posterior choroidal artery territory infarction may lead 
to contralateral sensory loss and language and memory dis-
turbances.24 Anterior choroidal artery infarction is typically 
also associated with hemiparesis and hemisensory loss ipsi-
lateral to the hemianopia, occurring because of  involvement 

have cautioned that horizontal homonymous sec-
toranopias are nonspecific, and similar visual field abnor-
malities may result from lesions in the optic radiations28,29 
or occipital cortex.30

2. Also uncommon, but highly localizable, is the “mirror 
image” field defect: an upper and lower homonymous sec-
toranopia (Fig. 8.10). Sometimes, this field defect is referred 
to as a “quadruple sectoranopia.”31 This pattern of  field 
loss results from anterior choroidal artery infarction, 
affecting the medial and lateral horns of  the LGN.32

Other neuro-ophthalmic signs. Like optic tract lesions, 
acuity should be normal in processes involving only the LGN, 
and hemianopic patterns of  optic atrophy may be evident.32,33 

B

A

Figure 8.6. Location of lateral geniculate nucleus. A. Axial view at  
the level of the midbrain. B. Coronal view through the pulvinar and 
basilar pons. 
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Figure 8.7. Inputs into and outputs from layers of lateral geniculate 
nucleus. Inputs from the right hemiretina of each eye project to different 
layers of the right lateral geniculate nucleus to create a complete rep-
resentation of the left visual hemifield. Similarly, fibers from the left 
hemiretina of each eye project to the left lateral geniculate nucleus (not 
shown). Fibers subserving the temporal crescent of the left eye visual 
field project to the right (contralateral) lateral geniculate nucleus. There 
are no corresponding fibers coming from the right eye. Layers 1 and 2 
comprise the magnocellular layers; layers 4–6 comprise the parvocellular 
layers. All of these project to area 17, the primary visual cortex.479 
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the circulation involved. Vascular accidents in these distribu-
tions have been reported following intentional and inadvertent 
neurosurgical ligation.32,34 In addition, LGN damage due to 
trauma37,38 and bilateral quadruple sectoranopias from bilat-
eral LGN involvement in central myelinolysis39,40 have been 
described.

Optic Radiations

Postsynaptic fibers arising from the LGN form the optic  
radiations and course toward the calcarine cortex in the 
occipital lobe.

NEUROANATOMY

The optic radiations (geniculocalcarine fibers) exit dorsally 
from the LGN, then spread into two major bundles (see Fig. 
3.1). The group of  fibers containing contralateral superior 
quadrant visual information (inferior fascicle) curves in an 
anteroinferior direction into the anterior pole of  the temporal 
lobe, forming Meyer’s loop.41 Since the fibers dedicated to 
the macula do not extend anteriorly, they may be spared in 
anterior temporal lobe lesions that involve the optic radia-
tions. The anterior fibers of  Meyer’s loop subserve the superior 
visual field just lateral to the vertical meridian, while  
the more posteriorly situated fibers carry visual field infor-
mation just superior to the horizontal meridian.42,43 The 
superior fascicle lies deep within the parietal lobe and sub-
serves visual information from the contralateral inferior 
quadrant. The temporal and parietal fascicles project in a 
retinotopic fashion to the lower and upper banks of  calcarine 
cortex, respectively.

Hilum

Medial
horn

Lateral
horn

Figure 8.8. Coronal view of the lateral geniculate nucleus: layers, reti-
notopic organization, and vascular supply. Visual information from the 
ipsilateral eye synapses within laminae 2, 3, and 5, while that from the 
contralateral eye synapses within laminae 1, 4, and 6. Macular vision is 
subserved by the middle wedge (hilum), which is supplied by the pos-
terior choroidal artery. The medial and lateral horns carry information 
from the inferior and superior quadrants, respectively, and are fed by 
the anterior choroidal artery. 

Figure 8.9. Wedge-shaped sectoranopia typical of left posterior choroidal infarction and involvement of the hilum of the left lateral geniculate nucleus. 
Goldmann visual field. 

of  the motor and sensory pathways in the posterior limb of  
the internal capsule.34,35

ETIOLOGY

Small-vessel occlusion in the territories of  the anterior and 
posterior choroidal arteries may cause LGN-related field dis-
turbances (Fig. 8.11).36 Recognizing these visual field defects 
not only suggests the etiology of  the lesion but also predicts 
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The temporal portion of  the optic radiations receives its 
blood supply from the anterior choroidal artery and other 
middle cerebral artery (MCA) branches within the Sylvian 
fissure (Fig. 8.12), including the lenticulostriate and inferior 
temporooccipital artery. The distal branches of  the MCA, 
including the angular and posterior temporal arteries, supply 
the more superiorly situated parietal fascicles.44 The most 
posterior portions of  the optic radiations, just before their 
entry into the occipital lobe, are supplied by the superior 
temporooccipital Sylvian artery branch of  the MCA and the 
anterior temporal and calcarine arteries of  the PCA.10,25

SYMPTOMS AND SIGNS

Visual field defects. An isolated lesion of  Meyer’s loop will 
typically lead to an incongruous contralateral homonymous 
hemianopia that is denser superiorly (“pie in the sky defect”) 
(Fig. 8.13).42,43,45 In contrast, lesions of  the parietal lobe 
characteristically will lead to mildly incongruous defects 
more prominent inferiorly (Fig. 8.14), and rarely quadran-
tanopias respecting the horizontal meridian (much more 
commonly seen with occipital lobe lesions) can be seen.46,47 
In clinical practice, there is significant variation in these 
findings, especially with regards to congruity. Complete inter-
ruption of  the optic radiations will cause a dense homony-
mous hemianopia (Fig. 8.15). Bilateral lesions of  the optic 
radiations will cause cerebral blindness.

Other neuro-ophthalmic signs. Visual acuity is spared 
in unilateral lesions but can be impaired if  bilateral lesions 
are present. Pupillary responses are normal in disturbances 
limited to the optic radiations. The optic discs are also normal 
unless the lesion is large enough to cause mass effect or 

Figure 8.10. Upper and lower (quadruple) sectoranopia, characteristic of anterior choroidal infarction and involvement of the medial and lateral por-
tions of the right lateral geniculate nucleus. Goldmann visual field. 

Figure 8.11. Axial fluid level attenuated inversion recovery magnetic 
resonance imaging in a patient with an incongruous right homonymous 
hemianopia due to a left lateral geniculate infarction (arrow) in the left 
anterior choroidal artery distribution. 
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lesions may be accompanied by personality changes, complex 
partial seizures, memory deficits, fluent aphasia (if  the domi-
nant side is involved), or Klüver–Bucy syndrome (hypersexu-
ality, placidity, hyperorality, visual and auditory agnosia, and 
apathy) with involvement of  the anterior temporal lobes 
bilaterally. A Wernicke or conduction aphasia, Gerstmann 
syndrome (finger agnosia, agraphia, acalculia, and right–left 
disorientation), and tactile agnosia suggest a dominant pari-
etal lobe process. Left-sided neglect, topographic memory 
loss, and constructional and dressing apraxias in association 
with a left hemianopia suggest a nondominant, parietal lesion.

In addition to a homonymous field defect, hemispheric 
lesions may also produce ipsilateral hemiparesis and hyper-
reflexia when the motor strip or descending motor fibers are 
disrupted. A homonymous field defect in combination with 
ipsilateral sensory loss, astereognosis, decreased two-point 
discrimination, or graphesthesia suggests a parietal lesion. 
A process within the nondominant (usually right) parietal 
lobe can also produce a contralateral neglect syndrome or 
hemianopia, accompanied by contralateral sensory inatten-
tion. Pain, hemianesthesia, or choreoathetoid movements 
and an ipsilateral homonymous field deficit imply coinvolve-
ment of  the thalamus and optic radiations.

OPTICAL COHERENCE TOMOGRAPHY

Beyond the perinatal period, homonymous field deficits caused 
by retrogeniculate lesions are typically not associated with 
appreciable changes of  the optic disc or retina. However, 
when optical coherence tomography is used to measure the 
thickness of  the nerve fiber layer or ganglion cell layer in 
these patients, subclinical thinning can be identified.52,53 For 
measurements of  the ganglion cell layer, this thinning dem-
onstrates respect for the vertical meridian.54 These changes 

obstruction of  the ventricular system and lead to papille-
dema. In addition, optic radiation lesions that developed in 
utero or were acquired within the first week of  life may be 
associated with optic atrophy as a result of  transsynaptic 
degeneration.

A homonymous hemianopia or quadrantanopia due to 
deep parietal lobe lesions may be associated with a defective 
optokinetic response when the targets are drawn toward the 
side of  the lesion (see Chapter 17) (Video 9.1).48 In contrast, 
normal optokinetic responses would be expected in a hemi-
anopia due to a lesion solely within the occipital lobe. Simi-
larly, pursuit will be defective in the direction ipsilateral to 
a parietal lesion (see Chapter 16). The combination of  the 
hemianopia, defective optokinetic response, and poor track-
ing result from coinvolvement of  the optic radiations and 
adjacent descending corticobulbar fibers from the parieto-
occipitotemporal pursuit area. Patients with a hemianopia 
or neglect may also have a gaze preference away from the 
visual deficit.

During attempted eye closure, normally each eye has an 
upward and outward trajectory (Bell’s phenomenon). 
However, in the majority of  hemispheric lesions, both eyes 
will deviate up and away from the side of  the lesion. This 
phenomenon, known as Cogan’s spasticity of  conjugate gaze,49,50 
has been attributed to an increased tone in contralateral 
gaze deviation or a decreased ability to suppress attention 
to the contralateral hemispace.51 Overall, this sign is relatively 
unreliable since similar lateral gaze deviations with eye closure 
may also be seen with normal patients. Furthermore, patients 
with established parietal optic radiation lesions may have a 
normal Bell’s phenomenon.

Other signs and symptoms. Hemianopias that result 
from lesions of  the optic radiations are often associated with 
other “cortically based” neurologic findings. Temporal lobe 
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Figure 8.12. Lateral view of the left cerebral hemisphere showing the location and general branching pattern of the middle cerebral artery (MCA). The 
MCA branches in the depths of the lateral sulcus. brs. = branches. 
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An occlusion of  the proximal MCA would cause a contra-
lateral hemianopia, a contralateral hemiparesis due to dis-
turbance of  the motor cortex or descending corticospinal 
tracts, and sensory loss resulting from involvement of  the 
postcentral gyrus or ascending fibers from the thalamus. 
Aphasia or neglect may be observed in MCA occlusion, 
depending on whether the stroke affects the dominant or 
nondominant hemisphere, respectively. Anterior division 
MCA strokes can be recognized by the predominantly motor 
findings and nonfluent (Broca’s) aphasia, while posterior 
division MCA strokes have more salient sensory and fluent 

indicate that, to some extent, transsynaptic retrograde degen-
eration in the visual pathway occurs even after the perinatal 
period.

ETIOLOGY

Strokes in the MCA distribution (see Fig. 8.15) and neoplasms 
are the most common causes of  optic radiation hemianopias 
in adults (see Table 8.1). Hemorrhages, trauma, neoplastic 
lesions, infections, and degenerative diseases are also seen 
but are less common.

B

A

Figure 8.13. Upper right visual field (“pie in the sky”) defect (A, computerized perimetry gray scale output) following (B) resection (arrow) of a left 
temporal lobe ganglioglioma, shown on T2-weighted axial magnetic resonance imaging. 
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into six layers. Entry is primarily into the thick, light-colored 
layer 4, which is visible to the naked eye and has been termed 
the stria of  Gennari.56 Fibers from the medial aspect of  the 
LGN, carrying information from the superior retina, project 
to the upper bank of  the calcarine cortex, while those from 
the lateral aspect, carrying information from the inferior 
retina, project to the lower bank. The inferior visual fields 
are thus represented within the upper bank, and the superior 
visual fields within the lower bank. Left and right visual fields 
are represented within right and left occipital lobes, 
respectively.

Macular projections from the central 10 degrees of  vision 
synapse in the occipital pole and occupy 55–60% of  the 
entire surface area of  striate cortex.57–60 The occipital tip is 
devoted to foveal vision. The anterior striate cortex, compris-
ing approximately 8–10% of  striate cortex,61 is monocularly 
innervated62 and subserves the temporal 30 degrees of  the 
visual field of  the contralateral eye alone (Fig. 8.17). The 
representation of  the horizontal meridian of  the visual field 
lies deep within the calcarine fissure at the calcarine bank, 
while that of  the vertical meridian lies along the calcarine 
lips (Fig. 8.18).63

The majority of  the blood supply to striate cortex derives 
from branches of  the PCA (see Fig. 8.19), primarily the cal-
carine artery, with lesser contributions from the posterior 
temporal and parietooccipital arteries.64 In most cases, small 
penetrating branches from the calcarine artery supply both 
the upper and lower banks of  calcarine cortex. In up to one-
third of  cases, there is one major branch to each bank. At 
the occipital pole, there is an anastomosis between PCA vessels 
and the superior temporooccipital Sylvian artery from the 

(Wernicke’s) language deficits. MCA strokes associated  
with hemianopias are either frontoparietal, parietal, or 
parietotemporal.

Isolated temporal lobe–related field loss is less common. 
Causes include neoplasms, particularly glial cell tumors, herpes 
encephalitis, and anterior temporal lobe resection for recal-
citrant seizures due to mesial temporal sclerosis.42,43,55

The diagnosis and management of  cerebrovascular disease, 
tumors, and other processes which affect the parietal and 
temporal lobes are discussed in more detail in the section 
entitled ‘Diagnosis and Management of  Disturbances of  the 
Optic Radiations and Occipital Lobe.’

Occipital Lobe/Striate Cortex

The optic radiations terminate in the occipital lobes in Brod-
mann area 17, which is also referred to as the primary visual 
cortex, calcarine cortex, striate cortex, or area V1.

NEUROANATOMY

The upper bank of  striate cortex lies superior to the calcarine 
fissure, and the lower bank below the fissure (Fig. 8.16; see 
also Fig. 3.1). Other boundaries of  striate cortex include the 
splenium of  the corpus callosum anteriorly, the interhemi-
spheric fissure medially, and the occipital pole posteriorly. 
Laterally, some striate cortex may be visible on the postero-
lateral outer surface of  the occipital lobes.

Neuronal input arrives in a retinotopic fashion from fibers 
of  the LGN and synapses within striate cortex, which is divided 

Figure 8.14. Incomplete left homonymous hemianopia, densest inferiorly, due to traumatic brain injury affecting primarily the right parietal lobe. 
Computerized perimetry gray scale output. The patient also had a left hemiparesis and defective optokinetic response when the targets were drawn 
to his right. 
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arise from the distal bifurcation of  the basilar artery (see 
Fig. 8.1). In some anomalous cases, however, a PCA may 
derive its blood supply from the anterior portion of  the circle 
of  Willis. These variations include (1) persistence of  a “fetal” 
PCA from the ICA65,66 and (2) a persistent trigeminal artery.67

MCA. This dual blood supply to the area responsible for central 
vision is one explanation for macular sparing in the setting 
of  PCA occlusion.

The PCAs are normally considered part of  the posterior 
circulation of  the brain, since most commonly both PCAs 

CB

A

Figure 8.15. A. Complete, macular splitting right homonymous hemianopia (computerized perimetry gray scale output) due to large left middle 
cerebral artery infarction depicted in the axial computed tomography in (B) and (C). B. demonstrates the hypodense area (arrow) in the left parietal 
region, while (C), a more ventral slice, depicts the hypodense infarction (arrow) in the left temporal lobe. The patient was also aphasic. 
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Goldmann or tangent screen perimetry, which test further 
into the peripheral field than automated perimetry.68

1. Macular sparing. PCA infarction may produce a hemianopia 
with macular sparing, in which central vision extends by 
5 or more degrees into the hemianopic field (Fig. 8.20).4 
As opposed to patients with macular splitting, those with 
macular sparing generally have reading fluency that is 
essentially normal. The likely mechanism for macular 
sparing in PCA infarction is that the dual vascular supply 
of  the occipital pole spares perfusion to this region. Not all 
patients with PCA infarction, however, will have macular 
sparing; some may have macular-splitting homonymous 
hemianopia, presumably because they have less effective 
collateral circulation to the occipital pole.

An alternate explanation for macular-sparing hom-
onymous hemianopia from occipital lesions is that there 
is bilateral representation of  the maculae, but this expla-
nation appears unlikely; for example, a clinicoradiologic 
study69 provided evidence for only unilateral macular 
representation. A final explanation given for macular 
sparing is test artifact due to poor central fixation by the 
patient.70,71 This explanation also probably does not 
account for most patients with macular-sparing hom-
onymous hemianopia; for example, a study that controlled 
for fixation by using a scanning laser ophthalmoscope to 
stimulate the retina directly confirmed that macular 
sparing in occipital lobe–related hemianopias is not due 
to testing artifact.72

2. Homonymous hemianopic central scotomas are also a telltale 
sign of  a unilateral occipital lobe tip disturbance (Fig. 8.21). 
In rare occasions these scotomas are paracentral.73

3. Sparing or involvement of  the temporal crescent. If  an occipital 
lobe lesion does not involve the anterior striate cortex, 
the temporal 30 degrees of  the visual field of  the contra-
lateral eye may be spared (Fig. 8.22).74,75 On the other 
hand, lesions restricted to the anterior striate cortex may 
selectively affect the temporal 30 degrees of  vision of  the 
contralateral eye.76,77 A lesion confined to this area rep-
resents the only instance where a retrochiasmal lesion 
produces visual loss limited to one eye.

4. “Keyhole” visual fields. Bilateral PCA infarction may lead 
to bilateral macular-sparing hemianopias, with a “keyhole” 

SYMPTOMS AND SIGNS

Visual field defects. Unilateral occipital lobe lesions may 
cause a contralateral congruous homonymous hemianopia 
respecting the vertical meridian. The following visual field 
features, when present, can be specific to occipital lobe dis-
turbances. These features are often more easily identified with 
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Figure 8.16. Medial (A) and lateral (B) views of the occipital lobe in relationship to the rest of the brain. Areas 17, 18, and 19 are highlighted. 
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Central 10 degrees
(macular)

Figure 8.17. Retinotopic organization of the striate cortex (axial section 
at the level of the calcarine fissures, viewed inferiorly; the lower bank 
of the occipital lobe is cut away). Approximately 55–60% of the surface 
area of striate cortex, located posteriorly, is responsible for the central 
10 degrees of vision. The anterior striate cortex subserves the temporal 
30 degrees of the visual field of the contralateral eye. 
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Figure 8.18. Occipital lobe representation of the vertical and horizontal meridians. A. The left visual hemifield is demonstrated with the corresponding 
right calcarine fissure opened to reveal the fissure base and calcarine banks. The vertical hemianopic meridian is represented along the borders of the 
calcarine lips. The lower vertical meridian of the visual field, line AD, is represented along the perimeter of upper striate cortex (i.e., the margin of  
the upper calcarine lip). The upper vertical meridian of the visual field, line AB, is similarly represented along the border of the lower calcarine lip. The 
horizontal meridian of the visual field, line AC, follows the contour of the base of the calcarine fissure. B. This coronal section through the occipital 
region shows the relationship of the calcarine lips to the base of the calcarine sulcus that flanks the medial wall of the posterior ventricular horn.63 
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Figure 8.19. Posterior cerebral artery. A. Ventral view of the cerebral hemispheres with the brainstem removed showing the branching pattern of the 
posterior cerebral artery (PCA) and some branches of the anterior (ACA) and middle cerebral arteries (MCA). br. = branch., brs. = branches. 
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Figure 8.20. Macular-sparing left homonymous hemianopia due to a right posterior cerebral artery stroke. Goldmann visual field. 
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B. Midsagittal view of the cerebral hemisphere showing the locations and branching patterns of the ACA and PCA. Figure 8.19., cont’d

residual visual field (Fig. 8.23). Patients are left with vision 
in the central 5–10 degrees. The preserved tunnel is often 
asymmetric, with a vertical step off  that helps to distin-
guish this field defect from ocular causes of  field 
constriction.

5. Quadrant field defects respecting the horizontal meridian. 
Restricted lesions of  the upper or lower banks of  the  
calcarine cortex may cause quadrantic field defects  

(Fig. 8.24).47 It has been suggested that occipital lobe 
quadrantanopias with strict horizontal meridian sparing 
are more likely the result of  an extrastriate lesion involv-
ing V2 (area 18) and V3 (area 19) (see Fig. 8.15 and 
Chapter 9).78 However, either a striate or extrastriate lesion 
can be responsible.79 An inferior occipital lesion that pro-
duces a contralateral superior quadrantanopia also often 
causes contralateral central hemiachromatopsia (manifest 
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Bilateral upper or lower bank disturbances produce alti-
tudinal hemianopias respecting the horizontal meridian  
(Fig. 8.25).81 This pattern may be mistaken for similar visual 
field deficits caused by bilateral optic neuropathies. The verti-
cal meridian can be spared if  the calcarine lips are not involved 
(Fig. 8.26), while horizontal meridian sparing may be seen 

only in the spared inferior quadrant) because of  involve-
ment of  the color processing region, area V4 (see Chapter 
9). Crossed quadrantanopias may result from a lesion of  
one lower bank and the contralateral upper bank. This 
has been called the “checkerboard” or “propeller” visual 
field.80

Figure 8.21. Left homonymous inferior quadrantic central scotomas due to a neoplasm of the right occipital tip. Computerized perimetry  
gray scale output. 

Figure 8.22. Right homonymous hemianopia with sparing of the temporal crescent in the right eye. This resulted from a left posterior cerebral artery 
infarction which spared the anterior striate cortex on that side. Goldmann visual field. 
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Figure 8.23. “Keyhole” shaped spared central vision due to bilateral posterior cerebral artery infarctions. Sparing of central vision is greater in the right 
visual field than the left, and the demarcation (step off) between the two respects the vertical meridian. Goldmann visual field. 

Figure 8.24. Right homonymous inferior quadrantanopia from left upper bank infarction of the occipital lobe. Note there is a suggestion of macular 
sparing. Goldmann visual field. 

if  the base of  the calcarine banks deep within the calcarine 
fissure is uninvolved.63

Cerebral blindness. Cerebral blindness, which is char-
acterized by absent blink to threat82 and optokinetic responses 
with normal pupillary reactivity and normal fundi, results 
from bilateral retrogeniculate dysfunction. When lesions to 

both occipital lobes are responsible, as opposed to bilateral 
involvement of  the optic radiations, the term cortical blindness 
may be applied (Fig. 8.27). Clinically, patients with cerebral 
blindness can be distinguished from those with pregeniculate 
lesions by the presence of  intact pupillary light responses. 
These patients may confabulate visual perceptions or deny 
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referring to an unconscious ability to locate light sources 
and detect moving targets in otherwise blind portions of  the 
visual field.85–93 Extrageniculostriate vision resulting from a 
“second” more primitive visual pathway consisting of  retino–
tectal–pulvinar connections with parietal lobe94,95 and the 
motion detection area V5 have been invoked to explain the 
Riddoch phenomenon and blindsight.86–90,96–101 While trac-
tography has corroborated the existence of  such alternative 
visual pathways in patients with blindsight,102,103 other evi-
dence has suggested that residual subcortical connections 

their blindness (Anton’s syndrome). Some of  these patients 
have additional frontal or temporal lobe lesions that alter 
recognition, memory, and behavior.

The Riddoch phenomenon and blindsight. Riddoch83 
and Holmes84 observed that individuals with discrete occipital 
lobe injuries may perceive moving objects but not stationary 
ones. The Riddoch phenomenon can be observed during 
confrontation field testing by comparing the patient’s 
responses to moving and still targets. Rare patients with 
unilateral or bilateral occipital lesions may have “blindsight,” 

Figure 8.25. Bilateral inferior altitudinal hemianopia from bilateral parietooccipital hemorrhages. The patient also had Balint syndrome (see Chapter 
9). Goldmann visual field. 

30 30

Left eye Right eye
Figure 8.26. Left homonymous hemianopia with macular and lower vertical meridian sparing. Computerized perimetry gray scale output showing 
left homonymous field deficit due to a right occipital lobe stroke. Vision is intact along the lower vertical meridian because of presumed sparing of 
the upper calcarine lip. In addition, central (macular) vision is intact because of presumed sparing of the occipital tip (see Fig. 8.17). 
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by hemiachromatopsia, prosopagnosia, and object agnosias. 
Alexia without agraphia may follow a left occipital lesion 
with involvement of  the splenium of  the corpus callosum. 
These higher cortical disorders are discussed in Chapter 9.

Other unusual visual phenomena observed following 
occipital lobe injury include palinopsia (persistence of  visual 
images) and optic allesthesia (abnormal object orientation 
in space). These symptoms are discussed in more detail in 
Chapter 12.

Other signs and symptoms. A proximal PCA occlusion 
may cause infarction of  the midbrain, mesial temporal lobe, 
and thalamus in addition to the occipital lobe.113,114 Resulting 
signs might include a contralateral ataxia or hemiparesis, 
memory deficits, contralateral numbness, and contralateral 
hemianopia.115 PCA occlusion may also lead to memory or 
personality changes from mesial–temporal or thalamic involve-
ment.116 Thalamic lesions may also lead to sensory loss.117

Some individuals with acute occipital stroke or hemorrhage 
complain of  pain in the distribution of  the ophthalmic division 
of  the trigeminal nerve, ipsilateral to the vascular occlusion. 
One proposed mechanism is referred pain due to trigeminal 
innervation of  the circle of  Willis or the tentorium.118

The “top of  the basilar syndrome”119 (discussed in more 
detail in Chapters 15 and 16) often includes signs and symp-
toms of  unilateral or bilateral posterior cerebral artery occlu-
sion. Hemianopias related to occipital lobe infarction also 
may be associated with brainstem signs and other types of  
ocular motor dysfunction such as nystagmus, skew devia-
tion, or gaze palsies if  the etiology is vertebrobasilar occlu-
sion. Insidious field loss accompanied by language or cognitive 
decline suggests a mass lesion or dementing illness.

ETIOLOGY

In adults, the most common cause of  an occipital lobe hemi-
anopia is a PCA stroke (Fig. 8.28; see also Table 8.1). A 
homonymous hemianopia, with or without macular sparing, 
unaccompanied by any other neurologic signs or symptoms 
is the most common presentation of  a PCA stroke. 120

In elderly patients, the differential diagnosis of  occipital lobe 
dysfunction also includes lobar hemorrhage due to amyloid 
angiopathy. Infectious causes include abscesses, progressive 
multifocal leukoencephalopathy, and Creutzfeldt–Jakob disease 
(CJD). In children, adrenoleukodystrophy and MELAS (mito-
chondrial myopathy, encephalopathy, lactic acidosis, and 
strokelike episodes) may be responsible for hemianopias. Ictal 
or postictal hemianopias and complicated migraine leading 
to occipital lobe infarction also occur, albeit unfrequently.

Important acquired and congenital causes of  cerebral 
blindness121 are listed in Box 8.1.

DIAGNOSIS AND MANAGEMENT 
OF DISTURBANCES OF THE  
OPTIC RADIATIONS AND 
OCCIPITAL LOBE

Because processes which affect optic radiations and occipital 
lobe are very similar, they are discussed together in the fol-
lowing section.

Figure 8.27. Computed tomography of bilateral occipital lobe hemor-
rhagic lesions and edema, presumably due to aspergillus abscesses, in 
a patient with leukemia and cortical blindness. Hypodense lesions in 
the subcortical white matter of the frontal lobes indicate widespread, 
multifocal involvement. 

with V5 are not necessary for104,105 and may not entirely 
explain106 these phenomena. Alternative mechanisms107 
include residual functioning areas (or “spared islands”) of  
visual cortex,108,109 direct connections from the LGN to 
extrastriate areas V2 and V4,110 or, less likely, light scatter 
in the retina.111 It should be noted that the Riddoch phe-
nomenon is not specific for lesions of  the striate cortex and 
may be observed with lesions of  the anterior visual pathway 
as well.112

Other neuro-ophthalmic signs. Visual acuity is affected 
only if  bilateral lesions are present. Any level of  visual acuity 
is possible with bilateral retrochiasmal lesions, but the acuities 
should be symmetric unless there is superimposed anterior 
visual pathway disease.

Occipital lobe hemianopias that are stroke-related are often 
isolated, unless a proximal PCA occlusion leads to a midbrain 
or thalamic defect such as a III nerve or vertical gaze palsy. 
A patient with a unilateral hemianopia due to occipital lobe 
infarction will have a normal optokinetic response. In con-
trast, as described in the preceding section entitled ‘Optic 
Radiations,’ a patient with a hemianopia due to an occipital 
lesion that also involves the parietal lobe might have an 
abnormal optokinetic response when the targets are drawn 
ipsilaterally to the lesion (Cogan’s rule).

Upper bank occipital lobe lesions may be associated with 
Balint syndrome. Lower bank lesions may be accompanied 
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Classically defined, a transient ischemic attack (TIA) is a 
cerebrovascular event that lasts for a few minutes or hours, 
and a stroke is one that produces a fixed deficit that lasts for 
more than a day. However, more modern definitions of  TIAs 
recognize that some transient neurologic events as brief  as 
30–60 minutes may lead to cerebral infarction visible on 
MRI and therefore should be labeled a stroke.122,123 TIAs are 
discussed in more detail in Chapter 10.

MCA strokes may be caused by cardiogenic emboli, internal 
carotid occlusion, and ICA dissection. Similarly, PCA strokes 
can be caused by cardioembolism or a posterior circulation 
lesion, such as dissection of  the vertebral or basilar arter-
ies.124,125 Less common causes of  MCA and PCA infarction 
include intracranial atherostenosis, hypercoagulable state, 
or migraine.

Neuroimaging. CT, which is fast and readily available, 
can be performed in the emergency setting to differentiate 
between an ischemic or hemorrhagic stroke. In the  
acute period (within hours of  the stroke onset), the CT  
may appear normal or show subtle signs of  early ischemia. 
Diffusion-weighted MRI has much higher sensitivity to  
detect acute infarction by identifying regions of  restricted 
diffusion of  water molecules related to cytotoxic edema  
(Fig. 8.29).126 T2-weighted and fluid level attenuated  
inversion recovery (FLAIR) MRI will demonstrate hyper-
intensity relating to the ischemic changes. Perfusion-weighted 
MRI can be used to identify ischemic areas with low blood 
volume. Magnetic resonance angiography (MRA) of  the 
cervical vessels and circle of  Willis is frequently helpful to 
establish whether stenosis or dissection is present in a patient 
with stroke.

Treatment. From a population health perspective, it is 
critical to establish effective measures of  primary prevention 
of  stroke according to underlying medical or vascular condi-
tions. Control of  hypertension, lowering serum cholesterol, 
cessation of  smoking, and exercise reduce the risk of  
stroke.127,128 The use of  statin drugs (hydroxymethylglutaryl-
coenzyme A reductase inhibitors), by mechanisms beyond 
reduction of  cholesterol such as an antiinflammatory  
effect, may also be protective.129 Secondary stroke prevention 
as well as treatment of  underlying cardiac and hypercoagu-
lable states are discussed in more detail later. Considerations 
regarding asymptomatic carotid stenosis are reviewed in 
Chapter 10.

While complete details of  the management of  acute stroke 
patients are beyond the scope of  this book, it is helpful to 
mention some basic points. Acute stroke therapy is aimed 
at limiting neuronal damage and reestablishing cerebral 
blood flow. Maintenance of  cerebral perfusion pressure; lying 
the patient flat; delivering oxygen; and normalization of  
serum glucose, body temperature, and intravascular volume 
are recommended.130,131

At many centers, thrombolytic therapy is given for acute 
ischemic stroke to allow reperfusion by rapid recanalization 
of  occluded vessels.132 Two large randomized studies133,134 
evaluated intravenous recombinant tissue plasminogen acti-
vator (t-PA) in patients with acute ischemic stroke and a 
clinically significant neurologic defect. Patients with small-
vessel occlusive, large-vessel occlusive, and cardioembolic 
strokes were enrolled. They had to have been evaluated within 
3 hours of  onset of  symptoms, and CT had to demonstrate 
the absence of  early infarction or hemorrhage. Functional 

Box 8.1 Important Causes of Cerebral Blindness

Acquired

Vascular
Bilateral posterior cerebral artery infarction
Cardiac surgery
Cerebral angiography

Hypoxia
Reversible leukoencephalopathies

Hypertensive encephalopathy
Peripartum state
Tacrolimus
Cyclosporine

Carbon monoxide poisoning
Creutzfeldt–Jakob disease
Trauma
Progressive multifocal leukoencephalopathy
Alzheimer’s disease

Congenital

Hypoxemic–ischemic encephalopathy
Periventricular leukomalacia

Figure 8.28. Axial CT scan showing a hypodense area (arrow) in the 
right occipital lobe consistent with a posterior cerebral artery infarction 
in a patient with left homonymous visual field loss. 

Cerebrovascular Disease 
(Ischemic Stroke)

Occlusion of  the MCA or PCA is suggested by the sudden 
onset of  neurologic symptoms in an individual with cere-
brovascular risk factors such as atrial fibrillation, hyperten-
sion, diabetes, smoking, hypercholesterolemia, or sleep apnea. 
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and potential contraindications such as coagulopathy, recent 
surgery, or prior intracerebral hemorrhage.

Recently, intraarterial treatment (intraarterial thrombolysis, 
mechanical treatment, or both) in combination with the 
usual care of  intravenous thrombolysis within 6 hours of  

neurologic outcomes were improved and disability reduced 
in treated patients.135 More recently, t-PA administered 
between 3 and 4.5 hours after stroke onset was also shown 
to improve clinical outcome.136 Nevertheless, more frequent 
use of  t-PA is limited by this narrow window of  opportunity 

C

BA

Figure 8.29. Right posterior division middle cerebral artery stroke 
(arrow), causing a left homonymous hemianopia, demonstrated on 
routine and diffusion-weighted magnetic resonance imaging. The 
affected region in the temporal lobe is hyperintense on axial 
T2-weighted (A) and diffusion-weighted imaging (DWI) (B) but dark 
on the apparent diffusion coefficient (ADC) map (C). DWI measures 
the rate of movement of water molecules, while the ADC reflects the 
rate of diffusion. Brightness on DWI but darkness on the ADC map 
suggests decreased diffusion due to cerebral infarction. Alternatively, 
bright signal on DWI but a normal ADC would have been due to 
increased T2 signal (shine through). 
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substantial benefits and generally should be used whenever 
possible.

Hypokinetic wall motion abnormalities. Focal areas 
of  left ventricular akinesia or dyskinesia may predispose to 
the development of  mural thrombi with resultant cerebral 
and systemic emboli. The risk is highest in the first 2 weeks 
after myocardial infarction but may extend for several  
years, particularly in the setting of  decreased ejection frac-
tion and older age.159 Long-term anticoagulation, usually 
warfarin, is generally given to at-risk patients without 
contraindications.

Patent foramen ovale and atrial septal aneurysm. In 
younger patients without other stroke risk factors and  
in those whose neurologic deficit followed Valsalva or  
cough, these mechanisms should be considered.160 Asymp-
tomatic deep venous thromboses may result in paradoxic 
emboli if  clot material passes through a patent foramen  
ovale. The diagnosis may be established with an echocar-
diogram bubble study, during which a small amount of  air 
mixed in saline is injected into an antecubital vein. Excessive 
microbubbles detected in the left atrium in resting states  
or after Valsalva may indicate a right-to-left interatrial  
shunt. However, because patent foramen ovales are fairly 
common in the general population,161 it is often difficult to 
attribute a stroke to this mechanism with certainty. Never-
theless, multicenter randomized trials have shown that in 
patients with cryptogenic stroke, closure of  a patent foramen 
ovale plus antiplatelet therapy is associated with a lower risk 
of  secondary stroke compared with antiplatelet therapy 
alone.162–165

Valvular disease. Mitral valve prolapse and mitral annulus 
calcification are also associated with higher risk of  TIA and 
stroke.166 However, like patent foramen ovale, they are such 
a common echocardiographic finding that it is sometimes 
hard to assign any clinical significance to them in a patient 
with a cerebrovascular event.167 Nevertheless, antiplatelet 
therapy is frequently recommended. Prosthetic heart valves, 
because of  their inherent thrombogenicity, require long-term 
warfarin anticoagulation.168

Atrial myxoma. Although histologically benign, these 
primary tumors of  the heart may produce devastating effects 
when pieces detach and embolize to the brain or systemically. 
They are usually located within the left atrium and are gen-
erally pedunculated masses with a smooth or lobulated 
surface.169 Transesophageal echocardiography, CT, or MRI 
of  the chest may demonstrate these lesions, and surgical 
removal is the treatment of  choice.

Endocarditis. Stroke due to septic emboli may complicate 
infective endocarditis in approximately 21% of  cases  
(Fig. 8.30).170 Typical organisms include Staphylococcus aureus 
and Streptococcus. The diagnosis of  infective endocarditis is 
established on the basis of  a valvular vegetation seen on 
transthoracic or transesophageal echocardiography and 
positive blood cultures. Clinical suspicion must remain  
high even when echocardiography is negative, however, 
because these studies have limited sensitivity. Examination 
findings that demonstrate other systemic emboli, such as 
ocular Roth spots, often aid in the diagnosis. Other neurologic 
complications of  infective endocarditis include encephalopa-
thy, meningitis, brain abscess, seizures, and headache.171,172 
Intracranial hemorrhages may also develop, some related 
to mycotic aneurysms.173 Most cerebral embolic phenomena 

stroke onset has been found to be safe and effective in patients 
with acute ischemic stroke caused by a proximal intracranial 
occlusion of  the anterior circulation.137 The use of  heparin 
and antiplatelet agents such as aspirin are discussed in more 
detail in the sections Cardioembolism and Cerebrovascular 
Disease (Ischemic Stroke), respectively. Neuroprotective agents 
have also been studied in stroke therapy, but none has proven 
to be both beneficial and safe.

In elderly patients, field deficits from cerebral infarction 
that persist for more than 48 hours have a relatively poor 
prognosis for recovery.138 However, in children and young 
adults the prognosis is much better, as visual field improve-
ment sometimes can be observed days or weeks following 
the ictus.

Secondary stroke prevention refers to risk factor modifica-
tion that lowers a patient’s subsequent risk of  stroke after 
an initial event.139 Appropriate secondary stroke prevention 
depends on a thorough evaluation to determine the stroke 
mechanism, and specific situations such as atrial fibrillation, 
patent foramen ovale, and carotid stenosis are discussed later. 
Blood pressure management is the singlemost important 
secondary preventive measure.140,141 Counseling on smoking 
cessation is imperative.142 Optimal management of  diabetes 
is key. Statins are generally advised for patients with ischemic 
stroke to reduce the risk of  recurrence.143,144 Antiplatelet 
drugs, including aspirin, are a mainstay of  secondary stroke 
prevention unless there are indications for anticoagulation 
with agents such as warfarin.145

CARDIOEMBOLISM

Frequent cardioembolic causes of  cerebral infarction include 
atrial fibrillation, regional or global wall hypokinesis, valvular 
disease, and patent foramen ovale. Less common causes 
include atrial myxoma and endocarditis.

Atrial fibrillation. Stroke occurs in 4.5% of  untreated 
patients with atrial fibrillation per year.146 In nonrheumatic 
atrial fibrillation, the risk of  stroke is approximately five times 
that of  the normal population, and in atrial fibrillation asso-
ciated with rheumatic valvular disease, there is a 17-fold 
increase in risk.147

Although treatment should be individualized under the 
direction of  a cardiologist, in general patients with atrial 
fibrillation should receive prophylaxis for thromboembolism. 
Warfarin, adjusted to maintain an international normalized 
ratio (INR) of  2.0–3.0, has been proven to reduce the risk 
of  stroke and secondary cerebrovascular events.148–153 Cere-
bral hemorrhage is the most feared complication.154

Several recent studies have demonstrated the efficacy and 
safety of  newer oral anticoagulation for stroke prevention 
in patients with atrial fibrillation. Apixaban and rivaroxaban 
are factor Xa inhibitors, and dabigatran is a direct thrombin 
inhibitor. All three of  these agents have been studied in large 
randomized controlled trials against warfarin and shown 
lower rates of  stroke and systemic embolic events with lower 
rates of  death and intracranial hemorrhage.155–157

In patients with atrial fibrillation who have contraindica-
tions to anticoagulation, such as poorly controlled hyperten-
sion, inability to comply, gait instability, and history of  
bleeding, aspirin plus clopidogrel or aspirin alone may be 
used.158 However, for most patients believed to be at high 
risk of  stroke from atrial fibrillation, anticoagulation has 



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway316

Intracranial stenosis. Atherosclerosis of  the middle and 
posterior cerebral arteries may be detected noninvasively 
using MRA, and symptomatic stenosis is usually treated 
medically with antiplatelet and lipid-lowering agents. Com-
pared with an intracranial stenting device, aggressive medical 
management confers a lower risk of  stroke with a lower risk 
of  complications.178

Hypercoagulable states. These conditions account for 
approximately 1% of  ischemic strokes but up to 4% of  strokes 
in young adults.179 These include hematologic disorders such 
as protein C or S, factor V, or antithrombin III deficiency,180 
which are treated with chronic warfarin anticoagulation, 
and abnormalities of  formed blood elements such as poly-
cythemia vera, sickle cell anemia, sickle-C disease, and essen-
tial thrombocythemia.181 Prothrombotic states such as oral 
contraceptive use,182,183 pregnancy,184 and cancer (Trousseau’s 
syndrome) should also be considered.185

Autoantibody syndromes, due to antiphospholipid (e.g., 
anticardiolipin) antibodies and lupus anticoagulants, are 
also associated with hypercoagulability.181 When a livedo 
reticularis rash is also present, the constellation of  findings 
is termed Sneddon syndrome. Several reports186,187 have 
described the presence of  these antibodies in patients with 
cerebral ischemia, even in those without systemic lupus 
erythematosus. However, their exact relationship with stroke 
is uncertain,188,189 and the mechanism for the predisposition 
to thrombosis is unclear.190 Furthermore, the best treatment, 
either aspirin or warfarin, is controversial,191,192 but warfarin 
is preferred in patients with recurrent ischemic events.

Cardiac surgery. Open heart surgery remains the most 
common iatrogenic cause of  stroke.193 Perioperative mecha-
nisms include (1) macroemboli from trauma to atherosclerotic 
blood vessels or from intracardiac entrapment of  air or par-
ticles, (2) microemboli produced by the cardiopulmonary 
bypass machinery, (3) alterations in blood pressure and 
oxygenation, and (4) preexisting cerebrovascular or carotid 
disease.194–196

Aortic arch emboli. This is likely an underrecognized 
source of  cerebral embolism.197,198 In patients studied with 
transesophageal echocardiography, atherosclerotic plaques 
thicker than 4 mm in the aortic arch were found to be asso-
ciated with ischemic stroke199 and to be predictors of  recur-
rent brain infarction and other vascular events.200 Aspirin 
and high-dose statin therapy are typically recommended 
when these lesions are detected, and appropriate selection 
of  patients for surgical therapy can be challenging.201

Transtentorial herniation. Large intraparenchymal 
neoplastic or hemorrhagic lesions causing downward tran-
storial herniation may cause compression of  the posterior 
cerebral arteries at the edge of  the tentorium. The same can 
occur with an expanding epidural or subdural hematoma. 
Both unilateral hemianopias and cortical blindness may be 
produced.202

Migraine. Homonymous hemianopic field defects in 
migraine are usually transient and are therefore discussed 
in more detail in Chapter 10. However, if  the deficit lasts for 
more than 7 days, or if  a parietal or occipital lobe infarction 
is demonstrated on neuroimaging, the International Head-
ache Society diagnosis of  “migrainous cerebral infarction” 
is suggested.203 Patients given this diagnosis must also fill 
the following criteria: (1) a history of  migraine with aura 
persisting for more than an hour is present, (2) the attack 

occur early in the patient’s course before the control of  infec-
tion, so treatment is primarily antibiotics without antico-
agulation.170 Valve replacement may take place once the 
infection is controlled.

OTHER CAUSES OF ISCHEMIC STROKE

Carotid artery disease. Carotid artery stenosis is an impor-
tant cause of  retinal or hemispheric ischemia. Infarction 
may result from carotid artery occlusion or emboli from an 
ulcerated atheromatous plaque. The evaluation and manage-
ment of  carotid stenosis is discussed in more detail in Chapter 
10. Carotid artery dissection, which can produce ipsilateral 
Horner’s syndrome, carotidynia (pain), dysgeusia (abnormal 
taste), and cortical ischemia or stroke, is discussed in more 
detail in Chapter 13.

Vertebrobasilar disease. Ischemia in the PCA distribu-
tion may result from vertebral or basilar artery stenosis. Field 
defects in this circumstance are usually accompanied by 
other indications of  brainstem or cerebellar ischemia such 
as diplopia, dysarthria, or ataxia.174 Vertebral artery dissec-
tion due to trauma or chiropractic manipulation, for instance, 
may also cause ischemia in the posterior circulation. Occlusive 
disease at the vertebral artery origin may produce basilar 
or PCA strokes by artery-to-artery embolism.175 In situ ver-
tebrobasilar disease generally is best treated with antiplatelet 
agents, but vertebral artery dissection, stroke in evolution, 
and crescendo TIAs may require more aggressive anticoagu-
lation with heparin and warfarin. Despite high risks, intra-
arterial thrombolysis is often an accepted therapy in acute 
basilar artery stroke.176,177

Figure 8.30. Axial computed tomography showing a hypodensity (arrow) 
due to a right posterior cerebral artery embolic infarction in a patient 
with endocarditis and sudden left homonymous visual field loss. 
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miss some aneurysms, conventional angiography is indicated 
when the etiology of  the intracerebral hemorrhage remains 
uncertain. In most instances patients with intracerebral 
hemorrhages will be managed in a neurointensive care unit, 
with attention directed toward managing blood pressure and 
intracranial pressure. Earlier studies showed no difference 
in outcome between patients with supratentorial hemorrhage 
treated medically versus surgically,214 but more recent  
data shows that surgical evacuation confers a very small 
survival advantage to patients with superficial lobar  
hemorrhages without intraventricular hemorrhage.215 Neu-
rosurgical evacuation is still often considered if  the patient’s 
condition deteriorates or if  shunting is required. Box 8.2 
highlights some of  the more important causes of  intracerebral 
hemorrhages.

HYPERTENSIVE HEMORRHAGE

The most common sites for hemorrhages associated with 
long-standing hypertension are the putamen, thalamus, 
pons, and cerebellum. When large enough, thalamic hemor-
rhages may cause hemianopias by involving the LGN  
(Fig. 8.31), while putaminal and lobar hemorrhages may 
disrupt the optic radiations. When hemorrhages are limited 
to brain parenchyma, treatment is usually supportive, and 
blood pressure control is critical. Intraventricular blood may 
lead to hydrocephalus and thus may require shunting.

AMYLOID ANGIOPATHY

In contrast to hypertensive hemorrhages, cerebral amyloid 
angiopathy tends to produce one or more episodes of  lobar 
hemorrhage (Figs. 8.32 and 8.33), with a propensity to affect 
the parietooccipital regions.216 The lobar distribution of  
hemorrhage in cerebral amyloid angiopathy reflects the 
preferential deposition of  amyloid in the superficial and lep-
tomeningeal arteries.216 Pathologically, vessel walls contain 
congophilic material which exhibits apple-green birefringence 
when viewed with polarized light, and fibrinoid necrosis is 
often seen (see Fig. 8.33B–D). It has been suggested that the 
amyloid in this vascular disorder is the same as the amyloid 
found in senile plaques in Alzheimer’s disease.217

Autopsy studies have found a greater frequency of  cerebral 
amyloid angiopathy with increasing age. Approximately 5% 
of  individuals 60–69 years of  age have cerebral amyloid 

is typical of  previous attacks, (3) other causes of  infarction 
have been excluded.203,204

Migrainous infarction tends to involve the posterior cir-
culation, and in patients with migraine-related occipital 
infarction, basilar artery or PCA stenosis or spasm may be 
evident on MRA.205 However, in some instances the stroke 
does not respect the usual MCA or PCA territories (see Fig. 
19.2), suggesting that a strictly vascular mechanism is insuf-
ficient to explain all migraine-related stroke phenomena. The 
exact pathogenesis of  migraine-related stroke is unclear, but 
a combination of  coagulation, hemodynamic, and neuronal 
factors is likely to be responsible.206

The best treatment of  patients with migraine-related  
stroke is unknown. Aspirin, exclusion of  other causes of  
stroke, and migraine prophylaxis is one recommended 
approach. Migraine treatment is discussed in more detail in 
Chapter 19.

Epidemiologic studies have now confirmed migraine as 
an independent risk factor for stroke.207,208 We strongly dis-
courage our migraine patients with aura from smoking or 
using oral contraception to reduce the chance of  stroke. Any 
combination of  risk factors may be synergistic.

Reversible cerebral vasoconstriction syndrome. Revers-
ible cerebral vasoconstriction syndrome, also referred to as 
Call–Fleming syndrome, refers to diffuse segmental narrowing 
of  cerebral vessels attributed to impaired regulation of  cere-
bral vascular tone.209,210 It can be associated with pregnancy 
or the postpartum period, hypertension, medications or toxins, 
or sexual activity. It typically causes a thunderclap headache 
and may cause focal symptoms relating to areas of  cerebral 
ischemia or infarction.211 Subarachnoid hemorrhage can 
also occur, often near the cerebral convexities. Treatment 
consists of  avoidance of  potentially causative agents, treat-
ment of  hypertension when pertinent, and use of  calcium 
channel antagonists.

STROKE IN YOUNG ADULTS AND CHILDREN

Strokes in patients younger than 40 years old are relatively 
uncommon. In young adults, cardiogenic emboli (including 
patent foramen ovale) and atherosclerotic occlusive disease 
are the two most common identifiable causes of  stroke.212 
Other etiologies that should be considered in this age group 
include hypercoagulable states, nonatherosclerotic vascular 
disease (dissection or moya-moya vessels, for instance), illicit 
drug use, and migraine. In children, cyanotic heart disease 
and sickle cell are seen more often as causes of  stroke, and 
atherosclerosis is rarely considered.213

Hemorrhage

In patients presenting with acute neurologic deficits, such 
as homonymous hemianopia, an urgent unenhanced CT 
scan is critical to the diagnostic evaluation in order to identify 
intracerebral hemorrhage. CT is easily obtained and allows 
a determination of  the size of  the hemorrhage, the extent 
of  mass effect, and whether the ventricular system is com-
promised. A followup MRI is often helpful to ensure that the 
hemorrhage is not from an underlying arteriovenous mal-
formation or brain tumor. In addition, MRA provides a useful 
noninvasive way to screen for aneurysms. Because MRA may 

Box 8.2 Important Causes of  
Intracerebral Hemorrhage478

Hypertension
Amyloid angiopathy
Vascular malformations

Arteriovenous malformations
Cavernous angiomas
Saccular or mycotic aneurysms

Trauma
Hemorrhagic infarction
Anticoagulant treatment and bleeding diathesis
Hemorrhage into intracranial tumors
Drug related
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deposition, the presence of  fibrinoid necrosis,219 and posses-
sion of  the apolipoprotein E ∈2 and ∈4 alleles.220–222

Although a definitive diagnosis requires a pathological 
analysis of  brain tissue, biopsy of  the brain is rarely performed 
given the availability of  neuroimaging to exclude other eti-
ologies, the absence of  effective therapy, and the advanced 
age of  most patients with cerebral amyloid angiopathy. Most 
diagnoses are made postmortem. The clinical diagnosis of  
“probable cerebral amyloid angiopathy” can be made in a 
patient older than 55 years of  age with multiple lobar hem-
orrhages with no other cause of  bleeding.223 Because of  
increased fragility of  vessels affected by amyloid deposition, 
conservative management is preferred over surgical evacu-
ation of  the hematoma.224 Antiplatelet agents or anticoagu-
lants should be withdrawn.225

ARTERIOVENOUS MALFORMATIONS

Arteriovenous malformations (AVMs) are characterized by 
a convolution of  abnormally connected arterial and venous 
channels.226 Usually intraparenchymal cerebral AVMs are 
supplied by large branches of  the circle of  Willis. Dural AVMs, 
which tend to be more superficially located, result from com-
munications between the arteries that supply the dura mater 
and the intracranial venous sinuses. The afferent and efferent 
vessels of  AVMs vary considerably in their course, size, and 
number. In some instances, the entire lesion may be only a 
few millimeters in size, while in others, a whole cerebral lobe 
may be involved. The intervening cerebral tissue is often 
gliotic, and the surrounding neural tissue characteristically 
shows some degree of  atrophy. The majority of  AVMs are 
sporadic, although familial cases have been documented.227 
Malformations often become symptomatic during times of  
hormonal fluctuation, accelerating growth, or accentuated 
intravascular volume such as puberty or pregnancy.228 Neu-
rocutaneous syndromes linked with intracranial AVMs include 

Figure 8.31. Hypertensive thalamic hemorrhage (arrow) on axial com-
puted tomography. The patient had a left homonymous hemianopia 
and left hemiplegia. 

BA

Figure 8.32. Axial magnetic resonance imaging, Gradient echo (GRE) sequence, of the brain of a 74-year-old woman with a left homonymous hemi-
anopia due to a lobar hemorrhage from amyloid angiopathy. A right occipital hemorrhage (larger arrow in (A)) and characteristic microhemorrhages 
elsewhere in the brain (smaller arrows in (A) and (B)) are seen. 

angiopathy, compared with more than 50% of  patients in 
their 90s.218 Despite this high frequency of  vessel involve-
ment, the reason hemorrhage is still relatively infrequent in 
the affected population remains unclear. Predisposition to 
hemorrhage may be related to the severity of  amyloid 
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DC

BA

Figure 8.33. Cerebral hemorrhage due to amyloid angiopathy. A. Coronal pathologic section of the brain, showing a recent large right lobar hematoma. 
This 78-year-old man presented with an occipital headache, left homonymous hemianopia, right gaze preference, and left hemiplegia. Microscopic 
views are of an involved cerebral blood vessel, which was thickened and stained positive with Congo red (B) and displayed “apple-green” birefringence 
(C). D. Vessel with fibrinoid necrosis (dark area), a feature likely predisposing to hemorrhage. 

BA

Figure 8.34. Arteriovenous malformation (AVM) of the left occipital lobe. A. Computed tomography demonstrates a hyperdense lesion in the left 
occipital lobe, consistent with hemorrhage. B. Selective right vertebral arteriogram shows an AVM (large solid arrow) supplied by the calcarine branch 
of the left posterior cerebral artery (small solid arrow) with a large vein (open arrow) which drains into the straight sinus. 
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better option because of  the morbidity associated with such 
surgery. Asymptomatic cavernous angiomas should be treated 
conservatively, because their associated risk of  hemorrhage 
is low.241

Vasculitis

Vasculitis is the broad term used to characterize disorders 
associated with inflammation of  blood vessels. Some of  these 
conditions, like giant cell arteritis, purely affect vessels; others, 
like systemic lupus erythematosus, produce inflammation 
of  connective tissue, including blood vessels. It is helpful to 
divide central nervous system (CNS) vasculitis into two cat-
egories based on whether there is evidence of  systemic disease. 
Primary CNS vasculitis is a rare entity in which the vasculitis 
process is limited to the CNS and eyes. Systemic vasculitis is 
more common, including conditions such as temporal arteritis 
or systemic lupus erythematosus, and these patients will 
usually demonstrate signs and symptoms suggesting a more 
widespread angiitic process before the CNS is involved.

PRIMARY CENTRAL NERVOUS SYSTEM 
VASCULITIS (ANGIITIS)

Primary CNS vasculitis is an idiopathic disorder characterized 
by vasculitis restricted to the blood vessels of  the brain and 
spinal cord.242 Typically there are multiple bilateral infarcts 
involving the cortex and subcortical white matter,243,244 often 
in a young individual. Scattered punctate enhancing lesions 
have also been observed.245 Cerebrospinal fluid (CSF) examina-
tion often reveals an elevated protein or white count or both.

The diagnosis is suggested by demonstration of  vascular 
abnormalities on angiography but is confirmed by biopsy.246 
Like conventional angiography,243,247 MRA may show cut-off  
of  vessels, aneurysms, and beading but may be particularly 
limited in cases where a small vessel vasculitis like granulo-
matous angiitis (GANS) is suspected. Furthermore, MRA 
findings are not always specific; while they may suggest a 
vasculopathy, a confirmed diagnosis of  inflammation of  vessel 
walls depends on histopathology. Biopsy of  the leptomeninges 
or parenchyma is the only definitive method to establish the 
diagnosis of  primary angiitis of  the CNS.248,249 Pathologically, 
this disorder affects small and medium-size vessels. The cel-
lular infiltrate is composed of  lymphocytes, macrophages, 
and giant cells in all layers of  the vessel wall.

Without treatment, patients usually suffer recurrent strokes 
and die within several years. The administration of  predni-
sone and cyclophosphamide may produce remission and even 
cure.242,250,251 Many patients require treatment for years. 
When repeat angiography shows normal findings, the immu-
nosuppressive agent may be tapered.247

Other primary CNS vasculopathies, such as Susac, Cogan, 
and Eales syndromes, which are typified more by their retinal 
manifestations, are discussed in Chapter 4.

SYSTEMIC VASCULITIS

Giant cell (temporal) arteritis. The pathology, systemic 
associations, diagnosis, and treatment of  giant cell arteritis, 
especially with regard to arteritic ischemic optic neuropathy, 
are reviewed in greater detail in Chapter 5.

Wyburn–Mason, Osler–Weber–Rendu, Sturge–Weber (see 
Congenital/Infantile Disturbances), and Klippel–Trénaunay– 
Weber.228

Neurologic abnormalities and visual field defects are caused 
most commonly either by compression of  local structures, 
ischemia, or hemorrhage. The most common presentation 
of  an intracranial AVM is an intraparenchymal or subarach-
noid hemorrhage (Fig. 8.34A), often with a focal neurologic 
deficit. Seizures and headaches are the next most frequent 
presentations. Subjective bruits are more common with 
extracranial AVMs, and only sometimes is the bruit audible 
to the examiner. Dural AVMs can cause cortical disturbances 
but also present with elevated intracranial pressure from 
venous sinus congestion. Many individuals with unruptured 
occipital lobe AVMs present with transient visual field defects 
or positive visual phenomena (e.g., scintillating scotomas, 
fortification spectra, or spots) followed by headache, mimick-
ing migraine.229 Usually in these cases the distinguishing 
feature is an overwhelming headache or a residual field deficit, 
but sometimes differentiating between migraine and AVM 
is difficult on clinical grounds alone.

Radiographically, cerebral AVMs are usually identified by 
their serpiginous flow voids on T1- and T2-weighted images.230 
When patients present with large hemorrhages, AVMs  
may be masked and may not be evident on routine neuro-
imaging. MRA is often helpful in demonstrating the feeding 
arteries and abnormal tangle of  vessels. Formal angiography 
is required for proper definition of  the vascular anatomy 
(Fig. 8.34B).

A ruptured AVM may be treated by neurosurgical resec-
tion, especially when superficially located.231 In some instances 
endovascular embolization of  feeding vessels may reduce 
the size of  the lesion, making it more surgically amenable. 
When the lesion involves the optic radiations or occipital 
lobe with partial hemifield loss, unfortunately the field defects 
can worsen or become complete following embolization or 
surgical extirpation.229,232 Stereotactic radiosurgery can be 
used to treat AVMs smaller than 3 cm, particularly those in 
eloquent areas.233,234 In patients with unruptured AVMs, 
medical management has been shown to be superior to sur-
gical intervention.235

CAVERNOUS ANGIOMAS (CAVERNOMAS)

Although cavernous angiomas, small vascular malforma-
tions, often occur in the cortex and cerebral white matter, 
associated retrochiasmal field defects are relatively uncom-
mon. They may present with signs and symptoms of  acute 
hemorrhage.236 Alternatively, asymptomatic cavernous 
angiomas may be detected on neuroimaging done for other 
reasons. They consist of  dilated spaces filled with blood 
without intervening neural tissue, separated by fibrous col-
lagenous bands.237 Their histopathologic and radiographic 
features are discussed in more detail in the section on cav-
ernous angiomas of  the chiasm (see Chapter 7). Cavernous 
angiomas may occur sporadically or as a familial autosomal 
dominant condition.238

Treatment of  cavernous angiomas depends on their loca-
tion and symptomatology. For symptomatic superficial lesions, 
surgery is effective and safe and should be considered to 
prevent rebleeding.239,240 Deeper symptomatic lesions may 
also be removed, but in such cases observation is often a 
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and the term posterior reversible encephalopathy syndrome 
(PRES) has been used in such cases.274–276 The pathologic 
findings of  RPLS are attributed to capillary leak from endo-
thelial dysfunction.277 Neuroimaging in this syndrome typi-
cally demonstrates extensive bilateral white matter edema 
and lesions that are hypodense on CT and high signal on 
T2-weighted and FLAIR MRI (Fig. 8.35).278 On diffusion-
weighted MRI the lesions are usually isointense, because the 
edema is vasogenic rather than cytoxic. The lesions can be 
diffuse, but they predominate in the posterior portions of  
the hemispheres, which are thought to be more vulnerable 
because of  decreased vascular sympathetic innervation in 
those areas.279

Causes of  RPLS usually fall into two groups. In the first 
group, consisting of  malignant hypertension and eclampsia, 
the common feature is elevation in blood pressure. The second 
group comprises the immunosuppressive agents cyclosporine 
and tacrolimus,280 and blood pressure is abnormal in only 
some of  these cases. Both the clinical symptoms and radio-
graphic abnormalities in RPLS usually resolve within days 
to weeks following treatment of  the hypertension or lowering 
of  the dosage or cessation of  the offending drug.

MALIGNANT HYPERTENSION AND ECLAMPSIA

The mechanism in malignant hypertension and eclampsia 
is likely defective autoregulation of  the brain vasculature 
caused by sudden elevations in blood pressure.272 Resulting 
vasodilation and vasoconstriction cause breakdown of  the 

Transient ischemic attacks and cerebral infarcts in giant 
cell arteritis may occur in any vascular distribution, but there 
is a tendency for involvement of  the posterior circulation.252–255 
Thus, from a neuro-ophthalmic perspective, hemifield defects 
and cortical blindness may ensue as the result of  an occipital 
lobe infarction.252,256,257 The preponderance of  posterior cir-
culation ischemia in giant cell arteritis reflects the predilection 
for arteritic involvement of  the extracranial vertebral 
arteries.258

The pathologic changes of  ischemic brain injury related 
to giant cell arteritis include (1) inflammatory obstruction 
of  vessels with a striking propensity for the arteritic involve-
ment to cease as the vessel penetrates the dura intracranially, 
(2) embolism distal from an inflamed artery, and (3) a propa-
gating thrombosis.259,260 Intracranial vasculitis due to giant 
cell arteritis is rare but has been reported.261

Treatment of  giant cell arteritis associated with brain 
ischemia has no established regimen. We advocate a high 
dose intravenous methylprednisolone pulse, but this regimen 
may also fail.262 Since the mechanism of  the brain ischemia 
may be inflammatory occlusive disease, consideration should 
be given to administration of  antiplatelet agents, heparin, 
and overhydration to help evolving low-flow or thromboem-
bolic states. Recently the discovery of  varicella zoster virus 
antigen in approximately three-quarters of  patients with 
biopsy-proven giant cell arteritis suggests the possible use 
of  antiviral therapy in these patients.263

Systemic lupus erythematosus (SLE). Permanent hom-
onymous visual field defects may occur, either evolving acutely 
or over several days.264–267 Occasionally, a homonymous field 
defect may herald the diagnosis of  SLE.268

Potential causes of  cortical ischemia in SLE include emboli 
from Libman–Sacks endocarditis, thrombotic infarction asso-
ciated with antiphospholipid antibodies, vasospasm, and true 
vasculitis. Most pathologic studies of  patients with ischemic 
visual or neurologic deficits have not demonstrated inflam-
mation of  the intracranial arteries. In the classic clinico-
pathologic study of  24 patients with SLE (18 with CNS 
manifestations), Johnson and Richardson269 found true 
vasculitis in only 12.5%. Vascular necrosis was noted in 23%, 
fibrin thrombi in 12.5%, and microinfarction in 70%.269 
Similar findings were confirmed in other subsequent neu-
ropathologic studies.270,271

Pulse intravenous methylprednisolone for 3 days followed 
by oral prednisone 1–2 mg/kg/day for at least 1 month, along 
with intravenous heparin with plans to convert to coumadin, 
are recommended in patients with SLE and cortical ischemia. 
It is also particularly important to look for a source of  emboli 
and the presence of  antiphospholipid antibodies. The pres-
ence of  antiphospholipid antibodies in this setting usually 
requires the patient to take long-term anticoagulation therapy.

The optic neuropathy associated with SLE is discussed in 
Chapter 5.

Reversible Posterior 
Leukoencephalopathies

A reversible posterior leukoencephalopathy syndrome (RPLS) 
is characterized by transient headache, seizures, hemianopia 
or cerebral blindness, visual neglect, and mental status 
changes.272,273 In some instances gray matter is involved, 

Figure 8.35. T2-weighted magnetic resonance imaging demonstrating 
diffuse white matter high signal abnormalities, with sparing of gray 
matter, in reversible posterior leukoencephalopathy syndrome (RPLS) 
due to cyclosporine toxicity. 



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway322

prognosis in glioblastomas is dismal but age dependent: 
patients younger than 40 years have an approximately 64% 
chance of  survival at 18 months, while those older than 60 
years have an 8% survival rate.295 The presence of  mutations 
in isocitrate dehydrogenase 1 or 2 (IDH1 or IDH2) confers 
a longer expected survival.296 Methylation of  the promoter 
of  the MGMT gene in the tumor specimen predicts a better 
response to temozolomide chemotherapy.297

Intraventricular tumors, such as choroid plexus papillomas 
and meningiomas, can cause hemifield defects if  they  
involve the posterior horn of  the lateral ventricle. Extrapa-
renchymal meningiomas may lead to hemianopias if  they 
grow large enough and are located along the hemispheric 
convexities.

Primary CNS B-cell lymphoma should be considered when 
a cerebral mass develops in a patient immunocompromised 
due to human immunodeficiency virus (HIV) infection or 
iatrogenic causes.298 Most such patients have a depressed 
CD4 count and evidence of  Epstein–Barr virus (EBV) expo-
sure. However, CNS lymphomas have become well-recognized 
in immunocompetent individuals as well.299 CSF cytology is 
only sometimes helpful, and often stereotactic biopsy is nec-
essary for a definitive diagnosis. A minority of  individuals 
may develop intraocular spread and uveitis,300 and in these 
patients intravitreal sampling may be helpful. Because the 
tumor is sensitive to corticosteroids, such treatment should 
be withheld before histopathological diagnosis. Except for 

blood–brain barrier with fluid transudation and petechial 
hemorrhages. Malignant hypertension with reversible leu-
koencephalopathy typically occurs in patients with a history 
of  renal insufficiency.281

Reversible leukoencephalopathy in preeclampsia has been 
reported as a cause of  temporary cerebral blindness.282,283 
RPLS in association with pregnancy typically develops before 
delivery but has been reported up to 9 days postpartum.284

DRUGS

Cyclosporine produces the reversible posterior leukoencepha-
lopathy typically at toxic levels.285,286 Aggravating factors 
appear to be cranial irradiation, hypomagnesemia, hyper-
cholesterolemia, high-dose steroids, hypertension, and 
uremia.286 The mechanism of  this complication is unclear, 
but it may reflect either direct neurotoxicity or a vasculopa-
thy.272 Tacrolimus is similar to cyclosporine in its action and 
toxic side-effects. Similar cerebral blindness and white matter 
lesions have been observed.287,288

Neoplasms of the Cerebral 
Hemispheres

In adults, the cerebral hemispheres are the most common 
location of  brain tumors. Patients with neoplastic mass lesions 
of  the parietal, temporal, or occipital lobes can present  
subacutely (days) or chronically (weeks) with altered menta-
tion, focal neurologic findings, seizures, or symptoms of  
elevated intracranial pressure such as headache, nausea, or 
vomiting.289 Visual field defects caused by such tumors are 
insidious and worsen slowly as the tumor enlarges. Acute 
neurologic symptoms are suggestive of  hemorrhage within 
the tumor. Visual field loss may also result as complications 
of  tumor treatment, as in neurosurgical removal or cranial 
irradiation.290

Tumor types can be subdivided by whether they arose 
from primary brain tissue or metastasized from a systemic 
neoplasm. In children, most brain tumors are primary  
(Fig. 8.36), and brain metastases are much less common.

TUMORS IN ADULTS

Primary tumors. Common supratentorial primary tumors 
of  the brain include those which are intrinsic and those which 
are extrinsic to the brain. Primary intraparenchymal tumors 
of  the brain on MRI or CT typically are heterogeneously 
enhancing masses with surrounding edema.

Gliomas are the most common primary intraparenchymal 
brain tumors.291,292 They are subdivided into astrocytomas, 
oligodendrogliomas, gangliogliomas, and ependymomas. The 
astrocytomas are further categorized, in order of  increasing 
malignancy, into low-grade astrocytomas such as pilocytic 
ones (World Health Organization (WHO) grade I), fibrillary 
astrocytomas (WHO grade II), anaplastic astrocytomas (WHO 
grade III), and glioblastoma multiformes (WHO grade 
IV).293,294 Generally, low-grade astrocytomas in the cerebral 
hemispheres are treated with complete resection, then 
observed without further treatment, but that is controversial. 
Anaplastic astrocytomas and glioblastomas are treated with 
surgery, followed by radiation and chemotherapy. The 

Figure 8.36. Magnetic resonance imaging demonstrating a gadolinium-
enhancing anaplastic astrocytoma of the right thalamus (arrow) and 
hydrocephalus in a child who presented with headaches and a left 
homonymous hemianopia. 
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except meningiomas are less common, and supratentorial 
primitive neuroectodermal tumors, gangliogliomas, and 
ependymomas are more frequently seen.306

EFFECTS OF RADIATION

Altitudinal visual field loss has been reported in association 
with radionecrosis of  the occipital lobes.307 In addition, stroke-
like migraine attacks after radiation therapy (SMART syn-
drome) can occur several years following cranial radiation 
and present with periods of  days of  encephalopathy, focal 
sensory and motor deficits, and a hemianopia (Fig. 8.38).308

Infections

PROGRESSIVE MULTIFOCAL 
LEUKOENCEPHALOPATHY

Progressive multifocal leukoencephalopathy (PML) is a  
demyelinating viral infection caused by reactivation of  a 
human papovavirus, JC virus (the initials stand for the first 
patient in whom the virus was isolated).309 The virus, nor-
mally latent in 80–90% of  the normal population,310 causes 
demyelination by lysing oligodendrocytes.311 PML is char-
acterized pathologically by a triad of  multifocal demyelination; 
hyperchromatic, enlarged oligodendroglial nuclei; and 
enlarged bizarre astrocytes with lobulated hyperchromatic 
nuclei.312,313

PML occurs primarily in immunocompromised individuals. 
Although originally described in patients with leukemia  
and lymphoma,312 today most cases occur in individuals  
with HIV.314 Other predisposing conditions include sarcoid-
osis, systemic lupus erythematosus,315 macroglobulin-
emia, and immunosuppressive treatment following organ 
transplantation.316,317

Recently PML has been associated with a number of  mono-
clonal antibody therapies, including natalizumab, rituximab, 
and efalizumab, and immunosuppressive drugs such as 
mycophenolate mofetil. Tecfidera, one of  the oral agents used 
in the treatment of  multiple sclerosis, is also associated with 
a risk of  PML. The risk of  PML associated with natalizumab 
use has been estimated as 1 : 1000 patients treated over an 
18-month timeframe.318 Prior use of  immunosuppressive 
drugs, treatment duration of  greater than 2 years, and a 
positive JC virus serology (particularly at high titers) increases 
the risk substantially.319

PML presents insidiously with homonymous hemianopia, 
cerebral blindness,320,321 language disturbances, motor weak-
ness, sensory loss, incoordination, and dementia.322 Posterior 
fossa involvement, which is less common, can lead to ataxia, 
dysarthria, internuclear ophthalmoparesis, gaze palsies, 
nystagmus, and cranial nerve palsies, including ocular motor 
palsies.320 While most patients suffer from an inexorably 
progressive decline followed by death within months of  their 
diagnosis, occasionally a patient will experience a spontane-
ously relapsing–remitting or static course.322,323

CT usually reveals diffuse white matter hypodensities in 
the posterior optic radiations (Fig. 8.39). MRI demonstrates 
the extent and confluence of  white matter involvement (see 
Fig. 9.8). The lesions are hypointense on T1-weighted MRI 
and hyperintense on T2-weighted images, and mass effect 

biopsy, surgery is usually not recommended, because CNS 
lymphomas tend to be infiltrating and deep-seated. Metho-
trexate chemotherapy is the most effective treatment. Since 
radiation combined with methotrexate is associated with an 
unacceptably high risk of  leukoencephalopathy, particularly 
in patients older than 60 years, the use of  radiation in this 
disorder is diminishing.301

Metastatic tumors. The most common metastatic tumors 
to the brain originate from the lung and breast, but mela-
nomas and genitourinary, gastrointestinal, and gynecological 
tumors should also be considered.302,303 Only rarely do sar-
comas, thyroid cancers, and head and neck tumors spread 
to the brain. MRI or CT typically demonstrates solitary or 
multiple ring-enhancing lesions at the gray–white matter 
junction with surrounding edema (Fig. 8.37).

When metastases are suspected, but a systemic cancer is 
unknown, workup to detect a source would include at least 
a chest radiograph; chest, abdominal, and pelvis CT; carci-
noembryonic antigen; stool guaiac; bone scan; and mam-
mogram.303 Brain biopsy is required when no source can be 
identified. When a systemic cancer is known, treatment may 
be presumptive. Treatment with corticosteroids is almost 
always beneficial, and seizure prophylaxis in many instances 
is also recommended. Patients with a solitary metastasis may 
benefit from surgical resection plus radiation rather than 
surgery or radiation alone.304 When the cerebral metastases 
are unresectable or multiple, stereotactic radiosurgery can 
be used instead of  surgery before whole brain radiation.305 
The overall prognosis for patients with multiple brain metas-
tasis is generally poor.

CHILDHOOD TUMORS

In contrast to adults, only 25–40% of  childhood brain tumors 
arise in the cerebral hemispheres. The tumor types are similar, 

Figure 8.37. Magnetic resonance fluid level attenuated inversion recovery 
axial imaging showing a right occipital breast cancer metastasis (larger 
arrow) with surrounding vasogenic edema (smaller arrow) in a woman 
who developed a distortion of vision on the left side like a “waterfall” 
and was found to have a homonymous left superior quadrantanopia. 
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visual field loss is evident in patients with CJD, they are too 
demented for acuity and formal visual field testing. In the 
more advanced stages, patients with CJD often exhibit cerebral 
blindness.337 Like Alzheimer’s disease, CJD is more commonly 
associated with higher cortical visual disorders; therefore it 
is discussed in more detail in Chapter 9.

ABSCESSES

The presence of  infectious cerebral abscesses is suggested 
by fever, seizures, headache, acute or subacute focal neuro-
logic signs and symptoms, and multiple rim-enhancing masses 
on MRI or CT (Fig. 8.40).338 The differential diagnosis includes 
bacterial, fungal, and parasitic infections.339 Although con-
tiguous infection and penetrating trauma are two recognized 
mechanisms, hematogenous spread is the most common 
cause.

Causative bacterial agents include aerobes (e.g., Streptococ-
cus viridans and Staphylococcus aureus), anaerobes (e.g., Pep-
tostreptococcus), treponemes (syphilitic gummas), and 
mycobacteria (tuberculomas). The usual settings for bacterial 
abscesses are endocarditis, dental procedures, sinus disease, 
trauma, and sepsis.340 Fungal infections include aspergillus, 
cryptococcomas, histoplasmosis, coccidioidomycosis, and 
blastomycosis (see Fig. 8.27). These infections, especially 
aspergillus, are well recognized in immunocompromised 
patients following bone marrow or liver transplantation.341 
Common parasitic abscesses include toxoplasmosis, which 
should be considered in any patients infected with HIV,342 
and cysticercosis, which should be suspected in individuals 
from endemic areas or with a travel history to central America 
or southeast Asia.

is typically absent. The lack of  gadolinium enhancement 
usually distinguishes PML radiographically from CNS lym-
phoma.324 However, PML can occasionally exhibit gadolinium 
enhancement, particularly around the lesion border. Routine 
CSF examination is generally unhelpful, although polymerase 
chain reaction testing for the JC virus in the CSF is highly 
sensitive and specific for PML.325 If  necessary, the diagnosis 
may be confirmed by stereotactic biopsy.

No direct treatment has been proven to be effective. Despite 
supportive anecdotal reports,326 larger studies have demon-
strated that neither intravenous nor intrathecal cytarabine 
improve survival in patients with PML.327 However, the use 
of  highly active antiretroviral therapy (HAART) aimed at 
reducing HIV load seems also to improve the prognosis of  
PML.328 This regimen is sometimes combined with cidofovir, 
another antiviral agent.329 Reversal of  immunosuppression 
with HAART, on the other hand, within weeks may lead to 
immune reconstitution inflammatory syndrome (IRIS), a 
severe inflammatory reaction to the JC virus.330,331 IRIS, 
characterized by clinical deterioration and contrast-enhancing 
lesions on MRI, is treated effectively with corticosteroids.332 
In patients who develop PML while on natalizumab, plasma 
exchange may accelerate drug clearance and restore lym-
phocyte function.333

CREUTZFELDT–JAKOB DISEASE

Uncommonly, hemianopias or quadrantanopias may be the 
initial presentation of  CJD in the Heidenhain (occipitoparietal) 
variant,334–336 and the neuroimaging, neurologic examina-
tion, and electroencephalography may be inconclusive in 
the early stages of  the disease. However, usually by the time 

BA

Figure 8.38. Strokelike migraine attacks after radiation therapy (SMART) syndrome in a 57-year-old woman with history of a left occipital osteosarcoma 
treated with resection followed by radiation. She complained of intermittent severe headaches and exhibited a right homonymous hemianopia, anomia, 
and paraphasic errors during the episodes. T1-weighted axial MRIs with gadolinium show left parietooccipital patchy cortical enhancement (arrows) 
during an attack (A), but no enhancement in this region between attacks (B). 
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neuroimaging such as positron emission tomography (PET) 
or single photon emission computerized tomography (SPECT) 
may confirm the localization of  the suspected injury.347

If  large enough, subdural and epidural hematomas overly-
ing the cerebral convexities may compress the optic radia-
tions. Intraaxial hematomas may also occur. Downward 
herniation in these settings may lead to impingement of  the 
PCA and occipital lobe stroke. Other causes of  injury include 
falls and penetration by sharp objects and gun shots.343 In 
children, transient cortical visual loss may occur following 
minor or apparently trivial trauma. Blindness usually resolves 
within 24 hours, and neuroimaging is typically normal. 
Purported mechanisms include migrainous visual loss or 
vasospasm.348

Alzheimer’s Disease

Rarely, patients with Alzheimer’s disease may present with 
a hemianopia (Fig. 8.41).349–352 However, more commonly 
the visual deficits in Alzheimer’s disease are visuospatial due 
to involvement of  the visual association cortices, and the 
geniculocalcarine pathways are spared.353,354 Thus this dis-
order is discussed in more detail in Chapter 9.

Demyelination

Although small lesions in the optic radiations are a common 
radiographic finding in multiple sclerosis, they are usually 
clinically silent.355 However, uncommonly a large demyelin-
ating lesion in the optic radiations may cause a homonymous 
hemianopia.15,46,356 This may occur in the setting of  idiopathic 
demyelination, multiple sclerosis, or acute disseminated 
encephalomyelitis. Similar to optic neuritis, the prognosis 
for spontaneous visual recovery is good, with or without 
corticosteroids.15

Large demyelinating lesions, particularly when contrast 
enhancing with surrounding edema on MRI, may mimic a 
neoplasm in so-called tumefactive multiple sclerosis (Fig. 
8.42).357–360 An open ring of  enhancement is characteristic 
of  demyelination rather than neoplastic processes. Unfortu-
nately some affected patients may undergo biopsy or surgical 
resection of  the mass, resulting in permanent visual  
field deficits, before the correct diagnosis of  a more  
benign demyelinating disorder is made. More destructive 
demyelinating lesions in the optic radiations may be seen in 
acute hemorrhagic leukoencephalitis (Weston–Hurst disease) 
(see Fig. 9.10).

Congenital/Infantile Disturbances

Most of  the etiologies discussed here included those which 
occur in utero or due to birth injury. Children with unilateral 
hemianopias since birth are often without visual complaints 
and may escape detection.361,362 On the other hand, if  the 
visual loss is bilateral, children can present with poor fixa-
tion, nystagmus, or strabismus.363 Visual acuity may be 
severely affected in bilateral cases, sometimes as poor as no 
light perception in both eyes.364 The terms cortical blindness 
and cortical or cerebral visual impairment have been used to 

The diagnosis of  a cerebral abscess usually can be estab-
lished based upon blood cultures or serum serologies, but 
occasionally needle or open biopsy is required. The appropri-
ate antibacterial, antifungal, or antiparasitic drug can then 
be administered.

Trauma

Hemianopias and other types of  retrochiasmal field loss can 
result from intraaxial and extraaxial disturbances related to 
head trauma. The most common setting is a motor vehicle 
accident,343 and one mechanism is diffuse and focal axonal 
injury affecting the optic radiations. Diffuse axonal injury, 
characterized by axonal stretching or tearing in the corpus 
callosum, subcortical white matter, cerebellar peduncles, and 
brainstem, results from shearing forces due to rotational 
acceleration and deceleration.344,345 Radiographically, punctate 
hemorrhages and edema are frequently evident acutely, but 
later atrophy and encephalomalacia often supervene.346

Occasionally, conventional neuroimaging studies may be 
normal despite the presence of  traumatically induced  
homonymous hemianopia. In such situations functional 

Figure 8.39. Progressive multifocal leukoencephalopathy in a patient 
with acquired immune deficiency syndrome and a left homonymous 
hemianopia. The noncontrast computed tomography demonstrates 
hypodensity of the optic radiations, affecting the right hemisphere (open 
arrow) more than the left (closed arrow). 
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white matter. Immature vascular development, watershed 
ischemia, and disturbances of  myelinogenesis have been 
suggested mechanisms to account for the prenatal vulner-
ability of  the white matter in these locales.375–377 CT and 
MRI frequently demonstrate reduced amounts of  periven-
tricular white matter and ventricular dilation, particularly 
where the optic radiations course around the occipital horn 
of  the lateral ventricle. Affected areas are often hyperintense 
on T2-weighted MRI (Fig. 8.43),378 but these changes may 
not be evident until the child is several months or a year old, 
once myelination has occurred. Usually the process is bilat-
eral, but for unclear reasons occasionally one hemisphere 
can be involved much more than the other.379 More severe 
cases, frequently resulting in central visual impairment,380 
may be associated with cystic leukomalacia or a history of  
intraventricular hemorrhage and hydrocephalus. Congenital 
nystagmus with mixed pendular and jerk waveforms can 
occur. In addition, for uncertain reasons, latent nystagmus 
(see Chapter 17), which is usually not seen in association 
with specific neurologic lesions, may also be observed in 
patients with periventricular leukomalacia.369,374,381

STROKE IN UTERO

Occasionally a child with a hemianopia is found to have a 
porencephalic (filled with CSF) lesion that respects the MCA 
or PCA vascular territories.382 An in utero vascular insult 
is presumed to have caused the cortical abnormality. In  
addition to the visual field defect, children with in utero  
MCA strokes usually have a hemiparesis and hemibody 
atrophy.383 Often the etiology of  the stroke is not found, and 
a placental embolus is a frequent presumed cause. Both the 

describe patients with visual loss due to retrogeniculate lesions 
without major ocular disease.365 We prefer the term central 
visual impairment, because often both cortical and subcortical 
structures are affected, and it allows for the term’s use with 
various degrees of  visual loss.

Because of  the congenital nature of  the retrochiasmal 
visual dysfunction, many affected patients develop an abnor-
mal optic disc appearance resulting from transsynaptic 
degeneration. Commonly recognized subtypes of  associated 
disc abnormalities in this setting include homonymous hemi-
anopic hypoplasia associated with unilateral hemispheric 
injury (see Chapter 5)366; optic nerve hypoplasia, dysplasia, 
or atrophy; and enlarged cupping.367

Associated esotropia or exotropia is common in children 
with central visual impairment.368 Nystagmus may also be 
observed, but it is usually not a feature of  isolated, congenital 
retrochiasmal lesions unless secondary optic disc abnormali-
ties are also present.369 Extrastriate lesions may result in 
optic ataxia and simultagnosia and other higher cortical 
visual perceptual disorders (see Chapter 9).370–372

Periventricular leukomalacia is the most common cause 
of  central visual impairment in preterm infants, while hypoxic 
ischemic encephalopathy is the most common cause in term 
infants.373,374 Because these two disorders are usually bilat-
eral, they are less common etiologies in children with uni-
lateral hemianopias, in whom neoplasms are more 
frequent.6

PERIVENTRICULAR LEUKOMALACIA

In premature and low birthweight infants, there is a predi-
lection for ischemic injury of  the posterior periventricular 

Figure 8.40. A. T1-weighted axial magnetic resonance imaging with gadolinium showing two ring-enhancing loculated lesions (arrows) in the left 
occipital lobe consistent with abscesses. Adjacent extraaxial empyema and leptomeningeal involvement are also seen. The patient presented with a 
right homonymous hemianopia. B. The lesions (arrows) show diffusion restriction on diffusion-weighted images. Cultures obtained during surgical 
removal grew Streptococcus constellatus. 
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and seizures. Visual function may be as poor as “tunnel” 
vision, light perception only, and even no light perception.387 
The severity of  visual dysfunction typically correlates with 
the amount of  radiographically evident damage to the optic 
radiations and striate and parastriate cortices.365,388,389

CORTICAL DYSPLASIA

Congenital retrochiasmal field loss may also be caused by 
cerebral cortex which is malformed and dysfunctional.382,390 
Dysplastic cortex, usually a disorder of  cortical migration, 
is characterized radiographically by the absence of  the normal 
gyral and sulcal pattern, seen best on MRI. Generalized 

child and the mother should be evaluated for hypercoagulable 
disorders.384

HYPOXIC ISCHEMIC ENCEPHALOPATHY

In contrast to the aforementioned prenatal disorders, hypoxic 
ischemic encephalopathy is more typically associated with 
perinatal birth asphyxia.385,386 Neuroimaging typically dem-
onstrates diffuse tissue loss involving white and gray matter 
structures with compensatory ventricular dilation (Fig. 8.44). 
The changes may be severe, resulting in cystic encephalo-
malacia. The children may exhibit microcephaly, develop-
mental delay, cortical visual loss, quadriparesis, spasticity, 

B

A

Figure 8.41. A. Left homonymous hemiano-
pia associated with posterior cortical atrophy 
due to the visual variant of Alzheimer’s 
disease. Computerized perimetry gray scale 
output. B. This patient’s T1-weighted mag-
netic resonance imaging exhibited cortical 
atrophy posteriorly (bottom of figure) more 
than anteriorly (top of figure). 
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Other Childhood Disorders

MITOCHONDRIAL MYOPATHY, 
ENCEPHALOPATHY, LACTIC ACIDOSIS,  
AND STROKELIKE EPISODES

Mitochondrial myopathy, encephalopathy, lactic acidosis, 
and strokelike episodes (MELAS), first characterized by Pav-
lakis et al.,398 is a mitochondrial disorder typified clinically 
by recurrent migraine or strokelike episodes in children and 
young adults. Attacks usually consist of  headache, nausea, 
vomiting, and focal and generalized seizures followed by 
transient hemianopia, cerebral blindness, or hemiparesis.399,400 
Other less commonly associated ophthalmologic features 
include bilateral ptosis, chronic external ophthalmoplegia, 
diffuse choroidal atrophy, atypical pigmentary retinopathy 
with macular involvement, optic atrophy, and patchy atrophy 
of  the iris stroma.401–403

Onset is usually in childhood, and cases after age 40 years 
are exceptional.404–407 There is usually a history of  normal 
early development, short stature, and exercise intolerance 
due to muscle weakness, and some patients may also  
have sensorineural hearing loss, diabetes mellitus, or car-
diomyopathy.408,409 Unfortunately, progressive neurologic 
decline, dementia, and early death are common. An earlier 

developmental disorders of  cerebral cortex include lissen-
cephaly (agyria), pachygyria, band heterotopia, subependymal 
heterotopias, and hemimegalencephaly.391 In addition to focal 
cortical dysplasias, other focal processes include polymicro-
gyria; focal subcortical heterotopias; schizencephaly, which 
is characterized by cerebral clefts392; and tuberous sclerosis 
(see Chapter 4).391 The most common presentation of  a corti-
cal dysplasia is epilepsy.393

DELAYED VISUAL MATURATION

Delayed visual maturation is a well-recognized condition 
characterized by abnormal visual function in the first year 
of  life despite apparently normal and intact visual path-
ways.394 Despite the absence of  fixing or following, the child’s 
pupillary reactivity, fundus appearance, visual-evoked poten-
tials (VEPs), electroretinograms, and neuroimaging are all 
normal. Uniformly, vision improves spontaneously over weeks 
or months. Nystagmus rarely may also be seen at presenta-
tion, but this also resolves.395 Delayed myelination of  the 
posterior visual pathways, delayed dendrite and synapse 
formation in the striate cortex, and temporary visual inat-
tention have been implicated.396 Most of  the children are 
neurologically normal, but some have developmental delays 
that improve along with the vision or persist.396 Other causes 
of  infantile visual loss, such as Leber’s congenital amaurosis, 
and saccadic disorders, such as congenital ocular motor 
apraxia (see Chapter 16),397 must be excluded.

Figure 8.42. Tumefactive demyelination. Axial fluid level attenuated 
inversion recovery magnetic resonance imaging in a woman with an 
incomplete left homonymous hemianopia and a high signal lesion in the 
occipital lobe. Because the lesion was thought to be a tumor, a biopsy 
was performed and revealed macrophages and demyelination. 

Figure 8.43. T2-weighted magnetic resonance imaging showing peri-
ventricular leukomalacia in an infant born prematurely at 32 weeks. 
High signal and thinning of the posterior periventricular white matter 
(arrows), with associated mild dilation of the adjacent posterior horns 
of the lateral ventricles, are seen. 
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Pathology. Affected cortical areas are characterized 
pathologically by spongy degeneration most prominent at 
the crests of  gyri, and on electron microscopy the blood vessels 
contain abnormal mitochondria within the vascular smooth 
muscle and in endothelial cells.414 Muscle biopsies may reveal 
ragged-red fibers and other evidence of  defective mitochon-
dria.407,417 The strokelike episodes have been attributed to 
mitochondrial angiopathy or energy failure.418

Treatment. Vitamins, coenzymes (Q10 for example), ribo-
flavin, nicotinamide,419 dichloroacetate,413 L-arginine,420 and 
the ketogenic diet421 have been associated with either anec-
dotal improvement in clinical symptoms and signs or decrease 
in serum lactate.408 However, most current treatments are 
unable to alter the ultimate progression of  the disease.422

ADRENOLEUKODYSTROPHY

In adrenoleukodystrophy (ALD), a rare X-linked childhood 
disorder of  young boys, CNS demyelination is caused by 
defective peroxisomal very long–chain fatty acid (VLCFA) 
metabolism.423,424 The responsible mutations on Xp28 cause 
aberrations in the ALD protein, which normally facilitates 
VLCFA-CoA synthetase enzyme function.425 As a result, 
VLCFAs accumulate in the brain white matter and adrenal 
glands, leading to abnormal behavior and cognition, visual 
loss, gait disturbances, skin hyperpigmentation, and hypo-
adrenalism.426 The neurologic and systemic abnormalities 

onset of  symptoms (<2 years) is associated with more rapid 
progression.410

MELAS is a relatively uncommon disorder and was not 
included in a childhood series of  hemifield loss which spanned 
3.5 years.6 In a study of  38 patients between 18 and 45 
years of  age with an occipital lobe stroke, MELAS was diag-
nosed in 1.411

Diagnostic studies. Between 80 and 90% of  patients with 
MELAS have an associated point mutation in the mitochon-
drial deoxyribonucleic acid (DNA) at nucleotide 3243 of  
transfer ribonucleic acid (tRNA)Leu(UUR).404 Less common muta-
tions are seen at nucleotide 3271 of  tRNALeu(UUR), in the 
subunits 4 and 5 of  complex I (ND4 and ND5),404,412 and at 
nucleotide 1642 of  tRNAVal.413 The defective translation of  
leucine codons due to the tRNA mutation results in decreased 
normal synthesis of  a number of  mitochondrial proteins. 
These patients therefore demonstrate a number of  mitochon-
drial biochemical defects, which result in impaired energy 
metabolism, excessive free radical generation, and dysregu-
lated apoptosis.

During strokelike episodes, T2-weighted MRI can reveal 
hyperintensities in the temporal, parietal, and occipital cor-
tices, not respecting the usual MCA or PCA vascular territories 
(Fig. 8.45).414 Acutely the lesions may be hyperintense  
on diffusion-weighted MRI with no or only a minor reduc-
tion in apparent diffusion coefficient.407,415 MR spectroscopy 
may reveal increased lactate in the occipital and temporal 
lobes,414,416 and on CT basal ganglia calcification may  
be seen.416

Figure 8.44. Hypoxemic–ischemic encephalopathy in a child with 
microcephaly, spasticity, developmental delay, and cerebral blindness 
following perinatal asphyxia. The T1-weighted magnetic resonance 
imaging shows severe encephalomalacia. 

Figure 8.45. Axial fluid level attenuated inversion recovery magnetic 
resonance imaging (MRI) of a 45-year-old with migraine headaches and 
recurrent episodes of neurologic deficits including visual loss, hemipa-
resis, and confusion. The MRI shows multiple areas of abnormal T2 
prolongation with a posterior predominance (arrows). The lesion dis-
tribution does not correspond to arterial territories, making arterial 
occlusions an unlikely mechanism. Genetic testing confirmed the diag-
nosis of MELAS (mitochondrial encephalomyopathy with lactic acidosis 
and strokelike episodes). 
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usually precede the visual manifestations by several years. 
Visual disturbances, which are either retrochiasmal or due 
to optic nerve demyelination with associated optic atrophy, 
are typically relentlessly progressive in untreated cases.427,428 
The diagnosis is suggested when elevated levels of  serum 
VLCFAs are detected. MRI may reveal characteristic parieto-
occipital white matter signal abnormalities (Fig. 8.46), and 
biochemical changes may be demonstrated on MR spectos-
copy.429 Treatments include Lorenzo oil or bone marrow 
transplantation.430 An adult form431,432 and an adrenomy-
eloneuropathic variant433,434 have also been described.

STURGE–WEBER (ENCEPHALOTRIGEMINAL 
ANGIOMATOSIS)

This phakomatosis is characterized by a facial capillary hem-
angioma accompanied by an ipsilateral leptomeningeal vas-
cular malformation (Fig. 8.47).435 Recently it has been 
discovered that a high proportion of  these cases are due to 
somatic mosaic mutations in the GNAQ gene, leading to 
increased extracellular signal–related kinase activity.436 The 
facial lesion has a port wine color and is usually unilateral 
on the upper part of  the face. Port wine stains which are 
bilateral or involve the eyelid or all three trigeminal distribu-
tions on one side are associated with a greater risk of   
eye or brain complications.437 Commonly associated ocular 
findings include ipsilateral glaucoma and a “tomato ketchup” 
fundus due to choroidal involvement by the hemangioma. 
Infantile-onset glaucoma is likely due to chamber angle 
anomalies, while glaucoma which occurs later in life is attrib-
uted to hemangioma-associated elevated episcleral venous 
pressures.438

The intracranial vascular disturbance, leptomeningeal 
angiomatosis, is usually located in the posterior half  of  the 
brain. It can often cause a homonymous hemianopia, sei-
zures, developmental delay, or hemiparesis.439–441 On neu-
roimaging, cortical atrophy, leptomeningeal enhancement, 
and gyriform cortical calcification are pathognomonic.438,442 
Transient field defects may be the result of  seizures or ische-
mia. Seizures refractory to medications may require focal 
cortical resection443 or hemispherectomy.444

MENINGITIS

Cortical damage associated with bacterial meningitis may 
be caused by arterial occlusion or venous thrombosis. More 
severely affected children can develop encephalomalacia with 
loculated cysts.

ICTAL

Both ictal homonymous hemianopias and ictal cerebral blind-
ness are well recognized but infrequent.445 In this setting 
decreased visual attention due to sedation caused by anti-
convulsants such as phenobarbital or benzodiazepines should 
also be considered. Also, occipital lobe seizures due to non-
ketotic hyperglycemia should be considered in a patient with 
a homonymous hemianopia but normal neuroimaging.446–448 
Postictal hemifield loss and cerebral blindness are even less 
common and suggest an underlying, irritative structural 
lesion. Visual loss associated with seizures is discussed in 
more detail in Chapter 10.

FUNCTIONAL

Functional or nonorganic homonymous hemifield loss is 
unusual and is discussed in Chapter 11.

Diagnostic Evaluation in  
Patients With Suspected 
Retrochiasmal Lesions

NEUROIMAGING

All patients with homonymous hemianopias require neuro-
imaging, preferably MRI. Attention to the sella and optic tract 
is required when the field defect is associated with optic atrophy 
or an afferent pupillary defect. When a stroke is suspected, 
because of  the sudden onset of  visual loss in a middle-aged 
or an elderly patient with vasculopathic risk factors, diffusion-
weighted, FLAIR, and perfusion images can be obtained in 
addition to routine T1- and T2-weighted and gadolinium-
enhanced scans. When MRI is contraindicated (for example, 
due to claustrophobia, cardiac pacemaker, or aneurysm clips), 
then CT with and without contrast can be performed.

Vascular anatomy may be assessed with MRA or CT angi-
ography of  the circle of  Willis, carotid arteries, and vertebral 
arteries. Cerebral angiography may be necessary for more 
definitive evaluation, such as before endarterectomy.

Some experimental functional neuroimaging techniques 
may be helpful in cases where MRI or CT is inconclusive. 
Using PET or SPECT techniques, hypoperfusion in visual 
cortex areas may be demonstrated in patients with unex-
plained visual field loss.347,449,450 Functional MRI can highlight 
areas of  cortical activation by detecting small changes in 
local blood flow.451–454 This technique may be more helpful 
for localization of  normally functioning areas of  brain.

OTHER DIAGNOSTIC STUDIES

Blood studies are indicated when specific pathologic processes 
are suspected. Vascular events may require evaluation of  
the ESR; rapid plasmin reagin (RPR); antinuclear antibody 
(ANA); and coagulation indices such as prothrombin time, 
partial thromboplastin time (PT and PTT), and platelet count. 
The ESR and C-reactive protein are particularly important 
in the evaluation of  transient or permanent visual loss in 
elderly patients to evaluate for possible giant cell arteritis. 
In young individuals without an obvious risk factor for stroke, 
protein C, protein S, antithrombin III, factor V, antiphospho-
lipid antibody, and anticardiolipin antibody levels should be 
obtained. Cardiac source emboli can be excluded by an elec-
trocardiogram, cardiac monitoring (telemetry or Holter), 
and transthoracic echocardiogram (TTE). If  the TTE is unre-
vealing and a patent foramen ovale or valvular abnormality 
is still highly suspected, then a transesophageal echocardio-
gram (TEE) can be ordered.

Other noninvasive vascular techniques may complement 
MRA in a patient with a suspected stroke. These include 
carotid Doppler studies, which are most helpful in the evalu-
ation of  extracranial carotid artery disease, and transcranial 
Doppler studies, which may aid in the detection of  intra-
cranial stenosis, collateral flow, and vasospasm.
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Figure 8.46. Magnetic resonance imaging of a 7-year-old boy with 
decreased visual acuity, optic atrophy, and seizures due to adreno-
leukodystrophy (ALD). Extensive white matter abnormalities are seen 
on magnetic resonance fluid level attenuated inversion recovery axial 
(A) and coronal (B) images. Enhancement of the margins of the white 
matter abnormalities (arrows) (C) is highly characteristic of ALD. Serum 
very long–chain fatty acids were elevated. 
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to approach the patient from within the intact hemifield and 
keep food, utensils, and beverages within the patient’s intact 
hemifield when eating. At least initially, patients with dense 
hemianopias should not be allowed to cross the street inde-
pendently. Furthermore, their defective vision makes driving 
problematic, and in some states illegal.

Many have difficult reading, because a left hemianopia 
may hamper their ability to find the beginning of  the next 
line, and a right hemianopia may not allow them to appreci-
ate the entire line of  words (hemianopic alexia). Macular split-
ting and paracentral defects may make seeing individual 
words difficult. A colored piece of  paper placed vertically along 
the left or right side of  the page is often helpful when loss of  
the margins is a source of  difficulty. It can also be used hori-
zontally and moved down the lines of  the page. Other strate-
gies include teaching patients with left hemianopias to shift 
their gaze to the left side of  every line and to the first letter 
of  every word, and instructing those with right hemianopias 
to reach the end of  a word before going to the next.138

In a rare compensatory phenomenon, children with a 
congenital or early-onset hemianopia may develop an exo-
tropic eye and head turn, both toward the field defect. An 
adaptive mechanism to increase the useful visual field has 
been postulated.457

HEMIANOPIC PRISMS

Patients with chronic, dense homonymous hemianopias can 
be offered optical assistance from prisms,458,459 but only a 

A toxicology screen is necessary if  drug use is suspected. 
Most intracranial mass lesions require either at least brain 
biopsy if  a primary neoplasm is suspected, or a metastatic 
evaluation if  multiple metastases are more likely. In many 
cases of  demyelinating disease, other autoimmune, inflam-
matory, and infectious disorders should be excluded by evalu-
ating the ANA, angiotensin-converting enzyme (ACE), Lyme 
titer, and ESR, for instance.

VEPs may have a useful role in children with central visual 
impairment, as a normal study may be associated with a 
favorable visual outcome.394 However, an abnormal VEP does 
not preclude visual improvement,455 so they have not become 
part of  our usual evaluation in such patients. Standard and 
even multifocal VEPs probable have no clinical utility in adults 
with retrochiasmal field loss,456 unless functional visual loss 
is suspected.

Practical Advice, Hemianopic 
Prisms, and Visual Rehabilitation

Initially, patients with acquired homonymous hemianopias 
may not notice their field defect, especially if  a right hemi-
spheric lesion is responsible. Eventually, however, most adult 
patients become aware of  their defective peripheral vision.

Those with dense field deficits may bump into objects in 
their blind hemifield. We caution affected patients that they 
must turn their head to see into the defective field, but most 
learn to do that anyway. We also instruct family members 

BA

Figure 8.47. Sturge–Weber. A. This teenage boy with a right facial angioma had a transient left homonymous hemianopia. B. Gyral enhancement 
(arrow) of the right occipital lobe was demonstrated on magnetic resonance imaging. 
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those for color and motion.467–473 Some authors have proposed 
that the recovery is mediated by different visual circuits 
outside of  V1, such as those involving area V5. Nonetheless, 
the debate continues whether such improvements are the 
result of  testing parameters that do not adequately control 
for fixation shifts or from small residual islands of  residual 
V1 vision.474,475 Actual expansion of  the intact visual field 
does not seem to occur,466,476 and some experts have argued 
that neuroplasticity is unlikely.477 Therefore, we believe further 
studies are needed to answer the questions about how visual 
rehabilitation works and the extent of  its effectiveness. For 
many patients there is a balance of  the cost of  the training 
versus the actual benefit.471
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Visual Function
VICTORIA S. PELAK

areas. This disconnection concept was popularized by 
Geschwind.9,10 Examples would include a lesion involving 
white matter pathways connecting striate cortex and facial 
recognition centers or another connecting to language areas. 
Table 9.1 indicates which higher cortical visual disorders 
are thought to be disconnection syndromes versus those that 
are due to direct damage to cortical structures.

SIMULTANEOUS OCCURRENCE

The higher cortical visual disorders are not mutually exclu-
sive. Rather, because of  the proximity of  many of  the impor-
tant cortical areas and white matter tracts in the parietal, 
occipital, and temporal lobes, many syndromes occur simul-
taneously. For instance, a combination of  visual field defects, 
visual recognition problems, and reading disorders often 
result from concomitant involvement of  the occipital and 
occipitotemporal lobes (see Table 9.1).

Symptoms and Signs

NEURO-OPHTHALMIC SYMPTOMS

Most subjective complaints due to involvement of  visual 
association areas are vague, such as “I have blurry vision” 
or “I’m having trouble seeing.” Rarely, patients will complain 
of  difficulty seeing colors or recognizing images. Many such 
patients have seen numerous eye specialists with reportedly 
normal examinations. Some individuals with inattention or 
dementia are unaware of  their visual deficits, and the family 
members are the ones who bring them to medical attention. 
Another group of  patients is seen after a stroke or neuro-
surgical intervention. Visual field loss may cause the dominant 
symptoms, but careful examination reveals that complaints 
of  “trouble reading and seeing” may be the result of  higher 
cortical dysfunction.

NEUROLOGIC SYMPTOMS

Higher cortical visual disturbances should be suspected when 
patients complain of  loss of  memory, confusion, disorienta-
tion, or behavioral changes suggestive of  a dementing illness 
or hemispheric lesion. Their families may report that patients 
seem no longer able to take care of  themselves or get lost 
frequently.

SIGNS ON EXAMINATION

Visual acuity is usually normal or near normal. Visual fields 
in each quadrant and with double simultaneous stimulation 

While the anterior visual and geniculocalcarine pathways 
deliver the elemental visual data from the eyes to striate 
cortex, the higher cortical visual (or association) areas 
perform the more complex interpretation of  this visual infor-
mation.1 Deficits caused by damage to these areas are char-
acterized by abnormalities in visual processing or attention, 
often despite otherwise relatively normal visual acuity and 
fields.2 This chapter details the important higher cortical 
visual disorders (Table 9.1) and then highlights some of  the 
neurologic diseases that commonly cause them.

Neuroanatomical Organization of 
Higher Cortical Areas

Area V1 designates striate cortex (Brodmann area 17), while 
V2–V5 refer to higher cortical (or association) visual areas. 
The higher cortical visual areas are divided anatomically 
and functionally into ventral and dorsal pathways (Fig. 9.1, 
middle).3 In general, the ventral stream (occipitotemporal) 
is more concerned with object recognition (“what”) and 
represents the continuation of  the parvocellular pathway 
(Fig. 9.1, bottom).4 The area V4 complex, situated in the 
fusiform and lingual gyri, is responsible for color perception 
within the contralateral hemifield.5 Bilateral mesial occipi-
totemporal regions are necessary for object and facial rec-
ognition.6,7 On the other hand, the dorsal stream carries out 
functions related to spatial orientation8 (the “where” pathway) 
and is the extension of  the magnocellular pathway (Fig. 9.1, 
top). The parietal lobe is devoted to directed attention. Area 
V5, within the lateral occipitotemporal region, is important 
for motion perception. Areas V2 and V3 correspond roughly 
to Brodmann areas 18 and 19, respectively.

Important Concepts in Higher 
Cortical Visual Disorders

The various higher cortical visual disorders are discussed in 
the following sections by cerebral localization, which high-
lights the modular specificity of  visual processing in the 
posterior cerebral cortical regions. However, two concepts, 
disconnection and simultaneous occurrence, should be con-
sidered in any review of  these conditions.

DISCONNECTION (VERSUS DIRECT DAMAGE)

While some of  the higher cortical disorders result from direct 
damage to vital cortical areas, such as the color center in 
the inferior occipitotemporal lobe, others, for example, result 
from disconnecting the occipital lobe from visual association 
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ALEXIA WITHOUT AGRAPHIA

Often aphasic patients who have difficulty reading also have 
difficulty writing. However, patients with a left occipital lesion 
and ipsilateral simultaneous involvement of  the splenium 
of  the corpus callosum or adjacent periventricular white 
matter may develop alexia without agraphia (or pure alexia 
or “word-blindness”). First characterized by Dejerine,12 this 
has been considered a disconnection syndrome character-
ized by a right homonymous field deficit, with sparing of  
key language areas, but an inability to access lexical visual 
information processed in the right occipital lobe (Fig. 9.2). 
Geschwind9 emphasized that reading is impossible if  the 
left angular gyrus, which is responsible for converting 
written to spoken language, is deprived of  visual informa-
tion. Affected patients are therefore unable to read words, 
but they are able to write, speak, comprehend, and repeat 
normally. Ironically, they are unable to read what they write. 
Patients commonly read letter-by-letter, during which they 
sequentially name each letter of  a word.13 Letter-by-letter 

should be tested to exclude visual inattention. Color vision, 
reading, and writing should also be examined. In addition, 
magazine pictures with familiar faces and pictures with 
complex scenery can be used to screen for higher cortical 
dysfunction. Sometimes figure and clock drawings are also 
helpful. Table 9.2 highlights the various examination tech-
niques helpful in patients with suspected higher cortical 
visual disorders, and these methods are reviewed in detail 
in Chapter 2.

Occipital Lobe Disturbances

Disorders of  V1 are described in Chapter 8. Areas V2 and 
V3 surround V1 above and below the calcarine sulcus (see 
Chapter 8). Isolated and clinically apparent lesions of  V2 
and V3 are unusual, but a combined lesion of  V2 and V3 
restricted to the upper or lower bank typically causes a hom-
onymous quadrantic visual field defect.11

Table 9.1 Important Higher Cortical Visual Disturbances, Clinical Features, and Localization

Syndrome Main Clinical Features
Commonly Associated 
Clinical Features Most Common Localization

Disconnection 
Syndrome?

Alexia without 
agraphia

Able to write but not 
read

Right homonymous 
hemianopia

Left occipital lobe and splenium of 
corpus callosum

Yes, usually

Hemiachromatopsia Loss of color vision in 
one hemifield

Ipsilateral homonymous 
upper quadrantanopia

Contralateral occipitotemporal lobe in 
the fusiform (and lingual) gyri (V4 
complex)

No

Visual object 
agnosia

Inability to recognize 
visualized objects

Alexia without agraphia
Prosopagnosia

Bilateral occipitotemporal lobes involving 
the inferior longitudinal fasciculi

Yes

Prosopagnosia Inability to recognize 
faces

Alexia without agraphia
Visual object agnosia

Bilateral occipitotemporal lobes involving 
the midfusiform gyri, rarely associated 
with unilateral lesions

Sometimes

Akinetopsia Defective motion 
perception

None Bilateral lateral occipitotemporal lobes 
(V5)

No

Visual hemi-
inattention

Neglect of visual 
stimuli in left 
hemispace

Inattention
Left-sided sensory loss 

and weakness

Right inferior parietal lobule No

Balint syndrome Simultanagnosia
Ocular apraxia
Optic ataxia

Bilateral inferior altitudinal 
visual field defects

Bilateral parietooccipital lobes Yes, for some 
features

Table 9.2 Examination Techniques Helpful for Patients With Suspected Higher Cortical Visual Disorders

Test Result Higher Cortical Disorder to Suspect

Reading and writing Able to write but not read Alexia without agraphia

Ishihara color plates Can see colors but not the numbers Simultanagnosia

Ishihara color plates Misses all the digits on one side Hemiachromatopsia

Magazine pictures Identifies only part and not the whole scene Simultanagnosia

Famous faces in pictures and familiar ones in 
identification cards

Cannot identify familiar faces Prosopagnosia

Name objects presented visually Unable to identify objects by sight but can identify 
with verbal description

Visual object agnosia

See Chapter 2 for a detailed description of each test.
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Figure 9.1. Diagram of dorsal and ventral higher cortical visual streams. Middle. Lateral view of the brain. In an oversimplification, after reaching area 
17, visual information passes through areas 18 and 19, then dorsally for spatial analysis and ventrally for object analysis. Schematic diagrams of dorsal 
stream (magnocellular pathway) for spatial relations and “where” analysis (top) and ventral stream (parvocellular pathway) for color and “what” analysis 
(bottom), from retina to higher cortical visual areas. LGN, Lateral geniculate nucleus. 

reading is argued to be due to lack of  access to the visual 
word form area (discussed later) within the left fusiform 
gyrus and not simply a compensatory technique,14 but this is  
uncertain.15

Many variations on the classic description of  alexia without 
agraphia have been described:

1. Other lesions. Alexia without agraphia due to infarction 
of  the left lateral geniculate body and splenium of  the 
corpus callosum has been reported.16

2. No hemianopia. Less commonly patients have been described 
with alexia without agraphia but with normal visual 
fields.17–20 It is possible that periventricular white matter 
lesions in the left occipital lobe alone may spare striate 
cortex but interfere with the transfer of  visual informa-
tion from both ipsilateral and contralateral striate cortex 

to the language areas by undercutting the angular gyrus.21 
In addition, pure alexia due to left fusiform lesions alone 
has been described.22

Recent evidence suggests the existence of  a “visual word 
form area” (VWFA) in the posterior part of  the left mid-
fusiform gyrus in the occipitotemporal region.23,24 Focal 
lesions in the VWFA have resulted in pure alexia, and 
anatomical connections of  this region to peri-Sylvian 
language areas provide evidence that this area is a key 
visual processing region necessary for reading.25,26

3. Left hemiparalexia. Individuals with isolated lesions of  the 
splenium of  the corpus callosum may have intact visual 
fields but may be unable to transfer visual information 
from the right occipital lobe to the left angular gyrus.27 
This may cause an inability to read the left side of  words 
despite the absence of  a hemianopia.
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Occipitotemporal Disturbances

CEREBRAL HEMIACHROMATOPSIA

More than a century ago, Verrey41 described hemiachroma-
topsia, the loss of  color vision in one hemifield, and claimed 
that a functionally separate cortex existed for color process-
ing. However, only in the past few decades has the notion 
of  a neuroanatomically distinct region for color vision been 
accepted.42 Initially, lesion studies in primates and humans 
have designated a region of  the visual association cortex 
known as V4 to be critical for color processing.43 In humans 
the V4 homologue resides in the lingual and fusiform  
gyri, located in the ventromedial occipitotemporal cortex 
(Fig. 9.4).44 There is a similar area on both sides of  the brain, 
and each mediates color vision in the opposite hemifield.

Functional neuroimaging and electrophysiologic techniques 
have helped to confirm the specialization of  V4 and have 
elucidated other adjacent areas responsible for mediating 
color vision in humans.45–49 A region in the fusiform gyrus 
anterior to V4, area V8, was found to mediate conscious 
perception of  color and color afterimages50 and color syn-
esthesia.51 In addition, other adjacent color-sensitive cortical 

4. Other associated higher cortical visual disturbances. Several 
cases have been reported where alexia without agraphia 
occurs together with various combinations of  appercep-
tive visual agnosia, prosopagnosia,28,29 visuospatial  
disorientation, optic ataxia, optic aphasia,30 hemiachro-
matopsia, and color naming deficits (these are all discussed 
later).21,31

While the most common cause of  alexia without agraphia 
is a posterior cerebral artery distribution stroke,32 it has also 
been reported in association with intracerebral hemor-
rhages,33 arteriovenous malformations,34 tumors (Fig. 9.3),35 
abscesses, migraine, herpes encephalitis,36 demyelination, 
and Creutzfeldt–Jakob disease.37-39

Other related reading disorders. In contrast, alexia with 
agraphia is a syndrome characterized by the inability to read 
or write without other obvious language deficits. Caused by 
an isolated lesion of  the angular gyrus or the posterior left 
inferior temporal lobe, there is often an accompanying right 
homonymous hemianopia because of  involvement of  the 
adjacent optic radiations.

Alexia without agraphia should not be confused with 
hemianopic alexia, in which patients have difficulty reading 
because their right homonymous hemianopia, particularly 
if  macular splitting, interferes with their ability to see the 
right side of  a word.40

Figure 9.2. Classic localization of the left occipital lesion (dotted area) 
in patients with alexia without agraphia and right homonymous hemi-
anopia. Because of the left lateral and mesial occipital lobe involvement, 
visual information (open arrow) can come only from the right occipital 
lobe. However, owing to disruption of the paraventricular white matter 
and the outflow of the corpus callosum (C.C.), this visual information 
(small arrow) cannot access the angular gyrus in the language areas. 

Figure 9.3. Alexia without agraphia and right homonymous hemianopia 
following biopsy of a left thalamic tumor. Postoperative T2-weighted 
MRI scan of the brain shows an exophytic mass and hemorrhage in the 
surgical bed. The white arrow and cross refer to the inability of visual 
information from the right occipital lobe to reach the angular gyrus 
and language areas in the left hemisphere, owing to the disruption of 
the forceps major and splenium of the corpus callosum. (Reprinted from 
Tamhankar M, Coslett HB, Fisher MJ, et al. Alexia without agraphia following 
biopsy of a left thalamic tumor. Pediatr Neurol 2004;30:140–142, with per-
mission from Elsevier).
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superior quadrantanopia yet complete left-sided color  
vision loss. In Kölmel’s two cases,63 a homonymous hemi-
anopsia resolved eventually to an upper quadrant hemiac-
hromatopsia, in one instance following a transient full-field 
hemiachromatopsia.

Etiology. Infarction in the distribution of  the posterior 
temporal or common temporal arteries, branches of  the 
posterior cerebral artery, is the most common cause of  hemia-
chromatopsia. Other less common etiologies include removal 
of  an arteriovenous malformation,64 trauma,65 neoplasm,60 
hemorrhage, multiple sclerosis,66 abscess, subarachnoid 
hemorrhage, and carbon monoxide poisoning.67 Transient 
full-field achromatopsia has been attributed to migraine,68 
occipital epilepsy (after the recovery of  form vision), and 
vertebrobasilar insufficiency.69

Other cortical color processing deficits. Patients with 
color anomia, or color name aphasia, have an inability to name 
colors and difficulty pointing to named colors, despite normal 
performance on color matching and pseudoisochromatic 
color plate testing.70 This disorder can be associated with 
alexia without agraphia (see previous discussion),31 and 
patients commonly have a right homonymous hemianopia.58 
The usual etiology is a left posterior cerebral artery stroke 
involving the mesial occipitotemporal region.71 Those with 
color agnosia, or color amnesia, have trouble naming the spe-
cific color of  common objects, such as blood or a stop sign, 
despite normal color perception and language function. In 
one published case,72 color agnosia was acquired due to 
bilateral medial temporal and left inferotemporooccipital 
infarctions, but in another the deficit was life-long without 
any obvious cortical lesions on magnetic resonance imaging 
(MRI).73,74 Both color anomia and color agnosia are rare.

VISUAL AGNOSIAS

A visual object agnosia is an inability to recognize visualized 
objects despite relatively normal vision, memory, language, 
and intellectual function.75,76 In this condition, naming func-
tion is intact; patients are able to identify objects by touching 
and feeling them or by listening to a verbal description.77 
Functional neuroimaging and case studies suggest shapes 
and textures are processed separately in the lateral occipital 
(LO) and collateral sulcus (CS) regions, respectively, to rec-
ognize objects (Fig. 9.6).78,79 Classically, a distinction between 
associative and apperceptive agnosias is made.80–82

Associative visual object agnosia. Patients with this 
type of  agnosia have relatively normal vision within intact 
visual fields. They are able to draw or copy what they see, 
indicating their perception is relatively normal.28 Upon 
request, they can also produce accurate drawings of  objects 
they are unable to recognize visually, indicating intact visual 
memory and imagery.28

Associative visual object agnosia suggests bilateral medial 
inferior occipitotemporal lesions disrupting the inferior lon-
gitudinal fasciculus,83,84 a white matter pathway connecting 
striate cortex with visual association areas in the temporal 
lobe. This is usually due to bilateral posterior cerebral artery 
occlusion and produces a “visual–verbal disconnection syn-
drome.”85 Many cases of  associative visual object agnosia 
also exhibit alexia without agraphia,28,86 likely reflecting 
concomitant involvement of  the corpus callosum in such 
instances.83 Many are also associated with prosopagnosia 

regions termed VO52,53 and V4-α54 have been identified.55 
Herein, for the purposes of  this chapter, these neighboring 
regions (V4, V8, VO-1, and V4-α) will be collectively termed 
area V4 complex.

Symptoms. Many patients with hemiachromatopsia are 
unaware of  their color deficit, perhaps because the other 
hemifield has intact color vision, or because they ignore their 
deficit (anosognosia). Hemiachromatopsia can occur in the 
left or right hemifield. When bilateral V4 complex lesions 
occur, patients may develop central achromatopsia, or defec-
tive color vision in both hemifields. Compared with those 
with hemiachromatopsia, bilaterally affected patients may 
be more likely to describe their color deficit, which may differ 
from a loss of  brightness to a complete inability to perceive 
colors.56 The described effect is a “graying” or “washing-out” 
of  vision.57 Some liken the impact to a switch from a color 
television to a black-and-white one.58

Signs. Since acquired cerebral color deficits tend to occur 
in quadrants or hemifields, they are best detected during 
confrontation field testing using colored swatches, sticks, or 
threads. Color plate testing may also reveal a defect if  the 
patient consistently misses the left-sided digits, for instance. 
However, color plate identification and formal color testing, 
such as D-15 or Farnsworth–Munsell 100-Hue tests (see 
Chapter 2), can be normal if  color vision is normal within 
central fixation.

Associated signs. Cerebral hemiachromatopsia is rarely 
an isolated finding. More commonly a combination of  a 
contralateral homonymous upper quadrantanopia and defec-
tive color vision in the inferior quadrant is observed clinically 
(Fig. 9.5).44 This pattern of  deficits is likely the result of  the 
proximity between the lingual and fusiform gyri and the 
inferior optic radiations, inferior striate cortex, and inferior 
extrastriate cortex (V2/V3).11 Visual acuity is normal when 
the lesions are unilateral. Hemiachromatopsia may also be 
associated with alexia without agraphia (see previous discus-
sion) when the lesion is left sided,59 or prosopagnosia (see 
later discussion) because the areas responsible for color and 
face processing are in close proximity in the occipitotemporal 
cortices.5,60,61

When isolated cerebral full-field hemiachromatopsia occurs, 
it is often in the setting of  a developing or receding hemi-
anopia.60 Albert et al.62 described a monocular man who 
suffered cortical blindness only to recover with a partial right 

Fusiform
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Lingual
gyrus

Calcarine
fissure

V4c

Figure 9.4. Medial view of the brain demonstrating the location of area 
V4 complex, the human color center, which lies primarily in the posterior 
fusiform gyrus, with a lesser contribution from the lingual gyrus. 
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geometric figures. In one study,88 patients also had difficulty 
recognizing and naming line drawings, recognizing complex 
shapes, and mentally manipulating objects by rotation, for 
instance. The exact anatomic substrate is unclear, but some 
neuroimaging and PET studies have demonstrated lesions 
or hypoperfusion in bilateral temporooccipital cortices.89–91 
One patient with a closed head injury developed an apper-
ceptive agnosia and prosopagnosia from selective damage 

(see later discussion).28 Less commonly, isolated unilateral 
left or right hemispheric lesions can produce associative visual 
object agnosia.86

Apperceptive visual object agnosia. In this type, also 
termed visual form agnosia, patients have confounding deficits 
in shape and form perception, although elemental acuity 
and fields are still relatively normal.75,87 For instance, patients 
with apperceptive visual agnosia have difficulty copying 

CB

A

Figure 9.5. Visual field and neuroimaging in a patient with cerebral hemiachromatopsia of the left hemifield. A. Goldmann perimetry demonstrates 
a left homonymous superior quadrantanopia with an intact inferior quadrant. Axial (B) and sagittal (C) magnetic resonance imaging reveals an infarc-
tion involving the right occipitotemporal gyri (arrows). (Reprinted from Paulson HL, Galetta SL, Grossman M, et al. Hemiachromatopsia of unilateral occipi-
totemporal infarcts. Am J Ophthalmol 1994;118:518–523, with permission from Elsevier Science).
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of  faces compared with seeing scrambled faces, common 
objects, houses, and human hands.104 The FFA and OFA are 
likely more important for identification of  faces, while the 
STS likely subserves processing of  facial expression and 
gaze.103 Less specifically, limbic structures such as the amyg-
dala and hippocampus, in addition to anterior temporal cortex 
and right parahippocampal gyrus,105-107 and the frontal lobe108 
also participate in facial recognition, highlighting the core 
structural networks necessary for this task.109–112

Signs and symptoms in prosopagnosia. Often very 
aware of  their condition, patients with prosopagnosia com-
monly report the inability to recognize the faces of  friends 
and family.113 A typical complaint is that the patient finds 
his or her own face in the mirror unfamiliar, but knows that 
the image must be theirs.114 Likewise, prosopagnosics usually 
report knowing that they are looking at faces, and often they 
can identify the gender, race, and approximate age of  the 
person.113 Often patients use contextual clues such as posture, 
body movement,114 and especially voices to identify familiar 
faces.115 Most patients exhibit both a retrograde and antero-
grade defect, as they often cannot recognize old faces or learn 
new ones.58 Sometimes the disorder is so striking and odd 
that affected patients may be mistakenly diagnosed with a 
psychiatric disease.113

Associated signs. Prosopagnosia may be isolated but more 
commonly is associated with elemental visual or other higher 
cortical deficits.116 Unilateral homonymous hemianopias are 
typically present, but because the responsible lesions are 
typically occipitotemporal (see later discussion), superior 
altitudinal or upper quadrantanopias are also seen.117 Occa-
sionally bilateral visual field deficits and related visual acuity 
loss are observed. Associated higher cortical abnormalities 

to the right lateral fusiform gyrus.92 A number of  cases of  
apperceptive visual agnosia have been reported following 
carbon monoxide toxicity,29,93 which has a predilection for 
causing occipital lobe damage. In another case, anoxic injury 
to bilateral occipital lobes resulted in apperceptive visual 
agnosia, which was thought to be due to severe deficits in 
processing line orientation, an important function of  the 
occipital cortex.94

PROSOPAGNOSIA

This section reviews facial recognition and the related dis-
order, prosopagnosia, which is a dramatic visual agnosia for 
faces.95–97 The observation that there are individuals with 
prosopagnosia but without visual agnosia for other objects 
suggests facial recognition is a modular-specific task of  the 
human brain.98

Facial recognition. The ability to recognize a familiar 
face is an extremely important behavior, used in almost every 
live interpersonal interaction. Even young infants have this 
ability, emphasizing its social and evolutionary importance. 
Facial recognition requires first perceiving the face, then 
analyzing its features; matching it to stored faces; and, in 
many instances, retrieving its name.95

Functional studies have established that occipitotemporal 
structures bilaterally are specialized, arguably specifically, 
for human facial perception and recognition (Fig. 9.6a). These 
areas include the fusiform and lingual gyri, in a region labeled 
as the fusiform face area (FFA),99-101 one more posteriorly in 
the inferior occipital cortex in an area called the occipital face 
area (OFA),102 and another in the superior temporal sulcus 
(STS).103 These areas activate more strongly during viewing 

BA

Figure 9.6. A. Underside view of the brain, highlighting the cortical areas active specifically during tasks of facial (FFA, STS, and OFA) and object 
recognition (CS and LO).101,112,169 The V4 complex (not shown) lies more posteriorly in the fusiform gyrus (see Fig. 9.4). For simplicity, the highlighted 
areas, which are all bilateral, are labeled on only one side of the brain. B. T2-weighted axial magnetic resonance imaging of a patient with prosopag-
nosia following a hemorrhage in the right occipitotemporal region (arrow). In one event, she picked up the wrong grandchild from the floor, and in 
another, she entered a car with a person she thought was her husband, but the person was someone else. 
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computed tomography (CT),7,119,161 or MRI.121 However, mul-
tiple cases have been reported of  prosopagnosics with only 
right-sided lesions as uncovered by autopsy,162 CT,163,164 or 
MRI (Fig. 9.6b).98,142,165,166 Prosopagnosia was also observed 
in a patient who had undergone a right hemispherectomy167 
and right temporal lobectomy for intractable epilepsy.168 These 
instances reveal that unilateral right-sided lesions are suf-
ficient to cause the deficit.95,169 One study compared the 
performance of  right-lesioned to left-lesioned patients (both 
groups classified using CT data) on a facial identification 
task. Patients with right-sided lesions performed significantly 
worse than left-lesioned patients and controls.170 In one case 
of  progressive prosopagnosia due to anterior temporal lobe 
atrophy, diffusor tensor imaging revealed loss of  the integrity 
of  the right inferior longitudinal fasciculus (ILF), indicating 
a potential important role of  the right ILF in prosopagnosia.171 
Cases of  prosopagnosia due to isolated left-sided lesions are 
extraordinary and in one instance occurred in a left-handed 
individual, suggesting anomalous lateralization.172

Critical lesion. Most of  the reported disturbances are 
localized within the right occipitotemporal region.173 However, 
the critical structure involved in this area can vary between 
the inferior occipitotemporal cortex, the fusiform gyrus, and 
the hippocampal region.174 A larger study correlated two 
separate extrastriate lesion positions to two cognitive deficits. 
Damage to the fusiform gyri, when accompanied with right-
sided infarcts in the occipitotemporal or ventromedial regions, 
leads to problems in perceiving facial detail. Patients with 
damage to the right parahippocampal gyrus and the accom-
panying occipitotemporal ventromedial damage in the right 
hemisphere exhibited a deficit in connecting faces to memory 
stores.105 One metaanalysis61 of  published cases of  prosop-
agnosia and detailed studies of  a single patient169,175,176 sug-
gested damage to the OFA was more critical than damage 
to the FFA in causing this syndrome.

Outcome. Although it may be an enduring condition, 
patients may eventually recover from prosopagnosia, espe-
cially if  damage is confined to the right hemisphere.177,178 A 
prosopagnosic with a right-sided lesion, as observed with 
MRI, regained the ability to recognize famous faces as well 
as friends and family 2 months after the onset of  his symp-
toms. However, he remained unable to identify the faces of  
people whom he met after the onset of  symptoms.165 Patients 
with developmental and acquired prosopagnosia may improve 
their facial recognition abilities using compensatory tech-
niques such as increasing attention to specific facial features 
such as the eyes or treatment with oxytocin in cases of  devel-
opmental prosopagnosia.179

Capgras and Frégoli syndromes. These syndromes, which 
are delusional misidentification disorders, can be similar to 
prosopagnosia.116 A patient with Capgras syndrome believes 
that a friend or relative has been replaced by an impostor.180,181 
There are some authors who feel that some patients with 
Capgras syndrome have prosopagnosia.180 Etiologies include 
neurodegenerative and psychiatric illnesses182 and bilateral 
occipitotemporal lesions.183 In Frégoli syndrome, the affected 
individual believes that a stranger is a familiar person.

OTHER TYPES OF VISUAL AGNOSIAS

Landmark agnosia and topographagnosia. In this unusual 
syndrome, affected individuals are unable to recognize 

include achromatopsia,61,118 alexia without agraphia,119,120 
left hemispatial neglect,121 visual memory deficits,7 visual 
object agnosia,122–124 visuospatial disorientation, impaired 
visual imagery,29 color agnosia,83 and anosognosia.125

Neuropsychological aspects. Because prosopagnosia is 
a type of  visual agnosia, the condition is probably character-
ized by varying degrees of  associative and apperceptive com-
ponents (see Visual Agnosias).96,126 Evidence for an associative 
component can be seen in patients with prosopagnosia who 
can still correctly draw generic faces,127 scan faces,128 estimate 
a person’s age129 and gender,127 and interpret and imitate 
facial expressions.130,131 Patients with a more apperceptive 
type would be expected to have more difficulty with a face-
matching task, using a series of  faces in the Benton–Van 
Allen facial recognition test,129 than those with an associative 
type.98,132 Further evidence of  an apperceptive component 
can be seen in patients with prosopagnosia who have diffi-
culty discerning curved stimuli133 and face-related features 
such as eye gaze,134 gender,130 spatial relation of  facial fea-
tures,135 and facial configuration.136

Similar to patients with blindsight (see Chapter 8), some 
patients with prosopagnosia report an inability to remember 
or distinguish faces, but careful testing may reveal some 
unconscious or covert ability to do so.102,137

Prosopagnosia may not be specific for human faces, as 
affected individuals may also have difficulty recognizing 
familiar animals. One former bird watcher lost the ability to 
identify birds with the onset of  her prosopagnosia.138 Like-
wise, a farmer reported the inability to recognize his cattle, 
although he was able to do so before the onset of  prosopag-
nosia.138 However, another patient began acquiring sheep 
after developing prosopagnosia. He was more successful on 
identification tasks involving his sheep than on identical tasks 
with human faces.139

Etiology and associations. The most common cause of  
prosopagnosia is a posterior cerebral artery stroke, although 
any process that can damage the occipitotemporal lobes may 
be responsible. Other etiologies include carbon monoxide 
poisoning,29 temporal lobectomy, encephalitis,140,141 neo-
plasms,122 right temporal lobe atrophy,142 trauma,7 Alzheim-
er’s disease,143 frontotemporal lobar degeneration,144and 
primary progressive aphasia.145–147 More diffuse processes 
include alcohol intoxication,148 autism,149 and psychosis due 
to schizophrenia and mescaline.150 One epidemiological study 
found that prosopagnosia occurred significantly more fre-
quently in men than in women,151 which might be a reflection 
of  a higher incidence of  stroke or a different lateralization 
of  facial recognition in men.

Congenital prosopagnosia due to meningitis or stroke in 
infancy has also been described.115,137 In addition, a rare 
developmental variety of  prosopagnosia exists in which indi-
viduals never acquire a normal ability to recognize 
faces.97,152,153 In pure developmental cases there are no obvious 
visual abnormalities or lesions on neuroimaging,154 and 
familial cases of  developmental prosopagnosia have been 
reported.97,155,156 Developmental prosopagnosia has been 
associated with reduced gray matter volume in the temporal 
cortex and reduced connectivity in the ventral occipitotem-
poral cortex,157,158 but normal social cognition.159

Localization and unilaterality versus bilaterality of  
the lesions. Most cases of  prosopagnosia have bilateral lesions 
in the occipitotemporal region demonstrated at autopsy,6,83,160 
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Other similar patients with impaired visual memory have 
been described following damage to the right dorsomedial 
thalamic nucleus,199 the anterior commissure and right 
fornix,200 and splenium,201 structures also important in the 
formation and retrieval of  visual information.

AKINETOPSIA

Lateral occipitotemporal lesions affecting area V5 (Fig. 9.7), 
which lies in the posterior bank of  the superior temporal 
sulcus, can result in defective motion perception, or akinetop-
sia.202 Animal experiments suggest that the comparable 
location in monkeys, area MT (middle temporal), contains 
cells that receive direct connections from striate cortex and 
are highly motion selective.203 Lesions to area MT impair 
motion perception in the contralateral hemifield.204

Experimental evidence in normal humans and animals 
confirms the existence of  occipito-temporo-parieto regions, 
separate from the striate cortex, that mediate visual motion 
perception.205 These include PET45 functional MRI (see  
Fig. 9.7),206,207 electrical cortical stimulation,48,49 magneto-
encephalography (MEG),208 and transmagnetic stimulation 
(TMS)209 studies.

Zihl et al.210 described a seminal patient with defective 
motion perception due to bilateral cortical venous infarctions 
involving the temporoparietal and occipital periventricular 
and subcortical white matter, posterior portion of  the middle 
temporal gyrus, and lateral occipital gyri. Striate cortex was 
spared. When the patient poured tea or coffee into a cup, 
the fluid “appeared to be frozen, like a glacier.” She was unable 
to judge the speed of  a moving car, but could identify the 
car without difficulty. Follow-up studies211,212 reported the 
patient’s MRI, which confirmed the bilateral lesions involving 
the upper part of  the occipital gyri and the adjacent portion 
of  the middle temporal gyri, with the main focus of  damage 
in the upper banks of  the anterior occipital sulcus. Subse-
quently, other patients with deficits in motion perception 
have been described in association with cortical disturbances, 
usually bilateral, in these regions due to strokes,213–215 trau-
matic brain injury, seizure,216 and Alzheimer’s disease.217 
Patients with unilateral V5 lesions have been shown to have 
defective motion perception in just the contralateral hemifield 
(hemiakinetopsia)218 and also the entire visual field.219 Two 
patients with the visual variant of  Alzheimer’s disease were 
described as having a hemiakinetopsia, although presumably 
both of  these patients have bilateral disease with a more 
prominent deficit in one region of  the visual field.220

Some drugs have been reported to cause akinetopsia. Two 
cases of  akinetopsia, best described as akinetopsic palinopsia, 
related to use of  nefazodone, an antidepressant that blocks 
serotonin (5-HT2) receptors and the reuptake of  5-HT, have 
been described.221 Other conditions that may be associated 
with decreased motion perception include Williams syndrome, 
lesions of  the cerebellar vermis, amblyopia,207,222 schizophre-
nia,223 Alzheimer’s disease,224 and Down syndrome.225 V5 
activity may be suppressed as an adaptive measure in patients 
with oscillopsia due to unilateral vestibular failure.226

Riddoch phenomenon, blindsight, and V5. The pres-
ervation of  retinotectal pulvinar connections with V5 is one 
possible explanation for the Riddoch phenomenon (ability 
to perceive motion) and for blindsight (unconscious vision) 
in individuals with field loss due to striate cortex damage 

previously familiar landmarks to orient themselves.184 In fact, 
specialized occipitotemporal regions have been identified that 
are specific for building recognition.78 In a related disorder, 
topographagnosia, patients cannot recognize familiar 
scenes.184 One reported patient had a right medial occipito-
temporal stroke.185 A 43-year-old woman with congenital 
prosopagnosia was investigated using functional MRI, and 
a lack of  activation of  the hippocampal formation and ret-
rosplenial cortex during attempts at making a cognitive map 
of  the environment was noted.186

OPTIC APHASIA

Patients with optic aphasia, which is a condition closely 
related to visual object agnosia, are unable to name visually 
presented material or point to named objects although they 
recognize them.187 They are able to name and recognize what 
they hear or feel. The responsible lesion is usually unilateral 
and involves the left posterior cerebral hemisphere, as noted 
in a 79-year-old patient after a left posterior cerebral artery 
stroke.188 This disorder likely is another visual–verbal discon-
nection syndrome.9 However, patients with optic aphasia 
may have better recognizing capabilities than those with 
object agnosia because of  relatively preserved access to right 
hemispheric perceptual–semantic systems.189

VISUAL MEMORY DISTURBANCES

The ability to remember visual information requires storing 
then retrieving it.190 Functional MRI studies suggest that 
extrastriate cortical regions used for visual perception are 
also initially utilized in visual memory tasks.191 Subsequently, 
a network involving temporal lobe, hippocampal, and ven-
trolateral prefrontal cortex mediates human visual working 
memory, which is the process of  retaining visual information 
for a brief  period so that it is available for immediate use.192–194 
Then visual information is stored using long-term memory 
systems.

Clinical observations in brain-damaged individuals support 
these notions. Ross195 reported two patients with bilateral 
posterior temporal lobe infarctions and loss of  visual  
recent memory. Tactile, verbal, and nonverbal auditory 
memory functions were normal, but they could not recognize 
faces. Attributing the visual memory deficit to a disconnec-
tion syndrome, he hypothesized the bilateral lesions disrupted 
tracts between primary visual cortex and structures  
important for memory, such as the medial temporal  
lobe. Other patients with similar bilateral temporal lobe  
lesions and prosopagnosia have been described,6,7 suggesting 
recognition of  faces and visual memory share similar 
mechanisms.

Evidence for lateralization and the role of  the right tem-
poral lobe in visual memory is provided by studies in right 
temporal lobectomy patients, who exhibit defective recogni-
tion of  visual material; a patient with damage to the right 
frontotemporal region following middle cerebral artery aneu-
rysm rupture who had defective memory of  new visual objects 
and faces;196,197 and posterior cerebral artery amobarbital 
tests, which suggest the right temporal lobe is important for 
remembering visual aspects of  an object, while the left tem-
poral lobe is more critical for recalling the object’s verbal 
representation.198
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their left (Video 9.1).236–238 Other symptoms of  right parietal 
injury include dressing and constructional apraxia, failure 
to recognize one side of  the body (asomatognosia), and a 
denial of  neurologic impairment (anosognosia). These deficits 
are unaccounted for by visual field loss, other primary sensory 
deficits, or motor weakness.239,240 Unilateral spatial and motor 
neglect may occur even in young children.241,242

Parietal areas involved likely include the superior parietal 
lobule (human area 7) or inferior parietal lobule (human 
area 39 and 40, angular gyrus) or both.243–245 According to 
one hypothesis, left neglect syndromes resulting from right-
sided lesions are more common because the right hemisphere 
is dominant for the distribution of  attention, indicating that 
the left hemisphere attends to the right side of  space, while 
the right hemisphere attends to both sides.246 Neglect of  the 
right side due to a left hemispheric lesion can occur,247,248 
but it tends to be less severe and recover more quickly than 
left neglect.249

The majority of  this section reviews sensory neglect of  
visual stimuli.

VISUAL NEGLECT (HEMI-INATTENTION)

The term unilateral visual hemi-inattention describes the neglect 
of  visual stimuli in a homonymous half-field despite an intact 
geniculostriate system. Clinically, patients with this phenom-
enon may be difficult to distinguish from those with a hom-
onymous hemianopia, but unlike the latter, those with 
hemi-inattention are more likely to detect the stimulus if  
their attention is directed to the neglected side (assuming 
central fixation is maintained).250 In more subtle cases the 
visual fields will be normal to confrontation, but if  

(for discussion of  these phenomena see Chapter 8). In one 
study,227 a patient with a left occipital lesion who perceived 
fast- but not slow-moving stimuli within an otherwise blind 
hemifield underwent visual-evoked potential testing that 
demonstrated V5 activation, suggesting the existence of  
another pathway to V5, which bypassed V1. Another study228 
suggested that in patients with visual field loss but preserved 
motion detection due to cerebral hemispheric lesions, lateral 
temporooccipital cortex tended to be spared, while those 
without motion detection usually had involvement of  this 
area. In PET and functional MRI studies of  patients with 
unilateral occipital lobe infarction, ipsilateral lateral tempo-
rooccipital cortex is still activated during optokinetic stimula-
tion229 and when moving stimuli are presented in the blind 
hemifield.230,231 In support of  extrastriate projections that 
bypass V1, human diffusion tensor imaging reveals connec-
tions between the lateral thalamus and area V5.232 Further-
more, in a study of  transcortical magnetic stimulation with 
inactivation of  V1, retinal signals reached V5 by a faster 
pathway that did not include V1.233

Parietal Disturbances

Right parietal lesions (Fig. 9.8) may result in sensory neglect 
of  visual, tactile, and auditory stimuli in left hemispace.177 
Motor neglect, a defect in exploration of  and responding to 
stimuli in contralateral hemispace, may also occur.234,235 
When the left neglect is dense, affected patients may ignore 
everything to the left and have a right head turn and gaze 
preference. They sometimes also display visual or spatial 
disorientation, a difficulty in localizing objects visually, to 

V5

V3a

BA

Figure 9.7. Functional magnetic resonance imaging (fMRI) demonstrating motion-sensitive areas of the brain. A. Stimulus consisting of concentric 
rings, one cycle per degree of visual angle, which expanded and contracted at a speed of 1 degree of visual angle per second. The gray and light-gray 
ring contrast is 22%. The stimulus paradigm alternated eight cycles of 30 seconds of moving rings, then 30 seconds of stationary rings. B. Areas (V5 
and V3a) activated by the moving rings but not the stationary ones are superimposed on the subject’s corresponding T1-weighted image. The height 
threshold of the activation map was set at p <0.001 (“uncorrected”). (Courtesy of G. R. Bonhomme, A. Miki, and G.T. Liu.)
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in the orienting response toward stimuli in the contralateral 
hemispace. Mesulam259–261 hypothesized that a cortical 
network involving posterior parietal lobe, frontal lobe, and 
cingulate gyrus mediates directed attention. Damage to any 
one or more components could lead to a neglect syndrome 
(see Frontal Lobe Disturbances).262 In Mesulam’s scheme, 
the posterior parietal component provides an internal sensory 
map of  extrapersonal space, the frontal component a mecha-
nism for scanning and exploring, and the cingulate a spatial 
map for motivation. More recent studies have distinguished 
between personal neglect resulting from lesions of  the  
right parietal lobe and extrapersonal neglect due to a disrup-
tion in a network involving right frontal regions and  
superior temporal gyrus.263,264 Because these proposed mecha-
nisms are not mutually exclusive, a combination of  them 
may also apply.256,265,266 Diffusion tensor imaging reveals that 
cortical damage involving the inferior parietal and superior 
temporal regions may not be sufficient to produce visual 
neglect, and additional interruption of  fascicular connections 
between posterior and frontal cortical regions may be 
necessary.267,268

Visual extinction may be the result of  an imbalance in 
the interhemispheric rivalry that occurs with asymmetric 
injury to the posterior parietal regions.269,270

Other cortical and subcortical lesions. Neglect may 
also occur in association with lesions affecting the frontal 
lobe (see below), right superior temporal gyrus,263,271 and 
parahippocampus.245 Unilateral neglect behavior less com-
monly may result from subcortical lesions.272 Examples 
include damage to the thalamus,273,274 striatum (putamen 
and head of  caudate) and adjacent deep white matter,275–277 
and corpus callosum.278,279 These lesions may cause neglect 
by indirect effects on the parietal lobe by, for example, dis-
rupting subcortical–cortical connections. Diaschisis, a poorly 
understood transient depression of  function elsewhere in 
the brain due to a focal cerebral lesion, may be another 
explanation.280

Treatment. Patients with severe left-sided neglect can be 
some of  the most difficult to rehabilitate, and their functional 
disability and prognosis for recovery is often poorer than 
individuals with global aphasia or hemiplegia.281,282 Many 
patients with neglect are difficult to help because they are 
unaware of  or deny their deficit. One study found that those 
with larger right-sided lesions and with preexisting cortical 
atrophy had a poorer prognosis for recovery.283 Metaanalyses 
of  cognitive rehabilitation trials for stroke-induced spatial 
neglect found no immediate or lasting effect on activities of  
daily living outcomes but some immediate effects on assess-
ments of  neglect.282

The treatment of  visual hemi-inattention is largely adap-
tive. Like in patients with hemianopias, those with hemi-
inattention should have their bed within their room arranged 
to face their nonneglected side. Similarly, family and friends 
should be instructed to approach the patient from the intact 
side. Visual hemi-inattention precludes driving, cooking, 
crossing the street unaided, or working with machinery that 
could injure the patient. A vertical colored strip of  paper 
can be placed along the left margin of  text to facilitate reading, 
with instructions given to the patient to find the paper when 
moving down to the next line.

Other treatment options, although touted because of  their 
positive results during neuropsychological testing, are either 

comparable visual stimuli are presented simultaneously in 
right and left hemifields (double simultaneous stimulation), 
the one contralateral to the lesion will be ignored (visual 
extinction).251 When the neglect is dense, however, the absence 
of  a hemianopia is frequently difficult to prove. If  the parietal 
lesion is large enough, often both the neglect and a hemi-
anopia are present.

Bedside tests for hemi-inattention, such as line or letter 
cancellation, line bisection, and figure and clock drawing, 
are reviewed in Chapter 2. In line or letter cancellation, 
patients with left neglect tend to identify targets only in their 
right hemispace. During line bisection, when patients are 
asked to identify the middle of  a horizontal line, those with 
left neglect often pick a point that is on the right side of  the 
line. When copying figures or the numbers of  a clock, they 
may be drawn only on the right side (see Figs. 2.16 and 
2.17). Patients with both left hemi-inattention and hemi-
anopia tend to do more poorly on these tests than those with 
hemi-inattention alone.252

Several theories have attempted to explain neglect.253–256 
Bisiach et al.257 attributed unilateral neglect to a defect in 
the internal mental representation of  the external world, as 
some patients with left hemineglect have defective mental 
imagery of  the left side of  space (representational neglect; see 
Visual Imagery). Others250,258 have proposed that an inter-
ruption in the corticolimbic–reticular loop causes a defect 

Figure 9.8. Axial T2-weighted magnetic resonance imaging (MRI) in a 
man who was positive for human immunodeficiency virus with progres-
sive multifocal leukoencephalopathy (PML) and dense left hemineglect 
due to a right parietal lesion (arrow). Note the MRI shows his eyes are 
deviated to the right, consistent with his gaze preference. When asked 
where his left hand was, he pointed to his right hand. 
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unsatisfactory or unproven when improvement in activities 
of  daily living is the goal,254,281,284 or the effects are tempo-
rary.282 We have found hemianopic prisms285 (see Chapter 
8) relatively unhelpful in patients with left-sided neglect, 
particularly because of  the confusion they cause in patients 
who likely also have visual disorientation. Prism adaptation, 
in which subjects are trained to point straight ahead while 
wearing base-out left eye and base-in right eye prisms, thus 
shifting vision to the right, has been studied extensively and 
shown to improve neglect in some individuals,286,287 albeit 
transiently.288 The positive effects of  training with virtual 
reality are also only temporary.289 The use of  hemispatial 
sunglasses, which shade the nonneglected side of  each eye 
and force viewing into the neglected side, has been reported 
anecdotally as effective.290 Another technique involves the 
use of  visual imagery and trains the patient to pretend their 
eyes are like the light of  a lighthouse, sweeping far to the 
left and right.291 An alternative strategy, which trains patients 
to turn their heads to the left, utilizes the intact right visual 
field for scanning. Phasic alerting, which uses a warning 
sound, can correct visual awareness292 but is impractical 
outside of  the experimental setting.

In addition, vestibular stimulation by cold water, for 
instance, may have some efficacy in patients with visual 
neglect.293 This maneuver may train patients how to orient 
toward the affected hemispatial field. Noradrenergic agents294 
and dopamine agonists295 have been shown anecdotally to 
improve neglect. However, these therapies have not been 
evaluated in a controlled fashion, and in one study bromo-
criptine actually worsened some aspects of  hemispatial 
neglect.296 Transmagnetic stimulation of  the left hemisphere 
in a small study of  left hemispatial neglect in acute right 
hemisphere stroke showed promising results but requires 
further study.297

Parietooccipital Disturbances

BALINT SYNDROME

Balint298–300 first analyzed this symptom complex, and 
Holmes300,301 later elaborated his description. It results most 
frequently from bilateral symmetric parietooccipital cortical 
or white matter injury (Figs. 9.9 and 9.10). In the minority 
of  cases there is additional frontal lobe involvement.302 In 
its most severe form, patients with Balint syndrome appear 

Figure 9.9. Location of lesions in Balint’s original patient.298 The two largest areas of damage were in the parietal lobes bilaterally, but there was also 
a lesion near the left central sulcus. 

Figure 9.10. Balint syndrome due to acute hemorrhagic leukoencepha-
litis. Magnetic resonance fluid attenuated inversion recovery axial image 
demonstrates bilateral parietooccipital lesions (arrows). In addition to 
simultanagnosia, optic ataxia, and ocular apraxia, the patient had a right 
homonymous hemianopia. 

disabled and almost completely blind except for macular 
sparing: They bump into objects and often require assistance 
while walking in the room, they do not refixate on novel 
stimuli in their visual periphery, they do not blink to threat, 
and they become tremendously visually fixated on single 
objects.303,304 The full syndrome (Video 9.2) consists of  simul-
tanagnosia (or simultaneous agnosia), ocular apraxia (a deficit 
in shifting gaze), and optic ataxia (a defect in reaching under 
visual guidance).302,305 Each of  these elements, which may 
be seen alone or in combination, are briefly considered in 
this section.

Simultanagnosia. A striking deficit in Balint syndrome, 
simultanagnosia is the element seen most often in isolation. 
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It is defined as an inability to grasp the entire meaning of  a 
picture despite an intact capacity to recognize the picture’s 
individual constituent elements.58 Thus, affected patients 
may be unable to identify a picture of  a landscape but are 
able to recognize a small tree within it. Such patients may 
be able to read single 20/20 letters but can read words only 
by spelling them out loud. Despite normal color vision, 
patients with simultanagnosia may have difficulty with Ishi-
hara color plates (see Chapter 2),306 which requires identi-
fication of  colored numbers created by small dots. The Navon 
figure test (see Fig. 2.14) is also an excellent method for 
assessing simultanagnosia, and attempts at drawing clocks 
(Fig. 9.11) and other figures307 will often reveal the indi-
vidual’s inability to appreciate an entire scene.

Simultanagnosia may reflect bilaterally defective visual 
attention,308–310 as the lesions in Balint syndrome typically 
involve Brodmann areas 7 (superior parietal lobule), 19 (dor-
sorostral occipital lobe), and sometimes 39 (inferior parietal 
lobule).311 These are areas important for visual attention. 
Several authors have offered the absent “blink to visual threat” 
response as evidence for decreased visual attention in this 
disorder.312,313 One authority8 attributed the visual behav-
ior to an “extreme narrowing of  attention,” referring to an 
inability to notice any object outside foveal vision. Impaired 
shifting of  attention; defective visual exploration of  extra-
personal space, leading to deficits in visual scanning314-316; 
and an impairment in linking structural descriptions and 
object location, a deficit of  binding ventral and dorsal stream 
information,317,318 have also been implicated.

Ocular apraxia. Patients with ocular apraxia are unable 
to generate voluntary saccades, but their involuntary reflexive 
saccades are normal. The term psychic gaze paralysis has often 
been used in association with Balint syndrome, and spasm 

Figure 9.11. Disorganized clock drawn by a patient with Alzheimer’s 
dementia, simultanagnosia, and spatial disorientation. The examiner 
drew the circle, and then the patient was asked to draw in the numbers 
of a clock face within the circle. 

Figure 9.12. Optic ataxia in a patient with Balint syndrome due to 
Alzheimer’s disease. Visual fields were normal, but the patient reached 
inaccurately when asked to touch the examiner’s finger. 

of  fixation is a term that indicates a patient is unable to initi-
ate saccades away from a fixation target until the target is 
removed. Possible mechanisms include a disconnection of  
the occipital lobe from the frontal eye fields or uncertainty 
about the target’s location.303 In its purest form, ocular apraxia 
is associated with normal pursuit eye movements, but in 
fact many patients have defective pursuit as well. Other clini-
cal features and mechanisms of  ocular apraxia, which is 
also seen in other disorders, are reviewed in Chapter 16.

Optic ataxia. Although patients with optic ataxia can 
see an object of  regard, they cannot reach for it accurately 
(Fig. 9.12). Optic ataxia, also known as visuomotor ataxia, 
is unassociated with cerebellar dysfunction or motor weak-
ness. Instead, optic ataxia may result from a disconnection 
of  the occipital lobe from anterior motor centers in the frontal 
lobe, where the reaching is programmed.8,311,319 A defect in 
the internal representation of  extrapersonal space, or damage 
to areas responsible for integrating panoramic visual  
information with proprioceptive information relating to the 
upper extremity,311,320 or a specific impairment in visuomotor 
control without deficits in perception,321–323 are alternative 
explanations.

Other neuro-ophthalmic signs. The blink to threat 
response may be absent even within intact visual fields.324 
Spatial or visual disorientation, a difficulty in localizing and 
finding objects in extrapersonal space by sight alone, is another 
prominent feature in a number of  cases.301,302,325 Although 
the visual fields may be normal,58 often bilateral inferior alti-
tudinal defects are present325,326 owing to the frequent involve-
ment of  the superior banks of  the occipital lobes.

Etiology. The usual etiology is watershed infarction in 
the setting of  hypoperfusion following cardiac or respiratory 
arrest, but patients with cardiogenic emboli, Alzheimer’s 
disease,327 Creutzfeldt–Jakob disease,328 and progressive mul-
tifocal leukoencephalopathy329 (see Chapter 8) may also 
present with complex visual disturbances manifesting with 
any or all of  the elements of  Balint syndrome. Less common 
but other reported causes include angiography,330 central 
nervous system vasculitis,331 adrenoleukodystrophy,332  
perinatal hypoxic ischemic encephalopathy,333 posterior 
reversible encephalopathy syndrome, and reversible cerebral 
vasoconstriction syndrome.334,335 In addition, we have seen 
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describe the view from the side of  the square opposite the 
cathedral, patients described fewer landmarks on the left 
side of  their imagined scene. When asked to recall the view 
of  the square from the other side on the cathedral steps, 
again patients neglected more details on their left, but they 
described correctly objects on the right they had previously 
ignored from the other side. Other patients with visual dis-
orientation and defective visuospatial imagery have been 
reported.356

Several cases have shown that perception and imagery 
can be dissociated. For instance, patients with hemianopias 
and cortical blindness have been reported with intact visual 
imagery.353,360–362 Some patients with cerebral achromatopsia 
have preserved color imagery.363,364 In addition, a patient 
with a right parietal lesion and left-sided representational 
neglect without visual perceptual neglect,365 and others with 
visual agnosia but intact visual imagery,366 have been 
reported.

Frontal Lobe Disturbances

Frontal lobe neglect is well recognized in humans.367,368 It 
can be denser than parietal neglect and can mimic a hom-
onymous hemianopia.243 Cogan369 used the term “pseudo-
hemianopsia” to refer to patients with this disorder. In contrast 
to those with a hemianopia from parietal or occipital injury, 
however, the frontal defect is usually transient. Furthermore, 
frontal neglect may preferentially affect exploratory–motor 
rather than perceptual–sensory tasks.234 Many patients will 
have a hemiparesis and mild difficulty with contraversive 
lateral gaze, consistent with adjacent involvement of  the 
motor strip as well as the more anterior frontal eye fields. In 
one study370 of  patients with frontal neglect of  the left 
hemispace, all lesions involved the inferior frontal gyrus 
(Brodmann area 44) and the underlying white matter. Part 
of  the premotor cortex, this area is the homologue of  Broca’s 
area in the right hemisphere.

Diseases Commonly Associated 
With Higher Cortical Visual 
Disturbances

The most common cause of  a higher cortical visual dis-
turbance is a vasoocclusive stroke. Typically the posterior 
cerebral artery or one of  its branches is involved unilater-
ally or bilaterally, affecting the occipital, occipitotemporal, 
and occipitoparietal areas. Middle cerebral artery strokes 
may cause parietal or frontal lobe syndromes. Other etiolo-
gies include neoplasms, hemorrhages, multiple sclerosis, 
abscesses, trauma, progressive multifocal leukoencepha-
lopathy, and carbon monoxide poisoning. The differential 
diagnosis is similar to that of  retrochiasmal disturbances(see  
Chapter 8).

However, three dementing illnesses, Alzheimer’s disease, 
dementia with Lewy bodies, and Creutzfeldt–Jakob disease, 
have a predilection for visual association cortices (see Pos-
terior Cortical Atrophy).371 In each section, the neurologic, 
neuro-ophthalmic, laboratory, and pathologic features, fol-
lowed by treatment issues, are discussed.

a case of  Balint syndrome caused by acute hemorrhagic 
leukoencephalitis (see Fig. 9.10).

Treatment. Aside from treating the underlying condition, 
the management of  patients with Balint syndrome is largely 
adaptive. Like patients with parietal hemispatial neglect, 
visual cues such as colored strips of  paper can be used to 
help them read and scan pages.336 Some patients, however, 
are so severely affected that they are rendered visually 
disabled.

POSTERIOR CORTICAL ATROPHY

The label posterior cortical atrophy has been applied to a pro-
gressive dementing syndrome characterized primarily by 
higher cortical visual disorders.337 Typically patients exhibit 
some combination of  homonymous visual field defects, alexia 
with or without agraphia, visual agnosia, components of  
Balint syndrome, prosopagnosia, Gerstmann syndrome (left–
right confusion, finger agnosia, acalculia, and agraphia), 
oculomotor dysfunction, and transcortical sensory aphasia 
(fluent aphasia with intact ability to repeat).338–344 Visual 
hallucinations can also occur.345 Memory and frontal lobe 
functions, such as judgment and insight, are not significantly 
affected early in the course. Neuroimaging reveals cerebral 
atrophy, more severe posteriorly.

Etiologic considerations include Alzheimer’s disease, demen-
tia with Lewy bodies, Creutzfeldt–Jakob disease, and corti-
cobasal degeneration.339,340,346,347 Posterior cortical atrophy 
is felt to be a unique presentation of  these conditions.348 
Similarly, a focal cortical atrophy of  the left, greater than 
right, temporal lobe can present as primary progressive 
aphasia, and patients may eventually develop memory loss, 
a dementing illness due to Alzheimer’s disease, or fronto-
temporal lobar degeneration.

VISUAL IMAGERY

Although visual imagery is not solely a parietal lobe func-
tion, lesions in this area may affect this cognitive function. 
Numerous neuropsychological and functional neuroimaging 
studies have suggested that many of  the same areas of  the 
brain that are responsible for viewing and interpreting an 
object are also important for imagining it.349–353 For instance, 
patients with occipital lobe lesions and a contralateral hemi-
anopia or quadrantanopia can have defective visual imagery 
on the side of  the field defect.354 In addition, PET studies 
have demonstrated that patients with acquired blindness due 
to anterior visual pathway lesions activate visual cortex 
during mental imagery.355 Patients with prosopagnosia and 
achromatopsia can have an imagery disorder involving faces 
and colors of  objects.356 Individuals with visual agnosias for 
particular objects, living versus nonliving, for example, might 
have selective loss of  visual imagery for the same types of  
items.357

Furthermore, imagining an object or scene requires the 
ability to generate an internal representation of  objects and 
scenes in extrapersonal space and relies upon the inferior 
parietal lobule. Thus patients with right parietal lobe lesions 
may neglect the left side during visual imagery (so-called 
representational neglect).358 For instance, Bisiach and Luzzatti359 
asked patients with left hemineglect to imagine they were 
looking at the Piazza del Duomo in Milan. When asked to 
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in visual acuity396; visual fields, including hemianopic field 
loss385,397–400; contrast sensitivity401; stereoacuity402,403; and 
color vision.404 Primary visual function abnormalities are 
not always observed.405,406

Diagnostic studies. CT and MRI are helpful in excluding 
other disorders and are usually normal or reveal diffuse corti-
cal atrophy. PET, single photon emission computed tomog-
raphy (SPECT), and perfusion studies may demonstrate 
decreased rates of  glucose metabolism and blood flow in the 
posterior cingulate, parietal, parietooccipital, temporal, and 
prefrontal regions.407,408 When the symptoms are primarily 
visual, the abnormalities on anatomical and functional 
imaging tend to be more posterior.398,399 Amyloid PET imaging 
is a ligand-based imaging mechanism that provides a measure 
of  β-amyloid deposits in the living brain and is a marker of  
the pathology associated with Alzheimer’s disease, but it is 
not specific for Alzheimer’s disease; as such, it is not part of  
the routine clinical evaluation for Alzheimer’s disease, but 
will likely be used in the near future.383

Spinal fluid levels of  tau may be elevated and those of  
β-amyloid protein (see Pathology) may be decreased.373,409 
Sometimes an electroencephalogram, which is either normal 
or shows diffuse slowing in Alzheimer’s disease, is performed 
when Creutzfeldt–Jakob disease is also considered. Although 
their significance is unclear, abnormal visual-evoked poten-
tials410 and electroretinograms411,412 and reduction in nerve 
fiber layer413 and macular thickness demonstrated by optical 
coherence tomography have been reported in patients with 
Alzheimer’s disease.

Pathology. The diagnosis of  Alzheimer’s disease is con-
firmed histologically, by biopsy or postmortem examination. 
The pathologic features include neurofibrillary tangles, which 
are characterized by paired helical fibers composed of  altered 
forms of  the microtubule-associated protein tau; senile 
plaques, consisting of  insoluble β-amyloid protein; neuron 
degeneration; and loss of  synapses.414 Also seen are granu-
lovacuolar degeneration, amyloid (congophilic) deposition 
in vessel walls, and Hirano bodies, which are eosinophilic 
filaments. Cell loss in the basal forebrain cholinergic complex 
and decreased choline acetyltransferase activity suggest 
defective cholinergic transmission is associated with the 
disease.415

The visual deficits in Alzheimer’s disease are usually attrib-
uted to neurofibrillary tangles in visual association areas416,417 
or striate cortex.418 Levine et al.419 described a patient with 
Alzheimer’s, visual object agnosia, visual field constriction, 
and impaired contrast sensitivity. The postmortem examina-
tion revealed the density of  tangles was highest in the occipi-
toparietal areas and lowest in the frontal lobes. A similar 
distribution of  lesions was found in a group of  Alzheimer’s 
patients presenting with Balint syndrome.420 Alzheimer’s 
patients who are visually symptomatic are more likely to 
demonstrate tangles in the occipitoparietal regions than those 
who have normal visual function.421

Pathologic findings in the primary visual pathways have 
also been found,410 but inconsistently. For instance, the density 
of  retinal ganglion cells subserving the central 11 degrees 
of  vision was reduced in patients with Alzheimer’s disease 
as well as in age-matched control patients.422

Treatment. For further details regarding pharmacologic 
agents used in Alzheimer’s disease, the reader is referred to 
detailed reviews.377,423,424 In general, there is no cure and no 

ALZHEIMER’S DISEASE

This neurodegenerative condition is highlighted by a gradu-
ally progressive, age-related dementia, which in turn is char-
acterized by (1) a loss of  intellect sufficient to interfere with 
social or occupational functions, (2) memory loss, and (3) 
a clear sensorium. The disease is considered probable if  these 
features are present, the age of  onset is between 40 and 90 
years, and other neurologic diseases that could account for 
the deficits are absent.372,373

Alzheimer’s disease is the most common cause of  dementia 
in North America and Europe,374 accounting for at least half  
of  cases.375 One study revealed that 47.2% of  those older 
than age 85 years are affected by the disorder.376 Commonly, 
patients present with an amnestic mild cognitive impairment 
and later develop Alzheimer’s disease.373

Primary risk factors for the disease include family history, 
presence of  the apolipoprotein E ∈4 allele, and trisomy 21.377 
Less common are autosomal dominant forms of  early onset 
Alzheimer’s disease that are associated with mutations in 
the amyloid precursor protein gene on chromosome 21 and 
presenilin 1 and 2 genes on chromosomes 14 and 1, 
respectively.377–380 Possible risk factors include a history of  
head trauma and low intelligence.381

Neurologic symptoms and signs. In addition to insidi-
ous memory loss,382 patients with Alzheimer’s disease may 
develop language deficits, particularly word-finding difficul-
ties. Personality and affect changes, problems with concen-
tration, and psychosis and agitation with deterioration in 
social skills and motor impairment can be evident in later 
stages. In general, noncognitive functions are normal. Extra-
pyramidal signs such as bradykinesia and tremor may be 
observed, as some patients have coexisting Parkinson’s disease 
or cortical Lewy bodies. Job loss, home care, nursing home 
placement, and eventual demise occurs between 5 and 12 
years following dementia onset.374

Differential diagnosis. Depression, multiinfarct dementia, 
extrapyramidal disorders, hypothyroidism, and toxic-metabolic 
disorders, for instance drug toxicity and B12 deficiency, are 
the conditions most commonly mistaken for Alzheimer’s 
disease. Neurosyphilis should also be excluded. The reader 
is referred to reviews and practice guidelines383,384 for a com-
plete differential diagnosis of  dementia.

Neuro-ophthalmic symptoms and signs. Visual deficits 
are the initial complaints and findings in the synonymous 
“visual,” “posterior,” or “posterior cortical atrophy” variants 
of  Alzheimer’s disease and occasionally in the typical 
variant.371,385 In one study386 of  community-based patients 
with Alzheimer’s disease, approximately one-half  had a visual 
object agnosia, while one-fifth had Balint syndrome. Prosop-
agnosia, visual hallucinations (see Chapter 12), defective 
visuomotor perception,387–389 abnormal form perception,390 
decreased visual attention,391 poor performance on visuo-
spatial tasks,392,393 right-sided neglect, alexia without 
agraphia, poor visual memory,394 and diminished curiosity 
of  novel or unusual visual stimuli395 may also occur. Because 
patients with Alzheimer’s disease and higher cortical visual 
disturbances usually have normal visual acuity and eye 
examinations, many patients return for repeated examina-
tions and changes in eyeglass prescriptions before they are 
recognized to have higher cortical visual dysfunction. 
However, patients with Alzheimer’s disease may have deficits 
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which is often referred to as the Lewy-body variant of  
Alzheimer’s disease.

Treatment. Symptomatic treatments can be effective, but 
there are no treatments available for slowing or preventing 
neurodegeneration. Neuroleptics used to treat visual hal-
lucinations and other neuropsychiatric symptoms can result 
in severe side-effects with worsening parkinsonism and con-
fusion in patients with dementia with Lewy bodies and are 
generally to be avoided.434 Symptoms of  parkinsonism can 
respond to levodopa or dopamine-receptor agonists, and 
acetylcholinesterase inhibitors and NMDA-receptor antago-
nists may provide benefit for visual hallucinations435–437 and 
cognitive and neuropsychiatric symptoms.438 The presence 
of  visual hallucinations predict a better response to acetyl-
cholinesterase inhibitors and has been linked to low acetyl-
choline states.439

CREUTZFELDT–JAKOB DISEASE

Creutzfeldt–Jakob disease, a relatively uncommon neurode-
generative disorder in adults, is characterized by rapidly 
progressive dementia and myoclonus worsening over weeks 
to months. In one large study,440 the range of  age of  onset 
was wide, 16–82 years, but the most frequent age group 
affected was between 60 and 64 years.

Creutzfeldt–Jakob disease, along with kuru, Gerstmann–
Sträussler–Scheinker syndrome, and fatal familial insomnia, 
constitute a group of  dementing illnesses known as human 
transmissible spongiform encephalopathies.441 Clinically, kuru 
and Gerstmann–Sträussler–Scheinker syndrome present 
primarily with cerebellar syndromes, and dementia occurs 
at later stages. Scrapie and bovine spongiform encephalopathy 
(mad cow disease) are related neurodegenerative diseases 
seen in animals. The responsible agents in these conditions 
are proteinaceous particles called prions (PrP, prion protein), 
which are devoid of  nucleic acids.442 Disease results when 
the normal (cellular) prion protein PrPC misfolds into the 
pathologic (scrapie) form, PrPSc.443–445

Eighty-five percent of  cases of  Creutzfeldt–Jakob are spo-
radic, while 10–15% of  cases are familial, caused by a muta-
tion in the prion protein gene (PRNP). Much less commonly, 
Creutzfeldt–Jakob is iatrogenic due to growth hormone derived 
from human cadaveric pituitary glands,446 reuse of  stereo-
tactic electroencephalography electrodes, and corneal447 or 
cadaveric dural transplantation.448–450 New-variant 
Creutzfeldt–Jakob results from consumption of  beef  from 
bovines with spongiform encephalopathy.451

Neurologic symptoms and signs. The disorder usually 
starts with gradual memory loss and behavioral abnormali-
ties. Some patients present with additional sleep disturbances, 
depression, weight loss, anorexia, or anxiety. Cerebellar dys-
function, typified by ataxia and dysarthria, or pyramidal or 
extrapyramidal dysfunction may also be evident. Usually 
within a few weeks or months of  onset, mental and motor 
functions deteriorate rapidly. Global dementia, cerebellar 
incoordination, rigidity, akinetic mutism, and startle-induced 
or spontaneous myoclonic jerks typify the later stages of  the 
illness.440,451

Neuro-ophthalmic symptoms and signs. Patients with 
the Heidenhain (occipitoparietal) variant often present with 
visual symptoms that predate dementia or behavioral changes, 
and they may have visual field defects such as homonymous 

method for halting disease progression, and medications are 
only mildly effective. To enhance central cholinergic neuro-
transmission, cholinesterase inhibitors such as donepezil, 
rivastigmine, and galantamine can be used.425 Gastrointestinal 
side-effects such as nausea and diarrhea can limit dosing. 
Memantine, an N-methyl-D-aspartate (NMDA) antagonist, 
is effective in later stages of  Alzheimer’s disease by interfer-
ing with glutamatergic excitotoxicity or its effect on hip-
pocampal neurons.423 Medical treatment of  agitation, 
depression, and psychosis, including visual hallucinations 
(see Chapter 12), can be necessary in later stages.

DEMENTIA WITH LEWY BODIES

Dementia with Lewy bodies is a slowly progressive, dement-
ing neurodegenerative disorder that is distinct from Alzheim-
er’s disease. It accounts for up to 30% of  all dementias426,427 
and is associated with disturbances in attention, executive 
function, and visuospatial processing and later development 
of  parkinsonism, neuropsychiatric symptoms, autonomic 
dysfunction, and sleep disturbances.427

Neurologic symptoms and signs. Patients present with 
cognitive decline associated with fluctuations of  intellectual 
function and alertness that precede signs and symptoms of  
parkinsonism, often by at least 1 year.427,428 Other findings 
include rapid eye movement (REM) sleep behavior disorder 
and autonomic dysfunction. Neuropsychiatric and neurobe-
havioral changes due to delusions, apathy, depression, and 
anxiety can result in considerable burden for caregivers.

Differential diagnosis. At onset, patients can be misdi-
agnosed as having Alzheimer’s disease, while later in the 
course they are often incorrectly diagnosed with Parkinson’s 
disease. Differentiating these conditions can be difficult,  
but cognitive decline that precedes parkinsonism by 1 year, 
frequent visual hallucinations, REM sleep disturbances,  
and autonomic dysfunction are important clues to the 
diagnosis.428

Neuro-ophthalmic symptoms and signs. Visual hal-
lucinations and higher order visual dysfunction are char-
acteristic of  dementia with Lewy bodies.427,429,430 These two 
features are independent,431 although Mosimann et al.432 
found that visual perceptual dysfunction was worse in patients 
with visual hallucinations. Visuospatial and perceptual 
abnormalities include impaired visual construction, angle 
matching, color matching, form matching, and simple motion 
perception.432,433 These symptoms support involvement of  
both the dorsal (visuospatial) and ventral (recognition) 
streams in dementia with Lewy bodies.

Diagnostic studies. Routine neurologic evaluation with 
neuroimaging, neuropsychological assessment, and poly-
somnography for evaluation of  REM sleep behavior  
disorder are indicated. Brain CT and MRI are often  
normal early in the disease. CT SPECT studies reveal low 
dopamine transporter uptake in the striatum and 
18F-fluorodeoxyglucose PET studies reveal low glucose 
metabolism in the occipital regions with relative sparing of  
the medial temporal lobes.428

Pathology. The hallmark pathology is Lewy bodies 
throughout the cortex, limbic regions, and brainstem.427 
Lewy bodies are proteinaceous material composed of  alpha-
synuclein, which is aggregated into fibrils. Some patients 
have evidence of  overlap of  Alzheimer’s disease pathology, 
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hemianopia or quadrantanopia.452–454 Cortical blindness,455 
visual hallucinations, visual agnosia, palinopsia,456 and Balint 
syndrome may also occur.328,457 Usually the fundus is normal, 
but rarely patients with optic atrophy have been reported.458 
Ocular motor disturbances, including supranuclear (e.g., 
Parinaud syndrome) and infranuclear gaze palsies,459 nys-
tagmus, and slow saccades,460 and eyelid abnormalities, such 
as ptosis and apraxia of  eyelid opening, may also be observed. 
In other patients with Creutzfeldt–Jakob disease, by the time 
visual signs and symptoms develop, often they are too con-
fused and uncooperative for careful documentation and 
accurate testing of  their visual function.

Pathology. Creutzfeldt–Jakob disease is characterized 
neuropathologically by neuronal loss, prominent gliosis, and 
spongiosis in cortex, thalamus, basal ganglia, and cerebel-
lum.440 Occasionally fine, radiating eosinophilic kuru amyloid 
plaques may be observed.461 Immunohistochemistry with 
antibodies against the prion protein can provide additional 
confirmation of  the disease.462,463 In the Heidenhain variant, 
the neuropathologic abnormalities are most pronounced in 
the parietal and occipital lobes.464 Although tissue damage 
is usually confined to the central nervous system, some reports 
have documented involvement of  the optic nerve head465 
and retina.466

Diagnostic studies. The definitive diagnosis of  Creutzfeldt–
Jakob disease is made with a biopsy or autopsy. However, 
spinal fluid analysis for the 14-3-3 brain protein is a sensitive 
(92%) and relatively specific (80%) laboratory test for the 
sporadic form of  this disorder.467 It should be used cautiously, 
because autopsy-proven false negatives can occur,468 and 
false-positive 14-3-3 assay results have been reported in 
patients with herpes simplex encephalitis, hypoxic brain 

Figure 9.13. Diffusion-weighted magnetic resonance imaging demon-
strating signal abnormalities in the basal ganglia (arrows) in a patient 
with Creutzfeldt–Jakob disease who presented with supranuclear gaze 
and gait abnormalities. 

Figure 9.14. Fluorodeoxyglucose positron emission tomography (FDG-
PET) demonstrating occipital lobe hypometabolism in a patient with 
the Heidenhein variant of Creutzfeldt–Jakob disease. Arrows point to 
green and yellow hypometabolic cortical regions compared with the 
anterior, blue, relatively hypermetabolic regions. The patient had  
homonymous left lower quadrant visual field defects, but the  
corresponding anatomical MRI of the brain revealed only minor hyper-
intensities on fluid attenuated inversion recovery imaging and restricted 
diffusion on diffusion-weighted imaging in the occipital cortical ribbon 
bilaterally.491 

injury, intracerebral metastases, frontotemporal dementia, 
and Alzheimer’s disease.468,469 Recently, elevated levels of  
total tau in cerebrospinal fluid has been shown to be poten-
tially superior to 14-3-3 in predicting disease status.470 Fur-
thermore, a ratio of  total tau to phosphorylated tau has been 
found to be greater than 99% specific and approximately 
80% sensitive.471 Another study revealed that spinal fluid 
analysis of  total prion protein can improve diagnostic accu-
racy in the differentiation of  atypical Alzheimer’s disease 
and Creutzfeldt–Jakob disease.472

Conventional T1-weighted MR images are frequently 
normal in patients with Creutzfeldt-Jakob disease, while 
diffusion-weighted MR sequences may demonstrate high 
signal abnormalities in the cortex or basal ganglia (Fig. 9.13) 
in Creutzfeldt–Jakob disease,473–477 with a 98% sensitivity 
and a 94% specificity.478 With less sensitivity, T2-weighted479 
and fluid attenuated inversion recovery (FLAIR)480 images 
can reveal similar changes. PET may demonstrate hypome-
tabolism (Fig. 9.14), and SPECT may show hypoperfusion 
in the occipital lobes in patients with the Heidenhain variant 
of  Creutzfeldt–Jakob disease481 that occasionally precede 
abnormalities found on MRI.
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In moderately to severely affected patients, the electroen-
cephalogram (EEG) may contain 1–2 Hz rhythmic periodic 
sharp wave complexes or a slow-wave burst-suppression 
pattern.482 Some patients may have an abnormal electro-
retinogram (ERG) with a B1-wave decrease and relative 
preservation of  the A wave.466,483

In practice, the combination of  a clinical history of  rapidly 
progressive dementia with myoclonus, pyramidal, or extra-
pyramidal dysfunction, or visual deficits; abnormal CSF 
14-3-3 and total tau; diffusion-weighted MRI abnormalities; 
and periodic complexes on EEG would be highly suggestive 
of  the diagnosis of  Creutzfeldt–Jakob disease.484–487

Treatment. Unfortunately, Creutzfeldt–Jakob disease is 
uniformly fatal, usually within 1 year of  onset,488 and there 
is no effective treatment.489,490
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10 Transient Visual Loss 
or Blurring
MADHURA A. TAMHANKAR

presence of  cerebrovascular risk factors are additional historic 
features that suggest an ischemic (embolic, thrombotic, or 
vasculitic) cause of  retinal vascular insufficiency.

ETIOLOGIES RELATED TO OPTIC  
NERVE DYSFUNCTION

A patient with a history of  optic neuritis might complain of  
transient visual loss with a rise in body temperature (Uhthoff ’s 
phenomenon). Vision loss with eye movements is consistent 
with gaze-evoked amaurosis and suggests transient optic nerve 
compression by an underlying orbital mass. Patients with 
papilledema and pseudopapilledema may have transient visual 
obscurations that are typically elicited by changes in posture, 
such as standing up, or rapidly changing head position.

MIGRAINE

Migrainous transient visual loss is suggested by accompany-
ing symptoms of  headache, nausea, or vomiting and may 
be monocular or binocular. Previous migraines, a history 
of  affected family members, or accompanying positive phe-
nomena such as scintillations, prisms, or colored lights also 
support the diagnosis of  migrainous visual loss. When numer-
ous, recurrent, unexplained episodes of  visual loss occur, 
particularly in a young person, a migrainous cause should 
be considered.

CEREBRAL CAUSES

Transient visual field loss that is binocular, particularly if  
homonymous and hemianopic, might be caused by cerebral 
ischemia, although hemianopic visual loss is more commonly 
caused by migraine. A history of  seizures, loss of  conscious-
ness, or abnormal motor activity would suggest ictal or post-
ictal visual loss.

Examination of the Patient With 
Transient Visual Loss or Blur

Particular attention should be paid to the slit-lamp examina-
tion to search for tear film or corneal surface abnormalities 
and to the fundus examination for evidence of  retinal emboli, 
cotton-wool spots, or optic disc swelling. Focal signs on the 
neurologic examination should also be excluded. On the 
general examination, palpation of  the temporal arteries 
should be performed in elderly patients with transient visual 
loss with suspected giant cell arteritis. Patients with transient 
visual loss, however, often have relatively normal ophthalmic, 
neurologic, and general examinations.

Transient loss or blurring of  vision lasting for seconds or 
minutes are common visual complaints. This chapter provides 
one approach to patients with these symptoms based upon 
visual pathway anatomy and etiology: preretinal, retinal-
vascular, optic nerve, migrainous, and cerebral causes. Most 
of  the patients in the preretinal category have ocular surface 
abnormalities or other ocular causes. Retinal and cerebral 
causes typically result from alterations in blood flow. The 
diagnosis and treatment of  the neuro-ophthalmic causes of  
transient visual loss are detailed, with particular emphasis 
on the presentation and management of  carotid disease.

Approach: By Visual  
Pathway Anatomy

The distinction between the causes of  transient visual loss 
or blurring can often be made on historical grounds.

PRERETINAL CAUSES

Patients with preretinal causes of  transient visual distur-
bances may be recognized by their longstanding, vague, and 
often innocuous visual complaints. The term transient visual 
blurring may be more accurate for these patients, because 
they have mild visual changes and complain of  episodic 
blurry, hazy, distorted, or foggy vision. These characteristics 
distinguish the typically benign preretinal causes from serious 
causes more typically associated with frank visual loss. Typi-
cally these patients are concerned by a reduced quality to 
their vision with a superimposed, momentary worsening or 
change that causes their vision to vary during the course 
of  the day. They often have difficulty determining which eye 
is having the problem. Patients may report problems under 
one specific set of  circumstances, such as when reading small 
print or seeing words on the television or computer screen. 
Patients may describe transient monocular diplopia or image 
ghosting. They rarely describe a discrete visual field defect. 
Other neurologic complaints or new headaches are absent.

RETINAL-VASCULAR CAUSES

Sudden, transient, monocular central or peripheral vision 
loss with full or partial recovery would be more consistent 
with a retinal-vascular cause.1 Patients tend to be more 
definitive in their description of  the visual loss with regard 
to the onset of  symptoms, the number of  episodes, and their 
duration. Altitudinal (“shade coming down”) or lateralized 
transient monocular visual loss is highly suggestive of  this 
category.2 Pain, headache, scalp tenderness, jaw claudica-
tion, accompanying neurologic signs or symptoms, or the 
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Preretinal Transient  
Visual Blurring

Many patients who describe variable blurring of  their vision 
have an ocular, nonischemic cause (Box 10.1). Although 
the symptoms may be quite disruptive and difficult to treat, 
there are almost no critical diagnoses to make except tran-
sient elevation of  intraocular pressure or corneal edema.

OCULAR SURFACE ABNORMALITIES

Tear film or corneal abnormalities are probably the most 
common preretinal causes of  transient visual blurring. 
Patients with tear film abnormalities typically describe a 
pattern in which their visual complaints occur for hours 
many times per week, often at the end of  the day, and some-
times during one particular activity. For instance, symptoms 
may occur in the afternoon at work, in the evening when 
sitting down to read, or after a walk on a windy day. These 
patients often note excessive tearing. Repeat blinking or 
lubrication of  the eyes in this setting will often improve the 
vision. Slit-lamp examination may show abnormal tear film 
break up, blepharitis, or corneal and conjunctival fluorescein 
staining. Patients with blepharitis may be more symptomatic 
in the morning due to increased accumulation of  abnormal 
meibomian gland secretions overnight. Good eyelid hygiene 
and eyelid scrubs usually lead to prompt improvement. If  
corneal epithelial breakdown due to excessive dryness or a 
tear film abnormality is present, there may be associated 
foreign body sensation, pain, or redness. Those with dry  
eyes will frequently have an abnormal Schirmer’s test  
(see Chapter 2).

In addition, patients with corneal endothelial dysfunction 
can develop blurred vision from corneal epithelial and stromal 
edema. These episodes often last for hours and occur most 
commonly in the morning. The diagnosis can be made by 
examining patients during symptomatic periods. The pres-
ence of  corneal endothelial guttata usually suggests this 
diagnosis.

Box 10.1 Preretinal Causes of Transient  
Visual Blurring

Tear film abnormalities
Dry eye
Blepharitis

Corneal epithelial disease
Dry eye
Epithelial irregularity

Corneal endothelial dysfunction
Recurrent corneal erosions
Transient elevation of intraocular pressure

Intermittent angle closure
Uveitis

Fluctuating blood sugar
Anterior chamber abnormalities

Uveitis
Hyphema

Vitreous floaters

Box 10.2 Retinal-Vascular Causes of Transient 
Vision Loss

Carotid embolic disease
Cardiac embolic disease

Valvular disease
Mural thrombus (atrial fibrillation)
Atrial myxoma

Aortic arch embolic disease
Vasospasm
Temporal arteritis
Hematologic abnormalities

Hypercoagulable state
Polycythemia

OTHER OCULAR CAUSES

Subacute transient attacks of  narrow-angle glaucoma may 
cause episodes of  transient visual blurring accompanied by 
halos or eye pain.3 During asymptomatic periods the intra-
ocular pressure may be normal. Gonioscopy may reveal 
shallow or occluded anterior chamber angles. Rarely, spon-
taneous recurrent anterior chamber hemorrhages (hyphema) 
may also cause episodic visual blurring.4 Such recurrent 
hemorrhages can occur in patients with juvenile xantho-
granuloma, those with a uveitis–glaucoma–hyphema syn-
drome due to a malpositioned intraocular lens with iris 
contact, and patients with iris neovascularization.

Osmotic changes in the lens can occur with widely fluc-
tuating blood glucose levels, such as in patients with diabetes 
or those taking corticosteroids. This blurring is associated 
with a change in refractive error, for instance an increase 
in myopia with hyperglycemia, without visible lens altera-
tions. Pinholes usually improve the visual acuity in these 
cases. Vitreous abnormalities, particularly acute posterior 
vitreous detachments and opacities associated with uveitis, 
can also cause transient visual blurring. Posterior opacities 
can move or float over the macula and alter visual acuity, 
but some patients report a more fixed opacity that blurs 
vision.

Patients with age related macular degeneration, retinal 
degenerations and diabetic retinopathy may note transient 
loss of  vision with exposure to bright light due to prolonged 
photostress recovery time (see Chapter 2).

Retinal-Vascular Transient  
Visual Loss

Retinal-vascular transient visual loss is due to temporary 
interruption of  the retinal circulation (Box 10.2). The classic 
symptom is transient monocular blindness (amaurosis fugax 
or “fleeting blindness”).1 Thromboembolic causes due to 
carotid or cardiac emboli, vascular insufficiency from giant 
cell arteritis, vasospasm, and hypercoagulability should be 
considered. Because many of  these patients are at risk for 
permanent visual loss or stroke, they must be identified and 
treated expeditiously.

Vascular anatomy. The aortic arch gives rise to the great 
vessels supplying the head and neck. The first branch of  the 
aorta is the innominate (brachiocephalic) artery, which divides 
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carotid artery at the bifurcation may be narrowed by ath-
erosclerotic plaque formation (Fig. 10.2) and related mural 
thrombi, plaque ulceration, and intraplaque hemorrhage.8,9 
More recent evidence points to carotid plaque morphology 
rather than extent of  stenoses alone as being responsible for 
transient or permanent retinal vascular events.10,11 In one 
study over 40% of  patients with central retinal artery occlu-
sion (CRAO), a plaque was found in the distal internal carotid 
artery closer to the origin of  the ophthalmic artery as opposed 
to the carotid bulb.11

Nonatherosclerotic causes of  carotid disease include carotid 
dissection (see Chapter 13), fibromuscular dysplasia, Takayasu 
arteritis, carotid trauma, and radiation arteritis.12,13 Carotid-
related amaurosis fugax can be due to emboli from an ath-
erosclerotic proximal internal carotid artery segment to the 
retinal artery circulation.14,15 Alternatively the etiology could 
be nonembolic from retinal hypoperfusion due to occlusive 
carotid disease,16 particularly when the collateral circulation 
to the eye is also compromised.15,17

The risk of  stroke from carotid-related amaurosis fugax 
(2% annually) is less than half  of  that associated with hemi-
spheric TIAs (5–8% annually).15,18–20 It is unclear why tran-
sient monocular visual loss has a decreased stroke risk 
compared with hemispheric TIAs.21 Possible explanations 
include vasospasm or disturbance of  orbital venous circula-
tion, smaller-sized emboli passing into the ophthalmic cir-
culation preferentially, or increased retinal vulnerability to 
reduced flow (highly energy dependent), making patients 
more likely to be symptomatic and to present before a hemi-
spheric event occurs.22,23 However, two other studies have 
reported that retinal ischemia, whether transient or perma-
nent, carries the same overall poor prognosis as cerebral 
ischemia, with over a quarter of  patients in both studies 
having imaging evidence of  acute brain infarctions.24,25 
Further details are discussed in Chapter 4.

Symptoms. The characteristics of  monocular embolic 
retinal-vascular visual loss are summarized in Box 10.3. 
Typically acute in onset, it is often described as a shade or 
curtain that obscures vision in one eye. Visual loss may be 
altitudinal, peripheral, central, or even vertical.19 A nasal 
visual field defect may suggest an embolic mechanism because 
of  the tendency of  these particles to lodge in the temporal 
retinal circulation.26 Most episodes last 5 minutes or less. 
Rarely, associated scintillating scotomas or tiny bright lights 
may be experienced.15 Pain is uncommon, and its presence 
should raise the possibility of  temporal arteritis (see later 
discussion).

Rarely, patients may complain of  transient monocular 
blindness after exposure to sunlight or even after viewing a 
white wall.27 Bright-light–induced amaurosis fugax in patients 

to form the right subclavian and right common carotid arter-
ies. The next branch off  of  the aorta is the left common 
carotid artery. Each carotid artery enters the neck, eventually 
traveling through the temporal bone to enter the cavernous 
sinus (Fig. 10.1). Upon exiting the cavernous sinus, the carotid 
gives off  its first major branch, the ophthalmic artery. In 
10% of  patients, the ophthalmic artery originates from the 
cavernous carotid artery. The ophthalmic artery provides 
the blood supply to the optic nerve, retina, and other struc-
tures of  the eye. The muscular branches supply the extra-
ocular muscles. The central retinal artery enters the substance 
of  the optic nerve to supply the most anterior portion of  the 
optic nerve head and retina (see Fig. 4.1). Most of  the optic 
nerve head derives its supply from two or more long posterior 
ciliary arteries. The optic nerve head represents a potential 
watershed area between these posterior ciliary arteries (see 
Chapter 5 for more details).

The blood supplies of  the optic radiations and occipital 
cortex are reviewed in detail in Chapter 8.

CAROTID DISEASE

Extracranial internal carotid artery stenosis or occlusion is 
a common cause of  retinal-vascular transient visual loss.5,6 
In this setting, transient visual loss is more often labeled as 
transient monocular blindness, amaurosis fugax, or a retinal 
transient ischemic attack (TIA).7 The origin of  the internal 
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Figure 10.1. Angiogram of a normal carotid artery. Cv, Cavernous; Cx, 
cervical portions; P, petrous; S, supraclinoid. (From Bennett J, Volpe NJ, 
Liu GT, et al. Neurovascular neuro-ophthalmology. In Albert D, Jakobiec 
FA (eds). Principles of Ophthalmology, pp 4238–4274. Philadelphia, WB 
Saunders, 2000, with permission.)

Box 10.3 Typical Features of Monocular 
Embolic Transient Monocular Vision Loss

Abrupt onset
Painless
Typically lasts 1–5 minutes
Darkening or fogging (not blurring) of visual field
Altitudinal pattern (shade closing) of vision loss
Vision returns gradually over minutes
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addition, symptoms suggestive of  temporal (giant cell) arte-
ritis (see later discussion) should be excluded.

Neuro-ophthalmic signs. Retinal emboli are the most 
common associated finding in embolic retinal-vascular 
disease, and there are two main types seen in carotid disease: 
(1) cholesterol (Hollenhorst plaques), which have a refractile, 
metallic gold appearance and are typically a sign of  carotid 
disease;30 and (2) platelet–fibrin emboli, which are creamy 
white–gray longitudinal intravascular opacifications that fill 
the entire lumen.26,30 Platelet–fibrin emboli are likely a result 
of  either carotid thrombosis or thrombosis associated with 
recent myocardial infarction. Retinal emboli and their 

BA

Figure 10.2. Right common carotid artery angiogram in a patient with amaurosis fugax and carotid artery stenosis. A. Magnified view of the right 
common carotid artery injection demonstrating filling defects within the common carotid (lower arrow), internal carotid (upper arrow), and external 
carotid arteries (thin arrow). These filling defects represent extensive clots within the carotid circulation. B. Oblique view showing the high-grade 
stenosis of the internal carotid artery (arrow) with the filling defect from the clot above. The small caliber of the cervical portion of the right internal 
carotid artery extending superiorly should be noted. (From Balcer LJ, Galetta SL, Yousem DM, et al. Pupil-involving third nerve palsy and carotid stenosis: 
rapid recovery following endarterectomy. Ann Neurol 1997;41:273–276, with permission.)

with carotid occlusive disease is well recognized.28,29 Presum-
ably, impaired blood flow to the outer retinal segments com-
promises the regeneration of  retinal pigments required for 
visual perception.

In patients with carotid stenosis, ipsilateral eye symptoms 
may be accompanied by those of  ipsilateral cerebral ischemia. 
These include contralateral hemiparesis, sensory loss, or even 
hemianopia.15 Ischemia of  the dominant hemisphere may 
cause language deficits.

Other history. Screening for atherosclerotic risk factors 
such as hypertension, smoking, diabetes, peripheral vascular 
disease, and cardiac arrhythmias should be performed. In 
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severe unilateral visual loss and hemispheric signs of  varying 
degrees. Although anterior ischemic optic neuropathy (AION) 
has also been described in association with carotid disease,37,38 
a causative relationship is unlikely, because AION is more 
likely the result of  decreased blood flow in the small vessel 
posterior ciliary arteries rather than either artery-to-artery 
emboli or a low-flow state resulting from large vessel occlusive 
disease.

General examination. Often patients are seen after the 
episode of  transient visual loss, and the examination during 
the asymptomatic phase may be normal. The presence or 
absence of  a carotid bruit cannot be used to diagnose sig-
nificant carotid stenosis or predict a carotid source of  
emboli.39,40

Diagnostic tests. The laboratory evaluation of  a patient 
with suspected ischemic monocular visual loss begins with 
noninvasive assessment of  the carotid artery using either 
ultrasound, magnetic resonance angiography (MRA), or 
computed tomography angiography (CTA). Carotid ultrasound 
and Doppler (Fig. 10.4) are effective screening tools for iden-
tifying and estimating the degree of  internal carotid artery 
stenosis.41 When atherosclerotic plaques are present, B-mode 
ultrasound can often provide morphologic details.42 
Hypoechoic plaques, plaque neovascularization, and intra-
plaque hemorrhage are markers of  high-risk carotid 
lesions.43–46 Doppler waveforms allow analysis of  blood flow 
velocity.47 Because of  technical limitations, one major draw-
back is the technique’s relative inability to differentiate 
between 99% stenosis and total occlusion.48 Sometimes the 
occlusion is complete, and the source is presumed to be a 
stump embolus.

High-resolution MRA, either with time-of-flight or contrast-
enhanced methods, is another effective noninvasive method 
for assessing the carotid artery plaque morphology.49,50 The 
results are generally reported within a range—mild (0–30% 
occluded), moderate (30–70% occluded), and severe (70–99% 
occluded)—along with a description of  the carotid plaque.51–53 
MRA in particular is best at identifying ulcerative areas with 
stenotic plaques. Unlike carotid ultrasound, MRA also provides 
a view of  the intracranial circulation. MRA has a role in 
identifying the degree of  carotid stenosis, although it tends 
to overestimate it.54 However, a normal MRA (Fig. 10.5) 
is very helpful, because it makes any clinically important 
carotid disease very unlikely. CTA (Fig. 10.6) is a suitable 
alternative screening test, particularly for individuals who 
are unable to undergo magnetic resonance imaging (MRI), 
and it may be used to confirm the MRA or carotid ultrasound  
findings.55,56

Conventional angiography still remains the most accurate 
method for evaluating and quantifying carotid stenoses (see 
Fig. 10.2).57-60 The specificity and sensitivity of  angiography 
exceed those of  any noninvasive test. Disadvantages of  angi-
ography include potential allergy to intravenous contrast 
and risk of  stroke (1.2%) and renal failure.61 Many surgeons 
prefer formal angiography before endarterectomy, although 
some may operate on stenotic arteries when the ultrasound, 
CTA, or MRA examinations are in agreement.

Other studies for the evaluation of  retinal ischemia include 
a complete blood count and cholesterol, triglyceride, and 
serum glucose levels. An erythrocyte sedimentation rate and 
C-reactive protein should be obtained when giant cell arteritis 
(see later discussion) is a suspected cause of  the amaurosis. 

clinical characteristics and implications are discussed in more 
detail in Chapter 4.

Severe carotid disease may produce hypoperfusion of  the 
globe and chronic ocular ischemia, which is associated with 
anterior- and posterior-segment ocular abnormalities. 
Anterior-segment ischemia may lead to episcleral and con-
junctival injection. Corneal edema may obscure vision, while 
cells and flare in the anterior chamber may be mistaken for 
an inflammatory process. If  new iris vessels form, neovascular 
glaucoma may ensue. In the retina, a venous stasis retino-
pathy characterized by microaneurysms and midperipheral 
dot and blot hemorrhages may be evident (Fig. 10.3). The 
retinal abnormalities are similar to those seen in diabetic 
retinopathy and retinal vein occlusion, except they are located 
in the midperiphery instead of  the posterior pole and they 
tend to be unilateral, corresponding to the side of  the more 
obstructed carotid artery.31 Optic nerve head swelling is typi-
cally not seen until the very late stages of  posterior segment 
ischemia. When vision is severely affected, the visual prog-
nosis is poor.32

Rarely, signs of  orbital ischemia may be caused by severe 
carotid disease, with proptosis, chemosis, conjunctival injec-
tion, ophthalmoparesis, and retinal ischemia heralding its 
onset.33,34 Orbital ischemia and infarction are uncommon 
because of  the rich anastomoses between the ophthalmic 
and external carotid arteries.

Other neuro-ophthalmic findings associated with carotid 
disease include central and branch retinal artery occlusions 
(see Chapter 4) and Horner syndrome (see Chapter 13). 
Fluorescein angiography can be used to document delayed 
ocular perfusion with prolonged arm–to–retinal circulation 
times. Ophthalmoplegia due to ischemia of  the extraocular 
muscles or ocular motor nerves has been reported following 
carotid occlusion and dissection.33,35,36 These motility dis-
turbances do not occur in isolation, as patients typically have 

Figure 10.3. Midperipheral venous stasis retinopathy in a patient with 
ocular ischemic syndrome due to ipsilateral 95% carotid artery stenosis. 
(Courtesy of Dr. Albert Maguire.)
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found cardiac embolism to occur in 8.7% of  patients present-
ing with amaurosis.15 After a negative workup, other etiolo-
gies such as acephalgic migraine can be considered. In 
younger patients vasospasm and hypercoagulable states, due 
to abnormal antiphospholipid antibodies or protein C, protein 
S, or antithrombin III levels, need to be excluded.

Treatment (medical). If  not contraindicated, antiplatelet 
therapy with aspirin (81 or 325 mg) should be started for 

A cardiac source embolus should be excluded (see later dis-
cussion). In select patients, neuroimaging of  the head to 
look for evidence of  emboli to the brain may be obtained.

In many elderly patients with suspected retinal ischemia 
the workup outlined previously is unrevealing. In this setting 
cardiac sources of  embolism, including valvular lesions as 
well as atheroma arising from the more proximal vessels 
such as the aorta, should be ruled out. A prospective study 

B
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Figure 10.4. Carotid ultrasound and Doppler in the evaluation of carotid disease. A. Normal carotid ultrasound (upper left) and corresponding color 
Doppler (upper right) and Doppler velocity waveforms (bottom). B. Ultrasound and color Doppler demonstrating internal carotid narrowing due to 
plaque (asterisk) and turbulent flow (large arrow) distal to the stenosis. CCA, Common carotid artery; ECA, external carotid artery; ICA, internal carotid 
artery. (Courtesy of Maria Stierheim, RVT.)
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Other treatments include statins, which have been shown 
to be beneficial in the prevention of  cardiovascular events 
including stroke, irrespective of  the presence or absence of  
hypercholesterolemia.64 Control of  hypertension, tight gly-
cemic control in those with diabetes, smoking cessation, and 
weight loss are other medical strategies that can reduce future 
stroke risk.

Treatment (surgical). Traditionally symptomatic carotid 
artery stenoses of  more than 70% has been treated by per-
forming carotid endarterectomy (CE) to prevent future 
strokes.65–68 In 2008 updated guidelines on the management 
of  carotid disease were proposed (Box 10.4).69,70 Both the 
North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) and European Carotid Surgery Trial (ECST) dem-
onstrated the benefit of  CE vs medical management in persons 
with >70% stenosis (2-year stroke risk, 9% vs 26% NASCET 
and 6.8% vs 20.6% ECST) and mild to moderate benefit in 
patients with 50–69% stenosis (5-year stroke risk, 15.7% 
vs 22.2% NASCET).65–68

Surgery is usually recommended within 14 days of  
symptom onset to reduce the risk of  stroke due to the pos-
sible unstable nature of  the atheromatous plaque. The plaque 
subsequently acquires a thrombotic cap, which stabilizes and 
is subsequently less prone to embolization.71,72

The perioperative complication rate for major stroke and 
death was 2.1% in the NASCET study, emphasizing the impor-
tance of  the skills of  the angiographer, anesthetist, and vas-
cular surgeon or neurosurgeon for patients requiring CE.73

The optimal management of  asymptomatic carotid stenoses 
remains controversial. Given the 5% incidence of  peripro-
cedural stroke associated with CE and stenting, the current 
guidelines favor best medical therapy alone, which includes 
lifestyle modification (smoking cessation, exercise, weight 
loss, blood pressure control, and high-dose statin therapy).74–76 
Endarterectomy can be offered to male patients younger  
than 75 years of  age with >70% stenoses and restricted to 

all patients with amaurosis fugax to reduce the risk of  stroke. 
If  episodes are recurrent, then larger doses of  aspirin (doses 
may vary between 40 and 1300 mg), clopidogrel (75 mg 
p.o. q.d.), aspirin in combination with dipyridamole, and 
warfarin can be considered as alternatives in patients without 
surgical carotid disease (see the next section).62,63 If  crescendo 
TIAs are present or suspected, then heparinization and an 
inpatient workup and treatment should be considered.62 
Medical treatment or stenting (see the next section) are alter-
natives in patients with moderate to high-grade stenosis in 
which medical problems prohibit endarterectomy.

Figure 10.5. Normal contrast-enhanced magnetic resonance angiogram 
of the neck, demonstrating the right carotid artery, in a patient with 
monocular transient visual loss. 

Figure 10.6. Computed tomography angiogram of the neck, contrast 
enhanced, demonstrating an approximately 60% narrowing of the right 
internal carotid artery (large arrow). Hyperdense calcium is seen (small 
arrow). 

From Liapis CD, Bell PR, Mikhailidis D, et al. ESVS guidelines. Invasive 
treatment for carotid stenosis: indications, techniques. Eur J Vasc 
Endovasc Surg 2009;37:1–19 and Ritter JC, Tyrrell MR. The current 
management of carotid atherosclerotic disease: who, when and how? 
Interact Cardiovasc Thorac Surg 2013;16:339–346.

Box 10.4 Suggested Guidelines for the 
Management of Carotid Atherosclerotic Disease

All patients with carotid atherosclerotic disease should be given 
an antiplatelet agent and a statin (regardless of serum 
cholesterol level), unless contraindicated.

Symptomatic patients are defined as those with transient 
ischemic attack (TIA), stroke, or amaurosis within the past 6 
months.

Asymptomatic patients with <70% stenosis: medical therapy
Asymptomatic patients with >70% stenosis:

Male and <75 years old: surgery can be offered
Female: surgery can be offered if healthy and fit

Symptomatic patients:
<50% stenosis: medical therapy
>50% stenosis: surgery, preferably within 14 days of symptom 

onset
Carotid endarterectomy is the treatment of choice.
Carotid artery stenting should be offered to symptomatic 

patients who are at high risk during open surgery.
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patients have migraine, and very few of  them will develop 
significant visual or neurologic deficits.100 That being said, 
important diagnoses to exclude in young patients with tran-
sient monocular blindness include atrial septal defect, cardiac 
valvular disease, carotid dissection, hypercoagulable 
states,101–104 and connective tissue disorders such as fibro-
muscular dysplasia.105

GIANT CELL ARTERITIS

In patients older than 55 years with transient monocular 
or binocular vision loss, the diagnosis of  giant cell (temporal) 
arteritis must be considered. Many patients with temporal 
arteritis who develop infarction of  the optic nerve and blind-
ness report multiple episodes of  blurring or darkening of  
their vision before the permanent event.1,106,107 Transient 
visual loss may be positional in the setting of  tenuous blood 
flow108 or as a result of  viewing bright light (“bright-light 
amaurosis”).109 In fact, repeated episodes of  amaurosis make 
embolic causes less likely and temporal arteritis more likely. 
In one series, amaurosis was reported to occur in a third of  
patients with temporal arteritis before vision loss.1 A careful 
historical review with attention to the presence of  constitu-
tional symptoms such as headaches, scalp tenderness, jaw 
claudication, fever, weight loss, and polymyalgia symptoms 
must be performed. In patients with giant cell arteritis and 
amaurosis fugax, the fundus is usually normal, but on occa-
sion a cotton-wool spot (nerve fiber infarct) may be seen.110 
Fluorescein angiography may demonstrate abnormally 
delayed choroidal perfusion in some cases.

Further details regarding the pathology, diagnosis,  
and management of  giant cell arteritis are discussed in 
Chapter 5.

OTHER OCULAR VASCULAR  
OCCLUSIVE DISORDERS

Hayreh and Zimmerman reported a large series in which 
amaurosis fugax was the presenting symptom in 15% of  
patients with ocular ischemic syndrome.1 Amaurosis fugax 
occurred in 0.4% of  patients with branch retinal vein occlu-
sion and 37.8% of  patients with central retinal vein occlusion 
in the same series.

Transient Visual Loss Related to 
Optic Nerve Dysfunction

Table 10.1 summarizes other causes of  transient visual loss 
that may be confused with vascular amaurosis fugax but 
instead are related to temporary optic nerve dysfunction.

TRANSIENT VISUAL OBSCURATIONS

Papilledema may be associated with episodes of  gray, black, 
or white vision lasting for seconds (Fig. 10.7). The hallmark 
of  this type of  transient visual loss is its fleeting nature and 
its association with changes in posture, such as sitting up, 
or head position, by turning side to side, for instance. These 
transient visual obscurations also occur in patients with 
pseudopapilledema due to optic nerve head drusen or colo-
bomas, for instance.111 The mechanism in papilledema and 

asymptomatic women with >70% stenosis who are otherwise 
healthy.70

Percutaneous transluminal angioplasty and stenting of  
the internal carotid artery have been proposed as possible 
alternatives to CE to prevent stroke in patients with cardiac 
and medical conditions for whom surgery would be risky.77–79 
Multiple studies, however, have failed to show that these 
noninvasive procedures are superior to CE.80–82

Additionally, in eyes with ocular ischemia, the intraocular 
pressure should be lowered if  high. CE can be performed in 
surgical candidates with high-grade stenosis.83 Extracranial–
intracranial arterial bypass and external CE have been occa-
sionally performed with anecdotal success.84 Panretinal 
photocoagulation to prevent iris neovascularization is con-
troversial,32 but most authors favor it. Occasionally the signs 
of  ocular ischemia will spontaneously regress without specific 
therapy.

CARDIAC EMBOLI

Less commonly, cardiac emboli, due to atrial fibrillation,85,86 
valvular disease, atrial myxomas,87 and mitral valve pro-
lapse,88 for instance, can reach the retinal circulation. The 
appearance of  retinal emboli is discussed Chapter 4. A careful 
cardiac examination should be directed at detection of  an 
irregular pulse suggestive of  atrial fibrillation or a murmur 
consistent with significant cardiac valvular disease. Cardiac 
evaluation, including electrocardiography, 24-hour cardiac 
monitoring, and transthoracic echocardiography (TTE), is 
also suggested. If  the TTE is unrevealing but a cardiac source 
embolus is still highly suspected, transesophageal echocar-
diography (TEE) may be useful in certain patients with unex-
plained ocular ischemia.89 TEE is more helpful than TTE in 
viewing the left atrial appendage, the aorta, and the interatrial 
septum and in detecting a patent foramen ovale.

NONMIGRAINOUS RETINAL VASOSPASM

Vasospastic vision loss may also occur outside of  the context 
of  migraine.90,91 These patients will have no associated pain 
or headache, and they may complain of  several episodes of  
monocular visual loss per day. Rarely, during an event, tem-
porary narrowing of  the retinal vessels may be witnessed.91–93 
The diagnosis is one of  exclusion with negative cardiac and 
carotid evaluations. However, retinal vasospasm may occur 
with increased frequency in patients with connective tissue 
disorders such as systemic lupus erythematosus.94 If  a vaso-
spastic cause of  the vision loss is suspected, symptoms may 
be improved with calcium channel blockers.95–97 We prefer 
using verapamil 120–360 mg/day, but amlodipine or pro-
pranolol are alternative medications that may be effective 
in this situation. If  necessary, aspirin may also be added to 
the regimen.

Retinal vasospasm and transient monocular visual loss 
have also been reported in association with exercise98 and 
cocaine abuse.99

AMAUROSIS FUGAX IN ADOLESCENTS  
AND YOUNG ADULTS

In patients younger than 45 years, the ischemic ocular causes 
of  transient blurring are relatively uncommon. Most of  these 
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loss,119,120 depending on the location of  the lesion. Vision typi-
cally decreases seconds after eccentric gaze and returns to 
normal seconds after returning to straight-ahead gaze.121 One 
report122 described reading-induced visual dimming. Either 
transient axonal or vascular compression have been suggested 
as possible mechanisms,121 and one study demonstrated reduced 
central retinal artery blood flow on orbital color Doppler 
imaging in a patient with gaze-evoked amaurosis.123

Migraine

Transient visual loss in migraine is exceedingly common 
and takes many different forms. The three most frequently 
encountered are scintillating scotomas, hemianopias, and 
monocular visual loss. Nonembolic transient monocular 
visual loss is more likely to present with positive visual symp-
toms (gray, white lights) in contrast to embolic vision loss, 
which is characterized by a black-out of  vision.91 Purely 
negative phenomena, while they can occur in the aura of  
migraine, are usually accompanied by positive phenomena 

pseudopapilledema is likely transient ischemia or axonal 
compression at the elevated, crowded optic nerve head. Tran-
sient visual obscurations are also discussed in Chapter 6.

UHTHOFF’S PHENOMENON

Patients with optic neuropathy, resolved or otherwise, may 
complain of  transient visual loss in the affected eye when 
body temperature is elevated. Symptoms improve when the 
body temperature normalizes, and there are no permanent 
visual sequelae. This phenomenon most commonly follows 
optic neuritis and is discussed in more detail in Chapter 5.

GAZE-EVOKED AMAUROSIS

Eye movements may cause temporary visual loss due to intra-
orbital optic nerve or ophthalmic artery compression. Respon-
sible lesions include optic nerve sheath meningiomas, optic 
gliomas, papilledema,112 orbital fractures,113 benign and malig-
nant orbital tumors,114,115 and foreign bodies.113,116–118 Either 
horizontal or vertical eye movements may induce visual 

Table 10.1 Transient Visual Loss Due to Optic Nerve Dysfunction

Type of Vision Loss Symptom Most Common Setting Alternative Settings

Transient visual 
obscuration (TVO)

Fleeting graying of vision associated with postural 
change

Papilledema Other elevated optic disc 
anomalies

Uhthoff’s symptom Loss of vision associated with increased body 
temperature

Optic neuritis (active or 
recovered)

Other optic neuropathies

Gaze-evoked amaurosis Loss of vision associated with eccentric gaze in 
one direction

Orbital intraconal mass Other orbital lesions

A B

Figure 10.7. Monocular transient visual obscurations due to highly asymmetric papilledema. Fundus photographs are of the (A) hyperemic right disc 
and (B) edematous left disc in a woman with unilateral papilledema due to pseudotumor cerebri. She complained of multiple episodes of dark-gray 
vision in her left eye lasting seconds, precipitated by getting up to go to the bathroom or changes in head position. The visual disturbance would 
resolve first in the center, then improve in the periphery. 



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway374

an otherwise typical history of  migraine (headaches with 
nausea, vomiting, photophobia, and phonophobia), and a 
normal examination.126

Experts disagree whether retinal migraine is a rare or 
common cause of  transient monocular visual loss, and 
whether the mechanism is spreading depression or 
vasospasm.127–130 Case reports have documented the occur-
rence of  various ocular vasoocclusive events, including 
bilateral cilioretinal artery occlusions and posterior ischemic 
optic neuropathies.131–133 Angiographic and video documen-
tation of  retinal vasospasm occurring during the time of  
the event have been reported.134,135 Grosberg et al.136,137 sug-
gested that retinal migraine may be underdiagnosed.

Our clinical experience suggests that (1) retinal migraine 
is a relatively common phenomenon, as we frequently see 
patients in whom that diagnosis is the most logical, and (2) 
permanent visual loss is an extraordinarily uncommon 
sequela of  retinal migraine. While spreading depression might 
not occur in the retina, migraine-related retinal vasospasm 
may account for some of  the episodes of  visual loss. Oph-
thalmoscopy may reveal the constricted retinal vessels, 
although usually it is very difficult to make such an 
observation.

Treatment. Migraine therapies are discussed in detail in 
Chapter 19.

Cerebral Causes

CORTICAL TRANSIENT ISCHEMIC ATTACKS

In the traditional time-based definition, TIAs last anywhere 
from minutes to hours, but less than a day; any neurologic 
deficit of  a vascular nature that persists for more than 24 
hours is considered a stroke. However, several experts have 
proposed that TIAs should be redefined using tissue-based 
guidelines.138 They suggest that symptoms related to focal 
brain or retinal ischemia are “brief,” typically less than 1 
hour, without evidence of  acute infarction on neuroimaging. 
Thus even if  a symptom lasts 2 hours, if  an infarct is seen 
on MRI, then a stroke should diagnosed.

TIAs characterized by isolated homonymous hemianopias 
due to ischemia involving the middle cerebral or posterior 
cerebral arteries are uncommon, as most cases of  transient 
hemianopic vision loss are migrainous. Most hemispheric 
TIAs causing visual loss are accompanied by evidence of  
ischemia to neighboring structures in the same vascular 
distribution.

In addition to cardiogenic emboli and hypercoagulable 
states, other causes are discussed in the following sections 
by location.

Anterior circulation. Other responsible causes in this 
distribution include extracranial or intracranial (cavernous) 
internal carotid artery stenosis and middle cerebral artery 
atheromatous disease. Ischemia in this distribution typically 
also leads to motor, sensory, or language disturbances.

Posterior circulation. Vertebrobasilar insufficiency, due 
to vertebral or basilar artery stenosis, for example, can be 
associated with transient visual loss that is fleeting and  
bilateral. In this setting there is reduced perfusion to the 
occipital lobes resulting in momentary altered vision. These 
TIAs are often associated with other symptoms of  posterior 

(Box 10.5). The exact cause of  transient visual loss associ-
ated with migraine is not known exactly, but likely mecha-
nisms include spreading depression (nonischemic; see Chapter 
19) and vasospasm (ischemic). The reader is referred to 
Chapter 19 for a detailed discussion of  the pathophysiology, 
diagnosis, and treatment of  migraine.

In migraine with aura (classic migraine), a typical migraine 
headache with hemicranial throbbing, nausea, and photo-
phobia follows the visual disturbance. Older patients, many 
with a history of  migraine as a younger adult, can develop 
migrainous visual auras without headache (acephalgic 
migraine). Often these events are difficult to distinguish from 
the ischemic embolic events described previously. When posi-
tive visual phenomena and gradual buildup of  aura symptoms 
over 15–30 minutes occurs, migraine is more readily dif-
ferentiated from an occipital lobe TIA.

Scotomas. The best example of  combined negative and 
positive visual phenomena in migraine is an enlarging scin-
tillating scotoma (see Fig. 12.1). An area of  blurry, wavy, or 
absent vision surrounded by teichopsia is characteristic. 
Scintillating scotomas and positive visual phenomena associ-
ated with migraine are described in detail in Chapter 12.

Hemianopias. Other migraine patients may develop a 
true hemianopia in the aura phase without positive visual 
phenomena. Fortunately, transient isolated hemianopias, 
particularly in young patients, are more commonly the result 
of  migraine and less frequently the result of  a hemispheric 
embolic TIA. In the migraine setting they often build up over 
several minutes then resolve over 15–30 minutes. Many 
patients with migrainous transient hemianopia will recognize 
the disturbance in only one eye, typically the one with the 
temporal visual field defect, making their condition sometimes 
difficult to discern from transient monocular visual loss.

Retinal migraine. The last important migraine variant 
of  transient visual loss, retinal migraine, is the least common 
but the most difficult to distinguish from amaurosis fugax. 
The typical symptom is a scotoma or complete loss of  vision 
in one eye for seconds or minutes.124,125 Patients generally 
do not describe a shade coming down over their vision, as 
occurs with emboli. Since the symptoms of  retinal migraine 
may be difficult to distinguish from embolic amaurosis fugax, 
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Box 10.5 Typical Features of Migraine-Related 
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Gradual onset and duration of up to 1 hour
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Photopsias
Scintillating scotoma

Often followed by headache but may be acephalgic
Associated photophobia and nausea
Previous history of migraine
May have recognized “trigger” such as stress or hunger
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circulation blood flow insufficiency such as dizziness (47%), 
unilateral limb weakness (41%), dysarthria (31%), headache 
(28%), and nausea and vomiting (27%).139 However, in some 
instances the visual loss may be isolated.

In one large metaanalysis,140 the pooled short-term risk 
of  stroke was 3.5%, 8.0%, and 9.2% at 2, 30, and 90 days, 
respectively, after a TIA. Thus, following exclusion of  carotid 
or vertebrobasilar disease or cardiac source emboli, as well 
as a hypercoagulable state, patients with cortical TIAs usually 
receive anticoagulation using aspirin or another antiplatelet 
agent to reduce the risk of  a subsequent stroke.141

EPILEPTIC VISUAL LOSS

Although ictal and postictal visual loss is unusual, the phe-
nomenon is well recognized. The visual deficits are almost 
always binocular, and patients may complain of  homonymous 
hemianopias or complete blindness. In the absence of  other 
seizure activity or a history of  epilepsy, clinically these patients 
can be difficult to differentiate from those with migrainous 
visual loss.

Ictal visual loss. Ictal amaurosis is highly characteristic 
of  benign occipital lobe epilepsy, a childhood seizure 
condition.142–144 The average age of  onset is 6 years, and 
other clinical features include postictal headache, nausea, 
and vomiting; psychomotor or hemiclonic seizures; occipital 
spike- and slow-wave activity with eyes closed; good response 
to anticonvulsant medication; and spontaneous remission 
by age 19 years.145 Neuroimaging is typically normal.

Other varieties of  ictal visual loss can also occur in the 
setting of  stroke, trauma, or neoplasm.146 Interictal vision 
can be normal, but interictal electroencephalography can 
demonstrate posterior spike- and slow-wave complexes limited 
to the occipital, parietooccipital, or temporooccipital 
regions.146 Middle-aged and elderly patients have been 
described with hemianopias or complete cortical blindness 
lasting for minutes, hours, or days.147,148 Barry et al.147 used 
the term status epilepticus amauroticus to describe patients 
with the longer-lasting symptoms. Most had other clinical 
evidence of  seizures such as mental status change or forced 
eye deviation, and ictal occipital or temporooccipital dis-
charges were recorded. Finally, occipital lobe seizures and 
transient cortical visual loss may be a manifestation of  non-
ketotic hyperglycemia149,150 and posterior reversible encepha-
lopathy syndrome.151

Postictal visual loss. Similar to Todd’s paralysis, visual 
loss may occur for hours or days following a seizure. In hemi-
anopic cases, the visual deficit is usually contralateral to the 
cortical seizure focus. Postictal visual loss is much less 
common than the ictal variety.
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11 Functional (Nonorganic) 
Visual Loss
GRANT T. LIU, NICHOLAS J. VOLPE and STEVEN L. GALETTA

Other diagnoses, such as hysteria, conversion disorder, 
Munchausen syndrome, hypochondriasis, or somatization 
disorder, may be considered in patients who are not clearly 
seeking secondary gain. The use of  each of  these terms is 
dependent on an understanding of  the patient’s potential 
psychiatric problems. For instance, Munchausen syndrome 
is a factitious disorder in which the patient intentionally 
produces physical signs and symptoms. When Munchausen 
syndrome is associated with visual loss, patients can have 
associated eyelid swelling, conjunctival injection, or hemor-
rhages (Fig. 11.1). This may be the result of  self-inflicted 
trauma or self-instilled eye irritant. These patients generally 
have some psychogenic factor driving them to assume the 
role of  a sick person.

The physical symptoms of  a patient with a conversion 
disorder and vision loss may reflect an inner conflict. The 
label conversion disorder incorporates many of  the patients 
who, in the past, were diagnosed as having hysteria or hys-
terical vision loss. Hysteria derives from the root “hyst,” 
referring to the uterus. This terminology had its beginnings 
in ancient Greece, where many conditions were thought to 
occur only in women, and the uterus was thought to have 
a will of  its own. Until the 19th century this was a popular 
notion. Charcot was the first to ascribe “hysterical symptoms” 
to a mental disorder, and he felt it was likely that a specific 
brain lesion was present in these patients.4 Babinski expanded 
on the notion that these symptoms were likely “caused by 
suggestion and cured by persuasion.” Freud popularized the 
concept that, like all else, “hysterical” vision loss had its basis 
in the inner unconscious battle between the ego, id, and 
superego. He then popularized the term conversion disorder, 
referring to an emotional symptom that leads to a physical 
finding.4 These patients, although less deliberate than malin-
gerers, may realize both primary (reduction of  stress from 
inner conflict) and secondary (more attention) gain.5

Finally, hypochondriacs are patients who excessively report 
signs and symptoms and believe they are seriously ill. They 
also attempt to convince the examiner that their symptoms 
and problems are serious. In somatization disorders, patients 
who are depressed or suffering from an anxiety disorder 
report numerous vague complaints. These may include symp-
toms of  vision loss that ultimately prove to be nonorganic.

Since the terminology is inexact and overlapping, the 
umbrella term of  functional visual loss is preferable, and during 
the interview and examination the examiner should attempt 
to determine whether there is any secondary gain. It is impor-
tant to understand the terminology used to identify each of  
the types of  psychogenic illness associated with functional 
visual loss, but ultimately others more expert in psychiatric 
illness should apply the specific label. Although the techniques 
used to identify patients who are malingering versus those 

Functional (nonorganic) visual loss is frequently encountered 
in ophthalmic and neurologic practice, occurring in 0.5–5%1,2 
of  patients presenting with vision loss. Patients with func-
tional visual loss may be misdiagnosed because of  the paucity 
of  objective findings on examination. Identifying such patients 
is extremely important to avoid unnecessary laboratory testing 
and facilitate secondary gain. Likewise, it is imperative to be 
able to identify patients with organic vision loss with super-
imposed functional vision loss. Although the characterization 
of  the psychological profile of  patients with functional vision 
loss is helpful, for the ophthalmologist or neurologist, a famil-
iarity with diagnostic strategies used to identify functional 
vision loss is more important. In this chapter, terminology 
is clarified, then patient types and their potential interactions 
with the examiner are described. The methods used to diag-
nose functional vision loss are reviewed in detail, followed 
by a brief  description of  other neuro-ophthalmologic mani-
festations of  nonorganic disease.

Terminology

Historically, numerous terms have been used to describe 
functional visual loss, including hysteria, hysterical visual 
loss, malingering, nonphysiologic visual loss, factitious visual 
loss, nonorganic visual loss, psychogenic visual loss, 
Munchausen syndrome, and conversion disorder of  vision. 
Ambiguity results for two different reasons. First, there has 
been no universal agreement about a term to describe non-
organic visual loss. The term functional visual loss denotes a 
symptomatic and measured loss of  vision that is unassociated 
with an identifiable lesion of  the visual pathways. Further-
more, for patients with functional visual loss there is no 
explanation for their complaints on the basis of  contemporary 
knowledge of  the visual pathways. Thus the term functional 
visual loss is equivalent to factitious, nonorganic, medically 
unexplained, and nonphysiologic visual loss.

The second level of  confusion exists when the terminology 
attempts to identify the underlying cause or circumstance 
of  the nonorganicity.3 For instance, malingering implies that 
there is a willful alteration of  subjective symptoms and 
responses on examination. Usually this is an attempt to secure 
secondary gain such as time away from work or monetary 
gain from an insurance settlement. Such patients with voli-
tional alteration of  the examination can be labeled as malin-
gerers if  the examiner chooses to begin a long and arduous 
confrontation with the patient, lawyers, and insurance com-
panies. Instead, the examiner may simply report the vision 
loss as functional and incompatible with a specific organic 
lesion. This approach is particularly wise when the initial 
factors driving the feigned loss are unclear.
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to prove otherwise. Many patients in this situation become 
angry and frustrated because they feel the physician is not 
taking them seriously and is dismissive of  their complaints. 
On the other hand, many times the physician fails to make 
the correct diagnosis because of  this distortion in the doctor–
patient relationship. More concerning is the fact that as many 
as half  of  patients with functional visual loss have this super-
imposed upon true or organic pathology. Any underlying 
problems may be unrecognized because the examiner is so 
put off  by the patient’s behavior.6

PATIENT CHARACTERISTICS

Patients with functional visual loss come from all socioeco-
nomic groups. There is no clear sex or race predilection. A 
large proportion of  one series consisted of  blue-collar 
workers.6 Another series found a high prevalence of  func-
tional visual loss in Cambodians living in California, and the 
authors postulated a relationship to previous stress during 
incarceration in prison camps.7 In adults there is a high 
prevalence of  preexisting psychiatric disorders.8 Although 
to some extent linked to the previous discussion of  terminol-
ogy, the types of  patients encountered, along with the type 
of  interaction they are likely to have with the examiner, have 
been characterized by Thompson under a slightly different 
scheme. He offered descriptive subgroups: the deliberate malin-
gerer, worried impostor, impressionable exaggerator, and sug-
gestible innocent.4 Characteristics of  each of  these patients 
are summarized in Table 11.1. This schema is useful in dis-
tinguishing patients, as it avoids the term hysteria. It can 
assist with the interaction with the patient and can guide 
the examiner when giving advice to the patient, the family, 
and the referring doctor.

Classically, “la belle indifference” has been described as 
an important feature in all patients with hysterical vision 
loss (and used to distinguish it from malingering). This finding 
is likely present only in a minority of  patients, however, and 
is most likely to occur in those characterized by the “sug-
gestible innocent” profile. These patients with more subtle 
manifestations of  functional visual loss might improve simply 
by reducing the amount of  stress in their lives. Keltner6 found 
that 51 of  59 adults with functional vision loss were clearly 
seeking financial gain. They presumably fit best in the “delib-
erate malingerer” subgroup, but some patients may have 

who truly have some psychogenic process are the same, the 
interventions or treatment required may differ immensely.

Clinical Presentation

SETTING

Some insight into and understanding of  the types of  patients 
with functional visual loss, as well as the attitudes of  both 
the examiner and the patient toward their interaction, are 
essential. This understanding will help to make a potentially 
difficult interaction tolerable and nonconfrontational.

The distortion of  the patient–physician relationship in this 
setting may be very difficult for the physician to accept and 
manage. Instead of  using knowledge and skill to diagnose 
and treat a real problem, the examiner instead often becomes 
frustrated and confrontational as he or she becomes increas-
ingly suspicious regarding the nature of  the patient’s disorder. 
To paraphrase Thompson,4 what usually is an allied relation-
ship between doctor and patient against the common enemy 
of  vision loss becomes an adversarial relationship in which 
the patient complains of  vision loss, and the physician is out 

Figure 11.1. Conjunctival injection and abrasion secondary to digital 
trauma in a patient with Munchausen syndrome and associated func-
tional visual loss. 

From Thompson HS. Functional visual loss. Am J Ophthalmol 1985;100:209–213.

Table 11.1 Types of Patients Encountered With Functional Visual Loss

Patient Type Patient’s Feelings Patient’s Behavior Characteristics of Interaction

Deliberate 
malingerer

Malicious intent Deliberate nonorganic responses Confrontational; contest between 
patient and doctor

Worried 
impostor

Concerned that something 
is being missed

Aware of symptom exaggeration; self-doubt 
leads patient to believe symptoms

Tries to convince examiner of severity; 
often will accept diagnosis of 
“healthy eyes”

Impressionable 
exaggerator

Certain something is wrong 
with eyes

Does not want to hide serious problem; 
awareness of nonorganic symptoms is result 
of wanting to be sure nothing is missed

Wants to help by making diagnosis 
easy; yields poor effort, might 
improve with suggestion

Suggestible 
innocent

Convinced that something is 
wrong after minor injury

Indifferent about inconsistencies of 
examination or behavior (“la belle 
indifference”)

Complacent; open to suggestions 
about improvement
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true or organic vision loss in children must be higher since 
the pediatric eye examination may be marked by poor coop-
eration or a lack of  understanding of  test procedures. Even 
when functional visual loss is “confidently” diagnosed, the 
patients must be followed closely for development of  organic 
findings over time. Second, malingering, confrontational 
behavior, and pending insurance claims are infrequent in 
children. Lastly, children are less sophisticated and highly 
suggestible.

CLINICAL SETTING

Functional visual loss has been estimated to occur in approxi-
mately 1 child per 1000 per year, and the most commonly 
encountered demographic group is pubescent girls (ages 9–11 
years).1,6,9-12 There are often other accompanying symptoms 
such as headache, eye pain, and face pain.8,9,13 As with adults, 
functional visual loss may accompany organic visual loss.

CAUSES

Mantyjarvi11 found that only a few children had an underly-
ing psychological illness causing the functional visual loss. 
In some children functional visual loss resulted from a lack 
of  parental attention or conflict with parents. Divorce or 
relocation to a different school or city are common external 
stresses. Although not malingering, many children realize 
the secondary gain of  increased parental attention as a result 
of  their complaints of  defective vision. In others, deteriora-
tion in school performance may trigger complaints of  func-
tional visual loss.9 In this setting there is often a mismatch 
between visual difficulty encountered at school and that 
noted at home. For instance, when the child is observed 
unknowingly, there may be no visual difficulty watching 
television or at play. Similar behavior may be seen in children 
who desire glasses because their friends have them.

A true conversion disorder may be present when the child 
is conscious neither of  the loss of  function nor of  the potential 
secondary gain. Thus the functional visual loss allows the 
child to avoid a situation in which conflict occurs. Physicians 
should be alerted to the possibility of  childhood physical or 
sexual abuse in this setting.8,9 In unusual circumstances, a 
parent drives the complaint of  functional visual loss, thereby 
indirectly assuming the sick role (Munchausen by proxy).

Approach to the Patient With 
Functional Visual Loss

SUBJECTIVITY

Every measure of  visual function that requires the patient 
to respond or describe something is, by definition, subjective. 
In other words, patient cooperation and effort are required 
to obtain optimal results, especially with regard to testing 
of  visual acuity, stereopsis, color vision, and visual fields.

DIAGNOSIS

The diagnosis of  functional visual loss is suggested when 
the examiner can demonstrate that a patient’s behavior and 
responses to testing are inconsistent with an organic lesion. 

been “worried impostors,” afraid they might miss some 
deserved benefit. Many adults with functional visual loss are 
consciously aware of  the alteration of  their examination. In 
children, triggering factors are often related to social issues, 
while adults have often suffered some traumatic event.8

TYPES OF COMPLAINTS

The diagnosis of  functional visual loss will be made only if  
the examiner has a high degree of  suspicion. Therefore, unless 
the patient comes with functional visual loss as the referring 
diagnosis or the patient is being seen for an insurance 
company or lawyer, the examiner must depend on the history, 
then the examination. With increasing experience, recogni-
tion of  typical settings for organic and inorganic disease often 
suggests to the clinician that functional visual loss should 
be highly considered. For instance, head trauma is an impor-
tant cause of  traumatic optic neuropathy (see Chapter 5) 
and also is a common setting for functional visual loss. 
However, the characteristic severe blow to the brow or cheek 
that causes traumatic optic neuropathy is usually not 
described by a patient with functional visual loss. Similarly, 
a blow to the back of  the head or a whiplash-type injury is 
unlikely to produce a traumatic optic neuropathy. In this 
setting, the examiner knows to be on guard and can tailor 
the examination from the beginning.

Patients with functional visual loss often have rather alarm-
ing chief  complaints that identify the potential for secondary 
gain; for instance, “I am blind in my eye since the accident” 
or “I cannot see since I got that chemical in my eye.” However, 
as the examiner investigates further, the complaints become 
very vague, and patients are often unable to characterize 
the vision loss as anything more than absent or “blurry.” 
They will often answer, “I do not know” or “I cannot be 
sure” to questions directed at better characterizing the nature 
of  the vision loss. They less commonly describe the symptoms 
characteristic of  true optic neuropathy such a loss of  bright-
ness, darkening, pieces of  vision missing, central blind spots, 
and altitudinal visual field loss. They are very unlikely to 
report metamorphopsia as patients with maculopathies might.

IMPACT

The major societal impact of  functional visual loss is financial, 
in the form of  undeserved benefits paid for fraudulent claims, 
missed work, and unnecessary testing. Most of  the patients 
in Keltner’s series6 were unemployed. Convincing the examiner 
of  a visual defect could result in a lifetime disability check as 
opposed to either dependency on public assistance or an ulti-
mate need to secure employment. Keltner et al.,6 noted that 
as many as one-third of  claims from the Workers’ Compensa-
tion program may have been fraudulent. The problem is likely 
one that costs society millions of  dollars per year. Ophthal-
mologists and optometrists can declare a patient legally blind; 
because of  the financial impact they are obligated to be abso-
lutely certain that functional visual loss is not present.

Functional Visual Loss in Children

The presentation of  functional visual loss in children is often 
different from that in adults. First, the clinical suspicion for 
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clues would be inadequate to locate the other individuals in 
the room. Patients with functional vision loss may wear 
sunglasses for no apparent reason, and such individuals have 
a high rate of  seeking secondary gain and often a diffusely 
positive review of  systems.16,17 We have seen patients who 
took on the physical appearance, behavior, and head move-
ments of  famous blind people commonly seen in the media.

Pupillary reactions. Patients who are bilaterally blind 
(no light perception) because of  retinal, optic nerve, chiasmal, 
or optic tract disturbances will have pupils that are unreac-
tive to light. Only cortical blindness is associated with normal 
pupillary reactivity. Therefore, a complaint of  total blindness 
with intact pupillary responses but no cortical lesion is likely 
to be functional. A complaint of  photophobia with orbicularis 
contraction when the bright indirect ophthalmoscope light 
is shone in the eye is incompatible with an ocular cause of  
blindness.

Optokinetic nystagmus (OKN). An optokinetic stimulus 
such as a drum or tape (see Chapter 2) produces a horizontal 
jerk nystagmus in patients with intact vision and an ocular 
motor system. The patient must look at and be able to see 
the figures or stripes on the drum or tape. The response is 
involuntary and implies a level of  acuity equal to that neces-
sary to resolve the stripes or other targets. Patients can vol-
untarily block this response if  they look away from or beyond 
the stimulus. Excessive convergence on the part of  the patient 
may also dampen the response. The use of  a +3.00-diopter 
lens in front of  the eye may force attention to the near stimu-
lus and elicit a response. In the majority of  cases, an intact 
OKN response confirms visual acuity to be at least 20/400. 
Although it is potentially possible to estimate a level of  acuity 
by reducing the size of  the object or stripe or using neutral 
density filters,18 this approach is not recommended.17

Tests of  proprioception. Truly blind patients have no 
difficulty performing tests that appear to require vision but 
are actually proprioceptive tasks. For instance, a patient can 
be asked to simply look at his or her hand. A blind person 
can do this easily, but a patient with functional visual loss 
will often look away from his or her hand. The patient also 
can be asked to bring the tips of  the first finger from each 
hand together from a distance.5 This can be done without 
any vision and is easily performed by most blind patients. 
Patients with functional visual loss will often miss by inches. 
Finally, a blind person asked to sign his or her name will 
have no difficulty signing, while a functional patient will 
often produce a signature that is unlike his or her true sig-
nature and clearly is not along a horizontal line.

Mirror test. When a large mirror is placed in front of  the 
face of  a sighted person and rocked back and forth, an invol-
untary nystagmoid movement that results from forced fixation 
on the image in the mirror is produced.19 A patient with 
functional visual loss will be unable to avoid this movement 
provided he or she is looking at the image in the  
mirror. Acuity better than hand motions is present if  this 
response occurs.

Surprise. Although generally too confrontational to rec-
ommend in most settings, actions that are designed to surprise 
and elicit a response from a patient can be quite effective. 
Various techniques have been described, and all generally 
involve some behavior atypical in a normal physician–patient 
interaction. The examiner can make faces or write shocking 
words and watch the patient for a response. A smile, gasp, 

The diagnosis is confirmed when the examiner is able to 
prove, by some of  the methods described later, that the patient 
has better vision than he or she claims. Although often tempt-
ing, the diagnosis of  functional visual loss should not be 
made unless normal acuity and visual fields can be established 
and the pupillary and ophthalmoscopic examinations are 
also normal.

ALTERATION OF THE PATIENT– 
PHYSICIAN RELATIONSHIP

Often the examiner can immediately recognize that a patient’s 
behavior is inappropriate. This type of  behavior frequently 
suggests the vision loss is functional and often sets the tone 
of  the patient–physician interaction. The patient may be 
overly stoic or dramatic. Hostile, suspicious, flirtatious, or 
excessively cooperative behavior should make the examiner 
suspicious of  functional visual loss. However, prejudices 
should not interfere with or alter the examiner’s empathetic 
attitude. The caring and genuinely concerned examiner will 
be the most successful at applying the tests that ultimately 
prove functional visual loss. Disbelieving or confrontational 
behavior is likely to make the patient uncooperative with 
testing.6,14

Patterns of Functional Visual Loss

In most patients with nonorganic loss of  vision, acuity and 
visual fields are both affected to some extent.15 However, 
several studies have suggested that the most common pattern 
is visual acuity loss with normal visual fields.6,13,14 Although 
it is somewhat artificial, the various techniques used to iden-
tify functional visual loss are described according to the level 
of  visual dysfunction and whether the visual loss is monocular 
or binocular. It is essential that the examiner becomes familiar 
and comfortable with a few of  the techniques that are used 
to identify functional visual loss. The testing should be per-
formed in a routine and skillful manner without making the 
patient suspicious that the agenda is to prove functional 
visual loss.

It is important for the reader to note that while these tech-
niques aim to prove that the vision is better than the patient 
claims, some of  them are able to establish the actual level 
of  vision in the supposed bad eye or eyes.

TOTAL BLINDNESS

Observation. Throughout the course of  the doctor–patient 
encounter the examiner must carefully observe the patient 
for behavior incompatible with the degree of  alleged vision 
loss. Truly blind persons will always proceed cautiously 
around office furniture and equipment. They feel their way, 
and they will often bump into objects. Patients with functional 
visual loss, particularly deliberate malingerers, will move 
quickly and purposely bump objects but never fall or harm 
themselves. The examiner might intentionally line up the 
room with obstacles in the patient’s direct path to see how 
he or she navigates the room. Most truly blind patients will 
look in the direction of  the examiner’s voice. The deliberate 
malingerer might not look at or may even avoid eye contact 
with the examiner, assuming that without vision, auditory 
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calculated that the ability to see nine of  nine dots in stereo 
predicted at least 20/40 visual acuity in the worse eye with 
95% certainty and at least 20/79 visual acuity with 99% 
certainty. Therefore a patient with a claim of  reduced acuity 
to the 20/400 level in one eye but who sees 8 or 9 circles in 
stereo on the Titmus test almost certainly has functional visual 
loss. Unfortunately, some patients quickly close an eye and 
realize the test requires binocular vision and subjectively 
further alter their responses. As with the visual acuity testing 
strategy described later, it is often effective to begin the ste-
reoacuity testing with the most difficult circles (the ninth) 
and act somewhat surprised if  the patient denies appreciation 
of  elevation of  the circle. The great advantages of  the ste-
reoacuity testing are its widespread availability and the fact 
that a probable level of  visual acuity can be demonstrated.

Duochrome test. Several variations of  the duochrome test 
have been described. Two pieces of  equipment commonly 
available in eye lanes are required. The first is the red–green 
overlay on the projector eye chart (Fig. 11.3). This overlay is 
commonly used to refine refraction but in this setting is used 
to separate the right and left portions of  the chart (left is 
green and right is red). Next the red–green glasses used for 
the Worth 4 dot response are utilized. The test takes advantage 
of  the fact that the eye looking through the red lens will see 
only the red (right) side of  the chart. The eye looking through 
the green lens will see only the letters on the green (left) side 
of  the chart. The red lens is typically placed over the right 
eye and the green over the left, but the orientation can be 
switched. If  the patient reads the entire line better than their 
alleged level of  visual acuity, then the examiner knows that 
the affected eye is seeing at least as well as the good eye at 
that level. The test depends on compatible colors on the eye 
charts and the red–green glasses for complete filtering of  the 
other color. Therefore, examiners should check what a normal 
patient should see on their setup before administering the 
test to a patient with suspected functional visual loss.

or surprised look by the patient confirms that he or she can 
see and often ends with a “you got me, doc.”

Visual-evoked potentials and electroretinograms. 
Electrophysiologic testing has an important role in the evalu-
ation of  patients with functional visual loss. In a patient 
with purported complete blindness, the flash visual-evoked 
potential can be used to document intact visual pathways.20,21 
In cooperative but functional patients, a pattern-reversal 
visual-evoked potential can provide an estimate of  the indi-
vidual’s true visual acuity.22–24 McBain et al.22 found that in 
88 of  100 patients with functional vision loss, normal Snellen 
acuity could be demonstrated with a short-duration, pattern-
onset visual-evoked potential. Multifocal visual-evoked 
responses have been used to demonstrate normal responses 
in patients with functional vision loss and abnormal com-
puterized perimetry.25,26 However, in patients with suspected 
functional visual loss, an abnormal visual-evoked potential 
is difficult to interpret.27 The patient can voluntarily alter 
the amplitude and latency of  the P100 peak by defocusing, 
not wearing corrective lenses, or looking away from the 
stimulus.28,29 Unfortunately, the opposite is also true, as 
normal responses have been documented in patients with 
organic visual loss.30

SEVERE UNILATERAL VISION LOSS

Techniques used on patients with severe bilateral vision loss 
can be applied to patients with severe unilateral vision loss 
by patching or covering the “good” eye. In fact, gross differ-
ences in behavioral observations and tests of  proprioception 
when the examiner tests each eye separately are often the 
most compelling findings in this situation. The methods out-
lined here tend to emphasize the advantage the examiner 
has because of  his or her understanding of  binocularity and 
afferent visual pathway anatomy. It is important to observe 
the patient carefully while performing these tests since a 
“smart” patient may close the “good” eye periodically to try 
to figure out what the examiner is trying to do.

Afferent pupillary defect. Most patients with severe 
unilateral vision loss, with no history of  amblyopia and with 
clear media, have a relative afferent pupillary defect (RAPD). 
Regardless of  the localization of  unilateral vision loss (optic 
nerve or chiasm), if  the level of  acuity is 20/200 or worse, 
an RAPD is usually present. Certainly nearly all patients 
with counting fingers or worse vision in one eye, with normal 
vision in the other, will have an RAPD. The examiner should 
exercise caution, because the RAPD is a subjective observa-
tion and may be absent in asymmetric cases of  bilateral optic 
neuropathy despite very disparate levels of  acuity. The absence 
of  an RAPD should not be used to exclude an optic neuropa-
thy, especially if  there is a chance of  preexisting or coexisting 
optic neuropathy in the other eye.

Stereopsis. In cooperative but unsuspecting patients, mea-
surement of  stereopsis can be invaluable in testing for func-
tional visual loss because the results may prove the patient 
has better vision than he or she claims. Using an optical 
degradation technique, Levy and Glick31 determined the 
minimum level of  acuity in each eye required to achieve each 
of  the levels of  stereoacuity on the Titmus test  
(Fig. 11.2). Sitko et al.32 argued that the Levy and Glick study 
failed to account for individual variation. By studying their 
population of  neuro-ophthalmic patients, Sitko et al.32 
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Figure 11.2. Correlation of level of stereoacuity with visual acuity. 
According to one study,31 individuals who can perceive the eighth of 
nine Titmus stereo dots must have at least 20/25 acuity in each eye. 
Similarly, the ability to perceive the first six of nine stereo dots correctly 
requires at least 20/50 in each eye. (Adapted from Levy NS, Glick EB. 
Stereoscopic perception and Snellen visual acuity. Am J Ophthalmol 
1974;78:722–724, with permission from Elsevier.)



PART 2 • Visual Loss and Other Disorders of the Afferent Visual Pathway384

Prism shift test. A normal prism shift test depends on 
the presence of  binocular vision. To perform this test the 
examiner chooses a Snellen letter that is smaller than the 
acuity at which the patient alleges to see in the affected eye. 
For example, if  the patient sees 20/200 with the affected 
eye, the test can be performed with a 20/50 letter or smaller. 
The patient then views the target binocularly, and a 4-diopter 
base-in loose prism is placed in front of  the alleged bad eye. 
If  the patient truly sees the target with both eyes then a 
compensatory movement of  both eyes toward the apex of  
the prism is followed by a convergence movement of  the 
fellow eye back toward center as the patient refuses the image. 
If  the alleged bad eye is truly defective, a prism over it will 
not result in any compensatory eye movements because the 
patient is fixing only with the other eye.

Prism dissociation. Several variations of  the prism dis-
sociation test have been described.35,36 This test uses a vertical 
prism to separate the images from the two eyes, and the goal 

Color plates and the red–green lenses. Another test that 
takes advantage of  the readily available red–green lenses 
and can be used to prove at least 20/400 vision involves use 
of  the Ishihara color plates.33 These plates cannot be seen 
through a green lens; therefore if  the red lens is placed over 
the “bad” eye and the patient reads the plates, then at least 
20/400 vision is present in the eye that the patient claims 
has poor vision.

Polarized eye chart. Some commercially available projec-
tor charts come with a slide containing polarized letters. 
These charts along with the readily available polarized glasses 
used for stereoacuity testing can be used to dissociate the 
eyes and demonstrates that each eye is reading the letters.34 
The projected letters can be seen by the right eye, left eye, 
or both eyes, and if  the examiner moves quickly before the 
patient tries closing the good eye (not easily seen by the 
examiner because of  the glasses), better acuity with the bad 
eye can usually be demonstrated.

C

BA

Figure 11.3. The duochrome test is performed using the red–green 
glasses as the eye chart is projected through the red–green filter. The 
left half of the screen is green; the right side is red. A. Without lenses 
or with red–green glasses and intact vision in both eyes, the red and 
green portions of the chart are seen. B. Through a red lens, only the 
right side of the chart is seen. C. Through a green lens, only the letters 
on the left side are seen. To test for functional vision loss, the patient 
is asked, with the red–green glasses on and both eyes open, to read 
the whole eye chart. If the patient reads the whole chart, intact vision 
in both eyes has been proven. Note the completeness of the filters is 
dependent on the red–green compatibility of the lenses and the 
projector. 
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to “prove” the patient has better vision. For instance, one of  
the most reliable ways to demonstrate better visual acuity 
is to start testing at the 20/10 line of  the chart. Then the 
size of  the letters is slowly increased while the examiner tries 
to “outlast the patient.” Prolonged periods of  silence while 
the patient struggles can be followed by “are you sure you 
cannot see that” then by “okay, the letters will become twice 
the size now.” If  a chart is used that has three or four 20/20 
lines, by the time the sixth line (20/25) is reached the patient 
often tires, acquiesces, and reads the line. “Counting” acuity 
may also be helpful in proving patients with moderate acuity 
loss see better. For this test the patient is asked to count the 
number of  letters on a given line even if  they are unable to 
read them. Levy et al.37 determined that being able to count 
the 20/10 line requires acuity at least equal to 20/30 or 
better, counting 20/25 requires 20/80 acuity, and counting 
between 20/30 and 20/60 meant an acuity of  at least 
20/200.

Another relatively simple test of  visual acuity can be per-
formed while testing near vision. A reading card with a 
paragraph of  prose is used, and the patient is asked to read 
20/20 size print with both eyes and near correction. The 
patient reads smoothly because the good eye is open. The 
patient is then asked to do the same thing with a pen held 
vertically between the eyes and the reading material. If  the 
patient continues to read smoothly without having to move 
his or her head to look around the pen, then both eyes must 
have been able to see.

Fogging. The fogging technique involves blurring the good 
eye with lenses while the patient views the acuity chart bin-
ocularly. The acuity level achieved thereby represents the 
function of  the supposed bad eye. One technique uses the 
phoropter, and the examiner makes numerous lens changes 
for several seconds involving the dials for both eyes. Eventu-
ally a small amount of  sphere or cylinder over the bad eye 
and a +8.00-diopter lens over the good eye are in place. This 
maneuver blurs the vision of  the good eye. The patient is 
then asked quietly but quickly to read the Snellen line in 
question. This technique is outstanding with suggestible 
patients, but in our experience many patients are sophisti-
cated enough to be aware of  the blurring of  the good eye 
and close it.

An alternative method of  using paired cylinders is subtler 
and may be more effective.4,38 The blurring of  the good eye 
is less obvious to the patient with this technique than with 
high-plus lenses. To perform this test a trial frame is used, 
and plus and minus cylinders of  3.00 diopters each are placed 
on the same axis over the good eye with one lens in the 
posterior, nonrotating slot where spheres are usually placed. 
The correct distance refraction is placed over the bad eye, 
and the patient is asked to start reading the chart. At that 
point the examiner claims to need to “adjust the trial frame.” 
While repositioning the trial frame on the patient’s nose, the 
examiner rotates the cylinder in the front of  the trial frame 
on the good eye 20 degrees. This effectively blurs the good 
eye without being obvious to the patient. The patient then 
continues to read with the bad eye. One disadvantage of  this 
test is that it cannot be performed with the phoropter, which 
usually aids in distracting and confusing the patient regard-
ing from which eye he or she is seeing.

Constricted visual fields. Although patients with func-
tional acuity loss may not complain of  defective peripheral 

is to have the patient unknowingly read the letters that cor-
respond to the line seen by the bad eye. To perform this test 
the examiner needs to fool the patient into believing that 
both images are being seen by the good eye. This can be 
accomplished by momentarily holding the vertical prism only 
partially over the visual axis over the good eye, while cover-
ing the bad eye, intermittently causing monocular diplopia. 
The prism is then completely moved over the good eye while 
the bad eye is uncovered. This results in true binocular dip-
lopia with each eye seeing the same but separate lines of  
Snellen acuity. For example, if  an 8-diopter base-up prism 
is held over the good eye, the patient is then asked to read 
the higher line. If  the patient reads the upper line, the exam-
iner has established the acuity of  the bad eye at that level. 
Golnik et al.35 have demonstrated that a simplified version 
of  this test, in which a 4-diopter vertical prism is placed in 
front of  the better eye and the patient is asked whether he 
or she sees one image or two vertically separated images, 
can be used as a simplified screening tool. In their study, 
patients with normal vision always saw two images; patients 
with poor vision only saw one image, and 31 of  35 individu-
als with suspected nonorganic vision loss reported seeing 
two images. The other four were found to have occult organic 
pathology.

Magic drop test. “Suggestible innocent” patients4 (see 
Table 11.1) may believe that a magic drop placed in their 
eye is going to temporarily improve their vision. It is impor-
tant to emphasize that the improvement is only temporary, 
since many patients are not going to be ready to “give up” 
their “poor” vision immediately. A topical anesthetic, with 
the bottle’s label hidden, can be used. As it is instilled, it may 
be helpful for the examiner to say that if  the vision improves 
with this drop, it will “help to understand better what part 
of  the eye is having the problem.” Putting the patient’s dis-
tance refraction and a pinhole in a trial frame while the 
patient reads with the “magic drop” often helps the patient 
to see even better. This test is very effective in children because 
of  their suggestibility, as moments later vision amazingly 
improves and then reverts to the predrop level. This is another 
test that establishes a better level of  vision than what the 
patient claims.

MODERATE MONOCULAR VISION LOSS

Each of  the methods outlined for more severe unilateral vision 
loss is helpful in patients with complaints of  more moderate 
visual acuity loss in the range of  20/40 to 20/100. However, 
in this situation the examiner often encounters a more  
sophisticated patient and finds the job of  “proving” that the 
patient has better vision more difficult. Many times better 
acuity cannot be demonstrated, and the presence of  non-
physiologic visual field loss must be relied upon to suggest 
nonorganicity.

Visual acuity testing. The relationship of  the testing 
distance and the visual acuity that the patient is able to see 
can be used to confirm functional visual loss. A person who 
sees 20/100 should be able to read the 20/50 line from 10 
feet from the chart (i.e., 10/50 = 20/100). By varying testing 
distances, nonorganic responses can usually be demonstrated. 
Significant mismatches between distance and near acuities 
can also be considered evidence of  functional visual loss. 
Finally, the method by which acuity is tested may be used 
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to simulate an increase in test distance, effectively distin-
guishes true central islands of  vision in organic disease 
from functional fields.39 In nonorganic patients with only 
a central island of  vision, the field, like with the tangent 
screen test, does not expand or even constricts when the 
reverse telescope is used. In contrast, patients with real 
field loss demonstrate expansion of  the visual field when 
looking through the reverse telescope.

2. Pantomime. Patients who claim to have a small central 
visual field can often be fooled with the “Simon says” 
trick. In this test the examiner claims to be doing a neu-
rologic examination, and the patient’s vigilance decreases 
because it appears as if  vision is not being tested. The 
examiner holds both of  his or her hands up beyond the 
central 30 degrees of  the patient’s visual field as they 
face each other. The examiner then begins with verbal 
commands such as “open and close your hands” or “hold 
up two fingers on each hand.” At the same time the exam-
iner is doing what he or she has asked the patient to 
perform. Suddenly the examiner makes a different type 
of  hand or finger movement without a verbal command 
to the patient. If  the patient mimics the movement accu-
rately, particularly when one or two fingers are shown, 
intact visual fields beyond the central 30 degrees are 
confirmed.

3. Nonphysiologic constriction. Some patients may demonstrate 
nonphysiologic constriction of  isopters with a field associ-
ated with larger stimuli actually smaller than the field 

vision, visual field testing commonly reveals constricted visual 
fields. These are characterized on Goldmann perimetry or 
automated visual field analysis by preserved small central 
islands of  vision (Fig. 11.4). On the Goldmann visual  
field the size of  the field often does not vary much with the 
size of  the stimulus. With confrontation techniques, such 
patients see clearly only when objects are directly in front 
of  their face.

Nonspecific generalized constriction of  the visual fields 
with central visual field sparing is also characteristic of  many 
organic conditions, including end-stage glaucoma, bilateral 
occipital lobe damage, atrophic papilledema, and retinitis 
pigmentosa. Patients with functional visual loss can be dis-
tinguished from true cases of  generalized constriction by 
the following maneuvers:

1. Tubular visual fields. This test is based on the principle that 
the normal visual field increases in size as the eye is moved 
farther away from the testing plane. It is generally per-
formed with a tangent screen (Fig. 11.5), although simple 
confrontation methods can also be used. A monocular 
field is tested first at 1 meter, and the screen is marked 
with the patient’s responses. The patient is then moved 
to 2 meters and the size of  the stimulus is doubled. The 
field is retested, and many patients with functional visual 
loss will demonstrate tunneling without physiologic visual 
field expansion. A novel version of  this test, using a com-
puterized Goldmann perimeter and a reverse telescope 

Figure 11.4. Goldmann visual field demonstrating generalized constriction. Note that each stimulus is associated with approximately the same size 
visual field. 
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with smaller stimuli (Fig. 11.6). It is occasionally helpful 
to begin perimetry with the smallest isopter so the exam-
iner can demonstrate a normal-sized visual field before 
the patient begins voluntarily to constrict the field. For 
instance, a patient with an intact 10-degree Ile (the small-
est, dimmest stimulus) field in the Goldmann perimeter 
is unlikely to be experiencing organic visual loss. The test 
can also be repeated with encouragement, such as telling 
the patient that he or she does not have to wait until the 
entire stimulus is seen with certainty before pushing the 
buzzer. A different result on retest is suggestive of  func-
tional visual loss. A nonphysiologic “starfish” pattern of  
alternating narrowed and expanded isopters also can be 
seen.2,40

Nonphysiologic constriction of  the visual field on com-
puterized perimetry can take on a characteristic pattern 
called a “clover leaf ” visual field defect (Fig. 11.7). Gener-
ally, rounded areas of  visual field sparing with peripheral 
defects in all four quadrants resulting in a clover leaf  
appearance on the gray scale are seen along with low 
reliability parameters. Automated static perimetry might 
show severe and irregular constriction and depression and 
isolated threshold spikes indicating regions with better-
than-expected vision.41 Visual field constriction which 
resolves with suggestion or varies over time is also sug-
gestive of  functional visual loss (see Fig. 11.7).

1 m

2 m

2 m

A

B

C

Figure 11.5. Testing for tubular visual fields with the tangent screen. 
A. The field is tested at 1 meter with a 9-mm white object and the results 
marked on the screen with chalk. B. When the patient with organic 
visual field loss is moved to 2 meters from the screen and the stimulus 
size is doubled (18-mm white), the field expands to twice the size. C. A 
patient with functional visual loss demonstrates tubular fields, as the 
field does not expand even though the testing distance is increased 
from 1 to 2 meters, and the target size is doubled. 

Figure 11.6. Goldmann visual field demonstrating “criss-crossing” of isopters. Note that there are parts of the visual field that are larger when testing 
with the smaller III4e stimulus compared with the larger V4e stimulus, and the 14e field is larger than the V4e field. This is nonphysiologic. 
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B

A

Figure 11.7. Examples of functional responses 
on computerized testing in three different 
patients with visual field constriction. A. Com-
puterized visual fields demonstrating typical 
“clover leaf” pattern of generalized constric-
tion often seen in nonorganic vision loss. A 
high false negative rate is seen as well. B. Left 
eye inferior field loss and superior constriction 
which resolved with a +0.12 (negligible) lens 
which the patient was told would improve 
her visual field deficit. 
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MODERATE BINOCULAR VISION LOSS

Patients with mild to moderate functional visual acuity loss 
of  20/40 to 20/60 in both eyes can be some of  the most 
difficult patients to deal with. This slight level of  acuity reduc-
tion is often sufficient to qualify for disability benefits, yet 
the patient is able to continue with daily activities, including 
driving and recreation. They claim binocular vision loss, and 

4. Spiraling. A classic alteration of  the visual field on Gold-
mann perimetry in patients with functional visual loss 
is called spiraling (Fig. 11.8). In this case the patient, often 
the “worried impostor” type4 (see Table 11.1), becomes 
more and more hesitant to respond to the same stimulus 
as it is sequentially presented along radial angles. The 
resultant field nonphysiologically spirals to the center as 
responses are delayed.

C

C. Right eye visual field constriction. One month later there was a temporal field defect, and 3 months after that the field defect 
spontaneously resolved. 
Figure 11.7., cont’d

Figure 11.8. Goldmann visual field demonstrating nonphysiologic spiraling. As the test proceeds along adjacent radii, the patient responds later and 
later. The field “spirals” to the center. 
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the patients are simply unwilling ever to report being able 
to see the smaller lines on the eye chart. Tests described pre-
viously that depend on tricking the patient with purported 
monocular visual loss into using the supposed bad eye cannot 
be used effectively. Except for the potential acuity meter tech-
nique, for the most part the examiner must depend largely 
on nonphysiologic responses during visual acuity and field 
testing as described earlier to make the diagnosis.

Potential acuity meter. The potential acuity meter can 
be used in this setting to demonstrate better vision.42 This 
apparatus projects the Snellen acuity letters directly onto 
the retina and is more commonly used to establish the poten-
tial visual acuity in patients with cataracts. The functional 
patient is informed that a problem has been found and that 
the diagnosis will be confirmed with this next test. It can be 
explained that the problem is likely in the retina, and it will 
be “bypassed with the potential acuity meter and the eye 
chart will be shone directly on the optic nerve.” The patient 
will often read at a normal level in this circumstance.

FUNCTIONAL VISUAL FIELD LOSS

Tunneling of  the visual fields and spiraling are often associ-
ated with functional visual loss, and as described previously 
suggest the nonorganic nature of  vision loss in many patients. 
However, in some patients, visual field deficits are the sole 
or primary manifestation of  functional visual loss.

Perimetry. Visual field defects can be presented or 
“created” on any type of  perimeter. That is, functional visual 
fields can be found in patients tested with sophisticated auto-
mated threshold perimetry as well as standard kinetic 
perimetry.43–46 Visual field defects such as hemianopias (see 
Fig. 11.7) and quadrantanopias can be fabricated on the 
automated perimeter, and in such cases the reliability param-
eters such as false positives and negatives are not helpful in 
identifying a voluntary alteration of  the field.47 However, 
the presence of  an intereye difference in the mean threshold 
light sensitivity of  8.7 dB in patients with organic visual loss 
has been shown to nearly always produce an RAPD.48 There-
fore, if  such a difference exists, and there is no RAPD, func-
tional visual field loss is likely present.

Bitemporal hemianopia. Functional visual loss can 
present as a bitemporal hemianopia.43 Patients, presumably 
unaware of  the anatomic basis of  the visual fields and the 
localization of  bitemporal hemianopia to the chiasm, may 
complain of  loss of  side vision, loss of  peripheral vision, or 
tunnel vision. The key to the diagnosis here is the discrepancy 
between visual field tests when performed monocularly versus 
binocularly.49 Standard perimetry is performed on each eye 
and results in a bitemporal hemianopia. The test is then 
repeated with both eyes open. Patients do not typically realize 
the extent of  the nasal field of  the contralateral eye. This 
area of  intact vision disappears when the eyes are tested 
together, because they assume the temporal visual field is 
only seen by the ipsilateral eye.

Monocular temporal hemianopia. Similar strategies 
can be applied in patients complaining of  only monocular 
temporal visual field defects, the so-called missing half  
defect.49,50 Despite the full nasal field of  the normal other eye, 
binocular visual field testing fails to show an intact temporal 
field on the side of  the “affected” eye (Fig. 11.9).51 A similar 
strategy uses computerized perimetry as well.52 Such 

nonphysiologic results confirm there is some nonorganicity 
to the complaints. However, they do not prove necessarily 
that the monocular field defect is not real.

Saccades. The presence of  accurate saccadic movement 
by an eye into an allegedly blind hemifield suggests nonor-
ganic visual field loss.53 The examiner tells the patient that 
eye movements are next to be tested. The patient is first asked 
to follow the examiner’s finger with pursuit movements. Then 
the patient is asked to look quickly at the examiner’s finger 
presented in the blind hemifield; if  the saccade is accurate, 
an intact field is implied. The patient will often hesitate and 
say “I cannot see it that well in my peripheral vision.” The 
examiner responds by saying “I know, therefore I want you 
to look at it with your central vision,” and precise saccadic 
eye movements sometimes follow.

Central scotomas. Central scotomas are exceedingly rare 
manifestations of  functional visual loss,13 but they have been 
reported. Patients with functional visual loss for the most 
part lack the sophistication required to know that a profound 
reduction of  central acuity may occur despite intact periph-
eral fields. When a central scotoma is found, an extensive 
search for a maculopathy or optic neuropathy must be under-
taken. Finally, patients complaining only of  paracentral visual 
field defects can be tested using the red Amsler grid and the 
red–green glasses.54 If  the scotoma disappears when the red 
lens is over the affected eye, and the green lens is over the 
good eye, then the patient is functional. The grid can only 
be seen through the red lens, and the patient’s assumption 
that he or she can see it because the good eye is being used 
is incorrect.

FINDINGS AND DIAGNOSIS OF FUNCTIONAL 
VISUAL LOSS IN CHILDREN

Children with functional visual loss most commonly present 
with moderate binocular deficits, with visual acuities in the 
range of  20/40 to 20/100. The child often seems to exert 
tremendous effort as he or she attempts to read the eye chart. 
Guesses are often completely wrong.

Diagnosis. In contrast to adults, who often have to be 
“tricked” into seeing better, children are much more easily 
coaxed into exhibiting normal visual acuity or visual fields 
with relatively simple maneuvers such as plano lenses or 
verbal encouragement. Many of  the tests outlined previously 
are also effective in children with functional visual loss. The 
technique in which the examiner starts with the smallest 
letters and acts surprised as he or she moves slowly up the 
chart to letters of  increasing size (frequently combined with 
a low-power lens) often demonstrates better vision. “Magic 
drops” such as topical anesthetics, with the appropriate con-
vincing, will often be quite effective. Stereoacuity testing is 
another very effective way to demonstrate better vision, since 
most young patients fail to realize the test requires binocular 
vision.

OVERVIEW OF EFFERENT NONORGANIC 
NEURO-OPHTHALMIC DISORDERS

Efferent nonorganic neuro-ophthalmic disorders are much 
less common than afferent problems and can affect  
ocular motility or alignment, the eyelids, or the pupil. Com-
monly encountered problems are voluntary nystagmus  
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identified) getting into an eye inadvertently. This is in con-
tradistinction to a patient who knowingly places something 
in the eye in an attempt to create concern. These patients 
often have knowledge of  various available drops that can 
dilate pupils and also know that this examination finding 
will likely be interpreted as a neurologic emergency. For these 
reasons, many of  these patients are health-care workers.

Factitious ptosis. Factitious ptosis is relatively easily dis-
tinguished from true ptosis by the position of  the eyebrow. 
Patients with true ptosis will be struggling to hold their eye 
open and will use the frontalis muscle to try and elevate the 
lid, thereby elevating the brow. The patient with factitious 
ptosis creates it with orbicularis contraction, thereby 

and convergence spasm.55 These topics are only mentioned 
briefly here, as they are described in more detail in other 
chapters.

Factitious pupillary abnormalities. Nonorganic pupil-
lary abnormalities can only result from the patient instilling 
something in the eye to make the pupil either larger or smaller. 
The distinction of  pharmacologic dilation of  the pupil from 
other causes of  a fixed dilated pupil such as a third nerve 
palsy or a tonic pupil is described in Chapter 13. The key 
features of  the pharmacologically dilated pupil are the wide 
dilation to 7–8 mm and the absence of  constriction when 
1% pilocarpine is instilled. The majority of  pharmacologi-
cally dilated pupils are due to a chemical (often never 

A

B

Figure 11.9. Testing for a nonorganic temporal visual field defect using binocular Goldmann visual fields. The patient complains of temporal field loss 
in the right eye, which is documented in A. Note the visual field of the left eye is normal. B. The patient is then tested binocularly and believes that 
the right side of the visual field is seen only by the right eye. Therefore, a persistent temporal defect is present despite the presence of an intact right-
sided (nasal) visual field in the left eye. 
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improve with time as the “brain” once again realizes the 
visual potential of  the eye.

Specific interventions have been reported to “improve” 
vision in patients with functional visual loss. These include 
the use of  various drops, low-power spectacle prescription, 
contact lenses, and “retinal rest.” Retinal rest19 was a treat-
ment used by physicians in the military after a diagnosis of  
a strained or tired retina was made. The patient’s eyes were 
patched, the eyes covered, and the patient isolated from all 
auditory stimuli with minimal contact with others. Vision 
was checked every day and usually improved spontaneously. 
Outside of  a military structure, it seems unlikely that this 
strategy could be applied. However, for some highly suggest-
ible patients this treatment option could be effective. Hypnosis 
and psychoanalysis can be tried to treat functional visual 
loss. In a series by Kathol et al.,62 22 of  the 42 patients had 
a diagnosable psychiatric condition or personality disorder. 
In contrast, in our experience (given the high prevalence of  
deliberate malingerers) and that of  others,4,38 the vast major-
ity of  patients neither require nor benefit from psychiatric 
intervention.

Fortunately, many patients with functional visual loss do 
not continue to revisit the physician demanding an explana-
tion or pleading for help. Kathol et al.38 found that most of  
the patients that were seen in follow-up were less bothered 
by their “vision loss,” although they continued to demonstrate 
nonphysiologic responses on testing. Sletteberg et al.1 found 
that half  of  their patients had spontaneous resolution, but 
22% of  their patients were still “disabled” because of  their 
vision loss.

Patients who indeed have organic visual deficits but have 
superimposed nonphysiologic vision loss are often the most 
problematic. Scott and Egan13 found that 71 of  133 (56%) 
of  their patients with functional vision loss had organic find-
ings on examination, indicating that functional findings were 
superimposed on true disease. Lim et al.8 found organic disease 
was present in 17% of  their 138 pediatric and adult patients 
with functional vision loss. In such patients it can be very 
difficult to determine the exact amount of  organic vision 
loss, making diagnostic and therapeutic decisions very dif-
ficult. There are no easy guidelines to help manage such 
patients. This may be the one time when discussion with the 
patient about concerns about his or her nonphysiologic 
responses is worthwhile (particularly for the “worried impos-
tor”; see Table 11.1). Explaining to the patient that avoiding 
a risky treatment or intervention might result in improve-
ment of  the nonorganic component of  the vision loss.

Management of  functional visual loss in children. 
As with adults, the most productive interaction between a 
child with functional visual loss and the examiner occurs 
when the latter demonstrates empathetic, optimistic, and 
encouraging behavior. Once the diagnosis of  functional visual 
loss without organicity has been made in a child, we often 
speak to the parents without the child present. We explain 
that we cannot find anything wrong with the child’s eyes 
or visual pathways. We tell them that we believe the child 
is not “making this up,” but rather may have the visual 
problem as a result of  some external trigger or stress. We 
emphasize to the parents that they should optimistically 
encourage their child, rather than accuse the child of  drag-
ging them to unnecessary doctor’s visits and tests. Then we 
talk to the child in front of  the parents, and explain in an 

lowering the brow toward the eye.56 Ptosis is discussed in 
greater detail in Chapter 14.

Factitious ophthalmoplegia: convergence spasm. Spasm 
of  the near reflex, or convergence spasm, is characterized 
by esotropia (intermittent convergence), abduction limita-
tion, accommodation (blurred distance vision), and miosis 
(Video 15.4).57–59 The condition is often associated with ocular 
discomfort and is always intermittent. Its differentiation from 
sixth nerve palsies and its differential diagnosis and manage-
ment are reviewed in Chapter 15.

Factitious nystagmus. Voluntary “nystagmus” occurs 
when a patient willingly initiates rapid back-to-back saccadic 
eye movements (Video 17.34).60 The movement, unlike true 
nystagmus, can be produced on command and can usually 
be sustained for only a few moments. The condition is rec-
ognized by its voluntary nature and by the frequently associ-
ated orbicularis contraction, blinking, eyelid flutter, and 
convergence. This eye movement disorder is also discussed 
in Chapter 17.

MANAGEMENT OF THE PATIENT WITH 
NONORGANIC SYMPTOMS

Differential diagnosis. It is paramount in this setting  
to be absolutely certain about the diagnosis of  functional 
visual loss and to exclude any true disease that requires  
treatment.13 When normal vision can be proven, and  
the examination is otherwise normal, the examiner may be 
more comfortable regarding the absence of  organicity. 
However, in many instances a true underlying disorder cannot 
be excluded, particularly when normal vision cannot be 
proven.

The most common diseases that need to be considered in 
the differential diagnosis of  functional visual loss include 
amblyopia, optic neuropathies, retinal degenerations and 
dystrophies, and cortical visual loss. Thus, when the diagnosis 
is uncertain, optical coherence tomography (OCT) of  the 
optic nerve and retina, electroretinography to exclude retinal 
dysfunction, as well as magnetic resonance imaging with 
contrast of  the brain should be considered. When unreveal-
ing, neuroimaging with nuclear medicine techniques to assess 
brain function (single proton emission computed tomography 
(SPECT) or positron emission tomography (PET)) can be 
performed. Moster et al.61 reported two cases of  cortical visual 
loss that were initially thought to be functional because of  
normal conventional neuroimaging. Ultimately the patients 
were determined to have cortical dysfunction based on occipi-
tal lobe hypoperfusion on SPECT.

Management of  functional visual loss in adults. The 
successful management of  patients with nonorganic neuro-
ophthalmic symptoms begins with physician empathy and 
encouragement. For the most part, there is nothing to gain 
by confronting the patient. The best approach for the exam-
iner is to acknowledge to the patient that a thorough exami-
nation of  his or her eyes suggests that he or she is healthy. 
In particular, emphasis can be placed on statements that 
the patient is likely to agree with, such as the peripheral 
vision seems good, and the optic nerves appear healthy. The 
examiner can continue along these lines by saying that there 
is no evidence of  serious neurologic illness such as a brain 
tumor, stroke, or multiple sclerosis. Finally, the examiner 
can state that he or she has seen similar patients who often 
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encouraging manner that we believe his or her vision will 
improve over the next few weeks. We schedule a follow-up 
visit in approximately 3 months, and suggest to the child 
the vision will likely improve by then. We have found this 
approach in children with suspected functional visual loss 
to be extremely successful both therapeutically and diagnosti-
cally. Lack of  any visual improvement or worsening of  vision 
at the 3 month follow-up is suggestive of  an underlying 
organic disorder, and as such at a minimum neuroimaging, 
visual-evoked potentials,21 and an electroretinogram should 
be considered.

In general, the prognosis for “visual recovery” in children 
with functional visual loss is excellent.8,63 In Mantyjarvi’s 
series of  children,11 one-third improved spontaneously. Cata-
lano et al.9 found that one-third of  their patients were better 
within 1 day, and three-quarters were better by 2 months.
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12 Visual Hallucinations 
and Illusions
GRANT T. LIU, NICHOLAS J. VOLPE and STEVEN L. GALETTA

or she knows if  the perception is a hallucination or not. 
Insight is characteristic of  release visual hallucinations  
(see later discussion), for instance, whereas a schizophrenic 
with psychotic hallucinations might not be able to differenti-
ate the hallucination from reality. Investigation into predis-
posing underlying conditions, such as metabolic disturbances, 
visual loss, psychiatric illnesses, alcohol intake, and drug 
use (illicit, recreational, or otherwise), is also extremely 
important.

The neuro-ophthalmic examination of  a patient with visual 
hallucinations or illusions is directed toward excluding affer-
ent pathway disease or another responsible lesion of  the 
nervous system. Particular attention should be paid to visual 
acuity, color vision, pupillary reactivity, and the ophthalmo-
scopic examination. Even mild visual loss in the setting of  
macular degeneration or optic atrophy can be associated 
with release hallucinations, and these may be missed without 
a careful examination. We also prefer to perform formal visual 
field testing in almost every patient with a visual hallucina-
tion or illusion to exclude a field deficit. The neurologic 
examination, for example, should exclude an altered senso-
rium due to a mass lesion or a toxic or metabolic disturbance; 
a hemiparesis or hemisensory loss suggestive of  a hemispheric 
mass lesion; ataxia, third nerve palsy, or vertical gaze paresis 
consistent with a mesencephalic process (see Peduncular 
Hallucinations); nystagmus and imbalance associated with 
a brainstem or vestibular lesion; or evidence of  Parkinson’s 
or Alzheimer’s disease.

Diagnostic and Treatment 
Considerations (Overview)

DIAGNOSIS

In one approach to patients with visual hallucinations and 
illusions, the general categories (see Table 12.1) should be 
considered first. Then, the patient’s description of  the visual 
phenomena is often very suggestive of  a particular cause. 
Finally, the history and examination give the clinical setting 
and frequently supply clues to establish the proper diagnosis. 
For example, in a patient with a normal examination, a cres-
cent of  pulsating zig-zag lines seen in visual periphery, fol-
lowed by a headache with nausea and vomiting, is most 
likely the result of  a migraine. Brief  episodes of  flashing lights 
followed by loss of  consciousness are more consistent with 
epilepsy. An individual with dense cataracts who complains 
of  seeing people or objects that are not there may suffer from 
sensory deprivation associated with bilateral visual loss. This 
patient most likely has release hallucinations.

Visual hallucinations and illusions comprise some of  the 
most vivid and sometimes bizarre symptoms in neuro-
ophthalmology. Hallucinations are defined as perceptions that 
occur in the absence of  a corresponding external sensory 
stimulus.1 Visual hallucinations can be classified as unformed/
simple (e.g., dots, flashes, zig-zags) or formed/complex (actual 
objects or people). In contrast, illusions are misinterpretations 
of  a true sensory stimulus.2 Visual hallucinations and illu-
sions are generally positive phenomena, in contrast to visual 
loss, which is a negative phenomenon.

The causes of  visual hallucinations and illusions can be 
grouped into several major categories: migraine, release 
phenomena (in the setting of  impaired vision), entoptic 
(ocular) phenomena, alcohol and drug-related, seizures, 
neurodegenerative disease, central nervous system lesions, 
psychiatric disease, and narcolepsy. These are summarized 
in Table 12.1, which also describes distinguishing features 
of  each. This chapter details the various categories, but first 
the history, examination, and diagnostic and therapeutic 
considerations in patients with hallucinations and illusions 
are reviewed.

History and Examination in 
Patients With Visual 
Hallucinations or Illusions

The history is paramount in these patients, because the 
diagnosis is frequently made based on the clinical setting 
and the detailed description of  the visual symptoms. All too 
often the examination is unrevealing. The patient should be 
asked to detail the hallucinations or illusions, with particular 
attention to their content, complexity, and static or dynamic 
features. For illustrative purposes, it is often helpful to have 
him or her draw on paper or on the computer what is per-
ceived.3,4 The examiner can ask whether the visual symptoms 
are monocular or binocular, but usually the patient has never 
checked or cannot make this distinction. In addition, their 
frequency, duration, and repetitiveness should be established. 
In some instances, patients with hallucinations or illusions 
are reluctant or ashamed to admit they have them because 
they fear a diagnosis of  psychosis or dementia. With such 
individuals, encouragement from family members is often 
helpful.

Accompanying neurologic symptoms also can be very 
helpful in the diagnosis. For instance, a visual hallucination 
followed by a headache suggests migraine, while one followed 
by limb twitching and then loss of  consciousness is suspi-
cious of  a seizure. The patient should be asked whether he 
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TREATMENT OVERVIEW

In hallucinations due to migraine or epilepsy, the treatment 
is directed at the underlying disorder. In psychiatric and 
neurodegenerative disorders, treatment of  the primary dis-
order is also important, but the addition of  a neuroleptic is 
often required in these two conditions. In general, hallucina-
tions associated with illicit or prescription drug use should 
be treated by removing the offending agent. In contrast, 
release visual hallucinations are very difficult to treat. Rarely 
affected patients require low-dose neuroleptics, but most 
often patient reassurance is the best management.

Migraine

A variety of  visual hallucinations are characteristic of  
migraine.5 These include enlarging scintillating scotomas 
and fortification spectra or stars, sparks, flashes, or simple 
geometric forms. Visual illusions, experienced less commonly 
by migraineurs than hallucinations, include palinopsia  
(persistence of  visual images), polyopia (multiple images),  
micropsia (shrunken images), macropsia (enlarged images), 
metamorphopsia (distortion of  shape), and Alice in Wonderland 
syndrome (distortion of  bodily image).6 These are summarized 
in Box 12.1.

The visual hallucinations and illusions associated with 
migraine are typically part of  the aura. Previously termed 
classic migraine, the International Headache Society (IHS) 
now terms the condition migraine with aura.7 The IHS defines 
a typical migraine aura as one that develops over more than 

Table 12.1 Major Causes of Visual Hallucinations and Illusions and Their Distinguishing Features and Clinical Setting

Cause
Distinguishing Feature(s) of Visual 
Hallucinations or Illusions Clinical Setting

Migraine Fortification spectra Headache
Scintillating scotomas Personal or family history of migraine
Develops and migrates over minutes
Persistent positive visual phenomena

Release phenomena Continuous Visual loss
Variable over time

Entoptic phenomena Phosphenes and photopsias Observation of normal phenomena or ocular pathology

Alcohol and drugs Colors Accompanying auditory or tactile hallucinations
Small insects or animals History of substance abuse
“Flashbacks”

Seizures Stereotyped Other motor or sensory manifestations of seizures
Brief Abnormal EEG

Neurodegenerative Clinical evidence of Parkinson’s disease, dementia with 
Lewy bodies, or Alzheimer’s disease

Focal neurologic lesions
 Peduncular hallucinations Other evidence of a midbrain lesion
 Palinopsia Other evidence of an occipital lobe lesion
 Cerebral diplopia and polyopia Other evidence of an occipital lobe lesion
 Upside down or tilted vision Other evidence of a vestibular lesion

Psychiatric Auditory hallucinations
Delusions
History of psychiatric disease

Narcolepsy Sleep attacks
Daytime somnolence

EEG, Electroencephalogram.

Box 12.1 Hallucinations, Illusions, and 
Distortions Associated With Migraine

Hallucinations

Complex
Dots
Fortification spectra
Halos
Heat waves
Lights
Lines
Prisms
Scintillating scotomas
Shapes (geometric)
Sparkles
Squiggles

Illusions/Distortions

Alice in Wonderland syndrome
Macropsia
Metamorphopsia
Micropsia
Palinopsia
Polyopia

5 minutes, lasts less than 1 hour, and precedes (within 1 
hour) or accompanies the headache (see Chapter 19, Table 
19.2).7 However, it is not unusual for headache to occur 
during the aura phase.8 Usually the migraine headache occurs 
contralateral to the hemifield containing the visual aura.9 
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the most part, the hallucinations and illusions in migraine 
are positive visual phenomena. Negative visual phenomena 
associated with migraine, such as transient monocular blind-
ness or hemifield loss, are detailed in Chapter 10. The treat-
ment of  migraine is discussed in Chapter 19.

FORTIFICATION SPECTRA AND  
SCINTILLATING SCOTOMAS

A visual aura consisting of  fortification spectra or a scintil-
lating scotoma, followed by a headache, is almost pathog-
nomonic of  migraine. The fortification spectra phenomenon, 
the most common visual aura, is characterized by an arc of  
jagged, serrated, or zig-zag lines (Fig. 12.1). Patients often 
relate that the lines, also termed teichopsia, shimmer, scintil-
late, vibrate, flicker, or pulse at 3–30 Hz. The term fortification 
refers to the similarity of  the visual phenomena with early 
European military fortifications.5 The term spectra is used 

A “prolonged aura” lasts more than 60 minutes but no longer 
than 7 days, and the IHS classifies such cases as probable 
migraine with aura.7 When auras persist longer than 1 week, 
the term persistent aura without infarction is used.7 If  an aura 
occurs with a radiographically demonstrated infarction, a 
diagnosis of  migrainous infarction is satisfied.7

Aura occurs in approximately one-third of  adult patients 
with migraine.10 Traditional theories proposed that 
vasoconstriction-induced cortical ischemia caused migraine 
aura, and experiments measuring regional cerebral blood 
flow and volume have confirmed decreased regional cerebral 
blood flow during the aura phase.11,12 More recent theories, 
however, attribute migraine aura to neuronal dysfunction 
resulting from cortical spreading depression.13–16 The patho-
physiology of  migraine and aura is discussed in more detail 
in Chapter 19.

The remainder of  this section details the various visual 
hallucinations and illusions associated with migraine. For 

DC
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Figure 12.1. Characteristic buildup of a migrainous scintillating scotoma experienced by one of the authors while playing golf. A. Suddenly, while he 
was “looking at the golf ball and about to putt,” he noticed a small pulsating object in the upper right quadrant of both eyes. B. One minute later, it 
became more obvious to him that the object was gradually enlarging and the border of it consisted of small, jagged, and shimmering yellow, blue, 
green, and red prisms which flickered and pulsed at high frequency. Toward the center, there was an area of blurry, but not absent, vision (as if looking 
through water). C. Ten minutes later the visual disturbance continued to enlarge within the right upper homonymous quadrant. D. The blurry area 
and border of prisms gradually enlarged and crossed the vertical and horizontal meridians. Eventually it consumed the entire visual field then disin-
tegrated at its borders and within the blurry center (not shown). Its resolution was followed 1 hour later by a holocephalic headache accompanied by 
nausea. 
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SIMPLE POSITIVE VISUAL  
PHENOMENA IN MIGRAINE

Many patients with migraine report seeing less complex 
phenomena, some of  which are listed in Box 12.1. Unlike 
fortification spectra and scintillating scotomas, these simple 
hallucinations tend not to “build up.” For instance, patients 
may describe “dancing lights,” “shapes,” or a “flash bulb.”5 
In some, flashes of  light last only fractions of  a second; 
however, they may migrate across the visual field (Fig. 12.2). 
Patients with these complaints should prompt consideration 
of  anterior visual pathway disorders of  the retina and vitre-
ous that may manifest with photopsias and phosphenes (see 
Entoptic Phenomena).

COMPLEX VISUAL HALLUCINATIONS  
IN MIGRAINE

Visual hallucinations containing complex objects such as 
people and animals (zoopsia) are unusual in migraine visual 
aura but are well described. Hachinski et al.19 described an 
18-year-old girl with migraine who saw herself  lying on a 
railroad track while a train passed over her. In her left visual 
field she experienced irregular multicolored scotomas. The 
visual hallucinations lasted 10 minutes, and the accompa-
nying migraine headache lasted 3 hours. Out-of-body experi-
ences, including those in which the individual views his or 
her own body (autoscopy), although more common in seizures 
(see later discussion), have also been reported in migraine.20

When complex visual hallucinations occur in migraine, 
they are usually unaccompanied by auditory and abnormal 
thought content;9 however, Fuller et al.21 reported an excep-
tional 69-year-old man with migraine and complex visual 
and auditory hallucinations as well as paranoid delusions. 
He felt his wife and brother-in-law had been killed, and the 
“ward staff  were systematically butchering other patients 
on the ward.” He saw “red and squirmy piranha fish on the 
floor of  his room and would try to stamp on them, after 
which they would disappear.” This history would be more 

because many patients will describe colored jagged edges. 
The shimmering aspect gives the appearance of  light reflect-
ing off  of  small prisms and produces the various colors of  
a rainbow.

In addition to the typical appearance, the “buildup” or 
“march” of  the fortification spectra is also highly charac-
teristic (Fig. 12.1).4 Patients usually notice the visual phe-
nomenon paracentrally, and the open part of  the arc of  the 
fortification spectra faces centrally. Often vision within the 
arc is scotomatous or defective, and patients will describe 
this area as gray, cloudy, blurry, or water-like. The combina-
tion of  the positive fortification spectra on the outside and 
the negative area in the middle is termed a scintillating scotoma. 
These are often circular, but may also be kidney-bean shaped. 
Over minutes, the diameter of  the arc enlarges, and drifts 
toward the periphery, and the scotoma, when present, also 
enlarges. Often the entire visual field is affected, as the for-
tification spectra or scintillating scotoma frequently crosses 
the vertical and horizontal meridians. The entire sequence 
may take 15–20 minutes, after which the fortification spectra 
or scintillating scotoma break up and disappear. The phe-
nomenon is usually homonymous but also can be monocular. 
However, often it is difficult for even the best observers to 
describe whether the phenomenon is perceived in one or 
both eyes.

Aura not due to migraine. Although highly suggestive 
of  migraine, fortification spectra and scintillating scotomas 
may also be triggered by cerebral mass lesions such as arte-
riovascular malformations (AVMs), neoplasms, or abcesses,17,18 
with or without seizure activity. In some instances, after the 
hallucination resolves, a patient with an underlying mass 
lesion will have a residual visual field defect. Rarely, scintil-
lations without “buildup” also can be associated with posterior 
cerebral artery ischemia.5 There should be a low threshold 
for neuroimaging to rule out a structural cause in any patient 
with an accelerated frequency, intensity, or duration of  hom-
onymous positive visual phenomenon (particularly if  they 
are always on the same side), or if  these present late in life 
without a previous history of  migraine.

BA

Figure 12.2. Migration of a characteristic simple visual phenomena drawn and described by a migraineur. A. He wrote that in one episode, “a colored 
bar appeared at the center of the eye and began flashing and flickering, then moved from the center of the eye to the left. This lasted about 10 minutes. 
After the bar reached the side of the eye, it took the shape of an arc and continued to flicker for about 10 minutes.” B. In another episode, “when 
looking down on the floor, eight-pointed colorful starlike figures appeared (one at a time), flickering and bright. One of the starlike figures (depicted 
in drawing), appeared at the center of the eye and worked itself toward the left outside of the eye, blinking and flickering as it moved.” 
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suggestive of  a psychiatric disorder or drug use, and migraine 
would have to be a diagnosis of  exclusion.

A unique patient with migraine auras characterized by 
complete achromatopsia (no perception of  color), prosopagnosia 
(inability to recognize faces), and visual agnosia (inability to 
recognize objects) has also been described.22 These higher 
cortical visual disorders are discussed in Chapter 9.

VISUAL DISTORTIONS AND  
ILLUSIONS IN MIGRAINE

Metamorphopsia. Distortion of  the shapes of  objects may 
be experienced by patients with migraine (objects may appear 
too fat, too thin, too short, or too tall, for instance); however, 
metamorphopsia is a much more common complaint among 
patients with macular disease.

Micropsia and macropsia. In a variation of  metamor-
phopsia, patients with migraine may complain that objects 
appear too small (micropsia) or too large (macropsia). In tele-
opsia, objects seem too far away. People may appear too small 
in lilliputianism. These symptoms can also be caused by 
seizures.

Alice in Wonderland syndrome. This condition is 
described here because it is classically associated with 
migraine; migraine is one its most commonly identified eti-
ologies, and some affected patients without a history of  
migraine later develop migraine.23 However, the underlying 
cause of  the Alice in Wonderland syndrome may remain 
uncertain in some patients.23

Lippman24 described seven patients with classic migraine 
who experienced episodes of  distorted body image. Each had 
fascinating illusions characterized by enlargement, diminu-
tion, or distortion of  part of  or the whole body, and each patient 
knew the sensations were not real. One 38-year-old woman 
reported attacks of  feeling “about 1 foot high” accompanied 
by headache. Another elderly woman complained of  migraine 
headaches preceded by the feeling of  her left ear “ballooning 
out 6 inches or more.” His Patient 7 reported headaches 
accompanied by sensations of  body size distortion “as if  
someone had drawn a vertical line separating the two halves; 
the right half  seems to be twice the size of  the left half.”

Lippman24 recalled that Lewis Carroll (Charles Lutwidge 
Dodgson), also a migraineur, had described similar halluci-
nations in his book, Alice in Wonderland. It has been speculated 
that Dodgson had experienced distortions in body image 
during his migraine events, and incorporated the hallucina-
tions into the fictional story about the young girl who, during 
her adventures in Wonderland, shrinks and grows numerous 
times. Todd25 then coined the condition Alice in Wonderland 
syndrome. Rolak26 pointed out the similarity between original 
illustrations in Dodgson’s book (Figs. 12.3 and 12.4) and 
some of  the descriptions cataloged by Lippman.24

For unclear reasons Alice in Wonderland syndrome is more 
common in children. We agree with Lanska and Lanska27 
that patients with the Alice in Wonderland syndrome can 
be divided into those with illusions involving their own body 
(intrapersonal, or pure Alice in Wonderland syndrome) versus 
those with illusions involving objects around them (extrap-
ersonal, or Alice in Wonderland–like syndrome). The extra-
personal variety is more common, and micropsia and teleopsia 
are the most common complaints, but macropsia and meta-
morphopsia also occur. Some children have both intrapersonal 

Figure 12.3. This original illustration from Lewis Carroll’s “Alice in Won-
derland” matches the descriptions of two of Lippmann’s24 patients who 
experienced distortions in body image, in particular, excessive height. 
Patient 3, a 23-year-old woman, described the following: “I experienced 
the sensation that my head had grown to tremendous proportions and 
was so light that it floated up to the ceiling, although I was sure it was 
still attached to my neck. I used to try to hold it down with my hands. 
This sensation would pass with the migraine but would leave me with a 
feeling that I was very tall. When walking down the street I would think 
I would be able to look down on the tops of others’ heads, and it was 
very frightening and annoying not to see as I was feeling. The sensation 
was so real that when I would see myself in a window or full-length mirror, 
it was quite a shock to realize that I was still my normal height of under 
five feet.” Patient 6 said “I get tired out from pulling my head down from 
the ceiling. My head feels like a balloon; my neck stretches and my head 
goes to the ceiling. I’ve been pulling it down all night long.” (Illustration 
borrowed with permission from Dover Publications, Mineola, NY.)

and extrapersonal complaints. Hachinski et al.19 described 
a 6-year-old child who thought people around her were 
smaller than normal. Once, while playing in the snow, this 
same child felt that she was “unusually large” and that an 
ordinary snowball had become “huge and turned blue.”
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of  the original report.39 None had major psychiatric disease. 
The visual complaints were similar in their simplicity and 
involvement of  the entire visual field and usually consisted 
of  diffuse small particles such as TV static, snow, lines of  ants, 
dots, and rain (Fig. 12.6). Some patients reported greater 
awareness of  the visual phenomena when looking at the sky 
or at a light-colored wall. Complex phenomena such as pal-
inopsia, micropsia, and formed hallucinations were experienced 
but were exceptional. Some characterized these unformed 
visual hallucinations as bothersome, uncomfortable, or emo-
tionally disabling but not interfering with visual function. 
Other patients were unconcerned by them. Neurologic and 
ophthalmologic examinations were normal in all patients, and 
electroencephalograms were normal in eight of  eight patients 
tested. MRI was normal without evidence of  infarction in all 
patients except one who had nonspecific biparietal white matter 
lesions and another with a small venous angioma. In this 
series, medications such as tricyclic agents, calcium channel 
and beta blockers, and analgesics were unhelpful.

More recent authors40,41 have proposed a “visual snow” 
syndrome consisting of  visual snow (i.e., TV static or TV 
snow) with at least two of  four of  the following: palinopsia, 
enhanced entoptic phenomena, photophobia, and nyctalopia. 
The “visual snow” syndrome can occur in both migraine 
patients as well as nonmigraineurs, and generally treatment 
is ineffective.42 One might consider visual snow to be an 
umbrella term, and persistent positive visual phenomena in 
migraineurs to be a subset of  visual snow.

Figure 12.4. This original illustration from Lewis Carroll’s “Alice in Won-
derland” matches the descriptions of one of Lippmann’s24 patients  
who experienced distortions in body image, in particular, excessive 
height. (Illustration borrowed with permission from Dover Publications, 
Mineola, NY.)

Figure 12.5. Illustration by a 42-year-old female graphic artist with 
migraine depicting her own visual aura. She described central vision 
loss in the left eye with breaking up of vision with skewed diagonal 
lines “like a prism.” It was accompanied by a headache, which was fairly 
severe, but by the next day, the vision had improved. 

Metamorphopsia, micropsia/macropsia, and Alice in Won-
derland syndrome have been attributed to migrainous cortical 
dysfunction in the nondominant posterior parietal lobule.28 
In contrast, single photon emission computed tomography 
(SPECT) imaging in one report29 demonstrated occipital and 
temporal lobe abnormalities. Frontal lobe epilepsy,30 encepha-
lopathy due to infectious mononucleosis,31 topiramate use,32 
and varicella infection have also been reported causes of  Alice 
in Wonderland syndrome. In patients with Alice in Wonderland 
syndrome and Alice in Wonderland–like syndrome, magnetic 
resonance imaging (MRI) and electroencephalograph (EEG) 
are generally unhelpful. The condition is often self-limited,23,33 
or it can persist,23,34 but nonetheless it is typically benign.35

Other distortions and illusions. Migraine may also produce 
the perception of  multiple images and should be included in 
the differential diagnosis of  cerebral diplopia.36 Kosmorsky,37 
in a report of  his own acephalgic migraine, described the dupli-
cation of  images within a scintillating scotoma. The double 
vision was present with either eye covered and did not change 
with either monocular or binocular viewing. Migraineurs may 
also complain of  palinopsia (see later discussion), the persistence 
of  visual images. However, palinopsia is more characteristically 
a symptom of  parietooccipital lobe damage. Fig. 12.5 illustrates 
one patient’s depiction of  her visual illusion associated with 
migraine.

PERSISTENT POSITIVE VISUAL PHENOMENA 
AND MIGRAINE AURA STATUS

In persistent positive visual phenomena and migraine aura 
status, uncommon prolonged migraine conditions, the visual 
phenomena is either (1) continuous, full-field, unaccompa-
nied by visual loss, and not visually disabling (persistent 
positive visual phenomena) or (2) similar to a more classic 
visual aura but continuous or recurrent (migraine aura 
status).38 The visual phenomena in each type are temporally 
unrelated to headaches, and standard neuroimaging is nega-
tive without cerebral infarction.

Persistent positive visual phenomena. Ten patients with 
migraine who developed persistent positive visual phenomena 
without visual loss lasting months to years were the subject 
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ACEPHALGIC MIGRAINE

In patients with acephalgic migraine, the aura is unaccom-
panied by headache.55 The diagnosis of  acephalgic migraine 
is suggested by a previous history of  migraine, the occurrence 
of  a positive or negative visual phenomenon typical of  
migraine, and the absence of  cerebrovascular causes for the 
event. Both visual hallucinations and illusions as well as 
transient monocular and binocular visual loss can occur. 
We have observed a common pattern in lifelong migraineurs 
of  typical headaches without aura in adolescence and early 
adulthood then predominantly acephalgic migraines in middle 
age and afterward. Fisher56 detailed such a change in his 
own migraines.

When acephalgic migraine is experienced by older adults, 
distinguishing the event from a transient ischemic attack 
may be very difficult.57 Fisher58 described a group of  patients 
older than 40 years who experienced visual symptoms ini-
tially thought to be transient ischemic attacks. However, 50% 
had headache, the visual symptoms were more consistent 
with migraine, and angiography was unrevealing. He empha-
sized that in adults with positive and negative visual phe-
nomena seemingly consistent with a vascular event, migraine 
can be considered but must be a diagnosis of  exclusion. The 
gradual buildup of  the visual disturbance typically favors 
the diagnosis of  migraine. Acephalgic migraine in children 
is very unusual, occurring in only 31 of  1106 (3%) pediatric 
migraineurs in one series.59

The workup and treatment of  acephalgic migraine are 
discussed in Chapter 19.

VISUAL LOSS (RELEASE HALLUCINATIONS AND 
THE CHARLES BONNET SYNDROME)

Cogan reemphasized the notion that visual hallucinations 
may be associated with loss of  vision.46 In his report entitled 
“Visual Hallucinations as Release Phenomena,” he pre-
sented patients with blindness of  varying degree and cause, 
including monocular blindness due to optic neuropathy, 

Persistent positive visual phenomena may result from spon-
taneous cortical discharges.43 Alternatively, selective dysfunc-
tion of  inhibitory and modulating neurons in extrastriate 
areas, as evidenced by occipital hypoperfusion demonstrated 
by SPECT imaging,44 may have allowed spontaneous discharges 
from the lateral geniculate or visual cortex. This could result 
in release visual hallucinations (see below), as suggested by 
West45 and Cogan.46 Normal diffusion- and perfusion-weighted 
MRI suggests ischemia does not play a role.38

Migraine aura status. In this condition, a more classic 
aura persists, typically in just one part of  the visual field, and 
sometimes with a combination of  positive and negative visual 
phenomena. Haas47 reported two individuals with “prolonged 
migraine aura status”; one was a 70-year-old man with a 
long-standing history of  migraine headaches who developed 
a constant “pinwheel of  bright whirling color, mainly yellow 
and red” in the left homonymous hemifield accompanied by 
left hand paresthesias and clumsiness. The episode lasted 5 
weeks and resolved with aspirin and cyproheptadine. Exami-
nation, brain computed tomography (CT), and EEG were 
normal. Luda et al.48 reported a 65-year-old woman with 
“sustained visual aura” who had a 50-year history of  migraine 
with aura who then developed 12 months of  “scintillating 
geometric figures (in the shape of  either rings or chains)” in 
the right visual hemifield. Carbamazepine, diazepam, flunari-
zine, nimodipine, and citicoline were unhelpful. Examination, 
EEG, and brain MRI were normal. Transient hypoperfusion 
documented with perfusion MRI without permanent tissue 
injury in a similar case has been documented.49

In our experience treatment of  patients with either persistent 
positive visual phenomena of  migraine or migraine aura status 
is usually ineffective with most migraine medications, anti-
convulsants, and antidepressants. However, Rothrock50 and 
Chen et al.44 reported the successful management of  patients 
with each type with divalproex sodium and lamotrigine, respec-
tively. In addition, acetazolamide reportedly effectively treated 
three patients with migraine aura status,51 while others were 
treated successfully with intravenous furosemide,52 nimodip-
ine,53 and ketamine.54

BA

Figure 12.6. Persistent positive visual phenomena associated with migraine. A. A young girl’s depiction of colored constant and full-field objects she 
perceived. This patient is one in the series by Liu et al.39 B. An adult patient prepared this illustration which depicts her persistent positive visual phe-
nomena. She described “flashes and blotches of light that had many different colors and “noise” in them, almost like TV static. These lights would 
come from the left and go to the right; there were always several in my field of vision at any given time.” 
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in 15% of  patients seen in a retina clinic66 and have been 
described in association with retinal vascular occlusions,67 
macular photocoagulation,68 and macular translocation 
surgery.69 Visual hallucinations can also occur after enucle-
ation.70 Release visual hallucinations usually occur  
within the blind scotoma but occasionally can be full field 
(Fig. 12.7).71

The concept that spontaneous visual phenomena may 
be released by a lack of  inhibitory input may also explain 
visual hallucinations associated with severe sensory depri-
vation in prisoners of  war or in normal volunteers blind-
folded for extended periods of  time,70 for instance. In 
addition, patients with dense, bilateral cataracts, despite 
being alert and lucid, may experience vivid, pleasurable 
visual hallucinations.72 Many of  the cataract-associated 
hallucinations seem to occur when the patient is not receiv-
ing external stimuli, such as in a quiet room or just before 
the patient goes to sleep. In further support of  the sensory 
deprivation concept, the hallucinations often resolve fol-
lowing cataract extraction.

Release visual hallucinations rarely can occur in children 
as well. A 3.5-year-old boy with an optic pathway glioma 
became completely blind following tumor debulking surgery, 
and 1 week later reported he saw his brother, Santa Claus, 
and animals for 3 days.73

In some cases the release hallucinations are the presenting 
symptom of  new visual loss.74,75 We examined a 51-year-old 
woman who complained of  seeing “a picture within a 
picture—like the new kind of  television sets” in her lower 
left visual field as a presentation of  a new incomplete left 
inferior quadrantanopia due to a right parietooccipital infarc-
tion.76 She described a rectangular scene with a red back-
ground filled with several people milling about, and it differed 
completely from what she saw in her larger intact field. 
Multiple broad horizontal lines swept upward over the scene, 
and the patient said this effect mimicked a television set with 
malfunctioning “vertical hold.”

The eponym Charles Bonnet syndrome has been applied to 
some patients with visual hallucinations associated with 
visual loss.71 However the use of  the term is hampered by 
varying definitions. Charles Bonnet was a Swiss naturalist 
and philosopher who, in 1769, described his 89-year-old 
grandfather’s symptom complex of  cataracts; blindness; and 
visions of  men, women, birds, and buildings.77 Initially used 
to designate elderly patients with eye-related visual loss and 
hallucinations, the label Charles Bonnet syndrome has been 
used as a “wastebasket” term to describe patients with visual 
hallucinations without psychiatric disease or drug use (so-
called isolated visual hallucinations) but with insight into 
the artificial nature of  their visions.78 Most patients with 
Charles Bonnet syndrome are elderly and have visual deficits 
of  varying degree due to age-related macular degeneration, 
diabetic retinopathy, glaucoma,79 cataracts, and corneal 
disease.80,81 However, visual loss has not been a consistent 
criterion for the diagnosis,64,71 and patients with homony-
mous hemianopias82 and children83,84 have also been labeled 
with the name. Therefore, to describe visual hallucinations 
due to visual loss of  any cause, we favor the use of  the term 
release visual hallucinations rather than Charles Bonnet 
syndrome.

The exact pathophysiology of  release visual hallucinations 
is unclear, but one functional MRI study85 of  affected patients 

chiasmal visual loss affecting both eyes, and homonymous 
hemianopia due to retrochiasmal lesions. Each had formed 
or unformed visual hallucinations, typically within the 
defective area of  vision. For instance, one woman with a 
right homonymous hemianopia complained of  “zig-zag 
lines, colored triangles, and formed images suggesting that 
people and traffic were moving in on her from the right 
side.” In general, the complexity of  the hallucinations 
had no localizing value. When present, the hallucinations 
in his patients were usually continuous, variable, and more 
intense when the eyelids were closed (Box 12.2). He con-
trasted these from the episodic stereotyped visual hallu-
cinations associated with seizure activity. Cogan suggested 
that interference of  the normal visual input, from any 
lesion in the afferent visual pathway, might allow a “release 
of  brain activity.”

Lepore60 studied 104 patients with retinal or neural 
afferent pathway disease and found 57% reported spon-
taneous visual phenomena. Elementary disturbances such 
as photopsias and geometric forms, as well as complex 
ones such as people, animals, or vehicles, were described. 
Like Cogan,46 Lepore found their complexity did not cor-
relate with lesion site. Furthermore, hallucinations 
occurred even in individuals with only minor amounts 
of  visual loss. For example, spontaneous visual phenomena 
were described by three of  Lepore’s patients with pseudo-
tumor cerebri, 20/20 vision, and only minimal enlarge-
ment of  the physiologic blind spot. Many patients in his 
series were relieved when informed that the visual phe-
nomena were common sequelae of  visual loss and not 
reflective of  any psychiatric disturbance.

The suggestion that vision loss of  any degree due to lesions 
anywhere along the visual axis can lead to release hallucina-
tions has been confirmed by several others. For instance, 
detailed descriptions of  simple and complex visual hallucina-
tions within homonymous hemianopias due to cerebral lesions 
have been reported.61–63 Patients with complex visual hal-
lucinations and illusions associated with visual loss due to 
ocular diseases were described in another study.64 Normal 
visual acuity but glaucomatous visual field loss may cause 
hallucinations.65 Visual hallucinations of  all types were found 

Box 12.2 Visual Symptoms and Patient 
Characteristics in Release Visual Hallucinations

Visual Symptoms

Both simple and complex
Complexity nonlocalizing
Typically, but not always, within the defective area of vision
Usually continuous
Nonstereotyped
More intense when eyes closed
Can arise suddenly and unexpectedly

Patient Characteristics

Vision loss to any degree from any cause
Insight into the unreal nature of the hallucinations
Intact sensorium, but those with mild cognitive impairment may 

be predisposed
Absence of delusions
No hallucinations in any other sensory modality



12 • Visual Hallucinations and Illusions 403

loss is not ocular in origin, we would recommend neuroim-
aging to ensure there was no change in the original lesion, 
such as a hemorrhage, new stroke, or tumor growth. Neu-
roimaging would also be indicated if  the EEG were abnormal. 
Finally, because release hallucinations can be the presenting 
symptoms of  new visual loss, careful assessment of  afferent 
visual function, such as acuity, color vision, and visual fields, 
should be performed, and the appropriate workup should be 
undertaken if  a new visual deficit is detected.

TREATMENT

Many affected patients, particularly if  they are elderly, find 
the hallucinations frightening or embarrassing, and are 
concerned about a diagnosis of  insanity or dementia.86 There-
fore, the best treatment of  release visual hallucinations is 
physician recognition, patient education, and reassurance, 
which most patients find extremely comforting.71,87 Vision 
loss should be corrected, if  possible. Patients with depressive 

demonstrated cortical activity in ventral extrastriate  
areas. In addition, the hallucinations corresponded with 
activity in the region’s functional specialization; for example, 
visions of  faces were associated with activity in the fusiform 
face area.

EVALUATION

In a patient with visual hallucinations with known visual 
loss, release phenomena should be suspected but is a diag-
nosis of  exclusion. Stereotyped images and accompanying 
motor activity or autonomic symptoms suggest seizures. Any 
history of  psychiatric disease or drug use should be excluded. 
The patient’s mentation should be normal, and ideally he 
or she should have complete insight into the unreal nature 
of  the hallucinations.

There should be a low threshold for an EEG to rule out 
seizure activity. Neuroimaging is unnecessary if  the cause 
of  visual loss is ocular. However, if  the cause of  the visual 

C
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Figure 12.7. A,B. An 81-year-old woman’s rendering of her release 
visual hallucinations associated with macular degeneration and central 
visual field deficits. A. “The hallucinations are similar in color and 
content: green background lined or gridded in black with a central 
figure.” As one example, she saw “yellow figures in the center spinning 
very fast.” B. Sometimes the hallucinations were full field, as in this 
“vision” with “cartoon horses.” C. Another elderly woman with macular 
degeneration and cataracts painted and described one of her release 
hallucinations as green colors moving in and overtaking the blue 
centrally. Then the blue on the outside moves in to overtake the green 
centrally, and the process repeats itself. 
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of  the eye, best seen when a bright light is pressed and moved 
against a closed eyelid, casting shadows of  the retinal cir-
culation on the photoreceptors.94 These images are seen only 
when retinal and optic nerve function are normal and there-
fore can be used as a gross screening test for visual potential 
in the setting of  dense media opacities such as cataract and 
vitreous hemorrhage. Haidinger’s brush, frequently described 
as a brownish-yellow hourglass with a blue bow-tie lying 
perpendicularly across its center, can be experienced by indi-
viduals looking at light through polarized lenses.

Hallucinations. Flick phosphenes are flashes of  light occur-
ring during eye movements. The phenomenon is best observed 
by dark-adapted eyes and while the eyelids are closed.92 One 
possible mechanism is deformation of  the posterior face of  
the vitreous and mechanical stimulation of  the retina.90 This 
explanation may also account for pressure phosphenes, which 
can occur when mechanical pressure is applied to the eye. 
Accommodative phosphenes of  Czermak may be seen during 
prolonged accommodation, perhaps due to ciliary muscle 
traction on the peripheral retina.90

ENTOPTIC PHENOMENA DUE TO  
OCULAR PATHOLOGY

Real images. Floaters, due to shadows on the retina cast 
by vitreous opacities, are typically reported as dust, cobwebs, 
or hairlike images which float and move as the eye looks in 
different directions. Common benign causes of  floaters are 
posterior vitreous detachments and vitreous condensation 
and strands associated with normal aging, while more wor-
risome etiologies would include inflammatory cells (vitritis) 
and hemorrhages. When the symptoms develop suddenly, 
careful dilated ophthalmoscopy is required to rule out an 
associated retinal tear or hole. Halos and light streaks can 
be experienced by patients with cataracts.

Hallucinations. Pathologic photopsias and phosphenes 
are unformed flashes of  light witnessed in patients with a 
blow to the eye, traction on the retina, retinal inflammation, 
detachment, or degeneration; outer retinal disease (see 
Chapter 4)95; and optic neuropathy (particularly optic neuritis 
and papilledema).72 Photopsia associated with new onset of  
blind spot or visual field defect is more common in acute 
onset outer retinopathies such as multiple evanescent  
white dot syndrome (see Chapter 4) than in patients  
with acute onset of  optic neuropathy. These phenomena 
sometimes can be difficult to distinguish from the photopsias 
seen in migraine. Moore’s lightning streak is a brief  vertical 
lightning flash usually appearing in the temporal field. It is 
a special type of  phosphene attributed to vitreoretinal  
traction related to advancing vitreous changes and shrink-
age.90 The streak is often seen as the individual walks into 
a dark room.

Alcohol and Drugs

Alcohol, illicit drug use (cocaine, lysergic acid diethylamide, 
(LSD), phencyclidine (PCP)), and medications (digoxin, 
levodopa) may also cause visual hallucinations and illusions. 
The following discussion is not intended to be exhaustive, 
but instead the goal is to highlight substances that are com-
monly responsible for these visual disturbances.

symptoms may benefit from appropriate pharmacologic 
therapy. Psychotherapy and medications in general are 
unhelpful in this disorder, but antipsychotic medications in 
some instances may diminish the hallucinations.88,89

Ironically, in some patients with hallucinations associated 
with progressive visual loss, the hallucinations resolve as 
their vision worsens. Some patients experience reduction of  
symptoms with increased lighting, which perhaps increases 
visual stimuli. Similarly, rapid eye movements, which may 
help release hallucinations by filling in scotomas in visual 
scenes, can be helpful.

Entoptic (Ocular) Phenomena

Entoptic phenomena, visual images produced by the struc-
tures of  the eye,90 can be divided into those which are normal 
physiologic events and those that are pathologic (Box 12.3). 
Then they can be further subdivided into those that are real 
visual images versus those that are truly hallucinogenic, in 
which images are perceived in the absence of  any true visual 
stimulus.

NORMAL PHYSIOLOGIC  
ENTOPTIC PHENOMENA

The diagnosis of  these physiologic events is made in a well 
patient with a typical history and normal examination, 
including a dilated view of  the fundus. These are common 
etiologies in normal adults complaining of  floaters and in 
children reporting circles and dots throughout their vision.91 
They may become “suddenly” apparent to patients despite 
their physiologic nature.

Real images. Scheerer’s phenomenon is the normal percep-
tion of  moving stars or small lights, particularly when an 
individual looks at a bright field of  snow or the blue sky,92 
and is thought to be the result of  leukocytes traveling in the 
retinal capillaries.93 Purkinje figures are images of  the vessels 

Box 12.3 Entoptic Phenomena

Normal Physiologic Entoptic Phenomena

Real Images

Scheerer’s phenomena
Purkinje figures
Haidinger’s brush

Hallucinations

Flick phosphenes
Pressure phosphenes
Accommodative phosphenes of Czermak

Entoptic Phenomena due to Ocular Pathology

Real Images

Floaters
Halos and light streaks

Hallucinations

Phosphenes and photopsias
Moore’s lightning streak
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cocaine’s excitatory effect on cortical structures.104 Caution 
should applied when individuals using cocaine complain  
of  photophobia, halos around lights, and difficulty focusing. 
These symptoms are more likely the result of  pupillary  
mydriasis caused by a cocaine-related increase in sympathetic 
tone.

LSD. Common visual hallucinations associated with LSD 
use include moving patterns of  bright color105 and pulsating 
geometric shapes. Individuals may experience complex hal-
lucinations consisting of  people and scenes against a back-
ground of  geometric forms. About one-fifth of  LSD users 
report having seen Satan’s face floating freely or over someone 
else’s body, while about one-tenth report having seen rapid 
aging of  a friend’s or a stranger’s face.106 Flashbacks occurred 
in 64% of  LSD users in one study,106 and halos of  light around 
objects, light following moving objects, geometric designs 
within familiar objects, and distortion in the sizes and shapes 
of  faces and images were reported. In addition, Kawasaki 
and Purvin107 described three patients with persistent pal-
inopsia up to 3 years following LSD ingestion. LSD can inhibit 
serotonin in the central nervous system, and it also has an 
effect on postsynaptic dopamine receptors,98 but the exact 
mechanism for producing hallucinations is unclear.

Psilocybin and psilocin. These are the active ingredients 
in hallucinogenic mushrooms. Hallucinations are usually 
visual but can also be tactile or auditory.108 Faces of  friends 
or strangers can be reported to change shape or color or age 
dramatically.109 Kaleidoscopic images or flashes of  colors may 
be seen, but fully formed visual hallucinations consisting of  
people and Martians have also been described.110

PCP. A toxic psychosis, characterized by auditory or visual 
hallucinations, delusions, abnormal behavior, and sometimes 
disorientation, may occur with PCP use.111 The visual hal-
lucinations often consist of  brightly colored objects. Although 
PCP-induced psychosis resembles acute schizophrenia, PCP 
use can often be recognized by the accompanying hyperten-
sion and nystagmus.112

Others. Mescaline,113 amphetamines, cannabinoids, bath 
salts,114 opiate agonists, and synthetic opioids may also be 
associated with visual hallucinations.98 Cannabinoid, the 
active ingredient in marijuana and hashish, typically causes 
hallucinations only when there is excessive intoxication.

DIGOXIN

Although digoxin is used less commonly than it once was, 
toxic and sometimes even normal levels of  the cardiac gly-
coside digoxin are characteristically associated with xan-
thopsia, the illusion of  objects exhibiting abnormal colors. 
Yellow and green are typical colors in digoxin toxicity. Patients 
may also complain about blurry or snowy vision or photop-
sias,115 and their visual symptoms are typically worse in 
brighter lighting conditions. On examination, patients with 
digoxin toxicity may actually have decreased acuity, central 
scotomas, generalized visual field depression, color vision 
defects, and pupillary mydriasis.116 Electroretinography (ERG) 
often reveals evidence of  cone dysfunction, suggesting the 
retina is the site of  toxicity, perhaps at the level of  Na+K+-
ATPase pumps in retinal cells.117 Symptoms and ERG abnor-
malities usually improve with lowering of  the digoxin dose. 
Several elderly patients have been described with visual 
symptoms consistent with digoxin toxicity, despite serum 

ALCOHOL WITHDRAWAL

After prolonged or heavy ethanol consumption, periods of  
abstinence may be characterized by alcohol withdrawal. 
Symptoms include generalized tremor, hallucinosis, delirium 
tremens, and withdrawal seizures. Tremor and hallucinations 
tend to be the earliest withdrawal symptoms, typically occur-
ring within hours of  withdrawal and becoming most pro-
nounced at 24–36 hours.96,97 Hallucinations may be auditory 
or visual and usually occur with a clear sensorium, in contrast 
to the confusion associated with delirium tremens, which is 
a later withdrawal symptom. Zoopsia (see previous discus-
sion), such as pink elephants, is commonly depicted in popular 
culture as a manifestation of  alcohol-related hallucinations 
but is certainly not specific for them. Resumption of  alcohol 
intake and administration of  benzodiazepines, anticonvul-
sants, or adrenergic drugs are effective means of  suppressing 
the tremor and hallucinations.97

HALLUCINOGENS

Cocaine, LSD, psilocybin, psilocin, and PCP are drugs clas-
sified as a “hallucinogens,” “illusionogens,” or “psychedelics” 
because, in addition to mood alteration, their ingestion often 
produces hallucinations and distortion of  sensory stimuli.98 
The effects occur at nontoxic doses and without alteration 
in consciousness. Synesthetic hallucinations are also associ-
ated with psychedelic use, and these are characterized by 
colorful visual phenomena induced by a loud noise, or an 
auditory hallucination in response to a bright light.1

Some visual phenomena associated with hallucinogen use 
can persist. So-called hallucinogen persisting perception disorder 
is associated with visual phenomena occurring well after 
discontinuation of  the drug.99,100 For instance, “flashbacks” 
are visual images that recur after the hallucinogen has worn 
off, and many are repetitions of  previous hallucinations 
experienced during drug use. Levi and Miller101 reported 
similar individuals with persistent visual hallucinations and 
illusions months to years after marijuana, LSD, or cocaine 
use. Visual complaints included shimmering of  images, visual 
perseveration of  stationary objects, streaking of  moving 
objects, and strobe lightlike images. We have also seen such 
patients, and neuro-ophthalmic examinations, neuro-
imaging, EEG, and SPECT were all unrevealing. It is not 
uncommon for this syndrome to be provoked by a prescribed 
medication with central nervous system side-effects. Hal-
lucinogen persisting perception disorder has been treated 
successfully with clonazepam,102 clonidine, anticonvulsants, 
and neuroleptics.99

Cocaine. The classic hallucination associated with chronic 
cocaine use is the sensation of  animals, bugs, or insects 
moving under the skin (“cocaine bugs,” or parasitosis).103 
However, other purely visual hallucinations and illusions 
can occur with cocaine, and these were experienced by 15% 
of  cocaine users in Siegel’s study.104 “Snow lights” refers to 
the sensation of  sunlight reflecting off  of  snow crystals. This 
phenomenon, and others such as vibrating or pulsating 
geometric shapes, and polyopia and dysmorphia, have an 
uncanny resemblance to migraine visual aura (discussed 
earlier). Cocaine use is also associated with olfactory, tactile, 
and gustatory hallucinations. One possible mechanism for 
the hallucinations and illusions in cocaine use implicates 
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epilepsy.130–134 The hallucinations are usually seen contra-
lateral to the epileptogenic focus. Although typically lasting 
just for seconds or minutes, occipital lobe seizures with hal-
lucinations can also last for hours or days.135,136

The visual phenomena are often accompanied by other 
manifestations of  seizures, such as rapid bilateral blinking 
or eye flutter or eye deviation with or without head 
deviation.130–132 Automatisms and motor manifestations 
indicate seizure activity has spread to the temporal lobe or 
motor cortex, respectively. Visual field defects can be detected 
in approximately 60%,130–132 but patients are often unaware 
of  their visual field deficits. The majority of  patients will 
have an identifiable lesion in the occipital lobe, usually a 
neoplasm, but scarring related to old trauma, cysts, old 
strokes, and cortical dysplasia can also be found. Nonketotic 
hyperglycemia may cause occipital-region partial seizures 
and prolonged hemianopias.137 Children with occipital sei-
zures may have cerebral dysgenesis, a genetic disorder, hypoxic 
ischemic encephalopathy,138 or neonatal hypoglycemia139 as 
underlying causes, often accompanied by some visual field 
loss.140,141

Since occipital lobe seizures may present solely with visual 
hallucinations, without other neurologic manifestations, the 
hallucination may be very difficult to distinguish clinically 
from those seen in acephalgic migraine or release phenom-
ena.136 Panayiotopoulos142 compared the visual hallucinations 
of  50 migraine patients with those of  20 patients with occipi-
tal epilepsy. He concluded the following: (1) the hallucinations 
produced by seizures tended to be more multicolored, with 
circular or spherical patterns; (2) in contrast, the hallucina-
tions in the migraineurs were more often black and white, 
with occasional color on the borders, and linear or zig-zag; 
and (3) no seizure patients experienced scintillating scotomas 
or fortification spectra. The author believed these observa-
tions could be helpful in distinguishing hallucinations between 
the two groups. However, we would use these as only general 
guidelines, as we have seen several exceptions to these obser-
vations. In cases such as these, formal visual field testing 
may also be useful, as a hemianopic visual field defect would 
be suggestive of  a structural lesion and a possible ictal focus.

Benign childhood epilepsy with occipital paroxysms is one 
of  the benign, location-related seizure disorders in the pedi-
atric age group.143–145 This subtype made up 4.2% of  all 
epilepsies with onset before age 13 years in one study.146 
Nocturnal seizures with tonic deviation of  the eyes and vom-
iting were the typical presenting features in younger children, 
while visual hallucinations and diurnal fits were more 
common in older children. The characteristic EEG finding is 
repetitive spike and slow-wave occipital discharges that dimin-
ish with open eyelids.146 Overall, the prognosis for spontane-
ous remission is good.

TEMPORAL LOBE EPILEPSY

Visual hallucinations in temporal lobe epilepsy are less 
common (Fig. 12.8). In two large reviews147,148 of  patients 
with temporal lobe epilepsy, visual hallucinations occurred 
in 18% and 16%, respectively. Compared with patients with 
occipital lobe epilepsy, those with temporal lobe discharges 
are less likely to present solely with visual hallucinations, 
but both simple and complex visual phenomena can be 
described.133,149 Visual hallucinations consisting of  recently 

concentrations of  digoxin which were below or within the 
usual therapeutic range.118,119

LEVODOPA

Levodopa is the mainstay of  treatment for Parkinson’s disease; 
however, its use may be complicated by visual hallucinations 
in 5–30% of  patients.120 In some instances individuals taking 
levodopa can develop a pure psychosis.121 Their underlying 
Parkinson’s disease, elderly age, and use of  other potentially 
psychotropic medications likely predispose them to halluci-
nations. Patients often report seeing people in the room who 
are not really there, and animals may be described.122 The 
mechanism is likely related to its effect on central dopamine 
receptors.

Levodopa-induced hallucinations can produce a vexing 
management dilemma, often necessitating a compromise 
between lowering the dose, adding another dopamine agonist, 
or treating with an atypical antipsychotic agent with few or 
no extrapyramidal side-effects.123 Sometimes the patient 
chooses to accept a lower dose of  levodopa to resolve the 
hallucinations and accepts a minor amount of  motor 
worsening.

OTHER PRESCRIPTION MEDICATIONS

Clomiphene citrate124 and cyclosporine125 have been reported 
to cause visual hallucinations. Sildenafil can cause subjective 
halos, blue tinge to vision, blurry vision, and increased bright-
ness of  lights.126 Mild phosphodiesterase-6 inhibition by 
sildenafil in the retina at the level of  the rod and cone pho-
toreceptors may be responsible.127 In addition, visual hal-
lucinations and schizophrenia-like psychoses may occur in 
patients taking lamotrigine.128

Seizures

Visual hallucinations due to irritative cortical foci tend to 
be brief, intermittent, and stereotypically repetitive and are 
often accompanied by other motor and sensory phenomena.72 
Secondary generalization, loss of  consciousness, and ictal 
discharges on EEG also support a diagnosis of  epilepsy. It is 
a useful guideline that occipital lobe seizures tend to be asso-
ciated with simple visual hallucinations, while complex visual 
hallucinations are more likely the result of  temporal lobe 
foci. Negative visual phenomena in epilepsy, in particular 
ictal and postictal visual loss, are discussed in Chapter 10.

Visual hallucinations are much more common in occipital 
lobe epilepsy than in seizures produced by temporal and 
parietal lobe foci. In general, they have no lateralizing value. 
Frontal lobe discharges are only rarely associated with visual 
hallucinations.30,129 The following discussion is subdivided 
by cerebral localization, with particular emphasis on hal-
lucinations associated with occipital lobe epilepsy.

OCCIPITAL LOBE EPILEPSY

Simple visual hallucinations such as flashing or steady colored 
or white lights, white phosphenes, stars, wheels, or triangles 
are more common than complex hallucinations such as 
familiar faces, pictures, and people in occipital lobe 
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body shape, similar to Alice in Wonderland syndrome of  
migraine, can be associated with parietal lobe discharges.157 
Elongation, shortening, swelling, or shrinking of  a body part 
or the whole body may be perceived. The phenomenon is 
thought to arise from epileptic involvement of  the nondomi-
nant inferior parietal lobule and superior part of  the post-
central gyrus.158

OTHER UNUSUAL ICTAL VISUAL 
HALLUCINATIONS

Seizures rarely may also cause macropsia, micropsia, and 
palinopsia,159 visual illusions described elsewhere in this 
chapter.

Autoscopic phenomena. Devinsky et al.160 described 10 
patients and reviewed 33 previously reported patients with 
seizures and autoscopic phenomena, in which the individual 
sees a copy of  his or her body (mirror-image type), or in 
which the individual leaves his or her body to view it from 
another vantage point. In the first type, the body double is 
usually wearing the same clothing, has the same facial expres-
sion, and has the same gesticulations as the patient. The 
latter type is also known as an “out-of-body experience,” 
and the person’s body is typically viewed from above. Auto-
scopic phenomena are not associated with any particular 
seizure type, as patients with tonic–clonic, simple partial, 
and complex partial seizures were reported in this review. 
Dysfunction of  the right inferior parietal region leading to 
a disorder of  body representation has been proposed.161 
Autoscopic phenomena are also associated with cocaine or 
alcohol addiction; schizophrenia; migraine; focal lesions of  
the parietal, temporal, and occipital lobes; near-death experi-
ences; and release phenomena.162

Visual allesthesia. This phenomenon, in which visual 
information from one homonymous field is transferred to 
the other, may have several causes, but in one well-
documented case by Jacobs,163 epileptogenic activity was 
implicated. The patient had a right parietooccipital AVM and 
an incomplete left homonymous hemianopia and intermit-
tently saw images in the defective left field transposed from 
the good right field. Sometimes the images were palinoptic, 
persisting in the left field up to 15 minutes after the real 
objects were no longer visible. A right parietooccipital focus 
was demonstrated, and anticonvulsants led to resolution of  
the visual allesthesia. Jacobs attributed the visual phenomena 
to interhemispheric transfer of  visual information from the 
good to the irritated parietooccipital lobe. We have seen a 
patient with a left occipital lobe meningioma who experienced 
visual allesthesia while reading. The right page of  her book 
would often shift to the left.

Neurodegenerative Disease

PARKINSON’S DISEASE AND DEMENTIA  
WITH LEWY BODIES

As many as one-quarter to one-third of  patients with Par-
kinson’s disease may complain of  visual hallucinations.164,165 
Typically they describe complex images of  familiar or strange 
people,166 and the hallucinations are usually nonthreatening 
and recognized as not real. Although the use of  levodopa is 

or distantly remembered scenes can occur.150 Auras consist-
ing of  bad smells or tastes, visceral sensations, or feelings 
of  déjà vu are frequent accompaniments. Temporal lobe 
seizures are also characterized by focal motor activity (e.g., 
eye deviation, head turning, limb movements) in 80%, 
automatisms (e.g., lip pursing, chewing, swallowing, finger 
movements, gesturing, verbalizations) in 95%, and autonomic 
changes (e.g., pupillary dilation, salivation, blushing, pallor, 
urinary incontinence) in 83%.148

Visual illusions reported in association with temporal lobe 
seizures include (1) distortions of  bodily image, such as 
missing body parts and autoscopic phenomena (see below)151; 
(2) ictal hemimacropsia, the illusory enlargement of  half  of  
the visual field, due to discharges from temporal152 and occipi-
totemporal153 regions; and (3) ictal illusory perception of  
motion (epileptic kinetopsia), presumably from activation of  
area V5, the cortical region subserving motion perception 
(see Chapter 9).154,155

PARIETAL LOBE EPILEPSY

Visual hallucinations due to parietal lobe seizure foci are 
very uncommon,156 but illusions of  change or distortion in 

Figure 12.8. T2-weighted fluid level attenuated inversion recovery 
magnetic resonance axial image from a man with presumed epileptic, 
simple positive visual phenomena in his left visual field as a presentation 
of a right temporal lobe glioma (arrow). He described black and white 
jagged lines, television “fuzz,” and shadows of a ceiling fan, all to his 
left. He also reported that he sometimes saw other objects with “extra” 
depth and hyperperception associated with déjà vu. The surface elec-
troencephalogram was normal, but the visual phenomena resolved with 
anticonvulsant medication. He had no visual field defect. 
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the most common cause of  visual hallucinations in patients 
with Parkinson’s disease (see discussion earlier in this 
chapter), other contributory factors include the disease itself, 
vision and visual perception impairments,167 anticholinergic 
medications, advancing age, sleep disturbances,168 psychoses, 
and dementia.164 Alterations in dopamine and serotonin 
pathways may be responsible.169 Hallucinations in this group 
of  patients can be severely disabling170 and are often predic-
tive of  the need for nursing home placement.171

Recurrent, complex visual hallucinations, along with 
fluctuating cognitive impairment and parkinsonism,  
are clinical hallmarks of  dementia with Lewy bodies (see 
Chapter 9).

ALZHEIMER’S DISEASE

Visual hallucinations occur in 3–33% of  patients with 
Alzheimer’s disease, and they are the most common type 
(up to 85%) of  hallucinations (others include auditory and 
tactile) associated with the disorder.172,173 The visual hal-
lucinations in Alzheimer’s disease tend to be complex; in 
one study174 patients were reported to see “people in the 
backyard,” “ducks sitting in the backyard,” “animals at home 
and babies in bed.” As in Parkinson’s disease, visual hallu-
cinations are associated with cognitive and functional decline 
and predict a greater risk for institutionalization and mortal-
ity.175 This association with poorer cognition may explain 
why patients with Alzheimer’s disease and visual hallucina-
tions also frequently display delusional and paranoid ideation, 
auditory hallucinations, and verbal outbursts.172 Alzheimer’s 
disease is also discussed in more detail in Chapter 9.

Low doses of  neuroleptics, such as haloperidol, fluphen-
azine, risperidone, and aripiprazole, can be used to treat 
hallucinations in patients with Alzheimer’s disease. Anti-
cholinergic and extrapyramidal side-effects should be 
monitored.

Special Visual Hallucinations and 
Illusions Related to Central 
Nervous System Lesions

PEDUNCULAR HALLUCINATIONS

Peduncular hallucinations, consisting of  vivid and lifelike 
visual images of  concrete objects, are rare sequelae of  mid-
brain injury. Affected patients often report seeing animals, 
and the hallucinations are frequently accompanied by signs 
of  third nerve dysfunction, ataxia, and sleep and cognitive 
disturbances (Fig. 12.9). The usual cause is infarction in the 
distribution of  the paramedian penetrating arteries arising 
from the proximal posterior cerebral arteries. However, pedun-
cular hallucinations due to extrinsic masses compressing 
the midbrain have also been reported.176 The term peduncular 
refers to the French “pédonculaire,” meaning the midbrain,177 
rather than the cerebral peduncles, per se.

The original description is attributed to Lhermitte,178 who 
reported a patient with visual hallucinations containing cats, 
chickens, and people; left ophthalmoplegia; and dysmetria 
suggestive of  a destructive lesion of  the midbrain and pons. 
However, there was no pathologic verification. Later van 

Figure 12.9. Infarction in the midbrain tegmentum (arrow) which caused 
a right third nerve palsy and peduncular hallucinations consisting of 
“fuchsia-colored hibiscuses” which were repeated throughout the 
patient’s field of vision like “flowers printed on wallpaper.” She knew 
the images were not real. 

Bogaert described the clinical179 and pathologic180 findings 
in a similar patient who developed bilateral ptosis, a complete 
right third nerve palsy, a sluggish left pupil, left dysmetria, 
gait ataxia, and mildly increased reflexes and Babinski sign 
on the left. She complained of  seeing a dog’s head on her 
pillow, a horse’s picture on the wall, a green serpent, and 
lines crossing the wall. The objects did not move, and they 
appeared and disappeared spontaneously. Occasionally she 
said white walls appeared pink and yellow, and sometimes 
her hands looked black. She was not frightened by the per-
ceptions, but was convinced they were real. On pathologic 
examination, the patient was found to have a paramedian 
midbrain infarction involving the left red nucleus, left third 
nerve root, and left cerebral peduncle. Only the left side of  
the brain was studied. Attributing the abnormal visual per-
ceptions to the midbrain damage, van Bogaert coined the 
term peduncular hallucinations (translation of  van Bogaert’s 
papers179,180 courtesy of  Dr. François-Xavier Borruat).

The mechanism, other than the association with a ventral 
midbrain lesion, is unclear. van Bogaert’s179,180 and Geller 
and Bellur’s181 patients had relatively large lesions involving 
the red nuclei, third nerve fascicles, and cerebral peduncles. 
In contrast, in the clinicopathologic study by McKee et al.182 
the patient had only bilateral destruction of  the medial sub-
stantia nigra pars reticulata, suggesting that involvement 
of  this structure is crucial for the development of  peduncular 
hallucinations. The substantia nigra pars reticulata, owing 
to connections with the pedunculopontine nucleus, may 
have a role in regulating rapid eye movement (REM) sleep 
and, via connections with the striatum and limbic structures, 
may also participate in cognitive functions. McKee et al.182 
hypothesized disruption of  these connections may be respon-
sible for the sleep and cognitive disturbances sometimes seen 
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and the damage may be caused by vascular insults, trauma, 
and neoplasms.189 Palinopsia rarely occurs during migraine 
aura, and it may also be associated with drugs such as tra-
zodone,190 clomiphene,124 topiramate,32 mescaline, or LSD 
(see earlier).107 Palinopsia may be influenced by the external 
environment such as the ambient lighting or motion of  the 
object. In such cases, migraine and a drug side-effect should 
be strongly considered.189 Palinopsia has also been reported 
in otherwise normal individuals and in patients with eye 
and optic nerve disease but without drug use or cerebral 
lesions.191

The mechanism of  palinopsia is uncertain. Epileptic dis-
charges have been implicated but seem unlikely in most cases 
because affected patients typically lack seizure activity on 
EEG and do not respond to anticonvulsants. It is possible 
they represent a type of  hallucinatory release phenomenon 
in the defective visual field, although not all patients with 
palinopsia have identifiable field defects.192 The predilection 
for responsible parietooccipital lesions to be right-sided may 
be artifactual because similar left-sided lesions may render 
patients too aphasic to communicate the abnormal visual 
phenomenon.

in association with peduncular hallucinations. Other authors 
have considered peduncular hallucinations as release phe-
nomena,46,183 but afferent vision is usually unaffected. In 
subsequently reported cases, the lesions are heterogeneous, 
but involvement of  the pontine tegmentum, paramedian 
mesencephalic tegmentum, substantia nigra pars reticulata, 
and intralaminar/paramedian thalamus are the most 
common.184

The best treatment for peduncular hallucinations is uncer-
tain, but neuroleptics may be successful in some patients.185,186

PALINOPSIA

Palinopsia (or palinopia) is an illusory visual phenomenon 
that Bender et al.187 defined as “the persistence or recurrence 
of  visual images after the exciting stimulus object has been 
removed.” Alternatively, having looked at an object then 
turned away from it, they may report the image of  the object 
follows their visual tracking (visual perseveration), like a 
“movie” or “strobe light” (Fig. 12.10 and Video 12.1). The 
persistent image may be incorporated appropriately into the 
scene being perceived, as in Meadows and Monro’s188 patient, 
who saw a Santa Claus beard superimposed upon peoples’ 
faces at a party. Illusory visual spread is an associated phe-
nomenon in which objects or patterns enlarge to involve 
adjacent structures. Palinoptic images should be distinguished 
from common afterimages produced by retinal overstimula-
tion by a bright light, for example.

The most common cause of  palinopsia is parietooccipital 
damage with incomplete homonymous hemianopic field loss 
(Fig. 12.11). The abnormal visual phenomenon typically, 
but not always, appears within the field defect. Some authors 
have observed that palinopsia occurs early in the course of  
a progressive field defect, or as a severe visual field defect 
resolves.187 The right hemisphere is most commonly affected, 

Figure 12.10. A patient’s depiction of her palinopsia, which she describes 
as “a trailing effect behind moving objects” (e.g., the person and cat). 

Figure 12.11. From a woman with palinopsia, a T2-weighted magnetic 
resonance axial image demonstrating a left occipitotemporal postsurgi-
cal defect (arrow) following removal of an arteriovenous malformation 
(AVM). Two years following surgery, she complained of episodes of 
persistence of visual images lasting for minutes before fading (Video 
12.1). Her examination was remarkable for a central right homonymous 
upper quadrantanopia and right hemidyschromatopsia. An electroen-
cephalogram was normal. 
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visual hallucinations. Psychosis in schizophrenia is suggested 
when complex visual hallucinations are accompanied by 
auditory hallucinations, particularly voices.92 The visual 
hallucinations are characteristically formed and are present 
with eyes opened or closed.1 Affected individuals typically 
have a clear consciousness, but they display lack of  insight 
into the unreal nature of  their hallucinations. Hallucinations 
are less common in affective disorders such as depression 
and mania; however, psychosis can occur in a small minority 
of  patients.208 Antipsychotic medication is the mainstay of  
treatment for hallucinations in psychiatric diseases.

Sundowning, characterized by confusion, agitation, and 
visual hallucinations, can be seen in elderly patients, most 
typically in the late afternoon or evening. Most affected indi-
viduals have some degree of  baseline dementia or cognitive 
decline.

Hypnagogic Hallucinations  
in Narcolepsy

Narcolepsy is characterized by the clinical tetrad of  (1) sleep 
attacks, which are episodes of  unwanted sleep; (2) cataplexy, 
an abrupt and reversible decrease or loss of  muscle tone; (3) 
sleep paralysis, which occurs during sleep–wake transitions; 
and (4) hypnagogic hallucinations, which can be auditory 
or visual. Patients usually find hypnagogic hallucinations 
unpleasant or dreadful, and a common sensation is a threat-
ening person at the door. Hypnagogic hallucinations occur 
at sleep onset, either at night or during daytime sleep episodes, 
and are frequently accompanied by sleep paralysis.209

Patients with narcolepsy also typically exhibit excessive 
daytime somnolence. The age range of  affected patients is 
5–55 years, but most individuals are in their second decade. 
The diagnosis is usually a straightforward one, but cases 
should be confirmed with polysomnography to document 
REM sleep at the onset of  daytime or nighttime sleep episodes. 
Central nervous system stimulants, such as methylphenidate 
and modafinil, are the mainstay of  treatment.209,210

Hypnagogic hallucinations are not necessarily pathologic. 
Normal individuals may experience both formed and unformed 
visual images upon wakening (hypnopompic) or upon going 
to sleep (hypnagogic).211

Metabolic

In unexplained cases, and in hospitalized patients with altered 
mental status, electrolyte imbalance, hypoxemia, and fevers 
should be considered as causes of  visual hallucinations. 
Endocrine abnormalities and toxic levels of  various chemicals, 
such as carbon dioxide, mercury, and bromide, can also 
produce hallucinations.1

Visual Hallucinations in  
Normal Individuals

Aside from the aforementioned hypnagogic and hypnopompic 
phenomena associated with sleep–wake states, other visual 
hallucinations can occur in normal people. In a grief  reac-
tion, individuals may perceive the image of  a spouse or close 

CEREBRAL DIPLOPIA AND POLYOPIA

Occipital lesions may rarely cause multiplicity of  visual 
images, in either monocular or binocular viewing conditions. 
The visual disturbance is unrelated to ocular misalignment 
and does not resolve with use of  a pinhole occluder. Specifi-
cally, the term cerebral diplopia refers to the duplication of  
images due to a hemispheric or bihemispheric disturbance, 
while cerebral polyopia describes the perception of  multiple 
images from a similar cause.193 In the outpatient setting, we 
have found organic polyopia to be a rare isolated phenomenon 
without other neurologic dysfunction. Homonymous field 
defects are frequently associated findings because the etiol-
ogy is typically an occipital disturbance.194,195 However, 
cerebral diplopia and polyopia may also be described by 
migraineurs and patients with epilepsy. The exact mechanism 
is uncertain. Although this phenomenon and palinopsia are 
similar and likely share common mechanisms,196 technically 
cerebral diplopia and polyopia refer to the multiplicity of  a 
viewed image, while palinopsia describes the persistence of  
an image that is no longer being viewed.

TILTED AND UPSIDE-DOWN VISION 
ASSOCIATED WITH VESTIBULAR DISEASE

Because otolith receptors play an important role in the per-
ception of  verticality, an illusion that the environment is 
tilted or upside-down may follow damage to the peripheral 
or central vestibular system or its cortical connections. Visual 
images may be rotated or flipped 180 degrees.197 Affected 
patients with posterior fossa lesions also usually have telltale 
oculomotor evidence of  otolith dysfunction, such as skew 
deviation, ocular tilt, or ocular torsion (see Chapter 15). Their 
subjective visual vertical may be misaligned compared with 
the true vertical defined by the earth’s gravitational force.

Lesions causing the illusion that the room is tilted or upside-
down are usually in the brainstem and are vascular in nature. 
Reported causes include transient vertebrobasilar ischemia198; 
compression of  the lateral medulla by a dolichoectatic ver-
tebral artery199; midbrain cavernoma200; basilar migraine197; 
and infarctions involving the lateral medulla (Wallenberg 
syndrome),201 the territory of  the medial branch of  the pos-
terior inferior cerebellar artery,202 and the pons.200

Cortical and subcortical processes may also be responsible 
for tilted or upside-down vision. Migraine and epilepsy should 
always be considered when evidence of  a posterior fossa 
lesion is lacking, although responsible supratentorial lesions 
have also been reported from bifrontal,203 parietooccipital,204 
and thalamic205 disturbances. In addition, Brandt et al.206 
found that 23 of  52 patients with middle cerebral artery 
infarctions developed subjective visual vertical tilts. The 
authors attributed the altered perception of  verticality to 
damage to the posterior insula, likely the homologue to the 
parietoinsular vestibular cortex in monkeys.

Psychiatric Disease

When hallucinations or illusions occur with delusions (false 
beliefs), primary psychiatric illnesses are the most likely diag-
nosis.207 Of  all psychiatric disorders with psychotic features, 
schizophrenia is the one most commonly associated with 
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friend who recently died.212 Life-threatening stress and fatigue 
may be other causes.1
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13 Pupillary Disorders
LAURA J. BALCER

cortex generally do not affect pupillary size or reactivity. 
Efferent parasympathetic fibers, arising from the Edinger–
Westphal nucleus, exit the midbrain within the third nerve 
(efferent arc). Within the subarachnoid portion of  the third 
nerve, pupillary fibers tend to run on the external surface, 
making them more vulnerable to compression or infiltration 
and less susceptible to vascular insult. Within the anterior 
cavernous sinus, the third nerve divides into two portions. 
The pupillary fibers follow the inferior division into the orbit, 
where they then synapse at the ciliary ganglion, which lies 
in the posterior part of  the orbit between the optic nerve 
and lateral rectus muscle (Fig. 13.3). The ciliary ganglion 
issues postganglionic cholinergic short ciliary nerves, which 
initially travel to the globe with the nerve to the inferior 
oblique muscle, then between the sclera and choroid, to 
innervate the ciliary body and iris sphincter muscle. Fibers 
to the ciliary body outnumber those to the iris sphincter 
muscle by 30 : 1.

The near response consists of  pupillary constriction, accom-
modation (change in the shape of  the lens), and convergence 
of  the eyes (see Chapter 2). Although the pathways are 
uncertain, the supranuclear control for the near response 
likely arises from diffuse cortical locations. Stimulation of  
the peristriate cortex (areas 19 and 22) in primates can evoke 
a near response,5 but more recent evidence suggests the 
lateral suprasylvian area is also related to the control of  lens 
accommodation.6 The signals converge in the rostral superior 
colliculus, near which a group of  midbrain near-response 
neurons coordinates the pretectum for accommodation and 
miosis, the mesencephalic reticular formation for accom-
modation and vergence, and the raphe interpositus for visual 
fixation.6,7 The final signal for pupillary miosis during near 
viewing is still mediated by the Edinger–Westphal nuclei.

Pupillary dilation is the function of  the oculosympathetic 
system (the ocular part of  the sympathetic nervous system), 
which consists of  three neurons beginning in the postero-
lateral hypothalamus and ending at the iris and eyelids (see 
Fig. 13.4 for details). The first-order neuron projects from 
the hypothalamus through ill-defined brainstem pathways 
to synapse on the intermediolateral cell column in the spinal 
cord at C8–T2 (ciliospinal center of  Budge). The second-order 
neuron (preganglionic) leaves the spinal cord and travels 
over the apex of  the lung before ascending with the internal 
carotid artery to synapse at the superior cervical ganglion. 
In the region of  the lung apex, the sympathetic pathway lies 
in close proximity to the lower brachial plexus. The third-
order neuron (postganglionic) travels along the internal 
carotid into the cavernous sinus, after which the sympathetic 
pathways follow the sixth nerve, then the nasociliary nerve 
(a branch of  the first division of  the trigeminal nerve), then 
the long ciliary nerve into the orbit.8 This neuron releases 
the neurotransmitter norepinephrine at the iris dilator muscle.

Pupillary disorders usually fall into one of  three major cat-
egories: (1) abnormally shaped pupils, (2) abnormal pupillary 
reaction to light, or (3) unequally sized pupils (anisocoria). 
Occasionally pupillary abnormalities are isolated findings, 
but in many cases they are manifestations of  more serious 
intracranial pathology.

The pupillary examination is discussed in detail in  
Chapter 2. Pupillary neuroanatomy and physiology are 
reviewed here, and then the various pupillary disorders, 
grouped roughly into one of  the three listed categories, are 
discussed.

Neuroanatomy and Physiology

The major functions of  the pupil are to vary the quantity of  
light reaching the retina, to minimize the spherical aberra-
tions of  the peripheral cornea and lens, and to increase the 
depth of  field (the depth within which objects will appear 
sharp). In most individuals the two pupils are equal in size, 
and each is situated slightly nasal and inferior to the center 
of  the cornea and iris (Fig. 13.1).

The iris contains the two muscles that control the size of  
the pupil. Contraction of  the dilator muscle leads to pupillary 
enlargement (mydriasis), while sphincter muscle contraction 
causes pupillary constriction (miosis). The sphincter muscle 
wraps 360 degrees around the pupillary margin, and the 
dilator muscle similarly encircles the pupil but is more periph-
erally located.

Normally, light directed at either eye leads to bilateral 
pupillary constriction, and this pupillary light reflex is medi-
ated by a parasympathetic pathway (see Fig. 13.2 for details). 
Light entering the eye causes retinal photoreceptors to hyper-
polarize, in turn causing activation of  retinal interneurons 
and ultimately the retinal ganglion cells. Additionally, intrin-
sically photosensitive retinal ganglion cells (ipRGCs) contain-
ing melanopsin, a photopigment, can be activated by light 
without photoreceptor input.1,2 The ipRGCs are most sensitive 
to blue light, and the preservation of  circadian rhythms and 
the pupillary light reflexes in patients with severe photore-
ceptor diseases and Leber’s hereditary optic neuropathy can 
be explained by intact ipRGC function.3,4

Retinal ganglion cell axons activated by photoreceptors 
and ipRGCs together mediate the pupillary light reflex and 
travel through the optic nerve, chiasm, and optic tract to 
reach the pretectal nuclei (afferent arc). Interneurons then 
connect the pretectal nuclei to the Edinger–Westphal nuclei. 
Although these connections are bilateral, the input into the 
Edinger–Westphal nuclei is predominantly from the contra-
lateral pretectal nucleus. Since the afferent pupillary fibers 
leave the optic tract before the lateral geniculate nucleus, 
isolated lesions of  the geniculate, optic radiations, and visual 
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Pharmacologic Testing  
of the Pupils

As will be discussed, pharmacologic testing helps confirm 
the clinical diagnosis of  many pupillary abnormalities. Some 
general guidelines need to be followed in this regard. By dis-
rupting the corneal epithelium, corneal reflex evaluation 
and applanation or pneumotonometry may alter corneal 
permeability of  the drug and therefore should not be per-
formed on the same day as pharmacologic testing. In general, 
the drops should be instilled in the inferior cul-de-sac, with 
care taken to use the same size drop in each eye. Drop admin-
istration should be repeated 1–5 minutes later. The pupil 
sizes then can be measured 30–45 minutes after instillation 
of  the last set of  drops. Baseline and test pupillary sizes are 
best measured in the same lighting conditions, and photo-
graphic documentation before and after testing can be helpful.

Pupillometry: an Additional Tool

Pupillometry, the computerized measurement of  pupillary 
responses to light stimulation, can be used to characterize 
relative afferent pupillary defects (RAPDs) objectively in patients 
with or without vision loss.9–11 In addition, pupillometry has 
been used in the intensive care setting to document abnor-
malities in pupillary reactivity related to increases in intra-
cranial pressure in patients with traumatic brain injury.12,13

Abnormally Shaped Pupils

Irregularly shaped pupils may be congenital or acquired  
(Box 13.1). Congenital conditions include the following:

1. Aniridia, in which the iris is hypoplastic, creating a large 
pupillary opening. Associated ocular findings often  
include cataracts, glaucoma, and impaired vision due to 
macular or optic nerve hypoplasia. Patients with aniridia, 

Figure 13.1. A normal left eye. Note the pupil is slightly nasal to the 
center of the cornea and iris. 
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Figure 13.2. Pupillary light reflex—parasympathetic pathway. Light 
entering one eye (straight dark arrow, bottom right) stimulates the retinal 
photoreceptors (RET), resulting in excitation of ganglion cells, whose 
axons travel within the optic nerve (ON), partially decussate in the chiasm 
(CHI), then leave the optic tract (OT) (before the lateral geniculate nucleus 
(LGN)) and pass through the brachium of the superior colliculus (SC) 
before synapsing at the mesencephalic pretectal nucleus (PTN). This 
structure connects bilaterally, but predominantly contralaterally, to the 
oculomotor nuclear complex at the Edinger–Westphal (E-W) nuclei, 
which issue parasympathetic fibers that travel within the third nerve 
(inferior division) and terminate at the ciliary ganglion (CG) in the orbit. 
Postsynaptic cells innervate the pupillary sphincter, resulting in miosis. 
Light in one eye causes bilateral pupillary constriction. 

Box 13.1 Causes of Abnormally Shaped Pupils

Congenital Causes

Aniridia
Ectopia lentis et pupillae
Iris coloboma
Anterior chamber cleavage anomalies
Ectopic pupils
Persistent pupillary membranes

Acquired Causes

Iritis
Iridocorneal endothelial syndrome
Trauma (accidental or surgical)
Iris atrophy (e.g., diabetes, herpetic disease)
Neurologic (e.g., tonic pupils, midbrain damage (corectopia), 

tadpole-shaped pupils)
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6. Persistent pupillary membranes may cause spokelike opaci-
ties across the pupil. These derive from persistence of  the 
tunica vasculosa lentis, which supplies blood to the devel-
oping crystalline lens and normally disappears by the 
34th week of  gestation.22

Acquired causes of  abnormally shaped pupils include the 
following:

1. Iritis, inflammation of  the iris, may lead to adhesions 
between the iris and lens (posterior synechiae) and cause 
pupillary distortion (Fig. 13.6A).

2. Trauma may result in an iris tear or rupture of  the  
iris sphincter. The ocular trauma may be accidental  
(Fig. 13.6B), or the iris may be damaged during anterior 
segment surgery.

3. Iridocorneal endothelial syndrome (ICE) usually affects young 
woman and may result in a pupil with segmental reaction 
mimicking a tonic pupil. The patient usually has char-
acteristic focal corneal endothelial layer irregularity and 
glaucoma, but the iris changes may predominate the 
examination.

4. Neurologic conditions such as tonic pupils; neurosyphilis; 
severe damage to the midbrain, which can rarely  
cause pupillary corectopia (Fig. 13.7); tadpole-shaped 
pupils; and other processes (e.g., herniation) associated 
with coma. These entities are all described in more detail 
later.

genitourinary anomalies, mental retardation, and a defect 
in the PAX6 gene on chromosome 11p13 are predisposed 
to Wilms’ tumor.14

2. Ectopia lentis et pupillae, a rare heritable condition limited 
to the eyes in which lens dislocations may be associated 
with oval, ellipsoid, or slitlike displaced pupils.15,16

3. An iris coloboma is an inferior or infranasal notch in the iris 
(Fig. 13.5). This anomaly may be accompanied by chorio-
retinal or optic nerve colobomas, which like the iris abnor-
mality are defects in closure of  the embryonic fissure.17 
Colobomas may occur in isolation in healthy individuals 
or in patients with chromosomal duplication or deletions. 
They may also be seen in complex congenital disorders such 
as CHARGE syndrome (C, coloboma; H, heart disease; A, 
atresia or stenosis of  the choanae; R, retarded growth and 
development or central nervous system anomalies; G, genital 
hypoplasia; and E, ear anomalies or deafness).18,19

4. Anterior chamber cleavage anomalies, such as Peters (central 
corneal defects) or Rieger syndrome (peripheral corneal 
defects), also may be associated with misshapen pupils 
accompanied by abnormal adhesions between the cornea 
and iris.20

5. Ectopic pupils (misplaced—also called corectopia) may be 
inherited as an isolated ocular finding. Patients with these 
anomalies may require further genetic evaluation. An 
idiopathic tractional corectopia, in which a fibrous struc-
ture tethers the pupillary margin to the peripheral cornea 
and causes a misplaced pupil, has also been described.21
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Figure 13.3. Ciliary ganglion depicted in a lateral view of a dissection of the orbit. The ciliary ganglion lies between the optic nerve and the lateral 
rectus muscle, receives fibers from the inferior branch of the IIIrd nerve, and issues short ciliary nerves to the orbit, orbital muscles, and lacrimal gland. 
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findings. In bilateral optic nerve disease, an RAPD may not 
be present unless the visual loss is asymmetric. An individual 
with severe unilateral visual loss, no RAPD, and a normal 
ocular examination may have nonorganic visual loss.23 An 
RAPD is not associated with visual loss due to corneal, lens, 
and vitreous opacities and refractive errors, but a densely 
amblyopic eye may have a mild RAPD.24 Nevertheless, an 
amblyopic eye with an RAPD generally requires further 
investigation to exclude an acquired optic neuropathy. When 
anisocoria is present, care should be taken to avoid overcall-
ing an RAPD.25 In this setting, a false RAPD can be seen on 
the side of  the smaller pupil as less light enters this eye than 
the fellow eye.

Asymmetric chiasmal syndromes may be associated with 
an RAPD, especially if  an eye has subnormal visual acuity. 
Isolated optic tract lesions may have a contralateral RAPD, 

Defective Pupillary Light Reaction 
Associated With Vision Loss

In these cases the direct pupillary reaction to light is abnor-
mal because of  a disturbance within the afferent arc of  the 
pupillary light reflex. In most such instances, there is associ-
ated visual loss.

RELATIVE AFFERENT PUPILLARY DEFECT

The swinging flashlight test and the detection and grading 
of  RAPDs are discussed in Chapter 2. Abnormal visual acuity 
and color vision, a central scotoma, and an RAPD collectively 
are highly suggestive of  an optic neuropathy, although a 
large macular or other retinal lesion could produce similar 
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Figure 13.4. Sympathetic innervation of the pupil and eyelids. First-order hypothalamic (central) neurons descend through the brainstem (midbrain, 
pons, medulla) and cervical spinal cord. These fibers then synapse with preganglionic neurons, whose cell bodies lie in the intermediolateral gray 
column and whose axons exit the cord ipsilaterally at C8, T1, and T2 via the ventral roots. These second-order fibers then travel rostrally via the sym-
pathetic chain, traverse the superior mediastinum, pass through the stellate ganglion (the fusion of the inferior cervical ganglion and the first thoracic 
ganglion), and terminate in the superior cervical ganglion, which lies posterior to the angle of the mandible. The postganglionic axons ascend within 
the carotid plexus, which surrounds the internal carotid artery, to reach the cavernous sinus. The sympathetic branches ultimately reach the iris by 
first joining the sixth nerve (not shown), then the nasociliary nerve, a branch of the first division of the trigeminal nerve, and then the long ciliary nerve. 
Sudomotor fibers (e.g., for sweating) to the lower face follow the external carotid and then the facial arteries. Sympathetic fibers to Müller’s muscles 
(upper eyelid elevators and lower eyelid depressors) also travel within the carotid plexus into the cavernous sinus, then may join branches of the third 
nerve before reaching the upper and lower eyelids. 
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tract syndromes. However, in clinical practice they are rarely 
identified, and the reliability of  both signs has been ques-
tioned.28 RAPDs in patients with hemianopias due to retro-
geniculate lesions have been reported,29 but in those cases 
concomitant optic tract involvement was not convincingly 
excluded.

Exceptional cases of  RAPDs without visual loss can be 
associated with lesions in the midbrain pretectum,30–33 which 
contains afferent pupillary fibers and the pretectal nuclei, 
but no visual fibers (Fig. 13.8). Due to more contralateral 
nasal than ipsilateral temporal fiber involvement of  the affer-
ent pathway as in an optic tract lesion,34 the RAPD is usually 
contralateral to the lesion.35 Most of  these patients have other 
signs of  dorsal midbrain involvement, such as upgaze paresis, 
ataxia, or fourth nerve dysfunction.36

Pupillometry studies have demonstrated that some indi-
viduals with normal visual function can have subtle RAPDs10 
which may fluctuate (up to 0.3 log units) when tested over 
years.9 Whether the RAPDs were due to test artifact or were 
reflective of  asymmetry in the visual pathways was unclear.10

AMAUROTIC (DEAFFERENTED) PUPIL

In the absence of  any optic nerve or retinal function, or both, 
the eye is completely blind (i.e., has no light perception (NLP)), 
and the pupil will be unreactive to even the brightest direct 
light stimuli because it is deafferented. If  the fellow eye is 
normal and light is directed at it, the pupillary reaction in 
the affected eye (consensual) should be intact. An amaurotic 
pupil confirms blindness if  the patient claims not to see any-
thing out of  that eye. However, if  the pupil reacts to direct 
light in an eye with purported blindness, the visual loss is 
either nonorganic or has a cortical basis or the patient is a 
poor observer. In certain conditions such as Leber’s hereditary 
optic neuropathy there may be a mismatch with relatively 
preserved pupillary reaction due to intact ipRGC function 
and very poor vision. Bilateral deafferentiation will result in 

Figure 13.5. Iris coloboma, characterized by the inferior iris defect. 
(Photo courtesy of Dr. David Kozart.)

BA

Figure 13.6. Misshapen pupils due to iritis (A) and trauma (B). A. Inflammation of the iris (iritis or anterior uveitis) can cause abnormal attachments 
between the iris and lens (iris synechiae). Note the pus layered out at the bottom of the anterior chamber (hypopyon). B. Ocular trauma resulted in 
this oval, misshapen pupil in a patient’s right eye. (A, Photo courtesy of Dr. Stephen Orlin.)

despite normal visual acuities, because the defective temporal 
field in the contralateral eye is 61–71% larger than the nasal 
field of  the ipsilateral eye, the nasal retina has a greater pho-
toreceptor density, and the ratio of  crossed to uncrossed fibers 
in the chiasm is 53 : 47.26 The magnitude of  the RAPD in 
this setting may reflect the relative light sensitivity of  the 
intact temporal versus nasal field.27 Less commonly, when 
an optic tract disturbance is associated with an incongruous 
homonymous hemianopia with greater involvement of  the 
nasal field, the RAPD will be in the eye ipsilateral to the 
lesion. Behr’s pupil (a large contralateral pupil) and Wer-
nicke’s hemianopic pupil, one which reacts more briskly to 
light projected from within the intact hemifield than to light 
within the abnormal field, have been associated with optic 
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light reflex. Lesions in the midbrain pretectum may also cause 
similar dysfunction. The major causes of  this pupillary abnor-
mality are highlighted in Table 13.2. A dilated pupil accom-
panied by eye movement or eyelid abnormalities suggests a 
lesion proximal to the ciliary ganglion (preganglionic), while 
an isolated dilated pupil would be more likely associated with 
a postganglionic process.

PRETECTAL PUPILS

Lesions affecting the dorsal midbrain, causing the pretectal, 
or Parinaud, syndrome (see Chapter 16), may interfere with 
pupillary reactivity by disrupting ganglion cell axons enter-
ing the pretectal region. The pretectal nuclei may also be 
involved. Bilaterally the pupils may be midposition to large 
and exhibit light-near dissociation due to intact supranuclear 
influences upon midbrain accommodative centers (Fig. 13.9, 
Video 13.1). Usually both pupils are involved, although size 
and light reactivity may be asymmetric.37 Occasionally the 
near response may also be defective, as accommodative and 
convergence insufficiency can be observed. The diagnosis is 

Figure 13.8. Axial fluid level attenuated inversion recovery magnetic 
resonance imaging in a patient with a left afferent pupillary defect due 
to a tectal glioma, predominantly on the right (arrow). The patient’s 
visual acuity and visual fields were normal. 

Table 13.1 Important Causes of Pupillary  
Light-Near Dissociation

Cause Distinguishing Feature(s)

Deafferentation Associated visual loss

Tonic pupil Tonic redilation; denervation 
hypersensitivity (see Box 13.2)

Tectal lesions 
(Parinaud syndrome)

Associated upgaze paresis

Argyll Robertson 
pupils

Small; no pupillary response to direct or 
consensual light stimulation

Aberrant regeneration 
of the third nerve

Miosis during adduction; other signs of 
third nerve paresis

Diabetes Irregularly shaped pupil; history of retinal 
photocoagulation; other evidence of 
autonomic neuropathy

BA

Figure 13.7. Pupil corectopia due to cysticercosis. A. The pupil of the right eye is displaced supranasally. B. T1-weighted gadolinium-enhanced sagittal 
magnetic resonance imaging from the same patient shows enhancement (arrow) in the Sylvian aqueduct. 

an increase in the resting size of  both pupils, as less total 
light is able to reach the midbrain pretectum.

Deafferented pupils can also react during attempted viewing 
of  near targets and thus exhibit light-near dissociation  
(Table 13.1). Even individuals who are bilaterally blind can 
attempt to look at their thumb placed a few inches in front 
of  their face and stimulate the near reflex, as this task can 
be accomplished using proprioceptive clues.

Defective Pupillary Light Reaction 
Unassociated With Vision Loss

Defective pupillary light reactivity in most of  these cases is 
related to dysfunction within the efferent arc of  the pupillary 
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Because a dilated pupil exposes spherical aberrations of  
the lens and cornea, some patients with pupil-involving third 
nerve palsies complain of  blurry vision in that eye. Because 
this is a refractive problem, a pinhole occluder resolves the 
visual symptom. Abnormal miosis during attempted ocular 
adduction or depression may be a sign of  aberrant regenera-
tion (synkinesis or misdirection) following a third nerve palsy 
(Fig. 13.12 and Video 13.2).41 The phenomenon results when 
fibers that had previously supplied the medial rectus or infe-
rior rectus regenerate and accidentally reach the ciliary 
ganglion, then connect with postganglionic neurons, which 
innervate the pupil. In these situations the pupil does not 
react to direct or consensual light stimulation but contracts 
during ocular adduction or depression. Segmental contrac-
tion of  the iris sphincter during eye movements (Czarnecki’s 
sign42) may also be observed in these instances. Furthermore, 
because postganglionic accommodative fibers far outnumber 
those dedicated to the pupillary light reflex (see Tonic Pupils), 
pupillary miosis during near viewing is more likely to recover 
than constriction to direct light (light-near dissociation). 
These pupillary signs are sometimes accompanied by other 
manifestations of  aberrant regeneration of  the third nerve, 
such as elevation of  the ptotic eyelid during adduction or 
depression of  the eye.

Etiology. Pupil involvement is commonly seen in nuclear, 
fascicular, and especially subarachnoid third nerve palsies. 
As alluded to earlier, the external location of  the pupillary 
fibers of  the third nerve renders them particularly vulnerable 
to compression and infiltration in subarachnoid processes 
such as meningitis, aneurysmal compression (posterior com-
municating or internal carotid), and uncal herniation 
(Hutchinson’s pupil). Pupil-sparing third nerve palsies in 
middle-aged to elderly patients are usually related to diabetes 
or hypertension but occasionally can be seen even in fas-
cicular or subarachnoid third nerve palsies from other causes. 
However, an aneurysm that presents initially with external 
ophthalmoparesis or ptosis alone typically will involve the 
pupil within several days.43

Aberrant regeneration most commonly occurs in traumatic 
or compressive third nerve palsies, sometimes with congenital 
or tumor-related third nerve palsies, but almost never in 
diabetic or hypertensive third nerve palsies.

Pharmacologic testing. A chronically dilated pupil due 
to a third nerve palsy may be difficult to distinguish from a 
tonic pupil (see later discussion). Although the latter redilates 
slowly after constriction, both may exhibit light-near dis-
sociation, segmental paresis of  the iris sphincter, and dener-
vation hypersensitivity.44,45 The last characteristic, 
demonstrated by pupillary constriction following instillation 
of  dilute (0.125%) pilocarpine eye drops, does not seem to 
depend on whether the lesion is anatomically before or after 
the ciliary ganglion (i.e., preganglionic or postganglionic), 
or whether there is aberrant regeneration. Jacobson46–48 has 
offered the following explanations for denervation hyper-
sensitivity in preganglionic third nerve lesions: (1) trans-
synaptic degeneration of  postganglionic axons; (2) the greater 
sensitivity of  larger pupils than smaller ones to dilute pilo-
carpine; and (3) upregulation of  acetylcholine receptors 
because of  decreased cholinergic stimulation following third 
nerve injury. Denervation hypersensitivity in acute pupil-
involving third nerve palsies, due to unclear mechanisms, 
is less common but has been observed.49

Table 13.2 Causes of Defective Pupillary Reactions to 
Light Generally Unassociated With Visual Loss

Anatomic Location Cause

Dorsal midbrain Tectal pupil (Parinaud syndrome)
Argyll Robertson pupil

Third nerve Third nerve palsy

Ciliary ganglion Tonic pupil (e.g., Adie syndrome)
Miller Fisher syndrome

Synapse Pharmacologic dilation
Botulism

Iris sphincter Trauma
Angle-closure glaucoma
Iritis

Anatomically, responsible lesions can be located in the dorsal midbrain or 
anywhere along the efferent parasympathetic pathway of the pupillary 
light reflex (see Fig. 13.2).

suggested when other features of  Parinaud syndrome, such 
as upgaze paresis, convergence retraction saccades, and eyelid 
retraction, are evident. Common causes include pineal region 
tumors and hydrocephalus, so abnormal pupils suggestive 
of  a tectal lesion mandate neuroimaging.

ARGYLL ROBERTSON PUPILS

Argyll Robertson pupils38,39 also exhibit light-near dissocia-
tion with a brisk constriction during near viewing but typi-
cally are miotic, are slightly irregular, and dilate poorly in 
the dark (Fig. 13.10). The pupil does not react to light regard-
less of  which eye is stimulated. Technically, to have an Argyll 
Robertson pupil, the involved eye must have some vision, to 
ensure the light-near dissociation is not due to a deafferented 
pupil. This pupillary abnormality is highly suggestive of  
syphilis and should therefore prompt serologic and fluorescent 
treponemal antibody absorption (FTA-ABS) testing. However, 
it is nonspecific and may also be caused by diabetes. The 
lesion responsible for Argyll Robertson pupils is uncertain 
but may result either from a disturbance in the midbrain 
light-reflex pathway between the pretectal and Edinger–
Westphal nuclei or from damage to the ciliary ganglia.40

THIRD NERVE PALSY

Because the third nerve carries parasympathetic fibers origi-
nating from the Edinger–Westphal nuclei, injury to the third 
nerve often results in an ipsilateral poorly reactive or unreac-
tive pupil.

Signs and symptoms. In a pupil-involving third nerve 
palsy, the pupil is large and does not constrict to light, either 
directly or consensually, or during near viewing (internal 
ophthalmoplegia) (Fig. 13.11). Usually either ptosis or a 
deficit in adduction, depression, or elevation of  the eye, or 
a combination of  these findings (external ophthalmoplegia), 
will assist in the diagnosis of  a third nerve palsy, but in very 
rare instances a dilated pupil is the only manifestation. In 
inferior division third nerve palsies, the pupil and inferior 
rectus muscles are involved. In a pupil-sparing third nerve 
palsy, the eye movements or lid are affected, but the pupil 
retains normal size and reactivity.
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angiography is emerging as a noninvasive technique for 
identification of  posterior communicating artery aneurysms, 
the importance of  the training and experience of  the radiolo-
gist interpreting these studies is a critical component.51 
Whether a catheter angiogram should be obtained in the 
setting of  a negative MRI or CT angiogram continues to be 
a matter of  debate and relies heavily on the correct perfor-
mance and interpretation of  the noninvasive study. CT angi-
ography and subsequent catheter angiography can also 
demonstrate changes in aneurysm morphology occurring 
between studies, including sudden expansion leading to the 
acute appearance of  a pupil-involving third nerve palsy.52

The reader is referred to a more detailed discussion regard-
ing the differential diagnosis and management of  third nerve 
palsies, in addition to issues regarding pupil-involving versus 

Management. If  the patient has isolated pupillary dilation 
along with other signs of  a third nerve palsy, an aneurysm 
of  the posterior communicating artery should be considered 
until proven otherwise. To minimize risk and to screen for 
other possible compressive lesions, noninvasive angiography 
as well as routine brain imaging should be performed first. 
Either an emergent computed tomography (CT) and CT angi-
ography or magnetic resonance imaging (MRI) and MRI 
angiography can be obtained. The choice of  CT or MRI 
depends on which is more rapidly available, whether the 
patient is allergic to CT contrast, and whether MRI is con-
traindicated because of  a pacemaker or metal in the body. 
If  the scans are negative, conventional angiography may 
still be necessary as small symptomatic aneurysms can  
still be missed by CT or MRI angiography.50 Although CT 
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Figure 13.9. Tectal pupils associated with Parinaud syndrome due to a pineal region germinoma. A. On examination this 15-year-old boy was found 
to have upgaze paresis, ocular tilt reaction (right superior rectus skew deviation and head tilt), papilledema, and anisocoria. The pupils were moderate 
in size and poorly reactive to light, but when the patient looked at a near target, the pupils constricted (B) (light-near dissociation). Sagittal (C) and 
axial (D) gadolinium-enhanced magnetic resonance imaging demonstrated hydrocephalus and a large enhancing pineal region mass (arrows) com-
pressing the dorsal midbrain. 



13 • Pupillary Disorders 425

with that eye. In general, the disorder is painless, although 
occasionally patients will complain of  a cramping sensation 
in the affected eye from ciliary body spasm.

Characteristically the pupil is initially large, exhibits light-
near dissociation (Fig. 13.13), and redilates slowly after 
constriction after near fixation (hence the term “tonic”). In 
some patients, especially in early cases, the near response 
may also be defective, or the individual may have difficulty 
refixing from near to far visual targets (“tonic” accommoda-
tion). Corneal sensation may be depressed. On a slit-lamp 
examination, the pupil may be irregular, with sectoral 

pupil-sparing third nerve palsies and aberrant regeneration, 
in Chapter 15.

TONIC PUPILS

Clinical symptoms and signs (see Box 13.2). Patients with 
a tonic pupil often discover that they have a unilateral, par-
tially dilated pupil while looking in the mirror, or a friend 
notices the pupillary inequality. Affected individuals are 
usually otherwise healthy and more commonly female. They 
may be symptomatic with photophobia or difficulty reading 
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Figure 13.10. Argyll Robertson pupils in tabes dorsalis (absent deep 
tendon reflexes, loss of vibratory sense and proprioception in the 
lower extremities, and Charcot joints). The pupils are small (A) and 
poorly reactive to light (B) but constrict during near viewing (C). 
(Courtesy of Dr. J. Lawton Smith.)

BA

Figure 13.11. Pupil-involving left third nerve palsy due to head trauma. A. The ptotic left eyelid is being elevated, revealing the exotropic and hypo-
tropic left eye and dilated left pupil. The right eyelid is also being elevated for photographic purposes. B. The left pupil is fixed (i.e., it does not react 
to direct light). Notice the intact right pupil constricts to light shone in the left eye (consensual response). 
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paralysis (immobility of  parts of  the pupil during light stimu-
lation),53 vermiform movements, and loss of  pupillary ruff  
(the normal border of  the pupil). After 1 or 2 months, a 
tonic pupil may become miotic and smaller than the fellow 
pupil. In most patients the disorder is unilateral, but in about 
10% of  cases, the other pupil may become involved months 
or years later.54

Pathophysiology. The pupillary abnormality results from 
damage to the ciliary ganglion or the postganglionic short 
ciliary nerves (see Fig. 13.3), which innervate the pupillary 
sphincter and ciliary muscles (the latter is important for 
accommodation). Partial preservation of  the pupil’s para-
sympathetic innervation results in areas of  segmental con-
traction adjacent to sector paralysis. When normal portions 
of  the pupil contract, they pull and twist paralyzed segments 
towards them. Accommodation paresis accounts for the dif-
ficulty with near vision, and the photophobia results from 
the poor pupillary constriction to light. The light-near dis-
sociation can be explained by the 30 : 1 ratio of  accommoda-
tive fibers arising from the ciliary ganglion relative to those 
responsible for pupillary constriction.54 Hence damage to 
the ciliary ganglion or short ciliary nerves would have a 
greater chance of  disabling pupillary constriction to light 
than disrupting miosis during near viewing. Furthermore, 
as neuronal cell bodies in the ciliary ganglion sprout  
new axons following injury, postganglionic accommodative 
fibers may mistakenly reinnervate the iris sphincter. This 
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Figure 13.12. Pupillary constriction in adduction due to aberrant regeneration of the right third nerve. Pituitary apoplexy had caused ptosis and 
complete ophthalmoplegia of the right eye (see Fig. 7.21 for magnetic resonance imaging of the same patient), which recovered. The right pupil 
remained slightly enlarged but was reactive to light. When the eyes are in (A) primary gaze, (B) upgaze, (C) rightward gaze, and (D) downgaze, the 
right pupil is larger than the left. However, (E) the right pupil constricts during adduction of the right eye and (F) constricts more than the left when 
the patient viewed a near target. 

Box 13.2 Clinical Features of Tonic Pupils

Presentation

Anisocoria noticed by the patient or others
Painless
Difficulty reading
Difficulty refocusing from near to far stimuli
Photophobia
More common in women

Examination

Initially large in size, but in chronic cases can become more 
miotic

Light-near dissociation (sometimes miosis during near viewing is 
also lost acutely)

Tonic redilation
Anisocoria worse in the dark (when unilateral)
Sectoral paralysis
Vermiform movements of the iris
Loss of pupillary ruff
Accommodative insufficiency
Depressed corneal sensation
Bilateral in 10% of cases

Pharmacologic Testing

Denervation sensitivity, demonstrated by pupillary constriction 
following instillation of dilute (0.125%) pilocarpine
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2. Local ocular processes that affect the ciliary ganglion or 
short ciliary nerves, such as eye or orbital trauma, sar-
coidosis,56 or viral illnesses (e.g., varicella), or ischemia 
(e.g., giant cell arteritis,57 other vasculitides,58 or strabis-
mus surgery). Orbital tumors have also been reported in 
association with tonic pupils (Fig. 13.14).59,60 Panretinal 
photocoagulation (laser) in patients with proliferative 
diabetic retinopathy may damage the ciliary nerves under-
lying the retina.61 The resultant pupil is typically irregu-
larly shaped and poorly reactive to light (Fig. 13.15). Other 

misdirection results in excess pupillary constriction during 
accommodation.

Etiology. The causes of  tonic pupils fall into four major 
groups:

1. Adie (or Holmes Adie) syndrome, which is a symptom 
complex consisting of  tonic pupil(s) and absent deep 
tendon reflexes.55 The cause has yet to be elucidated, but 
the disorder may be explained by concurrent involvement 
of  the ciliary and dorsal root ganglia or root entry zone.
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Figure 13.13. Idiopathic right tonic pupil. The right pupil is midposi-
tion and larger than the left (A), poorly reactive to light, but reactive 
during near viewing (the examiner’s thumb) (B). The patient complained 
of blurry vision in the right eye while attempting to read, consistent 
with accommodation paresis. After instillation of 0.125% pilocarpine 
eye drops at 0 and 5 minutes into both conjunctivae, 30 minutes later 
the right pupil constricted while the left did not ((C) compared with 
(A)), indicating denervation hypersensitivity on the right. 
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Figure 13.14. Posterolateral orbital mass that caused a tonic pupil in an infant. The lesion, which presumably compressed the ciliary ganglion or short 
ciliary nerves, was demonstrated to be a glial–neural hamartoma at biopsy. A. Axial contrast-enhanced magnetic resonance imaging (MRI) with fat 
saturation reveals enhancement on the periphery (white arrow) of the mass. There is normal contrast enhancement of the rectus muscles, and thus 
the right lateral rectus (black arrows) can be distinguished from the mass that lies along it. B. Coronal MRI reveals the mass (white arrow) in the infero-
lateral aspect of the right orbit and obscuring the inferior and lateral rectus muscles, which are visible in the normal left orbit. The mass abuts the optic 
nerve sheath complex (black arrow), which is slightly displaced superiorly. (From Brooks-Kayal AR, Liu GT, Menacker SJ, et al. Tonic pupil and orbital glial-
neural hamartoma in infancy. Am J Ophthalmol 1995;119:809–811, with permission from Elsevier Science.)
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normal). The solution can be premixed or made readily by 
combining 0.1 ml of  1% pilocarpine with 0.7 ml of  sterile 
saline in a 1-ml tuberculin syringe. With the needle removed, 
the syringe can be used as a dropper, with care taken to 
administer the same size drops into each eye. More dilute 
concentrations of  pilocarpine, such as 0.0625%, can be used 
to reduce the chance of  a false-positive result.75

Some caution is also necessary in interpreting the dilute 
pilocarpine test since some patients with preganglionic para-
sympathetic dysfunction (see previous discussion) will also 
respond to dilute pilocarpine.48

Management. The presence or absence of  deep tendon 
reflexes should be noted. The ocular motility and orbital 
examination should be done carefully to exclude any evidence 
of  a third nerve palsy or orbital tumor.

Since tonic pupils may be a manifestation of  neurosyphilis, 
FTA-ABS or microhemagglutination assay–Treponema pal-
lidum (MHA-TP) testing should be obtained in those patients 
without a defined cause for their dilated pupil. In an elderly 
patient with a new-onset tonic pupil we would suggest obtain-
ing an erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) to screen for giant cell arteritis. No further 
laboratory workup is indicated, as tonic pupils otherwise 
usually have a benign cause.

Symptomatic treatment is sometimes helpful. Refractive 
correction may be prescribed for reading in those with accom-
modative insufficiency, for instance. Rarely, some patients 
find the anisocoria bothersome cosmetically, and these indi-
viduals might find pupil-forming contact lenses or dilute 
pilocarpine helpful. Dilute pilocarpine may also aid accom-
modation, and in addition may relieve photophobia. However, 
some patients find the induced pupillary miosis intolerably 
painful. Darkened lenses may aid photophobia.

PHARMACOLOGICALLY DILATED PUPILS

Pupils dilated surreptitiously or as part of  an ophthalmic 
evaluation with anticholinergic agents such as atropine, tropi-
camide, or cyclopentolate or sympathomimetic agents such 
as phenylephrine are generally large (>7–8 mm) and do not 
constrict to light stimulation or during near viewing. Phar-
macologically dilated pupils can also occur accidentally in an 
individual who has contact with atropine-like drugs; a sco-
polamine patch; ipratropium76; or plants such as jimson weed 
(“corn picker’s pupil”), blue nightshade, or Angel’s Trumpet77 
who then touches his or her eye or if  a nasal vasoconstrictor 
sprays get into the eye. Other patients may consciously place 
mydriatic solutions in their eye as part of  a functional illness 
(Munchausen syndrome, for example). In many cases the 
actual cause of  the pharmacologic dilation cannot be identi-
fied despite careful review of  the patient’s history. Pupils that 
are overly generous and unreactive but appear normal on 
slit-lamp examination should suggest pharmacologic dilation, 
because third nerve–related and tonic pupils tend to be smaller. 
In addition, unlike tonic pupils, pharmacologically dilated 
pupils do not constrict during near viewing. The lack of  ptosis 
or ophthalmoplegia would exclude a third nerve palsy.

Pharmacologic testing. One percent pilocarpine drops 
will fail to constrict pharmacologically dilated pupils (exam-
ined after 30 minutes), because the postsynaptic receptors 
have been blocked. However, 1% pilocarpine would be effec-
tive in normal pupils, third nerve–related mydriasis, tonic 

factors contributing to a poorly reactive pupil in diabetics 
can include iris ischemia, iris neovascularization, and 
associated autonomic neuropathy.

3. Reflecting autonomic dysfunction, tonic pupils uncommonly 
may occur in association with neurosyphilis, advanced 
diabetes mellitus, dysautonomias (e.g., Shy–Drager and 
Riley–Day syndromes), amyloidosis, Guillain–Barré  
syndrome, Miller Fisher variant (see below), Charcot–
Marie–Tooth and Dejerine–Sottas neuropathies,54,62 
Lambert–Eaton myasthenic syndrome,63,64 and paraneo-
plastic syndromes.65 Patients with tonic pupils associated 
with congenital neuroblastoma, Hirschsprung disease, 
and central hypoventilation syndrome have also been 
described.66,67

4. Idiopathic tonic pupils. Either unilateral or bilateral, these 
tonic pupils68 are unassociated with absent deep tendon 
reflexes, midbrain or orbital lesions, or systemic 
disorders.

Ross and harlequin syndromes are two rare focal dysau-
tonomias frequently associated with pupillary abnormalities. 
Ross syndrome is characterized by the triad of  tonic pupil, 
hyporeflexia, and segmental anhidrosis. It is probably related 
to injury to sympathetic and parasympathetic ganglion cells 
or their postganglionic projections69,70 and rarely can be 
associated with Horner syndrome.71 In contrast, harlequin 
syndrome, in which only half  the face flushes or sweats,72 
is more frequently characterized either by normal pupils or 
oculosympathetic paresis. However, in some instances tonic 
pupils and areflexia can occur.73

Pharmacologic testing. Because of  iris sphincter dener-
vation cholinergic hypersensitivity, chronically tonic pupils 
will constrict following administration of  dilute (0.125%) 
pilocarpine (Fig. 13.13).74 Pilocarpine is a cholinergic sub-
stance that can act directly on the iris sphincter muscle at 
higher concentrations. However, normal pupils typically have 
little or no response to dilute pilocarpine. The test should be 
considered positive when the pupil in question constricts 
more than the fellow pupil (assuming the fellow pupil is 

Figure 13.15. Irregularly shaped pupil in a diabetic patient who had 
undergone panretinal photocoagulation and whose diabetes was com-
plicated by peripheral and autonomic neuropathy. 
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pupils, and other preganglionic and postganglionic parasym-
pathetic disorders, because in these cases the receptors at 
the iris constrictor muscle are either normal or hypersensitive. 
This test should be applied with caution, as pupils that are 
dilated due to traumatic iridoplegia and acute narrow-angle 
glaucoma would also fail to constrict with 1% pilocarpine 
(see later discussion). The 1% pilocarpine test should also 
be interpreted carefully if  it is performed near the termina-
tion of  pharmacologic blockade, since the affected pupil may 
constrict.

NEUROMUSCULAR JUNCTION BLOCKADE

Patients with botulism, who have defective release of  ace-
tylcholine, can develop bilaterally dilated pupils and accom-
modative paresis with varying degrees of  ptosis and 
ophthalmoparesis. The eye findings are often accompanied 
by bulbar or generalized weakness.78,79 In general, the  
pupils are unaffected in myasthenia gravis, which affects 
nicotinic and not muscarinic cholinergic synapses. Both 
botulism and myasthenia gravis are discussed in more detail 
in Chapter 14.

OCULAR CAUSES OF UNREACTIVE PUPILS

The clinical history or slit-lamp examination may suggest the 
following conditions. Depending on disease severity, the pupil-
lary constriction with 1% pilocarpine may be defective.

1. Ocular trauma. Following trauma to the eye, the pupil 
may be fixed and unreactive (traumatic iridoplegia). 
Responsible mechanisms include tears or trauma to the 
iris sphincter muscle, tearing of  short ciliary nerves, dis-
location of  the lens into the pupillary plane, or compres-
sion of  the ciliary nerves or ganglion by blunt trauma or 
a retrobulbar hemorrhage.

2. Angle-closure glaucoma. This disorder, an ophthalmic emer-
gency, should be considered when the pupil is middilated 
and fixed and the patient acutely complains of  visual loss, 
nausea, vomiting, eye pain, and a rainbow-colored halo 
seen around lights. Ocular pressures can be very high 
(>60 mmHg), and visual acuity may be markedly impaired. 
Slit-lamp examination will identify the characteristic 
shallow anterior chamber, cornea edema, and ciliary or 
conjunctival injection. Pupillary nonreactivity is the result 

of  sphincter muscle ischemia. If  left untreated, the pupil 
may remain fixed, and the iris can become atrophic.

3. Iritis. When affected by iritis, the pupil can be small, 
irregular, or poorly reactive (see Fig. 13.6A) or demon-
strate impaired dilation in the dark. Cells and flare in the 
anterior chamber, iris synechiae, and keratic precipitates 
seen on slit-lamp examination help establish the diagnosis. 
Photophobia is the major complaint, and there is less 
pain and the onset is more gradual than in angle-closure 
glaucoma. Because of  the synechiae, the pupil dilates 
poorly and irregularly, even with mydriatics.

4. Congenital mydriasis. Albeit rare, in this condition children 
are born with fixed and dilated pupils that are unreactive 
to dilute or 1% pilocarpine. Accommodation is also 
affected. The cause is unknown. Congenital mydriasis in 
association with patent ductus arteriosus80 and megacystic 
microcolon have been documented.81

Anisocoria

The most common cause of  asymmetric pupils (anisocoria) 
is nonpathologic simple (essential, physiologic) anisocoria  
(Fig. 13.16). The latter occurs in 15–30% of  the normal 
population82–84 and is characterized by normal pupillary 
constriction and dilation as well as little change in the net 
amount of  anisocoria under light and dark conditions (Video 
13.4).85 The pupillary inequality in some cases may be larger 
in the dark (see later discussion).86 Also, the difference is 
rarely more than 1 mm.87 Often the simple anisocoria will 
be evident on old photographs or a driver’s license, which 
can be viewed critically with a slit-lamp or 20-diopter lens. 
No further testing is necessary in these instances. Rarely, 
the pupil asymmetry can reverse from day to day in this 
condition88 (also see Idiopathic Alternating Anisocoria). The 
cause of  simple anisocoria is thought to be asymmetric 
supranuclear inhibition of  the Edinger–Westphal nuclei.86

If  the anisocoria is not physiologic, the next issue to resolve 
is which pupil is the abnormal one, assuming the problem 
is unilateral. The process combines examination of  the pupil-
lary light reactions and measurements of  the anisocoria in 
light and dark.87 If  the pupillary inequality is greater in the 
light, and if  one pupil is sluggish to light stimulation, then 
this pupil is the abnormal one. Likely the lesion lies in the 
efferent arc of  the pupillary light reflex, or there may be 
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Figure 13.16. Physiologic anisocoria. The amount of pupillary inequal-
ity is roughly the same in (A) bright light, (B) in ambient light, and  
(C) in the dark. 
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anisocoria increases in the dark or if  dilation lag of  the miotic 
pupil is observed (Box 13.4, Video 13.3). Dilation lag may be 
demonstrated at the bedside by turning the lights off  and 
observing the pupils with a dim light directed from below the 
nose. The normal pupil dilates briskly, but it takes time for the 
sympathetically denervated pupil to reach its final resting state 
in the dark. Typically, measurements of  pupil size are made 
at 5 and 15 seconds to document this dilation disparity in 
darkness, and there is usually more anisocoria at the earlier 
measurement. However, the absence of  dilation lag does not 
exclude Horner syndrome.90 The pupil in Horner syndrome 
constricts normally during light stimulation and near viewing.

The upper lid ptosis is always mild and rarely ever  
covers the visual axis. The lower lid may be slightly elevated 
(lower eyelid, or upside-down, ptosis). The upper and  
lower eyelid ptosis (narrow palpebral fissure) may give the 
false impression that the eye is set back in the orbit 
(pseudoenophthalmos).

Horner syndrome by itself  does not cause visual symptoms. 
However, disruption in sympathetic input to the eye may 
produce several other ocular signs. There may be conjunctival 
congestion or transient ocular hypotony. Because iris mela-
nocytes require oculosympathetic input during development 
in early infancy, congenital Horner syndromes can be 

pharmacologic blockade or iris damage. These pupillary 
abnormalities were discussed previously in the sections on 
pupils with defective reactions to light, and the differential 
diagnosis includes those entities listed in Table 13.2.

A greater difference in darkness, with normal pupillary 
reactivity to light, implies either oculosympathetic paresis 
on the side with the smaller pupil or, less commonly, simple 
anisocoria, which may be less evident in light due to mechani-
cal limitations of  the iris.89

Disorders of Pupillary Dilation: 
Oculosympathetic Disruption 
(Horner Syndrome)

Horner syndrome, characterized primarily by unilateral 
miosis, facial anhidrosis, and mild upper and lower eyelid 
ptosis (Fig. 13.17), is the most important neuro-ophthalmic 
cause of  a small pupil that dilates poorly in the dark.  
Box 13.3 lists the differential diagnosis of  other entities which 
should be considered, and most of  them have been discussed 
previously in other sections of  this chapter.

Horner syndrome is a unique clinical sign, indicative of  
a remote process interrupting one of  a series of  three ocu-
losympathetic neurons (see Fig. 13.4) that starts in the brain, 
descends to the upper chest, then ascends back to the eye. 
The benign nature of  the ocular findings in Horner syndrome, 
affecting appearance but not visual function, sometimes 
belies the seriousness of  the underlying etiology. The causes 
and management are discussed according to which neuron 
has been affected, and the management of  Horner syndrome 
in childhood also is reviewed.

CLINICAL SIGNS AND SYMPTOMS IN  
HORNER SYNDROME

Because of  the lack of  sympathetic input to the iris dilator 
muscle, Horner syndrome is strongly suggested when the 
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Figure 13.17. Left Horner syndrome due to cervical spinal cord trauma. A. In room light, the left pupil is miotic, and there is left upper lid ptosis. The 
left iris is lighter in color than the right (acquired heterochromia). B. After instillation of 10% cocaine into both conjunctivae at 0 and 1 minutes, then 
checking 45 minutes later, the normal right pupil dilated and the left did not, and the difference in sizes was greater than 1 mm, confirming oculo-
sympathetic paresis on the left. 

Box 13.3 Differential Diagnosis of a Small Pupil 
That Dilates Poorly

Oculosympathetic paresis (Horner syndrome)
Iritis
Pharmacologic miosis
Tonic pupil (chronic)
Argyll Robertson pupil

Box 13.4 Clinical Features of Oculosympathetic 
Paresis (Horner Syndrome)

Presentation

Anisocoria noticed by the patient or others
Unassociated with visual loss

Examination64

Pupillary miosis
Anisocoria worse in the dark
Pupillary dilation lag
Minimal ptosis of the upper lid
“Inverse” or “upside-down” ptosis of the lower lid
Pseudoenophthalmos
Anhidrosis
Conjunctival injection
Ocular hypotony, transient
Iris heterochromia (in congenital cases, typically)

Pharmacologic Testing

Reversal of anisocoria following instillation of 0.5% or 1% 
apraclonidine eye drops into both eyes

Greater than 1 mm of relative anisocoria following instillation of 
10% cocaine eye drops into both eyes
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been analyzed in large series, and the most common localiza-
tion varies, most likely due to selection bias. In a study of  
inpatients with acquired oculosympathetic palsy,94 63% had 
involvement of  the first-order neuron, reflecting a large  
proportion of  patients with strokes. The second-order neuron 
(preganglionic) was the most common lesion site in two  
other studies,95,96 while the third-order neuron (postgangli-
onic) was most frequent in another, reflecting the authors’ 
interest in headaches.97 The ganglion referred to is the  
superior cervical ganglion; thus “preganglionic” refers to 
the second-order neuron, and “postganglionic” to the third-
order neuron.

The presence of  other clinical signs or symptoms may 
help localize the Horner syndrome. Sweat patterns have been 
mentioned already. Brainstem or spinal cord signs suggest 
involvement of  the first-order neuron. Arm pain or a history 
of  neck or shoulder trauma, surgery, or catheterization point 
to injury of  the second-order neuron. Horner syndrome 
accompanied by ipsilateral facial pain or headache is char-
acteristic of  disorders that affect the third-order neuron.

The ciliospinal reflex may also help with localization in 
Horner syndrome. The reflex consists of  bilateral pupillary 
dilation in response to a noxious stimulus, such as a pinch, 
on the face, neck, or upper trunk. Reeves and Posner98 showed 
that when there is a lesion of  the first-order oculosympathetic 
neuron, the reflex is still intact. In contrast, in patients with 
injury to the second- or third-order neurons, which contain 
the efferent arm of  the reflex, the pupil usually fails to dilate 
ipsilaterally.

INJURY OF THE FIRST-ORDER NEURON 
(CENTRAL HORNER SYNDROME)

Central Horner syndrome can be caused by lesions involving 
the descending oculosympathetic pathway in the hypothala-
mus, brainstem, or spinal cord.

Hypothalamic lesions. Injury to the neuronal cell bodies 
in the hypothalamus is a relatively infrequent etiology of  
Horner syndrome. The most common causes of  dysfunction 
in this area are tumors or hemorrhages involving the thala-
mus or hypothalamus (Fig. 13.20). Less commonly, a Horner 
syndrome is the result of  hypothalamic infarction,99,100 occa-
sionally combined with contralateral ataxic hemiparesis.101 

associated with an ipsilateral lighter-colored iris (iris hetero-
chromia) (Fig. 13.18). In rare instances, heterochromia may 
also result from acquired instances of  Horner syndrome (see 
Fig. 13.17).91 Also, neurotrophic corneal endothelial failure 
has been reported in association with Horner syndrome.92

Theoretically, lesions of  the third-order neuron distal to 
the carotid bifurcation result in loss of  sweating or flushing 
on just the medial aspect of  the forehead and side of  the 
nose, while more proximal lesions, including those of  the 
first- and second-order neurons, decrease sweating or flush-
ing in the whole half  of  the face (Fig. 13.19).93 Hemibody 
sweating would also be anticipated from first-order neuron 
dysfunction. However, the expected patterns are present 
inconsistently, and the air conditioning in most hospitals 
and offices often masks any anhidrosis, making it a less 
important practical sign of  Horner syndrome than the ptosis 
and miosis.

ETIOLOGY AND LOCALIZATION  
OF HORNER SYNDROME

Table 13.3 outlines the causes of  Horner syndrome accord-
ing to localization and frequency. The various causes have 

Figure 13.18. Iris heterochromia in idiopathic congenital Horner syn-
drome. The affected left eye has ptosis, miosis, and a lighter colored 
iris than the right eye. Imaging and urine catecholamine metabolite 
testing were unremarkable. 

Figure 13.19. Right Horner syndrome with right ptosis, miosis, and 
facial anhidrosis due to right lateral medullary infarction. The patient 
sweats on the left side of the face but not on the right. 

Table 13.3 Causes of Oculosympathetic Paresis 
(Horner Syndrome), According to Affected Neuron  
and Frequency

Common Uncommon

First-order 
(central) neuron

Lateral medullary 
stroke

Hypothalamic, 
midbrain, or 
pontine injury

Spinal cord lesion

Second-order 
(preganglionic) 
neuron

Pancoast tumor Cervical disc disease
Brachial plexus injury
Iatrogenic trauma
Neuroblastoma

Third-order 
(postganglionic) 
neuron

Carotid dissection Intraoral trauma
Carotid thrombosis
Cluster headache
Cavernous sinus lesion
“Small vessel” ischemia
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B

A

Figure 13.20. A. Right Horner syndrome due to T-cell lymphoma involv-
ing the right thalamus and hypothalamus. B. Ring-enhancement (arrow) 
and edema are seen on axial computed tomography. B

A

Figure 13.21. Right Horner syndrome and left fourth nerve palsy due 
to a midbrain lesion. A. Right head tilt and right eye ptosis and miosis. 
The left hyperopia is worse in rightward gaze (B) compared with leftward 
gaze (C). (Photos courtesy of Lawrence Gray, O.D.)

C

Isolated infarction of  the hypothalamus is an unusual event 
because of  a rich blood supply to the hypothalamus, consist-
ing of  branches from the anterior cerebral artery and thal-
amoperforating arteries arising from the proximal portions 
of  the posterior cerebral arteries near the basilar bifurcation, 
as well as short hypothalamic arteries that derive from the 
posterior segment of  the posterior communicating artery. 
However, in some individuals with persistence of  the fetal 
circulation, the hypothalamus is supplied directly by branches 
of  the internal carotid artery.99,100 In such cases, large, deep 
cerebral infarcts may involve the hypothalamus when this 
artery is occluded, and these patients may have prominent 
sensory or motor signs or a hemianopia contralateral to the 
Horner syndrome.

Mesencephalic and pontine lesions. A lesion in the dorsal 
midbrain at the pontomesencephalic junction may cause a 
Horner syndrome and a contralateral fourth nerve palsy by 
interrupting the descending sympathetic tract and adjacent 
fourth nerve nucleus or fascicle (Fig. 13.21).102 In a large 
series of  isolated pontine infarcts,103 for unclear reasons 
Horner syndrome was not a feature in any of  the cases. 
However, large pontine hemorrhages may affect the descend-
ing sympathetic fibers, causing unilateral or bilateral pinpoint 
pupils.

Wallenberg syndrome. The most common central cause 
of  a Horner syndrome is a lateral medullary stroke (Wallenberg 

syndrome), due to infarction in either the lateral medullary 
(see Fig. 13.22) or posterior inferior cerebellar artery (PICA) 
distributions. Horner syndrome, ipsilateral to the lesion, 
occurs in at least three quarters of  cases.104,105 Ocular motor 
abnormalities are very frequent and are reviewed in detail 
in other chapters. These include skew deviation (Chapter 
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other recognized causes include myelitis, tumors, multiple 
sclerosis, and infarction.111 Quadriparesis or paraparesis, a 
sensory level, bladder and bowel difficulty, hyperreflexia, and 
extensor plantar responses will aid in localization. In Brown–
Séquard hemicord syndrome, Horner syndrome may be 
present ipsilateral to the weakness and loss of  light touch 
sensation and contralateral to the pain and temperature 
sense loss.112 In cases with cervical injury associated with 
a cyst, very rarely the Horner syndrome may alternate when 
the patient turns from side to side111 (see also Oculosympa-
thetic Spasm).

INJURY OF THE SECOND-ORDER NEURON 
(PREGANGLIONIC HORNER SYNDROME)

Thoracic (lung and mediastinal) and neck tumors, brachial 
plexus or radicular injury, and iatrogenic trauma are the 
most common causes of  impairment of  this neuron. Maloney 
et al.96 emphasized the association of  Horner syndrome and 
ipsilateral arm pain as a presentation of  a tumor in the supe-
rior pulmonary sulcus (Pancoast syndrome113) (Fig. 13.23). 
Owing to irritation of  the sympathetic chain, some patients 
with Pancoast syndrome may exhibit ipsilateral facial flush-
ing and hyperhidrosis of  the face before developing Horner 
syndrome.114

Iatrogenic causes of  second-order Horner syndrome include 
radical neck dissection; lung or mediastinal surgery115; coro-
nary artery bypass surgery116,117; chest tube placement115,118–120; 
internal jugular,121 Swan-Ganz,122 or central venous catheter-
ization123; and lumbar epidural anesthesia.124

15), lateropulsion and defective smooth pursuit (Chapter 
16), and torsional or horizontal nystagmus (Chapter 17). 
Other characteristic findings are (1) ipsilateral appendicular 
and gait ataxia, due to involvement of  the inferior cerebellar 
peduncle; (2) ipsilateral corneal and facial anesthesia, owing 
to damage to the trigeminal spinal nucleus and tract; (3) 
contralateral body anesthesia, resulting from involvement 
of  the ascending spinothalamic tract; (4) vertigo, caused by 
damage to the vestibular nuclei; and (5) nausea and vomit-
ing, dysphagia, and ipsilateral palate, pharyngeal, and vocal 
cord paralysis due to involvement of  the nucleus ambigu-
ous.106 Not infrequently the infarct extends rostrally into the 
lower pons, producing lateral rectus weakness due to involve-
ment of  the sixth nerve and facial weakness due to a seventh 
cranial nerve palsy. Motor and tongue weakness and corti-
cospinal tract signs are uncommon and would reflect medial 
medullary involvement.

Typically in patients with Wallenberg syndrome, an MRI 
reveals a wedge-shaped defect in the lateral medulla (see  
Fig. 13.22), and in a minority of  cases (approximately 20%) 
there is also a cerebellar infarction in the distal PICA  
territory.104 Most cases result from occlusion of  the intra-
cranial vertebral artery or one of  its branches due to local 
atheromatous disease.107,108 However, emboli from the heart, 
proximal vertebral artery, or aortic arch should also be 
considered.

Spinal cord injury. Any injury to the spinal cord that 
affects the descending sympathetic pathway or the ciliospinal 
center of  Budge at C8–T2 can cause a Horner syndrome 
ipsilateral to the lesion (see Fig. 13.17). The most common 
causes are syringomyelia109,110 and trauma to the cord, but 

Figure 13.22. Wallenberg stroke. Axial T2-weighted magnetic resonance 
imaging demonstrated a lateral medullary infarction (arrow) on the right. 
The patient had an ipsilateral Horner syndrome, skew deviation, latero-
pulsion to the right, left-beating nystagmus in left gaze, right face hyp-
esthesia, and diminished pain and temperature sensation on the left 
side of the body. (From Galetta SL, Liu GT, Raps EC, Solomon D, Volpe NJ. 
Cyclodeviation in skew deviation. Am J Ophthalmol 1994;118:509–514, 
with permission from Elsevier Science.)

B

A

Figure 13.23. A. Left Horner syndrome due to apical lung (Pancoast) 
tumor. B. The lesion (arrow) in the upper thorax is demonstrated  
on the axial CT scan. (From Balcer LJ, Galetta SL. Pancoast syndrome.  
N Engl J Med 1997;337:1359, with permission from the Massachusetts 
Medical Society.)
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Abrupt facial, ear, or neck pain usually signifies the onset 
of  dissection of  the extracranial carotid artery and may 
precede symptomatic ischemia to the eye or brain by hours 
to days. Patients may also complain of  subjective bruits or 
pulsatile tinnitus.

Of  the neuro-ophthalmic complications of  carotid dissec-
tion (Table 13.4), Horner syndrome is the most common, 
occurring in approximately 50% of  patients.127,129 In some 
instances Horner syndrome with ipsilateral headache is the 
only manifestation.144 Cranial nerve palsies are not uncom-
mon and in one large series145 occurred in 12% of  patients. 
Lower cranial nerve (IX through XII) involvement with ocu-
losympathetic paresis (Villaret’s syndrome)146 can be explained 
by the geographic proximity of  these structures to the carotid 
artery in the neck (see Fig. 13.28). For example, tongue 
weakness and dysgeusia may result from ischemia, stretch-
ing, or compression of  the hypoglossal nerve (XII) and chorda 
tympani, respectively.147 On the other hand, ocular motor 
(III, IV, and VI)148,149 and trigeminal (V)150 nerve palsies are 
likely ischemic due to emboli into nutrient vessels.145,151 Some 

INJURY OF THE THIRD-ORDER NEURON 
(POSTGANGLIONIC HORNER SYNDROME)

Many of  the processes that affect the third-order neuron 
produce Horner syndrome and ipsilateral facial pain or head-
ache, and this combination has been loosely termed Raeder’s 
paratrigeminal syndrome or neuralgia.125,126 Carotid artery 
dissection or thrombosis, vascular headache syndromes, and 
cavernous sinus lesions are the major disorders to consider 
in this subgroup.

Carotid dissection. This disorder should always be con-
sidered in the setting of  Horner syndrome associated with 
ipsilateral headache or pain, carotidynia, and dysgeusia, as 
well as signs and symptoms consistent with ipsilateral ocular 
or cerebral ischemia.127,128 Dissection of  the carotid artery 
results when intraluminal blood enters the arterial wall and 
separates its component layers.129 Accumulation of  blood 
in the resulting dissecting aneurysm may compromise the 
true arterial lumen (Fig. 13.24). Ischemic symptoms result 
either from carotid stenosis or from embolism of  thrombotic 
fragments; the latter is probably more common.130 About 
5–10% of  cases are bilateral,131 and dissection is the cause 
of  at least 5% of  cerebral ischemic episodes in young adults.132 
Cases in children are uncommon but have been reported.133

Arterial dissections may be spontaneous or secondary to 
minor trauma such as chiropractic manipulation.134–136 Pro-
longed periods of  neck extension during cycling137 or painting 
a ceiling138 have been reported to cause dissections. Some 
result from obvious blunt and penetrating trauma to the 
head and neck, and motor vehicle accidents are the most 
common cause in such cases.139 They may also arise in the 
setting of  fibromuscular dysplasia, cystic medial necrosis, 
syphilis, pharyngeal infection, extension of  aortic dissection, 
atheromatous disease, or cerebral aneurysm.131,140 Other 
predisposing conditions include collagen disorders such as 
Marfan syndrome or Ehlers–Danlos syndrome.141 Elongation 
of  the styloid process, as characterizes Eagle’s syndrome, is 
another uncommon yet clinically distinct cause of  internal 
carotid artery dissection.142,143

Adventitia

Media

Intima

Lumen

Dissecting hemorrhage

Adventitia

Media

Intima

Dissecting hemorrhage

Figure 13.24. Dissection depicted in lateral (left) and cross-sectional 
(right) views of the internal carotid artery. In this example, blood 
dissects within the media between the intima and adventitia. As 
the hemorrhage enlarges, the true lumen of the carotid artery can 
be compromised, leading to distal hypoperfusion or formation of 
thromboembolic material. 

Table 13.4 Neuro-Ophthalmic Complications of 
Carotid Dissection, According to Frequency129

Common Uncommon

Horner syndrome Anterior ischemic optic neuropathy

Amaurosis fugax Posterior ischemic optic neuropathy

Central retinal artery occlusion

Ophthalmic artery occlusion

Transient ophthalmoparesis

Third, fourth, or sixth nerve palsy

Ocular ischemic syndrome

Homonymous field defects

Monocular or binocular scintillations
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BA

Figure 13.25. Painful Horner syndrome due to carotid dissection. A. Digital subtraction angiogram of the left carotid showing long narrowing (arrows) 
of the artery (“string-sign”). B. Axial T1-weighted MRI through the neck demonstrating crescent-shaped hyperintensity (open arrow), consistent  
with dissecting hemorrhage and narrowing of the lumen of the left internal carotid artery (small arrow) compared with the artery on the other side 
(long arrow). 

authors have attributed cases of  ischemic optic neuropathy152 
and other cranial neuropathies153 associated with carotid 
dissection to a low-flow state. This mechanism, however, 
seems less likely in the absence of  concomitant cerebral 
hemispheric signs.

Conventional (Fig. 13.25A) or MRI (Fig. 13.26) angiog-
raphy is essential for establishing the diagnosis and defining 
the extent of  dissection. Lumen narrowing of  the internal 
carotid usually begins 2 cm distal to the carotid bifurcation 
and extends rostrally for a variable distance. Dissection of  
the extracranial ICA almost always ends before the artery 
enters the petrous bone, where mechanical support limits 
further dissection.131 The most common finding is a long 
narrow irregular lumen (“string sign”154), but other patterns 
are highlighted in Fig. 13.27. Axial MR T1- and T2-weighted 
images through the neck may demonstrate a characteristic 
crescentic hyperintensity, representing a mural hematoma, 
constricting the true lumen of  the internal carotid artery 
(Fig. 13.25B). CT angiography and Doppler ultrasound can 
also detect the arterial dissection. However, both are inferior 
to MRI-a combined with MRI,155,156 which can show both 
the dissection and the mural hematoma, often making con-
ventional angiography unnecessary in the setting of  both 
traumatic and spontaneous carotid dissection.157 Spontane-
ous intracranial dissection of  the supraclinoid ICA has been 

Figure 13.26. Magnetic resonance imaging (MRI) angiogram of the neck 
in a patient with Horner syndrome due to carotid dissection. There is 
no flow in the internal carotid artery (a.) distal to the occlusion (asterisk). 
For comparison, see the normal MRI angiogram of a neck in Fig. 10.5. 
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Figure 13.27. Diagrams of angiographic profiles in carotid dissection. 
(From Fisher CM, Overmann RG, Robinson GH. Spontaneous dissection of 
crevice-cerebral arteries. Can J Neurol Sci 1978;5:9–19, with permission.)
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Figure 13.28. Vascular and nervous structures posterior and lateral to the palatine tonsil (axial view). CN, Cranial nerve; ICA, internal carotid artery. 

reported,158 but Horner syndrome is not typically one of  the 
associated features. Horner syndrome can also occur in  
the setting of  vertebral artery dissection. In one recent  
study, the presence of  Horner syndrome was associated with 
a benign clinical course (fewer strokes) in patients with inter-
nal carotid artery dissection; among patients with vertebral 
artery dissection, Horner syndrome did not have prognostic 
significance.159

Management options for carotid dissection include anti-
coagulation with heparin, antiplatelet agents, carotid stent-
ing, and observation. In patients with acute carotid dissection, 
treatment with intravenous heparin for 5–7 days followed 
by 3–6 months of  warfarin is one popular approach.160 In 
individuals in whom long-term anticoagulation is contra-
indicated, heparin therapy can be followed by an antiplatelet 
agent such as aspirin. In otherwise asymptomatic patients 
whose dissection is several weeks old, aspirin alone can be 
given. However, the superiority of  any one of  these medical 

therapies over the others has not been established in any 
randomized clinical trials.161–163 In fact, we have had several 
patients with acute symptomatic carotid dissections treated 
successfully with aspirin alone. The roles for nonwarfarin 
oral anticoagulants have also not been established for the 
treatment of  carotid dissection. In general, surgical and 
endovascular options are risky and probably unnecessary.127 
Acute hemispheric strokes related to dissection can be treated 
with tissue plasminogen activator (t-PA).160

Mokri et al.140 found excellent or complete clinical recovery 
in 85% of  their patients, regardless of  the treatment modality 
chosen, and overall mortality is less than 5%.127 Angiographi-
cally demonstrated stenosis also completely resolved or mark-
edly improved in 85%. Recurrence, which usually affects 
another artery, is uncommon. After the first month, the risk 
of  recurrent dissection is only 1% per year,164 and the risk 
of  recurrent stroke is also extremely low.165

Carotid thrombosis. Carotid thrombosis, by interrupting 
the blood supply to the superior cervical ganglion or carotid 
plexus, can cause oculosympathetic paresis ipsilaterally, with 
or without pain.166 The superior cervical ganglion derives its 
blood supply from small branches of  the carotid artery and 
from the ascending pharyngeal and superior thyroid arteries, 
both of  which arise from the external carotid artery. The sym-
pathetic carotid plexus is supplied by small direct branches 
from the internal carotid artery. Hemispheric signs, such as 
weakness, sensory loss, and hemianopia, may be present con-
tralaterally, and in such situations it may difficult to tell whether 
the Horner syndrome is third order or due to deep cerebral 
infarction involving the hypothalamus (as described previously). 
Further details regarding thrombotic carotid disease are dis-
cussed in the chapter on transient visual loss (Chapter 10).

Intraoral trauma. Iatrogenic or accidental intraoral 
trauma may cause a Horner syndrome by damaging the 
internal carotid artery or superior cervical ganglion, which 
are adjacent to the peritonsillar area (Fig. 13.28).167,168 Alter-
natively, trauma to the internal carotid artery with intimal 
disruption could subsequently lead to thrombus formation 
or dissection, then sympathetic plexus ischemia. Accidental 
injury usually results from penetration by pencils,169 sticks, 
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neuroblastoma. While birth trauma should always be con-
sidered, this is a relatively uncommon cause of  Horner syn-
drome in an infant. Iris heterochromia, although an excellent 
sign of  congenital oculosympathetic paresis, is not always 
present. In many cases of  Horner syndrome in infants, no 
cause can be found despite extensive history taking and 
investigation.186,187 Weinstein et al.188 speculated that these 
idiopathic cases might result from a congenital malformation 
or vascular insult of  the superior cervical ganglion or some 
other structure in the oculosympathetic pathway. Spontane-
ous regression of  a congenital neuroblastoma is another 
possibility in idiopathic cases.187 Like others,189–191 we have 
found idiopathic cases to be the most common group in child-
hood (Table 13.5).187 Carotid dissection is uncommon in 
children, although carotid dysgenesis may be a cause of  
congenital Horner syndrome.187,192–194

Neuroblastoma. Horner syndrome was found in 3.5% 
of  neuroblastomas in one large series.195 Neuroblastomas, 
believed to be of  neural crest origin, are among the most 
common childhood solid tumors. When arising in the upper 
thorax or cervical sympathetic chain (Fig. 13.29), this tumor 
can present with Horner syndrome as well as stridor due to 
tracheal displacement, dysphagia owing to esophageal com-
pression, or rarely lower cranial nerve involvement.196,197 In 
some instances, they may grow large enough to present as 
a visible neck mass.198 A more differentiated, benign form 
of  the tumor, termed ganglioneuroma199 or ganglioneuroblas-
toma,200 may also be associated with Horner syndrome when 
it occurs in the neck and upper thorax.

There have been rare cases with Horner syndrome associ-
ated with neuroblastomas arising from the adrenal glands 
and in the lower thoracic sympathetic chain.191,195,201 In a 
case reported by George et al.,191 CT of  the neck and chest 
imaging was negative. How distant tumors affect the ocu-
losympathetic pathway is uncertain, but a more generalized 
disorder of  sympathetic neuronal maturation has been pro-
posed.199,201 Alternatively, a small cervical metastasis may 
have been missed without MRI of  the neck, as neuroblastoma 
may be multifocal.

Musarella et al.195 found patients with neuroblastoma 
associated with Horner syndrome to have an excellent sur-
vival rate of  78.6% at 3 years, due to the predominance of  
localized disease and favorable location among these patients. 
Histology in the setting of  Horner syndrome is often “low-
risk,” and treatment in such instances generally consists of  
surgical resection, then observation without chemotherapy 
or radiation therapy.202 In our experience the Horner’s persists 
following treatment. The treatment and prognosis of  neu-
roblastoma is also discussed in detail in the discussion of  
opsoclonus and myoclonus in Chapter 17.

Birth trauma. A forceful pull of  a child’s arm during 
vaginal delivery may result in injury to the lower trunk of  
the brachial plexus (Klumpke’s palsy).203 In such instances 
Horner syndrome may result from dislocation of  the C8 and 
T1 dorsal and ventral nerve roots. In addition, muscles and 
skin supplied by the C8 and T1 nerve roots are affected, 
leading to weakness of  wrist flexion and intrinsic muscles 
of  the hand as well as anesthesia in the ulnar aspect of  the 
forearm and hand. Alternatively, one histopathologic report 
suggested C7 injury was the cause,204 and in some instances 
Horner syndrome in the setting of  more diffuse brachial 
plexus injury is seen (Fig. 13.30). Traction on the carotid 

or other sharp objects.170 Iatrogenic causes include tonsil-
lectomy171 or other intraoral surgery and peritonsillar anes-
thesia.172 Horner syndrome following trauma to the 
peritonsillar region may be an ominous sign, alerting the 
clinician to the possibility of  internal carotid injury, thrombus 
formation, or dissection.

Cluster headaches. These are characterized by “clusters” 
of  ipsilateral headache or eye pain accompanied by ipsilateral 
Horner syndrome, rhinorrhea, conjunctival injection, and 
tearing. Although the oculosympathetic paresis is presump-
tively postganglionic, pharmacologic testing is often incon-
sistent.173 The Horner syndrome may be intermittent or 
chronic.174 Imaging should be performed to exclude mimickers 
such as carotid dissection.175 More details regarding the clini-
cal features, pathophysiology, and treatment of  this disorder 
are discussed in Chapter 19.

Small-vessel ischemia. Not uncommonly, individuals 
with atherosclerosis associated with hypertension or diabetes, 
for instance, may develop a painless Horner syndrome. The 
mechanism is likely small-vessel ischemia involving the carotid 
plexus or vasa vasorum. Horner syndrome can also occur 
in the setting of  giant cell arteritis.176,177

Cavernous sinus, superior orbital fissure, and orbital 
apex. A Horner syndrome and any combination of  ipsilateral 
third, fourth, V1, V2, or sixth nerve involvement suggests a 
cavernous sinus process.178,179 Alternating anisocoria in light 
and dark is unique to this localization. If, for example, a 
right-sided cavernous sinus mass causes a right Horner syn-
drome and a right third nerve palsy, in the light, because of  
the third nerve palsy, the right pupil may be larger than the 
left. In the dark, however, because of  the oculosympathetic 
paresis, the right pupil may become smaller than the left. 
Rarely Horner syndrome can be the only manifestation of  
a cavernous sinus process.180

Except for sparing of  V2, lesions of  the superior orbital 
fissure are clinically difficult to distinguish from those of  the 
cavernous sinus, and the causes are similar. The orbital apex 
syndrome consists of  any combination of  third, fourth, and 
sixth nerve paresis, V1 distribution sensory loss, Horner syn-
drome, and visual loss due to optic nerve involvement.181 
The differential diagnosis and management of  lesions of  the 
cavernous sinus, superior orbital fissure, and orbital apex 
are discussed in more detail in Chapters 15 and 18.

Autonomic neuropathies. Unilateral and bilateral Horner 
syndrome due to sympathetic ganglion dysfunction may be 
a manifestation of  autonomic neuropathy. Responsible under-
lying systemic disorders would include diabetes182 and amy-
loidosis, for instance. Oculosympathetic autonomic neuropathy 
may be a feature of  Ross70 or harlequin73,183 syndromes 
(discussed earlier), hereditary sensory and autonomic neu-
ropathy (HSAN) type II, Anderson–Fabry disease, familial 
dysautonomia, multiple-system atrophy, pure autonomic 
failure, and dopamine-beta-hydroxylase deficiency.184

Others. Neck masses and trauma may also affect the post-
ganglionic sympathetic fibers. Horner syndrome in associa-
tion with middle ear infection has also been reported.185

CONGENITAL AND ACQUIRED CAUSES OF 
HORNER SYNDROME IN CHILDHOOD

The most important identifiable cause in young children  
with congenital or acquired Horner syndrome is occult 
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Table 13.5 Horner Syndrome in Childhood: Differential Diagnosis According to Location, Cause, and Frequency  
as Seen in Various Series

Localization Cause

SERIES

Cleveland 
(1976)205

Iowa 
(1980)188

Toronto 
(1988)189

U.C.S.F. 
(1998)191

Toronto/Hopkins 
(1998)190

Philadelphia 
CHOP (2006)187

Idiopathic 4 (36%) 4 (40%) 16 (70%) 31 (42%) 21 (36%)

First-order 
(central) neuron

Neoplasm involving hypothalamus 
brainstem, or spinal cord

1 (14%) 5 (9%)

Trauma 3 (5%)
Syringomyelia
Arachnoid cyst 1 (10%)
Cerebral palsy 1 (10%)
Klippel–Feil 1 (2%)
Infection 2 (4%)

Second-order 
(preganglionic) 
neuron

Neuroblastoma 1 (14%) 2 (20%) 2 (9%) 3 (5%) 5 (9%)
Chest surgery 2 (18%) 2 (20%) 3 (5%)
Birth-related injury of nerve roots 

or brachial plexus
1 (14%) 1 (9%)

Metastatic disease 1 (14%)
Intrathoracic aneurysm 1 (14%)
Infection 3 (5%)
Cervical lymphadenopathy 2 (3%) 1 (2%)
Neck surgery 4 (7%)
Ganglioneuroma and other tumors 1 (4%) 3 (5%)
Xanthogranuloma 1 (2%)

Third-order 
(postganglionic) 
neuron

Birth-related injury 4 (36%) 4 (17%) 1 (2%)
Otitis media
Intraoral trauma
Nasopharyngeal tumor 1 (14%) 1 (1%)
Carotid artery occlusion 1 (14%)
Autonomic dysregulation 1 (2%)
Carotid malformation 2 (4%)

Total 7 11 10 23 73 56

In the Cleveland series,205 the presenting age was 10 years or younger. The Iowa188 and University of California, San Francisco (UCSF), series191 included only 
those patients with onset of Horner syndrome in the first year of life, while in the Toronto (1988) series,189 all patients were 8 years of age or younger. The 
Philadelphia series187 consists of all cases in patients younger than 18 years of age seen at the Children’s Hospital of Philadelphia (CHOP) from July 1993 
through July 2005. The Toronto/Hopkins series,190 which was also made up of patients younger than 18 years of age, provided insufficient information to 
localize all cases. Thus, the list for that series is incomplete. All cases in the Iowa and Toronto (1988) series were confirmed with cocaine testing. In the 
Philadelphia series all idiopathic cases were confirmed pharmacologically and had unremarkable imaging and negative urine catecholamine screening.

BA

Figure 13.29. Right Horner syndrome (A) in an infant due to a neuroblastoma (B, arrow) of the lung apex demonstrated in a coronal gadolinium-
enhanced chest magnetic resonance imaging. 
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cocaine will dilate the pupil and widen the palpebral fissure, 
and the pupillary dilation is more pronounced in individuals 
with light irises than in those with dark ones. However, inter-
ruption of  any one of  the three neurons results in decreased 
norepinephrine released by the third-order neuron, so cocaine 
will have little or no effect in such cases. Cocaine testing 
helps confirm the presence of  a Horner syndrome but does 
not aid in localization.

A 10% solution should be used since cocaine is a relatively 
weak pupillary dilator, and drop administration should be 
repeated 1–5 minutes later. Pupil sizes should be assessed 
at baseline and 40–60 minutes after the cocaine eye drops 
have been instilled. Sometimes neither pupil has responded, 
and this requires a readministration of  drops and further 
observation for another 30 minutes. In a positive test, cocaine 
fails to dilate a sympathetically impaired pupil or does so 
very poorly, while the unaffected pupil dilates normally (see 
Fig. 13.17). The most accurate way to interpret the cocaine 
test is to measure the postcocaine anisocoria.207,208 If  the 
pupillary inequality following cocaine is greater than 1.0 mm, 
the test should be considered positive, and the greater the 
size difference, the more likely the positive result is correct. 
In simple anisocoria, both pupils will dilate with cocaine, 
but the pupillary inequality following cocaine should be 
small. Patients should be told urine samples may be positive 
for cocaine for a few days following eye drop testing.209

Apraclonidine, an alpha-adrenergic receptor agonist, also 
can be used to confirm Horner syndrome, based upon sym-
pathetic denervation hypersensitivity of  alpha-1 receptors 
on the pupillary dilator muscle.210 As cocaine is a controlled 
substance and has strict regulations regarding locked storage, 
and apraclonidine is commercially and widely available, 
apraclonidine’s use has increased.211–214 After topical admin-
istration of  1% or 0.5% apraclonidine eye drops, the smaller 
Horner pupil will dilate, but a normal pupil will not (reversal 
of  anisocoria) (Fig. 13.31).215–217 The test’s effectiveness 
requires the Horner syndrome to have been present long 
enough for receptor upregulation to have occurred.218 Posi-
tive tests have been noted as early as hours after a carotid 
dissection, but the onset of  denervation sensitivity can be 
variable.219 False negatives can occur if  the test is adminis-
tered in acute Horner syndrome or even in long-standing 
cases if  strict adherence to “reversal of  anisocoria” as an 
endpoint is employed.220

Hydroxyamphetamine localization. Hydroxyamphet-
amine drops can screen for a third-order neuron process. It 
enhances the release of  presynaptic norepinephrine, and 
this property depends only on the intactness of  the third-
order neuron.221 In normal individuals, hydroxyamphetamine 
produces a symmetric 2-mm mean increase in the size of  
pupils.222 As a rule, in first- or second-order Horner syndrome, 

plexus during difficult forceps delivery is another birth-related 
injury that may cause Horner syndrome.188 Importantly, a 
history of  birth trauma does not preclude the possibility of  
an underlying neoplasm such as neuroblastoma.187

Acquired Horner syndrome in childhood. The differ-
ential diagnosis of  acquired causes of  Horner syndrome in 
children is different from that in adults (see Table 13.4).187,205 
Brainstem infarction, spontaneous carotid dissection, pul-
monary tumors, and cluster headache are much less frequent 
in this age group.

PHARMACOLOGIC TESTING IN  
HORNER SYNDROME

Cocaine and apraclonidine confirmation. The diagnosis 
of  a Horner syndrome associated with a lateral medullary 
stroke, brachial plexus injury, or spinal cord trauma, for 
instance, is often straightforward because of  the accompany-
ing signs and symptoms. However, the distinction between 
ipsilateral ptosis and miosis due to oculosympathetic paresis 
and other causes, such as physiologic anisocoria combined 
with levator dehiscence–disinsertion on the side of  the miotic 
pupil (so-called pseudo-Horner syndrome206), may require 
pharmacologic testing.

Cocaine, which blocks reuptake of  norepinephrine at the 
sympathetic nerve terminal in the iris dilator muscle, allows 
a relative increase of  neurotransmitter available for the post-
synaptic receptors. Iris dilator tone depends on the intactness 
of  each neuron in the oculosympathetic pathway. Normally, 

Figure 13.30. Infant with birth-related right brachial plexus injury result-
ing in right Horner syndrome and right arm weakness. 

BA

Figure 13.31. Apraclonidine test in Horner syndrome. A. The right eye exhibits ptosis and miosis. B. After topical administration of 1% apraclonidine 
to both eyes, the right pupil is larger and the ptosis has disappeared due to sympathetic stimulation of supersensitive, upregulated receptors. 
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pain or headache is characteristic of  disorders that affect 
the third-order neuron. Imaging can be directed towards the 
location of  the suspected lesion.

Although there are rare exceptions, most causes of  Horner 
syndrome of  more than 1 year in duration are benign, and 
imaging is not mandatory.227 Box 13.5 outlines one suggested 
protocol for evaluating adult patients with acquired Horner 
syndrome <1 year in duration.

Most individuals with Horner syndrome do not find the 
ptosis bothersome, as it is usually very mild and rarely affects 
vision. Cosmetic surgery may be considered in patients who 
find their appearance undesirable. The pupil abnormality 
should not cause subjective symptoms.

Horner syndrome in children. The neck, upper chest, 
axillae, and abdomen should be palpated for masses or lymph-
adenopathy. To decide upon further management, cocaine 
or apraclonidine testing should be used to confirm the Horner 
syndrome in unexplained cases in young children. When 
positive, diagnostic testing should be performed to exclude 
neuroblastoma and other responsible mass lesions.187 Even 
children with a history of  birth trauma or those with Horner 
syndrome at birth (“congenital”) should be evaluated, as 
these patients may still harbor an underlying neo-
plasm.190,231,232 The presence or absence of  iris heterochromia 
should not influence the workup.

Testing with apraclonidine has been suggested in children 
with Horner syndrome,233,234 but reports of  drowsiness and 
unresponsiveness in children younger than 2 years of  age 
tested with this agent,235 and in those treated for glaucoma 
with the similar drug brimonidine,236 have discouraged our 
use in young children. However, we will use apraclonidine 
in children 2 years and older. In our experience dry eye and 
mild irritability are the only side-effects from the use of  
cocaine eye drops in children.

MRI with and without gadolinium of  the head, neck, and 
upper chest, as well as urinary catecholamine metabolite 
screening (vanillylmandelic acid (VMA) and homovanillic 
acid (HVA)) is one recommended protocol.187 Only “spot” 
urine samples, rather than large collections, are needed. In 

both pupils will also dilate with hydroxyamphetamine.223 In 
contrast, in third-order sympathetic interruption, the involved 
pupil theoretically should not dilate. Unfortunately, hydroxy-
amphetamine is difficult to obtain, so its use has waned in 
popularity.

MANAGEMENT OF HORNER SYNDROME  
OF UNKNOWN CAUSE

The diagnosis of  a Horner syndrome of  unknown cause in 
adults and children is often a clinical one based upon exami-
nation findings, with cocaine or apraclonidine used only to 
confirm the oculosympathetic paresis. Caregivers in most 
instances should localize the Horner syndrome and make 
management decisions clinically, based upon clues in the 
history or examination. Imaging of  some type typically will 
be pursued next, and the localization and clinical setting 
will dictate the modality and region to be evaluated.224,225

Adults with Horner syndrome. Although the majority 
of  adults with an acquired Horner syndrome without  
localizing features have no identifiable underlying cause, 
retrospective studies show that some are still found to have 
a carotid dissection or cervical or chest malignancy.226,227 
Recommendations for imaging span between observation 
and a “shotgun” approach with imaging along the entire 
sympathetic chain.228 Sensible algorithms have been sug-
gested by various experts.229,230 They suggest pharmacologic 
testing can be confirmatory, hydroxyamphetamine testing 
no longer has a prominent role, and imaging to some degree 
should be performed in a directed fashion. Standard chest 
x-ray and carotid ultrasound are probably inadequate com-
pared with modern neuroimaging.230

There are two situations, however, that mandate radiologic 
investigation regardless of  clinical localization (which is 
imperfect). First, in any middle-aged or elderly patient, espe-
cially one with a history of  smoking, with an acquired iso-
lated, unexplained Horner syndrome, chest CT or MRI should 
be performed to rule out an apical lung tumor. Second, 
acquired Horner syndrome accompanied by ipsilateral head-
ache, eye pain, or dysgeusia, with or without ipsilateral 
cerebral or ocular ischemic symptoms, requires MRI and 
MRI angiography (or CT and CT angiography) of  the neck 
to exclude a carotid dissection or thrombosis. Axial 
T1-weighted MRI through the neck is especially important 
in this setting. Others have suggested CT and CT angiography 
is adequate for combined soft-tissue imaging of  the neck and 
visualization of  the carotid artery.229 CT and CT angiography 
may be easier to obtain, requires less imaging time, is less 
susceptible to motion degradation, and is less expensive than 
MRI and MRI angiography. CT, however, requires radiation, 
and contrast allergy must be considered. In the end, the 
decision to order CT and CT angiography or MRI and MRI 
angiography in this clinical setting may be dependent on 
the setting and the institution.

Other situations can be governed by suspected localization 
aided by the presence of  other clinical signs or symptoms as 
discussed previously. For instance, sweating on the face may 
be reduced in first- and second-order lesions. Brainstem or 
spinal cord signs suggest involvement of  the first-order 
neuron. Arm pain, or a history of  neck or shoulder trauma, 
surgery, or catheterization point to injury of  the second-order 
neuron. Horner syndrome accompanied by ipsilateral facial 

Box 13.5 Suggested Protocol for Evaluating 
Adult Patients With Horner Syndrome Less Than 
1 Year in Duration

1. Localize clinically, confirm with cocaine or apraclonidine if 
uncertain.

2. Chest imaging in middle-aged or elderly patients with 
associated brachial plexus signs, or in those with a history of 
smoking.

3. Emergent vascular neck imaging in anyone with ipsilateral 
headache, eye pain, or dysgeusia.

4. In localizable cases, directed imaging. Emergent if brainstem 
stroke or carotid dissection considered. Nonemergent 
otherwise.

5. In nonlocalizable cases, nonemergent:
 i) Combined chest, neck, and vascular neck imaging 

(conservative approach) or
 ii) Combined head, neck, chest imaging and vascular neck 

imaging (“nontargeted,” “shotgun” approach).
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Pupils in Other Neurologic 
Conditions

COMA

Pupillary signs may be extremely important in the evalua-
tion of  comatose patients, especially with regard to diagnosis 
and localization (Fig. 13.32). As a rule, metabolic coma is 
more likely to be associated with normally reactive pupils 
than coma due to a structural lesion, although there are 
exceptions (see Systemic Medications).241

As stated previously, hypothalamic lesions may cause small 
but reactive pupils due to oculosympathetic paresis, while 
thalamic and mesencephalic lesions may result in third nerve 
palsies, midposition or large pupils, or, less likely, pupillary 
corectopia. Destructive lesions of  the pons may disrupt the 
descending oculosympathetic pathways and result in bilateral 
pinpoint pupils. Diffuse anoxic brain damage can cause mid-
brain dysfunction and dilated pupils. Initially in brain death, 
the pupils can be midposition or dilated and unreactive to 
light. With more time after death, however, all pupils become 
midposition, reflecting the equal parasympathetic and sym-
pathetic dysfunction.

Ipsilateral pupillary dilation may be the first sign of  trans-
tentorial uncal herniation before other signs of  third nerve 
paresis develop. In this setting, mechanisms for third nerve 
dysfunction include direct compression by the herniating 
uncus beneath the tentorial edge, compression by the pos-
terior cerebral artery or hippocampal gyrus, compression 
of  the oculomotor complex in the midbrain, or displacement 
and kinking of  the nerve over the clivus.242 Further clinical 
progression may be monitored by examining the opposite 

one study of  children with Horner syndrome of  unknown 
etiology,187 responsible mass lesions, such as neuroblastoma, 
Ewing sarcoma, and juvenile xanthogranuloma, were found 
in 33% of  patients. Of  interest, the MRI is more sensitive 
than urine testing in this setting, as all the newly diagnosed 
neuroblastomas in this study were detected on imaging but 
had normal VMA and HVA levels.187 Although excess pro-
duction of  catecholamines or their metabolites occurs in 
90% of  all neuroblastomas,237 in low-risk neuroblastomas 
such as those causing Horner syndrome, as few as 40% may 
be associated with abnormal VMA and HVA levels.238 Thus 
screening urinary VMA and HVA tests may be relatively 
insensitive in detecting neuroblastomas causing Horner 
syndrome in children.

Children with pharmacologically confirmed oculosympa-
thetic paresis with no obvious cause and normal imaging 
and urine testing are given the diagnosis of  idiopathic Horner 
syndrome. Because of  the uncertainty of  the relationship 
with noncervical neuroblastomas with the Horner syndrome, 
currently we are not recommending abdominal imaging as 
part of  the evaluation, but the abdomen should be palpated 
to screen for a mass in that region.

In a population-based study, Smith et al.239 retrospectively 
analyzed 20 children diagnosed with Horner syndrome in 
Olmsted County over a 40-year period. Birth, surgical, or 
other trauma was the cause in 13 (65%) patients. None had 
an underlying mass lesion. The study has been criticized for 
its possible lack of  generalizability.240

Suggested protocol. As in adults, although there are rare 
exceptions, most causes of  Horner syndrome in children of  
>1 year duration are benign, and imaging would not be 
mandatory. Box 13.6 outlines one suggested protocol for 
evaluating children with Horner syndrome of  <1 year dura-
tion. The protocol applies to children with Horner syndrome 
which is acquired or present at birth, with or without a history 
of  birth trauma.

Box 13.6 Suggested Protocol for Evaluating 
Children With Horner Syndrome Less Than 1 
Year in Duration

1. Palpate the neck, upper chest, axillae, and abdomen for 
masses.

2. Localize the Horner syndrome clinically, confirm with cocaine 
or apraclonidine (for patients older than age 2 years for the 
latter). If cocaine cannot be obtained and the child is younger 
than 2 years of age, the practitioner will have to proceed 
presumptively.

3. In localizable cases with confirmed Horner syndrome, 
nonemergent directed imaging should be obtained.

4. In nonlocalizable cases with confirmed Horner syndrome, 
nonemergent evaluation should be completed to exclude 
neuroblastoma and other responsible mass lesions.
 i) Combined chest and neck MRI (conservative approach) and 

urine VMA and HVA or
 ii) Combined head, neck, chest imaging and vascular neck 

imaging (“nontargeted,” “shotgun” approach) and urine 
VMA and HVA
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Figure 13.32. Pupils in comatose patients. 
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pupil, which initially may be midposition with a depressed 
light reaction, then slightly miotic, and finally dilated.243 
Transiently the pupils may acquire an oval shape.244 Uncom-
monly in transtentorial herniation, the opposite pupil is 
paradoxically the first to dilate.245,246

In metabolic encephalopathies, the pupils may be small 
but remain reactive to light until midbrain dysfunction ensues. 
In hepatic encephalopathy, for example, oculocephalic  
eye movements and pupillary reactivity are normal despite 
severe alteration in consciousness. However, in stage IV 
hepatic encephalopathy, cerebral edema and downward her-
niation can cause coma, fixed and dilated pupils, and 
ophthalmoplegia.247,248

SYSTEMIC MEDICATIONS

Opiate intoxication causes pinpoint pupils resembling those 
seen with large pontine lesions. Theoretically in these 
instances the pupils should be reactive to light, but they can 
be so miotic that any constriction is difficult to appreciate, 
even with a magnifying glass.

Poisoning with any substance, such as atropine or a tri-
cyclic antidepressant, with anticholinergic properties may 
cause dilated and fixed pupils. These pupils will not react to 
1% pilocarpine. Glutethimide and barbiturate intoxication 
can also fix the pupils.241

MIGRAINE

A dilated pupil and ipsilateral headache may be alarming 
for both the patient and physician, and certainly in these 
instances a third nerve palsy should be excluded. However, 
transient isolated mydriasis or so-called benign episodic mydria-
sis, with normal vision and pupillary reactivity to light, may 
occasionally accompany migraine headaches (Fig. 13.33).249 
Eyelid or motility disturbances, which might otherwise suggest 
ophthalmoplegic migraine, are absent. The dilated pupil is 
due either to parasympathetic insufficiency of  the iris sphinc-
ter or sympathetic hyperactivity of  the iris dilator.250 In 
unusual cases, the mydriasis can have the clinical and phar-
macologic characteristics of  a tonic pupil,251,252 or be tadpole-
shaped (see later discussion).253

Figure 13.33. Benign episodic mydriasis in migraine. This boy developed 
transient episodes of left unilateral pupillary dilation accompanied by 
ipsilateral headache. Ocular motility, pupillary reactivity, and eyelids 
were normal. The photo was taken by his mother during one such 
episode. 

Several studies suggest that the pupils of  migraineurs may 
be abnormal even in the days following an attack. For 
instance, pupil asymmetry was found to be greater in the 
migraine sufferers than in controls, but there was no cor-
relation with the side of  miotic pupil and of  the head-
ache.254,255 Oculosympathetic defects were suggested by 
observations that migraineurs had smaller pupils than con-
trols256 and that their pupils exhibit dilation lag,254 an inability 
to dilate after instillation of  cocaine254 or tyramine eye 
drops,257 and denervation hypersensitivity.257 Drummond254 
hypothesized that vasodilation or swelling of  the arterial 
wall in the carotid canal could lead to minor oculosympa-
thetic deficits in patients with frequent or severe migraine 
attacks. Slower velocities and lower amplitudes of  constric-
tion, implying parasympathetic dysfunction, have also been 
demonstrated.255,256

The neuro-ophthalmic complications of  migraine are dis-
cussed in more detail in Chapters 12 and 19.

SEIZURES

Presumably because of  diffuse stimulation of  the sympathetic 
system, generalized tonic–clonic seizures may be associated 
with bilateral mydriasis. Ictal unilateral mydriasis may be 
observed ipsilateral or contralateral to a cortical epileptic 
focus.258 Rarely, unilateral pupillary dilation (without other 
signs of  third nerve palsy) may persist for a few hours post-
ictally.259 Ictal miosis has also been described, both bilaterally 
and unilaterally, contralateral to the seizure focus.260,261 
Proposed explanations implicate stimulation or inhibition 
of  cortical centers with parasympathetic or sympathetic 
connections to the eye.260,261

OTHER NEUROMUSCULAR DISEASES

Pupillary abnormalities in neuromuscular junction disorders 
have been described above in the section on unreactive pupils.

Guillain–Barré syndrome and the Miller Fisher variant. 
Pupillary dysfunction is purportedly uncommon in Guillain–
Barré syndrome, but this may reflect insufficient attention to 
the pupils in patients with this syndrome without ophthalmople-
gia.262 Reported patients have had either completely unreactive263 
or tonic264 pupils, and postganglionic parasympathetic as well 
as sympathetic disturbances were felt to be responsible.

In contrast, pupillary abnormalities occur in approximately 
40%265 of  patients with the Miller Fisher variant (ophthal-
moplegia, ataxia, and areflexia). Two of  Fisher’s first three 
patients had pupils that were poorly reactive to light.266 The 
abnormal pupils are most commonly either dilated and fixed 
or exhibit light-near dissociation.267–269 Sympathetic and 
parasympathetic abnormalities have been described.269 Some 
patients267,268 were found to have circulating antibodies to 
GQ1b gangliosides, which may involve the ciliary ganglia. 
These disorders are detailed in Chapter 14.

Other Pupillary Phenomena

WESTPHAL–PILTZ REFLEX

Pupillary constriction in darkness is a normal occurrence 
when individuals close their eyes to go to sleep (Westphal–Piltz 
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IDIOPATHIC ALTERNATING ANISOCORIA

Idiopathic alternating anisocoria is a rare condition in which 
one pupil dilates, then several hours later the pupil returns 
to normal size, but the other pupil dilates.88,280 The cycle can 
occur several times in 1 day. The eyelids and ocular motility 
remain normal, and there are no other neurologic abnor-
malities. The mechanism is unclear.

TADPOLE-SHAPED PUPILS

Rarely, episodic mydriasis with segmental pupillary distortion 
can occur.253,281 This phenomenon develops over minutes, 
is associated with normal constriction to light, and is fre-
quently accompanied by an ache or other abnormal sensa-
tions in the affected eye. Thompson et al.253 coined the 
descriptive term tadpole-shaped pupils and attributed them to 
abnormal segmental spasm of  the iris dilator muscle. Clinical 
settings included ipsilateral Horner syndrome,282,283 tonic 
pupils, and migraine.

SPASM OF THE NEAR REFLEX

In this condition, miosis is associated with convergence, 
accommodation, and pseudo- (induced) myopia.284 It is usually 
indicative of  a functional disorder285 but can occur following 
head trauma.286 The esotropia tends to be variable, and the 
myopia usually resolves after cycloplegia. The miosis upon 
attempted abduction is highly characteristic and may resolve 
upon occlusion of  the fellow eye by disrupting the binocular 
input necessary for convergence.287 Spasm of  the near reflex 
is discussed in more detail in Chapter 15.
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Recent evidence suggests that vertical eye movements and 
lid position are coordinated through the M-group (supra-
oculomotor area or supra III) in the midbrain (Fig. 14.2).3–6 
In upgaze, M-group neurons excite the CCN, causing the 
levator muscles to contract and the eyelids to open. During 
downgaze, neurons from the interstitial nucleus of  Cajal 
(inC) inhibit the M-group neurons and the CCN, resulting 
in levator relaxation and eyelid lowering. The nuclei of  the 
posterior commissure (nPC), which lie dorsolaterally to the 
IIIrd nerve nuclei, may also be important in control of  lid–eye 
coordination. Interconnecting neurons between the nPC on 
each side travel through the posterior commissure in the 
dorsal midbrain. More details regarding the anatomy of  the 
IIIrd nerve are discussed in Chapter 15.

FACIAL NERVE

Supranuclear pathways. The supranuclear neurons des-
tined to innervate the facial nerve nucleus lie in the precentral 
gyrus of  the frontal lobe (Fig. 14.3). Discharges from this 
region initiate voluntary movements to command such as 
smiling or puckering of  the lips. Somatotopically, these supra-
nuclear neurons are located most laterally in the frontal 
cortex just below the representation for the hand. One func-
tional imaging study demonstrated activation of  the right 
primary motor cortex and supplementary motor area during 
voluntary blinking.7

Leaving the precentral gyrus, the axons of  the facial motor 
area coalesce and become part of  the corticobulbar tracts 
that descend through the middle of  the internal capsule on 
their way to the medial part of  the cerebral peduncle. In the 
majority of  individuals, at the level of  the facial nerve nucleus 
in the pons, most of  the supranuclear fibers cross over to 
the opposite side to innervate the facial nucleus.8 However, 
in some individuals, the supranuclear fibers descend into 
the ventral medulla before looping rostrally, then crossing 
to innervate the contralateral facial nucleus.8,9 In either case, 
other corticobulbar fibers mediating ipsilateral upper facial 
function synapse on the ipsilateral facial nerve nucleus, pro-
viding the upper face with innervation from both cerebral 
hemispheres. This unusual anatomic feature explains clas-
sically why supranuclear lesions involving the descending 
motor pathways result in weakness of  the contralateral lower 
face only (Fig. 14.3), although some have questioned this 
concept based on evidence that the sparing of  the upper face 
is not absolute in cortical infarctions.10

Nuclear and infranuclear. The motor nucleus of  the 
facial nerve resides in the lateral midpons.11 Motor axons 
leaving the facial nucleus course dorsomedially toward the 
fourth ventricle to loop around the VIth nerve nucleus, thus 
forming the facial colliculus. After bending around the VIth 

The eyelids protect the eye and help maintain the corneal 
tear film. Ptosis (drooping), retraction (abnormal elevation), 
facial weakness (causing insufficient eyelid closure), abnormal 
blinking (absent or excessive), and other abnormal eyelid 
and facial movements are the most important eyelid and 
facial nerve disorders in neuro-ophthalmology. This chapter 
reviews the relevant neuroanatomy, examination of  the 
eyelids and facial nerve, and differential diagnosis of  these 
and other eyelid abnormalities. At the end of  the chapter, 
diseases that are commonly associated with ptosis or facial 
weakness are discussed.

Neuroanatomy

EYELIDS

Upper eyelid muscles and their innervations. The levator 
palpebrae superioris muscle, with minor contributions from 
Müller’s (superior tarsal) muscle and the frontalis muscles, 
maintains the normal position of  the upper eyelid. The apo-
neurosis of  the levator muscle attaches to the anterior surface 
and the superior edge of  the superior tarsal plate (Fig. 14.1A). 
Both levator muscles are controlled by the central caudal 
nucleus (CCN) of  the oculomotor nuclear complex (cranial 
nerve III) (see Chapter 15). Within the CCN, which is a single 
midline subnucleus, neurons to both levators are intermixed. 
Müller’s muscle is innervated by oculosympathetic neurons 
(see Chapter 13), whereas the frontalis receives fibers from 
the facial nerve (see later discussion). Eyelid position depends 
mainly on the resting tone of  the levator muscles, which 
varies according to the patient’s state of  arousal, with indi-
viduals having wider palpebral fissures when they are alert 
than when they are drowsy. Experimental lesions of  the 
frontal lobes, angular gyrus, and temporal lobes may produce 
ptosis, and experimental stimulation of  areas within frontal, 
temporal, and occipital lobes may produce eyelid opening, 
but the exact nature of  the cortical control of  the eyelids is 
unclear.1 There is some evidence to suggest that the right 
hemisphere may be dominant for this function (see Cerebral 
(or Cortical) Ptosis).

Lower eyelid muscles and their innervations. The 
inferior tarsal muscle (Fig. 14.1B), similar to the superior 
tarsal muscle in the upper lid, is innervated by oculosym-
pathetic neurons (see Chapter 13).

Coordination with vertical eye movements. With only 
some minor differences in speed and conjugacy, the eyelids 
move with the eyes during both slow and rapid vertical eye 
movements.2 The major nonpathologic exception to this 
occurs while the eyelids blink, at which time the levator is 
temporarily inhibited and the orbicularis oculi contracts. 
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Figure 14.1. A. Sagittal section of the upper eyelid. The levator palpebrae superioris muscle attaches to the anterior surface and superior edge of the 
superior tarsal plate.460 B. Sagittal section of the lower eyelid. 

Figure 14.2. Theoretical scheme of lid–eye coordination.5 An area called 
the M-group (M) (supraoculomotor area, or supra III), which is located 
medial to the rostral interstitial nucleus of the medial longitudinal fas-
ciculus (riMLF), appears to be important in lid–eye coordination. This 
region receives input from the riMLF and the interstitial nucleus of Cajal 
(inC). The M-group exerts control over the central caudal nucleus (CCN) 
in the oculomotor nuclear complex (IIIrd nerve). The riMLF may excite 
the M-group during upward saccades to drive the eyelids upward. On 
the other hand, the M-group may be inhibited by the inC during down-
gaze, resulting in relaxation of the eyelids. The nucleus of the posterior 
commissure (nPC) may also be important in control of lid–eye coordina-
tion. Fibers from the inC mediating vertical gaze (see also Fig. 16.18) 
also pass through the posterior commissure before innervating the IIIrd 
and IVth nerve nuclei. Lesions of the posterior commissure may cause 
both vertical gaze paresis and eyelid retraction. 

cortex

VIIth (facial) n.

Figure 14.3. Cortical and subcortical innervation of the facial nerve. 
Axons from the motor strip in the precentral gyrus descend within the 
corticobulbar tracts. Most supranuclear fibers cross to innervate the 
contralateral facial nerve nucleus in the pons. However, some fibers 
destined to innervate the upper face also synapse in the ipsilateral facial 
nucleus. Thus, the upper face is innervated by both hemispheres, which 
explains why supranuclear lesions result in weakness of the lower face 
only. 
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anterior to the vestibuloacoustic nerve. After exiting the 
internal auditory meatus, the facial nerves separate from 
the acoustic nerve to enter their own canal, the fallopian or 
facial canal13 (Fig. 14.6). Here the facial nerve incorporates 
the geniculate ganglion and the first branch of  the facial 
nerve known as the greater superficial petrosal nerve.14 This 
nerve travels forward along the floor of  the middle cranial 
fossa to synapse in the sphenopalatine ganglion. Postgan-
glionic parasympathetic fibers continue forward to innervate 
the lacrimal gland and nasopalatine glands.15

At the level of  the lateral semicircular canal, the nerve to 
the stapedius takes its origin at the proximal portion of  this 
segment while the chorda tympani nerve branches off  more 
distally.13 The chorda tympani nerve is a mixed nerve car-
rying taste fibers from the anterior two-thirds of  the tongue, 
parasympathetic fibers to the submaxillary and sublingual 
glands, and pain and temperature sensation from the external 
auditory meatus.15

Extracranial course. The motor branches of  the facial 
nerve exit the skull base via the stylomastoid foramen. Nerve 
twigs are immediately provided to the posterior auricular, 
posterior belly of  the digastric and stylohyoid muscles. The 
facial nerve then bends again to proceed forward to penetrate 
the posterior aspect of  the parotid gland. Within the substance 
of  the parotid gland, the facial nerve divides into upper and 
lower divisions. These divisions may be further subdivided 
from top to bottom into temporal, zygomatic, buccal, man-
dibular, and cervical branches (see Fig. 14.5). The vast inter-
connections among these branches provide the substrate for 

nerve nucleus the motor fibers extend laterally to exit the 
pons (Fig. 14.4; see also Fig. 15.6). The parasympathetic 
component of  the facial nerve originates from the superior 
salvatory nucleus, which lies just superior to the facial motor 
nucleus. This nucleus supplies the sublingual, submandibular, 
and lacrimal glands and forms one part of  the nervus inter-
medius (Fig. 14.5). The other component of  the nervus 
intermedius is sensory, containing those fibers subserving 
taste to the anterior two-thirds of  the tongue and somatic 
sensation to the external auditory meatus and postauricular 
region. Taste fibers synapse in the nucleus solitarius, while 
those of  somatic sensation terminate in the spinal tract of  
the Vth nerve. Afferents to the facial nucleus are also derived 
from the trigeminal nucleus as part of  the corneal reflex  
and the acoustic pathways as part of  the stapedius reflex, 
in which the eyes blink reflexively to a loud noise (see later 
discussion).

Cerebellopontine angle. At the ventrolateral angle of  
the pons, the facial motor root and the vestibuloacoustic 
nerve exit the brainstem together. Between these two nerves 
lies the nervus intermedius carrying sensory and parasym-
pathetic information. In the cerebellopontine angle, the 
anterior inferior cerebellar artery (AICA) courses between 
the VIIth and VIIIth nerves in its course to supply the lateral 
pons and anterior cerebellum.12 The close proximity of  the 
Vth, VIIth, and VIIIth nerves in the cerebellopontine angle 
explains their involvement in tumors in this region. As the 
facial nerve motor branch enters the internal auditory meatus, 
it is joined to the nervus intermedius and lies superior and 

VIIIth (vestibular) nu.

Vth (trigeminal) nu.

VIIth (facial) n.

VIth (abducens) n.
Figure 14.4. Cross-section of the lower pons, highlighting the proximity of the VIth, VIIth, and VIIIth cranial nerve nuclei (nu.) as well as the pyramidal 
or corticospinal tracts. C, Central tegmental tract; CS, corticospinal tract; ML, medial lemniscus; MLF, medial longitudinal fasciculus; PPRF, paramedian 
pontine reticular formation. 
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Figure 14.5. Facial nerve origin and branches. Fibers from the superior salivatory nucleus, motor nucleus of VII, and nucleus solitarius form the facial 
nerve. Initially, the facial nerve divides into upper and lower segments within the parotid gland. The facial nerve then divides to form the temporal, 
zygomatic, buccal, mandibular, and cervical branches. 
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Figure 14.6. Intracanalicular facial nerve. Within the facial canal the nerve is divided into three segments: labyrinthine, tympanic, and mastoid. (From 
Handler LF, Galetta SL, Wulc AE, et al. Facial paralysis: diagnosis and management. In: Bosniak S. (ed). Principles and Practice of Ophthalmic Plastic and Recon-
structive Surgery, p 468. Philadelphia, WB Saunders, 1996, with permission).
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closure; (2) the thin palpebral and pretarsal portions, for 
closing the eyelids lightly (see Figs. 14.1 and 14.7); and (3) 
the lacrimal part, which pulls the eyelids and lacrimal puncta 
medially to aid tear flow.16

History and Examination

When a patient complains of  eyelid drooping, historical details 
such as duration, acuteness of  symptoms, presence of  eye 
pain, pupillary abnormalities, or diplopia are important con-
siderations in making the diagnosis. Qualities such as fatigu-
ability and associated dysarthria or swallowing or breathing 
difficulty may suggest underlying myasthenia gravis. Patients 
with eyelid retraction should be asked about symptoms such 
as temperature intolerance, tachycardia, or proptosis, which 
might indicate underlying thyroid-associated ophthalmopathy. 
Headache or difficulty with upgaze, consistent with a dorsal 
midbrain syndrome, should be queried. Individuals with facial 
palsy should be asked about medical conditions, such as 
diabetes, hypertension, sarcoidosis, Lyme disease, or preg-
nancy, which may predispose them to acquired VIIth nerve 
injury. In patients with abnormal blinking or facial move-
ments, historical evidence of  basal ganglia diseases, old Bell’s 
palsy, or multiple sclerosis, for example, should be investigated. 
A history consistent with allergies, photophobia, dry eye, or 

aberrant regeneration to ensue after facial palsy (see later 
discussion).14

Vascular supply. From the brainstem to the internal 
auditory meatus, the facial nerve derives its blood supply 
from the anterior inferior cerebellar artery (AICA). The laby-
rinthine artery, a branch of  the AICA, supplies the nerve in 
the internal auditory meatus. More distally, the petrosal 
branch of  the middle meningeal artery enters the facial canal 
at the level of  the geniculate ganglion and supplies blood to 
the tympanic portion of  the nerve (see Fig. 14.6). Anasto-
motic connections are made to the tympanic region by the 
stylomastoid artery, which extends up the vertically oriented 
mastoid segment. The weakest link in the arterial supply to 
the facial nerve is just proximal to the geniculate ganglion, 
and this region represents the most likely site for ischemic 
injury to the nerve.

Muscles innervated by the facial nerve. All the muscles 
of  facial expression are supplied by the facial nerve (Fig. 
14.7).16 The major muscles are the frontalis, which lifts the 
eyebrows; the orbicularis oculi, which closes the eyelids; the 
orbicularis oris, which closes the mouth and purses the lips; 
and the zygomaticus major, which lifts the angle of  the mouth 
upward. The orbicularis oculi acts to close the eye and is 
organized in concentric circles around the orbital margin 
and the eyelids. There are three major parts of  the orbicularis 
oculi: (1) the thick orbital part, for the most vigorous eyelid 

Preseptal part

Platysma

Risorius
Orbicularis oris

Orbicularis
oculi

Depressor anguli oris

Depressor labii inferioris

Zygomaticus minor

Levator labii superioris

Zygomaticus major

Levator labii
superioris alaeque nasi

Orbital part

Pretarsal part

Epicranial aponeurosis

Frontal belly of
occipitofrontalis

Procerus

Frontal belly of
occipitofrontalis (cut)

Masseter (*)

Zygomaticus minor
and major (cut)

Corrugator supercilii

Nasalis

Levator labii
superioris (cut)

Temporalis (*)

Buccinator

Levator anguli oris

Platysma (cut)

Mentalis

Figure 14.7. Muscles of the face, all of which are innervated by the facial nerve except those marked with an asterisk. 
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Figure 14.8. A. Pseudoretraction of the right upper eyelid associated 
with ptosis of the left upper eyelid in ocular myasthenia gravis. This 
is a consequence of Hering’s Law. Note how the eyebrows are elevated, 
indicating frontalis contraction as the patient attempts to keep the 
eyelids open. B. When the ptotic eyelid is elevated manually, the 
pseudoretracted lid falls. Note the eyebrows have relaxed. C. After 
intravenous administration of edrophonium, the left ptosis and right 
pseudoretraction resolve. 

Figure 14.9. Enhanced ptosis in myasthenia gravis. A. Bilateral ptosis and exotropia. B. When a ptotic eyelid is manually elevated, the contralaterally 
retracted eyelid droops as a consequence of Hering’s Law. 

BA

corneal damage may suggest an ocular cause of  excessive 
eyelid closure.

Eyelid and facial nerve examination techniques. These 
are detailed in Chapter 2. However, some important guidelines 
are discussed here. The eyelids and facial nerve should first 
be observed at rest. Eyelid position in relationship to the 
limbus and corneal light reflection should be noted and the 
palpebral fissures measured. The position of  the nasolabial 
fold and the nostrils should be evaluated, because the naso-
labial fold may disappear or be displaced in facial palsy, and 
the nostril may be ptotic or decreased circumferentially. 
Levator and orbicularis oculi function should be assessed. 
Facial nerve function can be tested by having the patient lift 
the eyebrows, close the eyelids, and smile.

Eyelid fatigue, curtaining, and lid twitch should be tested 
for if  the eyelid is ptotic. Although these signs are suggestive 
of  myasthenia gravis, they are not specific for the disease 
(Video 14.1).17 Hering’s Law of  equal innervation, referring 
to the yoking of  agonist muscles, applies to both levator 

muscles. Thus ptosis on one side may be accompanied by lid 
retraction on the other due to the excess tone required to 
keep the ptotic lid open (Fig. 14.8A). This is the case especially 
if  the ptotic eye is the dominant and fixating one. In addition, 
if  the ptotic eyelid is manually elevated, the retracted eyelid 
of  the fellow eye drops (curtaining) (Fig. 14.8B). Similarly, 
when the ptosis is bilateral, if  either eyelid is manually ele-
vated, the ptosis on the other side worsens (enhanced ptosis) 
(Fig. 14.9). Hering’s Law applies to ptosis caused by neuro-
muscular junction deficits as well as to ptosis resulting from 
oculomotor and other more proximal lesions.18,19 Conversely, 
there may be pseudoptosis associated with contralateral 
pathologic eyelid retraction (Fig. 14.10).

The position of  the involved eye’s eyebrow compared with 
that of  the other eye may help differentiate between ptosis  
or spasm, both of  which can reduce the width of  a palpebral 
fissure. Because the frontalis muscle is usually contracted to 
elevate the eyelid to compensate for ptosis, the ipsilateral eyebrow 
in ptosis is typically elevated. In contrast, in blepharospasm, 
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ganglion cells or stimulation of  trigeminal nociceptive path-
ways, with cortical modulation.20,29 In the acoustic blink 
reflex, the eyes blink reflexively to a loud noise.

Ptosis

APPROACH

The etiologies of  ptosis should be considered according to 
age (congenital vs acquired in adulthood), abruptness of  
onset, the appearance of  the eyelid, the severity of  the ptosis, 
pupillary findings, and accompanying neurologic signs.30 
Acquired, painless ptosis of  sudden onset strongly suggests 
a neurologic cause such as Horner syndrome or IIIrd nerve 
palsy, especially in unilateral cases with pupillary involve-
ment. Gradually progressive bilateral ptosis would be more 
consistent with a myopathic or neuromuscular junction 
disorder. Nonneurologic causes of  ptosis, such as levator 
dehiscence, are more common than the etiologies listed above, 
and these disorders should be suspected in isolated cases. In 
addition, ptosis may be suspected incorrectly when, in fact, 
the upper eyelid of  the other eye is pathologically retracted. 
When the ptosis is severe, a IIIrd nerve palsy or myasthenia 
gravis are the more likely etiologies, as the lid droop of  a 
Horner syndrome, for instance, is quite mild.

Measurement of  levator palpebrae superioris function is 
also frequently helpful in narrowing the differential diagnosis 
(see Fig. 2.22). Ptosis produced by levator dehiscence and 
Horner syndrome is usually associated with normal levator 
function. In contrast, levator function is reduced in ptosis 
associated with myasthenia gravis, congenital ptosis, IIIrd 
nerve palsies, and myopathic conditions.

A detailed differential diagnosis of  ptosis is outlined in 
Box 14.1,31 but this section will concentrate on the most 
common causes.

CONGENITAL

Isolated and with elevator palsy. Isolated, nonprogressive 
ptosis in a neonate or child is usually due to congenital mal-
development of  the levator palpebrae or its tendon. This also 
causes incomplete lowering of  the eyelid in downgaze, result-
ing in lid lag (Fig. 14.11). The upper eyelid crease is typically 
shallow or absent. Commonly the involved eye has superior 
rectus or complete elevator palsy, and if  both eyes are ptotic, 
neither eye may have normal upgaze. This frequent associa-
tion between the eyelid and motility deficit has been attributed 
to a common embryologic origin of  and insult to the levator 
palpebrae and superior rectus muscles.32 Some studies have 
demonstrated myopathic or dysgenetic features in the levator 
muscle.33 Alternatively, a neurogenic cause such as a partial 
third nerve palsy has been proposed.34 Familial cases have 
been reported.35

Marcus Gunn jaw-winking. Patients with Marcus Gunn 
jaw-winking have a ptotic eyelid, which retracts during con-
traction of  the external pterygoid muscle (e.g., nursing, 
chewing, mouth opening, or moving the jaw forward or side 
to side), presumably from anomalous innervation of  the 
levator by the trigeminal nucleus (trigemino-oculomotor 
synkinesis; Videos 14.2 and 14.3). Cases are usually unilat-
eral, but rarely patients are bilaterally affected. We have seen 

the ipsilateral eyebrow is typically lower, because the frontalis 
is relaxed and the orbicularis oculi is contracted.

The pupils and eye movements should also be observed 
due to the shared innervation of  the eyelid, pupillary, and 
extraocular muscles. Examination techniques are detailed 
in Chapter 2. In facial palsies, the ear should be examined 
for the presence of  vesicles indicative of  herpetic disease. 
When there are involuntary facial movements, the presence 
of  subtle facial weakness or movements of  other head and 
neck structures should be excluded. As suggested previously, 
corneal abrasion or ulceration, iritis with photophobia, 
blepharitis, and dry eye should be ruled out in patients with 
excessive blinking. The tarsal conjunctiva should be examined 
in all patients with ptosis and ocular irritation.

Physiologic blink reflexes. In the corneal blink reflex, 
bilateral eyelid closure is elicited by stimulating either cornea. 
This can be accomplished by touching the cornea with a 
wisp of  cotton or by instilling an eye drop. The ophthalmic 
division of  the trigeminal nerve (V1) is the afferent limb of  
this reflex, with first-order neurons synapsing primarily in 
the chief  sensory nucleus within the pontine tegmentum. 
Second-order neurons project from the chief  sensory nucleus 
to both facial nerve nuclei.20 There is a dose-response rate 
between the magnitude of  corneal stimulation and blink 
latency.21 Tactile stimulation of  the eyelids or eyelashes or 
tapping the forehead (glabellar reflex), which also elicit bilat-
eral eyelid closure, are likely mediated by the same pathway.22 
These reflexes normally habituate with repetitive stimula-
tion.23 In the corneomandibular reflex, corneal stimulation 
elicits a bilateral eyelid blink and a brisk anterolateral jaw 
movement (palpebromandibular synkinesia).24

The reflex blink to visual threat, useful for evaluating visual 
fields in young children or uncooperative adults, can be elic-
ited by a threatening gesture such as a menacing hand. Care 
should be taken not to push air onto the cornea, thereby 
provoking a corneal blink reflex. The reflex blink to visual 
threat requires an intact afferent visual pathway and occipital 
lobe as well as parietal and frontal lobe areas which mediate 
visual attention.25 The reflex is likely a learned one, as infants 
younger than 2–4 months of  age may not exhibit it.26 Patients 
in a vegetative state may have an intact blink to visual threat,27 
so it is not clear whether consciousness is necessary for an 
intact response.

Other normal blink reflexes include blinking to sudden 
bright light or dazzle, which is entirely brainstem mediated.28 
The afferent limb may be transmitted by either retinal 

Figure 14.10. Pseudoptosis of the right upper eyelid associated with 
pathologic upper eyelid retraction of the left upper eyelid in thyroid 
associated ophthalmopathy. This is a consequence of Hering’s Law. 
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ACQUIRED

Myopathic. Patients with myopathic ptosis often give a long 
history of  droopy lids. Occasionally the ptosis will be the 
only manifestation of  a myopathic condition. However, many 
patients have other neurologic signs. These patients often 
have levator function between 5 and 11 mm. Important 
myogenic causes of  ptosis include the mitochondrial disorders 
chronic progressive external ophthalmoplegia (CPEO) and 
Kearns–Sayre syndrome (KSS), myotonic dystrophy, and 
oculopharyngeal dystrophy. These entities are discussed in 
detail at the end of  this chapter.

Neuromuscular junction. Fatigable or variable unilateral 
or bilateral ptosis suggests a disorder of  neuromuscular 
transmission, such as myasthenia gravis, Lambert–Eaton 
myasthenic syndrome (LEMS), and botulism. These are also 
discussed in detail at the end of  this chapter.

bilateral involvement where one eyelid was retracted and 
the other ptotic, and this pattern alternated when the child 
sucked a pacifier (Fig. 14.12). Associated ophthalmologic 
abnormalities include amblyopia, superior rectus weakness, 
double elevator palsy, and anisometropia.36,37 Eyelid surgery 
can be considered when the jaw-winking or ptosis creates 
a functional or cosmetic problem.38,39

Other congenital causes. Neurofibromas (Fig. 14.13) 
and lid tumors such as hemangiomas should also be suspected 
in children with ptosis. Usually there is a palpable upper 
eyelid mass in these cases. Congenital oculomotor palsies 
(see Chapter 15), Horner syndrome (see Chapter 13), and 
congenital fibrosis syndromes (see Chapter 15) should also 
be considered in this age group. Ptosis in the pediatric popu-
lation can be associated with strabismus or neurologic disease, 
so care must be taken to screen for these in any child pre-
senting for evaluation of  ptosis.40

Box 14.1 Differential Diagnosis of Ptosis31

Congenital

Isolated
With double elevator palsy
Anomalous synkineses (including Marcus Gunn jaw-winking)
Lid or orbital tumors (hemangioma, dermoid)
Birth trauma (IIIrd nerve palsy, Horner syndrome)
Neurofibromatosis (neurofibroma)
Neonatal myasthenia (transient)
Congenital fibrosis syndrome

Acquired

Myogenic

Chronic progressive external ophthalmoplegia (CPEO)
Kearns–Sayre syndrome (CPEO “plus”)
Myotonic dystrophy
Oculopharyngeal dystrophy

Disorder of Neuromuscular Transmission

Myasthenia gravis
Lambert–Eaton syndrome
Botulism

Neurogenic

Horner syndrome
Oculomotor nerve palsy
“Cortical” ptosis

Obtundation, drowsiness, coma
Apraxia of eyelid opening

Mechanical

Inflammatory (edema, allergy, chalazion, hordeolum, blepharitis, 
conjunctivitis)

Cicatricial
Tumor (lid, orbit)
Blepharochalasis

Levator Dehiscence-Disinsertion Syndrome

Aging
Inflammation (ocular, lids, orbit)
Surgery (ocular, orbital, postcataract)
Trauma
Contact lens use

Pseudoptosis

Dermatochalasis
Duane’s retraction syndrome
Microphthalmos/phthisis bulbi
Enophthalmos
Pathologic lid retraction of the opposite eye
Chronic (old) Bell’s palsy
Voluntary blepharospasm
Hypotropia
Hysteria

BA

Figure 14.11. Congenital left ptosis characterized by a droopy eyelid (A), which incompletely lowers in downgaze (B). 
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adducts implies aberrant regeneration of  the eyelid. This 
levator synkinesis phenomenon is discussed in more detail in  
Chapter 15.

Horner syndrome. Mild unilateral ptosis with normal levator 
function, accompanied by miosis and pupillary dilation lag 
in the dark, implies Horner syndrome (see Chapter 13). The 
ptosis never completely covers the eye in Horner syndrome. 
The lower eyelid may be elevated in so-called lower eyelid 
ptosis. The small palpebral fissure due to the combination of  
the upper and lower eyelid ptosis gives the eye a pseudoen-
ophthalmic appearance.

Cerebral (or cortical) ptosis. A unilateral cerebral hemispheric 
lesion may uncommonly cause unilateral or bilateral ptosis 
without IIIrd nerve or sympathetic involvement or apraxia 
(see later discussion).1,43 The side of  the unilateral ptosis or 
the lower lid in bilateral cases can be either ipsilateral or 
contralateral to the lesion. The ptosis is usually transient, 
lasting only for a few days. In a series of  13 patients with 
bilateral cerebral ptosis, all patients had an acute right fron-
totemporoparietal lobe lesion and conjugate gaze deviation 
to the right.44 Three other patients with right-sided lesions 
were reported who had bilateral ptosis and upgaze palsy.45 
These and other similar observations46,47 suggest some supra-
nuclear cortical control of  the levator muscles, perhaps with 
right hemispheric dominance.

Apraxia of  eyelid opening. Nonparalytic, deficient voluntary 
eyelid elevation (apraxia of  eyelid opening) can mimic levator 
paralysis until the patient opens the eyes without ptosis after 
a sudden command or stimulation.48 Patients contract their 

Neuropathic. IIIrd nerve palsy. Prominent unilateral ptosis 
with decreased levator function, adduction, elevation, and 
depression deficits, with or without pupillary mydriasis, sug-
gests an infranuclear IIIrd nerve palsy (see Chapter 15). A 
posterior communicating aneurysm manifesting as unilateral 
ptosis in isolation is rare.41 A unilateral nuclear oculomotor 
lesion often causes bilateral ptosis (nuclear ptosis), worse 
ipsilaterally, ipsilateral IIIrd nerve dysfunction, and contra-
lateral superior rectus weakness due to the arrangement of  
the subnuclei within the midbrain (see Chapter 15).42

In the setting of  a resolved IIIrd nerve palsy, a ptotic 
eyelid which elevates (retracts) when the eye infraducts or 

BA

Figure 14.12. Bilateral Marcus Gunn jaw-winking phenomenon. A. This baby had left ptosis with the mouth open. B. When she sucked on a pacifier, 
the left ptosis alternated with right ptosis. 

Figure 14.13. S-shaped left ptosis due to an eyelid neurofibroma in 
neurofibromatosis type 1. 
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upper eyelid crease is often high (further from the eyelid 
margin) or indistinct, and levator function is relatively pre-
served (Fig. 14.14). In younger and middle-aged patients, 
the most common etiology of  levator dehiscence is eyelid 
manipulation in association with contact lens wear,69 more 
often with hard rather than soft lenses. Eyelid manipulation 
during lens removal is thought to cause or exacerbate the 
disinsertion, but pathologic studies have also shown fibrosis 
of  Müller’s muscle.70 Other important causes of  levator 
dehiscence include trauma, ocular surgery (such as cataract 
or orbital surgery), allergies, and eyelid edema.

Pseudoptosis. Disorders in this group are characterized 
by an eyelid that falsely appears to be drooping and therefore 
mimics ptosis. The various causes are listed in Box 14.1, but 
the most important ones include contralateral lid retraction 
and ipsilateral eyelid relaxation secondary to Hering’s Law 
(see Fig. 14.10), enophthalmos, hypotropia, and dermato-
chalasis, the hanging of  skin over the eyelid due to loss of  
skin elasticity, and orbital fat herniation.

TREATMENT

Other than treating the primary cause, ptosis can be managed 
by taping the eyelids open or with eyelid “crutches” attached 
to eyeglasses. Most patients find the latter uncomfortable. 
Surgical management of  ptosis is more effective in chronic 
cases, and popular procedures include shortening of  the 
levator muscle or aponeurosis, Müller’s muscle resection, 
and frontalis suspension.

Eyelid Retraction

In primary gaze, the upper eyelid normally reaches just below 
the limbus. Eyelid retraction is diagnosed if  there is sclera 
showing between the lower edge of  the upper or lower eyelid 
and the upper or lower limbus. Box 14.2 lists a differential 
diagnosis of  eyelid retraction.71,72 The three most important 
neuro-ophthalmic causes of  eyelid retraction are thyroid-
associated ophthalmopathy, dorsal midbrain lesions, and 
contralateral ptosis. This section discusses the first two. Eyelid 
retraction due to contralateral ptosis is a consequence of  
Hering’s Law and has already been discussed. Based on this 

frontalis muscles while attempting to open their eyes. No 
ocular myopathy or sympathetic dysfunction is present.49 
This disorder should be distinguished from blepharospasm, 
which often accompanies it.50,51 In blepharospasm (see the 
section Facial Nerve) there is obvious contraction of  the 
orbicularis oculi, which does not visibly occur in apraxia of  
eyelid opening. However, in some patients with apraxia of  
eyelid opening, there may be electromyographically demon-
strable (but not visible) orbicularis oculi contractions of  the 
pretarsal portion during attempted eyelid opening.52

Apraxia of  eyelid opening occurs insidiously in association 
with extrapyramidal disorders such as progressive supra-
nuclear palsy (PSP) (Video 14.4),53 Parkinson’s disease (PD), 
Shy–Drager syndrome,49 Huntington disease,48 and Wilson 
disease. Rarely this disorder can be seen in association with 
subthalamic nucleus deep brain stimulation for Parkinson’s 
disease54 and paraneoplastic anti-Ma55 and anti-Hu56 encepha-
litides, acutely with dominant57 and nondominant58 hemi-
spheric lesions, bifrontal lobe disease,59 and chronically with 
amyotrophic lateral sclerosis.60 Benign, idiopathic forms have 
been reported.61 The exact lesions responsible for apraxia of  
eyelid opening are uncertain, and there are likely multiple 
pathways involved.62

In patients with pyramidal and extrapyramidal diseases, 
some authors have questioned the use of  the term apraxia, 
which should be used only in the context of  intact motor 
systems. Therefore, a more appropriate term such as “invol-
untary levator palpebrae inhibition of  supranuclear origin” 
has been suggested.49 Others have termed it an eyelid dys-
tonia,63 particularly if  abnormal orbicularis oculi contraction 
is implicated.64

Botulinum injections into the pretarsal portion of  the 
orbicularis oculi are sometimes recommended,65 based upon 
the motor persistence of  this muscle alluded to previously.52 
Levodopa has been used in some isolated cases.66,67 Upper 
eyelid myectomy has been performed in patients with blepha-
rospasm with associated apraxia of  eyelid opening refractory 
to botulinum toxin treatment.68

Levator dehiscence-disinsertion syndrome (aponeu-
rotic ptosis). This is the most common cause of  acquired 
ptosis in adults. In many elderly patients the aponeurosis of  
the levator muscle may spontaneously dehisce or disinsert 
from the tarsal plate of  the upper eyelid (Fig. 14.1A). The 

BA

Figure 14.14. Levator dehiscence–disinsertion syndrome (aponeurotic ptosis). A. Ptosis of the right upper eyelid with a high upper eyelid crease 
(arrow). B. Relative preservation of right levator function. 
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(2) sympathetic overdrive and overaction of  Müller’s muscle; 
(3) proptosis; and (4) secondary upper eyelid retraction due 
to a restricted inferior rectus and limited upgaze have all 
been proposed as contributory factors.73 Retraction is often 
accompanied by lid lag (von Graefe’s sign), in which the 
upper eyelid fails or is slow to follow the eye in downgaze 
(Fig. 14.15B).74 In thyroid-associated ophthalmopathy, the 
etiology of  lid lag is likely related to the causes of  the lid 
retraction. The lower lid is also frequently retracted.

Exposure keratopathy and dry eye can complicate thyroid-
related lid retraction and lag, especially in individuals with 
infrequent blinking. Artificial tears are usually sufficient, 
but some thyroid patients with lid retraction require surgical 
levator recession or division, aponeurosis division, or excision 
of  Müller’s muscle.75

Further details regarding the features, diagnosis, and 
management of  thyroid-associated ophthalmopathy are 
discussed in Chapter 18.

PRETECTAL EYELID RETRACTION  
(COLLIER’S SIGN)

Eyelid retraction may be a prominent sign in pretectal (or 
Parinaud or dorsal midbrain) syndrome. The patients have 
a characteristic stare (Fig. 14.16), often accompanied by 
upgaze paresis. The lid retraction is typically symmetric, 
except in the plus–minus lid syndrome (see later discussion). 
Also, it usually is exacerbated on attempted upgaze, and 
normally the lids relax on downgaze. However, in some 
exceptional instances there is lid lag in downgaze (see later 
discussion).

The other elements of  the pretectal syndrome, which 
include supranuclear vertical gaze paresis (Chapter 16), 
pupillary light-near dissociation (Chapter 13), and conver-
gence retraction nystagmus (Chapter 17), are discussed 
elsewhere.

Because the lid retraction typically occurs in patients with 
upgaze paresis, some authors have attributed the finding to 
combined excess superior rectus innervation and levator 
activity.76 However, Schmidtke and Büttner-Ennever3 postu-
lated that neurogenic lid retraction can result either from a 
unilateral lesion of  the nPC or from interruption of  the pos-
terior commissure, both of  which would result in decreased 
inhibition of  levator neurons in the CCN (see Fig. 14.2).

Eyelid lag in downgaze. As described earlier in this 
chapter, eyelid position is normally coordinated with vertical 

relatively small differential diagnosis, we recommend that 
any patient with acquired eyelid retraction without contra-
lateral ptosis or known thyroid disease undergo thyroid func-
tion testing (TFT). If  the thyroid workup is unrevealing, or 
if  there is a history of  headache, blurred vision, or ataxia, 
and there are other signs of  dorsal midbrain disease, then 
neuroimaging of  the brain is warranted.

THYROID-ASSOCIATED OPHTHALMOPATHY

Upper eyelid retraction may be the only ocular abnormality 
in these patients. The retraction can either be unilateral or 
bilateral (Fig. 14.15A). The eyelid tends to more retracted 
temporally than medially. The exact mechanism of  the eyelid 
retraction is unclear, but (1) fibrous contraction, thickening, 
shortening, or hyperactivity of  the levator palpebrae muscle; 

Box 14.2 Differential Diagnosis of Eyelid 
Retraction72

Neurogenic

Dorsal midbrain syndrome
Collier’s eyelid retraction
Eyelid lag in downgaze

Contralateral ptosis
Marcus Gunn jaw-winking
Aberrant regeneration of the IIIrd nerve
Ocular neuromyotonia
IIIrd nerve palsy with cyclic spasms
Facial nerve paresis
Eyelid nystagmus
Extrapyramidal disease
Ipsilateral superior rectus weakness and enhanced innervation to 

the superior rectus/levator complex
Hypokalemic and hyperkalemic periodic paralysis

Myogenic

Thyroid-associated ophthalmopathy (Graves)
Congenital

Mechanical

Proptosis
Axial myopia
Ocular or orbital surgery
Eyelid scarring

BA

Figure 14.15. Eyelid retraction (A) and lid lag (B)—the lids fail to relax in downgaze—related to thyroid-associated ophthalmopathy. Note the char-
acteristic upper and lower eyelid swelling and conjunctival injection. 
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retraction (plus–minus lid syndrome) (Fig. 14.18).80 The 
ipsilateral lid retraction is masked by the infranuclear IIIrd 
nerve palsy. This eyelid pattern of  ptosis and contralateral 
lid retraction can be mimicked in an individual with ptosis 
who fixates with the ptotic eye, thereby increasing the inner-
vation to both levators (Hering’s Law). In this case manual 
elevation of  the ptotic eyelid would eliminate the contralateral 
lid retraction. It may also be seen in a patient with ptosis 
and contralateral superior rectus weakness who is fixating 
with the nonptotic eye and increasing the innervation to 
the levator–superior rectus complex. This possibility can be 
investigated by covering the fixating nonptotic eye.

MISCELLANEOUS CAUSES

Eyelid retraction in association with Marcus Gunn jaw-
winking and aberrant regeneration of  the IIIrd nerve with 
levator synkinesis have already been mentioned in the section 
on ptosis. Other neuro-ophthalmic causes include extrapy-
ramidal diseases, neuromyotonia, and oculomotor paresis 
with cyclic spasm81 (see Chapter 15). Mechanistic etiologies 
such as proptosis, axial myopia, eyelid scarring, and ocular 
or orbital surgery (such as overcorrection of  ptosis) should 
be considered. A congenital, idiopathic variety has also been 
described.82

Facial Weakness

Although idiopathic Bell’s palsy is a common cause of  facial 
weakness, it is important to explore the differential diagnosis 
of  facial palsies. This was emphasized in a study by Hohman,83 
in which only 38% of  patients in a facial nerve referral prac-
tice had Bell’s palsy. Other supranuclear, nuclear, infranuclear, 
and neuromuscular causes of  facial weakness must be con-
sidered, as Bell’s palsy is a diagnosis of  exclusion.

APPROACH

When weakness of  the face is present, determining whether 
the palsy is central or peripheral is the first important diag-
nostic consideration. Asking the patient to look up or raise 
the eyebrows causes contraction of  the frontalis muscle. If  
frontalis function is intact, a central palsy is likely, while 
impaired frontalis contraction suggests a peripheral cause 
(Fig. 14.19 and Videos 14.5 and 14.6; see also Fig. 14.3).

eye movements so that in upgaze the eyelids elevate, and in 
downgaze the eyelids typically relax and fall. In dorsal mid-
brain lesions, this relationship can be disrupted, causing the 
eyelids to remain elevated while the eyes infraduct.77 Dramatic 
examples include the setting-sun sign (tonic downward eye 
deviation with lid retraction) in infants with hydrocephalus, 
thalamic hemorrhage (see Chapter 16), and rare comatose 
patients with phasic vertical eye movements and persistent 
eyelid elevation.78 Lid lag in some instances may be difficult 
to detect because patients with pretectal dysfunction may 
have downgaze paralysis early in their course that precludes 
the ability to detect lid lag.

Although lid lag and lid retraction in such instances may 
share the same mechanism, patients have been observed 
who do not have lid retraction in primary gaze but have lid 
lag in downgaze (Fig. 14.17).79 This suggests there may be 
separate central mechanisms for these eyelid abnormalities. 
One possible lesion for lid lag without retraction involves the 
inhibitory connections from the supranuclear downgaze 
centers to the central caudal nucleus, most likely involving 
the M-group neurons (see Fig. 14.2).

Plus–minus eyelid syndrome. A unilateral lesion involv-
ing nPC and the oculomotor fascicle would produce an ipsi-
lateral IIIrd nerve palsy with ptosis and contralateral lid 

Figure 14.16. Eyelid retraction due to dorsal midbrain astrocytoma 
(Collier’s sign). 

BA

Figure 14.17. Child with pineal region germinoma and supranuclear upgaze paresis with normal lid position in primary gaze (A) but lid lag in down-
gaze (B). 



14 • Eyelid and Facial Nerve Disorders 461

CENTRAL

Supranuclear. Supranuclear cortex and internal capsule 
lesions that produce lower facial weakness are usually associ-
ated with weakness of  the ipsilateral arm. Since the facial 
nucleus also receives input from the basal ganglia region 
there may be a dissociation of  voluntary and spontaneous 
facial movements. Thus, patients with lower facial weakness 
resulting from corticobulbar tract dysfunction typically show 
better facial movement when told a joke than when simply 
asked to smile.85 On the other hand, pontine, thalamic, basal 
ganglia, dorsal midbrain, and supplementary motor area 
lesions may lead to normal voluntary smiling but defective 
contralateral facial nerve function during reflex (emotional) 
smiling.86,87

A supranuclear paralysis of  voluntary eyelid closure has 
been described in bilateral frontal strokes,88 presumed 

The clinical setting and accompanying signs then aid in 
refining the localization and determining the exact etiology. 
For example, nuclear facial nerve palsies are usually associ-
ated with other pontine disturbances. Also, peripheral facial 
nerve palsies are frequently accompanied by defective taste 
and tearing as well as hyperacusis. Furthermore, synkinesis 
or misdirection phenomenon (see next section), are late 
sequelae of  peripheral rather than central facial palsies. In 
addition, idiopathic Bell’s palsy rarely may affect both sides 
of  the face, but acquired bilateral facial weakness should 
alert the examiner to the possibility of  Lyme disease, sar-
coidosis, carcinomatous meningitis, Guillain–Barré syndrome 
(GBS), and myasthenia gravis.84 Congenital causes of  bilateral 
facial weakness include Möbius syndrome and myotonic 
dystrophy.

The remainder of  this section highlights some of  the 
important causes of  facial weakness, grouped by localization.

C

B

A

Figure 14.18. Plus–minus lid syndrome. A. Complete left ptosis from 
IIIrd nerve palsy and contralateral eyelid retraction. The right eye is 
moderately hypotropic. B,C. T2-weighted axial magnetic resonance 
imaging showing high signal abnormality involving the region of the 
left IIIrd nerve fascicle (arrow) (B) and, more rostrally, the region of 
the nucleus of posterior commissure (arrow) (C). 
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Figure 14.19. Idiopathic right peripheral facial palsy. A. At rest, the patient exhibits facial asymmetry, particularly of the right lower face. When asked 
to lift the eyebrows (B), smile (C), or close the eyelids (D), weakness on the right is seen. 
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with intact vertical eye movements occurred in 43%, 26% 
had bilateral horizontal gaze palsy with variable vertical 
limitations, 10% had full ocular motility (therefore not 
meeting diagnostic criteria for Möbius syndrome), and 5% 
had isolated abduction deficits. Similar classifications have 
been suggested by others.94 Parents may not notice the facial 
weakness if  it is subtle, and often the child is brought to 
medical attention solely because of  an esotropia. When the 
disorder involves only ocular motility and the upper face, 
the major issues—strabismus surgery, amblyopia, corneal 
surface protection, and cosmesis—can be handled primarily 
by ophthalmologists and plastic surgeons. However, lower 
facial weakness may complicate an infant’s ability to suck 
a bottle or nipple. Less commonly, lower cranial nerves, such 
as IX, X, and XII, are involved, causing dysphagia, arrhyth-
mias, and aspiration, for instance.95 The majority of  patients 
have orofacial anomalies other than facial weakness.96 In 
such cases the disorder can be associated with much higher 
morbidity and mortality rates, including a need for tube 
feeding or tracheostomy.97,98 Pectoralis muscle defects and 
limb malformations (e.g., Poland anomaly) are also frequently 
associated with Möbius syndrome.99

No single theory can satisfactorily explain all cases of  
Möbius syndrome, as the disorder is usually sporadic and 
likely has many possible causes and localizations.100–102 In 
one subset of  patients, electrophysiologic studies103 have 
suggested and pathologic studies104–106 have demonstrated 
aplasia or hypoplasia of  cranial nerve nuclei. The cause in 
this group may be a genetically determined disruption in 
the formation of  cranial nuclei or nerves similar to the other 
congenital cranial dysinnervation syndromes. The cause may 
also be toxic insult, as is seen with maternal misoprostol 
use. This synthetic prostaglandin analog, used to induce 
abortions and to prevent and treat gastrointestinal ulcers, 
is associated with an increased risk of  Möbius syndrome in 
infants of  mothers taking the drug.107–110 In a second group, 
abnormal peripheral portions of  the cranial nerves are sus-
pected.102 In the third subset, more widespread destruction 
of  the brainstem has been suggested radiologically and neu-
ropathologically.98 Neuroimaging in this group can demon-
strate brainstem hypoplasia111 and calcification,112 and 
brainstem atrophy and mineralized necrotic foci have been 
found histopathologically.113 These studies support the notion 
that Möbius syndrome in some cases could be the result of  
in utero brainstem vascular insufficiency. Alternatively, a 
more widespread syndrome of  rhombencephalic maldevelop-
ment has been theorized.114–116

Uncommonly the disorder is inherited. One family harbored 
a defective gene in chromosome 3q.117 There is a growing 
list of  gene mutations associated with isolated cases of  atypi-
cal forms of  Möbius syndrome. Some of  these are genes are 
clearly associated with other congenital cranial dysinnerva-
tion disorders such as Duane’s retraction syndrome and 
congenital fibrosis syndromes, often with phenotypes that 
overlap with that of  Möbius syndrome.118 However, prospec-
tive studies have not found these mutations to be common 
in patients with Möbius syndrome.96

Fascicular. In the pons, the VIIth nerve fascicle may be 
disrupted dorsally in the facial colliculus syndrome (see Fig. 
16.5), which is characterized by an ipsilateral “peripheral” 
facial palsy and conjugate gaze paresis.119 Facial weakness 
in combination with ipsilateral deafness, facial numbness, 

amyotrophic lateral sclerosis,89 and Creutzfeldt–Jakob disease.90 
In all reports, the patients also continued to blink spontane-
ously and in response to corneal stimulation and loud noise. 
In another reported case, a right anterior cerebral artery 
infarction led to defective voluntary closure of  the left eyelid.91 
Lessell89 and Ross Russell90 argued that the deficiency in vol-
untary eyelid closure resulted from bilateral damage to cortical 
motor neurons and not from a facial dyspraxia (i.e., difficulty 
with motor planning or initiation). Functional magnetic 
resonance imaging (MRI) studies of  voluntary and reflex eye 
closure suggest that frontal eye fields and posterior parietal 
cortex are selectively involved in voluntary eyelid closure.88

Nuclear. Möbius syndrome. Congenital facial diplegia is 
the hallmark of  this syndrome (Fig. 14.20). Henderson92 
described abducens palsies in 82% of  such patients, and 
abducens palsy is now used as a second diagnostic criterion. 
When the lateral rectus palsy is severe, there is usually com-
plete conjugate gaze paresis, presumably due to involvement 
of  the sixth nerve nucleus. Rucker et al.93 proposed a clas-
sification scheme based on ocular motor deficits in patients 
with congenital facial palsy. Bilateral horizontal gaze palsy 

Figure 14.20. Child with Möbius syndrome characterized by bifacial 
weakness. In contrast to most patients with Möbius syndrome, this 
patient had bilateral oculomotor palsies but sparing of the abducens 
nerves. At autopsy, neurons were diminished within the VIIth nerve 
nuclei but not the VIth nerve nuclei.104 
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and lasting several weeks if  left untreated. Flulike symptoms, 
including chills, fever, arthralgias, headaches, and myalgias, 
may occur concomitant with the lesion. The diagnosis may 
be made by finding a positive serum enzyme-linked immu-
nosorbent assay titer and may be confirmed by the results of  
a Western blot. A spinal tap can direct treatment in one sug-
gested approach to patients with facial palsy and a positive 
Lyme titer; those with normal spinal fluid can be treated with 
oral doxycycline, whereas those with pleocytosis have men-
ingitis and can be given either oral doxycycline or a course 
of  intravenous antibiotics.122 The facial palsy has an excellent 
prognosis regardless of  the antibiotic regimen chosen.

Sarcoidosis. Unilateral and bilateral facial nerve palsies may 
be a presenting symptom of  neurosarcoidosis.123 MRI may 
demonstrate meningeal enhancement, and cerebrospinal 
fluid examination may reveal elevated protein or lympho-
cytosis, or both. A serum angiotensin-converting enzyme 
(ACE) level and chest radiograph may be helpful in establish-
ing sarcoidosis as the etiology of  the facial palsy. The diagnosis 
and treatment of  neurosarcoid is discussed in more detail 
in Chapters 5 and 7. Sarcoidosis may also cause a peripheral 
facial nerve palsy by involving the parotid gland (Heerfordt 
syndrome).

Metastatic lesions. A history of  cancer and the presence 
of  a rapidly progressive facial palsy are highly suggestive of  
a metastatic lesion. The nerve or the meninges may be infil-
trated. MRI may show enhancement of  the dura or of  the 
facial nerve or disruption of  the blood–brain barrier or both. 

and a Horner syndrome signifies a lesion in the lateral pons. 
More ventral pontine injury, where the VIIth nerve fascicle 
travels near the corticospinal tracts, may lead to ipsilateral 
facial paresis and contralateral hemiparesis (Millard–Gubler 
syndrome).120 More lateral pontine lesions may result in 
“peripheral” facial nerve palsies without other brainstem 
signs (Fig. 14.21).

PERIPHERAL

Cerebellopontine angle. Acoustic neuroma. These usually 
present with a VIIth cranial nerve palsy either late in their 
course as the facial nerve is displaced and compressed by an 
expanding cerebellopontine tumor or as a postoperative 
complication after neurosurgical resection. Common symp-
toms of  acoustic neuromas include tinnitus, hearing loss, 
and cerebellar and vestibular signs. On MRI, the mass is 
hypointense on T1-weighted images, is hyperintense on 
T2-weighted images, and diffusely enhances. Treatment 
consists of  neurosurgical excision.

Subarachnoid. Lyme disease. This illness, caused by the 
tickborne spirochete Borrelia burgdorferi, may cause unilateral 
or bilateral facial palsy at some point in its course in approxi-
mately 10% of  patients.121 This diagnosis should be considered 
as a cause of  the facial palsy in endemic areas. Approximately 
60% of  patients will recall the diagnostic skin lesion of  ery-
thema chronicum migrans lesion, an erythematous raised 
area that spreads centripetally, leaving a central clear zone 

BA

Figure 14.21. Left “peripheral” facial palsy (A), characterized by upper and lower facial weakness, caused by a lateral pontine infarction (arrow) seen 
on T2-weighted axial magnetic resonance imaging (B). 
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administered: oral prednisone, 60 mg/day for 5 days, then 
tapered over the next 5 days. Because of  the purported viral 
etiology of  Bell’s palsy, in some patients valacyclovir has also 
been used. Adding antiviral treatment to steroids is contro-
versial, as they may provide a small benefit if  any.128 Therefore, 
recent consensus-based guidelines recommend oral steroids 
in the acute setting (within 72 hours of  onset) with an option 
of  combination with antiviral therapy.129 Facial nerve surgi-
cal decompression is not widely used, and there is currently 
insufficient evidence to advocate its widespread use. If  there 
is any concern regarding the possibility of  Lyme disease, we 
wait to treat with the prednisone pending further studies 
(see previous discussion).

Neuroimaging is not necessary in typical cases, but when 
performed an MRI may show enhancement of  peripheral 
portions of  the facial nerve.130

Ramsay Hunt syndrome. Ramsay Hunt syndrome, or cephalic 
herpes zoster, is characteristically preceded by a prodrome of  
severe pain in the affected ear and is followed by a vesicular 
rash involving the pinna and external auditory canal.131 The 
facial palsy may be accompanied by hearing loss, vestibular 
impairment, or encephalitis in severe cases. The prognosis 
for herpes zoster cephalicus is poorer than that for Bell’s 
palsy in terms of  complete recovery of  facial function, with 
only 60% of  patients having complete return of  function.132

Otitis media. Acute otitis media with or without mastoiditis 
may occur and, when chronic, may affect the facial nerve 
as it courses through the temporal bone. In elderly patients 
with diabetes, malignant external otitis is usually caused by 
a necrotizing, fulminantly progessing Pseudomonas infection. 
Both intravenous antibiotics and surgery, with wide debride-
ment of  necrotic bone and granulation tissue, are necessary. 
The facial nerve is vulnerable within the fallopian canal and 
can be affected by adjacent suppuration, abscess formation, 
or cholesteatoma. The association of  a VIth cranial nerve 
palsy with ipsilateral facial pain and facial palsy in petrous 
apex infection (Gradenigo syndrome133) usually responds to 
antibiotic treatment.

Congenital facial palsy. Most instances of  isolated congenital 
facial palsies are related to birth trauma to the peripheral 
VIIth nerve, often associated with forceps delivery. However, 
some cases are familial,134 and the cause may be neuronal 
maldevelopment in the brainstem.135

NEUROMUSCULAR JUNCTION,  
MYOPATHIC, AND NEUROPATHIC  
CAUSES OF FACIAL WEAKNESS

Patients with myasthenia gravis and botulism may present 
with bilateral facial weakness (Fig. 14.23). Almost all patients 
with ptosis or ophthalmoparesis due to myasthenia gravis 
also have orbicularis oculi weakness. Myotonic dystrophy is 
also characterized by bilateral weakness of  the facial muscles. 
Facial weakness is also commonly seen in GBS and Miller 
Fisher syndrome. These disorders are discussed in more detail 
at the end of  this chapter.

EVALUATION

One suggested approach is given in Table 14.1. A central 
facial palsy always requires neuroimaging in the workup. 
The evaluation of  peripheral palsies, on the other hand, is 

Figure 14.22. Computed tomography–demonstrated temporal bone 
traumatic fractures (arrows) causing the facial nerve palsy in the patient 
depicted in Fig. 2.25. 

Serial lumbar punctures may be necessary for the cytologic 
diagnosis of  meningeal carcinomatosis.

Transtemporal bone. Trauma. The facial nerve is vulner-
able in its bony course within the temporal bone at its exit 
point from the stylomastoid foramen and along its course 
to innervate the muscles of  facial expression. The nerve itself  
can be either lacerated or traumatized bluntly. Fractures 
parallel to the long aspect of  the petrous portion of  the tem-
poral bone (Fig. 14.22) are often accompanied by fractures 
of  the ossicles or the labyrinth.

The facial nerve may be injured by mandibular fractures 
or during surgery of  the mandible. The facial nerve branches 
are particularly vulnerable to undermining in the vicinity 
of  the zygoma and lateral orbit during a face lift.

Bell’s palsy. This is an idiopathic facial palsy that may have 
a viral cause. Presenting symptoms may include a combina-
tion of  ipsilateral ear pain, numbness, or hyperacusis. Diabetes 
may be a risk factor, as is pregnancy.124 Fortunately, the 
prognosis is excellent in most cases of  Bell’s palsy, with full 
recovery of  function occurring in approximately 84% of  
patients.125 Most patients begin to recover within 3 weeks 
of  onset. The prognosis for recovery in Bell’s palsy is worse 
in patients with hyperacusis, decreased tearing, age older 
than 60 years, diabetes, hypertension, psychiatric disease, 
absence of  blink reflex, and an increased degeneration index 
on electroneurography.126,127 The likelihood of  developing 
synkinesis increases with age, severity at onset, orbicularis 
denervation on electromyography (EMG) and increased 
degeneration index on electroneurography.127 Bell’s palsy 
may recur in 10–20% of  affected people.

The treatment of  idiopathic Bell’s palsy remains contro-
versial. Most improve spontaneously. Steroids are typically 
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nighttime applications of  the ointment. Once the keratitis 
has begun to heal the patient may be switched to drops daily 
and ointment at night. The advantage to this regimen is that 
the ointment is quite disruptive to visual acuity, whereas the 
less viscous drops are not.

The next level of  management involves additional cover-
age of  the eye at bedtime. As mentioned, these individuals 
should be using a protective ointment. Sometimes patients 
need to have a “moisture bubble” taped over the eye at night 
after applying the ointment. Options include standard swim-
ming goggles or a small oval of  cellophane wrap. Taping the 
eyelid closed is not always successful. The tape comes off, 
and if  the patient is not skilled at taping the lids, they might 
tape the lids in an open position. This unfortunate situation 
might precipitate further irritation of  the cornea. Moisture 
chambers, which are fitted to standard glass frames and 
molded to the face to create a tight seal, may eventually be 
required for daytime protection as well.

Surgical. When medical therapies are ineffective or not 
tolerated or when persistent epithelial defects make more 
definitive measures imperative, surgical intervention may 
be indicated. Initial surgical therapy is usually with a tem-
porary tarsorrhaphy, in which the eyelids are temporarily 
sewn together either partially or completely.137 We have a 
low threshold for performing temporary tarsorrhaphies in 
patients with newly acquired VIIth nerve palsies with severe 
keratitis, especially those with defective trigeminal nerve 
function as well. If  the VIIth nerve defect persists, then con-
sideration can be given to permanent lateral tarsorrhaphy, 
medial tarsorrhaphy, lateral canthoplasty, or ectropion repair. 
These may produce scarring and reduced peripheral vision. 
Another group of  procedures have been developed using 

Table 14.1 Diagnostic Considerations in Facial Nerve 
Palsy

Clinical Problem Test

CENTRAL FACIAL PALSY Brain MRI

PERIPHERAL FACIAL PALSY

 Bilateral palsy Brain MRI, lumbar puncture, EMG 
(exclude Guillain–Barré 
syndrome, myotonia), 
edrophonium test or AchRAb 
level (exclude myasthenia), 
consider HIV seroconversion

 Progressive palsy, dizziness, 
or associated hearing loss

MRI of cerebellopontine angle

 Acute unilateral palsy Blood glucose level, syphilis 
serology, and CBC; Lyme titer 
(endemic area or exposure 
history); angiotensin-converting 
enzyme (exclude sarcoid), 
consider HIV seroconversion

 Chronic palsy Chest radiograph (exclude 
sarcoid, tumor), brain MRI

AchRAb, Acetylcholine receptor antibody; CBC, complete blood count; EMG, 
electromyography; HIV, human immunodeficiency virus; MRI, magnetic 
resonance imaging.

Adapted with permission from Handler LF, Galetta SL, Wulc AE, et al. Facial 
paralysis: diagnosis and management. In: Bosniak S (ed.). Principles and 
Practice of Ophthalmic Plastic and Reconstructive Surgery, pp 465–483. 
Philadelphia, W.B. Saunders, 1996.

Figure 14.23. Bilateral facial weakness and ptosis in myasthenia gravis. 
Note the smooth lower face and lack of facial expression. 

usually directed toward excluding inflammatory and infec-
tious causes. The history and examination are critical in 
determining the extent of  the evaluation performed in patients 
with an isolated facial palsy.

TREATMENT

Aside from diagnosis and treatment of  the underlying cause 
of  the facial palsy, from an ocular standpoint, the major 
concern with severe facial paralysis is poor eyelid closure 
and exposure keratitis.136 The cornea may become compro-
mised, and corneal pathology may extend from mild drying 
to ulceration and the potential for visual loss. Keratitis is 
more severe in patients who have concurrent neurotrophic 
keratopathy (caused by trigeminal dysfunction; see Chapter 
19), and such patients should be observed even more closely. 
This section reviews the medical and surgical management 
of  facial nerve palsy.

Medical. The treatment of  all patients with facial nerve 
palsy includes some type of  topical eye lubricant. An over-
the-counter artificial tear product should be the primary 
treatment in all cases. Some patients will need topical lubri-
cation throughout the course of  their disease regardless of  
any additional medical or surgical treatment. Initial bedtime 
coverage would include a petroleum-based ointment. Indi-
viduals who have severe keratitis may need daytime and 
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discussion) and can be differentiated from blepharospasm 
by the absence of  involuntary orbicularis spasms.148 In addi-
tion, reflex blinking can be increased in parkinsonism. In 
this setting, the glabellar or Myerson’s sign, elicited by tapping 
on the forehead, is characterized by persistent blinks with 
each tap.149 Excessive blinking in childhood is typically benign 
when the history and examination are unremarkable.150

BLEPHAROSPASM AND HEMIFACIAL SPASM

Blepharospasm. Essential blepharospasm is an idiopathic 
dystonic disorder characterized by involuntary intermittent 
bilateral eyelid closure. It ranges from increased blink fre-
quency to severe, sustained spasms of  the orbicularis oculi. 
Initially blepharospasm may present asymmetrically with 
only one eye affected, but eventually both orbicularis oculi 
are involved within weeks to months. Wind, sunlight, or 
stress may exacerbate the spasms,151 but more chronic cases 
are characterized by spontaneous eyelid closure. Some more 
severely affected patients complain of  functional blindness, 
and blepharospasm may contribute to dry eye disease.152 
Women are affected more often and more severely than men, 
and blepharospasm usually begins in the fourth to sixth 
decades of  life.153,154 The cause is unclear, but enhanced blink 
reflex excitability, perhaps due to a loss of  supranuclear inhi-
bition, has been proposed.155 In one functional imaging study, 
striatal activation was demonstrated156; however, activation 
of  other cortical and basal ganglia regions has also been 
shown157–159 and modulation of  the anterior cingulated cortex 
by transmagnetic brain stimulation has been shown to 
improve symptoms.160 Usually the patient has no underlying 
cause for the disorder, but blepharospasm may occur in par-
kinsonism (e.g., PD and PSP),161 months or years following 
an episode of  Bell’s palsy,162 and in association with brain 
lesions.163 Blepharospasm accompanied by dystonic move-
ments of  the lower face or neck (oromandibular dystonia) 
is termed Meige syndrome (Video 14.7). Schwartz–Jampel 
syndrome is a rare autosomal recessive disorder character-
ized by myotonia, dystonia including blepharospasm, and 
skeletal dysplasia.164

Hemifacial spasm. In hemifacial spasm, the whole face 
on one side contracts, with eyelid closure and elevation of  
the corner of  the mouth (Video 14.8). The movement disorder 
is thought to be due to either (1) hyperexcitability of  the 
facial motor nucleus, either idiopathically or because of  
ischemia or a mass lesion in the pons, or (2) compression 
of  the facial nerve near its exit from the brainstem, causing 
myelin sheath injury and ephaptic transmission between 
individual nerve fibers.165 The compression is often associated 
with mild dysfunction of  the VIIth nerve and associated 
muscle weakness. A tortuous AICA or dolichoectatic artery 
of  the posterior circulation is believed to be responsible for 
the majority of  hemifacial spasms.166 MRI and magnetic 
resonance (MR) angiography are helpful in demonstrating 
vascular compression of  the pons or facial nerve.167,168

Treatment. The treatment of  choice in patients with 
debilitating blepharospasm or hemifacial spasm is localized 
subcutaneous injections of  botulinum-A toxin around the 
eyelids to weaken the orbicularis oculi and other muscles 
involved in eyelid closure and facial movements.165,169,170 
Botulinum-A is produced by Clostridium botulinum and causes 
temporary paralysis of  injected muscles by interfering with 

various prosthetic devices to improve eyelid function and 
closure. These include eyelid springs and eyelid gold weight 
implants.138 Eyelid springs work well but are often complicated 
by infection, extrusion, local granuloma formation, and need 
for readjustment, making gold weights our preferred proce-
dure. There are also reports of  successful facial reanimation 
following surgical anastomosis of  the intact proximal nerve 
to the facial nerve distal to the site of  injury.139

Abnormal Blinking

A blink is a temporary closure of  both eyelids and normally 
does not interfere with the continuity of  vision. The mean 
± standard deviation (SD) spontaneous blink rate is 16 ± 9 
blinks per minute. Physiologic blinking helps keep the cornea 
moist and protects the eye from excess light and foreign 
objects. This section is subdivided into two parts: absent or 
decreased blinking and excessive blinking.

ABSENT OR DECREASED BLINKING

Spontaneous blinking. Decreased spontaneous blink rates 
may be characteristic of  thyroid-associated ophthalmopa-
thy140 or parkinsonism (e.g., PD and PSP).53 Contributing 
factors include impaired supranuclear control, impaired 
function of  the levator palpebrae, and decreased corneal 
sensitivity.141 Decreased spontaneous blink rates have also 
been demonstrated in other neurodegenerative diseases, 
including familial amyotrophic lateral sclerosis142 and mul-
tiple system atrophy,143 as well as in chronic cannabis users.144 
In patients with parkinsonism, however, reflex blink rates 
may be increased and blepharospasm may also occur (see 
later discussion).

Corneal and supraorbital blink reflexes. If  the left 
ophthalmic division is defective, neither eye will blink to left 
corneal or forehead stimulation; if  the right cornea or fore-
head is stimulated in this setting, both eyes will blink. This 
scenario must be contrasted with the case of  a left facial 
nerve palsy in which only the right eye will blink fully, regard-
less of  which cornea or forehead is stimulated.

In a well-studied phenomenon, patients with acute uni-
lateral hemispheric lesions may have a diminished blink reflex 
when the contralateral cornea or forehead is stimulated.145,146 
The responsible lesions tend to be large strokes. The defective 
blink reflex is usually temporary, lasting only 1–2 weeks fol-
lowing the ictus. These observations suggest the contralateral 
hemisphere exerts a supranuclear influence upon the blink 
reflex, and a cortical lesion may inhibit it.

Blink to visual threat. Patients with hemianopias from 
occipital and parietal lesions may not blink when approached 
with a menacing gesture in the defective field. A cardinal 
feature of  cortical blindness is a completely absent blink to 
visual threat. Those with left-sided visual attention from a 
right parietal or frontal lesion or with diffusely decreased 
visual attention from Balint syndrome (see Chapter 9) may 
have decreased blink to threat in their inattentive fields.25

EXCESSIVE BLINKING

Increased blink rates are associated with schizophrenia, mild 
cognitive impairment,147 and Tourette syndrome (see later 
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Figure 14.24. Injection sites for botulinum-A toxin in patients with 
blepharospasm (Xs) and hemifacial spasm (Os). Injection volume is usually 
0.1 ml and initial dose is 2.5 units of botulinum A toxin per injection 
site. 

acetylcholine release from nerve terminals. Injection of  botu-
linum into the eyebrow and upper and lower eyelid in patients 
with blepharospasm, and into these same structures and 
into the lower facial musculature in patients with hemifacial 
spasm, has a high degree of  initial success with relief  of  
eyelid spasm and patient acceptance.

We usually begin with injections of  2.5 units of  botulinum 
per injection site (Fig. 14.24) and avoid the middle portion 
of  the upper eyelid to reduce the risk of  ptosis. The exact 
sites of  the injections can be varied from patient to patient 
depending on in which areas the patient has the most spasms.

In many instances, the initial treatments are the most 
successful, and, with time, the effect of  each injection may 
be less or tend to last for a shorter period. Reduced efficacy 
may be the result of  antitoxin development, binding of  the 
nonactive large protein chain, or a resprouting of  motor end 
plates.171,172 In this setting a larger amount of  botulinum 
can be given with each injection (5 units). Some studies, 
however, have failed to demonstrate a reduced effectiveness 
or shorter duration of  treatment with time.173 More than 
90% of  patients report a marked decrease in the squeezing 
action of  the eyelids and twitching in lower part of  the 
face.165,174 The effect generally lasts between 1 and 4 months 
and tends to persist longer in hemifacial spasm than in 
blepharospasm. Because of  its transient effect, the procedure 
must be repeated indefinitely unless definitive intervention 
directed at the etiology is performed.

Complications of  botulinum injections include lagophthal-
mos and exposure keratitis, which generally lasts several 

days and can be treated with lubricants and taping if  neces-
sary. Patients may develop tearing from keratitis or poor tear 
pump function. Sagging of  the eyelid skin and brow may 
occur. More concerning complications result from deep pen-
etration and include ptosis and double vision.175 Systemic 
complications do not occur, although systemic antibody 
production has been reported in patients receiving botulinum 
injections for hemifacial spasm or blepharospasm.176

If  botulinum toxin fails, medications such as benzodiaz-
epines, anticholinergic agents, dopamine agonists, anticon-
vulsants, and presynaptic dopamine-depleting agents may 
help some patients,177 but their use is usually limited by 
side-effects. In patients with hemifacial spasm and evidence 
of  vertebrobasilar dolichoectasia on imaging, with or without 
imaging evidence of  a vessel compressing the facial nerve, 
the vessel and nerve can be separated surgically with either 
a pledget or a vessel sling. Improvement in hemifacial spasm 
is reported in more than 80% of  patients. Complication rates 
range from 30–60% including hearing loss, facial nerve 
injury, and recurrent hemifacial spasm.178,179 Other more 
drastic measures include myectomy, during which the orbi-
cularis oculi and other muscles used in eyelid closure are 
excised (either surgically or chemically), or neurectomy, a 
procedure in which branches of  the facial nerve are cut.165

The importance of  support groups for these patients has 
been emphasized in a report by Anderson and associates,174 
who found support group intervention was the most effective 
therapy in blepharospasm. Ultimately most patients (70%) 
continue to receive botulinum injections while a few (7%) 
spontaneously improve, and others benefit from pharmaco-
therapy, surgery, or psychotherapy.180 Tinted lenses to ame-
liorate photophobia in patients with blepharospasm have 
also been recommended.151,181

OTHER CAUSES OF EXCESSIVE BLINKING

Physiologic facial synkineses. Following injury of  the 
peripheral facial nerve, abnormal reinnervation patterns 
may be observed as motor function recovers. Eyelid closure 
upon smiling or vice versa (Fig. 14.25) are caused by incor-
rect reinnervation by orbicularis oculi and zygomaticus motor 
neurons.165 Tearing in anticipation of  eating food (crocodile 
tears) occurs when nerve fibers destined to supply the salivary 
glands are misdirected to the lacrimal gland. Other proposed 
mechanisms, such as ephaptic transmission and central 
reorganization of  synaptic inputs to facial motor neurons, 
are unlikely (see the discussion of  oculomotor synkinesis in 
Chapter 15).

Eyelid tics. These are brief, stereotyped, repetitive, and 
involuntary eyelid blinks, winks, or blepharospasm.182 Affected 
patients may have a preceding urge before their tics, and 
they may be able to suppress them. Often idiopathic and 
considered benign motor tics, they can also be associated 
with encephalitis, drugs, toxins, stroke, head trauma, and 
static encephalopathies. Usually they do not require treat-
ment.183 However, in some instances eyelid tics are a first 
manifestation of  Tourette syndrome. This is a childhood 
disorder, affecting boys more than girls, in which eyelid and 
facial tics are common.182 Characteristic behavioral mani-
festations of  Tourette syndrome include obsessive–compulsive 
disorder, grunting, throat clearing, barking, coprolalia, and 
echolalia.184
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medication history. Treatment consists of  withdrawing the 
offending agent, sometimes combined with the use of  botu-
linum injections in refractory cases.

Focal motor seizures. Unilateral facial movements or 
eyelid closure which is repetitive, brief, and followed by weak-
ness (Todd’s paralysis) would suggest a focal motor seizure 
involving the face.190 Spread to the hands or limbs, or gen-
eralization to involve the other side of  the face or body with 
loss of  consciousness, make this diagnosis obvious. Evaluation 
consists of  an electroencephalogram (EEG) and neuroimag-
ing to detect a structural seizure focus, followed by treatment 
with anticonvulsants. Eyelid myoclonia with absences (Jea-
von’s syndrome) is a rare epilepsy syndrome associated with 
jerking of  the eyelid often with associated eye and head 
jerking.191

Palpebromandibular synkinesia. Spontaneous eyelid 
blinking associated with anterolateral jaw movements may 
be seen in bilateral cortical disease or upper brainstem lesions 
that spare the pons.24

Other Abnormal Eyelid and  
Facial Movements

Oculomasticatory myorhythmia. This movement disorder 
is characterized by slow (1 Hz) pendular convergent–divergent 
nystagmus associated with rhythmic movements of  the 
muscles of  mastication, face, and extremities (Video 17.30). 

Myokymia and neuromyotonia. Small unilateral con-
tractions of  the facial muscles characterize facial myokymia, 
which, when associated with ipsilateral facial contracture 
and weakness (spastic–paretic facial contracture), indicates 
a pontine lesion rostral to the VIIth nerve nucleus. Multiple 
sclerosis and brainstem tumors are the typical etiologies.185 
Other causes of  facial myokymia include stroke, syringobul-
bia, hydrocephalus, acoustic neuroma, GBS, hypoxic injury, 
and meningitis. Eyelid myokymia, which are small, annoying 
twitches of  the upper or lower eyelids, are very common. They 
are benign and usually due to stress, fatigue, nicotine, or caf-
feine. Most patients require only reassurance, as eyelid myo-
kymia usually abates spontaneously. Occasionally it persists, 
and in such instances it can be treated with benzodiazepines 
or botulinum.186 Facial neuromyotonia, which is similar to 
myokymia but is defined as a delay in muscle relaxation after 
a voluntary contraction, has been reported as a complication 
of  radiation and responds to carbemazepine.187

Abnormal facial movements in other movement dis-
orders. Blepharospasm and other involuntary movements 
of  the face may be seen in Parkinson’s disease, progressive 
supranuclear palsy, Huntington disease, and Wilson disease.188

Drug-induced facial dyskinesias. Use of  antiemetics 
such as metoclopramide, neuroleptics including haloperidol, 
and antihistamines may lead to tardive dyskinesia, which 
may involve the face and eyes.189 In such cases, patients 
develop a stereotyped, writhing unilateral or bilateral eyelid 
closure. The diagnosis is usually evident after eliciting the 
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Figure 14.25. Facial synkinesis (aberrant regeneration). A. Patient with old left facial palsy following removal of left acoustic neuroma. B. Upon 
attempted eyelid closure, the zygomaticus major muscle (see Fig. 14.7) on the left (arrow) also contracts. 
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may appear much later. There is an approximate 22% spon-
taneous remission rate.198

Myasthenia has a prevalence of  50–125 cases per million 
population, with a sex and age-related bimodal distribution 
consisting of  women in their twenties and thirties and men 
in their sixties and seventies.199 The incidence of  later-onset 
myasthenia may be increasing.200 One study201 suggested 
younger patients had a better prognosis than those who 
presented when older than 50 years. Rarely, another member 
of  the family also has a history of  myasthenia.

Pathophysiology. A reduction in the number of  available 
acetylcholine receptors of  skeletal muscles (Fig. 14.26) results 
in a defect in neuromuscular transmission and weakness. 
A humorally mediated autoimmune attack directed against 
acetylcholine receptors causes their blockade, accelerated 
degradation, and complement-mediated damage.199,202,203 
Both production of  high-affinity immunoglobulin G (IgG) 
antibodies and sensitization of  antiacetylcholine receptor 
antibody CD4+ T-helper cells are observed.204

Usually the cause of  this autoimmune disorder is unknown. 
However, in some cases it is drug-induced in association with 
the use of  D-penicillamine, for instance. Antiacetylcholine 
receptor (AchR) antibodies may be produced, and when the 
D-penicillamine is removed, often symptoms and receptor 
antibody levels normalize.205 Drug-induced, antibody-positive 
myasthenia has also been reported in association with 
statins.206 Several drugs, such as aminoglycosides, nitrofu-
rantoin, beta-blockers, and quinidine, may exacerbate myas-
thenia gravis by their direct effects on the neuromuscular 
junction and neuromuscular blockade.207

Thymus hyperplasia and thymoma, the latter in approxi-
mately 15% of  adult patients, are related findings. Approxi-
mately 20% of  patients with myasthenia gravis have other 
autoimmune disturbances such as hyperthyroidism (3–8% 
of  patients with myasthenia199). Interestingly, there is also 
an increased prevalence of  autoimmune diseases in siblings 
of  patients with myasthenia gravis.208

Preferential involvement of  extraocular muscles. 
Ubogu and Kaminski209 have reviewed the possible reasons 

It is considered virtually pathognomonic of  Whipple disease, 
which is caused by the bacillus Tropheryma whippelii (see 
Chapter 16).

Eyelid nystagmus. A slow downward drift of  the eyelids 
followed by a quick corrective upward flick may be observed 
in myasthenia gravis and brainstem lesions, particularly 
mesencephalic ones.192 Naturally, eyelid nystagmus may also 
be observed with vertical nystagmus of  the eyes, particularly 
upbeat. Eyelid nystagmus may be observed in medullary 
lesions with lateral gaze shifts. Other terms for this phenom-
enon include lid hopping and upper lid jerks. The mechanism 
is unclear, but typically eyelid nystagmus is evoked by con-
vergence193 or horizontal gaze.3

Others. Paroxysmal eyelid movements such as fluttering 
can occur during seizures.194 Seesaw-like eyelid movements 
have also been reported in a child with trisomy 2p.195

Diseases Commonly Associated 
With Ptosis or Facial Weakness

Neuro-ophthalmic diseases that are associated with ptosis 
or facial weakness include three neuromuscular junction 
disorders: myasthenia gravis, LEMS, and botulism; several 
myopathic disorders: chronic external ophthalmople-
gia and KSS, myotonic dystrophy, and oculopharyngeal  
dystrophy; and polyneuropathies such as GBS, Miller 
Fisher syndrome, and chronic inflammatory demyelinating  
polyneuropathy.

MYASTHENIA GRAVIS

This neurotransmission disorder is characterized by fatigable 
muscular weakness. The eyelids and extraocular muscles 
are involved in more than 90% of  patients. Fifty percent 
present with ptosis or ocular motility abnormalities only196; 
of  this group, approximately half  will remain “ocular myas-
thenics,” while the other half  will develop generalized symp-
toms, usually within 2 years,197 though generalized signs 
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Figure 14.26. Neuromuscular junction. A. Normally, presynaptic nerve depolarization causes calcium influx then release of vesicles containing acetyl-
choline (Ach) into the synaptic cleft. Acetylcholine binds to acetylcholine receptors at the junctional folds of the postsynaptic muscle membrane. This 
process triggers ion channel opening and generation of an endplate potential, which in turn creates a muscle membrane action potential. Acetylcho-
linesterase (not shown) breaks down acetylcholine. B. In myasthenia gravis, a humorally mediated autoimmune attack by antibodies (Xs) directed 
against acetylcholine receptors causes their blockade, accelerated degradation, and complement-mediated damage. This results in a defect in neuro-
muscular transmission and muscle weakness. 
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3. Cogan’s lid twitch. If  a patient with myasthenic ptosis looks 
downward for 3–5 seconds, then looks up quickly into 
primary gaze, the eyelid appears to overshoot upward, 
then quickly falls.211,214 One purported mechanism for 
the overshoot is a buildup of  acetylcholine in the neuro-
muscular junctions of  levator muscle fibers while the 
eyelid is resting in downgaze. Following upward refixation, 
the levator quickly fatigues, and the eyelid droops.

4. Curtaining and enhanced ptosis. In asymmetric ptosis, when 
the more ptotic eyelid is manually elevated, the fellow 
eyelid often droops (curtaining) (see Fig. 14.8). This sign 
is nonspecific and can be seen in many other situations 
with asymmetric ptosis, for instance due to IIIrd nerve 
palsy. When the ptosis is symmetric, elevation of  one eyelid 
will worsen the other eyelid (enhanced ptosis) (see Fig. 
14.9). As discussed earlier, these eyelid signs are conse-
quences of  Hering’s Law, as manual elevation of  a ptotic 
eyelid reduces the patient’s required effort to elevate the 
eyelids, and the other eyelid falls.

5. Orbicularis oculi weakness. In almost all patients with 
myasthenic ptosis or ophthalmoplegia, the orbicularis 
oculi are also weak, causing deficient eyelid closure (Fig. 
14.29). In the related lid peak sign, if  a patient with 

why the eye muscles are frequently involved and sometimes 
solely affected in myasthenia gravis: (1) Only mild extraocular 
muscle weakness is enough to cause ocular misalignment 
and symptomatic diplopia, (2) the high firing frequencies of  
extraocular muscles may predispose them to myasthenic 
fatigue, (3) extraocular muscle fibers may be more susceptible 
to neuromuscular blockade, and (4) extraocular muscles 
may contain antigens specific to them which make them 
more susceptible to immune attack. It is possible that there 
is another, yet unidentified, autoantibody in myasthenia 
gravis that preferentially affects the extraocular muscles.

Symptoms and signs. Symptoms. Variable and fatigable 
ptosis, diplopia, chewing difficulties, dysarthria, dysphagia, 
dyspnea, and systemic weakness are the hallmarks of  myas-
thenia gravis. Most patients’ symptoms exhibit diurnal varia-
tion, as their weakness is better in the morning or after sleep 
than at the end of  the day, when they are weakest.

Neuro-ophthalmic signs. Eyelid abnormalities are frequently 
the most prominent ocular sign, and these include ptosis, 
fatiguability, Cogan’s lid twitch, curtaining, and orbicularis 
oculi weakness (Box 14.3, Video 14.1). In one series, 64% 
of  patients had eyelid symptoms, and more than 81% had 
eyelid signs on examination.210 None of  these are pathog-
nomonic of  myasthenia,211 but when they are all present, 
this diagnosis should be strongly considered. Pupil-sparing 
ophthalmoplegia of  any pattern may also be seen.

1. Ptosis. Myasthenic eyelid drooping, due to weakness of  
the levator palpebrae muscles, can be symmetric or asym-
metric. The patient may adopt a chin-up position to look 
underneath the ptotic eyelids and raise the eyebrows and 
furrow the brow to keep the eyelids open (Fig. 14.27). 
When asymmetric, the eyelid which is affected more may 
alternate over time (“alternating ptosis” (Fig. 14.28)). 
The pattern of  ptosis and contralateral pseudoretrac-
tion reflects Hering’s Law and the patient’s increased 
effort to elevate both levator muscles. The pupils are 
normal, and this should distinguish myasthenic ptosis 
from that of  Horner syndrome, a IIIrd nerve palsy, or  
botulism.

Levator function in myasthenia is related to the amount 
of  ptosis; those with prominent ptosis will have the most 
impaired levator function. Normal levator function in the 
setting of  marked ptosis argues against the diagnosis of  
myasthenia.212 Documentation of  a change in levator 
function is one objective method to assess an improve-
ment of  ptosis.

2. Fatiguability. If  the patient is asked to maintain upgaze, 
the eyelids may tire and droop because of  levator fatigue. 
Although characteristic of  myasthenia, fatigable ptosis 
may sometimes also be seen in other causes of  ptosis.213

Box 14.3 Common Eyelid Signs in Ocular 
Myasthenia Gravis

Ptosis: asymmetric or symmetric
Cogan’s lid twitch
Curtaining (enhanced ptosis)
Fatigue
Weakness of eyelid (orbicularis oculi) closure

Figure 14.27. Severe bilateral ptosis in myasthenia gravis with chin-up 
position. In an attempt to lift the eyelids, the frontalis muscle is con-
tracted and the brow is elevated. 
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15. These can mimic any pupil-sparing IIIrd nerve palsy; 
IVth or VIth nerve palsy; or supranuclear, internuclear, 
or nuclear gaze paresis.

8. Other signs. The lower facial muscles may be sufficiently 
involved so the patient is unable to smile, whistle, pucker, 
or hold air in the cheeks. Chewing difficulties may occur 
secondary to masseter weakness. When the oropharyngeal 

myasthenic weakness of  the orbicularis oculi is asked to 
maintain vigorous closure of  the eyelids, the orbicularis 
may tire, allowing the palpebral fissures to open.

6. Lid hopping. During attempted lateral gaze, the eyelids may 
appear to hop or jump.215

7. Ophthalmoparesis. Myasthenic ocular motility abnormali-
ties, which are very common, are reviewed in Chapter 
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Figure 14.28. Alternating ptosis in ocular myasthenia gravis. This patient developed ptosis in the right eye (A), which resolved, then several years later 
developed ptosis in the left eye (B). 

C
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Figure 14.29. Orbicularis weakness in ocular myasthenia gravis.  
A. Myasthenic right eyelid ptosis. B,C. The eyelids are easily opened 
despite attempted eyelid closure. Bell’s phenomenon, evident in the 
left eye more than the right eye, indicates effort made to close the 
eyelids. 
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(2–5 Hz) of  limb or facial muscles is diagnostic in many cases 
of  myasthenia gravis, though yield may be lower in cases 
with solely ocular manifestations.210,230 Additional single-
fiber EMG studies may be helpful in ocular myasthenia if  the 
repetitive stimulation, edrophonium test, and antibody studies 
are nondiagnostic or cannot be performed. Normally, two 
muscle fibers innervated by the same motor axon will exhibit 
a variation, called jitter, in the time interval between their 
two action potentials during successive impulses. Jitter, 
detected by single-fiber EMG, can be increased in myasthenia 
gravis and other disorders of  neuromuscular transmission.231 
Normally, a limb muscle is studied first, and, if  negative, one 
of  the facial muscles, for instance the orbicularis oris, oculi, 
or frontalis, is next evaluated. Patients who have only ocular 
symptoms but have abnormal EMG when a limb muscle is 
tested are still considered to have only ocular myasthenia. 
By testing the orbicularis oculi muscles, one study found 
abnormal findings in 53 out of  54 confirmed myasthenic 
patients, indicating a low false-negative rate and high sen-
sitivity for this test. However, 30% of  patients with other 
diagnoses including thyroid orbitopathy, myopathy, motor 
neuron disease, metabolic disease, intracranial disease, and 
peripheral neuropathy, and 31% of  patients with no con-
firmed diagnosis, also had an abnormal single-fiber EMG.232 
Therefore, caution should be used when using single-fiber 
EMG to distinguish ocular myasthenia gravis from other 
neuromuscular diseases. Although extraocular muscles and 
the levator muscle can be evaluated using single-fiber EMG,233 
they are not normally investigated by this technique in most 
neurophysiology laboratories. In patients with either ocular 
or generalized myasthenia, the combination of  single-fiber 
EMG, repetitive nerve stimulation, and antiacetylcholine 
receptor antibody studies provided confirmation of  myas-
thenia gravis in at least 95% of  patients.230

Edrophonium test. Edrophonium, an acetylcholinesterase 
inhibitor with rapid onset and short duration of  effect, may 
be administered to slow the breakdown and increase the 
availability of  acetylcholine in the neuromuscular junction. 
In patients with myasthenia gravis, many of  the eyelid, ocular 
motor, or systemic signs may objectively improve, thereby 
verifying the diagnosis (see Fig. 14.8, Video 14.9).234 The 
test should be performed only in those with obvious ptosis 
or ophthalmoparesis, in whom improvement can easily be 
observed.235

Optimally, an edrophonium test requires a team effort with 
one individual administering the drug, another documenting 
the clinical findings, and a third monitoring the blood pres-
sure and pulse. Occasionally patients develop salivation and 
mild gastrointestinal discomfort. Atropine, 0.4 mg, should 
be ready in a separate syringe and administered intravenously 
if  symptomatic bradycardia occurs. Cardiac monitoring or 
avoiding the test is suggested in patients with a history of  
heart disease or arrhythmia. Because of  these potential side-
effects, the increasing popularity of  the more simple ice and 
rest tests (see later discussion) and single-fiber EMG, and the 
increasing difficulty in obtaining edrophonium, most clini-
cians now only rarely perform the test.

In patients with myasthenic ptosis, the response to edro-
phonium is often dramatic and occurs within seconds or 
minutes of  injection. Eyelid twitching, tearing, and abdominal 
cramping are signs that the edrophonium has taken effect.236 
The edrophonium lasts for just a few minutes.

muscles are affected, speech may be nasal, swallowing 
may be difficult, and tongue protrusion may be weak. 
Neck flexor muscles are typically affected more than neck 
extensors in myasthenia. Any limb muscle may be weak. 
Deep tendon reflexes are decreased only in patients with 
severe weakness. Since myasthenia involves only the neu-
romuscular system, mental status and sensation are 
normal. Myasthenic crisis refers to life-threatening impair-
ment of  respiration.199

Although more useful for clinical studies than in everyday 
practice, the Osserman grading scheme can be used to clas-
sify severity of  myasthenia: grade I, ocular involvement only; 
IIa, mild generalized; IIb, moderate generalized; III, acute 
fulminant; or IV, severe-late.

Diagnostic testing. The diagnosis of  myasthenia gravis 
should be confirmed by at least one of  the following tests: 
antibody levels, repetitive stimulation, single-fiber electro-
myography, or edrophonium testing.216 Ice or rest testing 
can be performed and may be suggestive of  the diagnosis, 
but they are not as definitive as the other tests.

Antibody testing. Antiacetylcholine receptor binding 
antibodies are detected in 35–75% of  ocular myasthenic 
patients and in 80–90% with generalized disease.210,217,218 
These antibodies are entirely specific for myasthenia gravis,217 
but their levels do not necessarily correlate with the pres-
ence or severity of  the disease. Antibody tests that measure 
the accelerated degradation and modulation or blockage 
of  acetylcholine receptors may occasionally be positive in 
seronegative individuals.199,219 Also, antibodies against com-
ponents of  striated muscle may be detected in myasthenia 
gravis. They have a low sensitivity but high specificity for 
myasthenia gravis,203 and they also suggest the presence of  
thymoma. In addition, some presumably seronegative patients 
may in fact have low-affinity antiacetylcholine receptor  
antibodies.220

Other patients without demonstrable antiacetylcholine 
receptor antibodies may be found to have antibodies to muscle-
specific kinase (MuSK), which prevents MuSK binding and 
disrupts the neuromuscular synapse.221 In contrast to those 
with antiacetylcholine receptor antibodies, myasthenic 
patients positive for MuSK have more bulbar symptoms and 
facial and tongue muscle weakness and atrophy,222,223 and 
their disease may be more severe, may be more difficult to 
treat,224,225 and may correlate with antibody levels.226 Ocular 
manifestations are less common, and solely ocular myasthenia 
is very rare in those positive for MuSK antibodies.227

Antibodies to low-density lipoprotein-4 (Lrp4) are also 
described in association with myasthenia gravis. Lrp4 is 
involved in MuSK activation at the neuromuscular synapse. 
Either vaccination against Lrp4 or passive antibody transfer 
of  anti-Lrp4 induces myasthenic symptoms in rodents, which 
supports a pathogenic role of  the antibody.228 In one study, 
19% of  all double seronegative (MuSK and AchR antibody 
negative) myasthenia gravis patients and 27% of  ocular-only 
myasthenia gravis patients were anti-Lrp4 positive.229 Lrp4 
seropositive patients tended to have less severe disease at 
onset than AchR antibody positive, MuSK seropositive, and 
double seropositive patients. These antibodies have proven 
pathogenicity in rodent models.

Electromyography. A decrement of  the compound muscle 
action potential during EMG repetitive nerve stimulation 
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Imaging. If  there is any concern that the eyelid and ocular 
motility abnormalities are suggestive of  more central rather 
than neuromuscular origin, an MRI of  the brain is manda-
tory. Computed tomography (CT) or MRI of  the chest with 
and without contrast should be performed to exclude a 
thymoma in all cases.245

Treatment. Patients with myasthenia gravis are treated 
with acetylcholinesterase inhibitors, corticosteroids, plas-
mapheresis, intravenous gammaglobulin, immunomodula-
tors, or thymectomy, either alone or in combination (Box 
14.4).246 Treatment decisions are based upon the presence 
of  bulbar or generalized symptoms, age, and disease severity. 
Unfortunately the treatment of  ocular myasthenia has not 
been studied with rigorous randomized, controlled, clinical 
trials, and controversies remain, particularly regarding aggres-
sive therapy in patients with only ocular symptoms.247–249

Medical treatment. Although corticosteroids are more effec-
tive in ocular myasthenia than pyridostigmine,250 the latter 
is recommended for first-line therapy in patients with ocular 
or mild generalized myasthenia because of  its milder side-
effect profile.251 Pyridostigmine, an acetylcholinesterase 
inhibitor, can be given orally at a starting dose of  30 mg 
every 4 hours while awake. The medication can be increased 
by 30 mg per dose, up to 120–150 mg every 4 hours, and 
an extended-release preparation can be given at nighttime 
to aid breathing, bulbar function, and weakness overnight 

The edrophonium test unfortunately has many false nega-
tives and positives. For unclear reasons, some individuals 
with myasthenia, confirmed by other test parameters (see 
the following sections), may have an equivocal or no response 
to edrophonium. In contrast, clinical improvement with 
edrophonium may be observed in other disorders of  neuro-
muscular transmission such as LEMS (see later discussion), 
botulism, and organophosphate toxicity. In addition, patients 
whose ptosis and eye movements unequivocally improved 
with edrophonium, who later were found to have skull base 
tumors, have been described.237 Therefore, a positive edro-
phonium test should not be the sole basis for making a diag-
nosis of  myasthenia gravis.

Intramuscular neostigmine may be used instead of  edro-
phonium in children who may be uncooperative for an intra-
venous infusion or too agitated to monitor over a short period 
of  time or in adults whose signs are subtle and for whom a 
longer period of  observation is desired.236,238 For adults, 
1.5 mg of  neostigmine and 0.6 mg of  atropine sulfate are 
drawn up into a syringe and injected intramuscularly. For 
children the dose of  neostigmine is 0.04 mg/kg, not to exceed 
a total of  1.5 mg.239 The effect of  intramuscular neostigmine 
usually begins by 15 minutes and is maximal by 30 minutes.239

Ice pack, rest, and sleep tests. Alternatives to edrophonium 
testing are the noninvasive ice pack or sleep tests.240,241 In 
the ice pack test, a bag of  ice is placed over the affected eyelid 
for 1 minute, and any improvement in ptosis is noted. The 
ice test has a relatively high (80%) sensitivity for myasthenia 
gravis, and even patients with a negative edrophonium test 
may have a positive ice pack test, demonstrating its added 
benefit as a diagnostic test.210,240,242 However, false-positive 
tests in nonmyasthenic patients have been reported.210 The 
precise mechanism by which cooling improves myasthenic 
weakness is unclear. Enhanced transmitter release, reduced 
acetylcholinesterase activity, and increased receptor sensi-
tization with lower temperature are possible mechanisms.240 
However, similar improvement of  ptosis may occur with warm 
packs as well,243 suggesting it is the resting, rather than the 
temperature, which is important. Nevertheless, one study 
showed that the ice test resulted in greater improvement in 
myasthenic ptosis than rest alone.244 In the rest or sleep tests, 
the patient is allowed to rest, relax, or sleep for approximately 
30 minutes to see whether rest improves the ptosis (Fig. 14.30 
and Video 14.10).241
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Figure 14.30. Positive rest test in myasthenia gravis. A. This girl with ocular myasthenia gravis exhibited right upper eyelid ptosis. B. After resting in 
a dimly lit room with the eyelids gently closed for 20 minutes, the right eyelid elevated. She also has physiologic anisocoria. 

Box 14.4 Therapeutic Options in Ocular 
Myasthenia Gravis

1. Symptomatic relief: pharmacologic
Pyridostigmine

2. Symptomatic relief: conservative
Eyelid crutches
Patching

3. Disease suppression
Corticosteroids
Azathioprine
Cyclosporine
Mycophenolate mofetil
Rituximab

4. Potential cure
Thymectomy
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increased ending dose, the addition of  another immunosup-
pressive, or thymectomy (discussed later).251

Some authorities have argued that lid crutches or tape for 
ptosis or patching for diplopia are better conservative mea-
sures than corticosteroids in patients with ocular myasthe-
nia,258 or that the benefits (proven or otherwise) do not 
outweigh the risks of  treatment.259 However, we have found 
that many patients find these alternatives unacceptable, 
especially those who require stereoscopic vision for their 
occupation and for whom there are psychosocial concerns,260 
and prefer using corticosteroids as long as side-effects are 
monitored and kept to a minimum.261 Corticosteroids might 
also reduce the risk of  conversion to generalized myasthenia 
(see later discussion).262 Surgical correction of  ptosis in 
general is not recommended because of  the variability of  
the eyelid drooping. However, select patients with ptosis or 
strabismus that has been stable for years may benefit from 
eyelid or eye muscle surgery, respectively.263–265

In patients with severe refractory symptoms or in those 
who seem dependent on large doses of  corticosteroids, other 
immunosuppressants such as azathioprine, cyclosporine, or 
mycophenolate mofetil may be used as supplementary agents 
or for steroid-sparing effects. Some authors266 have advocated 
their judicious use with corticosteroids in patients with 
difficult-to-manage ocular myasthenia. Azathioprine is given 
in 2–3 mg/kg/day doses, with a time to onset of  effect of  
3–12 months and time to maximal effect of  1–2 years.251 
Bone marrow and liver function should be monitored for 
possible side-effects. Patients should be screened for thiopu-
rine methyltransferase (TPMT) gene mutations before starting 
therapy, as these are associated with increased risk of  bone 
marrow toxicity. Cyclosporine A can be given at 2.5 mg/kg 
b.i.d.; it has a time to onset of  effect of  4–12 weeks267 and 
a time to maximal effect of  3–6 months. For this drug, blood 
pressure, renal function, and drug levels should be moni-
tored.268 The use of  mycophenolate mofetil at doses of  1–2 
g/day has been recommended,269–272 but the medication’s 
effectiveness in myasthenia recently has been questioned.273 
Methotrexate is another oral agent that may have applica-
tion for immunosuppression to treat myasthenia gravis and 
has been shown to be equivalent to azathioprine.251 

and upon awakening. The response to pyridostigmine is vari-
able, and it seems most effective at alleviating many of  the 
bulbar and systemic symptoms, somewhat effective at improv-
ing ptosis, but relatively ineffective for diplopia. Tachyphylaxis 
and overmedication, inducing cholinergic crisis, rarely 
occur.252 The most common side-effects are diarrhea and 
cramping, which resolve with lowering the dosage or can 
be alleviated with loperamide, glycopyrrolate, or diphenoxyl-
ate with atropine. The last two drugs decrease respiratory 
secretions.

In patients who fail or who cannot tolerate pyridostigmine, 
corticosteroids, which are associated in observational studies 
with improvement in myasthenia symptoms, can be tried 
next. Their use, however, must be weighed against the pos-
sible short- and long-term steroid-related side-effects, many 
of  which can be monitored for and controlled.253 Of  particular 
importance are prophylaxis against gastric ulcers, monitor-
ing and treatment for osteoporosis,254 and mindfulness of  
medication-related negative effects on quality of  life.255

One suggested regimen starts patients at low alternate-day 
doses (e.g., prednisone 10 mg q.o.d.), with slow weekly 
increases to achieve 60 mg q.o.d.251 Medication for gastric 
ulcer prophylaxis is often added. The prednisone dose can 
be tapered once therapeutic efficacy is reached, typically after 
a few months (Fig. 14.31). Starting with lower doses decreases 
the potential for steroid-induced worsening of  symptoms in 
moderate to severe generalized myasthenia, but this com-
plication rarely occurs in patients with predominantly ocular 
findings.256 Therefore, in patients with purely ocular myas-
thenia, another alternative is to start patients at higher initial 
doses of  40–80 mg daily.257 Symptoms usually begin to 
improve more rapidly within the first 2–4 weeks. When the 
maximal effect, which may not be evident for 3–6 months, 
is reached, the dose can be tapered slowly. Every other dose 
is reduced by 5 mg per week, until a complete alternate day 
dosing is achieved. Then the remaining dose is reduced by 
5 mg per week as well. Most patients on corticosteroids 
chronically require a small amount of  alternateday dosing. 
A critical dose at which worsening may occur is usually 
around 20 mg every other day. Failed attempts at dose reduc-
tion can be followed by slower dose-reduction rates, an 

BA

Figure 14.31. Ocular myasthenia treated with corticosteroids. A. Severe bilateral ptosis at presentation. B. The ptosis resolved completely after  
1 month of corticosteroids. The patient also presented with ophthalmoplegia (not shown), which also improved with the corticosteroid treatment. 
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no generalized symptoms at presentation or during treat-
ment. However, when treatment was withdrawn, either 
accidentally or at the patient’s request, the patients exhibited 
generalized symptoms. Similar observations have been 
reported with discontinuation of  mycophenolate mofetil.296 
Therefore, it is unclear, at least in some instances, whether 
chronic immunosuppression simply masked the conversion 
to generalized myasthenia.

Myasthenia gravis in children. Juvenile (or infantile) 
myasthenia gravis has a reported incidence of  2.9 per million 
children per year.297 It has the same pathophysiology as the 
adult type, with idiopathic production of  acetylcholine recep-
tor antibodies.298 Fourteen to thirty percent of  children 
experience spontaneous remission,299,300 and in one study301 
this always occurred within 40 months of  disease onset in 
prepubertal patients. As in adults, about one-quarter300 to 
one-half302 of  children presenting with ocular myasthenia 
will eventually generalize (Fig. 14.32). Forty to fifty percent 
of  children with ocular myasthenia have detectable acetyl-
choline receptor antibodies,300 whereas 70% of  children with 
generalized symptoms are seropositive.302 Younger prepubertal 
children have a higher rates of  seronegativity, remission, 
and isolated ocular symptoms.297 MuSK antibodies may be 
seen in children with myasthenia.303,304 When an edropho-
nium test is performed, a total of  0.2 mg/kg can be infused 
intravenously in divided doses, not exceeding 10 mg.

Tacrolimus was studied in a double-blind trial, and, though 
the primary endpoint was not achieved, there was a sugges-
tion of  steroid-sparing effect.274 Cyclophosphamide and 
rituximab have both been reported for use in treatment-
resistant generalized myasthenia gravis.275,276 However, their 
role in ocular myasthenia gravis has not been elucidated.

Because of  the cost, frequent need for repeated treatments, 
and often catheter placement requirements, we have not 
used plasmapheresis or intravenous immunoglobulin (IVIG) 
in patients with solely ocular myasthenia. These modalities 
are more appropriate for patients whose generalized symp-
toms of  dyspnea, dysphagia, and systemic weakness are 
debilitating enough to require hospitalization.277–279

Surgical. Besides spontaneous remission, thymectomy rep-
resents the only potential cure for myasthenia gravis.280 
Possible mechanisms for improvement include eliminating 
a source of  continued antigenic stimulation,281 removing a 
possible reservoir of  B cells which secrete acetylcholine recep-
tor antibodies, and correcting a disturbance of  immune 
regulation.199 The procedure traditionally is performed via 
a transsternal approach.282,283 The transcervical approach, 
which requires an incision only at the base of  the neck, has 
become popular because of  the decreased associated discom-
fort and quicker recovery.284,285 Pathologically the thymus 
typically exhibits lymphoid hyperplasia.

Patients without thymoma who are younger than 70 years 
of  age who have generalized symptoms may safely undergo 
and benefit from thymectomy.286 Those with bulbar or respi-
ratory weakness may require preoperative plasmapheresis 
to reduce the postoperative recovery period. Sixty percent 
of  patients will experience complete remission without symp-
toms or need for medication over several years.231,287 Another 
30% are able to reduce their dose of  pyridostigmine or immu-
nosuppressive agent. Surgery earlier in the disease course 
and less severe disease appear to be associated with better 
outcomes.288 As the morbidity associated with thymectomy, 
especially via the transcervical route, decreases with improve-
ment in surgical techniques, we have lowered our threshold 
for recommending this procedure in patients with solely 
ocular myasthenia to aid medical therapy and possibly reduce 
the risk of  generalization, though this remains an area of  
controversy.249,285,289–291

Thymoma associated with myasthenia is another indica-
tion for thymectomy, which is usually performed transsternally 
to ensure complete removal of  the tumor. Postoperatively 
the myasthenia in these patients tends to be more unstable, 
severe, and difficult to manage, and such patients often require 
a combination of  different medical therapies. However, one 
study292 suggested the long-term outcome in myasthenic 
patients with thymoma was no different than in those without 
thymoma.

Does treatment of  ocular myasthenia reduce the risk 
of  conversion to generalized myasthenia? Several retro-
spective studies have suggested that treatment of  patients 
with ocular myasthenia gravis with corticosteroids,293,294 
azathioprine,295 or thymectomy285 may reduce the risk of  
conversion to generalized myasthenia. This topic is highly 
controversial.248,249,259,262 In our experience, patients with 
ocular myasthenia who have undergone thymectomy do 
appear to have a lower incidence of  generalization.285 On 
the other hand, we have seen patients with ocular myasthenia 
gravis treated with corticosteroids or azathioprine who had 

Figure 14.32. A 2-year-old girl with generalized myasthenia gravis 
symptomatic with right eyelid ptosis, swallowing difficulty, and limb 
weakness. 
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two major forms, paraneoplastic and primary autoimmune, 
but their presentations and pathophysiology are similar. Most 
patients are elderly, but individuals in all age groups can be 
affected, including children (rarely).327 LEMS is commonly 
mistaken for myasthenia gravis because patients with both 
disorders may present with weakness and ptosis. However, 
LEMS is distinguished clinically by the presence of  autonomic 
symptoms and lack of  obvious ophthalmoplegia.

About half  of  all newly diagnosed patients with LEMS 
have the paraneoplastic form with an underlying malig-
nancy.328 Most of  these patients harbor a small cell carcinoma 
of  the lung. One study found that 8% and 3% of  patients 
with small cell lung cancer had serologic and clinical evidence 
of  LEMS, respectively.329 Age older than 50 years, smoking, 
weight loss, bulbar involvement, erectile dysfunction, pres-
ence of  certain antibodies, and poor performance status 
within 3 months of  LEMS symptom onset predict small cell 
lung cancer with high accuracy.330 LEMS is also associated 
with large cell neuroendocrine carcinomas and adenocar-
cinomas of  the lung, lymphoproliferative disorders, renal 
cell carcinoma, and parotid tumors. As in many paraneo-
plastic disorders, the presentation of  LEMS may precede or 
follow the cancer diagnosis. Rare individuals with LEMS and 
paraneoplastic cerebellar degeneration331–333 and others with 
LEMS and antibody-positive myasthenia gravis334 have been 
reported. LEMS can also be seen in association with other 
autoimmune diseases such as systemic lupus erythematosus, 
pernicious anemia, diabetes mellitus, and thyroid disease.335 
LEMS due to diltiazem, a calcium channel blocker, has also 
been described.336

Pathophysiology. In both the paraneoplastic and primary 
autoimmune types, LEMS is caused by antibodies directed 
against voltage-gated calcium channels on the presynaptic 
portion of  the neuromuscular junction.337,338 Various sub-
types of  these antibodies, designated P/Q, L, N, T, and MysB, 
have been described.339 Acetylcholine release, which is depen-
dent upon the influx of  calcium into the nerve terminal, is 
therefore impaired. Exercise or high rates of  stimulation 
increase the intracellular calcium concentration, thereby 
enhancing acetylcholine release.

Symptoms. Most patients present with progressive fati-
gable proximal weakness, usually starting in their legs. Auto-
nomic symptoms are also common and include dry mouth, 
impotence, blurred vision, dry eyes, and constipation. Neuro-
ophthalmic symptoms are typically not prominent but may 
consist of  droopy eyelids and transient diplopia. Respiratory 
difficulty and bulbar symptoms such as dysphagia and dys-
arthria are also uncommon.

Signs. The neurologic examination in LEMS is character-
ized by proximal muscle weakness and absent or depressed 
reflexes most apparent in the weakest limbs.340 The increase 
in muscle strength after exercise is actually difficult to dem-
onstrate clinically. An improvement in deep tendon reflexes 
after sustained contraction is more easily found. Sensation 
is typically normal.

Neuro-ophthalmic signs. Patients with LEMS may have 
mild bilateral ptosis, usually without noticeable ophthal-
moparesis. In contrast to patients with myasthenia gravis, 
some patients may have improvement in their ptosis, mim-
icking lid retraction, with sustained upgaze.341,342 In various 
series,335,343 about one-half  of  patients had ptosis, and half  
had diplopia, although obvious eye movement abnormalities 

Pyridostigmine is first-line therapy in ocular or generalized 
juvenile myasthenia, but like with adults, the results are often 
unsatisfactory. Long-term corticosteroids are often added 
when pyridostigmine is insufficient,305 but the doses must 
be kept small because of  the steroids’ possible effect on bone 
growth. Prevention and treatment of  strabismic or depriva-
tional (from ptosis) amblyopia is the reason for aggressive 
treatment of  children with ocular myasthenia.306 Chronic 
immunosuppression with azathioprine or cyclosporine are 
problematic in young patients because of  side-effects but 
may be necessary in patients with refractory systemic or 
bulbar symptoms. IVIG or plasmapheresis are also reported 
maintenance therapies that have been used in juvenile myas-
thenia gravis.307

Transsternal thymectomy has been performed in children 
with generalized myasthenia gravis with a remission rate of  
approximately 67%,308–311 but controversy exists because some 
authors have opined that the thymus may be important for 
proper development of  the immune system,312 especially within 
the first year of  life. However, Herrmann et al.313 cite numer-
ous studies in which no subsequent immunodeficiency was 
found in children undergoing thymectomy for myasthenia 
gravis, as part of  early cardiac surgery, and for suspected 
thymoma. At many centers, including our own, thymectomy 
in young children can be performed transthorascopically, a 
procedure which leaves only small scars on the lateral chest 
wall.300,314 Thus, we have a low threshold for thymectomy, even 
in children with solely ocular myasthenia gravis. Thymomas 
in children with myasthenia are extremely uncommon.

In transient neonatal myasthenia gravis, about 12% of  
infants of  mothers with myasthenia may exhibit poor sucking, 
a weak cry, and hypotonia due to passive transfer of  acetyl-
choline receptor antibodies. As the antibody titer declines 
over the first days or weeks of  life, the child spontaneously 
improves.

Congenital myasthenic syndromes. These conditions 
share a different mechanism from antibody-mediated myasthe-
nia gravis, although children present similarly with weakness 
evident shortly after birth (Video 14.11).315 These syndromes 
have been traced to genetic abnormalities of  the presynaptic, 
synaptic, or postsynaptic portions of  the neuromuscular junc-
tion as well as to ubiquitously expressed proteins.316 Neither 
circulating autoantibodies nor abnormal thymus glands are 
found. Engel and colleagues317–324 and others325 have char-
acterized several congenital myasthenic syndromes, and 
examples include (1) a defect in acetylcholine resynthesis 
and packaging (presynaptic), (2) a congenital endplate acetyl-
cholinesterase deficiency (synaptic), (3) a slow-channel syn-
drome (postsynaptic), (4) a congenital endplate acetylcholine 
receptor deficiency (postsynaptic), and (5) high conductance 
and fast closure of  the acetylcholine receptor channel (post-
synaptic). Except for the slow-channel syndrome, which is 
autosomal dominant, the congenital myasthenic syndromes 
have autosomal recessive inheritance.326 Treatment options 
for congenital myasthenia include low-dose pyridostigmine 
(should be avoided in the slow-channel syndrome), fluoxetine, 
salbutamol, 3-4-diaminopyriadine, and ephedrine.316

LAMBERT–EATON MYASTHENIC SYNDROME

LEMS, which is much rarer than myasthenia gravis, is a 
presynaptic neurotransmission disorder. The syndrome has 
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were usually not found. Two studies of  patients with LEMS, 
with normal eye movements on neuro-ophthalmic exami-
nation, had improvement in saccadic velocity after exercise 
documented with oculography.344,345 Autonomic dysfunc-
tion may be reflected in dry eye and sluggish pupillary 
reactivity. Isolated ocular involvement is rare but has been  
reported.346

Diagnosis. Although the characteristic combination of  
clinical signs and symptoms may suggest LEMS, the diagnosis 
must be confirmed by EMG. A decreased resting compound 
muscle action potential (CMAP) which increases with 
maximal voluntary contraction is the classic EMG finding. 
Repetitive stimulation at 3 Hz, which is typically performed 
to demonstrate decrement of  the CMAP amplitude in myas-
thenia gravis, may also show a decremental response in LEMS. 
However, repetitive stimulation at 50 Hz may produce an 
incremental response. Single-fiber EMG may demonstrate 
jitter (discussed earlier) and neuromuscular blockade. Immu-
noassay for the antibodies directed against voltage-gated 
calcium channels may also be performed and is sensitive but 
not specific for LEMS.338 Edrophonium testing, which is also 
nonspecific, may lead to some improvement in weakness. 
CT and MRI of  the chest and abdomen, followed by bron-
choscopy for smokers, is recommended to exclude cancer.347 
Fluorodeoxyglucose positron emission tomography may 
provide additional sensitivity for lung tumor detection.348

Treatment. Management of  patients with LEMS typically 
has three forms: identification and treatment of  the underly-
ing malignancy, enhancement of  neurotransmission, and 
immunomodulation.349 Treatment of  the cancer, via che-
motherapy, surgery, or radiation, is the most important step.350 
The use of  3,4-diaminopyridine, which prolongs the activa-
tion of  voltage-gated calcium channels at the nerve terminal, 
thereby enhancing the release of  acetylcholine, has been 
reported as an effective treatment in LEMS.328,351,352 Guani-
dine, which has a similar mechanism of  action, and acetyl-
cholinesterase inhibitors also may be used to enhance 
neurotransmission. Calcium channel agonists have shown 
benefit in animal models.349 Immunomodulation may be 
achieved with intravenous immunoglobulin,353 plasmapher-
esis278 or immunosuppression with prednisone, azathioprine, 
or rituxamab.340,354 Neurologic improvement can be observed 
in many cases, with survival extending months to years after 
treatment.

BOTULISM

Botulism is caused by a clostridia toxin from C. botulinum 
that blocks the release of  acetylcholine from the presynaptic 
nerve terminal. Breast-fed infants less than 1 year of  age 
living in endemic areas are most commonly affected. Inges-
tion of  honey or home-canned or home-bottled products 
which have not been sterilized, or wounds,355 can result in 
clostridia infection. Preformed toxin can cause disease through 
ingestion or overdose of  medically administered botulinum 
toxin.356

The time from onset of  symptoms to medical presentation 
is usually days to a week. Infants usually present with gen-
eralized hypotonia and poor suck for several days. In all ages, 
pharyngeal weakness, respiratory difficulty, and decreased 
limb strength may occur. Patients are treated with botulism 
immune globulin.357–359

Neuro-ophthalmic complications such as bifacial weak-
ness, ophthalmoplegia, ptosis, blurry vision, and diplopia 
are very common.355,360–363 Poorly reactive pupils and con-
stipation are characteristic features that can help distinguish 
this disorder in the differential diagnosis of  acute paralysis. 
High-frequency repetitive stimulation studies demonstrating 
posttetanic potentiation and stool tests for botulinum toxin 
and culture can help confirm the diagnosis.

CHRONIC PROGRESSIVE EXTERNAL 
OPHTHALMOPLEGIA, KEARNS–SAYRE 
SYNDROME, AND RELATED  
MITOCHONDRIAL DISORDERS

Chronic Progressive External Ophthalmoplegia and 
Kearns–Sayre Syndrome

In CPEO, the ptosis is usually symmetric and accompanied 
by bilateral ophthalmoparesis and orbicularis oculi weakness 
(Video 14.12). Patients with KSS have the combination of  
(1) CPEO; (2) onset before age 20 years; (3) pigmentary 
retinopathy; and (4) at least one of  the following: heart block, 
ataxia, or cerebrospinal fluid (CSF) protein above 100 mg/
dl. CPEO and KSS are both mitochondrial myopathies.

Pathophysiology. These disorders are syndromes most 
commonly caused by mitochondrial deoxyribonucleic acid 
(DNA) deletions.364,365 Most cases are sporadic, and these are 
associated with single, large deletions which vary in size 
from 1.3–9.1 kilobases. The most common deletion is 4.9 kb 
from positions 8470–13460.366 Phenotypes do not corre-
spond one to one with genotypes, and presentations within 
the same family can vary.

Less common, familial varieties of  CPEO have also been 
described that are inherited either autosomal dominantly 
or recessively. Mutations in nuclear genes, adenine nucleotide 
translocator 1 (ANT1), PEO1 (Twinkle), and polymerase 
gamma (POLG), have been associated with autosomal domi-
nant progressive external ophthalmoplegia.367,368 POLG 
mutations may also lead to autosomal recessive progressive 
external ophthalmoplegia.369,370 Uncommonly, these muta-
tions may be responsible for sporadic cases as well.371,372

Symptoms. Except in KSS, symptoms can start at almost 
any age. Slowly progressive ptosis can be a patient’s promi-
nent complaint. Because the ophthalmoplegia is typically 
symmetric and chronically progressive, usually there is no 
diplopia. Family members or friends may be the first to notice 
the difficulty with eye movements. Visual loss due to retinal 
complications in KSS is uncommon. Historical evidence of  
long-standing muscle weakness, such as difficulty with 
running, jumping, or climbing, may be present.

Signs. In CPEO, symmetric ptosis with levator dysfunction 
and diffuse ophthalmoparesis are the most common features 
(Fig. 14.33). The pupils are spared. Patients often have asymp-
tomatic orbicularis, neck, and limb weakness.366 Respiratory 
function can also be mildly impaired.373 The pigmentary 
retinopathy in KSS (Fig. 14.34), which has been described 
as salt-and-pepper in appearance, is discussed in more detail 
in Chapter 4. Patients with KSS may have sensorineural 
hearing loss, dementia, or ataxia.

Systemic complications in Kearns–Sayre syndrome. 
The major systemic complications in KSS are heart block, 
cardiomyopathy, and sudden cardiac death.374 Short stature, 



14 • Eyelid and Facial Nerve Disorders 479

C

B

A

Figure 14.33. Chronic progressive external ophthalmoplegia charac-
terized by symmetric bilateral ptosis (A), facial weakness, and limited 
ductions (B,C). 

BA

Figure 14.34. Fundus photographs in Kearns–Sayre syndrome. A. Posterior pole photograph demonstrating a healthy-appearing optic nerve but 
extensive pigmentary degeneration with atrophy and pigment clumping (arrow). B. Photograph of nasal periphery demonstrating diffuse pigmentary 
mottling with atrophy and hyperpigmentation (“salt and pepper” appearance). 
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Vitamins and coenzyme Q can be given but often are of  little 
benefit.

Mitochondrial Neurogastrointestinal  
Encephalopathy Syndrome

A familial mitochondrial neurogastrointestinal encephalo-
myopathy (MNGIE) syndrome, caused by multiple mitochon-
drial DNA deletions, is now well recognized.390,391 Other 
acronyms, such as POLIP (for polyneuropathy, ophthalmople-
gia, leukoencephalopathy, and intestinal pseudoobstruction)392 
and MTDPS1 (for mitochondrial DNA depletion syndrome-1) 
have also been used. It is an autosomal recessive disorder 
caused by mutations in the nuclear gene for thymidine phos-
phorylase (TYMP). Affected patients are usually young to 
middle-aged adults. Characteristic clinical features are sym-
metric ptosis, ophthalmoparesis, intestinal pseudoobstruction, 
and a mixed demyelinating and axonal neuropathy. Short 
stature, deafness, cachexia, white matter abnormalities on 
MRI, optic atrophy, and retinal pigmentary degeneration 
have also been observed.393,394 Reduction in thymidine levels 
with peritoneal dialysis, enzyme replacement therapy via 
platelet infusion, and allogenic stem cell transplants have 
caused improvement in some patients.395,396

Ptosis- and Ophthalmoplegia-Associated With Human 
Immunodeficiency Virus and Highly-Active 
Antiretroviral Therapy

An acquired ocular myopathy occurs in some adults with 
human immunodeficiency virus (HIV) who have receiving 
highly active antiretroviral therapy (HAART).397 The symp-
toms and signs are similar to CPEO (discussed earlier), consist-
ing of  ptosis with or without ophthalmoparesis. Mitochondrial 
toxicity from long-term treatment with nucleoside reverse 
transcriptase inhibitors has been proposed as a mechanism 
of  muscle injury based on surgical specimens from ptosis 
surgery with histologic changes typical of  mitochondrial dys-
function398 as well as mitochondrial DNA deletions.399 MRI 
does not show atrophy of  the extraocular muscles, similar to 
CPEO.400 HIV-associated myopathy has also been proposed as 
an etiology based on histologic similarities between levator 
palpebrae in affected individuals and skeletal muscle from 
individuals with HIV-associated myopathy in the pre-HAART 
era.401 Reversal of  symptoms with cessation of  nucleoside 
reverse transcriptase inhibitors occurs in some patients.402

MYOTONIC DYSTROPHY TYPE 1

Myotonic dystrophy type 1 is a hereditary bilateral myopathy 
that is associated with weakness and atrophy of  the muscles 
of  the face and extremities. This disorder, however, is distin-
guished from other neuromuscular disorders by muscle 
myotonia, a continued contraction despite attempted relax-
ation, and multiorgan involvement. It is distinguished from 
myotonic dystrophy type 2, which has a milder phenotype, 
does not include ptosis, and is associated with mutations in 
a different gene.403

Pathophysiology. Myotonic dystrophy type 1 is inherited 
in an autosomally dominant fashion, typically from the 
mother. It is caused by an unstable cytosine–thymine–guanine 
trinucleotide (CTG triplet) repeat on chromosome 19q13.3. 

hypoparathyroidism, and renal abnormalities have also been 
observed.374,375

Diagnosis. A definitive diagnosis of  CPEO or KSS can be 
made by genetic testing for specific mitochondrial DNA dele-
tions using muscle biopsies or blood. Muscle biopsy, usually 
of  a deltoid or quadriceps muscle, may also demonstrate his-
tologic and ultrastructural abnormalities of  skeletal muscle 
mitochondria.376 Ragged red fibers, which are red-staining 
granules in the subsarcolemmal zones and within the muscle 
fibers,377 can be seen on modified Gomori trichrome staining 
(Fig. 14.35). Electron microscopy may reveal excessive prolif-
eration of  normal-looking mitochondria, giant mitochondria 
with disoriented cristae, intramitochondrial paracrystalline 
inclusions (“parking lots”), and electron-dense osmiophilic 
inclusions.378

Other ancillary testing may provide supportive evidence 
before the muscle biopsy is performed and test results are 
available. Conventional electromyography usually demon-
strates myopathic patterns. However, as alluded to earlier in 
the section on myasthenia gravis, single-fiber EMG in CPEO 
may also show increased jitter.379 This highlights the difficulty 
in using single-fiber EMG to differentiate CPEO from myas-
thenia gravis.

In KSS, nonspecific MR findings such as atrophy and white 
matter and basal ganglia hyperintensities on T2-weighted 
images may be seen.380,381 MR spectroscopy may reveal 
elevated brain lactate levels, which has been attributed to 
the impairment in oxidative metabolism.382–384 CT may dem-
onstrate basal ganglia hypointensities377 or calcification. 
Electroretinography may show scotopic and photopic changes 
consistent with retinal dystrophy.385

Other abnormalities on diagnostic evaluation include 
elevation of  serum lactate and abnormally increased CSF 
protein in KSS. At postmortem, spongy degeneration of  the 
brain may be seen histopathologically.

Treatment. Treatment measures are symptomatic and 
biochemical. Ptosis surgery is often helpful.386,387 However, 
overwidening of  the palpebral fissures should be avoided in 
individuals who are unable to elevate their eye under the 
upper eyelid to protect the cornea, thereby risking exposure 
keratopathy.388 Strabismus surgery can be performed in the 
rare individual with chronic strabismus and diplopia.389 

Figure 14.35. Muscle biopsy (modified Gomori trichrome) demonstrat-
ing ragged red fibers (arrow) in Kearns–Sayre syndrome. 
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are slowed.416 Ocular alignment and pursuit abnormalities 
have also been reported.417 The pathologic hallmark is a fila-
mentous intranuclear inclusion in affected muscles. The 
genetic defect has been mapped to chromosome 14q11.2-13 
(PAPBN1 gene), and a guanine–cytosine–guanine (GCG) 
triplet repeat has been demonstrated.

GUILLAIN–BARRÉ SYNDROME AND RELATED 
POLYNEUROPATHIES

Guillain–Barré Syndrome

Today GBS is the most common cause of  acute flaccid paralysis 
in the United States. Facial paresis occurs in approximately 
50%,418 and the onset can occur after other symptoms have 
nadired or even improved.419

Pathophysiology. Most cases of  GBS are caused by acute 
inflammatory demyelination of  peripheral nerves (AIDP), 
the pathogenesis of  which is likely to be autoimmune. Areas 
of  demyelination are typically segmental and characterized 
by focal, perivascular infiltrates of  lymphocytes and macro-
phages.420,421 However, less common forms such as acute 
motor axonal neuropathy (AMAN), acute motor and sensory 
axonal neuropathy (AMSAN), and the Miller Fisher variant 
(discussed separately later) are well recognized.422–424 Central 
nervous system involvement is uncommon.425

Up to three-quarters of  patients with GBS have a preced-
ing infection, which is usually gastrointestinal or respira-
tory.424 Approximately one-quarter of  patients have serologic 
or stool-culture evidence of  recent Campylobacter jejuni infec-
tion, and a majority of  these had diarrhea in the weeks before 
the onset of  GBS. Patients with C. jejuni infection and GBS 
also have a greater likelihood of  testing positive for GM1 
antibodies directed against gangliosides in the peripheral 
nerve, having AMAN or secondary axonal degeneration in 
association with AIDP, as well as exhibiting slower recovery 
and greater residual neurologic disability.418 Other common 
antecedent infections include HIV, cytomegalovirus, Epstein–
Barr virus, influenza, and Mycoplasma pneumoniae.418,426 
Associated diseases include Hodgkin lymphoma, systemic 
lupus erythematosus, and other diseases of  the immune 
system.427 A history of  recent surgery is also a risk factor 
for GBS, although infrequent.428

Symptoms. Patients usually present with motor weak-
ness, often ascending, which progresses over days to weeks. 
Paresthesias in affected limbs occur frequently but are usually 
a less prominent complaint. Pain is present in over half  of  
patients.418

Signs. GBS is highlighted by areflexia and symmetric motor 
weakness affecting the limbs and trunk. Bulbar and respira-
tory muscles are often involved. Sensory loss is mild.429 Uni-
lateral or bilateral facial weakness occurs in about one-half  
of  patients. The IIIrd, IVth, and VIth nerves may be affected, 
leading to ophthalmoplegia in about 15%.430 Ptosis, when 
it occurs, is usually a result of  IIIrd nerve palsy. However, in 
one series431 8% of  patients with GBS had ptosis without 
ophthalmoparesis or pupillary abnormalities. When the spinal 
fluid protein level is very high, elevated intracranial pressure 
and papilledema may develop (see discussion in Chapter 6). 
Rare cases of  optic neuritis have been reported,432 and visual 
evoked potentials are asymmetrically abnormal in a minority 
of  patients.433 Pupillary abnormalities, due most often to 

Anticipation among successive generations is observed, as 
the offspring are typically more severely affected than the 
parent. This phenomenon is explained by an increase in  
the number of  triplet repeats among more affected  
offspring. The abnormal gene codes for a cyclic adenosine 
monophosphate–dependent protein kinase enzyme. A defect 
in phosphorylation of  skeletal muscle ion channels may affect 
the excitability of  the muscle membranes and result in 
myotonia.404

Symptoms. Patients often complain of  progressive distal 
and proximal weakness. Neuro-ophthalmic symptoms include 
ptosis, lack of  facial expression, and, rarely, diplopia. They 
may have a history of  heart disease and cognitive deficits. 
Patients may present in the neonatal period with weakness 
and difficulty sucking and swallowing.

Signs. Bilateral ptosis is associated with bifacial weakness 
and “hatchet facies” due to temporalis muscle wasting. The 
upper lip may be “tented.”405 Ocular motor abnormalities 
have been described, including external ophthalmoplegia.406 
Subclinical saccadic slowing has been demonstrated oculo-
graphically, but it is controversial whether this phenomenon 
is peripheral or central.407–411 A characteristic Christmas tree 
cataract, consisting of  multicolored iridescent flecks, is found 
in almost all adult patients and can cause visual acuity loss. 
Less commonly, central macular lesions, pigmentary retinal 
degeneration, and hypotony may occur.412

Patients with myotonic dystrophy type 1 are diffusely weak. 
Action myotonia is elicited when a patient is asked to grasp 
an object then has difficulty relaxing. Percussion myotonia 
can be observed following mechanical depression of  the 
tongue or thenar eminence, for example. Many have cogni-
tive delay, decreased IQ, or other mental status abnormalities. 
Typical systemic findings in males include temporal balding 
and testicular atrophy. Patients also may have cardiac abnor-
malities such as arrhythmias, conduction defects, and con-
gestive heart failure.

Diagnosis. The diagnosis is suspected clinically in a patient 
with weakness, myotonia, the typical facies, and similarly 
affected family members. Electrical myotonia can be elicited 
during electromyography. Characteristic, there is a “dive 
bomber” sound, reflecting continuous discharges and diffi-
culty with muscle relaxation. Genetic testing, including 
characterizing the number of  trinucleotide repeats, is impor-
tant for diagnosis confirmation and family counseling.403

The disorder should be distinguished from other myotonic 
neuromuscular disorders such as hyperkalemic period paraly-
sis, paramyotonia congenita, and myotonia congenita.413 
Except for lid retraction and lag in hyperkalemic periodic 
paralysis, neuro-ophthalmic signs and symptoms in these 
conditions are less prominent than in myotonic dystrophy 
type 1.

OTHER MUSCULAR DYSTROPHIES

Oculopharyngeal muscular dystrophy. Patients with this 
disorder usually present in middle age with progressive bilat-
eral ptosis and dysphagia. It is an autosomal dominant ocu-
lopharyngeal muscular dystrophy that was initially recognized 
among French Canadian and Bukhara Jewish families. Ptosis 
and mild to moderate ophthalmoplegia may be presenting 
features,414 and facial weakness and proximal limb weakness 
may also develop.415 Saccades have normal amplitude but 
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is evidence for GQ1b-like lipopolysaccharides on C. jejuni which 
could be the immunogens for their synthesis.445,446

There is considerable debate whether the lesions responsible 
for Miller Fisher are entirely peripheral or whether the central 
nervous system is also affected.447 Extraaxial enhancement 
of  the ocular motor nerves on MRI suggests that in some 
cases the external ophthalmoplegia is caused by a peripheral 
process.448,449 GQ1b gangliosides are found in the paranodal 
regions of  the extramedullary portions of  the ocular motor 
nerves,436 suggesting a basis for attack at this site. However, 
other MRI studies450 have showed white matter lesions in 
the brainstem, implying that the process may be both central 
and peripheral in some cases. Furthermore, one report dem-
onstrated that GQ1b and GT1b antibodies from sera of  patients 
with Miller Fisher syndrome bind to cells in the molecular 
layer of  human cerebellum.451 This may be the mechanism 
for the ataxia seen in these patients. Cases with brainstem 
lesions but without peripheral nerve involvement (i.e., normal 
reflexes and electromyography) probably do not fall under 
the rubric of  GBS. Instead these patients might be more 
appropriately diagnosed with Bickerstaff ’s brainstem encepha-
litis, which is also associated with GQ1B antibodies (see  
Chapter 15).452

Patients with Miller Fisher syndrome are treated with the 
same modalities (such as IVIG and plasmapheresis) as those 
with AIDP.453 The prognosis for full recovery after weeks to 
months is excellent.442,454

Chronic Inflammatory Demyelinating Polyneuropathy

Patients with chronic inflammatory demyelinating polyneu-
ropathy develop slowly progressive symmetric distal and 
proximal weakness, sensory loss, and areflexia in patterns 
similar to those with GBS. Facial weakness may be present 
in about 15%,455,456 and rarely the ocular motor nerves are 
affected.457 Progression occurs over several months, and 
approximately half  have a monophasic course while the other 
half  experience relapses and remissions.456 Rarely there is 
clinical evidence of  central nervous system demyelination 
and optic atrophy.458 Papilledema may occur when the protein 
level is severely elevated in the CSF (see discussion in  
Chapter 6).

In about one-third of  patients there may be a history of  
an antecedent viral illness or vaccination.455 Concurrent ill-
nesses such as Hodgkin disease, benign monoclonal gam-
mopathy, inflammatory bowel disease, chronic hepatitis, 
diabetes, and HIV, for instance, may also occur. Either demy-
elinating or axonal features or both on NCS or sural nerve 
biopsy can confirm the diagnosis. As in GBS, the spinal fluid 
protein is elevated without pleocytosis. Treatment options 
include corticosteroids, azathioprine, cyclosporine, plasma-
pheresis, and IVIG.459
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cardiac arrhythmias, blood pressure fluctuations, cardiac 
arrest from autonomic instability,434 and deep vein throm-
boses and pulmonary emboli from immobility.

Diagnosis. Spinal fluid examination is helpful and clas-
sically demonstrates an elevated protein without pleocytosis 
(albuminocytologic dissociation). The typical nerve conduc-
tion study (NCS) findings of  AIDP are conduction block or 
slowing of  motor nerve conduction velocity. However, both 
the spinal fluid examination and NCS may be normal within 
the first few days of  the illness, and therefore in such cases 
they should be repeated approximately 1 week later if  GBS 
is still strongly suspected. Detection of  specific ganglioside 
autoantibodies, such as GM1, GT1a, GQ1b (discussed later), 
and GD1b, for instance, may be helpful when the disease is 
localized.418,435 Anti-GQ1b can be detected in patients with 
GBS and ophthalmoparesis and usually not in those with 
normal eye movements.436 The differential diagnosis for acute 
flaccid paralysis includes myasthenia gravis, poliomyelitis, 
botulism, tick bite paralysis, porphyria, hexacarbon abuse, 
diphtheria, or lead toxicity.437

Treatment. Large studies have demonstrated that patients 
with acute respiratory deficiency or inability to walk improve 
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Several studies suggest that IVIG is as effective plasmapher-
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Most patients recover over weeks to months,418 although 
some require hospitalization for up to a year. Many patients 
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which do not interfere with ordinary activities.424 Older age, 
worse severity of  symptoms at presentation, and diarrhea 
preceding symptoms have been identified as factors predict-
ing prolonged inability to walk.440

Miller Fisher Syndrome

A variant of  GBS first characterized by Miller Fisher in 
1956,441 Miller Fisher syndrome is highlighted by ataxia, 
ophthalmoplegia, and areflexia. In contrast to the usual AIDP 
form of  GBS, eye movement abnormalities are prominent in 
Miller Fisher syndrome, and diplopia is often the first com-
plaint.431 The ophthalmoplegia typically consists of  various 
combinations of  IIIrd, IVth, and VIth nerve involvement, 
and some patients develop complete loss of  eye movements. 
In some patients, ophthalmoplegia is the only clinical finding. 
Pupillary dysfunction can also occur (see discussion in 
Chapter 13). Facial nerve palsy is frequently observed,442 
but usually systemic weakness is less salient than in AIDP. 
However, similar areflexia, electrophysiologic abnormalities, 
cytoalbuminal dissociation in the CSF, association with ante-
cedent infections, and clinical course justify Miller Fisher as 
a subgroup of  GBS.424,435

Over 90% of  patients with Miller Fisher syndrome have 
GQ1b IgG autoantibodies in their serum, and titers decrease 
during clinical improvement.436,443 In some cases this auto-
antibody is produced following C. jejuni infection,444 and there 
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the ascending medial longitudinal fasciculus (MLF), inner-
vates the contralateral medial rectus subnucleus in the mes-
encephalon. Supranuclear centers for pursuit lie in the 
ipsilateral frontal and supplementary eye fields and V5 (see 
Fig. 16.3). Upgaze and downgaze saccades, also under vol-
untary control by the frontal and cortical eye fields, are initi-
ated by neurons in the mesencephalic rostral interstitial 
nucleus of  the medial longitudinal fasciculus (riMLF) and 
regulated by cells in the interstitial nucleus of  Cajal (inC), 
areas which exert supranuclear control over the IIIrd and 
IVth nerve nuclei (see Fig. 16.18). The vestibular nuclei have 
direct connections with the IIIrd and IVth nerve nuclei, via 
the MLF. These and other supranuclear gaze centers are 
reviewed in detail in Chapter 16.

Nuclear and fascicular structures. The oculomotor 
(IIIrd) nuclear complex lies in the midbrain, anterior to the 
cerebral aqueduct (Fig. 15.3).1 Each muscle innervated by 
the third nerve is subserved by individual subnuclei.2,3 Unique 
features, however, include the central caudal subnucleus, 
which subserves both levator muscles; the superior rectus 
subnuclei, which each innervate the contralateral superior 
rectus muscle; and the Edinger–Westphal nuclei, which supply 
the preganglionic cholinergic neurons of  the pupil. Fibers 
from the superior rectus subnuclei are thought to pass 
through the contralateral superior rectus subnucleus before 
joining the contralateral IIIrd nerve fascicle.4 Pupillary and 
eyelid function and related abnormalities are discussed in 
Chapters 13 and 14, respectively. The paired oculomotor 
fascicles travel ventrally through the midbrain, each passing 
through the red nuclei and then the medial portion of  the 
cerebral peduncles before exiting into the interpeduncular 
fossa (see Fig. 15.3). The neurons of  each IIIrd nerve–
innervated muscle are topographically organized within the 
fascicle (Fig. 15.4).

The trochlear nucleus lies ventral to the aqueduct in the 
pontomesencephalic junction (Fig. 15.5), caudal to the ocu-
lomotor complex. Fourth nerve axons decussate near the 
roof  of  the aqueduct and exit the brainstem dorsally just 
beneath the inferior colliculi, in an area called the anterior 
medullary vellum. Thus each trochlear nucleus innervates 
the contralateral superior oblique muscle.

The abducens nucleus lies immediately ventral to the  
genu of  the facial nerve (facial colliculus in dorsal pons) 
(Fig. 15.6). This nucleus contains cell bodies for the motor 
neurons which will innervate the ipsilateral VIth nerve and 

This chapter covers the diagnosis and management of  the 
causes of  double vision and ocular misalignment. Although 
the bulk of  the discussion concentrates on third, fourth, and 
sixth nerve palsies, other supranuclear, nuclear, neuromus-
cular junction, myopathic, and restrictive disorders are 
detailed or mentioned. The relevant anatomy of  the ocular 
motor system is discussed first, followed by signs and symp-
toms in patients with diplopia, then the diagnosis and man-
agement. The differential diagnosis of  the major entities that 
cause diplopia are then reviewed.

Several terms are used interchangeably throughout this 
chapter: oculomotor, third, and IIIrd nerve; trochlear, fourth, 
and IVth nerve; and abducens, sixth, and VIth nerve. Also, 
the term ocular motor nerves refers to the IIIrd, IVth, and 
VIth nerves together.

Anatomy

OVERVIEW

The three ocular motor cranial nerves (IIIrd, IVth, and VIth) 
innervate the six extraocular muscles of  each eye (Fig. 15.1), 
the major eyelid elevator, and the pupillary constrictor. The 
oculomotor (IIIrd) nerve activates the medial rectus (adduc-
tion), inferior rectus (depression), superior rectus (elevation), 
and inferior oblique (excyclotorsion and elevation) muscles 
as well as the pupillary sphincter muscle (constriction) and 
levator palpebrae of  the upper lid. The trochlear (IVth) nerve 
supplies the superior oblique muscle, which intorts the eye 
and depresses it in adduction. The abducens (VIth) nerve 
innervates the lateral rectus muscle, which abducts the eye 
(Fig. 15.2).

FROM CENTRAL NERVOUS SYSTEM  
TO THE ORBIT

Supranuclear control of  III, IV, and VI. In a logical, hier-
archical control of  eye movements, the supranuclear centers 
in the cortex and brainstem direct the actions of  the ocular 
motor nerves. For horizontal saccades (see Fig. 16.2), the 
frontal and cortical eye fields inhibit the contralateral omni-
pause neurons (OPN), thereby disinhibiting the paramedian 
pontine reticular formation (PPRF). Neurons of  the PPRF, 
in turn, excite the adjacent VIth nerve nucleus, which, via 
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It should be emphasized that except for the superior rectus 
subnucleus and the trochlear nuclei, the ocular motor nuclei 
innervate ipsilateral eye muscles.

Extraaxial structures. The three ocular motor nerves 
traverse the subarachnoid space at the skull base before 
reaching the cavernous sinus (Fig. 15.7). The IIIrd nerve 
enters the cavernous sinus by piercing the dura in its most 
superior portion just lateral to the posterior clinoid process. 
The IVth nerve travels for about 3.5 cm from behind the 

Inferior rectus

Superior rectus

Inferior oblique

Superior oblique
Levator palpebrae superioris

Optic nerve in sheath
transversing optic canal

Tendinous ring

Superior orbital fissure

Oculomotor nerve

Trochlear nerve

Pons

Abducens nerve

Trigeminal
ganglion

Ciliary ganglion
Communicating branches

Lateral rectus

Medial rectus

Figure 15.1. Innervation of the extraocular muscles. The oculomotor (III), trochlear (IV), and abducens (VI) nerves enter the orbit through the superior 
orbital fissure. The trochlear nerve supplies the superior oblique, the abducens nerve supplies the lateral rectus, and the oculomotor nerve supplies 
the remaining five muscles. Note the inferior oblique muscle attaches to the inferior bony orbit. 

Figure 15.2. Diagram of the right eye (examiner’s view) showing direc-
tion of primary (red) and secondary (blue) actions of the six extraocular 
muscles (m.) and the ocular motor nerve (III, IV, or VI) that innervates 
each. 

Figure 15.3. Diagram of axial section of the midbrain through the 
superior colliculus. CA, Cerebral aqueduct; CCN, central caudal nucleus; 
CP, cerebral peduncle; f, oculomotor nerve fascicle; IIIrd nn., oculomotor 
nerve nucleus; IIIrd n., oculomotor nerve; IF, interpeduncular fossa; PAG, 
periaqueductal gray; RN, red nucleus; SC, superior colliculus; SN, sub-
stantia nigra. 

interneurons which will ascend within the MLF to innervate 
the contralateral medial rectus subnucleus (see Fig. 16.2). 
The fascicles travel ventrally, passing through the cortico-
spinal tracts, before exiting anterolaterally at the pontomed-
ullary junction.
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The cavernous sinuses are triangular-shaped intercon-
necting structures that flank the lateral sides of  the sella 
turcica. The walls of  each sinus are created by dura mater 
extending from the superior orbital fissure to the posterior 
wall of  the sella known as the dorsum sella. Inferiorly, the 
cavernous sinus region and pituitary fossa are in close prox-
imity to the sphenoid and maxillary sinuses while the optic 
chiasm lies superomedially (see Fig. 7.5). Each cavernous 
sinus contains a plexus of  veins that drains the inferior and 
superior ophthalmic veins of  the orbit and funnels posteriorly 
to the inferior and superior petrosal sinuses.8 Communica-
tions are established to the opposite cavernous sinus by chan-
nels that cross the midline. Inferiorly, connections are made 
to the pterygoid plexus that subsequently drain into the 
internal jugular vein while lateral anastomoses are made to 
the middle cerebral vein.9

The S-shaped intracavernous carotid artery gives rise to 
multiple important branches, including (1) the meningohy-
pophyseal trunk that supplies blood to the tentorium and 
inferior pituitary gland, (2) the inferior lateral trunk that 
nourishes the ocular motor nerves,10 and (3) the superior 
hypophyseal artery that provides blood to the rostral portion 
of  the pituitary gland.11

The third and fourth nerves and the first and second divi-
sions of  the trigeminal nerve (V1 and V2) lie along the lateral 
wall of  the cavernous sinus, while the internal carotid artery, 
the sixth nerve, and third-order oculosympathetic fibers from 
the superior cervical ganglion lie more medially (Fig. 15.8).12 
In the anterior portion of  the cavernous sinus, the IIIrd nerve 
anatomically separates into superior and inferior divisions. 
The superior division innervates the superior rectus and 
levator muscles, while the inferior division supplies the infe-
rior rectus, inferior oblique, medial rectus, and pupillary 
sphincter muscles. Within the anterior cavernous sinus, the 
IVth nerve crosses above the third nerve just before both 
nerves enter the superior orbital fissure.13 Within the cavern-
ous sinus network, the VIth nerve lies freely infralateral to 
the cavernous carotid artery and enters the superior orbital 
fissure as it courses anteriorly. The postganglionic sympathetic 

brainstem, running under the free edge of  the tentorium 
before piercing the dura to lie immediately inferior to the 
third nerve.5 The VIth nerve ascends the clivus then travels 
underneath the petroclinoidal (Grüber’s) ligament through 
Dorello’s canal to enter the cavernous sinus. The transition 
from petrous to intracavernous segments of  the internal 
carotid artery occurs as the vessel passes the petrolingual 
ligament, which is the posteroinferior attachment of  the 
lateral wall of  the cavernous sinus. Rarely, there are two 
roots of  the abducens nerve which exit the pons, or the main 
trunk splits into two. In such cases the roots eventually fuse 
into a single nerve within the cavernous sinus.6,7

Figure 15.4. Cross-sectional diagram of topographic organization of 
the third nerve fascicle.99,151 Labeled fiber distributions: IO, Inferior oblique; 
IR, inferior rectus; LP, levator palpebrae; MR, medial rectus; P, pupillary; 
SR, superior rectus. 

Figure 15.5. Axial section through the fourth nerve nuclei at the level 
of the pontomesencephalic junction. A, Aqueduct; CS+CB, corticospinal 
and corticobulbar tracts; DSCP, decussation of the superior cerebellar 
peduncle (brachium conjunctivum); IVth n., fourth nerve; IVth nn., fourth 
nerve nucleus; MLF, medial longitudinal fasciculus; PAG, periaqueductal 
gray matter. 

Figure 15.6. Axial section through the pons at the level of the sixth 
nerve nuclei. C, central tegmental tract; CS, corticospinal tract; ML, medial 
lemniscus; MLF, medial longitudinal fasciculus; PPRF, paramedian pontine 
reticular formation; STN (V), spinal trigeminal nucleus of the fifth nerve; 
STT (V), spinal trigeminal tract of the fifth nerve; VI, sixth nerve nucleus; 
VII, seventh nerve nucleus; VN, vestibular nuclei. 
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this branch indicates a process posterior to the cavernous 
sinus. More anteriorly, the maxillary division leaves the skull 
base at the level of  the cavernous sinus via the foramen 
rotundum. The ophthalmic branch of  the trigeminal, along 
with the IIIrd, IVth, and VIth nerves and the oculosympa-
thetic fibers, leave the anterior cavernous sinus, and enter 
the orbit through the superior orbital fissure (Fig. 15.9; see 
also Fig. 15.1).

Orbit. Once in the orbit (see Fig. 15.1), the ocular motor 
nerves reach their respective extraocular muscles. The IIIrd 
and VIth nerves along with the optic nerve lie within the 
annulus of  Zinn and muscle cone (see Fig. 15.9). Like the 
frontal and lacrimal nerves (branches of  V1), the trochlear 
nerve passes above the annulus of  Zinn. However, the orbital 
apex syndrome is usually considered to consist of  optic, IIIrd, 
IVth, VIth, and V1 nerve dysfunction. In contrast to the 
more direct orientation and attachments of  the lateral, infe-
rior, and superior rectus and inferior oblique muscles, the 
superior oblique muscle tendon courses through a pulley 
attached to the superonasal orbital wall then attaches to the 
globe on its posterior and temporal aspect (see Fig. 15.1). 
This arrangement accounts for the down and in movement 
and intorsion of  the eye produced by superior oblique con-
traction. Pupilloconstrictor fibers from the IIIrd nerve synapse 
in the ciliary ganglion, which lies within the lateral muscle 
cone (see Fig. 13.3) and issues postganglionic parasympa-
thetic fibers that innervate the pupil. Other details regarding 
orbital anatomy, including that of  the extraocular muscles, 
are discussed in Chapter 18.

Blood supply of  the extraaxial ocular motor nerves. 
The nutrient circulation to the IIIrd nerve15,16 arises from 

fibers travel up the carotid artery and briefly join the VIth 
nerve within the cavernous sinus. This anatomical relation-
ship accounts for the occasional case of  an abducens palsy 
and Horner syndrome associated with lesions of  the cavern-
ous sinus.14

Knowledge of  the anatomy of  the trigeminal nerve (see 
Chapter 19) is critical for localizing lesions within the para-
sellar region. Since the mandibular branch of  the trigeminal 
nerve travels through the foramen ovale, involvement of  

Internal carotid artery

Anterior clinoid process
of sphenoid bone

Posterior clinoid process
of sphenoid bone

Optic nerve (II)

Oculomotor nerve (III)

Trochlear nerve (IV)

Pons

Midbrain

Abducens nerve (VI)

Trigeminal ganglion

Trigeminal nerve (V)

Ophthalmic nerve (V1)

Maxillary nerve (V2)

Mandibular nerve (V3)

Figure 15.7. Lateral view of the right cavernous sinus with the temporal lobe and lateral wall dissected. The optic chiasm and third ventricle lie 
superomedially to this region, and the divisions of the trigeminal nerve are entering their respective foramina. The third, fourth, and sixth nerves exit 
the brainstem (left), traverse the subarachnoid space, then enter the cavernous sinus along with V1 and V2. 

gland

sinus

carotid artery

Figure 15.8. Diagram of the coronal view of the cavernous sinus (orange 
area). The IIIrd, IVth, V1, and V2 cranial nerves (n.) line up vertically in 
the lateral wall of the cavernous sinus, whereas the sixth nerve lies freely 
closer to the carotid artery. 
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rectus, superior rectus, inferior oblique, or superior oblique. 
Because the vertically acting muscles also tort the eye, 
their dysfunction can cause diplopia with tilted images.

3. Directionality. In a patient with diplopia caused by extra-
ocular muscle paralysis, the double vision will worsen 
when the patient attempts to look in the direction of  action 
of  the paretic muscle. For example, attempted leftward 
gaze worsens the horizontal diplopia due to weakness of  
the right medial rectus muscle. Thus, in some instances, 
history alone is often helpful in localizing the problem.

Some patients with ocular misalignment complain of  blurry 
vision instead of  frank diplopia, especially if  the two images 
are close together or the person has intermittent fusion. 
Asking if  the blurry vision resolves with one eye covered is 
helpful in this regard.

Individuals with ocular misalignment who have no diplopia 
usually have either (1) defective vision in one or both eyes 
due to refractive error, cataract, optic neuropathy, or macu-
lopathy, for instance; (2) long-standing childhood strabismus 
with strabismic amblyopia (defined as loss of  two Snellen 
lines of  visual acuity in the bad eye compared with the good 
one) or suppression (the ability to ignore one of  the images); 
(3) ptosis of  one eyelid; or (4) a large angle of  strabismus, 
making the second image less confusing and easy to ignore.

The examiner should investigate other historical details 
such as duration of  onset, whether the patient has had the 
motility deficit since childhood; presence of  pain; fatigability; 
other neurologic symptoms such as dysphagia or weakness; 
underlying illnesses such as hypertension, diabetes, cerebro-
vascular disease, cardiac atherosclerotic disease, or multiple 
sclerosis; and habits such as smoking or alcohol use.

Signs

The ocular motility examination is detailed in Chapter 2. It 
should consist of  testing for the following:

1. Obvious misalignment, ptosis, or pupillary abnormalities, 
first by inspection.

2. Ductions, which are movements of  each eye separately.
3. Vergences, which are coordinated movements of  both 

eyes in opposite directions.
4. Saccades and pursuit.
5. Oculocephalic maneuver.
6. Ocular misalignment, assessed qualitatively or quantita-

tively using cover–uncover, alternate cover, Maddox rod, 
or Krimsky or Hirschberg techniques. Often the motility 
disturbance will be obvious after inspection and testing 
of  vergences. However, more subtle problems will require 
quantification of  the misalignment using prism-alternative 
cover or Maddox rod techniques. Although there are many 
exceptions, acquired incomitant deviations (in which the 
ocular misalignment is different in different directions) 
are usually caused by a neurologic problem, while comi-
tant deviations (same in every direction) are typically 
long-standing, often dating to childhood. Individuals with 
prior strabismus surgery may also have an incomitant 
deviation. Patients with shallow orbits may not bury their 
sclera fully in lateral gaze, giving the false impression 
that an abduction deficit exists. In such cases it is 

(1) small thalamomesencephalic perforators arising from the 
basilar and posterior cerebral arteries and the posterior circle 
of  Willis, in the proximal subarachnoid space17; (2) as alluded 
to earlier, microscopic branches of  the inferior lateral trunk 
of  the intracavernous carotid within the cavernous sinus; 
and (3) recurrent branches of  the ophthalmic artery intra-
orbitally. A watershed region of  the IIIrd nerve may exist 
between the proximal and intracavernous portions.18 The 
cavernous and orbital blood supply of  the IVth and VIth 
nerves is likely similar.19 The subarachnoid segment of  the 
IVth nerve derives its blood supply from branches of  the 
superior cerebellar artery.20 The subarachnoid segment of  
the VIth nerve is likely supplied by branches from the pos-
terior cerebral and superior cerebellar arteries.

Symptoms

Patients with diplopia should be asked whether their double 
vision is (1) binocular; (2) horizontal or vertical; and (3) 
worse in left gaze, right gaze, upgaze, or downgaze, or dis-
tance or near.

1. Binocular vs monocular double vision. This can be assessed 
by asking the patient, “Does the double vision go away 
when you cover either eye?” Neurologic ocular misalign-
ment causes binocular diplopia which disappears with 
either eye covered, whereas ocular causes such as refrac-
tive error, for instance, lead to monocular double vision 
which persists in one eye with the other eye covered.

2. Horizontal or vertical. Horizontal double vision suggests 
a misalignment caused by dysfunction of  the medial or 
lateral rectus muscles. Vertical diplopia implies an abnor-
mality of  the vertically acting muscles such as the inferior 

Figure 15.9. Diagram of the contents of the superior orbital fissure 
(orange area) and annulus of Zinn in a coronal view of the back of the 
orbit. m., Muscle; n., nerve. 
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testing would confirm an esotropia largest on ipsiversive gaze. 
Small vertical deviations, consistent with normal hyperpho-
rias, can be seen in sixth nerve palsies.24 Restrictive diplopia, 
due to orbital processes such as thyroid-associated ophthal-
mopathy, are associated with limited movements with normal 
saccadic velocity but positive forced duction testing. Proptosis 
and periorbital swelling are often present in such patients.

Another important consideration when determining the 
etiology of  the diplopia is the age of  the patient. In adults, 
diabetes, hypertension, trauma, and aneurysms are common 
causes of  ocular motor palsies (Table 15.1).25–27 In contrast, 
in most pediatric series, the most common causes of  acquired 
IIIrd, IVth, and VIth nerve palsies are trauma and neoplasms. 
Vascular and aneurysmal causes of  ocular motor palsies are 
uncommon in children.28

Treatment Overview

The ophthalmoparesis in some of  the disorders described, 
such as ischemic and traumatic ocular motor palsies, will 
often resolve spontaneously. Other causes of  diplopia, such 
as myasthenia gravis, or inflammatory, demyelinating, or 

important to look for an esodeviation worse in lateral 
gaze which, if  present, will indicate a true abduction 
deficit.

7. Other clues such as head, face, and chin position (e.g., 
head tilt) or orbital signs such as proptosis or eyelid 
swelling.

8. Forced ductions when restrictive abnormalities are 
suspected.

Monocular diplopia that resolves with a pinhole is likely 
due to refractive error, media opacity, or retinal abnormality 
such as an epiretinal membrane. Psychogenic disturbances 
should also be considered.

Approach

Using the clues from the history and examination, the exam-
iner’s goals are to decide:

1. Whether the diplopia or misalignment is a neurologic, 
ocular, or a childhood strabismus problem. If  it is neuro-
logic, then a lesion affecting the structures outlined in 
the anatomic pathways above, from supranuclear ones 
to muscle, may be implicated.

2. Which extraocular muscles are involved.
3. The cause. We suggest considering the most common 

causes of  acquired misalignment by whether they typi-
cally cause horizontal21 or vertical diplopia22,23 (Box 15.1).

Often the ophthalmoparesis and abnormal motility pattern 
is characteristic, and other historical features or accompany-
ing neurologic findings aid in localization and diagnosis. A 
complete, isolated infranuclear third nerve palsy causes 
ipsilateral elevation, adduction, and depression weakness 
accompanied by abduction, hypodeviation, pupillary mydria-
sis, and ptosis. Patients with superior oblique paresis complain 
of  vertical diplopia, often with a torsional component, and 
they have an ipsilateral hypertropia worse on contraversive 
(contralateral conjugate) horizontal gaze and ipsilateral head 
tilt. Patients with a lateral rectus palsy complain of  binocular 
horizontal double vision worse on ipsiversive gaze and at 
distance. In many cases the limitation of  abduction is evident, 
but, in more subtle instances, alternate cover or Maddox rod 

Box 15.1 Horizontal vs Vertical Diplopia:  
Major Causes

Horizontal Diplopia

VIth nerve palsy
IIIrd nerve palsy
Convergence insufficiency
Divergence insufficiency
Internuclear ophthalmoplegia
Myasthenia gravis
Decompensated strabismus

Vertical Diplopia

IVth nerve palsy
Thyroid associated ophthalmopathy
Myasthenia gravis
Skew deviation
IIIrd nerve palsy

Table 15.1 Causes of Acquired IIIrd, IVth, and VIth Nerve Palsies in Adults

Etiology IIIrd (%) IVth (%) VIth (%)
Multiple (Any Combination of IIIrd, 
IVth, and VIth) (%)

Undetermined 24a 32a 26a 12

Vascular 20b 18 13 4

Head trauma 15 29b 15 17

Aneurysm 16 1 3 9

Neoplasm 12 5 22b 35a,b

Other 13 15 22 23

“Vascular” refers to associated diabetes mellitus, hypertension, or atherosclerosis.
aMost common group.
bMost common group with an identifiable cause.
Data from Richards DW, Jones FR, Younge BR. Causes and prognosis in 4,270 cases of paralysis of the oculomotor, trochlear, and abducens cranial nerves. Am 

J Ophthalmol 1992;113:489–496.
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of  images despite normal alignment. Alternatively, double 
vision may result from macular displacement by vitreoretinal 
traction or epiretinal membrane, for instance.30,31

Finally, patients with nonorganic or functional vision loss 
often complain of  monocular double vision. In our experi-
ence this is an ill-defined symptom which cannot be further 
characterized by the patient and may affect one or both eyes. 
Double vision may be reported only after the examiner asks 
specifically about it when trying to characterize a complaint 
of  “blurred vision.” In this setting, patients may also com-
plain of  triple or quadruple vision. The symptom does not 
improve with pinhole or any other maneuver on the part of  
the examiner. Nonorganic vision loss is discussed further in 
Chapter 11.

NEUROLOGIC CAUSES OF MONOCULAR 
DOUBLE VISION

Rarely, acquired occipital lobe lesions or drugs may cause 
multiple images, akin to palinopsia. These types of  visual 
illusions are discussed in Chapter 12.

Supranuclear Causes of Diplopia, 
Including Vergence Disorders

This section reviews diplopia caused by supranuclear lesions: 
internuclear ophthalmoplegia (INO) and the major vergence 
disorders (abnormalities of  moving the eyes in opposite direc-
tions), which are convergence spasm, convergence and diver-
gence insufficiency, and pseudoabducens palsy, which cause 
horizontal diplopia, and skew deviation and monocular 
elevator palsy, which lead to vertical diplopia.

INTERNUCLEAR OPHTHALMOPLEGIA

Disruption of  the MLF in the pons or midbrain results in an 
INO typified by an ipsilateral adduction deficit and contra-
lateral abducting nystagmus (Figs. 15.10 and 15.11, Video 
15.1). The side of  the adduction deficit determines the side 
of  the INO.

Symptoms. Patients with INO may complain of  horizontal 
diplopia, particularly when the adduction weakness is pro-
found. Those patients with subtle paresis may have no symp-
toms or complain of  blurred vision only with eccentric gaze 
or quick shifts in horizontal gaze. Since a skew deviation 
(discussed later) is frequently associated with lesions of  the 
MLF, vertical diplopia may be another complaint. Oscillopsia 
may result from either the abduction nystagmus or an 
impaired vertical vestibular ocular reflex.

Signs. The hallmark finding of  INO is impaired adduction 
of  the eye (see Fig. 15.10). There is a wide range of  medial 
rectus dysfunction in INO. Subtle cases may be evident only 
with fast eye movements from eccentric gaze to midline 
(“medial rectus float”). An optokinetic flag pulled along the 
horizontal plane may reveal slow adducting saccades in the 
affected eye during the fast phase of  the nystagmus.32  
The demonstration of  intact convergence in INO establishes 
the supranuclear localization of  the medial rectus weakness 
and usually signifies a lesion of  the MLF within the pons 
(Video 15.2). In contrast, patients with MLF lesions close to 
the third nerve nucleus may have impaired convergence. 

neoplastic processes, will improve as the underlying condi-
tion is treated. In the meantime, patients with diplopia can 
wear an eyepatch over one eye or place opaque scotch tape 
on one lens of  their eyeglasses to resolve the double vision. 
Some authors have advocated botulinum toxin injections 
into the antagonist muscle of  the paretic muscle, even in 
supranuclear ocular motility disorders.29 For instance, in a 
left lateral rectus palsy, the left medial rectus palsy is injected 
with botulinum to decrease adduction tone. Prisms may be 
used to facilitate image alignment and are best for patients 
with relatively small (<15-prism diopter) comitant deviations. 
Temporary Fresnel paste-on prisms can be used initially, fol-
lowed by ground-in prisms for permanent diplopia. Individuals 
with ophthalmoparesis who do not improve spontaneously, 
and whose examinations remain stable for at least 6 months, 
may be candidates for corrective eye muscle surgery.

Children with ocular motor palsies, especially those under 
age 8 years, have the potential for developing strabismic 
amblyopia. Third nerve palsies have the complicating feature 
of  ptosis with the potential for deprivational amblyopia. These 
children, when able, should be referred to a pediatric oph-
thalmologist for patching or lid elevation. Children patched 
for symptomatic diplopia should have the patch alternated 
daily between eyes to prevent occlusion amblyopia.

Monocular Double Vision

OPHTHALMIC CAUSES OF  
MONOCULAR DOUBLE VISION

Most patients with monocular double vision have an optical 
problem, a macular abnormality, or a nonorganic symptom. 
Generally, the description of  double vision that persists with 
one eye closed is different in each of  these circumstances. 
Patients with optical causes of  monocular double vision 
generally describe blurring of  objects they are viewing and 
a “ghost image” or extra line. They usually do not see a 
discrete, second image but a lighter, partial second image 
that is attached to the main image and separates from it in 
one direction. The symptom almost always improves or dis-
appears when the same object is viewed through a pinhole. 
Common causes of  this type of  double vision include  
cataracts, irregular astigmatism (particularly keratoconus), 
corneal scars, and tear film irregularities. If  refraction  
with a rigid contact lens improves the double vision, the 
cause is likely to be an irregular corneal surface. Treatment 
of  this type of  double vision is etiology specific (i.e., refrac-
tion, rigid contact lens use, cataract extraction, or laser 
keratectomy).

Patients with macular causes of  monocular double vision 
generally describe a break, bend, or distortion of  the viewed 
edge leading to a double or distorted image. This type of  
monocular double vision generally does not improve with 
pinhole, and, in fact, vision is often worse through a pinhole 
in this setting. Common macular causes of  monocular double 
vision include epiretinal membranes and retinal or choroidal 
folds. In addition, it should be noted that binocular diplopia 
can result from macular disease as well. In one mechanism, 
macular disease leads to significant image distortion or dif-
ference in image size compared with the other eye (anisei-
konia). This image size or shape discrepancy prevents fusion 
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However, some patients with INO have poor convergence 
because of  the vertical misalignment produced by the associ-
ated skew deviation. Therefore, the absence of  convergence 
may not be a totally reliable sign to localize the lesion in a 
discrete part of  the MLF pathway.

The eye that is contralateral to the MLF lesion typically 
exhibits an abducting nystagmus in endgaze. Evidence sug-
gests that this abducting nystagmus is an adaptive phenom-
enon in an attempt to increase the innervation to the weak 
adducting eye.33,34

Since the otolith pathways project through the MLF, a 
skew deviation and ocular tilt reaction is commonly observed 
with an INO (see later discussion).35 Typically, the hypertropic 
eye is on the same side as the adduction weakness. A dissoci-
ated form of  vertical torsional nystagmus may also be 
observed because of  disrupted connections from the posterior 
semicircular canal. This results in a downbeating nystagmus 
in the eye ipsilateral to the MLF lesion and torsional nystag-
mus in the contralateral eye.36,37 Bilateral lesions of  the MLF 
often produce additional eye findings, including impaired 
vertical pursuit and upbeat nystagmus in both eyes in 
upgaze.38 Severe bilateral INOs may also result in a large-
angle exotropia in primary gaze in so-called “WEBINO” 
(wall-eyed bilateral INO) (Video 15.3).39

Pathophysiology. Axons for the MLF arise from inter-
neurons intermingled within the abducens nucleus (see Fig. 
15.11). These axons immediately cross the midline and ascend 
in the MLF. Lesions of  the MLF produce impaired adduction 
of  the ipsilateral eye. Since other important pathways travel 
in the MLF, a variety of  other neuro-ophthalmologic signs 
may be found. The utricular pathway arising from the ves-
tibular nucleus ascends in the MLF. Interruption of  these 
vestibular connections results in an ipsilateral hypertropia. 
Vestibular information also travels to and from the inC.34,38 
Interruption of  these connections in the MLF, particularly 
when bilateral, will impair (1) vertical pursuit, (2) the 
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Figure 15.10. Bilateral internuclear ophthalmoplegia (INO) with intact 
convergence. Adduction deficits in attempted right gaze (A) and left 
gaze (B) were accompanied by nystagmus of the abducting eyes.  
C. Adduction is intact during converging during viewing of a near target. 

Figure 15.11. Diagram of the pathways and lesion for an internuclear 
ophthalmoplegia (INO). Interneurons from the sixth nerve nucleus cross 
in the pons and ascend within the medial longitudinal fasciculus (MLF) 
to innervate the contralateral medial rectus subnucleus. A lesion within 
the MLF (x) will cause an ipsilateral adduction deficit. LE, Left eye; LR, 
lateral rectus muscle; MR, medial rectus muscle; n., nerve; PPRF, para-
median pontine reticular formation; RE, right eye. 
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disorders such hepatic encephalopathy, structural abnormali-
ties (Arnold–Chiari malformation),46 and degenerative condi-
tions, particularly progressive supranuclear palsy.

In many patients with an INO, a lesion of  the MLF in the 
midbrain or pons can be demonstrated on MRI, 47 but for 
unclear reasons often the brainstem appears normal.

Variations. The combination of  an INO with an ipsiversive 
conjugate palsy is a pontine “one-and-a-half ” syndrome due 
to simultaneous ipsilateral involvement of  the PPRF (or VIth 
nerve nucleus) and the MLF (see Chapter 16, and Figs. 16.7 
and 16.8). Damage to the MLF in addition to the corticospinal 
tracts results in Raymond-Cestan syndrome, characterized 
by an INO and contralateral hemiparesis.48 Rarely patients 
with impaired abduction will have adducting nystagmus. 
This has been sometimes referred to as a posterior INO of  
Lutz.49 This combination of  eye signs most likely results from 
an abducens palsy with the adducting nystagmus represent-
ing an adaptive response.

CONVERGENCE SPASM

This condition, characterized by convergence, accommoda-
tion, bilateral pupillary miosis, and pseudomyopia, may mimic 
bilateral sixth nerve palsies (Video 15.4). The distinction is 
important because convergence spasm (or spasm of  the near 
reflex) is almost always indicative of  a functional disorder.50 
Patients usually complain of  double or blurry vision, and 
they often have other behaviors and symptoms which suggest 
a nonorganic etiology. The hallmarks are pupillary constric-
tion on attempted abduction and a variable esotropia (reflect-
ing variable patient effort). Other features include normal 
abducting saccades, intact abduction during the oculocephalic 

vertical vestibular ocular reflex, and (3) vertical gaze–holding 
mechanisms.

Diagnosis. The diagnosis of  INO is usually straightforward, 
especially when there is impaired medial rectus dysfunction 
in lateral gaze with normal convergence. One should care-
fully search for other orbital signs, since isolated medial rectus 
lesions may occur from local conditions such as extraocular 
muscle entrapment. Third nerve palsy should be considered, 
and ptosis, mydriasis, and vertical eye movement impairment 
should be carefully excluded. Exotropia resulting from stra-
bismus can be distinguished by the presence of  full extraocular 
movements in lateral gaze and normal saccades on gaze or 
optokinetic testing. Caution should be applied in this regard, 
however, because some patients with long-standing large-
angle exotropia may develop adduction weakness, perhaps 
on a restrictive basis, which may mimic an INO. Myasthenia 
gravis can rarely mimic an INO (see Myasthenia Gravis). In 
such patients there are often eyelid signs such as variable 
ptosis to suggest this diagnosis.

Differential diagnosis. A unilateral INO in an older 
patient usually results from a brainstem infarction, while 
bilateral INO in a young patient typically signifies a demyelin-
ating process such as multiple sclerosis (Fig. 15.12). INOs 
due to infarcts may result from small vessel (penetrator) 
occlusion or large vessel disease involving the posterior cere-
bral artery, superior cerebellar artery, or even the basilar 
artery.40 In both ischemic41–43 and demyelinating causes, the 
prognosis for spontaneous improvement over weeks is 
excellent.

However, a variety of  lesions may be associated with INOs, 
including vascular malformations, tumors, head trauma,44,45 
nutritional disorders including Wernicke’s disease, metabolic 
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Figure 15.12. Axial fluid level attenuated inversion recovery magnetic resonance images in a woman with bilateral internuclear ophthalmoplegia due 
to demyelination. A. Lesion in the dorsal pons at the location of the medial longitudinal fasciculi (arrow). B. Two periventricular lesions (arrows) were 
demonstrated in more rostral images. 
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recti inferiorly and superior rectus nasally as the result of  
degeneration of  the lateral rectus–superior rectus band that 
connects these muscles.64 These patients may have an abduc-
tion deficit and lateral incomitance that mimics a VIth nerve 
palsy.65

Since small bilateral sixth nerve palsies may mimic diver-
gence insufficiency,66 intracranial causes of  subtle bilateral 
sixth nerve palsies due to elevated intracranial pressure and 
brainstem and skull-based lesions should be excluded with 
neuroimaging. Patients with pontine lesions associated with 
divergence insufficiency have been reported,67,68 and in two 
of  these, discrete lesions in the unilateral tegmentum of  the 
caudal pons were demonstrated,67 suggesting that involve-
ment of  the nucleus reticularis tegmenti pontis might be 
responsible for this ocular motor disorder.

Patients can be treated extremely effectively with base-out 
prisms or strabismus surgery.69,70

PSEUDOABDUCENS PALSY

Pseudoabducens palsy is reviewed in detail in Chapter 16 
because it often accompanies the dorsal midbrain syndrome 
or thalamic lesions.71 Although the lateral rectus appears 
to be weak, oculocephalic maneuvers demonstrate full hori-
zontal ductions. The esotropia is usually variable and may 
represent excess convergence tone.

SKEW DEVIATION

Skew deviation refers to a vertical misalignment of  the eyes 
that commonly occurs from acute brainstem lesions which 
disrupt prenuclear vestibular pathways to the third and fourth 
nerve nuclei.72,73 Occasionally, skew deviation may also result 
from peripheral vestibular or cerebellar lesions.74

Symptoms and signs. Patients may complain of  binocular 
vertical diplopia, sometimes with a torsional component. 
The presence of  other neurologic symptoms and signs often 
helps to distinguish skew deviation from other causes of  
vertical misalignment such as third and fourth nerve palsies.75 
For example, a vertical deviation of  the eyes with signs of  
pontomedullary dysfunction, such as ataxia, usually suggests 
a skew deviation is present.

Ocular-tilt reaction (OTR). The combination of  skew 
deviation with ocular torsion and a head tilt is known as 
the ocular-tilt reaction (Fig. 15.13).72 This triad of  signs is 
typically observed with lesions of  the lateral pontomedullary 
junction (Fig. 15.14) or the paramedian thalamic–
mesencephalic region and results from dysfunction of  the 
utricular pathways that begin in the labyrinths and terminate 
in the rostral brainstem.72,76,77 Although the exact neuro-
anatomic pathways that mediate the ocular-tilt reaction or 
its prime component, skew deviation, remain uncertain, the 
localizing value of  skew deviation has evolved from clinical 
and experimental observation (Table 15.2).

Pathophysiology. It appears that both the utricular and 
the semicircular canal pathways that regulate vertical gaze 
synapse in the vestibular nuclei and cross the midline to 
ascend in the MLF (Fig. 15.15).72,76,77 There, the utricular 
pathway connects to the nuclei that activate the four verti-
cally acting muscles, namely the superior rectus, superior 
oblique, inferior rectus, and inferior oblique. Because the 
superior rectus subnucleus controls the contralateral superior 

maneuver or testing of  monocular ductions, and resolution 
of  the myopia following cycloplegia.51 The miosis may resolve 
upon occlusion of  the fellow eye by disrupting the binocular 
input necessary for convergence.52

Rarely, spasm of  the near reflex may be seen in disease 
states such as metabolic encephalopathy,53 Arnold–Chiari 
malformation, pituitary tumors, and trauma.54 Treatment 
of  the condition consists of  cycloplegic eye drops (e.g., atro-
pine) to inhibit accommodation or weak minus lenses.51 Other 
possible treatment options include monocular occlusion, 
opacification of  the medial third of  the lenses, and botulinum 
toxin injection.55 However, patient reassurance that no organic 
disease exists is often the best approach. Convergence spasm 
should be distinguished from convergence retraction nys-
tagmus or pseudoabducens palsy from pretectal lesions.

CONVERGENCE INSUFFICIENCY

Patients with convergence insufficiency describe horizontal 
diplopia at near, typically after a period of  reading. In a prac-
tical definition, patients with this condition are unable to 
maintain the esodeviation required for near tasks. Once an 
object is brought to within 10 cm of  the bridge of  their nose, 
affected patients are unable to converge. Medial rectus func-
tion is normal when ocular ductions are tested, but patients 
typically have an exodeviation worse at near. A common 
sequela of  head trauma,56 convergence insufficiency may 
also be seen in association with dorsal midbrain lesions 
(Parinaud syndrome; see Chapter 16),57 may be a decom-
pensation of  a long-standing exophoria, or may be idiopathic. 
The exact anatomical lesion which causes convergence insuf-
ficiency is unknown.

Convergence exercises such as “pencil push-ups,” in which 
the patient is asked to focus on the pencil eraser as it is repeat-
edly brought close to the eyes, and base-out prisms, which 
forces convergence, can be tried. Office-based vision therapy 
and orthoptics with home reinforcement are superior to 
home-based therapy.58 Strabismus surgery may be required 
for individuals who fail medical therapy. A prospective trial 
assessing the effect of  office-based vergence and accommo-
dative therapy versus placebo in children with convergence 
insufficiency is underway.59

DIVERGENCE INSUFFICIENCY

This ocular motility deficit is characterized by an acquired 
horizontal diplopia at distance but not near, a comitant eso-
phoria or esotropia at distance, near motor fusion at near, 
and full ocular ductions without evidence of  a sixth nerve 
palsy. The abnormality has been attributed to a disturbance 
of  a poorly defined supranuclear “divergence center” in the 
brainstem. Divergence insufficiency is typically benign,60 and 
affected patients are usually neurologically normal. Nonspe-
cific small vessel ischemic disease is a relatively common finding 
in magnetic resonance imaging (MRI) studies in such instances 
and is of  uncertain significance.61 While most patients with 
divergence insufficiency have no neurologic abnormalities, 
a subset of  patients may have concomitant nystagmus, tremor, 
and ataxia or an underlying neurologic disorder such as Par-
kinson’s disease or a Chiari malformation.62,63

Divergence insufficiency may be seen in patients with high 
myopia and is believed to be due to displacement of  the lateral 
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Figure 15.13. Diagram demonstrating the three components of the 
ocular tilt reaction: (1) right head tilt, (2) ocular counter roll, and (3) 
skew deviation. Note that the eyes roll toward the hypotropic eye. 

Table 15.2 Localizing Value of Skew Deviation

Lesion Location Type of Skew Associated Signs

Lateral pontomedullary Contralateral hypertropia Ipsilateral excyclotorsion; ipsilateral facial numbness; ipsilateral Horner; 
lateropulsion

Midline cervicomedullary junction Bilateral inferior rectus Downbeat nystagmus

Medial longitudinal fasciculus Ipsilateral hypertropia Internuclear ophthalmoplegia

Rostral midbrain Ipsilateral hypertropia Vertical gaze palsy; conjugate cyclotorsion

rectus, and the trochlear nucleus innervates the contralateral 
superior oblique muscle, a right utricular nerve lesion, for 
example, would result in a left hypertropia as a result of  
impaired action of  the left inferior rectus muscle and the 
right superior rectus muscle. If  the lesion occurs in the MLF, 
the hypertropia will be ipsilateral unless lateral pontomedul-
lary structures are also affected, and in such a case the 
hypertropia may be contralateral to the INO.77

Skew deviation may also ensue following selective damage 
to the posterior or the anterior semicircular canal pathways.77 
For example, injury to the right posterior semicircular  
canal projections would lead to a left hypertropia and relative 
right eye excyclotorsion from impaired innervation to the 
left inferior rectus and right superior oblique muscles, respec-
tively. Although both eyes are torted toward the hypotropic 
eye, the lower eye is usually more excyclorotated than the 
higher eye is incyclorotated—hence the term relative excy-
clorotation.75 Bilateral damage to the crossing posterior 
semicircular pathway projection in the dorsal medulla could 
lead to an alternating hypertropia (i.e., right hypertropia in 
right gaze from impaired action of  the right inferior rectus 
muscle, and a left hypertropia in left gaze from disturbed 
function of  the left inferior rectus muscle).78,79 Patients who 
have skew deviation from interruption of  the semicircular 
canal pathway often have associated vertical nystagmus. For 
instance, interruption of  the posterior semicircular canal 
pathway leads to a skew deviation in association with down-
beat nystagmus in one eye and a torsional nystagmus in the 
fellow eye.

Although brainstem strokes and tumors are the most 
common causes of  skew deviation, this motility disturbance 
may be rarely observed as a false localizing sign of  increased 
intracranial pressure including pseudotumor cerebri 
syndrome.80

Diagnosis. The hypertropia of  a skew deviation may be 
comitant (deviation is the same in all positions of  gaze) or 
noncomitant (deviation varies with gaze position). When a 
skew deviation is noncomitant, it may be difficult to distin-
guish from an ocular motor palsy or extraocular muscle 
weakness. A fourth nerve palsy is the motility disorder that 
may be the most difficult to distinguish from a skew devia-
tion since both conditions may be associated with a positive 
head-tilt75 or three-step test (see Fourth Nerve Palsies).81 
However, patients with skew deviation typically have bin-
ocular torsion as opposed to the excyclotorsion of  just one 
eye seen in a fourth nerve palsy.77 Furthermore, in skew 
deviation the hypertropic eye is usually incyclorotated and 
the hypotropic eye excyclorotated, while the affected hyper-
tropic eye in a fourth nerve palsy is excyclorotated, and in 
an inferior oblique palsy the affected hypotropic eye is incy-
clorotated.82 Torsion may be demonstrated by double Maddox 
rod testing (Fig. 15.16), fundus photography (see Fig. 15.14), 
indirect ophthalmoscopy, or measurement of  the subjective 
visual vertical.77,83 In addition, the supranuclear nature of  
the hyperdeviation associated with skew deviation may be 
evident during oculocephalic testing or forced eyelid closure 
(Bell’s phenomenon).75 Finally, the vertical deviation and 
torsion seen in skew deviation decreases when patients are 
supine compared with trochlear nerve palsy, in which they 
remain the same.84,85

Midbrain lesions involving the INC may also produce skew 
deviation with the hypertropic eye ipsilateral to the lesion. 
A full OTR may also ensue with midbrain lesions producing 
a conjugate counter-roll of  the eyes toward the contralateral 
shoulder (Fig. 15.17).86–88 The head tilt will be contralateral 
to the lesion as well. Alternating skew with lateral gaze may 
also be associated with midbrain lesions.79

Variations. Occasionally, irritative lesions of  the midbrain 
will produce a paroxysmal skew deviation.89,90 These patients 
have a contralateral hypertropia, ipsilateral head tilt, and a 
conjugate counter-roll of  the eyes toward the ipsilateral 
shoulder. One patient has been documented with skew devia-
tion from ictal activity of  the vestibular cortex.91

Alternating skew deviation in the primary position is an 
unusual eye movement disorder that may be observed with 
midbrain lesions. The hypertropia may switch sides over 
several minutes in an aperiodic or periodic manner.92,93 Peri-
odic alternating deviation may also coexist with periodic 
alternating nystagmus.
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Figure 15.14. Pontomedullary lesion causing ocular tilt reaction. A. Axial T2-weighted magnetic resonance imaging showing right lateral pontomedul-
lary infarction (arrow). B. Left hypertropia in primary gaze, which was worse in right gaze (C–F). Excyclotorsion of the hypotropic right eye (G) (note 
downward displacement of macula (arrow) relative to the optic disc) and incyclotorsion of the hypertropic left eye (H) (note upward displacement of 
the macula (arrow), which normally lies below the horizontal meridian) were also present. (Courtesy of Stefania Bianchi, MD.)
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ACQUIRED SUPRANUCLEAR MONOCULAR 
ELEVATOR PALSY

Acquired supranuclear monocular, or “double elevator,” 
palsy is caused by a pretectal, supranuclear lesion.94–97 Both 
superior rectus and inferior oblique function of  one eye are 
affected by a unilateral lesion in the rostral mesencephalon. 
Such a lesion would disrupt the efferent fibers from the riMLF) 
to the inferior oblique subnucleus and the contralateral 
superior rectus subnucleus, which innervates the superior 
rectus muscle contralateral to it (see Fig. 16.18). Thus a 
unilateral lesion produces a monocular elevation paresis. 
As the name of  the condition implies, Bell’s phenomena and 
the oculocephalic responses are intact in the affected eye. If  
reflex eye movements are not preserved with a monocular 
elevator palsy, one should consider a fascicular third nerve 
palsy or a lesion along the distal path of  the third nerve 
including the orbit.

Third Nerve Palsies

As indicated earlier, a complete, isolated infranuclear third 
nerve palsy causes ipsilateral elevation, adduction, and depres-
sion weakness accompanied by abduction, hypodeviation, 
pupillary mydriasis, and ptosis (Fig. 15.18, Videos 15.5 and 
15.6). The most feared cause of  a third nerve palsy in adult-
hood is a posterior communicating artery (PCoA) aneurysm, 
which may compress the third nerve within the subarachnoid 
space. In adults, the most common identifiable cause of  
acquired third nerve palsy is presumed vascular insufficiency 
due to diabetes, hypertension, or atherosclerosis.25,98 Less 

Figure 15.15. Diagram demonstrating the 
presumed projections of the utricular 
pathway for lateral head tilting. Note the 
utricular projections synapse in the vestibular 
nucleus (VN), which issues fibers that cross 
and ascend in the medial longitudinal fas-
ciculus (MLF) to the subnuclei of the four 
vertically acting extraocular muscles. These 
subnuclei include the fourth nerve nucleus 
and the third nerve subnuclei controlling 
the superior rectus (SR), inferior rectus (IR), 
and inferior oblique (IO) and superior oblique 
(SO) muscles. Note that the fourth nerve 
nucleus and the superior rectus subnucleus 
innervate their respective muscles of the 
contralateral eye. For example, a lesion within 
the utricular connection to the (left) VN (X, 
for instance) or the (right) MLF will produce 
a right hypertropia, a counterroll of the eyes 
to the left (as shown), and a left head tilt. 
The SO is labeled in the lower part of the 
eye for the sake of simplicity. 

Figure 15.16. Drawing of double Maddox rod testing in a patient with 
a skew deviation (right hypertropia). Red Maddox rod lenses are placed 
over each eye in a trial frame, each at the 90 degree mark. As the patient 
is viewing a hand-held light at distance, two separate horizontal red 
lines will be seen, one from each eye. The patient is asked to align the 
two red lines so that they are parallel to each other and the floor by 
rotating the dials of the trial frame. In the example shown, the patient 
displayed asymmetric cyclotorsion of both eyes toward the left shoulder. 
In this case there was approximately 10 degrees of incyclotorsion of 
the right eye and approximately 15 degrees of excyclotorsion of the 
left eye. 
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Figure 15.17. A. External photograph demonstrating a patient with an ocular tilt reaction (OTR): large right hypertropia and left head tilt due to a (B) 
right midbrain–thalamic infarction (arrow). The patient also had counterrolling of the eyes toward the left shoulder on fundus examination. 

common causes of  isolated third nerve palsies include trauma, 
meningitis, stroke, pituitary apoplexy, and mass lesion at 
the base of  the skull or cavernous sinus. In children the most 
common cause of  acquired third nerve palsy is trauma. This 
section discusses other clinical features of  third nerve palsies, 
then details their various etiologies and workup in adults 
and children.

OTHER CLINICAL FEATURES OF  
THIRD NERVE PALSIES

Complete vs incomplete (or partial). These terms refer to 
the extent of  involvement of  the eyelid and IIIrd nerve inner-
vated extraocular muscles. These are nonlocalizing. Palsies 
of  individual muscles can occur due to lesions at any level 
of  the nerve.

Pupil involvement vs sparing. If  the pupil is mydriatic 
and less reactive to light than the pupil of  the fellow eye, the 
pupil is said to be “involved.” A normally reactive pupil which 
is the same size as the pupil of  the fellow eye is “spared.” 
These features are nonlocalizing.

Inferior vs superior division. As mentioned earlier, the 
third nerve divides into two divisions in the anterior cavern-
ous sinus, so divisional ocular paresis classically localizes to 
this region or to the posterior orbit. However, there are several 
case reports describing either a divisional palsy or single 
muscle involvement due to lesions anywhere along the course 
of  oculomotor nerve, suggesting that topographic organiza-
tion exists along the entire course of  the nerve from midbrain 
to the orbit (Fig. 15.19).99–102

Aberrant regeneration. Patients with traumatic or 
chronic compressive IIIrd nerve palsies may develop aberrant 
regeneration, misdirection, or synkinesis. Common abnormal 
patterns include lid elevation during adduction or depression 
of  the eye (pseudo-Graefe phenomenon) (Fig. 15.20) or 

depression and constriction of  the pupil during adduction 
but not to light (see Fig. 13.12, Video 15.7).103,104 Pupillary 
findings are discussed in more detail in Chapter 13. Less 
common patterns include defective vertical eye movements 
with retraction of  the globe upon attempted vertical devia-
tions, adduction of  the eye during attempted vertical move-
ment,105 and transient synkinesis.106,107

Primary (spontaneous) and secondary (acquired) aberrant 
regeneration are usually considered separately because of  their 
etiologic implications. The synkinesis is the first manifestation 
of  third nerve dysfunction in primary aberrant regeneration. 
This type, manifesting as a ptotic eyelid which elevates in 
adduction or depression of  the eye, is usually associated with 
expanding lesions in or around the cavernous sinus such as 
intracavernous meningiomas,108,109 aneurysms,109,110 pituitary 
tumors,111 and other extracavernous masses.112,113 On the 
other hand, secondary aberrant regeneration occurs in the 
recovery phase several weeks after an acute third nerve palsy 
due to trauma, ophthalmoplegic migraine,109,114 pituitary 
apoplexy107 (see Fig. 13.12), or inflammation,106,115 for instance. 
Because aberrant regeneration after microvascular ischemic 
nerve palsies116 or midbrain infarction117 or hemorrhage118 
is rare, in the absence of  a history of  trauma its presence 
should heighten suspicion for a compressive lesion.

In one purported mechanism, damaged, regenerating axons 
follow alternate pathways within the nerve sheath to inner-
vate targets distinct from their original destination. Lid eleva-
tion in adduction would then be explained by misdirection 
of  third nerve fibers for the medial rectus muscle incorrectly 
innervating the levator muscle. Similarly, miosis during 
adduction could be attributed to medial rectus fibers mis-
takenly innervating the pupillary sphincter. However, cases 
of  spontaneous and transient synkinesis might argue against 
hardwired misdirection. Alternative explanations include  
(1) ephaptic transmission, a cross-talk between adjacent 
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Figure 15.18. Complete pupil-involving left third nerve palsy due to a cavernous sinus meningioma. The left eye has complete ptosis (A), defective 
upgaze (B), absent adduction (C), a down and out position in primary gaze with a large unreactive pupil (D), intact abduction (E), and deficient down-
gaze (F). 

injured and intact nerve fibers, and (2) central synaptic reor-
ganization within the oculomotor subnuclei.109,119

Cyclic oculomotor spasms. In this eye movement disorder, 
a complete or third nerve palsy alternates with brief  spasms 
of  the third nerve innervated structures.120 Often heralded 
by eyelid twitches,121 the spastic phase is characterized by 
pupillary miosis, lid elevation, adduction, and depression 
but limited abduction of  the eye (Fig. 15.21, Video 15.8). 
The condition is usually unilateral, persists during sleep, and 
continues for the lifetime of  the patient.121 Most cases are 
seen in congenital third nerve palsies, but rarely they may 
be acquired.122–124 Alternating phases of  aberrant regenera-
tion of  the third nerve with an intermittent conduction block 
has been a proposed mechanism.122

Etiologies of  third nerve palsies and their accompanying 
clinical features are discussed by location in the following 
sections.

INTRAAXIAL LESIONS

Nuclear third nerve palsy. The classical unilateral lesion 
of  the IIIrd nerve nucleus results in bilateral ptosis that is 

worse ipsilaterally; ipsilateral mydriasis; ipsilateral palsy of  
the medial rectus, inferior rectus, and inferior oblique muscles; 
and bilateral superior rectus palsies. However, bilateral ptosis 
with various combinations of  oculomotor paresis have been 
described from nuclear IIIrd nerve lesions.125–131 Other cases 
of  nuclear IIIrd nerve palsies have been described without 
levator involvement,132,133 with isolated inferior rectus 
palsy,134–136 and with isolated contralateral superior rectus 
palsy.137 Such patients without bilateral ptosis would be dif-
ficult to discern clinically from fascicular involvement only.

Fascicular third nerve palsy. Lesions of  the midbrain 
tegmentum can affect the oculomotor nerve fascicles as they 
travel ventrally and are often associated with “crossed” neu-
rologic signs.138 Involvement of  the fascicle as it passes 
through the crossing dentatorubrothalamic fibers (from the 
superior cerebellar peduncle), just below and medial to the 
red nucleus, can produce an ipsilateral oculomotor palsy 
and contralateral ataxia (Claude’s syndrome) (Fig. 15.22).139 
A lesion of  the cerebral peduncle results in ipsilateral ocu-
lomotor palsy and contralateral hemiparesis (Weber syn-
drome), and a larger process also involving the red nucleus 
can cause the same findings plus contralateral involuntary 
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Figure 15.19. Inferior division left third nerve palsy. The left eye has an enlarged pupil but no ptosis (A) and intact upgaze (B) but defective adduction 
(C), and depression (D). 
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Figure 15.20. Aberrant regeneration of eyelid innervation in a left 
third nerve palsy caused by a meningioma. In primary gaze the left 
eyelid is ptotic (A), but the left eyelid elevates in attempted adduction 
(B) and downgaze (C). 

limb movements or tremor (Benedikt’s syndrome). Third 
nerve palsy accompanied by vertical gaze paresis, lid retrac-
tion, skew deviation, and convergence retraction saccades 
would be suggestive of  dorsal midbrain process, as in the 
top of  the basilar syndrome (see Chapter 16).140 In this setting, 
emboli to the posterior cerebral arteries may also result in 
a homonymous hemianopsia and visual “peduncular” hal-
lucinations (see Chapter 12). Secondary diencephalic lesions 
may cause additional memory disturbances, behavioral 
changes, and altered consciousness.

Fascicular oculomotor palsies may also be isolated,141,142 
and either pupil involvement or sparing may occur.143–145 In 
incomplete oculomotor palsies, the pattern of  ophthalmople-
gia often reflects the topographical arrangement of  the fibers 
to each extraocular muscle within the fascicle (see Fig. 
15.4).99,146–148 Divisional pareses may occur,149,150 and, uncom-
monly, individual muscles may be affected.151–153

The usual cause of  a nuclear or fascicular oculomotor 
palsy is infarction in the territory of  a mesencephalic para-
median penetrating vessel arising from the proximal posterior 
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light reaction, then slightly miotic, then finally dilated.164 
Transiently the pupils may acquire an oval shape.165 Uncom-
monly in transtentorial herniation, the opposite pupil is 
paradoxically the first to dilate.166

Posterior communicating artery aneurysms. Within 
the subarachnoid space, PCoA aneurysms may compress 
the third nerve (Fig. 15.24), almost always causing pupillary 
dilation. Aneurysms arising from the base of  the PCoA as 
it emerges from the ICA are the second most common aneu-
rysm in the anterior circle of  Willis. In one study,167 34% of  
patients with a PCoA developed a IIIrd nerve palsy. However, 
greater than 90% of  patients with PCoA aneurysms  
and subarachnoid hemorrhage present with symptoms of  
a IIIrd nerve palsy before rupture.168 PCoA aneurysms  
and ICA aneurysms commonly project posterolaterally to 
compress the oculomotor nerve as it travels between the 
brainstem and cavernous sinus (Fig. 15.25). Unruptured 
PCoA aneurysms may cause a third nerve palsy by mechani-
cal compression or pulsatility.169 Larger aneurysms, particu-
larly those larger than 5 mm, are more likely to cause a IIIrd 
nerve palsy.170

The IIIrd nerve palsy resulting from aneurysmal compres-
sion is usually painful and complete. Because of  the 

cerebral artery,154 but other etiologies include metastatic 
tumors,155 vascular malformations,156,157 abcesses,158 cysts,150 
and multiple sclerosis.136,159,160

SUBARACHNOID PROCESSES

Uncal herniation. A third nerve palsy accompanied by 
altered mental status should suggest uncal herniation.161 
Ipsilateral pupillary dilation may be the first sign of  trans-
tentorial uncal herniation before other signs of  third nerve 
paresis develop. In this setting, mechanisms for third nerve 
dysfunction include direct compression by the herniating 
uncus beneath the tentorial edge (Fig. 15.23), compression 
by the posterior cerebral artery or hippocampal gyrus, com-
pression of  the oculomotor complex in the midbrain, or 
displacement and kinking of  the nerve over the clivus.162 As 
the syndrome progresses with a decrease in level of  con-
sciousness, the third nerve palsy may become complete along 
with signs of  ipsilateral hemiplegia and extensor plantar 
response (due to contralateral compression of  the cerebral 
peduncle—Kernohan’s notch syndrome).163 Further clinical 
progression may be monitored by examining the opposite 
pupil, which initially may be midposition with a depressed 
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Figure 15.21. Cyclic spasms in a boy with a congenital right third nerve palsy. Periods of right eye ptosis, hypotropia, exotropia, and pupillary mydriasis 
(A) alternated with periods of right eye lid elevation, adduction, and pupillary miosis (B). 
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Figure 15.22. Fascicular right third nerve palsy (A) and contralateral ataxia (Claude syndrome) due to paramedian midbrain infarction (arrow) seen 
on T2-weighted axial magnetic resonance imaging (B). 
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aneurysms presented with normal pupils and partial motility 
deficits, but nevertheless pupillary mydriasis developed within 
days in most of  those cases. Rare oculomotor presentations 
of  PCoA aneurysms include isolated ptosis,173 ptosis and 
mydriasis,174 pupillary light-near dissociation,175 dorsal mid-
brain syndrome,176 pupil sparing and aberrant regeneration,177 
and transient third nerve palsies.178,179 Visual loss180,181 may 
occur, and the pattern observed with PCoA aneurysms 
depends upon the anterior pathway structure which is com-
pressed: optic nerve, chiasm, or tract.180

Treatment. Treatment of  symptomatic PCoA aneurysms 
should not be unduly delayed, as bleeding and/or rebleeding 
and death may occur when they are untreated. Treatment 
options consist of  surgical clipping, endovascular emboliza-
tion, and less often carotid occlusion. Advances in endovas-
cular approaches, particularly coil embolization, have resulted 
in improved recovery rates of  IIIrd nerve palsies and lower 
frequency of  acute bleeding in the treatment of  ruptured 
and unruptured aneurysms.182,183 However, a recent meta-
analysis concluded that surgical clipping of  PCoA aneurysms 
causing IIIrd nerve palsy achieved better recovery compared 
with endovascular coiling.184,185 Ultimately, the treatment 
strategy for patients with an aneurysmal IIIrd nerve palsy 
should be individualized, with technical factors and the 
patient’s underlying medical problems often determining the 
best approach.

After treatment of  PCoA aneurysms, the recovery of  the 
IIIrd nerve palsy is inconsistent and often slow.186 Diplopia, 
residual ptosis, and occasionally photophobia are the main 
complaints, and aberrant regeneration is often seen. Factors 
predicting a better prognosis for recovery of  IIIrd nerve func-
tion include early treatment,187 incomplete palsies,183,188 
younger age, absence of  diabetes,184 and an unruptured 
aneurysm.189

B
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Figure 15.23. Third nerve palsy of the right eye in a comatose patient 
with uncal herniation. A. The right eye is exotropic and hypotropic, 
and the right pupil is larger and less reactive to light than the left.  
B. The third nerve palsy was caused by uncal transtentorial herniation 
in the setting of a large right hemispheric infarction with edema due 
to an internal carotid artery occlusion. (From Liu GT. Coma. Neurosurg 
Clin North Am 1999;10:579–586, with permission.)

Figure 15.24. Large posterior communicating artery aneurysm (arrow) 
demonstrated on conventional angiography, lateral view. The patient 
presented with an acute, painful, pupil-involving complete third nerve 
palsy. 

dorsomedial location of  the pupillomotor fibers in the ocu-
lomotor nerve bundle, aneurysmal compression often involves 
the pupil early, even before complete ophthalmoparesis. 
However, pupillary sparing may occur,171 and, in one study,172 
14% of  IIIrd nerve palsies due to posterior communicating 
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instance, clipping of  basilar tip aneurysms may cause infarc-
tion in paramedian mesencephalic–thalamic perforating 
territories. Surgical therapy is additionally complicated by 
cranial nerve palsies secondary to traction. The IIIrd nerve 
palsy is most common, occurring in more than 60% of  
patients.190 Despite the significant risk, surgical treatment 
is often warranted due to the even greater morbidity and 
mortality associated with progressive brainstem dysfunction 
and posterior fossa subarachnoid hemorrhage (SAH). If  vessel 
occlusion can be tolerated in the vertebral or basilar artery, 
then the endovascular approach is often the safest. In certain 
cases of  basilar artery dolicoectasia, endovascular occlusion 
is the only feasible approach.

Vasculopathic third nerve palsies. Ischemic (vasculo-
pathic) third nerve palsies, associated with hypertension, 
diabetes, advanced age, atherosclerosis, smoking, and hyper-
cholesterolemia,194 are often preceded by orbital ache or pain 
and are characterized by pupillary sparing (Fig. 15.26).195 
In our experience, the pain can be rather severe, especially 
in younger patients. The pain may precede the onset of  the 
palsy and can persist for weeks. The presence or absence of  
pain cannot be used to distinguish aneurysmal from vascu-
lopathic third nerve palsies. The symptoms and signs may 
progress over several days.196

Most cases are thought to have a peripheral lesion.197 Pre-
sumably the third nerves develop ischemia and demyelination 
within the subarachnoid space198 or cavernous sinus,15 but 
there may also be a small infarction of  the nerve within the 
mesencephalon.199 The pupil sparing in peripheral cases is 
attributed to the location of  the pupillary fibers on the outside 
of  the third nerve in areas less vulnerable to vascular insuf-
ficiency. However, some studies have suggested that minor 
pupillary involvement (less than 2 mm of  anisocoria) may 

Basilar artery aneurysms. Aneurysms of  the basilar 
artery, trunk and bifurcation, are the most common aneu-
rysm in the posterior fossa (see Fig. 15.25).190 The most 
frequent presentation is subarachnoid hemorrhage, but 
cranial nerve pareses are frequent, IIIrd and VIth nerve palsies 
being most common.174,191 Patients with IIIrd or VIth nerve 
pareses may develop a concurrent crossed paralysis such as 
a Weber syndrome if  the aneurysm injures the adjacent 
brainstem. Typically the IIIrd nerve palsies are pupil-involving, 
but pupil-sparing IIIrd nerve palsies in this setting have been 
reported.192,193

Other neurologic and neuro-ophthalmic signs may develop 
from basilar aneurysms due to brainstem compression or 
concurrent thromboembolic disease. Giant saccular or fusi-
form aneurysms may compress the adjacent midbrain or 
pons. Hemiparesis or other corticospinal tract signs may or 
may not be evident depending on the duration of  the com-
pression. Thrombus within the basilar aneurysm may obstruct 
flow or embolize to nearby perforating vessels, particularly 
at the basilar bifurcation.140 Basilar artery insufficiency may 
result from midbasilar thrombosis. On rare occasions, giant 
fusiform aneurysms of  the basilar artery may result in 
obstructive hydrocephalus due to aqueductal compression

Other aneurysms. Posterior cerebral artery (PCA) aneu-
rysms may result in IIIrd nerve palsies by compressing the 
oculomotor nerve as it travels between the posterior cerebral 
artery and superior cerebellar artery. Giant PCA aneurysms 
can compress the optic radiations or visual cortex, producing 
a contralateral homonymous hemianopia.

Treatment. Therapy for posterior fossa aneurysms is either 
surgical or endovascular. Both treatments are complicated 
by significant morbidity and mortality due to occlusion of  
small perforating vessels or parent vessel thrombosis.168 For 

Figure 15.25. Posterior communicating 
artery and other common aneurysms in the 
circle of Willis. A. Anterior communicating 
artery aneurysm. B. Internal carotid artery 
aneurysm. C. Posterior communicating artery 
(PCoA) aneurysm (note its proximity to the 
third nerve (III)). D. Basilar artery tip aneu-
rysm. A1, A2, Anterior cerebral artery seg-
ments; ACh, anterior choroidal artery; Bas, 
basilar artery; C4, internal carotid artery, 
supraclinoid portion; Ch, chiasm; MCA, 
middle cerebral artery; Olf, olfactory nerve; 
P1, P2, posterior cerebral artery segments; 
Pit, pituitary stalk; SCA, superior cerebellar 
artery. (Courtesy of Dr. Jeffrey Bennett.)
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recovery of  function in most cases of  traumatic IIIrd nerve 
palsies is very good, but often with evidence of  aberrant 
regeneration.

PRIMARY TUMORS OF THE  
OCULOMOTOR NERVES

Neurinomas and schwannomas. Stable or slowly progressive 
oculomotor palsies may be caused by tumors derived from 
the Schwann cells surrounding the extraaxial portion of  the 
IIIrd nerve.215 Neurofibromatosis type 2 is a risk factor for 
such tumors.216 Neuroimaging typically reveals an enhanc-
ing, thickened IIIrd nerve in the subarachnoid space or cav-
ernous sinus,217 but enlargement to several centimeters with 
mass effect can occur.218,219 Transient and recurrent oculo-
motor cranial nerve palsies have also been reported.220,221 
The best management of  these cases is uncertain. Because 
of  their benign histology, complete removal is not necessary 
(though has been done222) unless the lesions become large 
enough to compress surrounding structures. It is unclear 
whether radiation therapy is useful.

Other neoplasms. Uncommon considerations include primary 
neoplasms of  the oculomotor nerve such as malignant menin-
gioma223 and primary glioblastoma multiforme.224

occur in as many as 38% of  patients.200,201 The pupil is rarely 
dilated and unreactive. The pain may be due to ischemia of  
trigeminal fibers within or around the oculomotor nerve,202 
but this has not been confirmed. Most patients with vascu-
lopathic oculomotor palsies recover spontaneously within 
8–12 weeks.203 Rarely, vasculopathic IIIrd nerve palsies may 
be seen in combination with IVth, VIth, and VIIth nerve 
palsies.204 Other responsible etiologies include vasculitis due 
to giant cell arteritis,205,206 systemic lupus erythematosus,207 
and herpes zoster. There is no evidence that antiplatelet agents 
prevent ischemic oculomotor palsies.208

Trauma. Third nerve palsies due to trauma are typically 
caused by severe blows to the head,56 often due to a motor 
vehicle accident.209 Traumatic third nerve palsies are  
more commonly due to frontal or parietal lobe traumatic 
injuries.210 The peripheral portion of  the nerve may be 
damaged secondary to traction at the skull base or by an 
orbital or base of  skull fracture. Alternatively, the nuclear 
complex or fascicle may be affected by brainstem shearing 
or hemorrhage.211,212 Alternative causes include penetrating 
orbital or intracranial trauma or iatrogenic trauma during 
removal of  suprasellar or posterior fossa masses.213 Some 
oculomotor palsies from minor trauma are harbingers of  an 
underlying aneurysm or mass lesion.214 The prognosis for 
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Figure 15.26. Left diabetic third nerve palsy with complete ophthal-
moplegia but relative pupil-sparing, which resolved spontaneously 
after 12 weeks. A. The left eyelid was ptotic, and the left eye exotropic. 
The left pupil was larger than the right, but both pupils dilated and 
constricted normally. The left eye had defective adduction (B), upgaze 
(C), and downgaze (D), but abduction was intact (E). 
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Meningeal processes should also be considered in patients 
with oculomotor palsies, especially when they occur bilater-
ally or in combination, and when other cranial nerves or 
nerve roots are involved. MRI with gadolinium may disclose 
meningeal enhancement. In such instances, cerebrospinal 
fluid (CSF) examination, including cultures and cytology, 
should be performed to exclude acute bacterial and chronic 
fungal meningitis, tuberculosis, syphilis, Lyme disease, sar-
coidosis, and carcinomatous or lymphomatous meningitis. 
In oculomotor palsies due to Guillain–Barré syndrome, the 
Fisher variant, or chronic inflammatory demyelinating poly-
neuropathy, the CSF protein should be elevated.

COURSE AND MANAGEMENT OF  
THIRD NERVE PALSY

Most microvascular palsies recover spontaneously within 3 
months. Treatment of  systemic predisposing factors such as 
metabolic control of  diabetes and hyperlipidemia and control 
of  hypertension is generally recommended in this instance. 
Traumatic and aneurysmal cases may not recover completely 
and may develop aberrant regeneration.

The management of  patients with third nerve dysfunction 
poses several challenges, as it is the most complicated of  all 
forms of  paretic strabismus. This results from the potential 
involvement of  four muscles and a complex pattern of  extra-
ocular muscle dysfunction. All decisions concerning the 
management of  patients with third nerve palsy are divided 
into those which are recommended acutely and those recom-
mended chronically when there is a fixed deficit. For acute 
management of  diplopia from third nerve palsy, monocular 
occlusion and prisms can be used. In select cases botulinum 
toxin can be injected into the lateral rectus muscle, thereby 
reducing the horizontal deviation and alleviating diplopia 
(occasionally with the aid of  vertical prisms). Photophobia 
secondary to persistent pupillary dilation can be ameliorated 
with pharmacologic miosis or tinted lenses.

Once the palsy has been determined to be chronic and 
measurements have been stable for at least 6 months (prefer-
ably 12 months), various surgical strategies can be used to 
attempt to achieve realignment in the primary position and 
occasionally a useful field of  single binocular vision. In the 
setting of  complete third nerve palsy, only realignment in 
the primary position can be hoped for. The surgeon must 
also consider the primary position ptosis. Many authorities 
feel that in the setting of  complete ptosis, repair of  the extra-
ocular muscle alignment is not indicated. Furthermore, if  
eyelid elevation is defective and ptosis correction is attempted, 
the risk of  corneal exposure is significant, particularly if  
supraduction is limited. Patients must be warned that, 
although there may be significant cosmetic benefit from 
realignment of  the eyes, the potential for more disabling 
diplopia exists as the images are brought closer together. At 
this point an occlusive contact lens can be used to achieve 
a reasonable cosmetic and functional result.

CONSIDERATIONS IN CHILDREN WITH  
THIRD NERVE PALSIES

Third nerve palsies in childhood239 may be congenital or 
acquired (Table 15.3). Almost every pediatric series has shown 
that the most common cause of  an acquired third nerve 

Other causes of  third nerve palsies. Base of  skull  
neoplasms, infectious disorders, and inflammatory disorders 
are discussed in the section Miscellaneous Causes of  Com-
bined Third, Fourth, and Sixth Nerve Palsies. Less common 
causes include sinus mucoceles225 and carotid insuffi-
ciency,16,226,227 intraneural cavernous hemangioma,228 and 
radiation damage.124

DIAGNOSTIC EVALUATION OF ADULTS WITH 
ACQUIRED THIRD NERVE PALSIES

Although controversial, we believe that all patients with 
acute third nerve palsies should have neuroimaging and 
directed laboratory evaluation. Alternative guidelines for 
observing some affected patients have been based upon  
the patient’s age, pupil involvement, and completeness  
of  the motility deficit.229,230 However, in our experience  
conservative observation may miss an underlying responsible 
vascular process or mass lesion in 4.6% of  cases.98,231  
Even isolated, complete pupil-sparing third nerve palsies  
can be caused by small infarcts in the mesencephalon  
and compressive lesions, so we have lowered our threshold 
to scan patients with isolated ocular motor palsies early in 
their course.

In adults with acquired, isolated third nerve palsies, par-
ticularly those which are pupil-involving, an aneurysm at 
the junction of  internal carotid artery and the PCoA should 
be excluded emergently. Isolated third nerve palsies may also 
result from an aneurysm at the apex of  the basilar artery 
or at the junction between posterior cerebral and superior 
cerebellar artery. Immediate computed tomography (CT) or 
MRI together with noninvasive angiography should be per-
formed. The sensitivity of  CT angiography (CTA) in the detec-
tion of  aneurysms >5 mm in diameter is 95%232–234; the 
sensitivity decreases somewhat for the detection of  smaller 
aneurysms. The sensitivity of  magnetic resonance angiog-
raphy (MRA) is similar to CTA in the detection of  aneurysms 
>5 mm, although this falls dramatically to 54% for those 
that are <5 mm.230 On the other hand, the spatial resolution 
of  an MRI provides valuable information, including displace-
ment of  adjacent structures and presence of  intraluminal 
thrombus.235 It has been suggested that MRA should be 
combined with MRI when ruling out aneurysm as a cause 
of  the third nerve palsy.236 The expertise of  the radiologist 
is an important factor in the detection of  aneurysms by CTA 
or MRA.237 If  MRI or CT and angiography are unrevealing 
and the index of  suspicion is high, conventional angiography 
may be necessary to exclude an aneurysm.238

Other conditions that can mimic isolated pupil-sparing 
third nerve palsies in adults include myasthenia gravis, thyroid 
eye disease, and giant cell arteritis (due to muscle ischemia). 
When these disorders are considered, an acetylcholine recep-
tor antibody level, erythrocyte sedimentation rate, and 
C-reactive protein may be helpful.

We also have a low threshold for neuroimaging in patients 
with traumatic ocular motor palsies, even when isolated. 
These individuals may have a pseudoaneurysm or posteriorly 
draining cavernous sinus fistula (see later discussion). In the 
setting of  minor trauma, an underlying aneurysm or mass 
lesion should be excluded.214 Extraocular muscle entrapment 
resulting from orbital wall fracture may mimic an oculomo-
tor palsy.
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series an isolated third nerve palsy was caused by tuberculous 
meningitis, and combined palsies were seen in association 
with Lyme meningitis256 and Miller Fisher syndrome. A para-
infectious third nerve palsy in a young child with cisternal 
nerve enhancement on MRI has been reported.257 Rarely 
Tolosa–Hunt syndrome occurs in childhood258,259 and can 
mimic ophthalmoplegic migraine (see later section).260

Neoplasms. Posterior fossa tumors occur more frequently 
in children than in adults. However, these neoplasms tend 
to affect the pons and medulla, causing sixth nerve palsies 
more commonly (discussed later). When tumor-related third 
nerve palsies occur, lesions affecting the midbrain (e.g., astro-
cytomas or higher grade gliomas),261 orbit, orbital apex (e.g., 
rhabdomyosarcomas262,263), and leptomeninges may be impli-
cated.240,241 Schwannomas, neurinomas, and meningiomas 
of  the oculomotor nerve may also be seen in childhood, 
especially in patients with neurofibromatosis type II264–266 
(Fig. 15.28).

Ophthalmoplegic migraine. Ophthalmoplegic migraine 
is a rare neurologic disorder occurring in children associated 
with recurrent bouts of  headache accompanied by ophthal-
moplegia (Fig. 15.29). The third cranial nerve is commonly 
affected, followed by the VIth and rarely the IVth nerve.267,268 
The third nerve palsy in ophthalmoplegic migraine is usually 
pupil-involving, and complete resolution over weeks is the 
rule. However, aberrant regeneration and persistent deficits 
may be seen in half  the patients.269 We have a seen a child 
who became progressively more exotropic with each attack, 
which occurred yearly for 3 years.

The disorder is uncommon and occurred in only 0.1% of  
children with migraine seen over an 18-year period in one 
institution,270 and in only 8 of  5000 migraineurs in another 
study.271 The first attack usually occurs before the child is 
10 years of  age, sometimes in infancy,272,273 and uncommonly 
after age 20 years. In a review of  published cases, the mean 
age at the time of  first attack was 8 years (range 1–74 years), 

palsy in this age group is trauma.28,239–245 Neoplasms, inflam-
matory disorders, and ophthalmoplegic migraine should also 
be considered. Isolated third nerve palsies due to posterior 
communicating aneurysms and vasculopathic causes are 
rare in children.246

Congenital third nerve palsies. In Miller’s series of  iso-
lated third nerve palsies in pediatric patients,240 43% were 
congenital in origin (Fig. 15.27). Most had pupillary involve-
ment, aberrant regeneration, and amblyopia, and some went 
on to develop the phenomenon of  oculomotor paresis with 
cyclic spasms. Forty percent of  third nerve palsies in Harley’s 
series241 were also congenital, but in other studies242,243 and 
in the Children’s Hospital of  Philadelphia (CHOP) series, they 
were seen less frequently. Monocular elevator palsies were 
grouped as congenital third nerve palsies in some series.241

Before the advent of  modern neuroimaging, in most cases 
the responsible lesion was felt to be peripheral, due to birth 
trauma (skull molding) for instance, as suggested by the 
isolated nature of  the third nerve palsy and the high fre-
quency of  aberrant regeneration.247 However, Balkan  
and Hoyt248 reported 10 patients with congenital third  
nerve palsies, of  whom 4 had focal neurologic abnormalities 
(e.g., hemiparesis), and 2 had developmental delay. They  
and subsequent authors249–251 suggested that in some 
instances, congenital third nerve palsies may result from 
brainstem injury or reflect more widespread neurologic 
damage. Indeed, various autopsy studies have demonstrated 
aplasia of  the ocular motor nuclei252 or malformation of  the 
midbrain,253 reflective of  an in utero insult to the central 
nervous system. MRI can readily confirm midbrain damage 
in some cases.250,254,255

Miscellaneous Common Acquired Etiologies

Inflammatory (including infections). Pneumococcal and 
Haemophilus influenzae meningitis have been associated with 
third nerve palsies in children.240,243 In addition, in the CHOP 

Table 15.3 Etiologies of IIIrd Nerve Palsies in Children

Miller240

1977
(1951–1976)

Harley241

1980
(1968–1979)

Keith242

1987
(1974–1985)

Ing243

1992
(1970–1991)

Kodsi244

1992
(1966–1988)

Schumacher-Feero245

1999
(1981–1996)

CHOP 2010
(1993–2006)

Congenital 13 15 8 8/(3) Not included 20 17/(2)

Trauma 6 4 7 20/(11) 14 15 24/(13)

Neoplasm 3 3 1 1/(1) 5 6 17/(6)

Inflammatory/
infectious

4 3 6 6/(1) 1 3 9/(6)

Migraine 2 3 1 2 3 2

Aneurysm 2 0 0 0 0 1/(1)

Surgical 0 0 0 0 3 7

Idiopathic 0 0 4 1 6 1 3

Other 2 4 1 0 3 4 11/(2)a

Total 30 32 28 38/(16) 35 49 91/(30)

When two figures are given, the first number refers to the number of isolated IIIrd nerve palsies in that category, while the number in parentheses refers to 
the number of patients seen with a IIIrd nerve palsy combined with a IVth or VIth nerve palsy or both. The CHOP series represents IIIrd nerve palsies seen 
by the authors at the Children’s Hospital of Philadelphia during a 13 year period.

aMesencephalic arteriovenous malformation, hydrocephalus.
Tabulated by N. Mahoney, MD.
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and two-thirds of  affected patients were females.269 Ipsilateral 
headache or periorbital pain usually precedes the ophthal-
moparesis, sometimes by days, and young children often 
exhibit irritability and skin pallor in addition to nausea, 
vomiting, photophobia, and phonophobia.269,274 Attacks are 
usually separated by months or years, occur almost always 
in the same eye, and involve the same ocular motor nerve 
each time.

The diagnosis is one of  exclusion, following neuroimaging, 
lumbar puncture (LP), and blood studies, but is suggested 
by a personal or family history of  migraine. Once the indi-
vidual has had several recurrent, self-limited third nerve 
palsies over a period of  years, with normal investigations 
and normal health between events, the diagnosis is more 
obvious. Most cases are associated with enhancement of  the 
oculomotor nerve on MRI (Fig. 15.30).275–278 Whether these 
cases might also be considered a variant of  Tolosa–Hunt 
syndrome is unclear. Nevertheless, the International Head-
ache Society (IHS) now classifies ophthalmoplegic migraine 
under “cranial neuropathies” rather than migraine.279

Etiology. Compression of  the ocular motor nerves against 
the lateral wall of  the cavernous sinus by an edematous or 
dilated cavernous carotid and third nerve ischemia have been 
proposed as mechanisms. However, given the associated 
enhancement of  the third nerve found frequently on MRI, 
ophthalmoplegic migraine is now thought to be a recurrent 
inflammatory cranial neuropathy.277,280,281
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Figure 15.27. Pupil-sparing congenital right third nerve palsy. A. Primary gaze with right ptosis and head turn. Upgaze (B), downgaze (C), and adduc-
tion (D) were defective. 

Figure 15.28. Gadolinium-enhanced coronal T1-weighted magnetic 
resonance imaging in a child with neurofibromatosis type 2 and schwan-
nomas of the oculomotor nerve (short, thick arrow) and trigeminal nerve 
(thin arrow) and a convexity meningioma (curved arrow). 
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the attacks may be separated by months or years. There are 
too few cases to study any drug’s efficacy formally. One 
approach is to treat the headache symptomatically, allow 
the motility deficit to improve spontaneously, and avoid pro-
phylactic therapy.

Miscellaneous Uncommon Acquired Etiologies

Aneurysms. Intracranial aneurysms are uncommon in 
childhood; thus isolated third nerve palsies due to posterior 
communicating aneurysms are extraordinarily infrequent 
in this age group as well. In the pediatric series240-244 only 
two such patients, one aged 16 years and one aged 17 years, 
were reported by Miller.240 Younger patients have been the 
subject of  single case reports by Gabianelli et al. (14 years 
old),282 Wolin and Saunders (11 years old),283 Mehkri et al. 
(10 years old),284 Branley (7 years old),285 and Ebner (6 years 
old).286 The first two had CT studies that missed the posterior 
communicating aneurysm, which was later confirmed on 
conventional angiography.

Third nerve palsies due to other intracranial aneurysms 
are even more rare. These include those due to giant cavern-
ous carotid aneurysms287,288 and aneurysms of  the congenital 
distal basilar artery,289 superior cerebellar artery,290 posterior 
cerebral artery,291 and internal carotid artery.292

Diabetes. Diabetic cranial mononeuropathies are very 
rare in children. Grunt et al.293 reported three such patients, 
but each had features which were atypical. A 12-year-old 
boy had a purported sixth nerve palsy, but an ophthalmolo-
gist diagnosed hyperopia with accommodative esotropia, and 
this coincided with temporary hyperglycemia. The “left inter-
nal strabismus” in this patient improved when the refractive 
error and insulin requirement resolved. The second patient 
was a 13-year-old child with a complete, pupil-sparing third 

Treatment. Patients have been treated with ergotamines, 
corticosteroids, and propranolol, for instance. However, no 
abortive medication has actually been proven beneficial, as 
most patients’ oculomotor palsies spontaneously resolve. 
Prophylaxis may not be ideal in young children in whom 
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Figure 15.29. Recurrent third nerve palsy due to ophthalmoplegic 
migraine. A,B. This child presented for a second time with headache 
and a third nerve palsy on the left. Neuroimaging and lumbar puncture 
were normal, and the palsy resolved spontaneously. C. The third nerve 
palsy and headache recurred for the third time 1 year later. There was 
a strong family history of migraine. (Patient seen courtesy of Dr. Sheryl 
Menacker.) 

Figure 15.30. Axial T1-weighted magnetic resonance imaging with 
gadolinium in a child with ophthalmoplegic migraine, demonstrating 
enhancement of the right third nerve (arrow). 
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will see a horizontal line and a tilted line below it, intersect-
ing on the side of  the abnormal eye (“the arrow points to 
the affected fourth nerve”).

Trauma is one of  the most common causes of  acquired 
fourth nerve palsies (see Table 15.1).25,296–298 Traumatic fourth 
nerve palsies have been attributed to damage to the posterior 
decussation (anterior medullary vellum) due to its close ana-
tomic relationship with the tentorium. Contusions in this 
area may be seen on neuroimaging.299 This is the likely 
explanation for the high incidence of  bilateral fourth nerve 
palsies in trauma. Alternatively, hemorrhages of  the fourth 
nerve more laterally at the tentorial edge have been docu-
mented.300 In addition, skull base fractures may be responsible 
for traumatic fourth nerve palsies.

Decompensated congenital fourth nerve palsies are also 
common and are discussed in more detail later. Ischemic fourth 
nerve palsies should be considered when an individual older 
than 50 years with vasculopathic risk factors develops verti-
cal diplopia and a periorbital ache. In such cases the prognosis 
for spontaneous recovery is excellent. An emergency room 
study found ischemia to be the most common etiology among 
patients presenting with acute isolated IVth nerve palsies.301 
Schwannomas (Fig. 15.33), neurinomas216,302–304 and anterior 
temporal lobectomy for epilepsy305 are also recognized causes 
of  fourth nerve palsies. Aneurysmal causes of  fourth nerve 
palsies,306 however, are much less common than in third  
nerve weakness. Other less frequent causes of  fourth nerve 
palsies include compressive307 and infiltrative308 neoplasms, 
meningitis, multiple sclerosis,160,309 posterior midbrain hem-
orrhages310,311 and strokes312,313 (Fig. 15.34), vascular mal-
formation,314 and giant cell arteritis.315

Occasionally fourth nerve palsies are accompanied by other 
neurologic signs that aid in localization. For instance, a fourth 
nerve palsy accompanied by a contralateral Horner syndrome 
would localize to the dorsal pontomesencephalic junction 
(see Fig. 13.21).316,317 A fourth nerve palsy with contralateral 
dysmetria suggests a lesion involving the superior cerebellar 
peduncle,317 while one accompanied by contralateral INO 
localizes to the proximal fascicle and MLF.318 Rarely, a fourth 
nerve palsy can combine with a relative afferent pupillary 
defect due to interruption of  pupillary axons traveling through 
the brachium of  the superior colliculus. The relative afferent 
pupillary defect in this instance is unassociated with optic 
neuropathy.319

Decompensated congenital fourth nerve palsies. Most 
of  these patients present with head tilt or insidious onset of  
intermittent vertical double vision or focusing difficulty. A 
large hypertropia in adduction of  the affected eye is some-
times noticed by the patient or family members. Complaints 
of  torsion are less than in cases of  acquired fourth nerve 
palsies. Evidence of  chronicity includes overaction of  the 
ipsilateral inferior oblique muscle (see Fig. 15.32) and a large 
vertical fusional amplitude. The latter refers to the patient’s 
ability to fuse vertically separated images despite the place-
ment of  progressively large amounts of  vertical prism  
over one eye. Facial asymmetries are also frequently associ-
ated with the long-standing head tilt (Fig. 15.35).320  
Chronicity can also be established by documenting a  
long-standing head tilt, as evidenced by review of  old pho-
tographs and a family member’s report, and the absence of  
an inciting event. Decompensated congenital fourth nerve 
palsies are likely the result of  progressive breakdown in 

nerve palsy, which did not resolve fully after 21 months of  
follow-up. The third patient was an 11-year old with a partial, 
pupil-involving third nerve palsy which lasted 16 months 
until strabismus surgery was performed.

Diagnostic evaluation in children with third nerve 
palsies. One suggested approach is outlined in Box 15.2. In 
children with congenital third nerve palsies present since 
birth, a careful neurologic examination should be performed, 
looking for other associated neurologic abnormalities. Then 
an MRI of  the brain should be ordered to exclude congenital 
brain malformations.

When the third nerve palsy is acquired, a history of  trauma 
or migraine should be excluded. In all acquired cases, MRI 
and CTA or MRA should be performed, looking for mesen-
cephalic, cavernous sinus, or orbital lesions and to exclude 
an aneurysm. We do not believe that children with acquired, 
isolated third nerve palsies can be watched conservatively.294 
If  the neuroimaging is negative and the child is ill-appearing 
or has a fever or stiff  neck, a LP should be performed to 
exclude meningitis. If  the MRI and LP are negative, a diag-
nosis of  ophthalmoplegic migraine can be entertained. Finally, 
if  the MRI and LP are negative in a patient 10 years of  age 
or older, practitioners should consider conventional angiog-
raphy to exclude a posterior communicating aneurysm.239

Fourth Nerve Palsies

Patients with superior oblique paresis complain of  vertical 
diplopia, often with a torsional component, and they have 
an ipsilateral hypertropia worse on contraversive (contra-
lateral conjugate) horizontal gaze and ipsilateral head tilt 
(Parks–Bielchowsky three-step test, best demonstrated with 
alternate cover or Maddox rod testing) (Fig. 15.31, Videos 
15.9 and 15.10). In some instances the superior oblique 
weakness is evident on testing of  ductions (Fig. 15.32), but 
more commonly alternate cover or Maddox rod testing is 
necessary to document the misalignment. Excyclotorsion of  
the involved eye may be documented using double Maddox 
rods.295 Head tilt toward the contralateral shoulder is usually 
seen (see Fig. 15.32). One can occasionally elicit which fourth 
nerve is affected by asking the patient to look at a horizontal 
straight edge such as a door, projector screen, or pen. If  the 
patient sees two images, they can be asked to describe how 
they intersect. A patient with a unilateral fourth nerve palsy 

Box 15.2 Pediatric IIIrd Nerve Palsies: 
Suggested Workup

1. Congenital
 a. Careful neurologic examination
 b. MRI of the brain

2. Acquired
 a. Exclude history of trauma or migraine
 b. MRI and MRA
 c. Consider lumbar puncture, if the neuroimaging is negative
 d. If MRI and LP negative, consider ophthalmoplegic migraine
 e. If MRI and LP negative in a patient 10 years of age or older, 

consider conventional angiography

LP, Lumbar puncture; MRI, magnetic resonance imaging; MRA, magnetic 
resonance angiography.
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et al.328 found ARIX gene polymorphisms in patients with 
congenital superior oblique palsy. Because the ARIX gene is 
expressed in the brainstem nuclei of  oculomotor and trochlear 
nerves, this genetic association suggests that some cases of  
congenital superior oblique palsy might be the result of  a 
cranial dysinnervation syndrome.328,329

The pathogenesis of  congenital IVth nerve palsy has also 
been studied by neuroimaging.330–332 In one MRI study, 73% 
of  children with a congenital IVth nerve palsy had radiologic 
absence of  the trochlear nerve and a small atrophic superior 

vertical fusional capability rather than progression of  fourth 
nerve weakness.297

Proposed etiologies for congenital fourth nerve palsies 
include hypoplasia or aplasia of  the fourth nerve nucleus, 
birth trauma to the fourth nerve or superior oblique muscle, 
anomalous insertion of  the muscle, muscle fibrosis, fibrous 
adhesions,297,321,322 or structural abnormalities of  the superior 
oblique tendon.323 Usually congenital cases are sporadic. 
However, familial cases324–326 and those associated with central 
nervous system abnormalities327 have been reported. Jiang 
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Figure 15.31. Traumatic left fourth nerve palsy, three-step test. A. Right gaze. B. Primary gaze. C. Left gaze. D. Right head tilt. E. Left head tilt.  
F. Preference for a right head turn (left gaze) and right head tilt, which minimizes the patient’s vertical diplopia. Step 1: Determine which eye is hyper-
tropic (left; see B). Step 2: Determine whether the hypertropia is worse in left or right gaze (right; see A vs C). Step 3: Determine whether the hypertropia 
is worse in left or right head tilt (left; see E vs D). The left hypertropia, which is worse in right gaze and left head tilt, is consistent with weakness of the 
left superior oblique muscle. (From Liu GT. Disorders of the eyes and eyelids: disorders of eye movements. In Samuels MA, Feske S (eds). The Office Practice 
of Neurology, p 54. New York, Churchill Livingstone, 1996, with permission.)
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oblique muscle. Patients with an absent trochlear nerve had 
higher degrees of  head tilt, facial asymmetry, and vertical 
misalignment. When the trochlear nerve was present, there 
were higher degrees of  inferior oblique overaction.332,333

Bilateral fourth nerve palsies. The etiology of  bilateral 
fourth nerve palsies is age dependent. In infancy, most cases 
are congenital, while in adulthood they are mostly due to 
head injury (Fig. 15.36) or rarely neoplasm.334 The presence 
of  bilateral fourth nerve palsy may also be discovered after 
strabismus surgery for a presumed unilateral palsy as an 
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Figure 15.32. Congenital left fourth nerve palsy causing (A) spontane-
ous head tilt and turn to the right. B. The left eye had defective duc-
tions in the inferomedial direction. Ductions down and to the left were 
normal (not shown). C. In horizontal gaze to the right, the left eye 
elevates, consistent with left inferior oblique overaction. This reflects 
the long-standing nature of the fourth nerve palsy. 

Figure 15.33. Axial T1-weighted magnetic resonance imaging with 
gadolinium showing a symptomatic left fourth nerve schwannoma 
(arrow). 

Figure 15.34. Axial fluid level attenuated inversion recovery magnetic 
resonance imaging demonstrating an infarction of the left posterior 
mesencephalon (long arrow) and cerebellum (short arrow) in a patient 
with a right “nuclear” fourth nerve palsy. 

operation on that eye may uncover a fourth nerve palsy in 
the other eye (masked bilateral fourth nerve palsy).335 Bilat-
eral fourth nerve palsies may be suggested by an alternating 
hypertropia in lateral gaze, high degrees of  excyclotorsion, 
and a V-pattern esotropia.
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Figure 15.35. Facial asymmetry in a patient with a decompensated 
right congenital fourth nerve palsy. In addition to the right hypertropia 
(see the corneal light reflection in the bottom of the right pupil), the 
right eye is set higher in the skull than the left. 
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Figure 15.36. Bilateral fourth nerve palsies due to severe head trauma. A. Depressor deficit of the left eye in down and right gaze. B. Depressor deficit 
of the right eye in down and left gaze. 

DIAGNOSTIC EVALUATION OF ADULTS WITH 
ACQUIRED FOURTH NERVE PALSIES

Without a history or clinical features of  a long-standing 
decompensated congenital palsy, patients with fourth  
nerve palsies should undergo neuroimaging to exclude an 

intracranial process. In addition, mimickers such as myas-
thenia gravis, thyroid-associated ophthalmopathy, and skew 
deviation should be excluded.

MANAGEMENT OF FOURTH NERVE PALSY

The management of  fourth nerve palsy involves temporary 
occlusion, prisms, and surgery. Some patients can be treated 
with a base-down prism over the affected eye, and usually 
press-on Fresnel prisms are used before permanent ones are 
ground into the lenses. High satisfaction with prismatic cor-
rection has been reported in patients with decompensated 
congenital IVth nerve palsy.336 However, excyclotorsion and 
incomitance of  the deviation may leave some patients unsat-
isfied with prisms. Others, particularly those with ischemic 
palsies, in whom recovery is expected, can occlude the lower 
half  of  the lens over the affected eye. Opaque or black tape, 
for instance, can be used to for this purpose and provides 
occlusion of  the affected eye in the direction of  action of  the 
superior oblique muscle.

Patients with persistent fourth nerve palsies who are unsat-
isfied with prisms or patching may require strabismus surgery. 
The decision to intervene surgically is based on the presence 
of  increasing symptoms of  double vision and an inability to 
carry on normal activities combined with stable measure-
ments over a period of  several months.

FOURTH NERVE PALSIES IN CHILDREN

In many children, minor superior oblique paresis is harder 
to detect, especially when the third nerve is also involved. 
In Harley’s241 and Kodsi and Younge’s244 series, trauma was 
the most common cause of  an acquired fourth nerve palsy 
(Table 15.4). However, in Harley’s241 and the CHOP series, 
congenital or decompensated congenital fourth nerve palsies 
were the most common of  all cases.

Diagnostic evaluation in children with fourth nerve 
palsies. If  the fourth nerve palsy is consistent with an iso-
lated, decompensated congenital one, then no workup is 
necessary. Otherwise, head trauma and evidence for a pos-
terior fossa mass should be excluded. If  the etiology is unclear, 
an MRI can be performed, with attention to the posterior 
midbrain, cavernous sinus, and orbit. In children with a 
normal MRI but with a fever or stiff  neck, an LP should be 
performed to exclude meningitis.
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Table 15.4 Etiologies of IVth Nerve Palsies in Children

Harley241

1980
(1968–1979)

Kodsi244

1992
(1966–1988)

CHOP 2010
(1993–2006)

Congenital 12 Not included 28

Trauma 5 7 3/(4)

Neoplasm 0 1 1/(3)

Inflammatory 1 1 1/(3)

Surgical 0 1 2

Idiopathic 0 4 0

Other 0 5 2/(1)a

Total 18 19 37/(11)

When two figures are given, the first number refers to the number of 
isolated IVth nerve palsies in that category, while the number in 
parentheses refers to the total of IVth nerve palsies combined with a IIIrd 
or VIth nerve palsy or both. The CHOP series represents IVth nerve palsies 
seen by the authors at the Children’s Hospital of Philadelphia during a 13 
year period.

aElevated intracranial pressure, cavernous carotid aneurysm.
Tabulated by N. Mahoney, MD.
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Figure 15.37. A. Idiopathic left sixth nerve palsy causing left lateral rectus weakness and limitation of abduction in a young adult. B. Conjugate gaze 
to the right is normal. Magnetic resonance imaging and acetylcholine receptor antibody testing were normal, and the eye movement abnormality 
spontaneously resolved. 

Figure 15.38. Axial T1-weighted magnetic resonance imaging with 
gadolinium demonstrating a large left frontal glioblastoma with severe 
mass effect. The patient had papilledema and a sixth nerve palsy result-
ing from elevated intracranial pressure. 

Sixth Nerve Palsies

Patients with a lateral rectus palsy complain of  binocular 
horizontal double vision worse on ipsiversive gaze and at 
distance. In many cases the limitation of  abduction is evident 
(Fig. 15.37), but, in more subtle instances, alternate cover 
or Maddox rod testing would confirm an esotropia largest 
on ipsiversive gaze. Abducens nerve palsy is a relatively 
common neuro-ophthalmic disorder that has a wide range 
of  causes in both pediatric and adult populations. Its long 
intracranial course, tortuosity, and tight attachment to the 
skull base contribute to the nerve’s vulnerability.

Nuclear/fascicular. A lesion in the region of  the sixth 
nerve nucleus would result in an ipsiversive conjugate gaze 
palsy and ipsilateral facial weakness (facial colliculus syndrome; 
see Chapters 14 and 16 and Fig. 16.5).337,338 A lesion of  the 
caudal ventral pons involving the abducens fascicle and cor-
ticospinal tract would result in a lateral rectus palsy and a 
contralateral hemiparesis (Raymond syndrome). However, 

isolated sixth nerve palsies due to pontine lesions may be seen 
in hypertension339 or diabetes.340 Embolic or thrombotic occlu-
sion of  paramedian penetrating branches of  the basilar artery 
is the usual cause for disturbances in these areas, but multiple 
sclerosis,160,341,342 neuromyelitis optica, vascular malforma-
tions, and metastases should also be considered.

Subarachnoid/base of  skull. The sixth nerve, as it climbs 
along the clivus then over the petrous apex, is vulnerable  
to injury during downward brainstem shifts resulting  
from supratentorial masses (“false localizing sign”). Changes 
in intracranial pressure that occur in pseudotumor  
cerebri, supratentorial masses (Fig. 15.38), or hydrocephalus 
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are also well recognized (see Fig. 15.37).354,355 Guillain–Barré 
syndrome, Miller Fisher syndrome, and Gradenigo’s syn-
drome356 should also be in the differential diagnosis of  sixth 
nerve palsies. Other less common causes include schwan-
nomas,357 giant cell arteritis,315 and compression of  the sixth 
nerve by dolichoectatic basilar,358 vertebral,359 or carotid360 
arteries.

DIAGNOSTIC EVALUATION IN ADULTS WITH 
ACQUIRED SIXTH NERVE PALSIES

As in adults with other acquired ocular motor palsies, we 
prefer to use MRI for patients with acquired sixth nerve palsies 
to exclude both intraaxial and extraaxial intracranial proc-
esses.98 In younger adults, neuroimaging is particularly 
important because of  the relatively higher risk for neoplasms 
in this age group.354,361 Serologies, including testing for syphilis 
and Lyme disease, as well as a sedimentation rate to exclude 
giant cell arteritis, may be performed in appropriate settings. 
Lumbar puncture may be necessary when infectious, carci-
nomatous, or lymphomatous meningitis are suspected.

MANAGEMENT OF SIXTH NERVE PALSIES

Once again, the options that exist acutely include occlusion 
and press-on Fresnel prisms. Base-out prisms can be used to 
significantly reduce the head turn and expand the field of  
single binocular vision while the patient is being followed 
for recovery. Alternatively, opaque or black tape can be placed 

(intracranial hypertension) or after LP,343 myelography,344 
epidural spinal catherization,345 or CSF leak346 (intracranial 
hypotension) may also cause sixth nerve palsies. These tend 
to resolve within days or weeks after the intracranial pres-
sure is normalized.

Skull base neoplasms involving the parasellar, petrous 
apex, and cavernous sinus regions such as meningiomas 
and chordomas (see below) are common causes of  chronic 
isolated sixth nerve palsies.347 Sixth nerve palsies in this 
setting may sometimes improve spontaneously and therefore 
mimic inflammatory and ischemic palsies.348–350 Isolated 
acute sixth nerve palsy can occur in association with pitu-
itary apoplexy.351 Since the parasympathetic fibers of  the 
facial nerve travel along the floor of  the middle cranial fossa 
on their way to supply the ipsilateral lacrimal gland, a patient 
with a sixth nerve palsy and ipsilateral dry eye may be har-
boring a mass in this region.

Otherwise, the same infectious and inflammatory processes 
in the subarachnoid space which affect the third nerve can 
also cause a sixth nerve palsy. Similarly, trauma and ischemia 
can lead to sixth nerve palsies. As with other traumatic 
ocular motor palsies, the trauma tends to be severe and 
accompanied by skull fractures (Fig. 15.39). The prognosis 
for spontaneous improvement within weeks or months is 
excellent,352 but patients with complete palsies at presenta-
tion have a poorer chance for recovery.353 Ischemic sixth 
nerve palsies are typically painful, have relatively sudden 
onset, and resolve within 3 months. Benign, idiopathic sixth 
nerve palsies which spontaneously resolve in young adults 
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Figure 15.39. A. Traumatic right sixth nerve palsy following a motor vehicle accident and severe head injury. B. By 3 months later the sixth nerve 
palsy had spontaneously resolved. C. CT scan, bone windows, demonstrating multiple skull base fractures (arrows). 
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over the temporal half  of  the lens over the affected eye. This 
occludes the affected eye in the direction of  the lateral  
rectus palsy. In addition, botulinum injections to the ipsilat-
eral medial rectus muscle can be helpful in restoring a field 
of  single binocular vision and potentially reducing the  
risk of  medial rectus contracture, although some studies 
have reported ineffective outcomes after botulinum toxin 
injections.362–364 Moreover, botulinum toxin injections may 
be limited by the side-effect of  ptosis and the need for repeated 
injections. Once the sixth nerve palsy has been followed for 
6–12 months without recovery, the patient can be offered 
strabismus surgery.

SIXTH NERVE PALSIES IN  
CHILDREN (ACQUIRED)

In three pediatric series,241,244,365 trauma was the most 
common cause of  an acquired sixth nerve palsy. In the series 
by Robertson et al.,366 Aroichane and Repka,367, CHOP,368 
and Merino,369 neoplasms were the most frequent cause. 
Thus, accounting for the results from all series, the most 
common cause of  acquired, nontraumatic sixth nerve palsy 
is a tumor (Table 15.5). Separating sixth nerve palsies by 
etiology is often difficult because of  the considerable overlap: 
Trauma, neoplasms, and meningitis can be associated with 
elevated intracranial pressure or hydrocephalus, which by 
themselves are independent causes of  sixth nerve palsies.

Neoplasms. In contrast to adult brain tumors, the major-
ity of  which are supratentorial, 45–60% of  childhood brain 
neoplasms occur in the posterior fossa.370 These lesions, such 
as medulloblastomas, ependymomas, and pontine gliomas 
(Fig. 15.40), tend to compromise midline structures in the 
dorsal pons and pontine tegmentum, resulting not infre-
quently with gaze palsies and sixth nerve palsies. Fourth 
ventricular compression, resulting in noncommunicating 
hydrocephalus, is also common and is another cause of  sixth 

Table 15.5 Etiologies of VIth Nerve Palsies in Children

Robertson366

1970
(1952–1964)

Harley241

1980
(1968–1979)

Afifi365

1992
(1966–1988)

Kodsi244

1992
(1966–1988)

Aroichane367

1995
(1985–1993)
(Age <7)

CHOP 2010
(1993–2006)

Congenital Not included 5 17 Not included Not included 10/(2)

Trauma 26 21 37 37 12 23/(13)

Neoplasm 52 17 25 18 21 58/(6)

Surgical 34

Inflammatory/infectious 23 8 13 5 4 23/(6)

Increased ICP (nontumor) 15 3 17 2 15 25/(1)

Idiopathic 12 4 14 13 3 26

Other 5 4 9 13 9 11/(2)a

Total 133 62 132 88 64 210/(30)

When two figures are given, the first number refers to the number of isolated VIth nerve palsies in that category, while the number in parentheses refers to 
the total of isolated and combined (VIth plus IIIrd or IVth nerve palsies or both) palsies. The CHOP series represents VIth nerve palsies seen by the authors at 
the Children’s Hospital of Philadelphia during a 13-year period.

aBasilar artery thrombosis, vertebral artery dissection, and cavernous carotid aneurysm.
ICP, Intracranial pressure.
Tabulated by N. Mahoney, MD.

Figure 15.40. Pontine fibrillary astrocytoma associated with a right sixth 
nerve palsy. Axial magnetic resonance imaging shows an enhancing 
mass (arrow) involving the right pons. 
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or microstrabismus.394 Usually idiopathic, cyclic esotropia 
may also be associated with intracranial tumors and epi-
lepsy.395 The cause is uncertain.

Suggested workup in pediatric-acquired sixth nerve 
palsies. One suggested approach is given in Box 15.3. Because 
of  the risk of  an underlying neoplasm, even in isolated  
cases, an MRI with and without gadolinium, looking par-
ticularly for a posterior fossa lesion, is recommended. The 
diagnosis of  a benign childhood sixth nerve palsy is one of  
exclusion.

SIXTH NERVE PALSIES IN CHILDREN 
(CONGENITAL)

The vast majority of  children born with defective sixth nerve 
function have Duane’s retraction syndrome. Less likely causes 
are Möbius syndrome or a nonsyndromic isolated congenital 
sixth nerve palsy.

Duane’s retraction syndrome. This condition is char-
acterized by the paradoxical cocontraction of  the ipsilateral 
medial and lateral rectus muscles, which are normally antago-
nistic and customarily innervated by the third and sixth 
nerves, respectively.396 Based on electromyographic recordings 
from the extraocular muscles of  affected patients, Huber397 
classified cases into three types. Narrowing of  the palpebral 
fissure and retraction of  the globe in attempted adduction 

nerve palsies. Clival chordomas causing relapsing–remitting 
sixth nerve palsies have also been reported.349,369 Ataxia and 
nystagmus, due to cerebellar or cerebellar pathway interfer-
ence, are also frequently seen.

Inflammatory. Several reports371,372 have described a 
benign isolated sixth nerve palsy in childhood (Fig. 15.41) 
that can occur after an antecedent viral or febrile illness or 
recent immunization in an otherwise healthy child.373–375 
The sixth nerve palsy lasts for weeks or months, spontane-
ously resolves, but may recur. The underlying pathophysiology 
behind vaccination-related cranial nerve palsies is unknown, 
and postulated mechanisms include immune-mediated demy-
elination or localized reduction in blood flow to the nerve.376 
Benign sixth nerve palsy in childhood is a diagnosis of  exclu-
sion following neuroimaging to rule out a neoplasm, acute 
disseminated encephalomyelitis (ADEM), or multiple sclerosis, 
for example, and CSF examination to screen for meningitis. 
Recurrences, sometimes multiple, may occur in as many as 
one-third of  affected children.377,378

Acquired comitant esotropia. Comitant esotropia does not 
exclude a neurologic process. In comitant esotropias the angle 
of  ocular misalignment is unchanged regardless of  the  
direction of  gaze, and ocular ductions are full. While most 
comitant esotropias are benign, brain tumors and other 
intracranial processes in pediatric patients may in fact present 
with comitant esotropias.379,380 Acquired comitant esotropias 
in childhood have also been reported in association with 
cerebellar astrocytomas,381–383 medulloblastomas,381 pontine 
gliomas,381,384 and Chiari I malformation.385–388 In cases due 
to Chiari I malformation, suboccipital decompression often 
leads to resolution of  the esotropia.389,390

However, only uncommonly is comitant esotropia the sole 
manifestation of  an intracranial abnormality. Most patients 
will still have accompanying signs and symptoms of  either 
elevated intracranial pressure (papilledema, headache, nausea 
or vomiting, or enlarging head size) or brainstem or cerebellar 
involvement (nystagmus, ataxia, hemiparesis, gait imbalance, 
dysarthria, or Parinaud syndrome). Possible mechanisms for 
comitant esotropia in the setting of  neurologic disease include 
injury to supranuclear mesencephalic structures which control 
vergence eye movements,391–393 subtle bilateral sixth nerve 
palsies (infranuclear),63 and spread of  comitance.

Cyclic esotropia. This rare ocular motility disorder is char-
acterized by 48–96 hour cycles of  esotropia and orthophoria 

BA

Figure 15.41. Benign sixth nerve palsy in childhood. A. Acquired left abduction deficit. B. Normal right gaze. Neuroimaging was normal, and the child 
was otherwise well. He experienced full recovery several weeks later. 

Box 15.3 Pediatric VIth Nerve Palsies: 
Suggested Workup

1. Congenital
 a. Consider Duane’s retraction and Möbius syndromes

2. Acquired
 a. Exclude history of trauma
 b. MRI with and without gadolinium, looking particularly for a 

posterior fossa lesion
 c. Consider LP, if the neuroimaging is negative, to exclude 

meningitis and to measure the CSF opening pressure
 d. If MRI and LP negative, consider the diagnosis of a benign 

childhood VIth nerve palsy

CSF, Cerebrospinal fluid; LP, lumbar puncture; MRI, magnetic resonance 
imaging.
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are common to all. Fissure narrowing is likely secondary to 
decreased levator firing in adduction.

1. Type I: Abduction is impaired, but adduction is either normal 
or only slightly defective. While the lateral rectus muscle 
does not contract during attempted abduction, both the 
medial and the lateral rectus muscles fire during adduc-
tion, thus producing the globe retraction (Fig. 15.42 and 
Video 15.12). Type I is the most common pattern of  the 
three. Despite complete abduction deficits, most patients 
with type I are usually orthotropic in primary gaze. This 
feature distinguishes adults with Duane’s syndrome from 
those with acquired sixth nerve palsies, who are charac-
teristically esotropic.

2. Type II: Abduction is normal, but adduction is impaired.  
Lateral rectus contraction in abduction is normal, but 
the muscle also inappropriately contracts in attempted 
adduction, producing defective adduction and globe retrac-
tion (Fig. 15.43 and Video 15.13).

3. Type III: Both abduction and adduction are defective. The 
lateral and medial rectus muscles both contract in abduc-
tion and adduction, thus limiting motion of  the eye in 
either direction (Video 15.14).

Other common features include upshoot or downshoot 
of  the eye in adduction, and A-, V-, or X-pattern ocular devia-
tions. Most patients preserve binocularity because they are 
orthotropic in primary gaze, but some may adapt a compen-
satory head turn to achieve binocularity. In one metaanaly-
sis,398 there was a female preponderance (58%) and left eye 
(59%) predilection. Twenty–three percent of  patients just 
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Figure 15.42. Duane’s retraction syndrome type I. A. Left abduction deficit. B. In right gaze, globe retraction and fissure narrowing of the left eye are 
seen. 

had the right eye affected, while 18% had bilateral involve-
ment. Other anomalous innervation phenomena, such as 
Marcus Gunn jaw-wink and paradoxical–gustatory–lacrimal 
reflex (“crocodile tears”), have been reported in association 
with Duane’s retraction syndrome.398

Pathologic studies published by Miller and colleagues399,400 
have provided enormous insight into the neural substrate 
of  Duane’s retraction syndrome by confirming brainstem 
abnormalities and the anomalous innervation of  the lateral 
rectus muscle. In their report of  a patient with Duane’s type 
I,400 the sixth nerve was absent, the sixth nerve nucleus was 
hypoplastic, and branches of  the inferior division of  the ocu-
lomotor (IIIrd) nerve supplied the lateral rectus muscle. Within 
the hypoplastic nucleus, the sixth nerve interneurons, which 
connect with the contralateral medial rectus subnucleus via 
the MLF to mediate conjugate gaze, were presumably spared. 
In a patient with Duane’s type III,399 both sixth nerves and 
their nuclei were absent, and the lateral recti were innervated 
by branches from the oculomotor nerves. Consistent with 
these findings, MRI studies of  patients with Duane’s type I 
have demonstrated absence of  the ipsilateral sixth nerve.401–403 
In addition, orbital imaging may show a normal ipsilateral 
lateral rectus muscle,404 in contrast to a denervated atrophic 
muscle seen in a chronic sixth nerve palsy. Families with 
mutations in the CHN1 gene that encodes for α2-chimaerin, 
a signaling protein which may have a role in ocular motor 
axon pathfinding,405 have been identified.406

Duane’s retraction syndrome usually occurs sporadically,  
but as mentioned rarely cases are familial.407 Occasionally 
Duane’s syndrome is also associated with systemic anomalies.398 

BA

Figure 15.43. Duane’s retraction syndrome type II. A. Normal right gaze. B. In left gaze, an adduction deficit, downshoot, globe retraction, and fissure 
narrowing of the right eye are seen. 
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ophthalmoplegia. Pathologically minor changes in the ocular 
motor nuclei may be seen.418

In other motor neuron diseases and spinal muscular atro-
phies, the eye movements and ocular motor nuclei are also 
usually spared. However, rare exceptions have been 
reported.419–422

Wernicke’s encephalopathy. Wernicke’s disease may 
present with ophthalmoplegia, nystagmus, altered mental 
status, and ataxia. These findings result from localized hem-
orrhagic necrosis of  the midbrain and thalamus. This diag-
nosis should be considered in all ocular motor palsies as 
administration of  thiamine may rapidly reverse the ophthal-
moplegia and be lifesaving. There is a more detailed discussion 
of  this entity in Chapter 16.

Leigh syndrome. Also termed subacute necrotizing encepha-
lopathy, this neurodegenerative condition is characterized 
by mental status changes, ophthalmoplegia, optic atrophy, 
ataxia, dystonia, and respiratory failure. Typical lesions are 
seen in the basal ganglia, thalamus, and brainstem and are 
thought to be due to mitochondrial dysfunction involving 
the respiratory chain, coenzyme Q, or pyruvate dehydroge-
nase complex.423 Leigh syndrome is discussed in more detail 
in Chapter 16.

Bickerstaff ’s encephalitis. Bickerstaff ’s brainstem 
encephalitis is a monophasic disease typically preceded by 
an infection or immunization. The disorder is characterized 
by stupor, ophthalmoparesis, ataxia, and brisk reflexes, and 
CSF pleocytosis and anti-GQ1b antibodies (see later discus-
sion) may be observed.424 Brainstem lesions on MRI are seen 
only in a minority of  patients.425

SUBARACHNOID DISTURBANCES

Acute bacterial and chronic fungal,426 tuberculous,427 spi-
rochetal (syphilitic and Lyme borrelia)428 and inflammatory 
(e.g., sarcoid, pachymeningitis) meningitic processes may 
affect the ocular motor nerves within the subarachnoid space, 
and other cranial nerves may be involved. Carcinomatous429–431 
or lymphomatous432–434 meningitis may produce a similar 
clinical picture, sometimes accompanied by radicular signs 
and symptoms such as loss of  deep tendon reflexes indicating 
more widespread meningeal involvement. Lymphoma may 
also directly invade the endoneurium of  the cranial 
nerves.435,436 The ocular motor nerves can be involved in 
Guillain–Barré syndrome, Miller Fisher syndrome (ophthal-
moparesis, ataxia, and areflexia), and chronic inflammatory 
demyelinating polyneuropathy,437–439 usually in the setting 
of  systemic weakness. These conditions are discussed in detail 
in Chapter 14. Cerebrospinal fluid examination with cytology 
is essential for diagnosing and sorting out these infectious, 
neoplastic, and inflammatory disorders.

Anti-GQ1b-antibody syndrome. Miller Fisher syndrome, 
Bickerstaff ’s brainstem encephalitis, and Guillain–Barré 
syndrome have been collectively called “anti-GQ1b IgG anti-
body syndromes.”424,440 The clinical triad of  Miller Fisher 
syndrome consists of  acute ophthalmoplegia, ataxia, and 
areflexia. Increased serum levels of  anti-GQ1b IgG antibodies 
have been demonstrated in the acute phase of  the illness in 
over 90% of  the patients with the disorder.441,442 Efferent 
pupillary defects are frequently present and help distinguish 
the presentation from myasthenia gravis. Elevated anti-GQ1b 
antibody titers may also be found in patients with isolated 

Wildervanck (cervico-oculo-acoustic) syndrome consists of  
Duane’s syndrome, Klippel–Feil spinal anomaly, and sensori-
neural deafness.408 Duane’s syndrome and congenital thenar 
hypoplasia comprise Okihiro syndrome. Duane’s syndrome 
may also be seen together with Goldenhar syndrome, which 
consists of  epibulbar dermoids, conjunctival lipodermoids, 
upper lid colobomas, inner and external ear malformations 
(preauricular skin tags), facial hypoplasia, and cervical spine 
anomalies. Unusual associations with chromosomal abnor-
malities,409 thalidomide embryopathy,410 and intracranial 
lesions have also been reported.411,412 Orbital blow-out fractures 
with medial rectus entrapment or orbital metastases may 
mimic Duane’s syndrome.413

Treatment. Since most patients with Duane’s syndrome 
have no primary position misalignment and no head turn, 
they usually require no intervention. Strabismus surgery, 
the mainstay of  treatment, is indicated in the minority of  
cases with ocular misalignment in the primary position, an 
abnormal head turn, cosmetically unacceptable globe retrac-
tion, or vertical deviation or upshoots on adduction.398

Möbius syndrome. This condition is characterized by 
congenital facial diplegia, but horizontal gaze palsies due to 
abducens nuclear involvement usually accompanies the facial 
weakness.414 Isolated abduction deficits also can be seen. 
The syndrome usually occurs idiopathically but can also 
occur in children exposed to misoprostol and cocaine in 
utero.415,416 Parents may not notice the facial weakness if  it 
is subtle, and often the child is brought to medical attention 
solely because of  an esotropia. Möbius syndrome is discussed 
in more detail in Chapter 14.

Miscellaneous Causes of 
Combined Third, Fourth,  
and Sixth Nerve Palsies

The differential diagnosis of  any combination of  third, fourth, 
and sixth nerve palsies is broad and includes brainstem, 
subarachnoid, base of  skull, cavernous sinus, and orbital 
processes. Often the lesion can be localized and diagnosis 
made based upon the history and examination, but in many 
instances neuroimaging is required, especially for determin-
ing its etiology.

BRAINSTEM

Motor neuron diseases. Amyotrophic lateral sclerosis (Lou 
Gehrig disease) is a degenerative disorder of  the corticobulbar 
and spinal tracts (upper motor neurons) and lower cranial 
nerves in the brainstem and anterior horn cells in the spinal 
cord (lower motor neurons). Patients are recognized by  
their dysphagia, dysarthria, requirement for respiratory 
support, weakness, muscular atrophy, fasciculations, hyper-
reflexia, and extensor plantar responses. In most instances, 
clinically the eye movements are spared. Occasionally, 
however, supranuclear eye movement disorders such as  
gaze impersistence, voluntary upgaze restriction, and sac-
cadic horizontal smooth pursuit (see also Chapter 16) in 
addition to eyelid opening apraxia may be observed.417 Late-
stage patients whose course is artificially prolonged by long-
term respiratory support may develop complete external 
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It is from this tissue and/or remnants or ectopic fragments 
of  notochord remaining in the bones of  the base of  the skull 
from which chordomas arise. About 50% occur in the sacro-
coccygeal region and about 35% develop in the base of  the 
skull, usually near the clivus.455 Intracranial chordomas can 
become symptomatic at any age. Although the tumors grow 
very slowly, they are locally invasive, demonstrate bony inva-
sion, and infiltrate tissue. Histopathologically, chordomas 
appear to have physaliphorous or bubble-like appearance to 
the cytoplasm.

Because they tend to originate in clivus, chordomas most 
commonly present with either unilateral or bilateral sixth 
nerve palsies.456,457 Other associated findings may include 
ipsilateral facial weakness, trigeminal nerve dysfunction, 
dysphonia, dysarthria, and dysphagia.458 Patients also com-
plain of  headache. Rarely they extend superiorly to affect 
the anterior visual pathways and cause optic neuropathy.456 
Chordomas should be considered in the differential diagnosis 
of  any patient with chronic unilateral or bilateral sixth nerve 
palsy with or without remitting symptoms.347,456 Radiographi-
cally, a cystic, lobulated mass with evidence of  bone erosion 
and destruction seen on CT or MRI is characteristic.459 Biopsy 
can confirm the diagnosis. Gross total resection is usually 
advocated via an open or endoscopic approach with post-
operative radiation therapy.460 The cure rate approaches 50% 
at 10 years and is better with complete tumor resection.

Chondrosarcomas. Chondrosarcomas, which are also rela-
tively rare tumors, arise from cartilage in bone. These gener-
ally are adult tumors and can occur both in the extremities 
and the base of  the skull. When they arise in the base of  the 
skull, they tend to produce cranial nerve palsies in the cav-
ernous sinus area (Fig. 15.44). Sixth nerve palsies are 
common, although patients can present with IIIrd, Vth, and 
VIIth nerve dysfunction as well, and multiple cranial nerve 
palsies are not uncommon.456,461 Radiographically, they must 
be differentiated from nasopharyngeal carcinomas, chordo-
mas, and meningiomas. When they arise around the tuber-
culum sella or the paranasal sinuses, they may invade the 
orbit, sometimes with optic neuropathy. The tumors are 
composed of  undifferentiated mesenchymal cells surrounded 
by cartilage of  varying levels of  maturity with foci of  imma-
ture chondrocytes. The most effective treatment is widespread 
surgical excision followed by radiation therapy.462 Many of  
these tumors can demonstrate cellular atypia and behave 
aggressively with recurrence and local invasion. Patients 
with Ollier disease (multiple skeletal enchondromas) and 
Maffucci syndrome (multiple enchondromas associated with 
subcutaneous hemangiomas) may develop skull base chon-
drosarcomas as a delayed consequence of  these disorders. 
We have seen three such patients who presented with sixth 
nerve palsies.463

CAVERNOUS SINUS DISTURBANCES

Cavernous sinus involvement is suggested by any combina-
tion of  unilateral IIIrd, IVth, or VIth nerve dysfunction 
accompanied by hypesthesia of  the forehead, cornea, or cheek 
due to involvement of  V1 or V2, or by a Horner syndrome, 
owing to oculosympathetic disruption. Complete interrup-
tion of  all three ocular motor nerves would result in total 
ophthalmoplegia, ptosis, and mydriasis. Most cavernous sinus 
disturbances are due to mass lesions.464

acute ophthalmoparesis.443,444 These antibodies may also be 
observed in some patients with chronic445 ophthalmoparesis 
of  unknown etiology.

The anti-GQ1b antibodies strongly stain the paranodal 
regions of  the ocular motor nerves and have been found to 
inhibit acetylcholine release and neurite regrowth and may 
be cytotoxic to neurons.446,447 There is a consensus that Miller 
Fisher syndrome and Bickerstaff ’s brainstem encephalitis 
represent a spectrum of  a similar disease process.448 Both of  
these entities share the anti-GQ1b antibodies and are self-
limited disorders. These syndromes typically occur after a 
previous infection with bacteria such as Campylobacter jejuni.449 
In patients who develop diplopia, dilated pupils, and flaccid 
paralysis, especially after a gastrointestinal infection, an alter-
native diagnosis of  botulism should also be considered.450

BASE OF SKULL LESIONS

A combination of  ocular motor nerve palsies may be due to 
skull base metastases or primary skull base tumors such as 
sphenoid wing or clival meningiomas, chordomas, and chon-
drosarcomas. Metastatic tumors in this area typically derive 
from lung, breast, or prostate primary neoplasms.

Sphenoid wing meningiomas. The typical clinical pre-
sentation of  a sphenoid wing meningioma is ipsilateral  
ophthalmoplegia, proptosis, and hyperostosis of  the temporal 
bone. Frequently the anterior and middle cranial fossae  
as well as the zygomatic fossa are involved. Because of   
their relative lateral location, optic neuropathy is usually 
only a feature of  large lesions. Surgical removal is often 
recommended.451

Clival meningiomas. Meningiomas can develop primarily 
in the area of  the clivus in the region of  the sphenoid and 
occipital bones. These benign, slow-growing tumors can 
present with a variety of  ophthalmic or neurologic symptoms 
depending on whether their initial involvement is of  the 
cranial nerves entering the cavernous sinus or compression 
of  the brainstem or cerebellum. Patients can also present 
with signs and symptoms of  increased intracranial pressure 
when CSF outflow is affected. Thus, papilledema as well as 
cranial nerve abnormalities such as ocular motor palsies, 
facial palsy, and trigeminal nerve dysfunction can be seen. 
The most common initial symptom is headache followed by 
visual symptoms, gait disturbances, and trouble hearing.

The diagnosis of  a clival meningioma is suggested based 
on neuroimaging studies when patients present with the 
symptoms outlined previously. Meningiomas need to be dif-
ferentiated radiographically from chordomas and chondro-
sarcomas also occurring in this region. The absence of  
extensive bony destruction (common in chordoma and chon-
drosarcoma) and diffuse and smooth gadolinium enhance-
ment (present in meningioma and more irregular in chordoma 
and chondrosarcoma) are the best way to differentiate these 
tumors. The treatment involves surgical removal, which is 
rarely complete and can cause cranial nerve damage.452,453 
Depending on the clinical situation and the presence of  
residual tumor, adjunctive radiation therapy can be used.454

Chordomas. Chordomas are rare neoplasms that arise 
from the embryologic notochord, the foundation upon which 
the axial skeleton is formed. Ultimately, during embryology 
the notochord begins to involute and remains only in the 
intervertebral cartilaginous discs as the nucleus pulposus. 
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affected pupil may actually become the smaller one 
because of  poor sympathetic tone.

3. Pupillary sparing. Third nerve palsies of  cavernous  
sinus origin can spare pupillary function. Pupil sparing 
in cavernous sinus lesions may be explained by the  
typically slow growth of  tumors in this region. One  
must also consider the possibility of  pseudopupillary 
sparing, which results when the pupillary signs of   
third nerve dysfunction are masked by a concurrent 
Horner syndrome or aberrant regeneration of  the third 
nerve.

4. Divisional third nerve paresis. Because the third nerve ana-
tomically separates into superior and inferior divisions 
in the anterior cavernous sinus, a divisional paresis sug-
gests a lesion in this region or anterior to it. However, 
this guideline has frequent exceptions, as a divisional third 
nerve palsy may occur anywhere posterior to this region, 
including the brainstem.101,149

5. Aberrant regeneration of  the third nerve. Misdirection phe-
nomena (see Third Nerve Palsies) may occur with cavern-
ous sinus masses such as a meningioma (Fig. 15.45).108

Symptoms of  cavernous sinus disease. Patients with 
cavernous sinus lesions may present with double vision, 
pupillary abnormalities, facial sensory loss, or orbital signs 
and symptoms. Pain may be referred to the orbit or supra-
orbital region by direct involvement of  the trigeminal nerve 
or structures innervated by this nerve.

Other signs of  cavernous sinus disease. The features 
of  a complete cavernous sinus syndrome were alluded to in 
the first paragraph of  this section. Incomplete lesions have 
several less-prominent characteristics:

1. Isolated cranial nerve palsies. Commonly, only one or two 
of  the nerves within the cavernous sinus are involved, 
and chronic isolated ocular motor palsies referable to this 
region are not rare.

2. Alternating anisocoria. Simultaneous oculo-parasympathetic 
and sympathetic disruption within the cavernous  
sinus may result in the unusual clinical syndrome of  
“alternating anisocoria.” In the light, because of  para-
sympathetic dysfunction the pupil on the affected side is 
larger than its fellow normal eye, but in the dark the 
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Figure 15.44. Axial (A), coronal (B), and sagittal (C) T1-weighed mag-
netic resonance images showing enhancing skull base mass  
(arrow) consistent with a chondrosarcoma, which caused a left sixth 
nerve palsy. 
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cell and squamous cell tumors arising from the face, head, 
and neck.467 In a similar fashion, valveless veins of  the face 
may spread infection from the skin to this region and ulti-
mately lead to thrombosis of  the cavernous sinus. The sphe-
noid sinus and nasopharynx lie inferiorly and medially to 
each cavernous sinus so that tumors and infections of  these 
regions readily gain access to the cavernous sinus. The 
remainder of  this section discusses some of  the common 
entities in this region.

Neoplasms. A variety of  neoplasms may involve the cav-
ernous sinus, including benign lesions such as pituitary 
adenomas, meningiomas, neuromas, and chordomas as  
well as malignant tumors such as chondrosarcomas, naso-
pharyngeal carcinomas, lymphoma, plasmacytoma, and 
metastases. A complete discussion of  these tumors is beyond 
the scope of  this chapter, but some of  the more important 
and common tumors are reviewed. Some were discussed 
previously.

Nasopharyngeal tumors. Nasopharyngeal tumors may 
present as trismus, serous otitis media, nasal obstruction, 
atypical facial pain, or recurrent epistaxis. The incidence of  
cranial nerve involvement varies from 12–35%,468 and the 
Vth and VIth nerves are the most commonly involved. 
Approximately 20% of  nasopharyngeal tumors may present 
with a cavernous sinus syndrome. These tumors should be 
suspected in patients presenting with subacute onset of  
bilateral sixth nerve palsies. The tumors either erode the 
skull base or enter the cavernous sinus through the foramen 
ovale or lacerum.469

Pituitary tumors. Although there is frequent involvement 
of  the cavernous sinus in pituitary adenomas evident radio-
graphically, only rarely is there resultant chronic ocular motor 
dysfunction. Importantly, the rapid onset of  bilateral oph-
thalmoplegia, visual loss, and headache should suggest the 
possibility of  pituitary apoplexy, and neuroimaging studies 
should be obtained emergently.470,471 The clinical presenta-
tion of  pituitary apoplexy may be confused with subarachnoid 
hemorrhage and bacterial meningitis. The administration 
of  corticosteroids in this situation may be life-saving to prevent 
an Addisonian crisis. Pituitary adenomas and apoplexy are 
discussed in more detail in Chapter 7.

Tumors involving the trigeminal nerve. Trigeminal neuromas 
and schwannomas typically begin in the region of  the Gas-
serian ganglion and manifest clinically with complaints of  
altered facial sensation or facial pain.472 Rarely, these tumors 
may present as a chronic isolated sixth nerve palsy without 
signs of  fifth nerve dysfunction.473

Rarely cutaneous malignancies such as basal cell carci-
noma and squamous cell carcinoma travel perineurally along 
branches of  the fifth nerve to gain access to the cavernous 
sinus and orbital apex, causing ophthalmoplegia.474 Facial 
nerve palsies are also frequent.475 Remote tumor spread may 
present clinically years after the original skin lesion was 
removed.476 Palliative radiation may be used, but the prog-
nosis is poor.477

Cavernous sinus meningiomas. Meningiomas arising from 
the dural walls of  the cavernous sinus represent one of  the 
most frequent tumors of  this area (see Fig. 15.45). Cavern-
ous sinus meningiomas typically present with painless,  
slowly progressive ocular motor palsies or a third nerve palsy 
with aberrant regeneration. Rarely, spontaneously resolving 
ocular motor palsies may occur.478 Their MRI appearance is 

6. Ipsilateral Horner syndrome and abducens palsy. This com-
bination of  findings results from a lesion involving both 
the sixth nerve and oculosympathetic fibers, where they 
comingle within the cavernous sinus.465

7. Orbital signs. Proptosis, periorbital swelling, chemosis, and 
conjunctival injection may occur when cavernous sinus 
lesions block orbital drainage and venous return.

Neuroimaging. MRI, with thin-section coronal slices 
through the cavernous sinus region, with and without gado-
linium, is the imaging procedure of  choice in this setting. 
When aneurysms are suspected, a CTA or MRA should also 
be ordered.

Differential diagnosis. The differential diagnosis of  cav-
ernous sinus lesions includes neoplasms, trauma, Tolosa– 
Hunt syndrome, infection, septic cavernous sinus thrombosis, 
carotid-cavernous sinus fistulas, and intracavernous aneu-
rysms. In a series of  126 patients with cavernous sinus  
syndrome, 80% were due to tumors, 25% resulted from  
vascular lesions, and 16% were diagnosed as Tolosa–Hunt 
syndrome.466

Some cavernous sinus disturbances can be attributed to 
its anatomic features. Sellar masses (see Chapter 7), if  large 
enough, may compress cavernous sinus structures, and the 
clinical scenario of  acute headache, visual loss, and oph-
thalmoplegia should suggest pituitary apoplexy. The nerves 
within the cavernous sinus rarely give rise to primary tumors 
such as a neuroma of  the fifth nerve. The trigeminal nerve 
may also serve as a conduit to the cavernous sinus for basal 

Figure 15.45. Cavernous sinus meningioma. This axial MRI scan dem-
onstrates an enhancing mass involving the left cavernous sinus (large 
solid arrow) with a characteristic dural tail (large open arrow). The normal 
flow void of the intracavernous carotid artery on the right (small arrow) 
cannot be seen on the left. The patient presented with mild left proptosis 
and a partial left third nerve palsy. Two years later she developed aber-
rant regeneration of the eyelid. 
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by spread of  infection by veins or direct extension. Within 
several days of  onset, the infection may reach the contra-
lateral cavernous sinus, and further dispersal may lead to 
meningitis or cerebral infarction by compromising the cav-
ernous carotid artery. Uncommonly, extension to other venous 
sinuses, such as the lateral, sigmoid, and inferior sagittal 
sinuses, may occur.494

Most patients will have an elevated white blood count and 
positive blood cultures. Thirty-five percent of  patients have 
changes in their cerebrospinal fluid consistent with bacterial 
meningitis (i.e., neutrophilic pleocytosis, elevated protein, 
and low glucose).491 MRI is the preferred study to demonstrate 
thrombosis of  the cavernous sinus (Fig. 15.46).495

Staphylococcus aureus is the causative agent in about two-
thirds of  cases.494 After cultures have been collected, empiric 
therapy covering common organisms such as third-generation 
cephalosporins, nafcillin, and metronidazole should be initi-
ated emergently, with vancomycin given for methicillin-
resistant cases.496 Anticoagulation of  patients with septic 
cavernous sinus thrombosis remains controversial497,498 but 
is still often recommended.497,499 Surgery, if  necessary, is 
reserved for drainage of  the primary focus of  infection.

Fungal infections. Mucormycosis and rarely aspergillosis 
may rapidly spread from the sinuses to the cavernous sinus 
and orbit, and immunocompromised individuals such as 
those with diabetes or the elderly are susceptible. Mucormy-
cosis, which requires a rich source of  iron to grow effectively, 
may occur in patients taking iron-chelating agents. These 
organisms have a propensity to invade blood vessels.500,501 
Visual loss from central retinal or ophthalmic artery occlu-
sion is not uncommon. Spread of  infection to the cavernous 
carotid may be heralded by the acute onset of  a contralateral 
hemiparesis due to a stroke in the ipsilateral hemisphere. 
Magnetic resonance studies are most useful in delineating 
the extent of  the pathologic process. The diagnosis may be 
established by biopsy and drainage of  infected areas. Treat-
ment usually consists of  intravenous amphotericin and sur-
gical debridement. Other antifungal agents used alone or in 
combination with amphotericin include oral voriconazole, 
flucytosine, fluconazole, and itraconazole.502 The amount 

characteristic, as they are typically isointense with brain but 
enhance with gadolinium. A dural tail is often present. They 
may also encase the cavernous carotid, often leading to vas-
cular narrowing.479

Since these tumors may grow slowly and complete resec-
tion is difficult, surgery or radiotherapy are usually not indi-
cated until vital structures such as the brainstem or visual 
pathways are compromised. Many patients with stable diplopia 
that can be treated with prisms may be followed clinically 
and radiographically.480 Surgical treatment involves total481,482 
or subtotal479,483,484 resection with or without adjunctive 
radiotherapy.485,486 Complications include internal carotid 
or middle cerebral artery infarction, ocular motor palsies, 
and trigeminal nerve dysfunction. Gamma knife radiosurgery 
is also a reasonable alternative with smaller meningiomas. 
Tumor control can be achieved in over 80% of  cases,487 and 
we have seen individuals with improvement in their ocular 
motor palsies with this treatment modality.

Lymphoma. Lymphomatous involvement of  the cavernous 
sinus may cause painful or painless ophthalmoplegia.488,489

Metastases. Breast, lung, and prostate cancer are well-
recognized primary neoplasms which can metastasize to the 
cavernous sinus.490 The ophthalmoplegia is frequently rapidly 
progressive.

Cavernous sinus thrombosis. Prompt recognition of  
septic thrombosis of  the cavernous sinus, a potentially life-
threatening disorder, is essential. Patients present with fever, 
periorbital pain and swelling, double vision, and proptosis491 
in addition to tachycardia, headache, hypotension, rigors, 
nuchal rigidity, and altered mental status. Unilateral then 
bilateral involvement within 48 hours can be seen. The 
abducens nerve is frequently affected first, but complete 
ophthalmoplegia may rapidly ensue.491 Vision may be 
impaired as a result of  arterial occlusion or emboli, venous 
congestion, increased intraocular pressure, or corneal expo-
sure.492 Blindness is reported in 8–15% of  cases.493

Staphylococcal and streptococcal organisms are the most 
frequent pathogens.491 Infectious sources include sinusitis 
(most common), otitis, odontogenic sources, and facial 
furuncles. Commonly cavernous sinus thrombosis occurs 
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Figure 15.46. T1-weighted MR images (A, axial; B, coronal) show widening and enhancement of the right cavernous sinus (thick arrow) and dural 
enhancement (thin arrow), consistent with cavernous sinus thrombosis related to ethmoid sinusitis (asterisk). 
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of  debridement is often dependent on the degree of  visual 
loss and the extent of  the infectious process.500,503 Those 
patients with preserved visual acuity and disease limited to 
the orbital structures and sinuses may be spared an exen-
teration without altering outcome.504

High-flow (direct) carotid–cavernous fistulas. Carotid–
cavernous fistulas (CCFs) are abnormal communications 
between the intracavernous carotid artery and the adjacent 
veins of  the cavernous sinus. As a result, the pressure inside 
the cavernous sinus increases and the draining vessels enlarge, 
leading to reversal of  blood flow. CCFs can be classified based 
on cause (traumatic vs spontaneous), hemodynamics (high 
flow vs low flow), and anatomy (direct vs indirect). This section 
details the diagnosis and management of  high-flow (direct) 
CCFs; a review of  low-flow CCFs follows in the next section.

Traumatic direct CCFs. The majority of  direct CCFs result 
from head trauma. Underlying causes are direct injury from 
skull base fractures or injury from torsion or stretching of  
the carotid siphon and impingement of  the vessel on bony 
prominences.505 Traumatic CCFs can present at the time of  
the injury or may be delayed in onset for days or weeks. 
Penetrating injuries such as stab wounds that enter the cav-
ernous sinus through the superior orbital fissure can also 
result in CCFs.506 “Traumatic” CCFs can also result from 
iatrogenic injury associated with endonasal procedures, 
carotid endarterectomy surgery, endovascular procedures, 
transsphenoidal pituitary surgery, and procedures directed 
at the Gasserian ganglion for the treatment of  trigeminal 
neuralgia.507–509

Spontaneous direct CCFs. Spontaneous, high-flow, direct 
CCFs arise in two different settings: (1) rupture of  a preexist-
ing cavernous sinus aneurysm (see later discussion) or (2) 
a defective vessel wall that may complicate a connective tissue 
disorder such as fibromuscular dysplasia,510 Ehlers–Danlos 
syndrome,511 or pseudoxanthoma elasticum.512 However, in 
many instances an underlying cause cannot be found.513

Clinical presentation. Clinical findings in patients with high-
flow direct CCFs result from arterialization of  draining orbital 
veins by anterior blood flow from the cavernous carotid artery 
(Box 15.4). Usually this involves the eye and orbit ipsilateral 
to the fistula. However, the presentation can vary significantly 
and can include a silent orbital presentation, particularly 
when the CCF drains posteriorly. Bilateral orbital signs can 
also develop depending on the patency of  the venous con-
nections between the two cavernous sinuses.

Symptoms. Symptom onset is usually abrupt and may be 
rapidly progressive. Occasionally, the symptoms and signs 
that result from the traumatic injury (proptosis or cranial 
nerve palsy) may obscure those from the CCF. The most 
common complaints offered by patients with CCF include 
subjective bruit (80%), visual blur (59%), headache (53%), 
diplopia (53%) and ocular or orbital pain (35%).168,506 Patients 
may describe a whooshing or swishing that is synchronous 
with the pulse. Headache may result from distension of  the 
dura or trigeminal nerve compression. They or others may 
notice proptosis or a red eye.

Signs. The clinical signs correlate with the symptoms and 
include pulsatile exophthalmos, arterialization of  conjunctival 
vessels, eyelid swelling, conjunctival chemosis, elevated (often 
pulsatile) intraocular pressure, restrictive ocular motility 
disturbances and cranial neuropathies, optic disc swelling, 
and venous stasis retinopathy. A bruit that is audible to the 

Box 15.4 Ocular Signs and Symptoms in Carotid– 
Cavernous Fistulas and Dural Arteriovenous 
Malformations of the Cavernous Sinus

Symptoms

Headache/orbital pain
Proptosis
Red eye
Blurred vision
Double vision
Bruit

Signs

Proptosis
Orbital congestions
Conjunctival chemosis
Arterialization of episcleral vessels
Increased intraocular pressure
Venous stasis retinopathy
Ophthalmoplegia
Bruit
Visual loss

Borrowed with permission from Bennett J, Volpe NJ, Liu GT, et al. 
Neurovascular neuro-ophthalmology. In Jakobiec FA, Albert D (eds). 
Principles of Ophthalmology, pp 4238–4274. Philadelphia, W.B. 
Saunders, 1999.

patient is usually also audible to the examiner, although not 
always. The best method for listening is with the bell of  the 
stethoscope over the closed eyelid. In posterior draining fis-
tulas the bruit may be detected over the area of  the mastoid. 
The bruit is classically described as disappearing with ipsi-
lateral carotid compression, although this is neither a com-
monly performed nor recommended diagnostic maneuver.

Proptosis results from congestion of  orbital tissues and 
displacement of  the globe by the dilated superior ophthalmic 
vein. Ocular pulsation may be visible as well as palpable  
and results from transmission of  the arterial pulse to the 
dilated ophthalmic veins and globe. The absence of  globe 
pulsation may reflect thrombosis of  the ophthalmic veins. 
Abnormalities in the ocular pulse may be suggested by wide 
to-and-fro movements of  the Myers rings during applanation 
tonometry.

Arterialization of  conjunctival and episcleral vessels results 
from blood flowing into the orbital veins and subsequently 
into the conjunctival veins. The arterialization pattern may 
be diffuse or can be localized to one or two vessels. The vessels 
have a corkscrew appearance, and their tortuosity and dila-
tion extends all the way to the limbus (Fig. 15.47). These 
vessels can occasionally bleed profusely. Massive proptosis 
can lead to impaired corneal coverage and exposure. Exposure 
of  the cornea (and conjunctiva) may lead to infectious ulcer-
ation if  adequate lubrication is not used. This may be aggra-
vated by corneal hypesthesia, which can occur secondary 
to trigeminal nerve dysfunction.

Increased intraocular pressure (IOP) and glaucoma can 
result from arterialization of  episcleral vessels with elevation 
of  episcleral venous pressure and blood forced into Schlemm’s 
canal. This blood can be seen on gonioscopy. Alternatively 
in a closed-angle mechanism, elevated venous pressure causes 
swelling of  the choroid and ciliary body, which in turn pushes 
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the lens–iris diaphragm forward.514,515 Glaucomatous optic 
neuropathy can occur in 20% of  patients with untreated 
CCFs.168 Rarely intraocular pressure rise is precipitous and 
may result in central retinal artery occlusion.168

Double vision from ocular misalignment is common in 
this setting.516-518 Isolated abduction deficits presumably result 
from sixth nerve dysfunction in the majority of  patients 
(50–85% of  all patients with CCFs).507,518 The sixth nerve is 
the most vulnerable because it floats freely adjacent to the 
lateral aspect of  the carotid artery, while the third and fourth 
nerves are enveloped by dura in the lateral wall of  the sinus. 
However, with posttraumatic direct CCFs, ocular motor dys-
function from the initial head trauma may be difficult to 
distinguish from the deficit acquired with the CCF. The ocu-
lomotor palsies may result from compression by the fistula 
or from ischemia due to altered blood flow in the vasa ner-
vorum.519 These cranial nerve palsies can develop at any 
time after the fistula forms. Many patients describe pain in 
the first or even second division of  the trigeminal nerve, 
resulting from compression of  the ophthalmic or maxillary 
divisions of  the fifth nerve in the cavernous sinus.

Other patients develop double vision as a result of  restric-
tive myopathy secondary to orbital congestion. The eye 
muscles are enlarged and double vision is coincident with 
the development of  proptosis. In many patients a combina-
tion of  neurogenic and myopathic eye movement dysfunction 
occurs. Forced duction testing with forceps should not be 
used because of  the risk of  bleeding from arterialized con-
junctival and episcleral vessels.

Vision loss can result from a variety of  trauma- or fistula-
related causes (Box 15.5). Ophthalmoscopically, most patients 
show nonspecific findings of  venous stasis retinopathy with 
distended retinal veins and intraretinal hemorrhages. Many 
patients have mild disc swelling as well.

Diagnostic evaluation. A high-flow, direct CCF is usually 
suggested on clinical grounds in patients with or without a 
recent history of  trauma that suddenly develop a bruit, pro-
ptosis, and a red eye. Radiographic features of  CCF are enlarge-
ment of  extraocular muscles and superior ophthalmic vein, 
expansion of  the cavernous sinus, presence of  venous aneu-
rysm, and enlargement of  pial and cortical veins.520 MRI 
offers the advantage of  identifying other lesions such as 
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Figure 15.47. External appearance of a woman with a traumatic, high-flow, direct carotid–cavernous fistula on the right. A. Proptosis, chemosis, 
arterialization of scleral and eyelid vessels, and periorbital swelling are seen. B. She had almost complete ophthalmoplegia of the right eye, including 
defective infraduction. Corkscrew scleral vessels are seen. 

Box 15.5 Etiologies of Visual Loss Due to 
Carotid–Cavernous Fistulas

Venous stasis retinopathy
Ischemic optic neuropathy
Glaucoma
Choroidal effusions
Corneal ulcerations and perforation
Retinal vascular occlusion
Retrobulbar optic neuropathy (compressive vs vascular steal)
Retrobulbar ischemia

arteriovenous malformation, cavernous sinus tumors, or 
thrombosis.521 CTA has been shown to be more sensitive 
than MRA.522,523 Formal cerebral angiography is usually 
required to document the extent and location of  feeding 
vessels. Color Doppler ultrasound can document reversal of  
flow in the superior ophthalmic vein.

Course and treatment. Nearly all high-flow direct CCFs 
require treatment in order to restore normal flow and occlude 
the fistula. In patient with direct CCFs that are left untreated, 
there is significant risk for serious vision loss secondary to 
corneal exposure, glaucoma, and venous stasis. Double vision 
may also linger as a chronic problem in untreated patients. 
Transarterial or sometimes transvenous embolization with 
platinum coils or liquid embolic material such as cyanoac-
rylate or parent artery occlusion are the preferred treatments 
for direct CCFs.524,525 With successful closure of  a direct CCF, 
prognosis for virtually full recovery is excellent within weeks.

Low-flow carotid–cavernous fistulas (dural arterio-
venous malformations). Dural arteriovenous malformations 
(DAVMs) are abnormal communications between the arteries 
that supply the dura mater and the intracranial venous sinuses 
(Fig. 15.48). Although most DAVMs are acquired arterio-
venous shunts, some may represent congenital lesions. They 
most likely develop from preexisting communications between 
arteries and veins in the dura in the area near the venous 
sinuses. In some cases a second insult such as trauma or 
thrombosis then leads to conversion to a DAVM.

In Kupersmith’s series,168 68% of  the patients seen with 
shunts in the area of  the cavernous sinus had low-flow 
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Figure 15.48. Dural, low-flow carotid-cavernous fistula. The patient 
complained of headaches. Corkscrew scleral vessels (A) were seen. 
Deficits in elevation (B), adduction (C), and abduction (D), consistent 
with partial third and sixth palsies, were also observed. E. CT-angiogram 
shows dense opacification of the superior ophthalmic vein (arrow). 
Cerebral angiography, lateral (F) and coronal views (G) demonstrated 
a dural fistula of the right cavernous sinus (arrows). 
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with treatment), as a result of  thrombosis of  the orbital veins 
with increased orbital venous stasis.534 This worsening may 
be followed by improvement if  the thrombosis propagates 
into the DAVM and closes the shunt. Treatment with 
corticosteroids during this transient worsening can help to 
reduce severe orbital congestion.

Posterior segment complications include venous stasis 
retinopathy, vitreous hemorrhage, proliferative retinopathy, 
disc swelling, ischemic optic neuropathy, and exudative retinal 
detachments.168,535,536 Venous stasis retinopathy occurs in 
about 15% of  patients and results most commonly in cases 
with ophthalmic vein thrombosis rather than from arteri-
alization of  the orbital vessels.537 Vision loss occurs in about 
20–30% of  patients and is usually a sequelae of  venous stasis 
retinopathy, ischemic optic neuropathy, or uncontrolled 
glaucoma (see Box 15.5).513,538 Choroidal effusions may occur 
as well but are often small and peripheral. They can be rec-
ognized by ophthalmoscopy and by ultrasound. Larger cho-
roidal effusions can be associated with rotation of  the ciliary 
body and movement of  the lens–iris diaphragm, resulting 
in angle-closure glaucoma or anterior displacement of  a 
posterior chamber lens.168,513,533,539

Eye movement abnormalities result from either congestion 
or hypoxia of  the eye muscles or cranial nerve palsies. The 
sixth nerve is the most commonly affected, but third540 and 
fourth nerve palsies541 have been reported. After closure of  
the shunt, the prognosis for recovery of  the eye movement 
abnormalities is good regardless of  whether they are the 
result of  myopathic or neuropathic processes. Patients rarely 
can develop cerebral dysfunction including seizures, infarct, 
or hemorrhages as a result of  abnormal pial drainage into 
the cerebral hemispheres. This is more common when there 
is significant cavernous sinus thrombosis resulting from 
bilateral fistulas.168

Diagnostic evaluation. The diagnostic modalities utilized  
in this setting are similar to those used in direct CCFs. If  
symptoms are mild, the diagnosis may be established by clini-
cal findings, ultrasonography, and neuroimaging. MRI can 
show thrombosis of  the cavernous sinus and thrombosis or 
enlargement of  the superior ophthalmic vein (see Fig. 15.48E). 
This thrombosis usually appears as a hyperintensity on 
T1-weighted images.168 MRI can also demonstrate signal 
decrease in the cavernous sinus on spin echo imaging due 
to rapid blood flow.542 If  treatment is planned then angiog-
raphy should be performed, as it may be therapeutic and 
feeder vessels must be identified. Angiography must be per-
formed on both the internal and external carotid arteries 
bilaterally.

Treatment. The morbidity of  cavernous DAVMs is primarily 
ocular, as hemorrhage and life-threatening complications 
are quite rare. The spontaneous closure rate of  dural arterio-
venous fistulas has been reported to be as high as 75%.543 
Closure has been reported after air travel or after angiography 
or manual compression of  the carotid artery.168,544 These 
conservative measures can be used in asymptomatic patients. 
However, treatment by embolization with liquid agents or 
coils is recommended for patients who have ophthalmic 
symptoms.545 The transvenous approach is the chief  modality 
for treatment of  indirect CCF by accessing the inferior petrosal 
sinus, pterygoid venous plexus, superior petrosal sinus, facial 
vein, or superior ophthalmic vein.524,546,547 Alternatively, 
particularly after transvenous attempts have failed, a 

DAVMs. There is considerable overlap in the symptomatology 
of  DAVMs in the cavernous sinus region and direct CCFs 
since they both result in arterialization of  the orbital venous 
drainage system (see Box 15.4). The two arteries most com-
monly associated with DAVMs in the cavernous sinus region 
are meningeal branches of  the cavernous carotid artery: the 
meningohypophyseal trunk and the artery of  the inferior 
cavernous sinus.526 The dorsal meningeal artery arises from 
the meningohypophyseal trunk and supplies the dura in the 
region of  the clivus and is the most commonly involved artery 
in the formation of  DAVMs. In this region branches of  the 
dorsal meningeal artery may anastomose with the external 
carotid artery. The meningeal branches of  the external carotid 
artery in this region include the internal maxillary, ascend-
ing pharyngeal, and occipital arteries. The middle meningeal 
artery arises from the internal maxillary artery and supplies 
the dura in the region of  the foramen ovale and foramen 
spinosum. In this area, there may be anastomoses with 
branches from the artery of  the inferior cavernous sinus.

Clinical presentation. DAVMs in the region of  the cavernous 
sinus are most often seen in woman older than age 50 years 
or in association with pregnancy, systemic hypertension, 
Ehlers–Danlos syndrome, and minor trauma. As with direct 
CCFs, DAVMs in the region of  the cavernous sinus produce 
symptoms based on the rate of  flow and pattern of  venous 
drainage. Patients with posterior drainage into the petrosal 
sinus or basilar venous plexus would not be expected to have 
orbital symptoms. In fact, DAVMs draining posteriorly into 
the inferior petrosal sinus may cause no externally visible 
abnormalities (so-called “white-eyed shunt”). However, 
patients with posteriorly draining DAVMs in this region have 
also been reported to present with cranial nerve palsies includ-
ing third, fourth, fifth, sixth and seventh nerve palsies.527–530

Ocular and orbital symptoms in patients with anteriorly 
draining DAVMs include proptosis, arterialization of  con-
junctival vessels, elevated intraocular pressure, oculomotor 
palsies, ptosis, bruit, venous stasis retinopathy, visual field 
defects, pain, chemosis, and lid swelling (see Box 15.4).531 
Because the onset of  all of  these symptoms is typically insidi-
ous, there is often a delay in diagnosis, with patients often 
treated for “nonspecific” red eye with antibiotics or steroids. 
Bruits are less commonly reported by patients and auscultated 
by examiners in patients with DAVM as opposed to direct 
CCFs. Pain is infrequent and usually mild. The arterialized 
loops of  episcleral and conjunctival vessels have a charac-
teristic appearance called “limbal loops” in which vessels 
have an acute angulation near the limbus.532 Like CCFs, 
patients often develop intraocular pressure elevation  
and glaucomatous visual field defects as a result of  episcleral 
venous pressure elevation.533 Glaucoma is treated the  
same way as it is in the case of  direct CCFs, temporarily  
with topical and oral medications and definitively with closure 
of  the DAVM and correction of  the abnormal venous 
congestion.533

Proptosis, chemosis, and lid swelling are manifestations 
of  elevated orbital venous pressure. These findings are milder 
than with direct CCFs and generally do not lead to sight-
threatening complications such as exposure keratitis with 
ulceration. Common misdiagnoses in the setting of  DAVM-
induced orbital congestion include conjunctivitis, acute orbital 
inflammatory syndrome, and thyroid orbitopathy (see Chapter 
18). Orbital congestion can paradoxically worsen (sometimes 
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pathway compression is generally a late consequence of  large 
aneurysmal expansion. The pattern of  vision loss is dependent 
on the structure compressed. Anteromedial expansion  
results in optic nerve compression, while posteromedial 
expansion results in impingement on the optic chiasm. Pro-
ptosis, another late sequela of  a cavernous aneurysm, occurs 
only after the enlarging mass has compromised venous drain-
age or compressed the globe by eroding through the posterior 
orbital wall.

Diagnostic imaging. The lesion is usually detected using 
MRI (Fig. 15.49). Although MRA or CTA can be used to 
confirm the diagnosis,556 digital subtraction angiography 
(DSA) remains the gold standard for assessing aneurysmal 
anatomy, luminal patency, thrombus age, and dynamic flow 
characteristics.

Treatment. How a cavernous carotid aneurysm should be 
treated depends on whether it is ruptured or unruptured. 
Ruptured aneurysms causing subarachnoid hemorrhage or 
carotid–cavernous fistula should be treated to prevent rerup-
ture or progressive cranial nerve dysfunction.

The risk of  spontaneous rupture for unruptured asymp-
tomatic aneurysms smaller than 13 mm was 0% for cavern-
ous aneurysms in one study.553 Nevertheless, some authors 
have recommended treatment of  all asymptomatic aneurysms 
larger than 7 mm and to treat aneurysms smaller than 7 mm 
if  the patient smokes or has hypertension or a personal or 
family history of  subarachnoid hemorrhage.554,557

For unruptured symptomatic aneurysms, generally treat-
ment is warranted for head, eye, or face pain attributed to 
the aneurysm, diplopia, visual loss, and bony erosion. The 
natural history of  cranial neuropathies occurring due to the 
aneurysm is variable, and without treatment 25–40% of  
patients will stabilize or improve.168,558 Thus, another option 
for patients with mild ocular motor palsies is to observe and 

transinternal carotid procedure may be necessary.548 Rarely, 
direct surgery on the cavernous sinus with DAVM removal 
can be performed. Others have used radiation to treat exten-
sive lesions not amenable to embolization or surgery.549 
Complications of  treatment are uncommon and include 
incomplete closure, venous thrombosis, cranial nerve palsies 
from nutrient vessel thrombosis, and cerebral infarctions. 
Ocular symptoms generally begin to improve within days of  
treatment and are usually completely resolved within 6 
months. Pneumotonometry can be used before and after 
embolization to follow patients and ensure closure is complete 
without recanalization.

Endovascular management of  CCF with placement of  stents 
to cause flow diversion that causes exclusion of  the fistula 
out of  circulation is another option.550 Limitations include 
difficulty with stent manipulation and filling of  any residual 
fistula requiring further treatment with coils.

Intracavernous aneurysm. Cavernous internal carotid 
artery aneurysms are uncommon, accounting for 4% of  all 
intracranial aneurysms, and they occur predominantly in 
women. The average age of  presentation is 60 years. Due to 
their extradural location, a presentation with subarachnoid 
hemorrhage is rare.551,552 The annual risk of  rupture is 
between 0 and 1.6%,553 but rupture can lead to signs and 
symptoms similar to a carotid cavernous fistula.

Symptoms and signs. The frequency of  involvement of  the 
various cranial nerves with aneurysms in the cavernous 
sinus is dependent on their anatomic relationship to the 
carotid siphon. Diplopia is the presenting feature in over 65% 
of  cases, followed by retroorbital pain and headache seen in 
59% of  cases.551,554 A significant proportion of  patients 
(15–20%) may be asymptomatic. Trigeminal nerve involve-
ment may present with pain, corneal dysesthesia, or neu-
rotrophic keratopathy.555 Visual loss secondary to anterior 

BA

Figure 15.49. Cavernous carotid aneurysm. A. Coronal MRI demonstrates flow void (arrow) within left cavernous sinus. B. Angiography (coronal view) 
confirming large round aneurysm (arrow). 
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treat the double vision symptomatically with prisms or patch-
ing. Because of  the high morbidity and mortality, open surgi-
cal repair has largely been replaced by endovascular 
techniques. Balloon occlusion of  the internal carotid artery 
is an alternative solution to treating aneurysms of  the carotid 
artery with high success rate.559 A functional tolerance test 
can be performed before occlusion to test whether the patient 
can withstand permanent occlusion.560 If  neurologic symp-
toms result during a functional occlusion test, an extracranial–
intracranial bypass may be indicated before definitive 
treatment.561 The current treatment of  choice for cavernous 
aneurysms is coil embolization, which is well tolerated with 
low procedural risk and has the added benefit of  preserving 
anatomy of  the parent vessel.559 However, cavernous aneu-
rysms are prone to incomplete occlusion and recurrence 
due to wider necks.

Flow diversion techniques have been introduced that use 
a pipeline embolization device that slows blood flow within 
the aneurysm thereby facilitation clotting of  the aneurysm. 
A recent series has demonstrated a higher success rate of  
closure in patients with cavernous aneurysms although 
technical limitations persist.562,563

Prognosis. Following embolization or carotid occlusion, the 
pain and ophthalmoplegia of  cavernous aneurysms improve 
in most cases. The timecourse of  improvement is generally 
weeks to months. If  compression of  the anterior visual 
pathway has occurred, visual function stabilizes but rarely 
improves. In some cases, there is temporary worsening of  
symptoms after therapy due to sudden thrombosis and expan-
sion of  the aneurysm sac. If  signs of  aberrant regeneration 
are present before treatment, abnormalities in oculomotor 
nerve function generally persist.

SUPERIOR ORBITAL FISSURE SYNDROME

Except for sparing of  V2, lesions of  the superior orbital fissure 
are clinically difficult to distinguish from those of  the cavern-
ous sinus, and the differential diagnosis is similar. The orbital 
apex syndrome consists of  IIIrd, IVth, and VIth nerve paresis, 
V1 sensory loss, and optic neuropathy from cranial nerve II 
involvement (Fig. 15.50).

CONGENITAL FIBROSIS SYNDROMES

Congenital fibrosis of  the extraocular muscles (CFEOM) refers 
to at least eight genetically defined strabismus syndromes 
(CFEOM1A, CFEOM1B, CFEOM2, CFEOM3A, CFEOM3B, 
CFEOM3C, Tukel syndrome, and CFEOM3 with polymicro-
gyria) characterized by congenital nonprogressive ophthal-
moplegia with or without ptosis affecting part or all of  the 
oculomotor (III) nuclei and nerves and their innervated 
muscles (superior, medial, and inferior recti; inferior oblique; 
and levator palpebrae superioris) and/or the trochlear (IV) 
nuclei and nerves and their innervated muscles (the superior 
obliques). In general, affected individuals have severe limita-
tion of  vertical gaze (usually upgaze) and variable limitation 
of  horizontal gaze.564–567 Because of  severe strabismus or 
ptosis, binocular vision is usually compromised, and amblyo-
pia is common. Typically, affected patients are otherwise 
neurologically normal. Engle and colleagues564–566 have 
mapped the genetic defect in the three major forms (CFEOM1), 
CFEOM2, and CFEOM3) to chromosomes 12p11–q12, 11q13, 

and 16q24, respectively, and they have elucidated many of  
the genetic and pathophysiologic mechanisms.

Patients with CFEOM1, also called classic autosomal domi-
nant CFEOM, typically have bilateral ptosis, infraduction of  
the eyes, and supraduction deficits, often accompanied by 
convergence or divergence or other misinnervation phenom-
ena in attempted upgaze (Fig. 15.51).568,569 In a clinicopatho-
logic study of  a patient with CFEOM1, the superior division 
of  the oculomotor nerve was absent, suggesting at least some 
of  the abnormalities may result from defective congenital 
innervation of  the extraocular muscles, analogous to Duane’s 
retraction syndrome.570 The syndrome results from muta-
tions in the KIF21A gene, which encodes a kinesin motor 
protein responsible for altered microtubule dynamics and 
aberrant axon morphology.571,572 CFEOM1 can be associated 
with Marcus Gunn jaw-winking.573

CFEOM2, an autosomal recessive syndrome, is character-
ized by bilateral ptosis; exotropia; poorly reactive pupils; and 
deficits in adduction, supraduction, and infraduction due to 
congenital bilateral absence of  the IIIrd and IVth nerves.574 
Affected patients harbor a mutation in the PHOX2A/ARIX 
gene, which is a transcription factor thought to be essential 
in the formation of  ocular motor neurons.575,576 Neuroimag-
ing can reveal enlarged lateral rectus muscles consistent with 
exotropic eye position.

CFEOM3 is a third phenotype that is autosomal dominant 
with varying degrees of  ophthalmoplegia and ptosis. CFEOM3 
can result from mutations in TUBB3, which encodes a beta-
tubulin isotype that is a component of  neuronal microtu-
bules.577 Neuroimaging in the CFEOMs may demonstrate 
atrophy or increased width of  the extraocular muscles.574 
Treatment, consisting of  strabismus and ptosis surgery, is 
aimed at improving cosmesis, ocular alignment, and head 
position.

Childhood Strabismus Patterns

This section briefly reviews childhood strabismus patterns 
which may be mistaken for acquired ocular motility deficits. 
Long-standing esophorias and exophorias can decompensate 
later in life, leading to chronic diplopia. The usual clues to 
the congenital onset of  the ocular misalignment are their 
long-standing nature, full ductions, comitant misalignment, 
and the lack of  diplopia. Other childhood strabismus  
patterns, such as congenital ocular motor nerve palsies  
and Duane’s syndrome, were discussed previously, and  
Möbius syndrome was reviewed earlier in this chapter and 
in Chapter 14.

ESOTROPIA

Esotropia is the most common type of  ocular misalignment 
in childhood, constituting at least half  of  cases in this age 
group.578 The major categories of  childhood esotropia include 
accommodative, infantile (congenital), acquired nonaccom-
modative, and esotropia associated with impaired sight 
(sensory esotropia).579 Patients with these disturbances 
usually exhibit comitant esodeviations with full ductions.

Patients with accommodative esotropia, a common cause 
of  esotropia in childhood,580 have moderate to severe hypero-
pia. They attempt to focus by accommodating, which is 
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persists and is stable after 6 months, strabismus surgery is 
usually highly successful.583

EXOTROPIA

Children with nonparalytic exotropia have a divergence of  
the eyes. Like in childhood esotropia, the deviation may be 
intermittent or constant, ductions are normal, and the child 
may alternately fixate with either eye. In infants, exotropias 
tend to be more constant, while in older children, 

coupled with excessive convergence, so their esotropia 
improves with hyperopic correction (Fig. 15.52).581 Accom-
modative esotropia usually presents insidiously, although 
unusual cases following head or ocular trauma have been 
described.582

Nonaccommodative comitant esotropia may also be 
acquired suddenly in children (“acute comitant esotropia”; 
see discussion earlier in this chapter). Neuroimaging, while 
required in such cases to rule out a structural intracranial 
lesion, is usually normal.68 In such children if  the esotropia 
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Figure 15.50. Orbital apex syndrome from a pencil in the orbit. This child had fallen, and a pencil (eraser end up) entered the orbit, medial to the 
medial rectus muscle. A. Orbital axial CT demonstrates the pencil eraser (large arrow) in the orbital apex and the rest of the pencil (small arrow points 
to the pencil lead) pushing the globe laterally. On fundus examination, indentation of the nasal retina was seen. B. Orbital coronal CT showing pencil 
(arrow) in orbital apex. The pencil was removed surgically without vascular complications. Postoperatively, the child had no light perception in the 
right eye from optic neuropathy and had ptosis and complete ophthalmoplegia of the right eye from third, fourth, and sixth nerve palsies (C–F). The 
ocular motor palsies resolved, but vision failed to recover. 
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Figure 15.51. Congenital fibrosis syndrome (CFEOM1, K1F21A mutation). A. The child exhibited a chin-up posture because of bilateral ptosis and 
upgaze paresis. B. Convergence occurred in attempted upgaze. The child’s father and paternal grandfather were similarly affected. 
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Figure 15.52. Accommodative esotropia. Large angle esotropia (A) resolves with hyperopic spectacles (B). 

intermittent exotropia with relatively good stereopsis is more 
commonly seen. When intermittent, fatigue or illness may 
worsen the exotropia.584 Exotropia in childhood is associated 
with an increased prevalence of  neurologic, ocular, and cra-
niofacial abnormalities.585

BROWN SYNDROME

This motility abnormality, classically known as the “superior 
oblique tendon sheath syndrome,” is characterized by a 
restriction of  elevation of  the eye in adduction and normal 
or near-normal elevation in abduction (Fig. 15.53, Video 
15.15). The disorder can be distinguished clinically from  
an inferior oblique palsy by the presence of  positive forced 
duction testing during attempted elevation of  the eye, the 
absence of  superior oblique overaction, and typically, normal 
alignment in primary gaze. Congenital Brown syndrome has 
long been attributed to structural abnormalities of  the 

superior oblique muscle, tendon, or trochlea that cause the 
disturbance of  free tendon movement through the trochlear 
pulley.586 Patients may report an audible click or pop, dis-
comfort, or pain upon attempted upgaze. It has recently been 
proposed that congenital Brown syndrome may represent a 
form of  congenital cranial dysinnervation syndrome, similar 
to Duane’s syndrome, where there is aberrant innervation 
of  the superior oblique muscle by fibers of  the third cranial 
nerve intended for the medial rectus or the inferior oblique 
muscles.587,588

Acquired cases of  Brown syndrome may occur if  the troch-
lea is affected by trauma, inflammation from paranasal 
sinusitis, systemic inflammatory disease such as rheumatoid 
arthritis causing tenosynovitis,589 orbital lesions,590,591 or 
eyelid or orbital surgery. Some acquired cases may respond 
to antiinflammatory agents such as corticosteroids. Strabis-
mus surgery can be considered when there is a primary 
position hypotropia or abnormal head posture.
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Orbital Processes  
Causing Diplopia

THYROID-ASSOCIATED OPHTHALMOPATHY

Restrictive myopathy due to thyroid-associated ophthalmopathy 
is one of  the most common causes of  diplopia in adults. The 
double vision is typically vertical, insidious, and painless and 
often accompanied by complaints of  eye irritation due to reduced 
tear film and decreased blink rate. One or both eyes may be 
proptotic with eyelid edema, lid retraction, and lagophthalmos 
(see Chapter 14). Restriction of  ocular elevation with a positive 
forced duction test is characteristic of  the disorder, but any 
muscle or combination may be involved. Affected patients have 
either primary hyperthyroidism (Graves disease), primary 
hypothyroidism (e.g., Hashimoto’s thyroiditis), hypothyroidism 
due to treated hyperthyroidism, or euthyroidism. Orbital echog-
raphy or CT and MRI of  the orbits may demonstrate thickening 
of  the extraocular muscles. The pathophysiology, diagnosis, 
and management of  thyroid-associated ophthalmopathy are 
discussed in greater detail in Chapter 18.

ORBITAL INFLAMMATORY SYNDROME

Orbital myositis, with inflammation of  muscles only, and 
orbital pseudotumor, with involvement of  muscles and other 
contiguous structures, are characterized by painful double 
vision and restrictive ophthalmoplegia. Usually idiopathic 
but sometimes associated with systemic lupus erythematosus 
or Crohn disease, they probably represent the orbital versions 
of  the Tolosa–Hunt syndrome. The pain and diplopia are 
usually responsive to oral corticosteroids, although recur-
rences are common. This condition is also discussed in more 
detail in Chapter 18.

DISSOCIATED VERTICAL DEVIATION

During cover testing, in dissociated vertical deviation (DVD) 
the covered eye deviates upward and excyclorotates, then 
refixates when the occlusion is removed. The fellow eye main-
tains fixation the entire time. The monocular upward drift 
may also occur spontaneously during periods of  inattention. 
This dysmotility pattern contrasts to the vertical misalign-
ment in skew or fourth nerve palsies, which is characterized 
by vertical drift and refixation movements of  both eyes during 
cover testing.

DVD is usually associated with esotropias or exotropias 
and nystagmus.592–594 It may be mistaken for inferior oblique 
overaction. The mechanism is unknown, but is it is likely to 
be a supranuclear disturbance. Some authors have suggested 
that DVD is a disturbance or exaggeration of  a normal verti-
cal vergence eye movement.595,596

SYNERGISTIC DIVERGENCE

In synergistic divergence, a miswiring phenomenon, both 
lateral rectus muscles contract when one eye is abducted.597 
This leads to a wall-eyed appearance. The exact anatomic 
substrate is unknown, but it can occur in association with 
Duane’s syndrome.598

TRIGEMINO-ABDUCENS SYNKINESIS

Trigemino-abducens synkinesis is also a congenital miswir-
ing phenomena and is characterized by ocular abduction 
leading to ipsilateral jaw deviation. Presumably fibers from 
the sixth nerve nucleus misinnervate masseter and pterygoid 
muscles,599 which are normally supplied by the motor branch 
of  the trigeminal nerve.

C
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Figure 15.53. Congenital Brown syndrome. A. In primary gaze  
there is no ocular misalignment. B. Defective elevation of the  
right eye in adduction. C. Near normal elevation of the right eye in 
abduction. The child had no diplopia. The pupils had been pharma-
cologically dilated. 
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Primary Ocular Myopathies

CHRONIC PROGRESSIVE EXTERNAL 
OPHTHALMOPLEGIA AND  
KEARNS–SAYRE SYNDROME

Insidious, symmetric loss of  eye movements; lack of  diplopia; 
bilateral ptosis; and weakness of  orbicularis oculi character-
ize chronic progressive external ophthalmoplegia (CPEO) due 
to mitochondrial dysfunction (external refers to extraocular 
muscles; internal refers to the pupillary sphincter). The 
Kearns–Sayre syndrome, typified by CPEO, pigmentary 
retinopathy, and cardiac conduction defects, is associated 
with mitochondrial deoxyribonucleic acid (DNA) deletions. 
These conditions are reviewed in Chapter 14.

OTHER OCULAR MYOPATHIES

Patients with oculopharyngeal dystrophy and myotonic  
dystrophy, which are also discussed in Chapter 14, and myo-
tubular myopathy, congenital fiber-type disproportion, Bassen– 
Kornzweig syndrome (abetalipoproteinemia), Refsum disease, 
and multicore myopathy604 may develop slowly progressive 
ptosis and ophthalmoparesis. Abnormal eye movements in 
Duchenne, Becker, and nemaline muscular dystrophies are 
exceptional.605,606

EXTRAOCULAR MUSCLE ISCHEMIA

Although an uncommon cause of  binocular diplopia, giant 
cell arteritis (see Chapter 5) should be considered in any 
patient older than 55 years of  age with this complaint even 
when vision loss is absent. Diplopia was present in 3% of  a 
series of  biopsy-proven patients,607 6–20% of  those with 
ophthalmic symptoms,608 and 24% of  a prospective series 
of  all patients with giant cell arteritis.609 Diplopia results 
from either ischemia of  the extraocular muscles or ocular 
motor nerves. In elderly individuals, symptoms of  jaw clau-
dication, headache, weight loss, and fever should be sought, 
and a sedimentation rate and C-reactive protein obtained. 
The double vision associated with giant cell arteritis  
usually remits following the administration of  high-dose 
corticosteroids.

MUSCLE INFILTRATION

Isolated metastases to extraocular muscles are uncommon, 
but orbital metastasis from lung or breast carcinoma or lym-
phoma can involve the extraocular muscles.600 CT or MRI 
usually reveals an orbital soft-tissue mass. The differential 
diagnosis of  muscle infiltration is detailed in Chapter 18.

Neuromuscular Junction

MYASTHENIA GRAVIS

The extraocular muscles are involved in over 90% of  patients 
with myasthenia gravis. Fifty percent present with motility 
abnormalities or ptosis only, and of  this group, half  will remain 
“ocular myasthenics,” while the other half  will develop gen-
eralized symptoms, usually within 2 years. The diagnosis is 
supported by diurnal variation, fatigability, eyelid signs such 
as ptosis or Cogan’s lid twitch (see Chapter 14), and the absence 
of  pain. Any eye muscle can be affected, and the motility 
pattern may mimic a pupil-sparing third, fourth, or sixth 
nerve palsy, as well as supranuclear disturbances (see Chapter 
16) such as a conjugate gaze palsy, INO (Fig. 15.54 and  
Video 15.16), or one-and-a-half  syndrome (Video 15.17).601–603 
As a rule, the pupil is uninvolved. Resolution of  appreciable 
ptosis or motility deficits following administration of  intra-
venous edrophonium (Tensilon test) helps establish the diag-
nosis, but interpretation is more difficult with subtle ocular 
abnormalities. Acetylcholine receptor antibody levels, abnor-
mal in half  of  patients with solely ocular myasthenia, and 
electromyography with repetitive stimulation and single-fiber 
studies are important complementary tests. Acetylcholines-
terases usually fail to control the diplopia, which often requires 
the addition of  corticosteroids. Myasthenia gravis is discussed 
in detail in Chapter 14.

OTHERS

Eye muscle involvement is unusual in Lambert–Eaton myas-
thenic syndrome, although rare patients may develop ptosis 
or minor transient motility disturbances. However, these 
patients do not typically have ocular misalignment on formal 
testing. Ocular motility and pupillary reactivity may be 
affected in botulism.
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Figure 15.54. Pseudobilateral internuclear ophthalmoplegia in myasthenia gravis. The patient developed bilateral adduction weakness and abducting 
nystagmus. There was mild ptosis on the right. The motility disturbance and ptosis resolved with corticosteroids. 
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Most patients either have double vision from iatrogenic 
trauma (direct or secondary to anesthetic) to an extraocular 
muscle or nerve or had a preexisting misalignment that was 
asymptomatic before cataract surgery because of  reduced 
acuity in one eye that then became symptomatic because of  
the improved image quality of  the operated eye. In our experi-
ence, the most common diagnoses made in this setting include 
decompensated exotropia, decompensated congenital fourth 
nerve palsy, divergence insufficiency, and thyroid-associated 
ophthalmopathy.619 Some patients with poor vision from their 
cataract will develop a sensory exotropia. When the vision is 
improved surgically the exotropia may persist and cause dip-
lopia. This diplopia and sensory exotropia may spontaneously 
resolve over the next 6 months. Hence, we defer strabismus 
surgery for a least 6 months after cataract removal.

Damage to the extraocular muscle from retrobulbar or 
peribulbar anesthesia can occur either from direct trauma, 
the injection itself, or myotoxicity from exposure to a local 
anesthetic.612,620,621 Histopathologic studies on both animals 
and humans have confirmed the presence of  myotubular 
damage after exposure to anesthetic agents such as bupiva-
caine and lidocaine.622 Vertical deviations are frequent, as 
the inferior and superior recti muscles are most commonly 
involved.621 This type of  muscle injury can result in either 
contracture, overaction (Video 15.18), or paretic dysfunc-
tion. If  the patient is seen acutely, a pattern of  primary dys-
function or paresis may be evident before the muscle 
undergoes contractures. The majority of  such complications 
are reported with retrobulbar and peribulbar anesthetic 
agents such as bupivacaine. Spontaneous resolution may 
occur within 2 months.623 The incidence of  this complication 
is on the decline with the advent of  topical anesthesia, which 
is now more commonly used before cataract surgery and is 
unassociated with diplopia.

HEMIFIELD SLIDE PHENOMENON

Individuals with bitemporal hemianopias due to chiasmal 
disturbances may develop double vision from misalignment 
of  noncorresponding nasal hemifields. This hemifield slide 
phenomenon is discussed in detail in Chapter 7. Vertical 
hemifield slide phenomenon has also been described in asso-
ciation with altitudinal visual field deficits.624 This diagnosis 
should be considered in any patient with double vision who 
states that the two images slide in relation to one another. 
These patients may also complain of  visual areas in which 
they cannot see.

SPONTANEOUS EXTRAOCULAR  
MUSCLE CONTRACTIONS

There are three conditions characterized by spontaneous 
extraocular muscle contractions: superior oblique myokymia, 
ocular neuromyotonia, and cyclic oculomotor spasms. The 
latter was discussed in the section on third nerve palsies.

Superior oblique myokymia. Intermittent, fine-amplitude 
oscillatory contractions of  a superior oblique muscle  
characterize this unusual eye movement disorder.625,626 
Patients are typically young adults, and they complain of  
monocular oscillopsia, often with vertical or torsional diplopia 
(Videos 17.45 and 17.46). The downward, intorting ocular 
oscillations are best seen with the slit lamp. Cover testing 

Other Miscellaneous  
Causes of Diplopia

DIPLOPIA AFTER CATARACT SURGERY

Binocular diplopia after cataract surgery results from a variety 
of  causes (Box 15.6).610 The complaint is rare (0.093–2%) 
in this setting611,612 and can be attributed typically to optical 
causes, loss of  the ability to fuse, preexisting strabismus, or 
complications from anesthesia.613–615 Monocular diplopia, 
caused by an abnormality in the cornea, intraocular lens, 
or posterior capsule, should be excluded first. These should 
be apparent on examination, which should include kera-
tometry and careful inspection of  the lens and capsule 
through the dilated pupil.

To exclude optical causes, the position of  the intraocular 
lens should be noted through the dilated pupil. Decentration 
of  smaller intraocular lenses (optical zone smaller than 6 mm) 
and the presence of  positioning holes can lead to optical 
aberrations.616 Usually patients must have at least 2 mm of  
decentration (usually vertically) to induce significant pris-
matic effect and resultant diplopia. The changes, which may 
be subtle, such as induced anisometropia or altered bright-
ness sense between the eyes, may still be sufficient to hinder 
fusion and induce diplopia.

Another set of  patients with binocular diplopia lose their 
ability to fuse when binocular function is disrupted by a 
unilateral cataract. Intractable diplopia results when the 
cataract is removed, as the patient is unable to fuse or sup-
press the images. This syndrome is termed horror fusionis, 
an acquired disruption of  central fusion.617,618 Affected 
patients often resort to occlusion of  one eye by either optical 
or mechanical means.

Box 15.6 Causes of Double Vision After 
Cataract Surgery

Monocular Diplopia

Decentered or tilted intraocular lens
Cracked foldable intraocular lens
Irregular or high astigmatism from wound closure
Posterior capsule opacity or irregular opening
Iridectomy creating multiple “pupils”

Binocular Diplopia

Iatrogenic anisophoria secondary to aniseikonia or anisometropia 
from alteration of refractive error

Altered fusion secondary to surgical pupil changes
Extraocular muscle trauma from injection or bleeding:

Needle or surgical trauma and anesthetic toxicity
Fibrotic muscle with restrictive pattern
Dysfunctional muscle with paretic pattern

Trauma to an orbital nerve or extraocular muscle
Preexisting sensory exotropia before cataract surgery
Unmasking of alternative preexisting cause of misalignment not 

previously symptomatic because of poor vision in the eye with 
the cataract

Decentered intraocular lens with induced prism
Horror fusionis
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neural transmission, reorganization of  the ocular motor 
nuclei following peripheral injury, or changes in neural activ-
ity following denervation.642 Treatment usually consists of  
carbamazepine or gabapentin, which is thought to have 
membrane-stabilizing properties.

OCULAR MOTILITY DEFICITS IN HIGH  
(AXIAL) MYOPIA

Adults with unilateral or bilateral high myopia may develop 
an esotropia, abduction deficit, or vertical misalignment. 
Various explanations, including an elongated globe, tightness 
of  the medial recti, decompensated esotropia, a heavy globe, 
lateral rectus abnormalities (e.g., slipping inferiorly below 
the globe equator), and defective orbital connective tissues 
and muscle paths have been proposed.650–652

FIXATION SWITCH DIPLOPIA

In adults with a history of  childhood strabismus (e.g., eso-
tropia or exotropia), a change in refractive error of  the domi-
nant eye may lead to fixation with the nondominant eye. 
This may produce diplopia but is managed by correcting the 
refractive error.653,654

Acute Bilateral Complete 
Ophthalmoplegia

The differential diagnosis of  an acute inability to move both 
eyes is narrow and consists primarily of  pituitary apoplexy, 
myasthenia gravis, botulism, Wernicke’s encephalopathy, 
Guillain–Barré syndrome and Miller Fisher variant, and 
brainstem stroke or hemorrhage.655–658 Distinguishing his-
torical, examination, and diagnostic features of  each are 
listed in Table 15.6. Less common causes, such as meningitis, 
phenytoin toxicity, and bilateral cavernous sinus masses or 
infection, should also be considered.656

may reveal overaction or weakness of  the affected superior 
oblique muscle. In the long-term follow-up in two series of  
patients,627,628 recurrent spontaneous remissions and relapses 
were observed.

Usually unprovoked, superior oblique myokymia occasion-
ally is associated with recovered fourth nerve palsies,629 head 
trauma, and posterior fossa tumors.630 As a result, some 
authors have attributed the myokymia to mild, usually sub-
clinical fourth nerve injury, followed by axonal regeneration 
and spontaneous discharging of  trochlear motor neurons.631,632 
Defective supranuclear input to the fourth nerve nucleus 
has also been proposed.628

Frequently the symptoms are bothersome and uncomfort-
able enough to justify medical or surgical intervention. 
Medical therapy consists of  carbamazepine,633 propranolol,634 
gabapentin,635 or topical timolol.636 Patients refractory to 
medical treatment may undergo superior oblique tenotomy, 
sometimes combined with inferior oblique tenectomy.628 
Because vascular compression of  the trochlear nerve at the 
root entry zone has been demonstrated in patients with 
superior oblique myokymia,637 some patients may benefit 
from microvascular decompression of  the fourth nerve in 
this region.638,639 Superior oblique myokymia is also discussed 
in Chapter 17.

Ocular neuromyotonia. In ocular neuromyotonia, tonic 
spasms of  the muscles of  an ocular motor nerve occur fol-
lowing sustained eccentric gaze (Video 15.19). Affected 
patients complain of  paroxysms of  sustained diplopia for 
seconds or minutes. Some feel a pulling sensation in their 
orbit. The disorder is a delayed one, usually months or years 
following radiation for a sellar or parasellar tumor123,640 or 
intracranial neoplasm.641 Cases without antecedent radiation 
have also been reported in patients with spontaneous ocular 
neuromyotonia642,643 and also individuals with thyroid-
associated orbitopathy,640,644 carotid artery aneurysm,645 
cavernous sinus meningioma,646,647 infectious cavernous 
sinus thrombosis,648 midbrain-thalamic stroke,649 and myelog-
raphy with thorium dioxide.641 The mechanism is thought 
to be related to either unstable axonal membranes, ephaptic 

Table 15.6 Common Causes of Acute Bilateral Ophthalmoparesis

Differential Diagnosis Associated Symptoms and History Signs Ancillary Diagnostic Tests

Pituitary apoplexy Severe headache, meningismus Cranial nerve III, IV, VI, V1, or V2 
involvement; visual loss may be 
present

Magnetic resonance imaging, 
lumbar puncture

Myasthenia gravis Painless, fluctuates with fatigue, 
dysarthria

Pupil-sparing, ptosis, with or without 
bulbar and generalized weakness

Antiacetylcholine receptor 
antibody level, electrodiagnostic 
studies, edrophonium test

Botulism May be associated with 
gastrointestinal symptoms: 
anorexia, nausea, vomiting

Dilated, unreactive pupils;
bradycardia, constipation

Electrodiagnostic studies, serum 
bioassay

Wernicke’s 
encephalopathy

History of alcohol abuse or 
malnutrition

Nystagmus, ataxia, confusional state, 
physical stigmata of long-term 
alcohol abuse

Improvement with thiamine

Guillain–Barré syndrome 
(Miller Fisher variant)

Preceding gastrointestinal or upper 
respiratory illness

Areflexia, ataxia, extremity weakness Lumbar puncture, 
electrodiagnostic studies

Brainstem stroke History of cardiac arrhythmia, 
vascular disease

Bilateral long tract signs, skew 
deviation

Magnetic resonance imaging

From Laskowitz D, Liu GT, Galetta SL. Acute visual loss and other disorders of the eyes. Neurol Clin 1998:16:323–353, with permission.
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16 Eye Movement Disorders: 
Conjugate Gaze Abnormalities
DANIEL R. GOLD

during speech or at rest during the darkness, have no par-
ticular goal.

Pursuit. On the other hand, smooth pursuit eye move-
ments maintain both foveas conjugately on a slowly moving 
visual target (see Fig. 2.26 and Video 2.6). The goal of  the 
pursuit system is to generate eye velocities that are similar 
to the target speed. Accurate pursuit can be achieved if  the 
target is moving at less than 50 degrees per second.1

Vestibulo-ocular reflex (VOR). These eye movements 
stabilize a retinal image during head movement. The VOR 
(see Fig. 2.28 and Video 2.8) is elicited by moving the patient’s 
head while asking him or her to maintain fixation on the 
examiner’s nose. Ice water irrigation of  the ears (cold caloric 
testing) directly tests the horizontal VOR (see Fig. 2.41).

Optokinetic nystagmus (OKN). A slow pursuit eye move-
ment followed by a fast corrective saccade occurs when the 
surrounding visual field moves over the retina. OKN is readily 
seen at the bedside when the patient views repetitive targets 
(e.g., stripes) that are moved in front of  the patient’s eyes 
(see Fig. 2.30 and Video 2.9).

SYMPTOMS

Most patients with conjugate gaze abnormalities offer only 
vague visual complaints such as blurriness or dizziness when 
looking up or down. Those with downgaze palsies may com-
plain that they are unable to read, go down steps, or eat, but 
such patients are usually unaware that the problem stems 
from an inability to look down. Similarly, those with conjugate 
upgaze pareses might say they have trouble seeing book-
shelves or other objects above eye level. Few actually complain 
that they are unable to look sideways or vertically, although 
exceptions occur. Some are visually asymptomatic, and the 
ocular motility deficit is detected on examination.

EXAMINATION

Smooth pursuit can be tested at the bedside by having the 
patient follow a slowly moving target with both eyes. The 
slow phase of  OKN and suppression of  the VOR by visual 
fixation are two other ocular motor functions related  
to smooth pursuit eye movements. The relative speed,  
latency, and accuracy of  saccades can be evaluated during 
refixation from eccentric gaze to a central target. Spontane-
ous saccades during the history-taking should also be 
observed. Chapter 2 also reviews these examination tech-
niques, with figures, for testing conjugate gaze.

Gain is the ratio of  eye to target position, and, when pursuit 
is defective, the saccadic system helps keeps the foveae on 
target with “saccadic pursuit.” When gain is decreased, the 
eyes fall behind the target, and the saccadic system makes 
corrective catch-up movements. Gain may also be increased 

This chapter covers eye movement disorders that are char-
acterized by intact alignment, but in which the eyes either 
have restricted motility, move too slowly, or are misdirected. 
In neuro-ophthalmic terminology, these include horizontal 
and vertical conjugate gaze limitations, voluntary smooth 
pursuit and saccadic deficits, and involuntary conjugate gaze 
deviations.

These conditions tend to result from impaired supranuclear 
input upon the ocular motor nuclei. Thus, for the most part, 
third, fourth, and sixth nerve function, as well the vestibulo-
ocular reflex (VOR), are intact, except in the situations noted. 
In contrast, disorders in which the eyes tend to be misaligned 
are covered in Chapters 15 and 18. In Chapter 17, conditions 
characterized by excessive or inaccurate saccades are reviewed.

Types of Conjugate Eye 
Movements

DEFINITIONS

Humans have a large field of  vision but a very small area of  
high spatial resolution acuity, subserved by the fovea. The 
purposes of  having eye movements are to maintain constant 
foveation of  an object of  interest or to foveate a target quickly. 
Therefore, different classes of  eye movements are necessary 
to achieve this goal during self- or environmental motion. 
The four major types of  conjugate eye movements include 
saccades, pursuit, the VOR, and optokinetic nystagmus (OKN). 
Vergence movements are dysconjugate and allow for fovea-
tion of  near targets by converging or distance ones by diverging 
(Table 16.1). Because saccadic and pursuit abnormalities 
constitute the majority of  the voluntary conjugate gaze abnor-
malities, they are emphasized in this chapter, and their anatomy 
and physiology is discussed in great detail. The VOR and OKN 
deficits are typically not considered conjugate gaze abnormali-
ties, so they are discussed in more detail in Chapter 17.

Supranuclear eye movement disorders result from damage 
to the structures responsible for initiating, tuning, or cali-
brating ocular motor control, while the ocular motor nuclei 
(nuclear structures) and exiting fascicles and nerves (infra-
nuclear structures) are spared.

Saccades. Saccades are fast conjugate eye movements 
designed to refixate both foveas on a novel target (see Fig. 
2.27 and Video 2.7). They have a peak velocity of  up to 700 
degrees per second, and they must be fast to minimize the 
time during the saccade in which foveation is not possible.1 
There are several subtypes of  saccades.2 Voluntary saccades 
are intentional eye movements toward a remembered target 
or during a search. Reflexive saccades occur in response to 
the sudden appearance of  a new target in the retinal periphery 
or to a sudden noise. Spontaneous saccades, which may occur 
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with a cerebellar lesion. Abnormal pursuit or marked asym-
metries may be better appreciated by observing the slow 
(pursuit) phase of  OKN with an optokinetic stimulus. Failure 
to suppress the VOR (VORS) may be evident when slippage 
of  the eyes with corrective saccades occurs (see Fig. 2.29). 
A deficit in VORS is almost never seen without an ipsilateral 
deficit in pursuit.

Defective saccades are often characterized by slow veloci-
ties that cannot be feigned by individuals with normal ocular 
motor systems. Some patients with defective saccades will 
use a compensatory head thrust in an attempt to shift gaze 
(see Acquired Ocular Motor Apraxia). When saccades are 
completely absent, a conjugate gaze palsy results. Sometimes 
the fast phase of  OKN is noted to be defective. The supra-
nuclear nature of  some pursuit and saccadic deficits can be 
proven by enhancing the ocular excursions with the VOR, 
because direct connections exist between the semicircular 
canals and ocular motor nuclei.3

The remainder of  the neuro-ophthalmic and neurologic 
examinations should be used to screen for cortical deficits 
such as aphasia or hemianopia and brainstem and cerebellar 
abnormalities such as facial palsies or incoordination. Finally, 
evidence of  a degenerative process such as bradykinesia, 
tremor, or chorea should be sought.

APPROACH

One method for distinguishing supranuclear conjugate gaze 
disorders is to divide them into those that cause primarily 
horizontal vs vertical defects, although there is considerable 
overlap (Boxes 16.1–16.4). Those in the horizontal plane tend 
to localize to cerebral cortex or pontine lesions, while those 
in the vertical plane usually localize to midbrain disturbances. 
Then the type of  disorder, such as a conjugate gaze limita-
tion, smooth pursuit and saccadic deficit, or conjugate gaze 
deviation, should be determined. Since conjugate gaze limita-
tions and smooth pursuit and saccadic abnormalities are 
related, they are discussed within the Horizontal Conjugate 

Table 16.1 The Five Different Types of Eye Movements and Their Supranuclear Control

Eye Movement Type Purpose Important Supranuclear Structure(s)
Important Supranuclear Structure 
Receives Major Input From

Saccades Rapid gaze shift Omnipause neurons
parapontine reticular formation (PPRF)
rostral interstitial nucleus of the medial 

longitudinal fasciculus (riMLF)

Cortical eye fields
Superior colliculus

Pursuit Follow a slowly moving 
object

Vestibular nuclei Frontal and supplementary eye fields
Occipito-temporal-parietal area (V5)
Pontine nuclei
Cerebellum

Vestibuloocular reflex Coordinate eye position 
during head movements

Vestibular nuclei Semicircular canals

Optokinetic 
nystagmus

Coordinate eye movements 
when environment 
moves

Vestibular nuclei Occipito-parietal pursuit area and accessory 
optic nuclei

Vergence Foveation
Near (convergence)
Far (divergence)

Pretectum
Pons

? Cortex

Saccades, pursuit, the vestibuloocular reflex, and optokinetic nystagmus are conjugate eye movements, while vergence is dysconjugate. All five types have as 
their final common output signals to the extraocular muscles from the third, fourth, and sixth nerve nuclei.

Box 16.1 Etiologies of Horizontal Conjugate 
Gaze Deficits

Cortical lesions
Frontal eye fields: saccades
Occipito-parietal junction: pursuit
Acquired ocular motor apraxia

Pontine lesions
Paramedian pontine reticular formation
Sixth nerve nucleus

Midbrain and medullary lesions
Congenital ocular motor apraxia
Other neurologic diseases

Corticobasal syndrome
Gaucher disease*
Huntington disease
Inherited cerebellar ataxias (see Table 16.2)*
Multisystem atrophy
Parkinson’s disease
Progressive supranuclear palsy (late)
Wernicke’s encephalopathy and Leigh disease

Drugs (see Table 16.3)

*Disorders whose ocular motility abnormality may mimic congenital 
ocular motor apraxia.

Gaze Deficits and Vertical Gaze Limitations sections. When 
supranuclear gaze defects in all directions are present, the 
cause is often a degenerative neurologic disorder.

Horizontal Conjugate Gaze: 
Neuroanatomy

SACCADES

The major cortical control of  horizontal saccadic eye move-
ments, especially intentional ones, lies in the frontal eye fields 
(Brodmann area 8).4 Each hemisphere has a frontal eye field 
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neurons (OPN) in the nucleus raphe interpositus of  the pons. 
Between saccades, OPN tonically inhibit the burst neurons 
in the paramedian pontine reticular formation (PPRF) to 
facilitate fixation and reduce unwanted saccades.9,10 In  
one model, saccades are generated when signals from  
the supranuclear cortical and brainstem neurons inhibit  
the OPN, allowing the burst neurons in the PPRF to fire  
(Fig. 16.2).11–13 Each PPRF also receives connections from 
the deep layer of  the contralateral superior colliculus,14 which 
may be involved in the selection of  targets for foveation in 
retinotopic coordinates.12 Located near the midline just ventral 
and rostral to each sixth nerve nucleus (see Chapter 15), 
each PPRF is the premotor center for generating horizontal 
saccadic eye movements. It is unlikely that omnipause cells 
are directly responsible for termination of  saccades, which 
may instead be related to fastigial nucleus influence over the 
inhibitory burst neurons.15

Each PPRF innervates the ipsilateral sixth nerve nucleus, 
which in turn innervates the ipsilateral lateral rectus muscle. 
The sixth nerve nucleus also supplies the interneurons, which 
immediately cross the midline and then climb within the 
medial longitudinal fasciculus (MLF) to reach the contra-
lateral medial rectus subnucleus within the oculomotor 
complex in the midbrain (see Fig. 16.2). The PPRF also sends 
fibers to the rostral interstitial nucleus of  the medial longi-
tudinal fasciculus (riMLF) in the midbrain (see Vertical Con-
jugate Gaze: Neuroanatomy). Thus, the PPRF primarily 
coordinates horizontal but also has an influence upon vertical 
eye movements.16

Information regarding eye position and maintenance of  
eccentric gaze is mediated by a neural integrator, consisting 
of  neurons subserving horizontal (nucleus prepositus hypo-
glossi (NPH) and medial vestibular nuclei (MVN)) and vertical 
(interstitial nucleus of  Cajal (inC)) eye movements (see  
also Chapter 17). After an eccentric saccade, viscoelastic 
forces in the orbit tend to drag the eye back into primary 
position. To counter this, neural integrator neurons modulate 
burst neuron activity in the PPRF and riMLF to maintain 
eccentric gaze.17 The dorsal vermis and the fastigial nuclei 
of  the cerebellum are involved in the calibration of  saccadic 
amplitude and fine tuning.18

located in the posterior portion of  the second frontal gyrus 
and the adjacent part of  the precentral gyrus and sulcus 
(Fig. 16.1). In one study5 of  awake patients evaluated with 
subdural electrodes for epilepsy surgery, electrical stimula-
tion of  the frontal eye fields caused contralateral horizontal 
conjugate eye movements in all patients. The ocular deviation 
was usually saccadic and accompanied by head versions. 
Two other cortical areas (see Fig. 16.1) are capable of  trig-
gering other types of  saccades: (1) the supplementary eye 
field in the supplementary motor area of  the frontal lobe is 
important for generating saccades coordinated with head 
or body movements or motor programs involving several 
successive saccades6 and (2) the parietal eye field, located in 
the posterior parietal cortex, is instrumental in producing 
reflexive saccades to visual targets.2,7 Saccades are likely 
controlled by a neural network connecting these areas.8

These cortical areas mediating saccades send supranuclear 
fibers that decussate at the level of  the oculomotor and troch-
lear nuclei before reaching the contralateral omnipause 

Box 16.2 Etiologies of Abnormal Horizontal 
Conjugate Gaze Deviations

Hemispheric lesions
Frontal eye field
Neglect, hemianopia

Seizures
Thalamic lesions
Brainstem lesions

Pontine
Medullary

Periodic alternating gaze deviation (“ping-pong” gaze)

Box 16.4 Etiologies of Abnormal Vertical 
Conjugate Gaze Deviations

Oculogyric crises
Ocular tics
Benign, tonic form in infancy

Upward
Downward

Pretectal syndrome

Figure 16.1. Lateral view of the left cerebral hemisphere, depicting the 
cortical areas which may generate saccades. These include the frontal, 
supplementary, and parietal eye fields. 

Box 16.3 Etiologies of Vertical Conjugate  
Gaze Deficits

Pretectal syndrome
Paramedian midbrain–thalamic stroke
Pineal region and thalamic masses
Hydrocephalus

Midbrain downgaze paresis
Limitation of upgaze in elderly
Other neurologic disorders

Progressive supranuclear palsy
Niemann–Pick type C disease*
Whipple disease
Amyotrophic lateral sclerosis

*Disorders whose ocular motility abnormality may mimic congenital 
ocular motor apraxia.
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both saccades and immediate memory.22 Prolongation of  
the intersaccadic interval (ISI) and an increase in the number 
of  saccades are the most common reasons for longer times 
to complete the King-Devick test following a concussion.23

SMOOTH PURSUIT

Two descending parallel pathways mediate smooth pursuit 
(Fig. 16.3). In one, cortical signals arise from the occipito-
temporal-parietal junction in Brodmann areas 19, 37, and 
39 (area V5, see Fig. 9.7B), which are homologous to monkey 
areas MT (middle temporal) and MST (medial superior tem-
poral).24,25 Although areas 19, 37, and 39 are part of  the 
dorsal stream, or magnocellular pathway, responsible for 
motion and spatial analysis of  visual information (see Chapter 
9), smooth pursuit is independent of  motion detection and 

Popular in detailed eye movement evaluations and as non-
specific biomarkers (see later discussion) in schizophrenia, 
for example,19 antisaccades are conjugate eye movements 
directed away from a visual stimulus. Individuals are shown 
a target in the periphery and instructed to look in the opposite 
direction. Antisaccades require the suppression of  reflexive 
saccades toward the target, and this inhibition is believed to 
be mediated by the dorsolateral prefrontal cortex.20 Evalu-
ation of  the saccadic system has become an effective means 
of  diagnosing concussion and mild traumatic brain injury.21 
A tool called the King–Devick test is used, in which the subject 
is asked to rapidly read a series of  unevenly spaced numbers 
while being timed. Poor individual performance versus base-
line prehead injury scores have been associated with concus-
sion and postconcussive memory impairment, because areas 
such as the dorsolateral prefrontal cortex are important for 

Figure 16.2. Generation of horizontal saccades. The pathways for a 
rightward saccade are depicted. The frontal and other cortical eye fields 
(see Fig. 16.1) from the left (L) hemisphere send fibers which decussate 
to inhibit the (R) omnipause neurons (OPN), which lie within the rootlets 
of the VIth nerve and between saccades tonically inhibit the paramedian 
pontine reticular formation (PPRF). Disinhibited burst neurons in the 
right PPRF excite cell bodies in the right sixth nerve (VIth) nucleus, which 
in turn innervates the ipsilateral lateral rectus (LR) muscle, which abducts 
the right eye (RE). Another set of neurons from the right VIth nerve 
nucleus crosses the midline then ascends within the left medial longi-
tudinal fasciculus (MLF). These reach the left medial rectus (MR) subnucleus 
in the oculomotor complex (IIIrd) in the midbrain, which issues third 
nerve neurons (IIIrd n.) that supply the left medial rectus muscle to 
adduct the left eye (LE). 

Figure 16.3. Parallel descending horizontal pursuit pathways from the 
frontal lobe and V5. Neurons from the frontal and supplementary eye 
fields (see Fig. 16.1) connect ipsilaterally to the dorsolateral pontine 
nucleus (DLPN) and nucleus reticularis tegmenti pontis (NRTP). V5 at 
the occipito-temporal-parietal lobe junction also sends fibers to the 
DLPN. A postulated double decussation of pursuit pathways in the 
brainstem and cerebellum then occurs. The first decussation consists 
of excitatory mossy fiber projections from the DLPN to granule cells, 
which excite basket cells and stellate cells in the contralateral cerebellar 
flocculus. The basket and stellate cells inhibit Purkinje cells, which in 
turn inhibit neurons in the medial vestibular nucleus (MVN). Fibers from 
the NRTP project to the vermis, which in turn connects to the fastigial 
nuclei (FN), which send inhibitory axons to the MVN. The two inhibitory 
connections ultimately lead to activation of the MVN. The final common 
connection for both pathways is a second decussation consisting of 
excitatory projections from the MVN to the opposite abducens nucleus 
(VI), leading to ipsilateral gaze deviation (see Fig. 16.2).31–33,61 
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also cause retinotopic pursuit abnormalities of  targets in the 
contralateral hemifield.40 Retinotopic defects are location-
dependent and uninfluenced by the direction of  the target 
motion. Thus, in this situation, pursuit is abnormal in both 
directions in the contralateral hemifield. In a third type of  
pursuit defect, craniotopic, the patient cannot generate con-
tralaterally directed pursuit eye movements past the midline 
of  the head.41 For instance, a patient with such a defect due 
to a left parietal lesion can pursue a rightward moving target 
only until the eyes reach midline.

In practice, cortical ipsilesional pursuit defects are most 
commonly associated with lesions at the occipito-parietal-
temporal junction. Reflecting this, optokinetic responses can 
be defective in patients with parietal lobe lesions with contra-
lateral hemianopia (Video 9.1).42 When the optokinetic targets 
are moved toward the side of  the lesion, either the pursuit 
component is impaired, the amplitudes of  the pursuit and 
saccades are smaller, or there is no corrective saccade.

Acquired ocular motor apraxia. Bilateral parieto-
occipital lesions may lead to an acquired ocular motor apraxia, 
characterized by an absence or severe impairment of  smooth 
pursuit, optokinetic responses, and visually guided saccades.37 
Because the eyes appear not to move, the term “spasm of  
fixation” has also been used. However, reflexive saccades may 
be preserved, justifying the use of  the term apraxia. When 
ocular motor apraxia is combined with optic ataxia and 
simultanagnosia, the symptom complex is known as Balint 
syndrome, which is discussed in detail in Chapter 9 (see Figs. 
9.9 and 9.10 and Video 9.2).

spatial attention.26 The other pursuit pathway originates in 
the frontal lobes in the caudal frontal eye field (FEF) and 
supplementary eye field (SEF) (see Fig. 16.1).27,28

These descending pathways for smooth pursuit then 
connect ipsilaterally with regions in the pons, the dorsolateral 
pontine nucleus (DLPN), and the nucleus reticularis tegmenti 
pontis (NRTP). From these areas, a double decussation occurs, 
as these regions innervate contralateral cerebellar structures 
such as the flocculus, paraflocculus, vermis, and fastigial 
nucleus, which in turn send inhibitory fibers via the inferior 
cerebellar peduncle to the medial vestibular nucleus, which 
then excites the contralateral sixth nerve nucleus.29 The 
stimulated sixth nerve nucleus is ipsilateral to the MST/FEF/
SEF that generated the initial pursuit command (see Fig. 
16.3). From the vestibular nuclei, efferents travel directly to 
the ocular motor nuclei, and indirectly via the NPH and inC, 
so that the new eye position can be maintained.30 Note the 
smooth pursuit system is independent of  the PPRF, so if  
pursuit is affected, saccades may be spared, or vice versa.31–33 
The pursuit pathways are extensive; therefore abnormalities 
which may be influenced by age, medications, and alertness 
are generally nonlocalizing. However, saccadic pursuit verti-
cally and horizontally should raise suspicion for flocculus 
or paraflocculus dysfunction, and notable horizontal asym-
metry indicates ipsilesional pathology.34

VESTIBULOOCULAR REFLEX AND  
OPTOKINETIC NYSTAGMUS

Fibers mediating the VOR arise from the posterior, anterior, 
and horizontal semicircular canals, synapse in the vestibular 
nuclei, travel rostrally via the MLF (with two additional upward 
or “antigravity” pathways for the anterior canals), and pass 
through but do not synapse in the caudal portion of  the PPRF; 
then finally horizontal canal afferents arrive and synapse at 
the sixth nerve nucleus, and anterior and posterior canal 
afferents proceed to the third and fourth nuclei. The cerebel-
lum is involved in the suppression of  the VOR. The generation 
of  OKN relies first upon cortical and subcortical areas which 
mediate smooth pursuit, then upon structures responsible for 
the generation of  saccades, as described previously.35

The pathways for the VOR and OKN are discussed in more 
detail in Chapter 17.

Horizontal Conjugate  
Gaze Deficits

DEFICITS CAUSED BY CORTICAL LESIONS

Saccades. Unilateral frontal eye field lesions tend to cause 
contralateral saccadic eye movement impairment (Fig. 16.4),36,37 
oftentimes with hemiparesis on the same side as the direction 
of  the gaze paresis. Acutely, the eyes may be deviated ipsilater-
ally toward the lesion (see Abnormal Horizontal Conjugate 
Gaze Deviations).

Pursuit. Unilateral lesions within the occipito-temporal-
parietal junction or the frontal and supplementary eye fields 
can cause a directional pursuit deficit, in which smooth 
pursuit of  targets moving ipsilaterally toward the lesion is 
affected.33,38,39 Less commonly, unilateral lesions in the 
occipito-temporal-parietal junction and in striate cortex may 

Figure 16.4. Axial computed tomography of right frontal lobe hemor-
rhage (arrow), which caused difficulty with leftward saccades. A ventricular 
shunt is seen in the frontal horn of the left lateral ventricle. 
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direction and only preservation of  abduction in the other 
direction.50 In primary gaze the eyes may be exotropic, with 
lateral deviation of  the eye with intact abduction. The asso-
ciation of  one-and-a-half  syndrome or bilateral INOs and 
exotropia has been termed paralytic pontine exotropia.51 Con-
vergence is often preserved.52 Because of  the proximity of  
the descending central tegmental tract (part of  Mollaret’s 
triangle) to the PPRF and sixth nucleus, oculopalatal tremor 
(see Chapter 17) may be seen months after the injury.

The one-and-a-half  syndrome is caused by involvement 
of  the PPRF or sixth nerve nucleus, causing the conjugate 
gaze paresis, combined with a lesion affecting the just-crossed 
MLF (Fig. 16.8), which causes the INO (see Chapter 15). A 
lesion of  the PPRF can generally be distinguished from one 
affecting the sixth nerve nucleus by the preservation of   
the VOR when the PPRF is involved. However, occasionally 
the VOR pathways are also damaged with PPRF lesions,  
given the proximity of  these fibers.53 A one-and-a-half  syn-
drome combined with a facial palsy due to involvement of  
the seventh nerve fascicle has been termed the eight-and-a-
half  syndrome.54,55

Foville syndrome. A lesion in the caudal tegmental pons 
may cause a facial paralysis, conjugate gaze paresis, and 
contralateral hemiparesis by disrupting the fascicle of  the 
seventh nerve, the PPRF or sixth nerve nucleus, and the 
corticospinal tract, respectively. This localizing combination 
of  findings, described by Foville,56 is one of  the crossed brain-
stem syndromes.57

Locked-in syndrome. Large bilateral lesions almost tran-
secting the pons may cause a neurologic state characterized 
by quadriplegia, absence of  horizontal eye movements, and 
mutism but preservation of  vertical eye movements, blink-
ing, and consciousness. Patients in this “locked-in” state use 
these preserved functions to communicate, but they are often 
mistakenly diagnosed with coma.58 The basis pontis, at the 
level of  the sixth nerve nuclei, is the area most commonly 
affected.59

Defective smooth pursuit. Unilateral lesions of  the dor-
solateral pons have been associated with ipsilateral smooth 
pursuit deficits, without considerable abnormalities in sac-
cades or the VOR.33,60,61 These findings confirm the importance 
of  pontine structures in the pathways for smooth pursuit 
described previously (see Fig. 16.3).

Etiology. In older adults the most frequent cause of  a 
pontine horizontal gaze palsy is ischemia in the distribution 
of  one of  the pontine paramedian penetrating arteries arising 
from the basilar artery.62 Atherosclerosis is by far the most 
common cause, but vasculitis due to giant cell arteritis,63 
for example, may be responsible. In younger adults, demyelin-
ating processes such as multiple sclerosis are the most 
common etiology (see Fig. 16.6).64 Other considerations in 
adults include hemorrhages due to hypertension or cavern-
ous angiomas (Fig. 16.9). Alcoholism, malnutrition, and 
overly rapid correction of  hyponatremia may result in central 
pontine myelinolysis.65

In contrast, mid- and lower brainstem neoplasms such as 
pontine gliomas or medulloblastomas are the most common 
cause in children. Möbius syndrome (see Chapter 14), when 
it affects the sixth nerve nucleus, may cause horizontal con-
jugate gaze palsies.66

Caution should be applied when diagnosing pontine lesions 
in this setting, because pontine horizontal gaze palsies can 

The combination of  bilateral parietooccipital injury com-
bined with bilateral lesions affecting both frontal eye fields, 
as in watershed ischemia, for instance, can cause a more 
severe form of  acquired ocular motor apraxia.43 Voluntary 
saccades and pursuit in all directions may be completely 
paralyzed. The ocular motility deficit mimics the congenital 
type (see later discussion), as patients may use a head thrust 
to aid refixation. In some cases reflexive saccades are also 
affected,44 and in such instances the term ocular motor paresis 
may be preferred over apraxia.45

Acquired ocular motor apraxia may also be seen in a 
number of  progressive and inherited neurologic diseases (see 
Box 16.1 and later discussion).

DEFICITS CAUSED BY PONTINE LESIONS

A lesion in the pons is the most common location for a brain-
stem disturbance that causes a horizontal gaze deficit, and 
there are frequently other accompanying signs. Pontine 
lesions are suggested when a conjugate gaze paresis is bilat-
eral or accompanied by an internuclear ophthalmoplegia 
(INO), ipsilateral facial paresis, contralateral hemiparesis, 
or skew deviation and when vertical and convergence move-
ments (i.e., midbrain mediated processes) are preserved.

Conjugate gaze paresis. Two types of  pontine lesions 
may result in a conjugate gaze paresis (Video 16.1):

1. PPRF. Lesions restricted to the PPRF cause loss of  all 
ipsilateral horizontal rapid eye movements such as vol-
untary and involuntary saccades and quick phases of  
nystagmus. Smooth pursuit and the VOR may be spared 
in selective lesions of  the rostral portion of  the PPRF.46

2. Sixth nerve nucleus. A lesion of  the sixth nerve nucleus, 
by damaging neurons innervating the ipsilateral lateral 
rectus muscle and the interneurons for the contralateral 
medial rectus, will cause an ipsilateral conjugate gaze 
palsy. Because of  the anatomical proximity of  the genu 
of  the facial nerve to the sixth nerve nucleus (see Chapters 
14 and 15), a nuclear sixth nerve palsy is often accom-
panied by ipsilateral facial weakness in the facial colliculus 
syndrome (Fig. 16.5). All voluntary and reflexive ipsilateral 
conjugate eye movements are eliminated.47

Any combination of  bilateral lesions affecting either the 
PPRF or sixth nerve nuclei will cause a bilateral conjugate 
gaze palsy (Fig. 16.6, Video 16.2).

In patients with pontine horizontal gaze palsies who 
attempt to look in the direction of  the palsy, upward vertical 
or oblique movements of  both eyes are often seen (see Fig. 
16.5B). The misdirection or substitution movement may be 
explained by compensatory contraction or overaction of  the 
obliquely acting extraocular muscles. In addition, some 
observers have documented abnormal oblique misdirection 
and slowing of  vertical saccades in patients with lesions of  
the PPRF.48 This finding, which is an inconsistent one,46 has 
been attributed to disruption of  the caudal PPRF’s influence 
on the riMLF.49

One-and-a-half  syndrome. This highly localizing ocular 
motility disorder is characterized by a conjugate gaze palsy 
to one side accompanied by an ipsilateral internuclear oph-
thalmoplegia when the patient looks to the other side  
(Fig. 16.7, Video 16.3). The name of  the syndrome derives 
from the absence of  conjugate eye movements in one 
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Figure 16.5. Left facial colliculus syndrome (peripheral VIIth nerve (n.) palsy and nuclear VIth n. palsy causing ipsilateral facial and gaze paresis) due 
to radiation necrosis following treatment of a brainstem arteriovascular malformation. A. Normal gaze to the right. B. Defective gaze to the left. Note 
the eyes move downward in attempted leftward gaze. C. Left peripheral facial weakness. D. Drawing of location of the critical lesion (red area) in the 
left dorsal midpons (v., Ventricle). 
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contralateral saccades in the fellow eye. These patients also 
exhibited conjugate paresis of  ipsilateral smooth pursuit. 
Isolated lesions of  the superior colliculi, which are also rare, 
may cause defective reflexive saccades.69

Medullary. Lateropulsion of  saccades, characterized by 
overshoot of  ipsilaterally directed saccades, undershoot of  
contralaterally directed saccades, and ipsilesional deviation 
during vertical saccades, is often a prominent ocular finding 
in lateral medullary lesions (see the discussion of  other neuro-
ophthalmic complications of  Wallenberg syndrome in Chapter 
13).70 Such patients also complain of  body ipsipulsion, a 
sensation of  the entire body being pulled toward the side of  
the lesion. Ipsilateral horizontal conjugate eye deviation 
(ocular lateropulsion) may also occur and is usually most 
obvious upon removal of  visual fixation (Video 16.4).71 In 

be mimicked by the Fisher variant of  Guillain–Barré syn-
drome, myasthenia gravis, and thyroid eye disease. Thus, if  
neuroimaging is normal, these peripheral nerve, neuromus-
cular junction, and myopathic disorders should be considered 
(see Chapters 14 and 18).

HORIZONTAL GAZE DEFICITS CAUSED BY 
OTHER POSTERIOR FOSSA LESIONS

Midbrain. Rarely conjugate horizontal saccades and pursuit 
may be abnormal following damage to the midbrain teg-
mentum.67 Presumably the lesions affect descending hori-
zontal gaze fibers destined for the PPRF. Zackon and Sharpe68 
reported two such patients, each with adduction paresis of  
the eye ipsilateral to the lesion accompanied by paresis of  

C

B

A

Figure 16.6. A. Dorsal pontine demyelination (arrow) in a patient with multiple sclerosis and bilateral horizontal gaze palsies from a lesion in the 
vicinity of the sixth nerve nuclei bilaterally. B. Attempted right gaze. C. Attempted left gaze. Adduction appears slightly worse than abduction in both 
directions, suggesting concomitant bilateral involvement of the medial longitudinal fasciculus (MLF). Patient seen courtesy of Dr. Clyde Markowitz. 

BA

Figure 16.7. Left one-and-a-half syndrome due to left pontine infarction associated with giant cell arteritis. A. On attempted right gaze, the patient 
has a left internuclear ophthalmoplegia (defective adduction of the left eye and abducting nystagmus of the right eye). B. There is a conjugate gaze 
paresis on attempted left gaze, and neither eye can move past midline. 
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other words, if  the patient is asked to fixate straight ahead 
and close the eyes momentarily, the eyes drift ipsilaterally.72 
As a result of  this, upon eyelid opening a contralaterally 
directed refixation movement back to midline will be seen 
(Fig. 16.10). Less commonly, an ipsilateral conjugate eye 
deviation is seen with the eyelids open.73

Separate mechanisms may account for ipsipulsion of  sac-
cades and the conjugate eye deviation. However, each could 
result from damage to the inferior cerebellar peduncle and 
interruption of  climbing fibers, which results in increased 
Purkinje (inhibitory) cell firing: (1) ipsipulsion of  saccades 
from increased inhibition of  the ipsilateral fastigial nucleus 
in the cerebellum and ultimately the relative hypoactivity 
of  the contralateral PPRF and (2) conjugate gaze deviation 
either from increased inhibition of  the ipsilateral vestibular 
nucleus or possibly from decreased tonic excitation of  the 
contralateral PPRF with relative hyperactivity of  the ipsilat-
eral PPRF.73

Lateral medullary lesions often also cause impaired smooth 
pursuit for targets moving contralaterally.74 This deficit likely 
reflects damage to the vestibular nucleus. Ocular contrapul-
sion has been described in association with medial medullary 
lesions because climbing fibers are disrupted caudally prior 
to their decussation.75

Cerebellar. Lesions in the cerebellum can cause saccadic 
overshoot and undershoot (dysmetria) as well as an inability 
to sustain eccentric gaze with gaze-evoked nystagmus (Video 
16.5).76 This results from damage to structures in the cerebel-
lum responsible for the calibration of  saccadic amplitude 
and gaze-holding, respectively (discussed previously). Cerebel-
lar hemispheric lesions affecting the fastigial nucleus tend 
to cause ipsilateral saccadic hypermetria (overshoot) and 
contralateral saccadic hypometria (undershoot). Lesions 
involving the deep cerebellar white matter, especially those 
running through the uncinate fasciculus next to the superior 
cerebellar peduncle, may cause a contralaterally directed 
drift (contrapulsion). Cerebellopontine angle tumors may 
cause an ipsilateral smooth pursuit defect if  the vestibular 
nucleus, flocculus, or inferior cerebellar peduncle is involved.74

Familial horizontal gaze palsy and scoliosis. A rare 
autosomal recessive syndrome of  horizontal gaze palsy and 
progressive scoliosis has also been described, and in most cases 
there is hypoplasia of  the pons and cerebellar peduncles with 
anterior and posterior midline clefts of  the pons and medulla. 
Patients have normal vertical movements with preservation 
of  convergence, and congenital nystagmus is sometimes seen.77 
Several responsible mutations of  the ROBO3 gene on chromo-
some 11 have been identified, and congenital miswiring of  
the brainstem and spinal cord are suspected.77,78

OTHER HORIZONTAL GAZE DEFICITS

Saccadic palsy after cardiac surgery. Horizontal and 
vertical saccadic palsies have been reported as a complication 
of  cardiac surgery, especially aortic valve replacement or 
aortic aneurysm repair (Videos 16.6 and 16.7).79–81 Neuro-
imaging often fails to disclose a responsible lesion in the 
cortex, brainstem, or cerebellum. Some authors have likened 
the ocular findings to those of  progressive supranuclear palsy 
(see later discussion).82,83 Selective damage to the omnipause 
or excitatory burst neurons, superior colliculus, or cerebel-
lum have been implicated,80,84 but the exact cause is unknown.

(midbrain)

Figure 16.8. Neuroanatomy of a left one-and-a-half syndrome (as in 
Fig. 16.7), which is caused by a lesion affecting the just-crossed medial 
longitudinal fasciculus (MLF), which contains fibers connecting the right 
VIth n. nucleus with the left medial rectus (MR) subnucleus in the IIIrd 
n. nuclear complex, leading to a left internuclear ophthalmoplegia 
(defecting adduction of the left eye), and both the left paramedian 
pontine reticular formation (PPRF) and the left VIth n. nucleus, either of 
which could cause defective conjugate gaze paresis to the left. Usually, 
because the VIth n. nucleus and the PPRF are in anatomical proximity, 
lesions which cause the one-and-a-half syndrome usually involve both. 

Figure 16.9. Cavernous angioma (arrow) of the pons associated  
with conjugate gaze deficits, demonstrated by high resolution 4.0  
Tesla magnetic resonance imaging (FOV, 22 cm; TE, 30; TR, 5000; matrix 
= 512 × 256). 
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abnormalities, while patients with vertical head thrusts have 
supratentorial imaging abnormalities. Patients with impaired 
smooth pursuit and OKN slow phases are more likely to have 
abnormal magnetic resonance imaging (MRI) in either 
infratentorial or supratentorial areas.89 In many instances 
the head thrusting and defective saccades spontaneously 
improve as the child gets older,90 but in some cases the ocular 
motility disturbance may persist.91 Because there are many 
causes and a great deal of  clinical heterogeneity (see later 
discussion), the exact pathologic substrate is unclear, although 
usually a defect in the saccadic system is implicated.

Two caveats regarding the use of  the term congenital ocular 
motor apraxia should be mentioned:

1. Because in some instances both voluntary and some 
reflexive saccades are defective, the term apraxia, implying 
only voluntary saccades are affected, has been criticized. 
Other terms such as congenital saccadic palsy,92 intermittent 

Congenital ocular motor apraxia. In this ocular motility 
disorder of  young children, infants may first appear to be 
blind or have decreased peripheral vision because they have 
defective or absent horizontal saccades to novel visual stimuli 
(Video 16.8). Quick phases of  OKN and the VOR are also 
diminished, but smooth pursuit and vertical eye movements 
are usually preserved. At 5 or 6 months of  age, when they 
achieve better head and neck control and can sit unassisted, 
they begin to use horizontal head thrusts to shift fixation (Fig. 
16.11).85 Often initiating the sequence with an eyelid blink, 
patients move their heads rapidly toward a new visual target.86 
Then the eyes slowly refixate. A final correction in head posi-
tion sometimes then occurs, as the eyes are maintained on 
the target using the VOR. Congenital ocular motor apraxia 
is almost always symmetric and bidirectional in the horizontal 
plane, but there have been exceptional asymmetric and verti-
cal cases.87,88 Generally, patients who display horizontal head 
thrusts have normal imaging or infratentorial imaging 
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Figure 16.10. Ipsilateral conjugate gaze deviation in left Wallenberg syndrome. The patient has a residual left ptosis from Horner syndrome. A. At rest 
the patient is fixating on a target straight ahead; but in (B) with removal of fixation by closing the eyelids, the eyes deviate toward the side of the 
lesion; (C) the leftward deviation is noticeable immediately after the eyelids are reopened; (D) upon refixation the eyes move back to the midline;  
(E) axial fluid level attenuated inversion recovery magnetic resonance imaging demonstrating a left lateral medullary infarction (arrow). 
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Figure 16.11. Child with idiopathic congenital ocular motor apraxia. 
A. Primary gaze. B. In attempted right lateral gaze to view a new target, 
the child thrusts his head past the target, then (C) the head position 
adjusts, and the eyes slowly refixate. D,E. Similar head thrusting and 
head and eye repositioning in attempted left gaze to view another 
stimulus. 
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Figure 16.12. Dandy–Walker malformation associated with ocular motor 
apraxia. This T2-weighted axial magnetic resonance image demonstrates 
the absence of the cerebellar vermis and cystic dilation of the fourth 
ventricle (asterisk). 

horizontal saccade failure,93 and infantile-onset saccade initia-
tion delay89 have been proposed. However, the term that 
Cogan94 originally coined is unlikely to be supplanted, 
having already been heavily imbedded in the neuro-
ophthalmic vernacular.

2. Although some authors90,95 have applied the term con-
genital ocular motor apraxia to children of  any age, we feel 
the term should be reserved for only those instances in 
which the motility disorder is present in infancy.

Congenital ocular motor apraxia is observed in three main 
clinical situations:

 a. In the “benign” or “idiopathic” variety of  congenital 
ocular motor apraxia, neuroimaging is normal and 
there is no readily identifiable explanation for the dis-
order. Although the neurologic examination and intel-
lect are usually normal, occasionally associated 
neurologic defects include hypotonia, motor and speech 
delay, and ataxia.93,96,97 Many have infantile esotropia.85 
Familial cases have also been reported.90,98 Parents 
should be informed that the afferent visual function 
of  these children is normal.99

 b. Some patients with congenital ocular motor apraxia 
have a nonprogressive, noninherited structural abnor-
mality of  the brain, caused either by a developmental 
anomaly or prenatal or perinatal insult.100 These include 
dysgenesis of  the cerebellar vermis101 or corpus  
callosum,102,103 inferior vermian hypoplasia,104 Dandy–
Walker malformation (Fig. 16.12), gray matter het-
erotopias,93 and perinatal ischemia.87,88

 c. A variety of  genetic disorders with multisystem involve-
ment may present in infancy with congenital ocular motor 
apraxia.105 These include Joubert syndrome (see Chapter 
17 and Fig. 17.12),106 Jeune syndrome (nephronophthisis, 
asphyxiating thoracic dystrophy, retinal degeneration, 
and ataxia),107 and a subset of  patients with Leber’s con-
genital amaurosis, a retinal dystrophy.108

In contrast, we believe the term acquired ocular motor apraxia 
is more appropriate when a similar disorder of  head and eye 
coordination is seen in older children presenting with progres-
sive, degenerative, or inherited metabolic neurologic diseases 
(see the next section), for instance. The distinction may be dif-
ficult when children present with ocular motor apraxia at 6–12 
months of  age, at which time mild “congenital” and early 
“acquired” neurologic diseases may be confused.109 However, 
some diagnostic guidelines include (1) the voluntary ophthal-
moparesis and head thrusts are almost always limited to the 
horizontal plane in congenital ocular motor apraxia and the 
acquired form due to Gaucher disease; (2) in contrast, the eye 
movement abnormalities and compensatory head movements 
are often in both the horizontal and vertical planes in ataxia-
telangiectasia and spinocerebellar ataxias; and (3) they are 
primarily in the vertical plane in Niemann–Pick type C.

OTHER NEUROLOGIC DISORDERS ASSOCIATED 
WITH HORIZONTAL GAZE DEFICITS

Inherited cerebellar ataxias. These inherited diseases  
are divided into those which are autosomal dominant and 
those that are recessive. Diseases with slow saccades or 

ophthalmoparesis in the dominantly inherited category 
include the spinocerebellar ataxias (SCA) types 1 (inherited 
olivopontocerebellar atrophy), 2, 3 (Machado–Joseph disease) 
(Video 16.9), and 7. SCA 1, 2, 3, 6, and 7 make up about 
80% of  the SCAs, and each tends to have prominent neuro-
ophthalmic features.110 A CAG trinucleotide repeat is respon-
sible for each. Recessively inherited diseases with mild slowing 
of  saccades include Friedreich ataxia,111 ataxia telangiectasia, 
and oculomotor apraxia types 1 and 2.112–114 The identifica-
tion of  the molecular basis of  many of  these disorders has 
allowed a genetic115,116 rather than a phenomenologic117 or 
pathologic classification. Disease severity, including degree 
of  saccadic abnormality, in many cases is related to the 
number of  trinucleotide repeats.118,119 Table 16.2 highlights 
the inherited cerebellar ataxias with defective saccades, 
including the localization of  their genetic defects.

Patients with cerebellar ataxias usually exhibit dysmetria 
and gait ataxia, with some combination of  absent tendon 
reflexes, defective proprioception, and pyramidal (e.g., spas-
ticity, hyperreflexia, and extensor plantar responses) and 
extrapyramidal (e.g., dystonia, parkinsonism) signs. Eye 
movement abnormalities are frequent and include gaze-evoked 
nystagmus, saccadic dysmetria, square-wave jerks, abnormal 
smooth pursuit, and inability to suppress the VOR.120,121 Sac-
cades may be slow (mainly SCAs 1, 2 (severe), and 7),120,121 
and in severe cases patients lack voluntary saccades, use 
head thrusts, and have only preserved reflexive eye move-
ments. The impaired saccades and smooth pursuit have been 
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attributed at least in part to degeneration of  neurons in the 
PPRF122 and the nucleus reticularis tegmenti pontis (NRTP).123 
Some subtypes (see Table 16.2) have optic atrophy associated 
with progressive acuity, field, and color vision loss (see Chapter 
5),124 while others have macular or pigmentary retinal degen-
eration (see Chapter 4).120,121,125 MRI typically shows some 
combination of  cerebellar, pontine, and spinal cord 
atrophy.126,127

Multiple system atrophy (MSA). Diseases in this category 
are sporadic and nonhereditary. They are characterized clini-
cally by autonomic failure (i.e., Shy–Drager syndrome) and 
either parkinsonism (MSA-P), which is usually levodopa-
unresponsive, or cerebellar ataxia (MSA-C). MSA can be dif-
ficult to distinguish from other parkinsonian syndromes, and 
ocular motor findings in MSA including excessive square wave 
jerks, saccadic dysmetria, impaired VOR suppression, and 
gaze-evoked nystagmus aid in diagnosis.128 Positional down-
beat nystagmus (pDBN) may also be seen with MSA-C.129,130 
The pathologic hallmark is neurodegeneration of  striatonigral 
and olivopontocerebellar regions with glial cytoplasmic inclu-
sions formed by fibrilized alpha-synuclein.131

Huntington disease. Principle clinical features of  this 
neurodegenerative disease include progressive choreoatheto-
sis, rigidity, and dystonia. The pathologic hallmark is atrophy 
of  the caudate nucleus and putamen. The genetic basis is 
an abnormal CAG trinucleotide repeat expansion on chro-
mosome 4p16.3.

Saccades that are slow vertically more than horizontally 
(particularly in patients with young age at onset) and dif-
ficulty in initiating saccades, sometimes associated with head 
thrusts, are the most prominent eye movement deficits.132–135 
Patients also have increased distractibility and unwanted 
saccades during attempted fixation as well as square-wave 
jerks (see Chapter 17).136,137 Smooth pursuit can also be 
affected, but to a lesser extent.138

Parkinson’s disease (PD). Parkinson’s disease is the second-
most common neurodegenerative disorder following Alzheim-
er’s disease. Cardinal features, including tremor, bradykinesia, 
rigidity, and postural instability, are due to dopamine deficiency 
in striatonigral pathways. The most common eye movement 
abnormalities in PD include saccadic pursuit in all directions 
of  gaze and hypometric saccades; however, most patients do 
not exhibit prominent eye movement abnormalities, in con-
trast to progressive supranuclear palsy. Increased saccade 
latency is associated with cognitive impairment, which gener-
ally occurs later in the disease course.139,140 Some of  the ocular 
motility abnormalities are thought to reflect basal ganglia 
dysfunction and dopamine deficiency, although improvement 
in eye movement measures with levodopa therapy is incon-
sistent,141 whereas with deep brain stimulation of  the sub-
thalamic nucleus, more consistent improvement in saccadic 
latency and gain has been demonstrated.142,143

Corticobasal syndrome. This rare, sporadic, progressive 
neurodegenerative disease of  middle-aged or elderly individu-
als144 is characterized by clinical features which suggest both 
cortical and basal ganglionic dysfunction. These include 
dementia, levodopa-unresponsive parkinsonism, limb dys-
tonia, ideomotor apraxia, hyperreflexia, cortical sensory loss, 
focal reflex myoclonus, and “alien limb” phenomena.145,146 
In the late stages of  this disease, a supranuclear gaze paresis 
in all directions, saccade apraxia with normal saccade veloci-
ties,147,148 and eyelid opening apraxia (see Chapter 14) can 

be seen.145,149 Although the clinical presentation may be 
confused with progressive supranuclear palsy (PSP), corti-
cobasal syndrome more commonly has asymmetric fronto-
parietal atrophy on neuroimaging, whereas patients with 
PSP more typically have midbrain atrophy.150

Pharmacologic therapies are largely ineffective.151  
The diagnosis can be confirmed only at autopsy, which  
typically demonstrates swollen, poorly staining (achromatic) 
neurons and degeneration of  the cortex and substantia 
nigra.145

Gaucher disease. A lysosomal storage disorder, Gaucher 
disease is caused by decreased enzyme activity of  glucocer-
ebrosidase with resulting accumulation of  a glycolipid, glu-
cocerebroside, in macrophages. The glucocerebrosidase gene 
has been mapped to chromosome 1q21–31.152 Anemia, 
thrombocytopenia, hepatosplenomegaly, infiltration of  bone 
marrow with abnormal histiocytes, and fracture or aseptic 
necrosis of  bone are common systemic features. In the infan-
tile acute GD2 and later onset subacute GD3 forms, neurologic 
involvement is also seen, with prominent slow horizontal 
saccades due to PPRF involvement and a progressive supra-
nuclear horizontal gaze paresis.153 Compensatory horizontal 
head thrusts may be seen, and a vertical saccadic palsy may 
develop late in the disease.34,154–156 Eye movements and head 
thrusts can mimic congenital ocular motor apraxia, and with 
attempted horizontal excursions, vertically-directed move-
ments may be seen instead.157

Others. Horizontal saccadic failure has also been docu-
mented in association with other childhood neurodegenerative 
diseases such as Krabbe leukodystrophy, Pelizaeus–Merzbacher 
disease, GM1 gangliosidosis, Refsum disease, and propionic 
acidemia.158

Ocular motor abnormalities as biologic markers. 
Interest has grown in the detection of  abnormal eye move-
ments, which are often subtle, as biologic markers in neu-
ropsychiatric diseases in which abnormal ocular motility is 
not usually a prominent clinical finding.17,134,135,159,160 For 
instance, patients with Alzheimer’s disease,161,162 Huntington 
disease,163 or schizophrenia17 may have abnormal anti-
saccades. Smooth pursuit may also be abnormal in these 
patients164,165 and their relatives.166 These ocular motor 
abnormalities can offer insight into the abnormal neuronal 
circuitry and pharmacology of  these disorders. However, 
their detection may require eye movement recordings and 
are frequently too nonspecific to offer any diagnostic utility. 
Furthermore, in some cases these abnormalities may be the 
result of  neuropsychotropic medications.132

Wernicke’s encephalopathy. This disorder, due to a 
vitamin B1 (thiamine) deficiency, is characterized clinically 
by a triad of  eye movement abnormalities, gait ataxia, and 
encephalopathy. The full triad is present in only a minority 
of  cases. Wernicke’s encephalopathy is seen primarily in 
alcoholics and other malnourished individuals such as pris-
oners of  war or women with hyperemesis gravidarum. Forced 
or involuntary starvation, cancer, gastric plication, and 
chronic renal dialysis are other associated conditions. Because 
thiamine is required for carbohydrate metabolism, Wernicke’s 
encephalopathy can also be caused inadvertently in individu-
als with marginal thiamine stores who are given a carbohy-
drate (e.g., intravenous glucose) load.167

Approximately half  of  patients with Wernicke’s encepha-
lopathy may have a horizontal or less frequently a vertical 
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vision loss related to optic atrophy, ataxia, peripheral neu-
ropathy, somnolence, deafness, movement disorders, spasticity, 
and respiratory difficulties.175,176

MRI characteristically demonstrates high signal lesions 
in the basal ganglia, thalamus, and brainstem.176 Pathologi-
cally, bilaterally symmetric necrotic lesions extend from the 
thalamus to the pons, but they also involve the inferior olives 
and posterior columns.177 These abnormalities resemble those 
in Wernicke’s encephalopathy and infantile beriberi.

Several biochemical and genetic defects affecting energy 
metabolism can lead to Leigh syndrome.178 The more commonly 
identified ones are a defect involving the pyruvate dehydrogenase 
complex, cytochrome oxidase deficiency, a T-to-G mutation at 
nucleotide 8993 in the mitochondrial deoxyribonucleic acid 
(mtDNA) gene encoding ATPase 6 (the same mutation as in 
NARP syndrome; see Chapter 4),179,180 and complex I defi-
ciency.181 Treatment in most cases is unsatisfactory.

Vitamin E deficiency. There are three major causes of  
vitamin E (alpha-tocopherol) deficiency: (1) abeta-
lipoproteinemia (Bassen–Kornzweig disease), in which 
patients lack apolipoprotein B, which is essential for trans-
porting fat-soluble vitamins; (2) malabsorption, due either 
to cholestatic liver disease with resultant failure to secrete 
bile, cystic fibrosis, or bowel resection; and (3) familial isolated 
(autosomal recessive) vitamin E deficiency.182 Slow saccades 
may be a feature of  the first two causes, but not usually of  
the familial type.183 Some exhibit dissociated eye movements, 
with slow but full abduction of  one eye and fast but limited 
adduction of  the other in attempted lateral gaze. Ocular motor 
palsies and a pigmentary retinopathy may also be observed. 
Neurologically, patients with vitamin E deficiency may develop 
ataxia, long tract signs, proprioceptive loss, and areflexia, 
mimicking Friedreich ataxia.184

In suspected cases, serum vitamin E levels should be tested. 
In many instances vitamin E supplementation may halt or 
reverse the progression of  ocular motor and neurologic 
symptoms.

Drugs. Table 16.3 lists a number of  drugs, even at thera-
peutic doses, that may impair eye movements.

Abnormal Horizontal Conjugate 
Gaze Deviations

STROKE

Supratentorial. Acutely following a supratentorial infarc-
tion or hemorrhage, the eyes may be conjugately deviated 
ipsilaterally toward the lesion (Figs. 16.14 and 16.15).185 
The eye deviation is often evident on neuroimaging (see Fig. 
9.8)186 and is more frequent and persistent with right hemi-
spheric lesions.187 This gaze deviation usually results either 
from impairment or neglect of  the contralateral visual field188 
or from damage to ipsilateral frontopontine fibers descending 
from the FEF to the pons. The VOR is typically normal, but 
in the first few days it may be difficult to elicit.

Contralateral gaze deviation is much less common, and 
may be due to thalamic (see later discussion), putaminal, or 
frontoparietal hemorrhages although massive ischemic hemi-
spheric strokes may also be responsible.189 Possible mecha-
nisms include involvement or mass effect in the mesencephalon 
upon frontopontine fibers after they have crossed in the rostral 

conjugate gaze palsy.168 Horizontal gaze-evoked nystagmus 
may manifest from dysfunction of  the NPH–MVN neural 
integrator complex. In primary position, vertical nystagmus 
is most common, may reverse direction with convergence 
(e.g., up to down or vice versa), and may increase in intensity 
in the direction of  the slow phase, contrary to Alexander’s 
law.169 Other ocular motor features include sixth nerve palsy, 
INO, and hypoactive horizontal VOR.170–173 Less frequent 
neuro-ophthalmic abnormalities include retinal hemorrhages, 
ptosis, and optic neuropathy.

Neuroimaging shows brainstem, thalamic, and hypotha-
lamic lesions typically in the vicinity of  the third and fourth 
ventricles and aqueduct (Fig. 16.13). Characteristic neuro-
pathologic findings include necrosis of  nerves and myelin, 
hypertrophy and hyperplasia of  small blood vessels, and 
pinpoint hemorrhages. These are typically located symmetri-
cally in the mammillary bodies, superior cerebellar vermis, 
hypothalamus, thalamus, midbrain, and ocular motor and 
vestibular nuclei.167 Gaze abnormalities may be attributed 
to pathologic lesions affecting the PPRF/sixth nerve nuclei, 
pretectal area, and periaqueductal gray matter.174

Following parenteral administration of  50–100 mg of  
thiamine in addition to receiving a balanced, high-caloric 
diet, patients often begin recovering from sixth nerve palsies 
and gaze deficits within 1–24 hours, and almost always 
within 1 week.168 By 1 month these deficits usually resolve. 
However, many require several weeks for nystagmus, ataxia, 
and confusion to resolve. The horizontal VOR hypofunction 
may improve drastically within minutes of  intravenous thia-
mine administration.173 In addition, some patients develop 
Korsakoff ’s psychosis, characterized by retrograde and antero-
grade amnesia and confabulation, as long-term sequela.

Leigh syndrome (subacute necrotizing encephalomy-
elopathy). Abnormal conjugate and dysconjugate eye move-
ments may be seen in this rare, invariably fatal disorder of  
young children. Psychomotor delay and hypotonia are typi-
cally the first manifestations, usually in the first year of  life. 
Subsequent symptoms include abnormal eye movements, 

Figure 16.13. Wernicke’s encephalopathy. This T1-weighted magnetic 
resonance imaging with gadolinium shows contrast enhancement of 
the mamillary bodies (arrows) in a woman with ophthalmoplegia, memory 
loss, and behavioral changes following severe rapid weight loss. Her 
signs and symptoms improved rapidly with thiamine. 
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medullary lesions usually have full contralateral gaze and 
hypometric contralateral saccades.

SEIZURES

Ictal head and eye deviation are usually contralateral to a 
cortical seizure focus (see Figs. 16.14 and 16.16).191 The 
diagnosis is usually obvious when there is hemibody twitch-
ing or loss of  consciousness if  the seizure activity generalizes. 
The gaze deviation may be nystagmoid, with a contralateral 
fast component followed by a slow drift of  the eyes back 
toward the midline.

midbrain, supported by the fact that wrong-way deviation 
is often delayed by days after the insult (this could correspond 
with evolving edema, and downward eye deviation from 
pretectal syndrome may also be seen),189 irritative effects on 
the descending fibers (see later discussion), or an interhemi-
spheric smooth pursuit imbalance.190 The prognosis is gener-
ally poor in this population.

Infratentorial. Unilateral pontine disturbances affecting 
the PPRF or sixth nerve nucleus may result in a contralateral 
gaze preference and ipsilateral gaze paresis (see Fig. 16.14). 
As mentioned earlier, lateral medullary lesions may produce 
an ipsilateral gaze deviation. However, patients with lateral 

Table 16.3 Eye Movement Abnormalities Related to Certain Medications423–433

Drug
Decreased 
Saccadic Velocity

Impaired 
Smooth Pursuits

Internuclear 
Ophthalmoplegia Gaze Palsy Oculogyric Crisis

Benzodiazepines + +

Carbamazepine + + + +

Barbiturates + + + +

Nitrous oxide + +

Phenytoin + +

Narcotics + +

Tricyclics + +

Lithium + + + +

Phenothiazines + (Haloperidol) + + (1st>2nd/3rd generation)

Other Gabapentin Beta-blocker, 
tacrolimus

Baclofen, valproic 
acid

Lamotrigine, metoclopramide, 
cefixime, gabapentin, tetrabenazine, 
cetirizine, antimalarials

Figure 16.14. Common ipsilateral gaze deviations due to cerebral and pontine lesions and seizures. The eyes may deviate horizontally toward a cortical 
lesion, away from a pontine lesion, and away from a cortical seizure focus. 
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eye deviation may be overcome by the VOR. Nystagmus may 
be seen but is intermittent and not a major feature. Patients 
are typically awake, although the pattern may be seen in 
comatose patients.195

In general, this motility pattern localizes to the posterior 
fossa. Reported underlying congenital conditions include 
hypoplasia of  the cerebellar vermis (as in Dandy–Walker 
malformation and Joubert syndrome (see Chapter 17)), 
Arnold–Chiari malformations (downward cerebellar tonsillar 
herniation), occipital encephalocele, spinocerebellar degen-
eration, and schizencephaly with optic nerve hypoplasia.196,197 
Acquired etiologies such as pontine damage, a medulloblas-
toma, and hepatic encephalopathy have been described.195

Like periodic alternating nystagmus, period alternating 
gaze may reflect damage to the cerebellar inferior vermis, 
including the uvula and nodulus.196

Ping-pong gaze. Also called short-cycle periodic alternating 
gaze deviation, this ocular motility pattern has horizontal 

THALAMIC HEMORRHAGES

Thalamic hemorrhages, which are usually the result of  long-
standing hypertension, are suggested by the sudden onset 
of  headache and contralateral hemisensory loss and hemi-
paresis.192 Large hemorrhages in this area can cause both 
horizontal and vertical eye deviations (see later discussion). 
Patients with severe hemianopia or neglect may exhibit an 
ipsilateral gaze preference. Contralateral saccades may be 
hypometric, and ipsilateral pursuit may be defective.193 Occa-
sionally the eyes may deviate away from the hemorrhage 
and toward the hemiparesis in so-called “wrong-way 
eyes”50,194 (discussed earlier).

PERIODIC ALTERNATING GAZE

This disorder is related to periodic alternating nystagmus 
(see Chapter 17) and consists of  cycles of  conjugate hori-
zontal gaze deviation with compensatory contralateral  
head turning for 1–2 minutes, followed by a 10–15 second 
transition period with the eyes and head straight ahead,  
then subsequent gaze deviation to the opposite side with 
compensatory head turning for another 1–2 minutes. The 

Figure 16.15. Right gaze preference in a patient with a right middle 
cerebral artery stroke, left homonymous hemianopia, left neglect, and 
left hemiparesis. 

B

A

Figure 16.16. A. Right gaze deviation in a patient with seizures.  
B. Computed tomography scan reveals an old left middle cerebral infarc-
tion (arrow), which acted as a seizure focus. 
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the red nuclei. The topographic separation of  upgaze and 
downgaze burst and tonic neurons within each riMLF is 
uncertain in man.207

In the current view of  vertical gaze control,169,208 saccadic 
innervation is bilateral to the elevator muscles (the superior 
rectus and inferior oblique) (see Fig. 16.18A), but only ipsi-
lateral for downgaze (inferior rectus subnucleus and fourth 
nerve nucleus) (see Fig. 16.18B). Projections for upgaze 
arising from the riMLF are no longer thought to cross in the 
posterior commissure, but rather bifurcate at the level of  the 
third nerve nucleus. Each riMLF also contains neurons 
responsible for conjugate ipsilateral torsional saccades. In 
addition, ascending projections to the riMLF arise from OPN 
in the pons.

The major clinicoanatomical implications of  this arrange-
ment are:

1. Unilateral lesions of  an riMLF or its descending fibers will 
affect downward saccades greater than upward saccades. 
This is due to the duplication of  riMLF input into the 
oculomotor subnuclei for upgaze but not downgaze.

2. Bilateral lesions of  an riMLF or its descending fibers will 
result in a more severe defect of  vertical saccades than 
that due to a unilateral lesion. Again, downward saccades 
may be affected more than upward saccades.

3. A unilateral riMLF lesion may cause defective ipsitorsional 
quick phases with ipsilateral head tilting. For instance, 
in a left riMLF lesion there would be no quick extorsion 
of  the left eye or intorsion of  the right eye upon leftward 
head tilting. Therefore, torsional nystagmus may be evident 
in the opposite direction.

Interstitial Nucleus of  Cajal (inC). By coordinating signals 
from the saccadic burst neurons in the riMLF, vestibular pro-
jections (utricular and semicircular canal pathways from the 
vestibular nuclei via the MLF), and descending pursuit fibers, 
the paired inC act as the neural integrator for vertical gaze 
and torsion.169,208 They lie adjacent but dorsal and caudal to 
the riMLF (see Fig. 16.17).209 For upgaze, fibers from the inC 
cross via the posterior commissure, then connect to the contra-
lateral superior rectus and inferior oblique subnuclei. For 
downgaze, fibers travel across the posterior commissure, then 
innervate the contralateral inferior rectus subnucleus and 
fourth nerve nucleus (see Fig. 16.18).

The major clinicoanatomical implications of  this arrange-
ment are:

1. Since the inC is considered a vertical and torsional inte-
grator, lesions may produce vertical and torsional gaze-
holding deficits.

2. Lesions to the inC or the afferents projecting to this nucleus 
may impair the vertical VOR,210 while in contrast lesions 
solely of  the riMLF tend not to affect it.

3. Destructive lesions of  the inC may result in an ocular tilt 
reaction given disruption of  the utricle-ocular motor 
pathways. For instance, a lesion of  the left inC may produce 
a left hypertropia due to a skew deviation, counterroll of  
each eye toward the right shoulder, and a right head tilt 
(see Chapter 15).

4. Lesions involving the projections of  the inC in the posterior 
commissure are thought to produce vertical gaze abnor-
malities for all classes of  eye movements. This is particu-
larly true for upgaze.

oscillation cycles of  only 2.5–8 seconds.198 The patient appears 
as if  they are watching a ping-pong match. The side-to-side 
movements are usually smooth and sinusoidal, but a sac-
cadic form has also been described.199

Ping-pong gaze is almost always seen in comatose or stu-
porous patients but implies the brainstem, especially the pons, 
is relatively intact. The responsible lesions are thought to 
disconnect the pontine gaze centers from cortical influences, 
which may hypothetically release vestibular generators. This 
concept is supported by the fact that awake patients may 
have ping-pong gaze that is apparent only with fixation 
removed.200 The lesions are typically rostral midbrain-
thalamic, bilateral basal ganglia, or bilateral hemispheric.200,201 
Cases associated with a cerebellar vermis hemorrhage202 and 
bilateral cerebral peduncle infarctions have been reported.203

Vertical Conjugate Gaze: 
Neuroanatomy

Crucial supranuclear structures mediating vertical gaze are 
located in the midbrain at the level of  the pretectum  
(Figs. 16.17 and 16.18). This term refers to the area in the 
midbrain immediately rostral to the tectum, another designa-
tion for the superior and inferior colliculi. The pretectum is 
also just rostral to the level of  the third nerve and red nuclei. 
The two most important pretectal areas are the riMLF and inC.

Rostral interstitial nuclei of  the medial longitudinal 
fasciculus (riMLF). At the pretectal level, in an area of  the 
midbrain termed the mesencephalic reticular formation, upward 
and downward saccades are mediated by burst neurons within 
the paired paramedian riMLF (see Figs. 16.17 and 16.18).204–206 
These lie immediately above the rostral-medial portions of  

Figure 16.17. A schematic sagittal view of the upper brainstem, to 
demonstrate the anatomical localization of some structures involved 
in the generation of vertical eye movements. (III, Oculomotor nucleus; 
IV, trochlear nucleus; iC, interstitial nucleus of Cajal; ic, inferior colliculus; 
iMLF, (rostral) interstitial nucleus of the MLF; mb, mammillary body; MLF, 
medial longitudinal fasciculus; MRF, mesencephalic reticular formation; 
NIII, oculomotor nerve; NIV, trochlear nerve; NVII, facial nerve; nD, nucleus 
Darkschewitsch; PC, posterior commissure; sc, superior colliculus. (Adapted 
with permission from Büttner-Ennever JA, Anatomy of the ocular motor 
nuclei. In Kennard C, Rose FC (eds): Physiological Aspects of Clinical Neuro-
ophthalmology, p 203, Year Book, Chicago, 1988.)
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nucleus of  Darkschewitsch in vertical eye movements is 
unclear.

There is considerable evidence in animals that the superior 
colliculus has a role in rapid gaze shifts, such as facilitating 
and inhibiting reflexive visually guided saccades. The func-
tion of  the superior colliculus with regard to eye movements 
in man is probably similar but is less well understood, as 
isolated lesions of  the superior colliculus are only rarely 
reported in humans.69

5. Interestingly, the vertical saccades may be limited in their 
range of  movement, but their velocities will be normal 
with lesions involving the inC but sparing the riMLF.

Other supranuclear structures. In addition to the riMLF  
and inC, the nucleus of  the posterior commissure (nPC)  
and M-group neurons likely aid in coordinating eyelid and 
vertical eye position (see Chapter 14) and also may play  
an important role in mediating upgaze. The role of  the  

B

A

Figure 16.18. Major pathways subserving vertical eye movements.169,208 For simplicity only fibers from one rostral interstitial nucleus of the medial 
longitudinal fasciculus (riMLF) and one interstitial nucleus of Cajal (inC) are shown on each side; the other riMLF and the other inC have identical, but 
mirror-image, projections. A. Upward eye movements. Neurons from the riMLF, which contain burst neurons for vertical saccades, project ipsilaterally 
to the oculomotor nuclear complex. There fibers divide, with some crossing at this level, to innervate the superior rectus (SR) and inferior oblique (IO) 
subnuclei bilaterally. On the other hand, fibers from the inC, the neural integrator for vertical gaze, cross within the posterior commissure (PC) before 
reaching the contralateral oculomotor complex and the SR and IO subnuclei. The riMLF sends efferent fibers to both inCs. The nucleus of the posterior 
commissure (nPC) may also mediate upgaze through uncertain pathways. B. Downward eye movements. For downgaze, each riMLF supplies the 
ipsilateral inferior rectus subnucleus and the fourth nerve nucleus (IVth n.), which innervates the contralateral superior oblique muscle. Axons from 
the inC cross via the posterior commissure then innervate the contralateral inferior rectus subnucleus and fourth nerve nucleus. 
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The cortical control of  vertical eye movements is incom-
pletely understood. Fibers from the frontal and supplementary 
eye fields mediating voluntary vertical saccades may pass 
through the thalamus before reaching the pretectum.211 
Reflexive vertical saccades may be mediated by axons arising 
from the parietal lobe.212

Vertical Gaze Limitations

PRETECTAL (PARINAUD, DORSAL  
MIDBRAIN) SYNDROME

This syndrome, the elements of  which are listed in Box 16.5, 
is highlighted by supranuclear vertical upgaze paresis due 
to a dorsal midbrain disturbance (Fig. 16.19). Other promi-
nent features include pupillary and eyelid abnormalities, as 
well as convergence retraction nystagmus (saccades). Ana-
tomical terms such as pretectal syndrome213 and dorsal midbrain 
syndrome can also be used.

A lesion in the posterior commissure appears to be the 
one critical for producing the pretectal syndrome and all of  
the major elements.214 The following sections describe the 
major and minor elements and some of  the important dis-
orders which commonly cause the pretectal syndrome.

Box 16.5 Elements of the Pretectal  
(Parinaud) Syndrome

Major Components

Supranuclear vertical gaze paresis
Pupillary light-near dissociation
Lid retraction (Collier’s sign)
Convergence–retraction nystagmus

Minor Components

Pseudo-abducens palsy (thalamic esotropia)
Convergence insufficiency
Accommodative insufficiency

Associated Ocular Motility Deficits

Skew deviation
Third nerve palsy
Internuclear ophthalmoplegia
See-saw nystagmus

E

DC

BA

Figure 16.19. Parinaud syndrome due to pineal region tumor. This 
patient exhibited (A) left eyelid retraction (Collier’s sign), (B) supra-
nuclear upward gaze palsy, (C) convergence retraction nystagmus, 
and (D) pupils which reacted sluggishly to light (E) but react normally 
during near viewing (pupillary light-near dissociation). 

Symptoms. Common neuro-ophthalmic complaints asso-
ciated with the pretectal syndrome are difficulty looking up, 
diplopia, and blurred vision at near. Accompanying neurologic 
symptoms such as headache, nausea, and vomiting are sug-
gestive of  obstructive hydrocephalus. Acute pretectal 
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ophthalmoplegia may occur when inC, the oculomotor  
nerve nucleus or fascicle, or MLF, respectively, are disrupted 
by dorsal midbrain lesions which are large enough to affect 
the midbrain tegmentum. The skew may alternate sides222 
or be part of  an ocular tilt reaction.223 They are discussed 
in detail in Chapter 15. See-saw nystagmus is reviewed in 
Chapter 17.

Etiologies of  the pretectal syndrome. Diagnostic con-
siderations should be made in the context of  the patient’s 
age. In infants, obstructive hydrocephalus is the most common 
cause. In toddlers and other young children, pineal region 
masses are more common. In contrast, in adults, strokes 
and hemorrhages are the most frequent etiology.

Hydrocephalus. Pretectal signs and symptoms are frequently 
the first manifestations of  obstructive (noncommunicating) 
hydrocephalus. The forced downward eye position in infants 
with hydrocephalus is said to mimic two setting suns. The 
mechanism is likely dilation of  the third ventricle and of  the 
rostral aqueduct, causing compression of  pretectal struc-
tures.224 Aqueductal dilation may also increase periaqueductal 
tissue water, which may decrease blood flow to structures 
in this area.225 Ocular motor deficits usually resolve within 
days or weeks following ventricular decompression, but some 
patients are left with subtle permanent findings. Typical eti-
ologies include congenital aqueductal stenosis or posterior 
fossa tumors causing fourth ventricular or aqueductal 
compression.

Pineal region tumors. Neoplasms in this region, when large 
enough, may compress the superior colliculi posteriorly  
and present with the pretectal syndrome. Most pineal  
region tumors present with signs and symptoms due to 
increased intracranial pressure, such as papilledema, while 
some present with the pretectal syndrome (Fig. 16.21; see 
also Fig. 13.9).226

One of  the common neoplasms occurring in this region 
is a germinoma, which when isolated is associated with an 
excellent long-term outcome following radiation therapy. 
Treatment and presentation of  germinomas, which also occur 
commonly in the sellar region, are discussed in Chapter 7. 
Less common germ cell tumor types occurring in the pineal 
region include embryonal cell, endodermal sinus, chorio-
carcinoma, and mature and immature teratomas.227

The other common tumor type in this area is a pineal 
blastoma, which is more highly malignant. They are also 
termed pineal primitive neuroectodermal tumors (PNET) and 
are similar in pathologic characteristics to medulloblastomas 
and supratentorial PNETs. These require surgical removal, 
exclusion of  subarachnoid seeding, then in most instances 
radiation and chemotherapy. Pineal cytomas tend to occur 
in older individuals and are usually more benign. Occasion-
ally aggressive atypical rhabdoid tumors are seen in this 
region as well.

Following complete surgical or radiotherapeutic decom-
pression of  pineal region tumors, for unclear reasons, many 
of  the elements of  Parinaud syndrome often persist.

Pineal region cysts. Fluid-filled structures abutting the supe-
rior colliculi are usually asymptomatic.228 They are often 
discovered incidentally in patients undergoing neuroimaging 
for other reasons such as headache. On MRI the cyst fluid, 
contained by a thin wall, is isointense or slightly hyperintense 
compared with cerebrospinal fluid (CSF). On computed tomog-
raphy (CT), the cyst rim may contrast-enhance. They usually 

neuro-ophthalmic symptoms in addition to ataxia or altera-
tion in consciousness can occur in a midbrain infarction or 
thalamic hemorrhage.

Vertical upgaze paresis in the pretectal syndrome. 
The vertical gaze restriction in this syndrome results  
from involvement of  the posterior commissure, inC, or riMLF 
(see Figs. 16.17 and 16.18). Although vertical saccades  
and pursuit are both affected, the deficit of  saccades is  
usually more prominent. Upgaze deficits may be seen alone 
or in combination with downgaze paresis, depending on the 
location of  the involvement; lesions affecting the posterior 
commissure usually produce greater involvement of  upgaze, 
while those located more ventrally are usually associated 
with greater downgaze paresis.204 The VOR and attempted 
eye closure usually improve the vertical gaze limitation.215 
Lack of  improvement by these measures frequently indicates 
coinvolvement of  the third nerve nuclei or fascicles.

Other major elements of  the pretectal syndrome.

1. Pupillary light-near dissociation. The pupils are typically 
midposition (see Fig. 13.9), and they are poorly reactive 
to light but more reactive during near viewing (see Fig. 
16.19D,E, Video 13.1). The pathophysiology is discussed 
in Chapter 13.

2. Eyelid retraction (Collier’s sign). The eyelids may be elevated 
above the limbus in primary gaze (see Figs. 16.19A and 
16.20A). Sometimes there is also lid lag in downgaze. 
The involved pathways and mechanism are discussed in 
Chapter 14.

3. Convergence retraction nystagmus (saccades). Especially in 
attempted upward saccades, the eyes may jerk inward 
and into the globe (see Fig. 16.19C, Videos 16.10 and 
16.11). This type of  nystagmus, which is reviewed in 
Chapter 17, is highly localized to the pretectum.

Minor elements of  the pretectal syndrome.

1. Pseudo-abducens palsy. Although the pons and sixth nerve 
may be spared, the eyes in patients with pretectal lesions 
may be esotropic (Figs. 16.20B).216,217 One or both  
eyes may have an apparent abduction deficit which is vari-
able and usually overcome by the horizontal VOR. The “tha-
lamic esotropia”218,219 associated with thalamic strokes and 
hemorrhages is likely explained by pretectal involvement.220 
Like convergence retraction nystagmus, this ocular motility 
finding may in part reflect excess convergence tone (due to 
disruption of  descending pathways that normally inhibit 
convergence), as the pupils can be miotic. Other explanations 
include disruption in supranuclear fibers governing horizontal 
conjugate gaze and fixation with the contralateral eye, which 
may have an adduction deficit due to an oculomotor palsy.221

2. Convergence and accommodative insufficiency. The critical 
structures for convergence (bilateral adduction) and accom-
modation lie in the midbrain and are reviewed in Chapter 
13. Both functions are required for binocular viewing of  
near targets. Convergence insufficiency (see Chapter 15) 
causes horizontal binocular vision at near. Patients with 
accommodative insufficiency are unable to focus on near 
targets and may require the aid of  plus lenses. We have 
seen young children with pineal region masses whose first 
complaints were diplopia and blurred vision at near.

Other associated ocular motility deficits. Skew devia-
tion, see-saw nystagmus, third nerve palsy, and internuclear 
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Figure 16.20. Parinaud syndrome with a right pseudo-abducens palsy 
due to thalamic hemorrhage. A. This patient exhibited lid retraction 
(Collier’s sign), supranuclear upward gaze palsy, pupillary light-near 
dissociation and (B) a right pseudo-abducens nerve palsy. Axial 
T2-weighted magnetic resonance imaging demonstrates residual cavity 
surrounded by hemosiderin (arrows) in the right posterior thalamus 
(C,D) and right dorsal midbrain and posterior commissure (E). 
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plate.229 They are characterized pathologically as low-grade 
astrocytomas and radiographically on MRI by hyperintensity 
on T2-weighted images and gadolinium enhancement. Despite 
their location, they tend to be asymptomatic unless aque-
ductal compression and noncommunicating hydrocephalus 
occur. Consequently the pretectal syndrome and signs and 
symptoms of  elevated intracranial pressure such as headache, 
nausea, vomiting, and papilledema may be seen. Symptomatic 
tectal gliomas are usually treated with ventriculoperitoneal 
shunting or endoscopic third ventriculostomy to relieve the 
hydrocephalus, then serial examinations and radiographic 
observation of  the neoplasm.230 The pretectal syndrome tends 
to resolve following decompression of  the hydrocephalus, 
suggesting it was the result of  the enlarged ventricles and 
not of  the tumor itself. Surgery of  the tumor is usually not 
performed unless the lesion is exophytic, progressive, or 
appears to be higher grade,231 when radiation or chemo-
therapy are also considered.

Paramedian midbrain or thalamic infarction. “Top of  the 
basilar” strokes are associated with various combinations 
of  oculomotor, behavioral, and motor findings.216 The infarc-
tions occur in the distribution of  paramedian-penetrating 
arteries arising from the proximal posterior cerebral arteries 
at the basilar bifurcation (P1 segments, or Percheron’s basilar 
communicating arteries232) (see Fig. 8.1). The strokes can 
be unilateral, but because one paramedian artery may bifur-
cate and supply both sides of  the mesencephalon and both 
thalami, often bilateral infarction at the two levels is seen 
(Fig. 16.22).233 The infarctions sometimes take on a “but-
terfly” shape when viewed coronally. The etiology is typically 

can be followed conservatively with serial examinations  
and neuroimaging. In only unusual instances the cysts are 
large enough to cause aqueductal compression and 
hydrocephalus.

Tectal gliomas. These relatively benign tumors usually sur-
round the Sylvian aqueduct and involve the superior collicular 

Figure 16.21. Pineal region tumor (arrow) associated with Parinaud 
syndrome. Note compression of the posterior portion of the midbrain 
(asterisk). 

BA

Figure 16.22. Top of the basilar infarction presenting with upgaze paresis and lethargy. A. Axial magnetic resonance imaging (MRI) with gadolinium 
through the midbrain demonstrating paramedian infarction of the ventral (large arrow) and dorsal (small arrow) mesencephalon. B. In the same patient, 
more rostral axial MRI showing bilateral mesial thalamic infarctions (arrows). 
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Other etiologies. A large variety of  vascular, inflammatory, 
and compressive lesions have also been reported in associa-
tion with the pretectal syndrome. These include: transtentorial 
herniation,240 arteriovenous malformations,213 cavernous 
hemangiomas,241,242 multiple sclerosis,243–246 and posterior 
fossa aneurysms.247

OTHER MESENCEPHALIC VERTICAL  
GAZE DEFICITS

Supranuclear downgaze paresis. Isolated downgaze paresis 
due to a midbrain lesion is much less common than isolated 
upgaze paresis or combined upgaze and downgaze paresis. 
Downgaze paresis may occur following damage in the mes-
encephalic reticular formation just dorsal and medial to the 
upper halves of  the red nuclei.204,248 Such lesions disrupt the 
efferents which emerge from the caudal–medial portions of  
the riMLF and head caudally toward the third and fourth 
nerve nuclei (see Fig. 16.18). As alluded to earlier, lesions 
producing prominent downgaze palsy are almost always 
bilateral,248–250 but exceptional cases have been reported.251

The most common cause is a vascular insult involving a 
paramedian artery of  the mesencephalon and thalamus.252 
However, degenerative disorders such as progressive supra-
nuclear palsy (see later discussion), and less commonly  
Huntington disease and pantothenate kinase–associated 
neurodegeneration, should be considered.253

Vertical “one-and-a-half ” syndrome. There are two 
variations of  this ocular motility disorder, which borrow their 
label from their horizontal counterpart. In one of  these verti-
cal types, a monocular paresis of  downgaze accompanied 
by a bilateral symmetric upgaze deficit can be caused by a 
unilateral thalamomesencephalic lesion.254 The monocular 
downgaze deficit results either from disruption of  the ipsi-
lateral inferior rectus portion of  the oculomotor fascicle or 
an inferior rectus skew deviation (see Chapter 15). The upgaze 
paresis is due to involvement of  either the (1) posterior com-
missure, resulting in a supranuclear vertical gaze paresis, 
or the (2) oculomotor nucleus, which would lead to bilateral 
superior rectus weakness (see Chapter 15).

In another variation, there is a bilateral symmetric down-
gaze deficit accompanied by a monocular upgaze palsy. The 
downgaze paresis of  saccades results from bilateral lesions 
in the mesencephalon affecting the downgaze efferents from 
the riMLF. The monocular upgaze deficit can be explained 
by disruption of  the supranuclear fibers for upgaze of  one 
eye (see Supranuclear Monocular Elevator Palsy in Chapter 
15), by a superior rectus skew deviation, or by involvement 
of  the fascicular fibers for the superior rectus and inferior 
oblique.255

OTHER NEUROLOGIC DISORDERS ASSOCIATED 
WITH VERTICAL GAZE DEFICITS

Limited upgaze in elderly patients. Conjugate upgaze may 
be limited or reduced in otherwise normal elderly individu-
als.256 Chamberlain257 measured eye elevation in 367 normal 
volunteers from ages 5–94 years. Those who were 5–14 years 
of  age averaged 40.1 degrees of  upward rotation, while those 
between 45 and 54 years averaged 30.4 degrees, and those 
aged 85–94 years averaged 16.1 degrees. Downward rota-
tions did not vary between age groups. The mechanism is 

vertebrobasilar atherosclerosis, but emboli to the basilar 
bifurcation and proximal posterior cerebral arteries may also 
be responsible.

When the lesions are ventral in the mesencephalon, fas-
cicular third nerve palsies accompanied by contralateral 
weakness or ataxia are seen (see Chapter 15). Rarely, pedun-
cular hallucinations (see Chapter 12) may also develop in 
ventral lesions. More dorsal infarction may affect the midbrain 
tegmentum and pretectum (see Fig. 16.22).234 These patients 
often exhibit nuclear and supranuclear vertical ocular motor 
disturbances and hypersomnolence due to disruption of  the 
ascending reticular activating fibers and thalamic structures 
governing nonrapid eye movement (NREM) sleep.235,236 
Sensory deficits, aphasia, akinetic mutism, amnesia, and 
coma may also result from thalamic involvement.237 If  the 
proximal posterior cerebral artery is occluded, occipital  
lobe infarction leading to visual field defects (see Chapter 8) 
and higher cortical visual disturbances (see Chapter 9) may 
be seen.216

Thalamic hemorrhages. These lesions were discussed previ-
ously in the section on horizontal gaze deviation. However, 
downward extension or hydrocephalus due to intraventricular 
extension of  a thalamic hemorrhage may cause a pretectal 
syndrome.193 In more severe cases the eyes may be esotropic 
and pointed downward, as if  they were peering at the nose 
(Fig. 16.23). The pupils tend to be small and sluggish or 
unreactive to light. The combination of  a hemiparesis, sensory 
loss, hemianopia or aphasia, and pretectal syndrome is highly 
suggestive of  a thalamic hemorrhage.

Thalamic tumors. The pretectal syndrome may result from 
thalamic tumors, usually gliomas, which extend below the 
tentorium to involve the upper midbrain. Third ventricular 
compression may also lead to hydrocephalus and pretectal 
signs and symptoms on that basis.

Infections. Tuberculomas and toxoplasmosis abscesses in 
the dorsal midbrain region should be considered, especially 
in immunocompromised patients such as those with acquired 
immunodeficiency syndrome (AIDS).238,239 In Keane’s series,213 
cysticercosis was one of  the most frequent causes of  dorsal 
midbrain syndrome. However, this likely reflected the preva-
lence of  this infection in his patient population.

Figure 16.23. Severe downgaze deviation and stupor due to thalamic 
hemorrhage with intraventricular extension and hydrocephalus. 
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inability to look downward, patients with PSP can be “messy 
eaters.”265

The clinical hallmark of  PSP is a supranuclear vertical 
gaze paresis (Fig. 16.24, Video 16.12), typically downward 
more than upward, which is usually evident within 3 years 
of  symptom onset.265 Vertical VOR, sometimes made difficult 
by nuchal rigidity, overcomes the vertical paresis early in 
the disease course. Compensatory head thrusting is not 
observed. At first volitional vertical saccades are hypometric 
or slow, but later they may become absent. Another initial 
ocular motor abnormality can be absent or defective down-
ward fast phases following intact upward pursuit when 
optokinetic stimuli are moved upwards. Convergence is often 
impaired, and pursuit may be saccadic or “cogwheel.”266 As 
the disease progresses, horizontal gaze may become affected. 
In late, severe cases, some patients with PSP may develop 
an internuclear267,268 or complete nuclear ophthalmopare-
sis.269 However, autopsy-proven cases without eye movement 
deficits are well recognized.270

Other neuro-ophthalmic findings include horizontal square-
wave jerks (Video 17.35),266 loss of  convergence, blepharo-
spasm, eyelid-opening apraxia (Video 14.4), and impaired VOR 
suppression.264,270–272 Many have a characteristic facies with 
eyelid retraction, slow blink rate, and staring (Fig. 16.24).273–275

Neurologic features. The most common initial neurologic 
complaints are postural instability and falling (often backward), 
gait difficulty, dysarthria, and memory problems. Common 

unclear, but the deficits in many instances appear to be 
supranuclear, although changes of  the extraocular muscles 
themselves may also play a role.

Progressive supranuclear palsy. In 1963 and 1964, 
Steele, Richardson, and Olszewski258–260 reported the clinical 
and pathologic findings of  a neurodegenerative disorder to 
which there had previously been only vague reference in 
the literature. Clinically, their patients had progressive supra-
nuclear ophthalmoparesis, pseudobulbar palsy, dysarthria, 
and rigidity of  the neck and upper trunk. Pathologically, 
there were globose neurofibrillary tangles, neuronal loss, 
granulovascular degeneration, and gliosis in the basal ganglia, 
cerebellum, and mesencephalon. Richardson called the dis-
order progressive supranuclear palsy (PSP), although the des-
ignation Steele–Richardson–Olszewski syndrome is sometimes 
used.261 Today PSP is considered highly in the differential 
diagnosis of  “parkinsonism plus.”

Because neuro-ophthalmic signs and symptoms are so 
prominent in PSP, it is appropriate here to review the disorder 
in more detail.

Demographics. PSP is more common in elderly men than 
women and is uncommon before age 50 years.262,263

Neuro-ophthalmic features. Eye movement abnormalities 
are eventually seen in the majority of  patients with PSP. 
Affected patients may complain of  blurred vision, trouble 
focusing, difficulty reading or looking down steps, eye pain, 
irritation, photophobia, or diplopia.264 Because of  their 

C

B

A

Figure 16.24. Patient with progressive supranuclear palsy. A. Characteristic stare. Defective (B) upgaze and (C) downgaze were also present. 
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bottom of  progressive lenses. Instructing such patients to 
bring reading materials to eye level may be the most practical 
advice, along with prescribing full-frame single-vision reading 
glasses for near and avoidance of  bifocals or progressive 
lenses.264 Reading may also be complicated by convergence 
insufficiency, which can be ameliorated with base–in prisms. 
Base-up prisms may be tried in patients with downgaze paresis 
to improve their awareness of  objects below their eyes, but 
most find this too confusing.

Niemann–Pick Disease. The Niemann–Pick disorders are 
autosomal recessive lysosomal storage conditions character-
ized by hepatosplenomegaly and progressive neurologic 
deterioration. The type C chronic neuronopathic form, one 
of  the type II disorders in the more modern classification, 
typically presents with supranuclear vertical gaze paresis, 
mental and motor deterioration, ataxia, and visceromegaly.298 
The disorder has been mapped to chromosome 18q11–12 
in most studied families. It is caused by a defect in intracel-
lular mobilization and esterification of  low-density lipoprotein 
(LDL)-derived cholesterol, resulting in significant accumula-
tion of  cholesterol. Three subtypes of  Niemann–Pick type C 
have been identified: (1) a rapidly progressive infantile form, 
(2) a juvenile form which occurs in previously healthy chil-
dren, and (3) a slowly progressive form in adolescents and 
adults.299,300 Diagnosis can be made with biochemical evalu-
ation of  plasma chitotriosidase activity and oxysterol levels, 
filipin staining of  patient skin fibroblasts, NPC1 and NPC2 
gene sequencing, and abdominal ultrasound.301 The bone 
marrow typically exhibits sea-blue histiocytes and foam cells. 
Treatment, which is usually aimed at reducing cholesterol 
intake and administering cholesterol-lowering agents, is 
relatively ineffective, although there is some suggestion that 
miglustat may stabilize neurologic manifestations.301

The ocular motor disturbance, which occurs in about two-
thirds of  cases (Video 16.13),302 typically presents as a supra-
nuclear downgaze saccadic paresis. This is followed by upgaze 
involvement, then results in extreme cases in a total vertical 
saccadic palsy303 where the VOR is preserved into very late into 
the disease, supporting a supranuclear origin.304 Vertical pursuit 
movements as well as horizontal eye movements are usually 
preserved. Because of  the characteristic phenotype, the desig-
nation DAF syndrome, for downgaze paresis, ataxia, and foam 
cells, has also been used.157 A macular cherry-red spot, second-
ary to opacification of  the nerve fiber layer, may also be seen.

Whipple disease. Central nervous system (CNS) involve-
ment is a well-recognized complication of  a multisystem 
chronic infection called Whipple disease, which is caused by 
the bacillus Tropheryma whippelii. In the brain there is a pre-
dilection for involvement of  the periaqueductal gray matter, 
hypothalamus, hippocampus, cerebral cortex, basal ganglia, 
and cerebellum.305

A supranuclear vertical gaze paresis, in either upgaze or 
downgaze, is observed in approximately one-third of  patients 
with CNS involvement (Video 17.30).306 When the vertical 
supranuclear gaze palsy is accompanied by dementia and a 
gait disturbance, Whipple disease may mimic progressive 
supranuclear palsy.307 In a smaller proportion of  patients, 
the supranuclear gaze paresis is both vertical and horizon-
tal,308 and in some cases there can be complete ophthal-
moplegia.309 The relative sparing of  horizontal movements 
until very late in the disease in PSP can help to distinguish 
the two diseases.

behavioral features include apathy, disinhibition, depression 
or withdrawal, but not irritability or agitation.276

On examination, parkinsonism is the most conspicuous 
finding and is characterized by bradykinesia and rigidity. 
Until patients with PSP develop the characteristic ocular 
motility findings, many are mistakenly given the diagnosis 
of  Parkinson’s disease. However, in PSP, tremor is usually 
absent, and the rigidity is typically axial, affecting the neck 
and trunk, more than appendicular. Patients with PSP typi-
cally stand more upright than those with Parkinson’s disease, 
who often have a flexed posture. In PSP, limb dystonia277 or 
apraxia278 may also be observed.

The combination of  a supranuclear vertical gaze paresis 
plus postural instability and falling is highly suggestive of  
the diagnosis of  PSP.273,279 The ophthalmoplegia and gait, 
speech, and swallowing difficulty inexorably progress.280,281 
The median survival time in PSP is approximately 6 years 
following symptom onset, but it can range from 1–17 years.282

Pathologic features. The diagnosis of  PSP can be established 
with certainty only at autopsy. Microscopically, gliosis, neu-
ronal loss, and globose neurofibrillary tangles or neuropil 
threads are seen in the subthalamic nucleus, substantia nigra, 
and globus pallidus.283 Other regions also involved include 
the striatum, periaqueductal gray, superior colliculi, oculo-
motor nuclei, red nuclei, locus ceruleus, pontine tegmentum, 
pontine nuclei, medulla, and cerebellar dentate nuclei.273,283,284 
Within the neurofibrillary tangles, intraneuronal inclusions 
formed by aggregated tau protein are observed. Abnormal 
tau, a microtubule-associated protein, also accumulates in 
other neurodegenerative disorders such as Alzheimer’s and 
Pick diseases.

The supranuclear vertical gaze paresis can be explained 
by the presence of  neurofibrillary tangles and neuronal 
damage to saccadic burst neurons in the riMLF.274,285,286 The 
inC may also be involved.287 Defective horizontal saccades 
may result from cell loss in the PPRF,288 while horizontal 
smooth pursuit impairment may be caused by damage in 
the nuclei of  the basis pontis.289 Damage to OPNs in the 
nucleus raphe interpositus in the pons, leading to disinhibi-
tion of  saccadic burst neurons, may be responsible for square-
wave jerks and other saccadic intrusions.290

Neuroimaging. MRI early in the course of  the disease may 
be normal. However, patients who have had PSP for years 
may exhibit putaminal hypointensity on T2-weighted images, 
representing iron deposition, and brainstem atrophy.291,292 
Focal midbrain atrophy, particularly of  the superior colliculus; 
blurring (“smudging”) of  the margins of  the substantia nigra; 
increased signal in the periaqueductal area; and atrophy of  
the superior cerebellar peduncles may also be seen.150,293,294 
When the midbrain is atrophied in PSP, on sagittal views on 
MRI the brainstem is said to appear like the silhouette of  a 
penguin or hummingbird (midbrain = head and beak; pons 
= body).295,296

Treatment. Although dopaminergic drugs such as levodopa, 
amantadine, bromocriptine, or pergolide are generally unhelp-
ful, a minority of  patients may experience a transient mild 
to moderate benefit with these drugs.269,297 However, the 
improvement is usually seen in the parkinsonism and bulbar 
signs, but not in ocular motility.

Difficulty reading is a major complaint of  patients with 
PSP because of  their inability to look downward at their 
reading material and through their bifocal segment or the 
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as well as voluntary saccades with antisaccade tasks.335,336 
Less commonly seen are slowed or limited vertical saccades 
(downward),337 dysmetric saccades, or even ophthalmopa-
resis. We have also seen a patient with idiopathic calcification 
of  the basal ganglia and dentate nuclei (Fahr disease) pre-
senting with supranuclear ophthalmoparesis and parkinson-
ism, mimicking progressive supranuclear palsy.338

Paraneoplastic brainstem encephalitis. Ophthalmoparesis, 
both of  nuclear and supranuclear origin, may be a mani-
festation of  a paraneoplastic brainstem encephalitis, and 
associations with anti-Ma2, anti-Ri, anti-VGCC, anti-Ta 339–341 
antibodies have been described. Internuclear ophthalmoplegia 
has been observed with anti-Hu, anti-Ma2, and anti-Ri 
antibodies.342

Abnormal Vertical Conjugate 
Gaze Deviations

OCULOGYRIC CRISES

Oculogyric crises are a dystonia of  ocular muscles343 char-
acterized by dramatic involuntary conjugate deviation of  
the eyes.344 The eyes usually inadvertently move straight 
upward or up and to the left or right, and the position can 
change from crisis to crisis. Oculogyric crises are often asso-
ciated with thought or emotional disturbances such as anxiety 
and restlessness, are preceded by a brief  stare, and generally 
last from seconds to hours, with the entire episode lasting 
days to weeks.345 Frequently they are accompanied by other 
dystonic or dyskinetic movements such as tongue protrusion, 
lip smacking, blepharospasm, choreoathetosis, anterocollis, 
and retrocollis.346–348

In the 1920s the French described crises (crises oculogyres) 
as complications of  postencephalitic parkinsonism,344,349 but 
today they are usually acute or tardive extrapyramidal reac-
tions to neuroleptics (see Table 16.3), mainly first generation, 
but also second and third generation (aripiprazole,350 que-
tiapine, 351 olanzapine,352 ziprasidone353) In addition to post-
encephalitic parkinsonism, oculogyric crises have been 
associated with other neurologic disorders such as Parkinson’s 
disease,354 familial Parkinson’s–dementia syndrome,355 dopa-
responsive dystonia,356 parkinsonism with basal ganglia 
calcifications (Fahr disease),357 neurosyphilis, multiple scle-
rosis, ataxia–telangiectasia,358 Rett syndrome,359 Wilson 
disease,360 cerebellar disease, trauma,361 acute herpetic brain-
stem encephalitis,362 a third ventricular cystic glioma,363 
paraneoplastic disease,339 midbrain lesions,364 and striato-
capsular infarction.365,366 Besides neuroleptics, other medica-
tions have also been implicated (see Table 16.3).

The etiology of  oculogyric crises is not certain. In post-
encephalitic patients, some authors believed they resulted 
from a release of  supranuclear control of  oculomotor centers 
as a result of  injury to the corpus striatum or subthalamic 
nucleus.344 Onuaguluchi349 hypothesized they were due to 
an abnormal VOR in the setting of  brainstem lesions involv-
ing vestibular pathways. Leigh et al.345 attributed the devia-
tions to an incorrect efference copy of  eye position. Based 
on the response to anticholinergic agents in neuroleptic-
induced crises, they alternatively invoked a defect in mesen-
cephalic vertical gaze-holding mechanisms normally 
dependent on balanced cholinergic and dopaminergic 

Oculomasticatory myorhythmia, characterized by pendular 
convergent–divergent nystagmus associated with rhythmic 
movements of  the muscles of  mastication, face, and extremi-
ties, is considered virtually pathognomonic (see also Chapter 
17) (Video 17.30).305,310 In a large metaanalysis of  reported 
patients with Whipple disease,306 oculomasticatory myorhyth-
mia was found to always occur with a supranuclear gaze 
paresis. Hypothalamic involvement may result in the syndrome 
of  inappropriate antidiuretic hormone secretion (SIADH), 
insomnia, hypersomnia, and hyperphagia. Cognitive and psy-
chiatric symptoms are also observed frequently.306

The most common systemic symptoms in Whipple disease 
are gastrointestinal and include malabsorption, abdominal 
pain, weight loss, and diarrhea, but these may be absent in 
cases of  CNS Whipple disease.306 Rarely ocular involvement 
can occur and is characterized by uveitis, keratitis, vitreous 
hemorrhage, retinitis, or optic disc edema.311,312

Midbrain, hypothalamic, and temporal lobe hyperintensi-
ties may be seen on MRI,313 and the spinal fluid analysis may 
reveal a pleocytosis and elevated protein. However, both 
neuroimaging and spinal fluid may also be normal. The 
diagnosis is best established by small bowel biopsy or other 
samples of  involved tissue and demonstration of  T. whippelii 
DNA by polymerase chain reaction (PCR) testing.314–316 Stain-
ing for period acid–Schiff  (PAS)-positivity in macrophages, 
which can also be used, is not as sensitive or specific. Electron 
micrographic demonstration of  the organism can be per-
formed. T. whippelii is difficult to culture.

Treatment with antibiotics such as intravenous 
trimethoprim–sulfamethoxazole or ceftriaxone317 for 2 weeks 
followed by oral trimethoprim–sulfamethoxazole twice daily 
for 1 year is often effective.318 Tetracycline and chlorampheni-
col have also been used.

Miscellaneous. Amyotrophic lateral sclerosis, Some 
reports319–323 have suggested that supranuclear conjugate gaze 
rarely may be affected in amyotrophic lateral sclerosis (ALS, 
Lou Gehrig disease), even very early in its course. Saccadic 
and pursuit abnormalities have been documented.321,324–326 
Neuropathologic examination in two patients with supra-
nuclear upgaze paresis confirmed neuronal loss in the riMLF 
and periaqueductal gray and sparing of  the third and fourth 
nerve nuclei.323 Findings of  reduced smooth pursuit gain 
and increased saccadic intrusion amplitude (mainly square-
wave jerks) may be related to frontal lobe dysfunction, while 
slowing of  saccades and ophthalmoplegia are generally seen 
in patients with predominant bulbar involvement or very 
late in the disease course.324 Ocular motor palsies in ALS are 
discussed in Chapter 15.

Other neuromuscular conditions. Subclinical defective sac-
cades have been documented in myotonic dystrophy. The 
defect may be peripheral or central in origin,327–331 although 
the peripheral–extraocular muscle hypothesis has perhaps 
been better substantiated.332 Saccades may also be defective 
in myasthenia gravis. These disorders are discussed in more 
detail in Chapter 14. Rare patients with mitochondrial dis-
orders such as MELAS (mitochondrial encephalomyopathy, 
lactic acidosis, and strokelike episodes; see Chapter 8) have 
been reported with slow horizontal saccades.333 Slow sac-
cades have also been reported in spinal and bulbar muscular 
atrophy (Kennedy disease).334

Other basal ganglia disorders. Pursuit (mainly vertical) has 
been found to be impaired in patients with Wilson disease, 
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systems.345 Another hypothesis explains oculogyric crises as 
a limbic–motor disorder.361

Treatment. Severe or painful oculogyric crises can be 
treated acutely with benztropine or diphenhydramine, intra-
muscularly or intravenously.361 A dose can be repeated in 
30 minutes if  there is no response. If  these are unsuccessful, 
then diazepam or lorazepam, intramuscularly or intrave-
nously, can be used. The underlying condition should be 
treated, or the offending drug removed or dosage lowered. 
Some patients with oculogyric crises due to neuroleptic use 
may require short-term treatment with oral benztropine or 
trihexyphenidyl for 2 weeks following the acute episode.361 
Seizures should be excluded with an electroencephalogram 
(EEG).

OCULAR TICS

Brief  dystonic eye rolling and torticollis, mimicking unsus-
tained oculogyric crises, have been described in tic disor-
ders.367,368 Benign ocular tics manifested by eye rolling (usually 
straight or obliquely upward), blinking, winking, and staring 
are commonly seen in otherwise healthy children,369 with 
a predilection for boys370 (Fig. 16.25). Typically an irresist-
ible urge and ability to suppress the eye movements occurs. 
Ocular tics may persist for years in approximately half  of  
affected patients, and some patients eventually exhibit addi-
tional nonocular or vocal (or both) tics.371 Rarely children 
with ocular tics eventually develop Tourette syndrome,371 
an inherited tic disorder characterized by vocal tics and 
behavioral disturbances in addition to motor tics.372 Isolated 
motor tics can also be secondary to drugs or basal ganglia 
injury (“acquired tourettism”).372 When bothersome, the tics 
may be treated with dopamine antagonists. Eyelid tics are 
discussed in Chapter 14.

BENIGN TONIC VERTICAL GAZE IN INFANCY

Tonic upward or downward gaze in infants, lasting weeks 
to months, with preserved level of  consciousness, is well-
recognized (Fig. 16.26 and Video 16.14).373–379 The gaze 
deviation is typically intermittent, lasting minutes, hours, 

BA

Figure 16.25. Benign ocular tics in an otherwise healthy boy. He developed brief episodes, each 1–2 seconds, of conjugate eye deviation either up 
and to the right (A) or up and to the left (B). 

Figure 16.26. Ten-day-old infant exhibiting episodic tonic downward 
gaze, which was easily overcome by vertical oculocephalic movements. 
The workup was negative and the disorder spontaneously resolved by 
4 months of age. 

or days. Salmina et al.380 found that in a case series of  46 
children with upgaze deviation, symptoms were first noted 
at a median of  9 months of  age (onset <2 years in 80%) and 
persisted for a median of  7 months. The eyes can easily be 
moved into a normal position with the VOR. There are usually 
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Eyes that are deviated downward suggest a dorsal midbrain 
or thalamic lesion such as an infarction, hemorrhage, or 
hydrocephalus. However, persistent downgaze has also been 
reported in patients with subarachnoid hemorrhage and 
hypoxic encephalopathy without pretectal lesions.387,388 Tonic 
upgaze may be observed in anoxia, presumably due to diffuse 
injury to the cortex and cerebellum.388,389 Inhibitory (Pur-
kinje) fibers from the cerebellum to the anterior semicircular 
canal pathways are removed, resulting in tonic elevation of  
the eyes. After several weeks following the initial injury, 
downbeat nystagmus may evolve as the cortical inputs begin 
to recover. In general, the appearance of  tonic upgaze after 
anoxic arrest is a poor prognostic sign for meaningful neu-
rologic recovery.

Conjugate gaze paresis. An inability to move the eyes con-
jugately either with the horizontal VOR or cold water calorics 
(see Chapter 2) is highly suggestive of  an ipsilateral sixth 
nerve nucleus lesion in the pons, but a vestibular nerve or 
nucleus lesion should also be excluded. Defective vertical 
gaze during the vertical VOR implies a midbrain lesion involv-
ing the inC or oculomotor nuclei, fascicles, or nerves. Vol-
untary saccadic and pursuit function is obviously untestable 
in comatose patients.

Localization in coma is discussed further in Chapter 2.
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17 Eye Movement Disorders: 
Nystagmus and Nystagmoid 
Eye Movements
DANIEL R. GOLD

nystagmus, increasing in congenital nystagmus, and decreas-
ing in gaze-evoked nystagmus (brainstem/cerebellar).1

SYMPTOMS ASSOCIATED WITH NYSTAGMUS

The accompanying symptoms may be extremely helpful in 
discerning the various forms of  nystagmus. Nystagmus may 
be asymptomatic or produce a jumping of  the visual envi-
ronment called oscillopsia. Oscillopsia commonly occurs with 
acquired nystagmus, and with jerk nystagmus, the environ-
ment is perceived to move in the direction of  the fast phase. 
Patients with oscillopsia and dizziness or vertigo are likely 
to have a vestibular disorder. In contrast, patients with con-
genital nystagmus typically have a reduction in visual acuity 
without oscillopsia.

EXAMINATION

The examination begins by observing the patient in primary 
gaze, with attention to the direction and quality of  nystagmus 
or nystagmoid movements, and whether there is tilting or 
turning of  the head, or ptosis.2 Then the eyes are viewed in 
all positions of  gaze to ensure a normal range of  eye move-
ments and to observe whether the nystagmus changes direc-
tion or its amplitude in lateral and vertical gaze. Smooth 
pursuit and saccades should be tested (see Chapter 16). An 
abnormality of  either the saccadic or the pursuit system 
suggests a central cause for the nystagmus. Ocular alignment 
should also be assessed.

Because damage to peripheral or central vestibular path-
ways may cause nystagmus, evaluation of  the VOR and 
vestibular system can offer important clues. In a normal 
individual, when a low-amplitude, rapid impulse of  the head 
to the right is performed, and the patient is asked to fixate 
on the examiner’s nose, the eyes quickly move to the left (the 
right horizontal semicircular canal (SCC) is stimulated), and 
fixation of  the target (nose) is well maintained (Fig. 17.2 
and Video 2.8). In a patient with right unilateral vestibular 
loss, with a rapid head impulse to the right, the eyes will 
initially move with the head to the right, and a leftward 
corrective saccade will be necessary for the eyes to refixate 
on the target. This is a positive head impulse test (HIT) to 
the right side and suggests a peripheral vestibular localiza-
tion with rare exceptions.3

Under certain conditions, suppression of  the VOR is neces-
sary so that foveation of  a target can be maintained despite 
a head movement. The cerebellum is primarily responsible 
for suppression or cancellation of  the VOR (see Fig. 2.29). 

Nystagmus is a rhythmic biphasic oscillation of  the eyes, 
and the slow phase eye drift initiates the movement. Nys-
tagmus should also be distinguished from other ocular oscil-
lations or nystagmoid eye movements. These other ocular 
oscillations usually do not have a slow phase and often rep-
resent disorders of  saccades. Characteristically, they interrupt 
foveal fixation, and although they can be distinguished clini-
cally, some may be best characterized by eye movement 
recordings.

This chapter reviews the symptoms and examination of  
patients with nystagmus and details each of  the important 
types of  nystagmus and nystagmoid eye movements and their 
pathophysiology and management.

Nystagmus

Nystagmus may occur physiologically in response to envi-
ronmental stimuli (optokinetic nystagmus (OKN)) or from 
rotation of  the head (vestibular-ocular reflex (VOR)). It may 
also be pathologic and signify damage to the peripheral or 
central vestibular pathways or visual pathways. One method 
to organize the different types of  nystagmus is to distinguish 
those cases with jerk properties from those with pendular 
waveforms and to consider the various types according to 
the patient’s age (Table 17.1). In pendular nystagmus, the 
phases are of  equal velocity, and there are no corrective sac-
cades. Jerk nystagmus has a slow (pathologic) phase followed 
by a fast (corrective, position reset) phase in the opposite 
direction. Entities such as congenital nystagmus and spasmus 
nutans are more likely to present in childhood.

By convention, the direction of  jerk nystagmus is named 
after the fast phase. Patients who have a slow phase to the 
left and a corrective phase to the right are said to have right-
beating nystagmus. Frequently, jerk nystagmus associated 
with vestibular disorders will have a torsional component. 
Torsional nystagmus is named by whether the top pole of  
each eye beats toward the patient’s right or left shoulder 
(Fig. 17.1). Pendular nystagmus has no fast phase, so it is 
usually described by its vector—whether it is primarily tor-
sional, vertical or horizontal (although convergent-divergent, 
see-saw and other forms exist). Occasionally, nystagmus 
results from a combination of  vertical and horizontal phases 
to produce a circular, elliptical, or oblique waveform.

Most forms of  nystagmus can be interpreted at the bedside. 
However, eye movement recordings can more accurately 
characterize the pathophysiologic substrate of  the nystagmus. 
For example, the slow-phase velocity is linear with vestibular 



PART 3 • Efferent Neuro-Ophthalmic Disorders586

In this test, combined eye–head movements are assessed by 
having the patient focus on an outstretched thumb while 
being rotated in a chair. During this maneuver, the eyes should 
be stable, and the appearance of  saccades suggests that the 
VOR cannot be adequately suppressed due to cerebellar dys-
function (Video 17.1). Abnormalities in VOR suppression 
and pursuit are almost always seen together unless there is 
bilateral vestibular loss and no VOR to suppress—in this case, 
VOR suppression will be less impaired than pursuit.

Caloric stimulation is another method of  assessing the VOR 
and provoking nystagmus. The test procedure itself  and mecha-
nism are discussed in detail in Chapter 2 (see Fig. 2.41).

These and other methods used to localize a central or 
peripheral vestibular process are outlined in Tables 17.2 and 
17.3. These assess the VOR, including consequences of  static 
(spontaneous nystagmus) and dynamic (+ ipsilateral HIT) 
VOR imbalance and the localizing value of  provocative neu-
rovestibular maneuvers.

The optokinetic flag (see Fig. 2.30) may be helpful in the 
diagnosis of  congenital nystagmus and convergence retraction 
nystagmus. Normally, the eyes follow (using smooth pursuit) 
then beat away (using saccades) from the direction of  the 
moving tape. Patients with congenital nystagmus may have 
a reversal of  the normal response in which the eyes beat in 
the direction of  the moving tape.4 Patients with a dorsal mid-
brain syndrome often display a characteristic eye movement 
abnormality, particularly in attempted upgaze, known as con-
vergence retraction nystagmus (saccades). This nystagmus may 
be elicited by moving the OKN tape downward to induce upward 
saccades. Other clinical uses are described later in this chapter.

Accurate assessment of  afferent visual function is also 
paramount, because long-standing vision loss and pendular 
or jerk nystagmus (or mixed pendular and jerk waveforms) 
suggest congenital sensory nystagmus. The Heimann–
Bielschowsky phenomenon (monocular pendular nystagmus) 
may be associated with optic nerve disease, severe amblyopia, 
dense cataract, high myopia, or other ophthalmic conditions 
and is usually monocular (or worse in the eye with poorer 
vision) and vertical.5 The examiner should be aware that in 
patients with congenital nystagmus, visual acuity should 
be tested with each eye separately then with both eyes open, 
in case there is superimposed latent nystagmus. The fundus 
examination might reveal a congenital optic disc abnormal-
ity, pigmentary retinopathy, or foveal hypoplasia (albinism) 
in congenital sensory nystagmus. More often than not, local-
ization of  nystagmus to the visual or vestibular pathways 
(central or peripheral) is possible by evaluation of  the visual 
system, cranial nerves, and cerebellar function.

PATHOPHYSIOLOGY OF NYSTAGMUS

Nystagmus may result from imbalance or a deficit in visual 
fixation; the vestibular system; smooth pursuit; vergence; 
and the optokinetic and neural integrator pathways. Failure 
of  visual fixation, vestibular imbalance, or impairment of  
the gaze-holding mechanisms are the most common causes 
of  nystagmus. Impaired visual fixation, due to disorders of  
the visual pathways, for instance, may cause the eyes to drift 
from an object of  regard and cause nystagmus.

The VOR allows images to remain steady on the fovea 
while the head is moving. Under normal conditions, the VOR 
generates slow eye movements that are opposite the direction 

Table 17.1 Grouping of Nystagmus Types by 
Waveform and Typical Age at Presentation

Type Childhood Any Age

Jerk Latent Vestibular
Peripheral and 

central
Gaze-evoked
Physiologic
Pathologic
Brun’s
Dissociated
Periodic 

alternating 
(PAN)

Downbeat
Upbeat
Convergence 

retraction
Epileptic
Drug-induced
Optokinetic
See-saw

Pendular Spasmus nutans Oculopalatal
Monocular nystagmus 

due to visual 
deprivation/loss

Oculomasticatory 
myorhythmia

See-saw

Either pendular 
and/or jerk in 
the same patient

Congenital

Figure 17.1. Diagram of torsional nystagmus. Nystagmus as demon-
strated in this figure is described as beating toward the patient’s right 
shoulder. 

Figure 17.2. Testing of the vestibular-ocular reflex by the head impulse 
test (HIT). The patient’s head is rotated quickly over short distances 
while the patient fixates on the examiner’s nose. Patients with a defec-
tive vestibular–ocular reflex will exhibit a corrective saccade to maintain 
fixation. 
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Table 17.2 Provocative Neurovestibular Maneuvers Used to Localize a Central or Peripheral Vestibular Process

Provocative 
Maneuver Procedure When to Perform

Physiology/ 
Interpretation

Relevant 
Conditions Notes

Removal of 
fixation

Occlusive 
ophthalmoscopy 
(see Fig. 17.3); 
Frenzel goggles 
(see Fig. 17.4)

When UVL is 
suspected; to 
better evaluate 
any nystagmus; 
with persistent or 
transient 
oscillopsia

Removal of fixation 
accentuates or 
brings out 
peripheral vestibular 
nystagmus

UVL as in vestibular 
neuritis; 
microsaccadic 
oscillations 
otherwise not 
visible on external 
examination

With a direct 
ophthalmoscope, the 
disc moves opposite 
to that observed due 
to its location 
posterior to the axis 
of rotation for 
horizontal and 
vertical vectors.

Dynamic visual 
acuity

Establish baseline 
binocular visual 
acuity; 
remeasured with 
2–3 Hz horizontal 
and vertical 
oscillations249

When UVL or BVL is 
suspected

UVL: may lose 2 or less 
lines of visual acuity

BVL: typically lose 4 or 
more lines

Gentamicin-induced 
BVL, sequential 
vestibular 
neuritis, bilateral 
Ménière’s; 
Wernicke’s 
encephalopathy; 
CANVAS250

Test uses visual acuity 
chart; distance is 
better than near.

Head impulse 
test (HIT)

With patient fixating 
upon examiner’s 
nose, a rapid 
horizontal head 
impulse is applied 
(see Fig. 17.2), 
and catch-up 
saccade indicates 
a hypoactive 
response249

When UVL or BVL is 
suspected

Positive test when a 
catch-up saccade is 
noted

A peripheral sign, 
used to 
differentiate 
vestibular neuritis 
from stroke in the 
AVS; any 
condition causing 
UVL or BVL

Rarely, a central lesion 
can cause a positive 
HIT.50

Valsalva/tragal 
compression

Valsalva against 
closed glottis; 
Valsalva against 
pinched nostrils; 
compression of 
the tragus or 
application of 
positive external 
auditory canal 
pressure

When Tullio 
phenomenon or 
autophonya is 
present

With a fistula, 
abnormal pressure 
or sound-induced 
endolymph flow and 
excitatory (pinched 
nose Valsalva) or 
inhibitory (regular 
Valsalva) nystagmus 
in plane of AC

Superior canal 
dehiscence 
syndrome

Valsalva can also 
increase ICP and may 
exacerbate or bring 
on nystagmus in 
Chiari.

Vibration Applied to right and 
left mastoid, 
vertex

When UVL or BVL is 
suspected

Excitatory stimulus to 
the vestibular 
system; transiently 
increases vestibular 
asymmetry if UVL, 
causing nystagmus 
with slow phase 
toward weak side

Vestibular neuritis 
or other UVL

If vertical nystagmus is 
seen, suspect a lesion 
of the central 
vestibular pathways.

Head shaking 2 Hz passive 
horizontal and 
vertical rotations 
for 10–15 cycles 
back and forth249

When UVL, BVL, or 
central vestibular 
lesion suspected

Transiently increases 
vestibular 
asymmetry if UVL, 
causing nystagmus 
with slow phase 
toward weak side

Vestibular neuritis 
or other UVL

If vertical nystagmus is 
seen, suspect a lesion 
of the central 
vestibular pathways.

Hyperventilation 40–60 seconds of 
hyperventilation

When a peripheral or 
central vestibular 
lesion is suspected

Increases CSF pH, 
increases ICP

UVL; acoustic 
neuroma; 
vascular 
compression of 
VIIIth nerve; 
cerebellar/ 
cervicomedullary 
disease (DBN)251

Spontaneous 
nystagmus from a 
demyelinating 
plaque, as in MS, may 
improve or resolve 
transiently with 
hyperventilation.

Continued
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aAutophony is the ability to hear internal sounds such as eye movements, heartbeat, or joint movements, usually due to superior canal dehiscence syndrome.
AC, Anterior canal; AVS, acute vestibular syndrome; BPPV, benign paroxysmal positional vertigo; BVL, bilateral vestibular loss; CANVAS, cerebellar ataxia 

neuropathy vestibular areflexia syndrome; CSF, cerebrospinal fluid; DBN, downbeat nystagmus; HIT, head impulse test; ICP, intracranial pressure; MS, multiple 
sclerosis; OTR, ocular tilt reaction; SCC, semicircular canal; SVV, subjective visual vertical; UVL, unilateral vestibular loss.

Table 17.2 Provocative Neurovestibular Maneuvers Used to Localize a Central or Peripheral Vestibular Process—cont’d

Provocative 
Maneuver Procedure When to Perform

Physiology/ 
Interpretation

Relevant 
Conditions Notes

Positional Dix–Hallpike (see 
Table 17.3); 
supine roll test; 
straight head 
hanging

When positional 
vertigo (mainly 
BPPV) or central 
vestibular disease 
is suspected

Localization of side 
and specific SCC can 
be made based on 
pattern of 
nystagmus

BPPV, 
cervicomedullary/ 
cerebellar disease 
(mainly DBN)

Central cause must be 
excluded if there is 
no latency/ 
fatigability, there is 
an atypical pattern of 
nystagmus, or it is 
refractory to properly 
performed 
repositioning 
maneuvers.

Subjective visual 
vertical (SVV)

By orienting a 
vertical line to 
patient’s 
subjective vertical 
where 
environmental 
visual cues are 
removed, this is 
compared with 
the actual vertical 
meridian and 
measured in 
degrees48

When a peripheral or 
central vestibular 
(utricle-ocular 
pathway) lesion is 
suspected

Measures patient’s 
perception of 
subjective vertical to 
true earth vertical; 
assesses the 
utricle-ocular 
pathways

UVL or peripheral 
utricle lesion, 
ipsilesional 
deviation; in the 
direction of the 
OTR (perceptual/ 
subjective 
manifestation of 
utricle injury) in 
brainstem/ 
cerebellar lesions

Tilt is common in SVV 
with an acute 
brainstem lesion; 
caudal to ponto-
medullary 
decussation of 
utricle-ocular fibers 
(e.g., lateral 
medullary lesion)—
ipsiversive SVV tilt 
and OTR; rostral to 
decussation (e.g., 
medial longitudinal 
fasciculus lesion)—
contraversive SVV tilt 
and OTR.

Figure 17.3. The examiner checks for nystagmus by viewing the eye 
with a direct ophthalmoscope and covering the other eye with his hand. 
This removes fixation. 

Figure 17.4. Frenzel goggles are lenses of high magnification that 
remove the patient’s fixation and provide the examiner a large view of 
the patient’s eyes. 

of  the head movement. The VOR pathways originate in the 
three SCCs, synapse in the vestibular nuclei, and travel 
through the brainstem and cerebellum, ultimately connect-
ing to the ocular motor nuclei subserving horizontal or 
vertical/torsional movements depending on horizontal or 
anterior/posterior SCC input, respectively.

The neural integrator is a network of  cells responsible for 
maintaining the eyes in eccentric gaze, by opposing the normal 
orbital elastic forces that drive the eyes back to midline. When 
it is defective, the eyes slowly drift back to the midline, and a 

corrective saccade is generated to return the eyes back to 
eccentric gaze. This is called gaze-evoked nystagmus. The hori-
zontal neural integrator complex consists of  the nucleus pre-
positus hypoglossi (NPH) and medial vestibular nucleus (MVN), 
while vertically the interstitial nucleus of  Cajal (inC) is the 
primary structure. The cerebellar flocculus and paraflocculus 
play a role in both horizontal and vertical gaze holding.

TYPES OF NYSTAGMUS

In the following discussion of  the various entities, those 
presenting predominantly in childhood are reviewed first, 
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Table 17.3 Characteristics of Nystagmus During the Dix–Hallpike Maneuver in Peripheral Versus Central Positional Vertigo

Findings Peripheral Central

Latency Present Absent

Duration <1 minute >1 minute

Fatigability Yes No

Nystagmus 
waveform

Upbeat and torsional in the posterior canal variant; pure horizontal—
geotropic or apogeotropic—in the horizontal canal variant

Pure torsional; pure vertical; can have horizontal canal 
mimics (usually apogeotropic) that are central

followed by those without any particular age predilection 
(see Table 17.1). In a young child with nystagmus, the most 
important distinction is between congenital nystagmus and 
spasmus nutans (Table 17.4).

Congenital Nystagmus

Congenital (or “infantile”) nystagmus is most frequently 
characterized by its early onset in life, conjugacy, a common 
pattern of  mixed pendular and jerk waveforms, horizontal 
direction in upgaze, presence of  a null point, and lack of  
oscillopsia. It does not localize to any particular lesion in the 
central nervous system (CNS), and it may be associated with 
either normal or reduced vision. Congenital nystagmus may 
be recognized rarely at birth but much more commonly arises 
in the second through fourth months of  life when visual 
fixation normally develops.6 Conjugate oscillations with 
several types of  waveforms can be seen. Classically, congenital 
nystagmus is a horizontal nystagmus with a pendular wave-
form, but it may be torsional or rarely vertical in nature. 
Patients with congenital nystagmus may also demonstrate 
jerk properties, either in primary or in horizontal endgaze. 
In the jerk waveforms, the eyes drift during an increasing 
velocity slow phase, and a subsequent saccade brings the 
eyes back to foveation. Thus, a mixed waveform consisting 
of  pendular nystagmus in primary position and upgaze and 
a jerk component in horizontal endgaze is classically seen 
in congenital nystagmus.

In addition, the waveform at onset in young infancy may 
differ from what is seen later in the same child at 1 year of  
age. In one recognized pattern, a young infant first exhibits 
a large amplitude but low frequency strictly pendular eye 

oscillation, in so-called triangular wave nystagmus, named 
after the shape of  the waveform (Video 17.2). Then the eye 
movement disorder gradually converts to a smaller amplitude 
jerk nystagmus or the mixed pendular and jerk nystagmus 
described previously some time before 1 year of  life (Video 
17.3). The waveform progression reflects the maturation of  
the visual system.

A reversed optokinetic response may be seen in which the 
fast phase of  the response abnormally moves in the same 
direction of  the moving OKN stimuli.4 Congenital nystagmus 
also is one of  the few types of  nystagmus that usually remains 
horizontal in vertical gaze. It is this property that helps dis-
tinguish congenital nystagmus from gaze-evoked nystagmus. 
Other forms of  nystagmus that remain horizontal in vertical 
gaze include peripheral vestibular nystagmus and periodic 
alternating nystagmus (PAN).

Adaptive mechanisms in patients with congenital nystag-
mus include preferring a head turn or tilt at an angle where 
the best vision and least amount of  oscillopsia are achieved. 
In this null point or quiet position of  the eyes, the nystagmus 
is most diminished. In addition, convergence can damp 
congenital nystagmus. In the most common example of  the 
nystagmus blockage syndrome, an individual with congenital 
nystagmus, attempting to suppress it by converging, develops 
an esotropia with a head turn. Attempts at fixation may also 
exacerbate congenital nystagmus.

Despite the fact that their eyes are almost constantly in 
motion, most patients with congenital nystagmus do not com-
plain of  oscillopsia. In congenital nystagmus, visual sampling 
occurs only during brief  foveation periods, allowing optimal 
viewing of  a visual target without a sense of  motion despite 

Table 17.4 Comparison of Congenital Nystagmus and Spasmus Nutans

Features Congenital Nystagmus Spasmus Nutans

Waveform Mixed waveform (pendular and/or jerk); usually horizontal Pendular; usually horizontal

Symmetry Symmetric conjugate ocular oscillations Monocular or asymmetric ocular oscillations

Amplitude Low or high Low

Frequency Low High

Other features Horizontal in upgaze
Null point

Head turn or tilt
Head bobbing

Types Motor (no vision loss)
Sensory (vision loss)

Benign
Suprasellar mass-related
Retina-related

Onset 2–4 months 4–14 months

Course Waveform may change Benign type typically resolves by 5 years

Other ophthalmic findings Esotropia, latent nystagmus in some cases Amblyopia, refractive error
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Multiple potential mechanisms of  congenital nystagmus have 
been proposed. In theory, if  there is abnormal development of  
the (1) visual pathways, (2) ocular motor pathways, (3) extra-
ocular muscle structure or innervation, or (4) ocular proprio-
ceptive feedback mechanism, congenital nystagmus may be 
the result.17 In patients with congenital nystagmus, the extra-
ocular muscles have a reduced nerve fiber and neuromuscular 
junction density, and other features are consistent with degen-
eration and regeneration and might relate to gaze-holding 
dysfunction.18 Theories related to aberrant ocular proprioception 
causing congenital nystagmus are somewhat controversial and 
have fallen out of  favor.19 It is also possible that congenital nys-
tagmus results from miswiring of  the visual pathways or a 
maladaption to visual deprivation that leads to inadequate 
compensation for eye drifts. Alternatively, when humans nor-
mally pursue a target, the visual world sweeps across both 
retinas. Cortical binocular motion centers need to inhibit reflexive 
subcortical structures involved in OKN; otherwise foveal pursuit 
would be compromised. In congenital nystagmus, the optokinetic 
response may be inadequately suppressed.20

Evaluation. The workup of  a patient with congenital nys-
tagmus requires a careful assessment of  visual function and 
fundus appearance in order to establish whether the condition 
is sensory or motor. Moderately to severely decreased vision, 
paradoxic constriction of  the pupils when the lights are turned 
off  (see Chapter 13), oculodigital reflex, photophobia, or high 
myopia are suggestive of  an underlying retinal disorder. Trans-
illumination of  the iris, seen best with a slit lamp, or foveal 
hypoplasia would be consistent with ocular albinism.

In most patients with congenital motor nystagmus, par-
ticularly when the child is developmentally normal, no further 
workup is necessary. These children can be followed conser-
vatively. In those with congenital sensory nystagmus or when 
the examination alone is inconclusive, magnetic resonance 
imaging (MRI) of  the brain, OCT,16,17 and electroretinography 
(ERG) are the tests that are most likely to provide useful diag-
nostic information.

Treatment. Treatment of  congenital nystagmus first 
involves correction of  any refractive error.21 Contact lenses 
may also damp congenital nystagmus, presumably by enhanc-
ing sensory feedback and reducing the abnormal eye move-
ments.21,22 Topical brinzolamide was shown to improve CN 
waveform characteristics in the primary position null zone, 
as well as acuity measures.23

Prism therapy may be used to shift the null point to the 
primary position or to induce convergence. Prisms over both 
eyes oriented with the apices in the direction of  the preferred 
gaze may help to direct the line of  sight toward primary gaze 
and thereby minimize abnormal head postures. This will 
move visualized objects toward the null point so the individual 
does not have to adapt a head turn. Seven diopter base-out 
prisms over both eyes can also be used effectively to induce 
convergence, but −1.00 lenses need to be added to compen-
sate for the induced accommodation.21

If  prism therapy fails, eye muscle surgery (Anderson–
Kestenbaum procedure) may be performed to reposition the 
eyes and move the null point into the straight-ahead position.24 
In this procedure, for a patient with a face turn to the right 
(eyes shift to a null point in left gaze), the yoked left lateral 
rectus and right medial rectus muscles are weakened (recessed) 
and the left medial rectus and right lateral rectus muscles 
are strengthened (resected). Tenotomy, in which all four 

the abnormal eye movement.7 Many also have only slightly 
reduced visual acuities, especially when their visual pathways 
are normal. Explanations for these observations have included 
a reduced sensitivity to retinal image motion, adaptation to 
retinal image motion, information sampled only when the 
eyes are moving relatively slowly during the short foveation 
periods mentioned previously, and the use of  extraretinal 
information to cancel the effects of  eye movements.8 When 
oscillopsia occurs later in life in a patient with congenital 
nystagmus, breakdown in motor or sensory status due to a 
decompensated strabismus, refractive error, return of  an 
eccentric null position, acute illness, or worsening of  the 
underlying disorder of  the visual pathways should be consid-
ered, as should the development of  new neurologic disease.9

Rarely patients with congenital nystagmus have alternat-
ing epochs of  right then left beating nystagmus. This so-called 
congenital PAN can be observed in patients with albinism, 
but other patients with or without sensory deficits may also 
display this type of  nystagmus.10 In this form of  congenital 
nystagmus, patients will adapt a slow back-and-forth head 
posture associated with the alternating null point.

Occasionally patients with congenital nystagmus may also 
exhibit head oscillations. Whether the head movements are 
an adaptive strategy to improve vision, as in spasmus nutans,11 
or may represent an effect of  a common disordered neural 
mechanism is uncertain. In addition, strabismus and high 
refractive error, including astigmatism, are frequently associ-
ated with congenital nystagmus. Rarely, congenital-type 
nystagmus (i.e., congenital nystagmus waveform with eye 
movement recordings) may emerge later in life, and this is 
likely to represent a benign process.12

Etiology. In one approach to patients with congenital nys-
tagmus, patients are subdivided into those with relatively normal 
vision (congenital motor nystagmus) versus those with vision 
loss (congenital sensory nystagmus). While likely an oversim-
plification and discouraged by some experts,13 this distinction 
is nevertheless extremely helpful in the clinic14 for both the 
physician and the patient’s family for understanding the mecha-
nism, deciding upon the evaluation, and predicting the visual 
outcome for a child with congenital nystagmus. The waveforms 
of  the two types are indistinguishable at the bedside.

Congenital nystagmus may occur in isolation with rela-
tively normal vision but completely normal fundus and neu-
rologic examinations. These patients have congenital motor 
nystagmus, which may be considered to be an efferent pathway 
disorder, perhaps involving the ocular motor systems involved 
in visual fixation. Although usually sporadic, congenital 
motor nystagmus can be inherited in an autosomal-dominant, 
autosomal-recessive, or X-linked fashion (e.g., the FRMD7 
gene).15 Most such patients have nearly normal visual acuities 
which remain relatively stable over their lifetime. However, 
subtle retinal abnormalities have become increasingly appre-
ciated through the use of  high-resolution optical coherence 
tomography (OCT).16,17

Many patients with congenital nystagmus have a compo-
nent of  afferent pathway dysfunction. Common causes of  
this congenital sensory nystagmus include congenital optic 
disc abnormalities such as optic nerve hypoplasia or atrophy, 
ocular albinism, retinal dystrophies such as congenital sta-
tionary night blindness or Leber’s congenital amaurosis, or 
cataracts. Their visual prognosis depends on whether the 
underlying disorder is static or degenerative.
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acuity with monocular viewing. Methods of  measuring 
monocular vision include fogging the other eye with high 
plus lenses, testing with polarizing lenses, and using the 
red–green duochrome slide test.

Latent nystagmus is often a benign condition. It is usually 
unassociated with other neurologic abnormalities, except 
that patients with periventricular leukomalacia (PVL) seem 
more prone to developing latent nystagmus. Associated oph-
thalmologic abnormalities may include (1) congenital eso-
tropia, (2) congenital nystagmus, (3) dissociated vertical 
deviation, (4) overaction of  the inferior oblique muscle(s), 
and (5) monocular nasotemporal optokinetic asymmetry in 
which the OKN is more robust when the optokinetic stimulus 
is directed nasally with monocular testing.29,30 Latent nys-
tagmus has a declining slow-phase waveform compared  
with the increasing slow-phase velocity characteristic of  
congenital nystagmus.1 In manifest latent nystagmus, a 
process that reduces acuity in one eye, such as a cataract, 
uncorrected refractive error, or amblyopia. In a patient with 
latent nystagmus, the eye movement disorder may be manifest 
when a process that reduces acuity in one eye, such as a 
cataract, uncorrected refractive error, or amblyopia, may 
cause nystagmus beating towards the other eye to be appar-
ent even without monocular occlusion.

In general, latent nystagmus does not indicate a structural 
or progressive abnormality of  the CNS. Neuroimaging is not 
indicated in latent nystagmus if  the clinical examination 
shows the typical change in the direction of  the waveform 
with occlusion and there is no history of  prematurity.

Spasmus Nutans

Spasmus nutans is characterized by the triad of  (1) torticollis, 
(2) head nodding (2–3 Hz), and (3) monocular or asymmetric 
nystagmus (see Table 17.4).31 The nystagmus is the hallmark, 
as both of  the other features are not always present (Video 
17.5). The disorder usually starts between the ages of  4 and 
14 months. The nystagmus may last between 1 and 2 years, 
and the condition typically resolves clinically by 5 years. 
Spasmus nutans has a pendular waveform of  low amplitude 
and high frequency (up to 15 Hz).31 However, the amplitude 
and frequency of  the nystagmus may vary with gaze position. 
The nystagmus is often described as shimmering and horizontal, 
but it may be vertical or rotary in nature. Rarely the nystagmus 
may be convergent.32 Some patients may have subclinical 
nystagmus detected by eye movement recordings only.

Spasmus nutans is usually a benign condition. However, 
there are a number of  reports that document a similar nys-
tagmus with parasellar and hypothalamic tumors (Video 
17.6), retinal disorders,33–36 and even a report where nystag-
mus resolved entirely before the diagnosis of  chiasmal glioma.37 
The nystagmus and head movements may be indistinguishable 
from idiopathic spasmus nutans, despite eye and head move-
ment recordings.38 The most common associated neoplasm 
is an optic pathway glioma, and signs of  afferent pathway 
dysfunction such as acuity loss, field defects or optic disc 
atrophy, or endocrinologic abnormalities including poor feeding 
or diencephalic syndrome (see Chapter 7) are usually but  
not always present. Spasmus nutans–like nystagmus and  
head movements have also been described in association with 
retinal diseases such as congenital stationary night blindness, 
rod–cone or rod dystrophy,34,39,40 Bardet–Biedl syndrome,41 
spinocerebellar degenerations, or vermian agenesis.42 For 

horizontal recti muscles are detached and then reattached 
at their original site, has been reported to improve foveation 
times and improve vision,24,25 but this is controversial. Tenot-
omy coupled with strabismus surgery may be a particularly 
effective treatment to improve visual function in patients with 
congenital nystagmus and ocular misalignment.26

Both memantine and gabapentin may improve visual acuity 
and foveation times in congenital nystagmus.27 However, in 
our clinical experience, the response to these medications is 
mixed or limited by side effects. Botulinum toxin has also 
been used in the therapy of  congenital nystagmus; however, 
its effect remains limited by its complications of  ptosis and 
double vision and the need for repeat injections.

Latent Nystagmus

Latent nystagmus (or fusion maldevelopment nystagmus 
syndrome) is thought to be generated by unequal visual input 
into both eyes.28 There is increasing evidence that latent and 
congenital nystagmus exist together on a spectrum, on which 
unilateral vision loss causes the former and bilateral vision 
loss leads to the latter.20 Latent nystagmus may be explained 
by a failure to suppress a subcortical monocular optokinetic 
predominance in the nasal direction as a result of  impaired 
cortical binocular vision (mainly originating in the motion-
sensitive visual area V5; see Chapter 9).29,30 For example, 
covering the left eye of  a patient with latent nystagmus will 
stimulate the left nucleus of  the optic tract (NOT) via con-
nections originating in the right eye, thereby activating the 
vestibular system and causing a slow leftward (nasal) drift, 
and a fast (temporal) rightward phase (Fig. 17.5, Video 17.4). 
Latent nystagmus is also maximal in intensity when the 
uncovered eye is abducted and decreases when the eye is 
placed in adduction. Patients with latent nystagmus may 
perform poorly on tasks requiring monocular viewing because 
of  oscillopsia, and with both eyes open, vision may be much 
better. Commonly patients with CN will have superimposed 
latent nystagmus, causing further degradation of  visual 

B

A

Figure 17.5. In latent nystagmus, with both eyes open (A) no abnormal 
eye movements may be evident. When one eye is covered (B), both eyes 
develop a jerk nystagmus with a fast phase toward the uncovered eye. 
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suppressed by visual fixation. In an acute destructive peripheral 
vestibular lesion (involving the labyrinth or vestibular–ocular 
nerve), the fast phase of  the nystagmus is directed away from 
the lesion. Similarly, cold water in the ear, which causes ipsi-
lateral vestibular dysfunction, produces nystagmus to the 
opposite side (“COWS”) (see Chapter 2). For instance, a patient 
with left vestibular neuronitis will have a fast component to 
the right; the torsional component derives from involvement 
of  the anterior and posterior canals, and the torsional fast 
phase is directed toward the right shoulder. Unilateral periph-
eral vestibular lesions are common and produce a contralateral 
horizontal–torsional nystagmus with a linear slow phase, and 
the horizontal direction does not change with gaze position. 
Alexander’s law is obeyed, whereby the amplitude of  nystag-
mus increases with gaze directed toward the side of  the fast 
phase.47 Because vestibulospinal pathways are also affected, 
patients may experience ipsilesional veering or falling, opposite 
to the direction of  their nystagmus.

Conversely, injury of  the central vestibular pathways 
(brainstem, cerebellar) may cause pure horizontal, torsional, 
or vertical nystagmus. Such patterns are rarely attributed 
to peripheral vestibular injury, because very specific combi-
nations of  SCC injury are required. Violation of  Alexander’s 
law, whereby nystagmus increases in intensity in the direc-
tion opposite to the fast phase, suggests a central vestibular 
lesion. While the SCCs are angular acceleration detectors, 
the otoliths (utricle and saccule) are linear acceleration detec-
tors. Commonly with central vestibular lesions, there is con-
comitant involvement of  SCC and utricular pathways. 
Utricular imbalance can cause an ocular tilt reaction (OTR) 
(skew deviation, ocular counterroll, and head tilt; see Chapter 
15), tilt in the subjective visual vertical (SVV), or torsional 
or vertical nystagmus. Abnormal SVV is the perceptual con-
sequence of  utricular injury in which the patient’s subjective 
vertical is tilted to the right or left with reference to true 
earth vertical. This can be measured when the patient is 
asked to align a vertical line as accurately as possible without 
visual environmental or proprioceptive cues. The perceived 
vertical relative to actual vertical is measured in degrees, 
and the tilt occurs in the same direction as the OTR.48

The diagnosis and treatment of  various central and periph-
eral vestibular disorders are summarized in Tables 17.5 and 
17.6. These conditions are distinguished by the duration of  
the vertigo, associated symptoms, neurovestibular and ocular 
motor examination, and the accompanying signs on exami-
nation. Some additional details are described here.

Acute vestibular syndrome (AVS). AVS is characterized 
by prolonged vertigo, nausea, vomiting, gait instability, head 
motion intolerance, and nystagmus lasting greater than  
24 hours and is generally due to either an acute peripheral 
vestibulopathy such as vestibular neuritis or a central process 
brainstem or cerebellar stroke (about 20% of  the time).49 The 
distinction between the two is an important one, and using 
a three-step oculomotor test that incorporates nystagmus, 
HIT, and evaluation for skew deviation, the two etiologies can 
be reliably differentiated, in fact with greater certainty than 
with MRI in the acute setting.49

Central AVS. Although a negative HIT suggests a central 
vestibular process, caution should be applied, because a caudal 
cerebellar, vestibular nucleus, or VIIIth nerve root entry  
zone lesion may rarely cause a positive HIT.50 A central process 
is also suggested by symptoms or signs referable to the 

unclear reasons, in demographic comparisons of  patients 
with spasmus nutans and congenital nystagmus, the former 
is associated with lower socioeconomic status, parental drug 
and alcohol abuse, and African American or Hispanic 
ethnicity.43

Evaluation and treatment. Patients with findings sug-
gesting spasmus nutans should have brain MRI to exclude 
a mass lesion, since relying on an abnormal endocrinologic 
history or the presence of  decreased vision or optic atrophy 
is problematic in young children, in whom the examination 
may be difficult. ERG should be considered when subnormal 
vision, an abnormal fundus examination, paradoxic pupil-
lary reaction, severe myopia, or photophobia suggest a retinal 
disorder and the MRI is normal.

Idiopathic spasmus nutans requires no specific treatment, 
because the disorder usually spontaneously remits. However, 
careful follow-up by a pediatric ophthalmologist is necessary, 
because many children with idiopathic spasmus nutans will 
have amblyopia or strabismus in the eye with the nystagmus 
of  greater amplitude.44 Refractive errors are also common. 
In some patients, subclinical nystagmus may persist up to 
the age of  12 years.31

Monocular Nystagmus and Visual Deprivation 
(Heimann–Bielschowsky Phenomenon)

Children who develop severe visual loss in one eye may develop 
a slow monocular vertical oscillation of  the eye known as the 
Heimann–Bielschowsky phenomenon.5 It may appear years 
after visual loss and can resolve if  vision is restored in the 
affected eye. Since monocular pendular nystagmus can result 
from a chiasmal glioma and mimic spasmus nutans, its appear-
ance in childhood or adulthood should prompt neuroimaging. 
Patients with the Heimann–Bielschowsky phenomenon usually 
have underlying optic nerve disease or amblyopia.5

Some adult patients with severe monocular visual loss 
can develop a similar slow (1–5 Hz) (or, less commonly, fast) 
vertical pendular nystagmus in the affected eye (Video 17.7). 
The waveform is classically vertical, but horizontal or ellipti-
cal oscillations are possible.45 Again, we recommend neuro-
imaging in such patients.

One report suggested that the vertical oscillations of  the 
Heimann–Bielschowsky phenomenon can be reduced by 
gabapentin.46 However, most patients with the abnormality 
do not experience bothersome oscillopsia, because the vision 
in the affected eye is usually diminished to some degree.

Most of  the nystagmus types described here that occur at 
any age (see Table 17.1) are acquired forms of  nystagmus. The 
one exception is physiologic endgaze or endpoint nystagmus. 
The acquired types of  nystagmus are usually best classified on 
the basis of  waveform, either jerk or pendular, and this section 
incorporates this distinction. Acquired jerk nystagmus typically 
results from imbalance of  the vestibular system or dysfunction 
of  gaze holding, and it is often only observed in eccentric gaze.

Vestibular Nystagmus

Vestibular nystagmus may result from dysfunction of  the 
peripheral (labyrinth, vestibular nerve) or central vestibular 
pathways (root entry zone of  VIIIth nerve, vestibular nuclei 
to ocular motor nuclei).

Peripheral vestibular nystagmus results from asymmetric 
SCC input. Complete unilateral loss of  labyrinth function pro-
duces a mixed horizontal–torsional nystagmus that may be 
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Table 17.5 Common Central and Peripheral Vestibular Disorders Causing Vertigo

Vestibular 
Disorder History Examination

Duration of 
Vertigo Diagnosis Treatment

CENTRAL AVS

Ischemia Symptoms referable to the 
brainstem/ cerebellum 
are common; maximal 
at onset; isolated 
vertigo is possible.

Gaze-evoked 
nystagmus, skew 
deviation, negative 
HIT,49 abnormalities 
in saccades, pursuit, 
VOR suppression

TIA: minutes to 
hours

Stroke: hours to 
days or weeks

Stroke if DWI + lesion; 
small region of 
posterior fossa 
ischemia can be 
missed on MRI in 
the first 24–72 
hours, so history and 
examination are key.

Antiemetics acutely,a 
depends on etiology of 
ischemia.

PERIPHERAL AVS

Vestibular 
neuritis

Preceding viral illness; 
generally imbalance is 
not severe; symptoms 
progress over minutes 
or hours; isolated 
vertigo without central 
symptoms.

Unidirectional 
contralesional 
nystagmus, positive 
ipsilesional HIT, 
skew deviation 
absent49

Hours to days or 
weeks

Clinical, although 
vestibular testing 
can help confirm in 
unclear cases.

Antiemetics acutely,a 
steroids may hasten 
recovery; vestibular 
physical therapy.252–254

BENIGN PAROXYSMAL POSITIONAL

VERTIGO (SEE TABLE 17.6)

Ménière’s 
disease

Recurrent vertigo with 
tinnitus and fluctuating 
hearing loss; otolithic 
crises of Tumarkin;b may 
coexist with vestibular 
migraine.

Spontaneous mainly 
horizontal 
nystagmus during 
attacks; can  
change direction 
throughout the 
attack; hearing loss

Usually >20 
minutes to  
12 hours

Audiogram: low or mid 
frequency hearing 
loss; may have 
vestibular 
hypofunction with 
calorics ipsilateral to 
hearing loss. HIT is 
usually normal.

Antiemetics acutely,a 
sodium restriction, 
diuretics, betahistine, 
intratympanic injections 
(steroids, gentamicin) in 
refractory cases.253

Superior canal 
dehiscence 
syndrome

Autophony (hearing eye 
movements, pulsatile 
tinnitus); vertigo/ 
oscillopsia triggered by 
loud noises, Valsalva; 
rarely, transient OTR; 
“third” mobile window 
in the labyrinth leads to 
abnormal sound and 
pressure transmission.255

Vertigo and 
nystagmus in the 
plane of superior 
(anterior) SCC with 
loud noises (Tullio 
phenomenon),256 
Valsalva (regular or 
pinched nose), 
tragal compression 
(Hennebert’s sign)

Seconds to 
minutes; may 
have chronic 
disequilibrium

CT temporal bones; 
audiogram with 
air–bone gap and 
supranormal bone 
conduction.

Surgery depending on 
symptomatology.

Vestibular 
paroxysmia

Short bouts of vertigo 
typically occurring 
many times each day; 
simultaneous tinnitus, 
hearing loss, aural 
fullness, gait imbalance; 
may be provoked by 
head movement.257

Nystagmus during 
attacks; 
hyperventilation-
induced nystagmus 
common

Seconds to 
minutes, many 
times in a day

MRI with CISS or 
FIESTA sequences 
usually shows 
vascular 
compression of 
VIIIth nerve;258 
prolonged BAER.

Carbamazepine, 
oxcarbazepine, 
acetazolamide; 
microvascular 
decompression when 
refractory.253

CENTRAL AND PERIPHERAL

Vestibular 
migraine

Recurrent vertigo; current 
or remote migraine; one 
or more migraine 
symptoms (migraine 
headache, photophobia, 
phonophobia, aura) 
during an attack; 
exclusion of other 
disorders; often 
sensitivity to motion 
and complex visual 
stimuli.259

Various patterns of 
nystagmus during 
attacks are possible, 
especially 
positional 
nystagmus260

Seconds, 
minutes, 
hours, days

Generally, normal 
audiogram and 
vestibular testing; 
overlapping clinic 
features with 
Ménière’s. 261

Eliminating migraine 
triggers; following 
migraine diet; similar 
preventive medications 
as migraine with aura 
(e.g., propranolol, 
verapamil, tricyclics, 
valproic acid, 
venlafaxine, 
topiramate); abortive 
medications generally 
ineffective.253

aUse of antiemetics/vestibular suppressants in prolonged vertigo should be limited to <2–3 days, because they may delay normal central vestibular 
compensation and prolong recovery.

bOtolithic crises of Tumarkin: abrupt fall to the ground (like being thrown) with preserved consciousness.
AVS, Acute vestibular syndrome; BAER, brainstem auditory evoked response; CISS, Constructive Interference in Steady State; CT, computerized tomography; 

DWI, diffusion-weighted imaging; FIESTA, Fast Imaging Employing Steady-State Acquisition; HIT, head impulse test; MRI, magnetic resonance imaging; TIA, 
transient ischemic attack; VOR, vestibular-ocular reflex.
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Table 17.6 Characteristics of the Different Canal Variants of Benign Paroxysmal Positional Vertigoa

Benign Paroxysmal 
Positional Vertigo Variant Symptoms

Diagnosis (Assuming 
Right-Sided Variant) (See 
Videos 17.9 and 17.10)

Nystagmus (Assuming 
Right-Sided Variant)

Treatment (see 
Videos 17.11–17.16)

Posterior SCC Brought on by rolling 
over in bed, 
looking up/down, 
seated to laying, 
laying to seated

Right Dix–Hallpike Slow phase downbeat–torsional 
toward left shoulder, fast phase 
upbeat–torsional toward right 
shoulder

Epley maneuver (see 
Fig. 17.6)

Semont maneuver

Horizontal SCC Brought on by rolling 
over in bed, rapid 
horizontal head 
movements

Supine roll testing Geotropic (beats toward ground): 
right-beating with right ear 
down more than left-beating 
with left ear down

Apogeotropic (beats toward sky): 
right-beating with left ear 
down more than left-beating 
with right ear down

Barbecue (BBQ) roll263 
(see Fig. 17.7)

Gufoni maneuver264

Prolonged side lying

Anterior SCC Brought on by rolling 
over in bed, 
looking up/down, 
seated to laying, 
laying to seated

Left Dix–Hallpike (stimulated 
canal is the right anterior 
SCC); straight head 
hanging position; exclude 
a central process

Slow phase upbeat–torsional 
toward left shoulder, fast phase 
downbeat–torsional toward 
right shoulder; may lack 
torsional component

Modified Dix–Hallpike 
maneuver

Deep head hanging 
maneuver

aFrom most to least common.262

SCC, Semicircular canal.

brainstem or cerebellum such as dysarthria, dysphagia, 
hoarseness or hiccups, vision loss, diplopia, severe imbalance, 
weakness, and numbness. Abnormalities in pursuit, VOR 
suppression, or saccades may be observed.49

Peripheral AVS. The most common peripheral etiology of  
the AVS is vestibular neuritis, where hearing is spared. In 
labyrinthitis the cochlea (or cochlear afferents within the 
eighth cranial nerve) is involved, leading to hearing loss. 
The inciting event may be viral (e.g., herpes simplex virus 
1), but evidence remains circumstantial. When hearing loss 
occurs in an individual with vascular risk factors, an anterior 
inferior cerebellar artery stroke should be considered (i.e., 
labyrinthine ischemia).

Benign paroxysmal positional vertigo (BPPV). The 
various subtypes of  BPPV are detailed in Table 17.6 (Video 
17.8). The pathophysiology is best explained by the canalo-
lithiasis theory, which suggests that otoconia (calcium car-
bonate crystals), which are normally located in the utricle, 
may enter one of  the semicircular canals and induce flow 
of  the endolymph with head position changes, resulting in 
excitation of  the vestibular nerve and nystagmus and vertigo. 
Because of  the posterior SCC’s orientation relative to gravity, 
it is by far the most commonly involved, and in posterior 
SCC BPPV the Epley maneuver is the recommended treat-
ment (see Fig. 17.6 and Videos 17.11–17.16).51

Evaluation. Often further testing is required in addition to 
the neuro-ophthalmic examination. Evaluation with rota-
tional chair testing, video head impulse testing, or caloric 
irrigation with cold and warm water quantify VOR function 
and may help to delineate the cause of  the vestibular dys-
function. An audiogram should be performed to look for 
additional clues, as the presence and pattern of  clinical or 
subclinical hearing loss can aid in localization.

Physiologic Gaze-Evoked Nystagmus

Most normal individuals will have jerk nystagmus that  
fatigues with prolonged lateral gaze of  about 30 degrees (see 

Table 17.7). In lateral gaze of  40 degrees, some normal patients 
will develop sustained physiologic nystagmus.52 However, the 
amplitude of  this nystagmus is usually less than 3 degrees, 
and it is symmetric in right and left gaze. If  the target is 
brought back toward the center enough that both eyes can 
foveate the target (not just the ipsilateral eye), generally physi-
ologic nystagmus should cease. Occasionally, physiologic 
nystagmus may be asymmetric between the two eyes. In this 
situation, it may be confused with the dissociated nystagmus 
that accompanies internuclear ophthalmoparesis.

Pathologic Gaze-Evoked Nystagmus

Defects in the neural integrator produce pathologic gaze-
evoked nystagmus, which is considered a gaze-holding nys-
tagmus (Table 17.7, Video 17.17). The neural integrator is 
the network of  neurons required to hold the eyes in eccentric 
gaze. It converts eye velocity signals to position signals and 
sends commands to the ocular motor neurons to overcome 
the elastic forces that drive the eyes back toward the primary 
position. For horizontal eye movements, the medial vestibular 
nucleus and nucleus prepositus hypoglossi serve as the neural 
integrators. The inC and paramedian tracts are the neural 
integrators for vertical eye movements, although the floc-
culus has a role in. The cerebellar flocculus/paraflocculus 
has a role in gaze-holding horizontally and vertically. Gaze-
evoked jerk nystagmus is typically considered pathologic 
when there is (1) an amplitude of  greater than 4 degrees, 
(2) asymmetry in right and left gaze, or (3) exponential slow-
phase velocity when the gaze angle is less than 40 degrees.52

Occasionally the term gaze-paretic nystagmus has been used 
in this setting. However, the term should be avoided since 
this type of  nystagmus is not always associated with a true 
gaze palsy. In fact, nystagmus associated with a gaze palsy 
likely reflects associated injury to a component of  the neural 
integrator.

When present in both horizontal and upgaze (more than 
downgaze), gaze-evoked nystagmus usually signifies a toxic 
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Figure 17.6. In the Dix–Hallpike maneuver, the patient is brought from the sitting position (A) to the head-hanging position at a 45-degree angle with 
the affected ear dependent (B). In a patient with benign positional vertigo (BPV), the eyes develop an upbeat-torsional (towards the lowermost) nys-
tagmus (not shown) when the affected ear is dependent. In a patient with BPPV affecting the right posterior semicircular canal, for example, the 
Dix–Hallpike maneuver is combined with steps C–F in the so-called therapeutic Epley maneuver.265 After 30 seconds in the head-hanging position 
depicted in (B), the head is turned 90 degrees in the opposite direction so that the left ear is dependent (C). D. The patient is then placed on the left 
shoulder (the unaffected side). E. The patient’s head is moved to the face-down position for at least 30 seconds or until nystagmus and vertigo have 
ceased. F. The patient is then slowly brought upright again while maintaining the same head position. There are some who advocate sleeping in a 
lounge chair for instance, but there is no good evidence demonstrating that outcomes are better when an upright posture is maintained for this period 
of time. 
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may indicate ipsilateral cerebellar or brainstem disease. Gaze-
evoked nystagmus may also be observed contralateral to 
peripheral vestibular pathway damage, although it is the 
result of  peripheral imbalance, not neural integrator dys-
function. In this situation, associated signs may help distin-
guish a peripheral vestibular problem from a central disorder. 
Gaze-evoked upbeat nystagmus commonly accompanies 
bilateral internuclear ophthalmoplegia, because vertical 

metabolic process or dysfunction of  the inferior or vestibu-
locerebellum, specifically the flocculus or paraflocculus.2 For 
instance, this pattern is seen in patients taking benzodiaz-
epines, barbiturates, or anticonvulsants (e.g., phenytoin and 
carbamazepine; see Drug- and Alcohol-Induced Nystagmus).53 
When gaze-evoked nystagmus is asymmetric or present in 
only one direction, a structural lesion is suggested (i.e., stroke, 
demyelinating disease). Unilateral gaze-evoked nystagmus 
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Figure 17.7. One method of treatment of the geotropic form of horizontal canal–benign positional vertigo.266 In this example the right is the affected 
ear (AE). In contrast to the Dix–Hallpike and Epley maneuvers illustrated in Fig. 17.6, the patient starts in a supine position in this maneuver. The head 
positions should be held for 30 and 60 seconds or until nystagmus and vertigo have subsided. A. To start, the patient lies on his or her back, and then 
the head is rotated to the right (towards AE) 90 degrees. The head is then turned to the center position. B. The patient turns the head toward the 
unaffected (left) ear. C. The patient moves from a supine to a prone position while holding the position of the head in the same direction as B. D. The 
head is then rotated 90 degrees so that the patient looks toward the ground. E. The patient rotates the head another 90 degrees so that the affected 
ear is down. F. The patient sits up. LS, Left shoulder. 
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right gaze.57 Rebound nystagmus may represent the conse-
quences of  the brain trying to compensate for the centripetal 
drift of  pathologic endgaze nystagmus.

Periodic Alternating Nystagmus

PAN is a rare type of  nystagmus that can be either acquired 
or congenital (as described previously).58 It typically changes 
direction approximately every 90 seconds, with a null period 
of  5–10 seconds. Oftentimes with PAN, there is a shifting 
null point (Video 17.20). PAN may be seen with downbeat 
nystagmus with or without skew deviation, remain horizontal 
even in vertical gaze, and persist in sleep. Periodic skew devia-
tion has been observed with PAN.59,60 As an adaptive phe-
nomenon, the patient may demonstrate alternating head 
turning and gaze deviation.61

Acquired PAN usually indicates a lesion of  the cervicome-
dullary junction, particularly of  the cerebellar nodulus or 
uvula.62 Two reports documenting PAN in patients with isolated 
lesions of  the cerebellar nodulus support this notion.63,64

Given the mechanical properties of  the cupula and endo-
lymph within each SCC, with prolonged head or body rotation, 
vestibular afferents would quickly diminish. Therefore, a veloc-
ity storage mechanism is necessary to amplify these vestibular 
inputs so that angular acceleration and motion can still be 
perceived. This mechanism is inhibited normally by the nodulus 
and uvula, so a lesion of  the nodulus or uvula causes disin-
hibition and a prolonged vestibular response due to enhanced 
velocity storage.64,65 Thus, PAN may represent a state of  VOR 
overactivity related to the loss of  cerebellar inhibition.

Baclofen, a GABA-B agonist, may ameliorate the acquired 
form of  PAN (Table 17.8).66,67 For patients with congenital 
PAN, surgical therapy with horizontal recti resections may 
be effective.10,58,68

Downbeat Nystagmus

Downbeat nystagmus, a jerk nystagmus with an upward slow 
phase and downward fast phase, is often accentuated in lateral 
or lateral-downgaze (Videos 17.21–17.23). Vertical oscillopsia 
and imbalance are typically experienced, and downbeat nys-
tagmus is the most common type of  persistent acquired nys-
tagmus. Patients usually demonstrate downward pursuit 
abnormalities and in lateral gaze may have an alternating 
hypertropia with a right hypertropia in right gaze and left hyper-
tropia in left gaze, a so-called alternating skew deviation.69

This type of  nystagmus usually signifies a lesion of   
the cervicomedullary junction or bilateral flocculus (see  

gaze-holding inputs are disturbed as they ascend toward  
the inC.

A special form of  gaze-evoked nystagmus known as Brun’s 
nystagmus may be seen with cerebellopontine-angle lesions 
(Video 17.18), usually an acoustic neuroma.54,55 Pathologic 
large-amplitude horizontal gaze-evoked nystagmus is  
typically observed when the patient gazes toward the  
side of  the lesion and is the result of  neural integrator dys-
function. Gaze away from the lesion is associated with the 
appearance of  a high-frequency, low-amplitude horizontal–
torsional nystagmus with the fast phase toward the side and 
shoulder contralateral to the lesion, reflective of  vestibular 
dysfunction.

Dissociated Nystagmus

When nystagmus is dissociated, the movements of  the right 
and left eyes are in the same direction, but the amplitudes 
are asymmetric. Dissociated nystagmus has been classically 
used to describe the eye findings associated with an inter-
nuclear ophthalmoplegia (INO; see Chapter 15 for more 
details). In this disorder, the abducting eye exhibits “nystag-
mus” with impaired adduction of  the fellow eye. However, 
eye movements of  the abducting eye may not represent a 
true nystagmus, but rather a series of  saccades when the 
patient looks laterally. These abducting eye saccades may be 
an adaptive attempt by the brain to correct for the weak 
medial rectus muscle.56 Demyelination and brainstem stroke, 
resulting in disruption of  the medial longitudinal fasciculus 
(MLF), are the most common causes of  an ipsilateral INO. 
A pseudo-INO may be seen with myasthenia gravis and the 
Miller Fisher variant of  Guillain–Barré syndrome.

As will be discussed later, dissociated nystagmus may also 
be observed with the pendular nystagmus that occasionally 
complicates brainstem infarction and multiple sclerosis.

Rebound Nystagmus

In this pathologic nystagmus (Video 17.19), after the patient 
gazes eccentrically to one side for several (occasionally 10 
or more) seconds and then is asked to look back to primary 
gaze, the eyes will beat in the direction of  the refixation. This 
finding is seen with pathologic gaze-evoked nystagmus and 
usually indicates flocculus or paraflocculus dysfunction. 
Rebound nystagmus will beat away from a unilateral lesion 
when one is present. For instance, a patient with a right 
cerebellar lesion will have rebound nystagmus to the left 
when the eyes are brought back to the midline from eccentric 

Table 17.7 Most Common Types of Nystagmus in Endgaze

Nystagmus Features Physiologic Gaze-Evoked Pathologic Gaze-Evoked Peripheral Vestibular

Waveform Horizontal, can have a slight torsional 
component

Horizontal and/or vertical Horizontal and torsional 
components

Amplitude Low, may be greater in abducting eye High Medium

Frequency High Low High

Symmetry in gaze positions Yes Yes/no No

Rebound nystagmus No Possible No

Other neurologic signs No Possible Hearing loss possible

Fatigue Yes No No
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has also been reported, and these patients may experience 
a spontaneous remission.83

In 30–40% of  cases of  acquired downbeat nystagmus, no 
cause is found despite standard anatomic MRI of  the cervi-
comedullary junction region.84 However, when more sophis-
ticated neuroimaging techniques such as voxel-based 
morphometry are used,85 small areas of  atrophy in the lateral 
cerebellar hemispheres and vermis may be found. Functional 
MRI in such patients has shown reduced function in the 
parafloccular region and the pontomedullary area in the 
brainstem during downward eye movements.85 This observa-
tion suggests that some patients with idiopathic downbeat 
nystagmus may have a primary degenerative disorder involv-
ing the cerebellum (e.g., spinocerebellar ataxia 6 or idiopathic 
late-onset cerebellar ataxia).

Downbeat nystagmus may result from lesions involving 
the dorsal medulla that selectively damage crossing informa-
tion from the posterior semicircular canals or injure the 
gaze-holding pathways traveling in the paramedian brainstem 
(Fig. 17.9).71–73 Other proposed mechanisms of  downbeat 
nystagmus include defects in the vertical smooth pursuit or 
neural integrator pathways or an imbalance in the otolith 
system.86,87 Following damage to the flocculus or parafloc-
culus, disinhibition of  the vestibular nuclei (and subsequently 
the anterior semicircular canal, or upward/anti-gravity, 
pathways), resulting in an upward bias (slow phase), and a 
corrective downward fast phase may ensue.88,89

Treatment. Potassium channel blockers 3,4- 
diaminopyridine and 4-aminopyridine (4-AP) may suppress 
downbeat nystagmus, particularly in patients with cerebellar 
atrophy.90–94 Both of  these drugs increase the firing rate of  
the Purkinje cells and thus may restore the normal inhibi-
tory influence of  the cerebellar cortex upon the anterior SCC 
pathways. 4-AP is preferred over 3,4-diaminopyridine since 
the former crosses the blood–brain barrier more readily and 
is more effective.95 Other drugs that may reduce DBN include 
clonazepam, gabapentin, baclofen, and intravenous scopol-
amine, although these tend to be less effective than 4-AP.96–99 
However, since 4-AP is not approved by the Food and Drug 
Administration (FDA) for DBN, clonazepam is often the first 
drug tried in the treatment of  downbeat nystagmus.94,100 In 
a pilot trial, the commonly available drug chlorzoxazone 
was effective in reducing downbeat nystagmus.101

A small number of  patients respond to prism therapy either 
to induce convergence or to deflect the perceived image 
upward.1,102 The latter technique helps the eyes to avoid 
downgaze, where downbeat nystagmus is usually maximal. 
Surgical decompression of  a Chiari I malformation should 
be considered in selected patients with symptomatic downbeat 
nystagmus or progressive neurologic deficits. Avoiding bifocals 
or progressives and ordering separate reading and distance 
spectacles is usually preferable.

Upbeat Nystagmus

Upbeat nystagmus localizes less well, since it may arise from 
lesions in the cerebellum, medulla, or midbrain (Table 17.9, 
Video 17.24). It typically increases in upgaze and is associ-
ated with impaired upward pursuit. However, Daroff  and 
Troost103 have divided upbeat nystagmus into two types, each 
with characteristics providing some localizing value: (1) a 
coarse, large-amplitude nystagmus that increases in upgaze 
and usually signifies a lesion in anterior vermis of  the cerebel-
lum and (2) a small-amplitude (1–2 degrees) upbeat nystagmus 

Table 17.9). Common identifiable causes are Chiari type I 
malformations (Fig. 17.8 and Video 17.21), cerebellar ische-
mia, foramen magnum mass lesions, platybasia, and spino-
cerebellar degenerations.70 Occasionally, downbeat nystagmus 
will be observed with paramedian medullary or pontomedul-
lary lesions (could relate to damage involving paramedian  
tract cell groups), or even with damage to the pontine portion 
of  the medial longitudinal fasciculus.71–73 Other causes to 
consider include hypomagnesemia,74,75 thiamine or B12 defi-
ciency, West Nile virus encephalomyelitis,76 and phenytoin, 
carbamazepine, alcohol, lithium (Video 17.23), and opiate 
toxicity,77–80 among other infectious, inflammatory, and para-
neoplastic disorders. Downbeat nystagmus has been reported 
in patients with antibodies to glutamic acid decarboxylase 
associated with stiff  person syndrome and cerebellar dys-
function (Video 17.22).81,82 Congenital downbeat nystagmus 

Table 17.8 Pharmacologic Treatment of Nystagmus 
and Nystagmoid Eye Movements

Nystagmus Type Effective Medications

Periodic alternating 
nystagmus

Baclofen

Downbeat 3,4-diaminopyridine, 4-aminopyridine, 
clonazepam, chlorzoxazone

See-saw nystagmus Baclofen, clonazepam

Oculopalatal or acquired 
pendular nystagmus

Gabapentin, memantine, valproic acid, 
clonazepam

Opsoclonus Corticosteroids, ACTH, IVIG, clonazepam

Superior oblique 
myokymia

Gabapentin, carbamazepine, 
propranolol

Oculomasticatory 
myorhythmia

Congenital nystagmus

Ceftriaxone
Gabapentin, memantine

ACTH, Adrenocorticotropic hormone; IVIG, intravenous immunoglobulin.

Figure 17.8. Chiari malformation type I. Sagittal T1-weighted magnetic 
resonance imaging in a patient with downbeat nystagmus due to low-
lying cerebellar tonsils (arrow). 
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the nuclei of  Roller and intercalatus in the medulla105 and 
other medial106–108 and dorsal paramedian109 lesions at this 
level may be responsible for upbeat nystagmus.

The pathophysiology of  upbeat nystagmus may relate to 
disruption of  structures mediating upward eye movements 
such as the brachium conjunctivum, which contains con-
nections from the vestibular to ocular motor nuclei via anterior 
SCC pathways. The caudal cell groups of  the medullary para-
median tract may also play a role,110 or upbeat nystagmus 
may result from an asymmetry so that posterior SCC pathways 
are relatively hyperactive, causing a downward bias and 
upbeat nystagmus. In the second situation, this may result 
from a lesion of  the nuclei of  Roller or intercalatus, both of  
which contribute to vertical gaze holding through their affer-
ents from the superior vestibular nucleus and inhibitory 
projections to the flocculus. Since these nuclei normally inhibit 
the flocculus, a lesion of  the nuclei of  Roller or intercalatus 
could result in disinhibition of  the flocculus, which could 
strengthen inhibition of  the anterior SCC (upward or “anti-
gravity”) pathways, resulting in a downward bias (overactive 
posterior canal or “gravity” pathways) and upbeat nystagmus 
(Fig. 17.10).88,111–113 Finally, upbeat nystagmus may also 
occur with lesions of  the midbrain and pons and commonly 
accompanies bilateral internuclear ophthalmoplegia, as verti-
cal gaze-holding pathways and/or adjacent paramedian tract 
cell groups are affected (see Chapter 15) .

Multiple sclerosis, infarction, cerebellar degeneration, and 
tumors are among the most common causes of  upbeat nys-
tagmus, although extrinsic medullary compression has been 
described as well.114 Transient upbeat nystagmus may be 

in the primary position, which is usually caused by a medul-
lary lesion. Upbeat nystagmus which becomes oblique in 
prolonged upgaze or which increases in downgaze might be 
seen with a medullary process, and the last two features may 
also be seen with Wernicke’s encephalopathy.104 Damage to 
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Figure 17.9. One mechanism for downbeat nystagmus. Unopposed input from anterior semicircular canal (ASC) pathways leads to a slow upward 
movement of the eyes by activating the contralateral superior rectus (SR) and inferior oblique nuclei. CNIII, Third cranial nerve; IO, inferior oblique;  
IR, inferior rectus; M&LVN, medial and lateral vestibular nuclei; MLF, medial longitudinal fasciculus; MR, medial rectus. (Courtesy of Lawrence Gray, O.D.)

Table 17.9 Localizing Value of Nystagmus Patterns and 
Nystagmoid Eye Movements

Type Localization

Downbeat Cervicomedullary junction, 
cerebellar flocculus, less 
commonly nodulus/uvula

Periodic alternating Cervicomedullary junction, 
cerebellar nodulus/uvula

Upbeat Brainstem more often than 
cerebellum

Convergence retraction Dorsal midbrain

See-saw Parasellar, midbrain

Oculopalatal tremor (myoclonus) Central tegmental tract

Oculomasticatory myorhythmia Whipple disease

Rebound Cerebellum

Spasmus nutans Exclude chiasmal glioma and 
craniopharyngioma

Brun’s nystagmusa Cerebellopontine angle

aRefers to ipsilateral gaze-evoked nystagmus and contralateral high-
frequency, low-amplitude nystagmus of vestibular origin.
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Pendular Nystagmus and Other Types

Pendular nystagmus occurs when the eyes move back and forth 
with equal velocity. There are only slow phases, without a jerk 
or fast component. This type of  nystagmus may be horizontal 
or vertical. Oblique, elliptical, or circular pendular nystagmus 
may occur depending on how the vertical phase of  nystagmus 
relates to the horizontal phase. Pendular nystagmus may also 
be dissociated, and this tends to occur when one eye has impaired 
visual function, probably because within the neural integrator 
network there exist regions with monocular preference,118 and 
with normal binocular afferent input, gaze-holding function 
is optimized.119 One MRI study suggested that dysconjugate 
pendular nystagmus can also be produced by asymmetric 
brainstem damage, again perhaps due to asymmetric involve-
ment of  these monocular-specific cell populations.120

Acquired pendular nystagmus (APN) in adults is most 
often caused by multiple sclerosis and brainstem infarctions. 
It may be observed in patients with oculopalatal tremor (OPT, 
myoclonus) and as a diagnostic feature of  Whipple disease 
(see later discussion). Causes of  pendular nystagmus more 
commonly seen in childhood, such as congenital nystagmus, 
spasmus nutans, and monocular nystagmus associated with 
visual loss, were discussed earlier in this chapter. Fosphe-
nytoin has been reported to cause transient pendular nys-
tagmus as well.121

Patients with pendular nystagmus associated with multiple 
sclerosis (MS) typically have associated cerebellar dysfunc-
tion and optic neuropathy.122 Dorsal pontine region lesions 

observed in healthy infants in the first few months of  life. 
Upbeat nystagmus is generally short-lived (weeks) but quite 
symptomatic, and treatment options include 4-AP, baclofen, 
or clonazepam.100,115,116

Pure Torsional Nystagmus

Nystagmus that is purely torsional is uncommon and usually 
signifies a central vestibular disorder. Patients often have an 
associated ocular tilt reaction (see Chapter 15). The torsional 
nystagmus usually beats toward the opposite shoulder in a 
medullary lesion, given unopposed vertical semicircular canal 
afferents from the intact side with resultant slow pathologic 
ipsilesional torsional drift, and a contralesional torsional fast 
phase (Video 17.25). In midbrain lesions that involve the 
inC, which is responsible for torsional gaze holding, there is 
a slow contralesional torsional drift, and ipsilesional torsional 
fast phase (i.e., torsional gaze-evoked nystagmus). Since the 
rostral interstitial nucleus of  the medial longitudinal fas-
ciculus (riMLF) is normally responsible for ipsitorsional sac-
cades, a unilateral riMLF lesion may cause contralesional 
torsional nystagmus, since the opposite riMLF is still capable 
of  generating ipsitorsional saccades.117

Cerebellar Nystagmus

Gaze-evoked, periodic alternating, and downbeat nystagmus 
may all result from cerebellar lesions, and additional ocular 
motor findings can further localize the process to specific 
regions of  the cerebellum (see Table 17.9).65
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Figure 17.10. One mechanism for upbeat nystagmus. Unopposed input from posterior semicircular canal (PSC) pathways leads to slow downward 
movement of eyes by activating the contralateral inferior rectus (IR) and superior oblique (SO) nuclei. CNIII, Third cranial nerve; CN IV, fourth cranial 
nerve; IO, inferior oblique; M&LVN, medial and lateral vestibular nuclei; MLF, medial longitudinal fasciculus; MR, medial rectus; SR, superior rectus. 
(Courtesy of Lawrence Gray, O.D.)
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tend to have worse vision-specific quality of  life scale scores 
versus MS-APN.1,128

Oculopalatal tremor often follows the neurologic injury by 
several months and uncommonly manifests more rapidly (days 
to weeks), and in rare cases there may be spontaneous remis-
sion.129 Brainstem infarction and hemorrhage are common 
causes, but this nystagmus may be produced by any lesion 
that produces focal brainstem or cerebellar damage. The 
pathologic hallmark is olivary hypertrophy, and cerebellar 
plasticity is thought to contribute as well.130 Classically, inter-
ruption of  connections between the red nucleus, inferior olive, 
and dentate nucleus (so-called Mollaret’s triangle) has been 
implicated as the cause of  oculopalatal tremor. Most cases of  
oculopalatal tremor involve the central tegmental tract (CTT), 
a pathway that connects the red nucleus and deep cerebellar 
nuclei projections to the inferior olive. Since the parapontine 
reticular formation and VIth nerve nuclei lie near the CTT, 
OPT may subsequently develop in those patients who have a 
horizontal one-and-a-half  syndrome or other gaze palsies (Fig. 
17.11).131 It is thought that through damage to Mollaret’s 
triangle, there is less inhibitory influence by cerebellar struc-
tures on the inferior olive, and this leads to somato–somatic 
gap junctions between neurons which generate oscillations 
that are transmitted to the cerebellar cortex. The cerebellum 
modulates these signals, leading to more regular and rhythmic 
outputs to the ocular motor nuclei.128,130

are often found, and those with dissociated nystagmus often 
have greater nystagmus on the side with the more severe 
optic neuropathy (Video 17.26). Delayed monocular visual 
feedback in isolation (as in optic nerve disease) is probably 
not capable of  producing APN, so an unstable neural inte-
grator is likely to be the culprit in such cases.123 These obser-
vations are further supported by case reports of  APN following 
an isolated infarct of  the cerebellar nodulus124 and monocular 
APN in a patient with an idiopathic cerebellar degeneration 
and normal vision.125

Oculopalatal tremor (myoclonus). When pendular 
nystagmus occurs in combination with palatal tremor, the 
term OPT is used. However, palatal tremor without APN can 
be seen if  the dorsal cap of  the inferior olive is spared, and 
APN can be seen without palatal tremor if  only the dorsal 
cap is involved. Occasionally, APN is only appreciated as 
micronystagmus with ophthalmoscopy126 or is apparent with 
eyelid closure.127 There may also be rhythmic movements of  
the facial muscles, larynx, and diaphragm, and movements 
can persist during sleep (Videos 17.27–17.29). Although 
the APN seen with OPT and MS is oftentimes lumped together, 
the nystagmus seen in each is actually quite different: (1) 
OPT-APN is generally low frequency (1–3 Hz), high ampli-
tude, vertical or torsional, and dissociated, while (2) MS-APN 
is generally high frequency, low amplitude, horizontal or 
torsional, and more symmetric. Patients with OPT-APN also 
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Figure 17.11. A. Magnetic resonance imaging from a patient 
with oculopalatal tremor and horizontal one-and-a-half syndrome 
(see Chapter 16) due to a high-signal wedge-shaped infarction 
(arrow) involving paramedian pontine structures. B. Diagram 
of an axial section through the pons at the level of the sixth 
nerve nuclei to demonstrate the structures involved by the 
lesion in A (gray area). Note the proximity of the central teg-
mental tract (CT) to the parapontine reticular formation (PPRF). 
VI, Sixth nerve; VII, seventh nerve; CS, corticospinal tract; ML, 
medial lemniscus; MLF, medial longitudinal fasciculus; STN (V), 
spinal trigeminal nucleus of the fifth nerve; STT (V), spinal tri-
geminal tract of the fifth nerve; VN, vestibular nuclei. 
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vestibular–ocular reflex, and strabismus have been 
reported.141–145 Other neuro-ophthalmic abnormalities include 
pigmentary retinal degeneration, chorioretinal coloboma,146 
ptosis,147 and third nerve palsy. The unifying structural 
abnormality is dysgenesis or absence of  the cerebellar vermis, 
creating the characteristic “molar tooth” sign with a deep 
interpeduncular fossa and lengthened cerebellar peduncles 
seen radiographically (Fig. 17.12). In addition to the vermis 
abnormalities, the brainstem is also involved, typically due 
to failure of  selected tracts to cross the midline.148 All of  the 
causative mutations identified involve genes encoding for 
proteins of  the primary cilium, which are responsible for 
normal development and functioning of  several organ 
systems. Joubert syndrome is typically sporadic but can be 
autosomal recessive or X-linked.148

Treatment. No medicine or device can provide consistent, 
complete relief  from pendular nystagmus.149 Given disparate 
pathophysiology underlying the APN associated with  
OPT and MS, it is not surprising that a given medication 
may not have equivalent efficacy when used to treat the 
nystagmus associated with each. Both gabapentin and 
memantine may attenuate MS-APN and OPT-APN, although 
their therapeutic efficacy and ability to alleviate oscillopsia 
tend not to be robust in most cases.128,150–152 In one report, 
cannabis suppressed pendular nystagmus in a patient with 
multiple sclerosis.153

Prisms and other devices, such as a plus-sphere spectacle 
lens combined with a minus-sphere contact lens, may also 
be used in patients with acquired pendular nystagmus.1,21 
More invasive procedures may include strabismus surgery 
and botulinum toxin injections. Supramaximal vertical rectus 

Oculomasticatory myorhythmia. A rare pendular slow 
(1 Hz) convergence nystagmus may occur in association with 
slow rhythmic movements of  the jaw and other muscles. 
This has been called oculomasticatory myorhythmia, and it 
strongly suggests the diagnosis of  Whipple disease (see Chapter 
16, Video 17.30).132,133 This nystagmus almost always occurs 
in association with a supranuclear ophthalmoparesis, and 
sleep and movement disorders are also common.

Other types. Pendular convergent divergent nystagmus 
at higher frequencies may be seen in patients with multiple 
sclerosis and brainstem stroke.134,135 Elliptical pendular nys-
tagmus together with upbeat nystagmus may also occur in 
Pelizaeus–Merzbacher disease,136 a rare X-linked recessive 
neurodegenerative condition in young children caused by a 
deficiency in the proteolipid apoprotein PLP.137 The disease 
primarily affects the CNS white matter, and pendular nys-
tagmus accompanied by vision loss and optic atrophy may 
be the initial manifestations. Other childhood white matter 
disorders with a similar presentation include adrenoleuko-
dystrophy (see Chapter 8) and Cockayne syndrome.138

Joubert syndrome. Pendular torsional, see-saw, and gaze-
evoked nystagmus may be prominent features of  Joubert 
syndrome, while “wheel-rolling” ocular torsion, likely from 
cyclic or periodic alternating skew deviation similar to see-saw, 
has also been reported.139 This congenital structural disorder 
is characterized by the symptom complex of  developmental 
delay, hypotonia, truncal ataxia, episodic hypernea, and 
apnea in infancy,140 and ocular motor abnormalities  
such as nystagmus, impaired smooth pursuit and saccades, 
alternating skew deviation, ocular motor apraxia, periodic  
alternating gaze deviation, an inability to cancel the 

BA

Figure 17.12. Joubert syndrome. Axial magnetic resonance imaging of a child with pendular torsional nystagmus who was found to have (A) absence 
of the cerebellar vermis (arrow) and (B) stretching and thickening of the cerebellar peduncles (small arrow), producing a “molar tooth” appearance of 
the pontomesencephalon (large arrow). 



17 • Eye Movement Disorders: Nystagmus and Nystagmoid Eye Movements 603

muscle recessions can sufficiently limit the eye movement to 
reduce symptomatic oscillopsia. In select cases, eye muscle 
surgery is used to move the eyes from their eccentric null 
point to the primary position. This will shift the null point to 
a more cosmetically acceptable position, thus reducing associ-
ated head turn. Injecting botulinum toxin into the extraocular 
muscles154 or retrobulbar space may help a small number of  
patients disabled by oscillopsia, but it is limited by the ptosis 
and double vision it may produce. The need for repetitive 
injections is another detracting factor. Combined pharmaco-
logic and surgical approaches may be used as well.155

Convergence Retraction Nystagmus (Saccades)

Convergence retraction nystagmus is a sign of  pretectal dys-
function and may in part reflect excess convergence tone. It 
is not a true nystagmus because there is no slow phase,  
just opposing adducting saccades. A disorder of  vergence 
has also been suggested.156 Retraction of  the globe into the 
orbit results from co-contraction of  horizontally and verti-
cally acting extraocular muscles. Convergence retraction 
saccades can be elicited by having the patient look upward 
quickly or by moving an optokinetic tape downward. Accom-
panying neurologic signs are usually present, including 
upgaze palsy, pupillary light-near dissociation, and eyelid 
retraction (see the discussion on Parinaud and pretectal 
syndrome in Chapter 16).

Thyroid-associated ophthalmopathy may also produce 
eyelid retraction and decreased upgaze. In rare instances, 
the globes may also retract, mimicking convergence retrac-
tion nystagmus. The absence of  any pupillary abnormalities 
and the presence of  exophthalmos, conjunctival injection, 
eyelid edema, and positive forced ductions all should make 
the distinction relatively clear. Unfortunately, eyelid lag cannot 
be used as distinguishing feature since it may occur in both 
disorders (see Chapter 14).

See-Saw Nystagmus

This unusual nystagmus is highly localizing to the midbrain 
or parasellar region (Table 17.9), although there are many 
exceptions. See-saw nystagmus is characterized by the simul-
taneous pendular elevation and intorsion of  one eye with the 
depression and extorsion of  the other eye (Fig. 17.13, Videos 
17.31 and 17.32).157,158 To complete the see-saw cycle, the eye 
that was depressed and extorted will elevate and intort, and 
the eye that was elevated will fall and extort. Patients with 
congenital see-saw nystagmus may show no torsional compo-
nent, or the elevating eye may extort while the falling eye intorts.

Some patients will display half  of  a see-saw cycle with a 
corrective quick phase. This has been called hemi- or jerk 
see-saw nystagmus.159 It may occur from a unilateral meso-
diencephalic lesion involving the inC or MLF lesion that causes 

Right eye Right eyeLeft eye Left eye

Figure 17.13. See-saw nystagmus. One eye depresses and extorts while 
the fellow eye elevates and intorts. The pattern alternates in a pendular 
or jerk fashion, simulating the motion of a see-saw. 

Figure 17.14. See-saw nystagmus. Gadolinium-enhanced T1-weighted 
sagittal magnetic resonance imaging in a patient with see-saw nystagmus 
due to biopsy-proven granulomatous inflammation of the hypothalamus 
and chiasm (arrow), presumed to be sarcoidosis. 

asymmetric damage to the vertical semicircular canal path-
ways.160,161 Additionally, the utricle-ocular motor pathways 
may also contribute, especially when a complete or partial 
ocular tilt reaction is seen.

Pendular see-saw nystagmus is usually caused by a sellar 
mass lesion (e.g., pituitary tumor, craniopharyngioma)  
(Fig. 17.14). It may be abolished by removal of  the offending 
mass. In addition, patients with visual loss alone may also 
have see-saw nystagmus,162 and it may also be observed in 
patients with achiasma or head trauma. The relationship 
between see-saw nystagmus and chiasmal visual loss is also 
discussed in Chapter 7. Joubert syndrome (discussed earlier) 
is also a well-recognized cause of  this eye movement disor-
der.163 Baclofen and clonazepam may help lessen see-saw 
nystagmus.

Voluntary Nystagmus

Voluntary nystagmus is usually produced by individuals  
for amusement (Video 17.34) or by patients seeking second-
ary gain.164 However, this nystagmus may also be seen in 
families.165 Most patients complain of  blurry vision and oscil-
lopsia. The nystagmus is recognized as a high-frequency, 
low-amplitude pendular oscillation that cannot be sustained. 
Eye movement recordings show the oscillations to be a series 
of  rapidly alternating saccades, usually horizontal, with a 
frequency of  3–42 Hz.166 Voluntary nystagmus usually occurs 
in bursts that last 5–10 seconds. Lid fluttering and squinting 
may accompany the ocular oscillation. Occasionally the strain 
in the patient’s face may be observed as he or she tries to 
maintain the eye movements. Since a convergence effort is 
generally required to produce the oscillations, miosis is often 
seen. The voluntary oscillations can be interrupted by having 
the patient pursue a target or with distraction. By definition 
it can be “produced” by the patient, unlike all other nystag-
moid movements, which are involuntary.

Convergence-Evoked Nystagmus

Convergence usually damps congenital nystagmus.167 Con-
vergence may precipitate vertical jerk nystagmus or may 
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to assess intoxication.181 Clearly, the presence of  physiologic 
nystagmus, congenital nystagmus, and the effects of  other 
medications may fool an unwary observer.

Nystagmus Induced During an MRI

Patients undergoing MRIs in high field magnets may tem-
porarily experience jerk nystagmus while in the scanner. 
One explanation is labyrinthine excitation due to fluid shifts 
in the inner ear caused by the magnetic field.182

Optokinetic Nystagmus

When rotation of  the head is sustained for more than a few 
seconds, the optokinetic system becomes active to supple-
ment the vestibular–ocular reflex (given mechanical limita-
tions in the labyrinthine structures) and to maintain foveation 
on stationary objects. OKN is involuntary but may be sup-
pressed if  the stimulus is not full field and the patient decides 
to look above or below the moving target. At the bedside, 
the optokinetic response may be elicited by moving a striped 
tape in front of  the patient, but because this stimulus does 
not fill the entire field of  vision, this test may preferentially 
evaluate pursuit (with resultant saccades) instead (see Fig. 
2.30). OKN is generated by pursuit of  an object and a cor-
rective saccade in the opposite direction to detect the next 
target. Both retinal and cerebral projections contribute to 
the optokinetic response, but it is the cerebral connections 
that are the most important in the adult patient.183 The cere-
bral projections begin in area V5 (see Chapter 9) and parietal 
areas (PP) and connect to the nucleus of  the optic tract and 
dorsolateral pontine nuclei. Inadequate suppression of  the 
primitive optokinetic reflex is thought to underlie the genera-
tion of  latent and congenital nystagmus. Ultimately these 
projections will reach the medial vestibular nucleus and from 
this area to the ocular motor nuclei.1

OKN may be helpful as a diagnostic tool to evaluate (1) 
visual function in infants with congenital nystagmus (using 
vertical OKN) or central visual impairment (either absent 
or asymmetric); (2) a reverse OKN response characteristic 
of  congenital nystagmus; (3) a deep parietal lesion causing 
a homonymous hemianopia (a reduced response is observed 
when the OKN tape is moved toward the side of  a parietal 
lesion); (4) residual vision in a patient who claims complete 
blindness (an intact OKN response suggests that there is at 
least some vision); (5) a subtle adduction weakness seen in 
internuclear ophthalmoparesis; (6) convergence retraction 
nystagmus (the OKN tape is drawn downward to elicit this 
pretectal sign); (7) smooth pursuit and saccades (e.g., absent 
or weak downward fast phases with vertical OKN may be 
the first ocular motor sign of  progressive supranuclear palsy); 
and (8) visuovestibular interactions. OKN responses have 
also been used to estimate visual acuity in patients with poor 
vision.184,185

Nystagmoid Eye Movements

The eye movements discussed in this section are not consid-
ered forms of  nystagmus. Instead, they are due to saccades 
that interrupt fixation. Although some of  the oscillations in 
this group consist of  a slow and fast phase, they are not initi-
ated by the slow phase as is the case with nystagmus. Ocular 
bobbing is an example of  this type of  eye movement.

cause it to reverse direction, especially in Wernicke’s (e.g., 
upbeat nystagmus transitions to downbeat nystagmus or 
vice versa). The pendular convergent nystagmus of  Whipple 
disease may be increased by convergence, and an acquired 
convergence-evoked pendular nystagmus in MS has been 
described.135

Lid Nystagmus

The M group of  neurons in the midbrain is thought to coor-
dinate vertical lid and eye movements, and occasionally in 
vertical nystagmus (especially upbeat nystagmus), the lid 
excursions are more prominent than the corresponding eye 
movements. Convergence may also precipitate lid nystagmus.168 
In general lid nystagmus has poor localizing value, although 
it has been associated with lateral medullary lesions when 
seen in lateral gaze169 and has been described in Miller Fisher 
syndrome in conjunction with ophthalmoparesis.170

Epileptic Nystagmus (EN)

Nystagmus may be induced by epileptic activity and is gener-
ally accompanied by gaze deviation, eye blinking, or blind-
ness.171 However, nystagmus may be the only manifestation 
of  a seizure, particularly in intensive care unit patients. Epileptic 
nystagmus is almost exclusively directed away from the seizure 
focus,172 mainly for two reasons: (1) If  saccadic structures are 
irritated (frontal or parietal), a contralesional fast (pathologic) 
phase is initiated with resultant slow drift back to midline and 
(2) if  smooth pursuit structures are irritated (temporoparietal-
occipital junction), an ipsilesional slow (pathologic) phase is 
initiated with resultant (fast) contralesional-position reset 
mechanism.173 Less commonly, epileptic nystagmus may be 
due to irritation of  structures involved in the optokinetic 
response—a connection between the temporal-occipital cortex 
and the mesencephalic nucleus of  the optic tract.174 The dis-
charge frequency tends to be high, with a rate of  approximately 
10 per second. Rare types of  ictal nystagmus are vertical 
(bilateral cortical irritation or perhaps unilateral occipital 
lobe175), ipsilateral to the seizure focus, monocular,176 and 
periodic alternating.177 Clinicians should also be wary of  vol-
untary nystagmus in patients with nonepileptic seizures.164

Drug- and Alcohol-Induced Nystagmus

Drug-induced nystagmus is one of  the most common forms 
of  nystagmus. A variety of  medications may produce  
nystagmus in the therapeutic range, including anticonvul-
sants, sedatives, barbiturates, and the phenothiazines.53 
Typically the nystagmus is present in horizontal endgaze 
and upgaze, and less commonly in downgaze. The nystagmus 
is symmetrical and usually does not fatigue. Downbeat  
nystagmus has been associated with use of  carbamazepine, 
phenytoin, and lithium (Video 17.23). Tobacco smoking  
has also been observed to produce upbeat nystagmus  
(usually in the dark) and horizontal square-wave jerks.178 
Presumably, nicotine acts as a CNS excitatory neurotrans-
mitter in this situation,179 perhaps inducing an imbalance 
in the vertical VOR.178

Acute alcohol intoxication may produce gaze-evoked nys-
tagmus given its effects on the cerebellum. So-called positional 
alcohol nystagmus may result from the alcohol entering the 
cupula, rendering it lighter than the endolymph, which is 
the purported “buoyancy” mechanism.180 However, we do 
not advocate the presence of  nystagmus alone as a method 
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SACCADIC INTRUSIONS

Neurons in the pons and midbrain help generate the saccadic 
eye movements that allow the eyes to overcome the visco-
elastic forces of  the orbit. These neurons are called burst 
neurons and they reside in the paramedian pontine reticular 
formation for horizontal saccades and in the rostral interstitial 
nucleus of  the medial longitudinal fasciculus for vertical 
saccades (see Figs. 16.2 and 16.18). The burst neurons are 
kept silent by a group of  neurons called pause (omnipause) 
neurons that reside in the paramedian pontine region. When 
a saccade is made, the pause cells are turned off  by an inhib-
iting input from supranuclear structures, and when the desired 
eye position equals the actual eye position, pause cells resume 
firing. Some of  the saccadic disorders described here are 
thought to be caused by pause cell dysfunction. However, 
pathologic confirmation of  this theory is lacking. Inappropri-
ate saccades (intrusions) may also result from disordered 
input to the burst neurons from other structures such as the 
superior colliculus, basal ganglia, or cerebellum.1

In order of  increasing severity, square-wave jerks, ocular 
dysmetria, macrosaccadic oscillations, and ocular flutter and 
opsoclonus represent the spectrum of  saccadic intrusions.

Square-Wave Jerks

These are horizontal back-to-back saccades that interrupt 
fixation (Fig. 17.15 and Video 17.35).52 Intersaccadic inter-
vals of  200 msec each help distinguish this saccadic disorder 
from ocular flutter. If  the amplitude is greater than 5 degrees, 
the term macrosquare-wave jerk is used (Video 17.36). Square-
wave jerks may be seen in normal adults and children,186 
but more than 9–15 per minute is considered abnormal. 
Common causes of  pathologic square-wave jerks include 
cerebellar disease, schizophrenia, Parkinson’s disease, and 
progressive supranuclear palsy, as these disorders may  
affect output from the frontal eye fields, rostral superior col-
liculus, or central mesencephalic reticular formation to the 
pause cells.

Ocular Dysmetria

This is a sign of  cerebellar dysfunction similar to limb dys-
metria. If, upon refixation, the eyes overshoot the target and 
then saccade back to the intended fixation point, this is termed 
saccadic hypermetria (Video 16.5). In saccadic hypometria, 
the eyes undershoot the target.
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Figure 17.15. Square-wave jerks. Eye movement recording (x-axis = 
time; y-axis = horizontal eye position) demonstrating back-to-back hori-
zontal saccades separated by a 200-msec interval. ISI, intersaccadic 
interval; S, saccade. 
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Figure 17.16. Macrosaccadic oscillations. Eye movement recording 
(x-axis = time; y-axis = horizontal eye position) demonstrating a cre-
scendo–decrescendo pattern of saccades after the eyes attempt to return 
to fixation from eccentric gaze. 

Macrosaccadic Oscillations

These are horizontal saccades separated by 200 msec inter-
vals that occur across the intended fixation point in a 
crescendo–decrescendo pattern (Fig. 17.16, Video 17.37). 
They may have a large amplitude of  15–50 degrees.187 They 
probably represent an extreme form of  saccadic dysmetria 
in which there is constant overshoot of  the target1 or could 
be due to loss of  substantia nigra pars reticulate inhibition 
(via GABA pathways) of  the superior colliculus.1 Again, this 
is a cerebellar or brainstem eye sign that is most commonly 
observed in patients with MS.52

Opsoclonus and Ocular Flutter

Opsoclonus describes the dramatic occurrence of  involuntary 
conjugate multidirectional saccades (saccadomania) that 
occur without an intersaccadic interval. The eye movement 
abnormality is often associated with eye blinking, facial 
twitching, myoclonus, and ataxia (Kinsbourne’s “dancing 
eyes and dancing feet”) and might be more prominent with 
convergence, eyelid closure, or immediately following a 
saccade. Ocular flutter, a related disorder, refers to back-to-
back horizontal (without vertical or torsional) saccades 
without an intersaccadic interval (Fig. 17.17, Video 17.38) 
and generally has the same localizing value and differential 
diagnosis as opsoclonus. The lack of  an interval between 
the saccades distinguishes ocular flutter from square-wave 
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Figure 17.17. Ocular flutter. Eye movement recording (x-axis = time; 
y-axis = horizontal eye position) demonstrating spontaneous back- 
to-back horizontal saccades (S) without an intersaccadic interval. In 
contrast to square-wave jerks (see Fig. 17.15), there are no intersaccadic 
intervals (ISIs). 
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cognition.208 However, the prognosis is overall better com-
pared with paraneoplastic pediatric opsoclonus-myoclonus.209 
Therefore, in a complete workup of  a child with opsoclonus, 
a head MRI and spinal fluid examination should be performed 
in addition to the neuroblastoma screen suggested previously. 
Electroencephalogram (EEG) is very low yield when parox-
ysmal eye movement disorders are seen in isolation without 
seizure-like symptoms.210

Opsoclonus in adults. In adults, most commonly 
opsoclonus and ocular flutter may (1) be postinfectious; (2) 
be drug induced (e.g., amitriptyline, lithium, phenytoin, 
cocaine, organophosphates)189,211; (3) occur as a remote 
(paraneoplastic) effect of  cancer212; or (4) result from encepha-
litis due to Lyme,213 West Nile virus,76,214,215 human immu-
nodeficiency virus, and other infections (Videos 17.41 and 
17.42).216,217 Associated tumors include small-cell lung (some 
cases with anti-Hu antibodies218), breast (with anti-Ri anti-
bodies219), and gynecologic neoplasms.220 Older age and 
encephalopathy at presentation are more associated with 
paraneoplastic than parainfectious opsoclonus.221 Other 
antibody associations include those directed against N-methyl-
D-aspartate (NMDA),222 GABA-B,223 glycine,221 glutamate 
receptors,224 glutamic acid decarboxylase (GAD),225 and 
GQ1b.226 Most patients with OMS have an idiopathic disorder 
that is presumed to be parainfectious, although 14% of  cases 
are cancer-related.217 Stroke, trauma, posterior reversible 
encephalopathy syndrome,224 central nervous system tumors, 
or hyperosmolar nonketotic coma are other associations. 
Opsoclonus may also occur from cerebellar, brainstem,227 or 
diffuse cerebral injury.

Postinfectious opsoclonus usually slowly improves, but 
recovery of  paraneoplastic opsoclonus is more variable221 
and depends upon whether the underlying tumor can be 
treated.228,229 Both may damp with clonazepam, gabapentin, 
topiramate, corticosteroids, or other immunosuppression 
such as gammaglobulin or plasma exchange.217

The exact etiology of  opsoclonus remains uncertain, but 
proposed mechanisms include impaired omnipause cell func-
tion leading to lack of  saccadic inhibition, or instability of  
the burst neurons and malfunctioning Purkinje cells in the 
vermis leading to disinhibition of  the cerebellar fastigial 
nucleus.216,230

OTHER NYSTAGMOID EYE MOVEMENTS

Superior Oblique Myokymia

Superior oblique myokymia (SOM) is a high-frequency mon-
ocular oscillation produced by spontaneous firing of  one 
superior oblique muscle (Videos 17.43 and 17.44).231–233 
Patients often complain of  intermittent episodes of  monocular 
vertical or torsional oscillopsia, with or without vertical or 
torsional diplopia. SOM can often be seen by asking the patient 
to look into the field of  action of  the superior oblique muscle 
while the eye is observed with a slit lamp or the fundus with 
an ophthalmoscope. Each episode is usually brief, lasting 
seconds but up to hours, and occurs at irregular intervals.

This condition is usually idiopathic, but neuroimaging 
should be performed to exclude a midbrain lesion.234 The 
initially proposed mechanism of  SOM was based on phasic 
activity of  the fourth nerve fascicles causing contraction  
of  the superior oblique muscle,231 although neurovascular 

jerks. Reflecting saccadic dysfunction, ocular dysmetria may 
be an associated finding of  both opsoclonus and ocular flutter. 
Saccadic oscillations very similar to ocular flutter and 
opsoclonus can rarely occur on a nonorganic basis.188

Paraneoplastic relationship with neuroblastoma. Fifty 
percent of  children with opsoclonus (and ocular flutter) 
harbor a neuroblastoma; thus it is essential to exclude this 
tumor in any child with saccadomania (Video 17.39). Con-
versely, only 2% with neuroblastoma have opsoclonus.189 A 
complete screening protocol for neuroblastoma in a child 
with opsoclonus or ocular flutter would include (1) urine 
vanillylmandelic acid (VMA) and homovanillic acid (HVA) 
levels; (2) MRI of  the neck, chest, abdomen, and pelvis; and 
(3) metaiodobenzylguanidine (MIBG) whole-body scintigra-
phy. The combination of  MRI and MIBG may be necessary 
because false-negative and false-positive results can occur 
with each in this setting.190 There may also be cerebrospinal 
fluid (CSF) pleocytosis. As in other paraneoplastic disorders, 
the underlying tumor may be found before, during, or after 
the eye abnormality occurs. In one report, the neuroblastoma 
was found 2 years after the presentation with opsoclonus.191

Opsoclonus–myoclonus may be monophasic or multiphasic 
and may respond to tumor removal and adrenocorticotropic 
hormone (ACTH) or prednisone,192,193 sometimes in combi-
nation with immunomodulatory therapy such as intravenous 
gammaglobulin,192 azathioprine, or rituximab194 or plasma-
pheresis.195,196 The response to these modalities suggests an 
autoimmune pathogenesis of  opsoclonus associated with 
neuroblastoma, although no consistent immune marker has 
been found to date.197 Circulating antibodies, such as anti-
Hu198and anti-Purkinje cell,199 have been identified in a few 
patients. Neurofilament light chain has been shown to be 
elevated in the CSF of  pediatric opsoclonus–myoclonus syn-
drome (OMS) patients and is suggestive of  neuronal or axonal 
(not astroglial) injury that is likely inflammatory and may 
decrease with immunotherapy.200 One in vitro study sug-
gested the majority of  children with opsoclonus–myoclonus 
syndrome have circulating antibodies against the surface of  
cerebellar granular neurons.201 Pathologic brain specimens 
have also either been normal or have shown Purkinje cell 
and granular cell loss with gliosis.202

Children with neuroblastoma and opsoclonus have a more 
favorable prognosis than those without opsoclonus. This may 
be due to immune surveillance, earlier tumor detection, or 
favorable tumor biology. Children with favorable outcomes 
tend to have low-grade histologic features: ganglioneuro-
blastomas and absence of  N-myc amplification.203

Relapses and corticosteroid dependence are common in 
opsoclonus associated with neuroblastoma, and 70% of  
children have long-term cognitive deficits,192 perhaps in part 
due to a cerebellar cognitive affective syndrome.204 Significant 
atrophy of  the vermis, cerebellar hemispheres, and floccu-
lonodular lobes can be seen, and the degree of  atrophy has 
been shown to correlate with neurologic outcome.197

Other forms of  opsoclonus in childhood. These include 
a benign, self-limited opsoclonus in neonates205,206 and 
opsoclonus associated with severe visual disturbances,207 
parainfectious cerebellitis, and encephalitis (Video 17.40).189 
Like the paraneoplastic type, parainfectious opsoclonus  
myoclonus sometimes requires either ACTH or prednisone, 
and some children may still be left with some permanent 
neurologic abnormalities, including ataxia and defective 
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compression, usually by the superior cerebellar artery, has 
emerged as a common etiology with improved cranial nerve 
imaging.235,236 It is possible that SOM and ocular neuromyo-
tonia are similar disorders (with disparate features) that exist 
on a spectrum.237,238 A variant involving the inferior oblique 
muscle has been described.239

Treatment. This disorder may spontaneously remit, but 
gabapentin,240 carbamazepine, baclofen, memantine,241 or 
propranolol (or topical beta-blockers) may be tried.242 If  the 
symptoms persist and are disabling, one could consider tenec-
tomy of  the superior oblique muscle, in combination with 
recession or myectomy of  the inferior oblique muscle. Alter-
natively, weakening of  just the anterior portion of  the superior 
oblique tendon may eliminate the SOM without affecting 
the vertical alignment of  the eyes.243 Microvascular decom-
pression of  the fourth nerve has also been used to alleviate 
SOM, but this procedure may result in a superior oblique 
palsy.244

Ocular Bobbing

Ocular bobbing is an asynchronous eye movement disorder 
that begins with a quick conjugate down movement followed 
by a slow drift back to the midline (Video 17.45). This 
sequence of  fast then slow phases and its asynchrony dis-
tinguish ocular bobbing from vertical nystagmus.245 Since 
ocular bobbing is commonly associated with severe pontine 
lesions, horizontal gaze palsies often coexist. Variants of  
bobbing exist in which the eyes quickly move upward and 
then drift slowly downward (reverse bobbing). Some patients 
exhibit a downward slow phase with a quick upward cor-
rection (ocular dipping or inverse bobbing) (Video 17.46).246

Clearly, it is difficult to remember all the variants of  bobbing 
and their names. Sometimes, it is more practical just to 
describe the bobbing phenomenon and recognize its signifi-
cance as a brainstem sign. In unusual instances, diffuse 
processes such as status epilepticus, anoxia, encephalitis, 
and toxic metabolic disorders can also cause bobbing and 
its variants.247,248
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18 Orbital Disease in 
Neuro-Ophthalmology
KENNETH S. SHINDLER

BONES OF THE ORBIT

The orbit is bound by portions of  seven different bones (frontal, 
sphenoidal, zygomatic, lacrimal, maxillary, palatine, and 
ethmoidal), and they contribute variably to form the walls 
of  the orbit (Fig. 18.2, Table 18.1). The ethmoidal bone con-
tains the medially located and thin lamina papyracea, which 
is vulnerable both to fractures and to the passage of  infection 
from the paranasal sinuses. The posterior border of  the orbit 
is the optic canal, and the anterior extent is the orbital septum, 
which originates in the periorbita and blends into the con-
nective tissue of  the upper and lower eyelids.

There are three major bony openings into the orbit. The 
first is the optic canal through which passes the optic nerve, 
oculosympathetic nerves, and the ophthalmic artery. The 
second is the superior orbital fissure, formed by the greater 
and lesser wings of  the sphenoid bone. The superior  
ophthalmic vein and the IIIrd, IVth, first (ophthalmic) divi-
sion of  the Vth, and VIth cranial nerves as well as some 
sympathetic nerves pass through the superior orbital fissure. 
Finally, the inferior orbital fissure is in the floor of  the orbit, 
and through it passes the second (maxillary) branch of   
the Vth nerve, the inferior ophthalmic vein, heading into 
the pterygoid plexus, and branches of  the sphenopalatine 
ganglion.

There are other important vascular foramina, including 
openings in the medial orbital wall for the anterior and pos-
terior ethmoidal arteries. The ethmoidal arteries are branches 
of  the ophthalmic artery and supply the dura in the anterior 
cranial fossa and the nose. The anterior ethmoidal nerve, a 
branch of  the nasociliary nerve, also passes through the 
anterior ethmoidal canal and supplies sensation to the tip 
of  the nose and upper lip. This sensory branch of  the first 
division of  the Vth cranial nerve is the reason why the tip 
of  the nose is often involved in herpes zoster ophthalmicus 
(Hutchinson’s sign).

The bones of  the orbit also contain important grooves 
and fossae. The infraorbital groove contains the infraorbital 
nerve, the terminal branch of  the maxillary nerve, which 
exits the floor of  the orbit through the infraorbital foramen 
to supply the sensation on the cheek and upper part of  the 
jaw. The supraorbital nerve (a branch of  the frontal nerve, 
which derives from the ophthalmic division of  the Vth nerve) 
similarly reaches the skin of  the forehead and frontal sinus 
through the supraorbital foramen or notch.12 The trochlear 
fossa is located superomedially 5 mm from the anterior orbital 
rim. Here the cartilaginous trochlea (through which the 
tendon of  the superior oblique passes) is attached. The lac-
rimal fossa is located superotemporally in the frontal bone.

Orbital disorders usually manifest with a unifying constel-
lation of  symptoms and signs that include proptosis, peri-
ocular swelling, blurred vision, and double vision. The 
presence of  proptosis distinguishes diseases of  the orbit  
from other neuro-ophthalmic conditions with similar symp-
tomatology. In this chapter, relevant orbital anatomy  
and typical signs and symptoms encountered in orbital 
disease are put into clinical context; the advantages and 
disadvantages of  various orbital imaging techniques are 
critically examined; and the orbital entities frequently 
encountered in neuro-ophthalmic practice are analyzed, 
including thyroid-associated ophthalmopathy, orbital inflam-
matory disorders, orbital tumors, and the sequelae of  orbital 
infections and trauma. The pathogenesis, evaluation, and 
treatment of  each orbital disorder are reviewed with par-
ticular emphasis on those conditions that can be vision- or 
life-threatening.

Orbital Anatomy

Familiarity with orbital anatomy is critical to understanding 
and recognizing the various conditions that are encountered. 
Several excellent texts and atlases are available1–3 along with 
excellent review articles with correlation to radiographic 
studies4,5 and congenital variations in orbital development.6 
The orbit contains a wide variety of  tissue types, including 
bone, periorbita, fibroadipose tissue, striated and smooth 
muscle, epithelial tissue of  the lacrimal gland, the optic nerve, 
peripheral autonomic, sensory and motor nerves, the ciliary 
ganglion, arteries and veins, and cartilage in the trochlea 
of  the superior oblique muscle. Although the orbit was tra-
ditionally thought not to contain lymphatics, current evidence 
suggests that there are lymphatics in the orbital fat, lacrimal 
gland, and optic nerve sheath.7–10

A “functional” understanding of  orbital anatomy and the 
interaction of  all of  these structures is grounded in the rela-
tionship of  the various spaces within the 25–30 cc of  the 
bony orbit.11 These spaces include the globe and the space 
immediately around it (Tenon’s space), the intraconal portion 
of  the orbit (formed by the cone of  the rectus muscles and 
containing the optic nerve), and the extraconal space  
(Fig. 18.1). There is also a potential space between the bone 
and the periorbita which is a common site for orbital involve-
ment by paranasal sinus infections and tumors. Further 
division into the superior and inferior extraconal spaces is 
helpful, as many conditions such as lymphoma and idiopathic 
orbital inflammatory syndrome (IOIS) have a predilection 
to develop in the superior and temporal orbit.
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The inferior orbital vein drains into the pterygoid plexus. 
Anterior venous drainage can also occur into the facial veins 
via the angular and inferior ophthalmic veins.

EXTRAOCULAR MUSCLES

The six extraocular muscles are striated with unique proper-
ties.15 The four rectus muscles (each about 3–4 cm long) 
originate from the annulus of  Zinn at the orbital apex, which 
is contiguous with the dura surrounding the optic nerve 
and the periorbita. In addition to their insertion on the globe, 
secondary insertions in the connective tissue surrounding 
the muscle create “pulleys,” which function as secondary 
origins for rectus muscle action16–18 and facilitate compart-
mental contractions that increase the diversity of  extraocular 
muscle functions.19 The levator palpebra also originates from 
the annulus of  Zinn. The superior oblique originates just 
posterior to the annulus of  Zinn and passes through the 
trochlea before turning posterolaterally to insert on the globe 
under and posterior to the insertion of  the superior rectus. 
The inferior oblique originates from the bone just postero-
lateral to the nasolacrimal fossa and travels posterolaterally 
under the inferior rectus (attached to the inferior rectus by 
Lockwood’s ligament) to insert both into the connective tissue 
between it and the lateral rectus (its pulley or secondary 
origin20) and posteriorly on the globe in the region of  the 
macula. The nerves innervating the rectus muscles enter 
them at the junction of  the posterior and middle third of  
their bellies. These structures are discussed in more detail 
in Chapter 15.

The lateral wall of  the orbit is thickest anteriorly and is 
the strongest of  the orbital walls. In the most anterior portion 
of  the lateral wall, about 10–11 mm below the frontozygo-
matic suture, is the lateral orbital (Whitnall’s) tubercle. This 
bony tubercle serves as the point of  attachment of  the levator 
aponeurosis, the suspensory (Lockwood’s) ligament of  the 
globe, the lateral palpebral ligament, and the check ligament 
of  the lateral rectus muscle. The zygomatic canal is posterior 
to the tubercle, and through it passes the zygomatic nerve, 
a proximal branch of  the maxillary nerve. It divides in the 
orbit into the zygomaticotemporal and zygomaticofacial 
nerves, which supply the skin on the lateral portion of  the 
forehead and cheek.

VASCULAR STRUCTURES

The blood supply to the orbit derives from the ophthalmic 
artery, which is the first branch of  the internal carotid artery 
after it pierces the dura of  the cavernous sinus.13,14 The artery 
enters the orbit inferiorly through the optic canal and moves 
laterally between the optic nerve and lateral rectus, then 
superiorly and finally medially. Its terminal branches are the 
supratrochlear and dorsal nasal arteries. Some blood reaches 
the orbit through the facial, maxillary, and temporal branches 
of  the external carotid artery. The branches of  the ophthalmic 
artery (see Fig. 4.1), the structures they supply, and their 
important external carotid artery anastomoses are summa-
rized in Table 18.2.

The orbital veins are valveless. The superior ophthalmic 
vein and central retinal vein drain into the cavernous sinus. 

Superior rectus muscle

Inferior rectus muscle

Optic nerve

Periorbita

Lateral rectus muscle

Oculomotor nerve,
branch to medial
rectus muscle

Oculomotor nerve,
branch to inferior
oblique muscle

Frontal nerve

Ophthalmic artery

Abducens nerve

Inferior oblique muscle

Inferior ophthalmic vein

Lockwood’s ligament

Orbital septum

Levator aponeurosis

Whitnall’s ligament

Superior ophthalmic vein

Levator palpebrae
superioris muscle

Figure 18.1. Sagittal section of the orbit demonstrating the various anatomic spaces and the orbital fascial system. The extraocular muscles and the 
intermuscular septae define the intraconal space. The extraconal space is outside of the muscle cone. Tenon’s space is between Tenon’s fascia (which 
surrounds the globe) and the globe. These spaces are often considered when developing a differential diagnosis of orbital lesions. 
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intraconal space is defined by the extraocular muscles and 
the intermuscular septa, which are denser anteriorly and 
may be absent posteriorly,21 although the anatomic distinc-
tion of  the intraconal and extraconal spaces may be more 
complex, resulting from radial fibrovascular connective tissue 
septae, which also attach the muscles to the periorbita.22 
These septae separate the orbital fat into lobules. The orbital 
septum is the anterior border of  the orbit. It originates  
at the anterior orbital rim and superiorly fuses with the  
levator aponeurosis and inferiorly with the capsulopalpebral 
fascia.

Tenon’s capsule is a layer of  delicate connective tissue 
attached to the globe near the limbus. The capsule envelopes 
the globe, has fine posterior attachments to it, and separates 
it from the orbital fat. The extraocular muscles pierce the 
capsule anterior to the equator of  the globe and are enveloped 
in a sleevelike extension of  the capsule. The muscles travel 
in the capsule for 7–10 mm, and the capsule gives off  lateral 
extensions, forming the intermuscular membrane between 
the rectus muscles. Important attachments between the 
rectus muscles and the surrounding connective tissue may 
serve as the functional origin for each muscle.17,19,20

PERIORBITA AND SEPTAE

The periorbita is the periosteum of  the orbital bones. It is 
only loosely adherent to the bones, except where it is fixed 
at the anterior orbital rim, the margins of  fissures and canals, 
and the lacrimal crest. Posteriorly it is contiguous with the 
dura at the superior orbital fissure and optic nerve. The 
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Zygomaticofacial
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Figure 18.2. The bones, foramina, and fissures of the left orbit. A. External views of the various bones that form the orbit. B. Higher-power view of the 
orbital apex of the left orbit. The greater and lesser wings of the sphenoid bone form the orbital apex. The superior orbital fissure, inferior orbital 
fissure, and optic canal can be seen. 

Table 18.1 Bones of the Walls of the Orbit

Orbital roof Frontal bone
Lesser wing of sphenoid

Lateral wall Greater wing of sphenoid bone
Zygomatic bone

Medial wall Ethmoid bone
Lacrimal bone
Lesser wing of sphenoid
Tip of maxilla

Orbital floor Maxilla
Zygomatic
Palatine
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of  the maxillary division of  the Vth nerve before reaching 
the lacrimal gland.

Neuro-Ophthalmology of  
Orbital Disease

SYMPTOMS

Patients with orbital disease present with a variety of  symp-
toms including vision loss, double vision, swelling, pain, 
ptosis, and proptosis. Most orbital disease is space occupying, 
and therefore the hallmark of  orbital disease is proptosis or 
exophthalmos due to axial or forward displacement of  the 
globe. Axial proptosis (Fig. 18.3) is usually caused by disease 
within the muscles or muscle cone while nonaxial proptosis 
(displacement of  the globe down, up, or sideways in addition 
to forward) is usually caused by extraconal lesions. Although 
many patients may notice prominence of  one eye, others 
may have unrecognized moderate to severe proptosis. Lid 
retraction (sclera visible between the superior limbus and 
upper eyelid) is the hallmark of  thyroid eye disease. Other 
causes of  proptosis are generally not associated with lid 
retraction. In fact, superior orbital disease might also be 
associated with ptosis. Patients with orbital disease (particu-
larly thyroid-associated ophthalmopathy (TAO) and IOIS) 
also present with eyelid soft tissue swelling or conjunctival 
injection. Patients with orbital fractures or bone loss in asso-
ciation with sinus disease (see Silent Sinus Syndrome) can 

CILIARY GANGLION

The ciliary ganglion (also discussed in Chapter 13 (see Fig. 
13.3)), lies in the posterior orbit between optic nerve and 
the lateral rectus muscle. The ganglion contains the synapses 
of  the preganglionic parasympathetic fibers from the Edinger–
Westphal nucleus of  the IIIrd nerve and provides the post-
ganglionic neurons destined for the ciliary body and pupillary 
sphincter. Preganglionic fibers reach the ciliary ganglion 
with the oculomotor branch to the inferior oblique muscle. 
Postganglionic fibers reach the anterior portion of  the globe 
via short posterior ciliary nerves. Sensory fibers from the 
ophthalmic division of  the Vth nerve and postganglionic 
sympathetic fibers pass through the ciliary ganglion on their 
way to the globe but do not synapse there.

LACRIMAL GLAND

The lacrimal gland sits in the lacrimal fossa and is separated 
from the globe by Tenon’s capsule and orbital fat. The most 
lateral portion of  the levator aponeurosis separates the lac-
rimal gland into the smaller palpebral and larger orbital lobes. 
Portions of  the palpebral lobe can be seen superolaterally 
upon eversion of  the eyelid. The blood supply to the lacrimal 
gland derives from the lacrimal artery, a branch of  the oph-
thalmic artery. Sensory innervation is from the ophthalmic 
division of  the trigeminal nerve. Autonomic innervation is 
from parasympathetic fibers which synapse in the pterygo-
palatine ganglion and travel with the zygomatic branches 

Table 18.2 Branches of the Ophthalmic Artery, Structures They Supply, and Important Anastomoses14

Branch of Ophthalmic Artery Structure(S) Supplied
Important Anastomoses With External Carotid 
Artery

Central retinal artery Retina, optic nerve

Lateral posterior ciliary artery Choroid, optic nerve (20 short branches)
Ciliary muscle, iris, anterior choroid (2 long branches)

Lacrimal artery Lacrimal gland With transverse facial, zygomatic, and frontal 
branches of superficial temporal arteries

With middle meningeal artery from maxillary artery

Lateral muscular artery Superior rectus, superior oblique, lateral rectus, and 
levator muscles

Rectus muscles give off anterior ciliary arteries to 
anterior segment of eye

With orbital branches of infraorbital artery, a 
branch of maxillary artery

Posterior ethmoid artery
Supraorbital artery (together or 

separately)

Posterior ethmoid air cells
Eyebrow, forehead
Levator muscle

With lateral nasal artery from maxillary artery

Medial posterior ciliary artery See lateral posterior ciliary artery

Muscular artery Inferior rectus, inferior oblique, and medial rectus 
muscles

To areolar tissue Areolar tissue

Anterior ethmoid artery Anterior ethmoid cells
Frontal sinus
Dura in anterior fossa
Nose

With sphenopalatine artery from maxillary artery

Medial, inferior medial, and superior 
medial palpebral arteries

Eyelids

Dorsal nasal (terminal) artery Nose With angular branch of facial artery

Supratrochlear artery Superomedial orbit
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is compressed by the mass lesion. Vision clears upon moving 
the eye back to the central position. However, gaze-evoked 
amaurosis has been described in association with a variety 
of  other conditions including intracranial lesions, vitreo-
papillary traction syndromes, orbital fractures, sinus disease, 
TAO, sarcoid optic neuropathy, and elevated intracranial 
pressure.26–31 Decreased vision can also result from direct 
compression of  the optic nerve or from indentation of  the 
globe by a mass lesion, compression of  the optic nerve by 
enlarged eye muscles in TAO, or an inflammatory perineuritis 
associated with idiopathic orbital inflammation. Rarely, indi-
viduals with shallow orbits or proptosis can develop spon-
taneous episodes in which the globe is trapped in front of  
the lids (Fig. 18.4). This can be associated with blurred and 
double vision and is easily reduced by gently pushing the 
globe posteriorly.

EXAMINATION

The details of  formal neuro-ophthalmic examination  
have been described in Chapter 2. As with all patients,  
examination of  patients with orbital disease begins  
with careful assessment of  visual function including visual 
acuity, color vision, and visual fields. Beyond this, certain 
features of  the examination of  patients with orbital disease 
are specific.

present with enophthalmos or sinking back of  the globe (see 
Fig. 18.3). Here there may also be exaggeration of  the supe-
rior sulcus, adding to the “sunken appearance.” Enophthalmos 
can also occur with processes associated with scarring of  
orbital tissue (e.g., metastatic breast cancer).

Double vision secondary to impaired eye movements is a 
frequent complaint. Double vision results from misalignment 
of  the two eyes. Strabismus in this setting is usually non-
comitant and results from a mechanical effect where the 
mass lesion or inflammatory process interferes with the 
movement of  the eye directly or indirectly. Double vision can 
also result from extraocular muscle dysfunction by restrict-
ing the movement of  the globe, as in TAO. Lastly, diplopia 
can also result from cranial nerve (IIIrd, IVth or VIth) dys-
function within the orbit or through invasion of  the tumor 
into the cavernous sinus. Facial hypoesthesia can result from 
involvement of  the Vth cranial nerve or its orbital branches.

Slowly expanding benign orbital neoplasms may not cause 
any visual symptoms. However, optic nerve tumors (gliomas 
and meningiomas) and large intraconal tumors frequently 
present with proptosis and decreased vision. Patients may 
describe a blur or recognize a loss of  visual field (see Chapter 
5). A peculiar variation of  transient monocular vision loss 
occurs in patients with orbital mass lesions and is termed 
gaze-evoked amaurosis.23–25 Vision darkens as the eye is moved, 
presumably because the optic nerve or arterial blood supply 

BA

Figure 18.3. A. Patients with orbital disease may present with axial proptosis (exophthalmos), as seen in the right eye of this patient. The right pupil 
has been pharmacologically dilated. B. Enophthalmos manifesting as exaggeration of the superior sulcus (arrow) and a sunken appearance to the eye 
can be seen with orbital processes that increase the orbital volume, such as silent sinus syndrome (as in this case) or fractures or those that cause 
scarring of orbital tissue. 

BA

Figure 18.4. Patients with either shallow orbits (A) or on occasion with space-occupying lesions of the orbit can develop spontaneous proptosis. In 
this condition (B) the eye extends beyond the eyelids, which are trapped behind the globe. The globe can easily be pushed back into the orbit. 
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Optic disc findings. Initially, the optic nerve usually 
appears normal in patients presenting with orbital disease. 
Subsequently, chronic low-grade compression of  the intra-
orbital optic nerve can lead to atrophy of  the optic nerve 
and disc pallor. However, some patients with optic nerve 
tumors, and rarely patients with other orbital tumors, may 
present with optic nerve head swelling from compression of  
the anterior half  of  the optic nerve, leading to impaired axonal 
transport. Lesions around the orbital apex usually do not 
cause optic disc swelling. As a rule, optic disc swelling is not 
associated with intracanalicular or intracranial tumors unless 
there is associated mass effect, elevated intracranial pressure, 
and resulting papilledema. Disc swelling secondary to a 
chronic compressive lesion is sometimes further character-
ized by the presence of  collateral or shunt vessels. These 
abnormal vessels develop to shunt blood flow from the retinal 
to choroidal circulation, bypassing the chronically obstructed 
central retinal vein. Collateral vessels are a common feature 
of  optic nerve sheath meningiomas and are less commonly 
encountered with other causes of  orbital disease.

Retinal findings. Retinal vascular changes are sometimes 
observed in patients with orbital disease. Venous engorge-
ment or impending venous occlusion may be seen with optic 
nerve tumors but are very rare in patients with neoplastic 
or inflammatory disease of  the orbit. The most common 
fundus abnormality in patients with orbital mass lesions is 
choroidal (chorioretinal) folding. These have also been 
described in patients with TAO, inflammatory diseases of  the 
sclera and orbit, and mucoceles.32 The folding (Fig. 18.5) is 

Examination overview. The external examination begins 
by assessing the outward appearance of  the eye, looking for 
asymmetry, globe position, swelling, and abnormal eyelid 
position. Since lid retraction is often associated with lid lag, 
the patient is asked to look down. The lid is then observed 
to see if  it “hangs up” abnormally. Since mass lesions can 
often be felt around the eye, particularly if  they primarily 
involve the lacrimal gland, the orbit and globe should be 
palpated. At the same time the globe is retrodisplaced into 
the orbit, and the presence of  abnormal resistance or firm-
ness, typical of  most orbital disease, can be noted. Careful 
examination should be performed of  the preauricular area 
and neck to look for evidence of  abnormal adenopathy. The 
orbit can also be auscultated since bruits are present in some 
patients with arteriovenous malformations.

Proptosis can often be better appreciated if  patients are 
asked to tilt their head backward. Then the examiner looks 
from below, comparing the position of  the eyes in relation 
to the brow or anterior orbital rim. Formal measurements 
of  proptosis can be accomplished with various devices. The 
Hertel exophthalmometer is a combination of  a scale and 
mirror (see Fig. 2.36) and is placed on the patient’s lateral 
orbital rims. The examiner can then determine the relative 
position of  each globe compared with the lateral orbital rim. 
Generally, the eyes are within 1–2 mm of  each other, and 
any difference greater than that suggests either enophthalmos 
or exophthalmos. Serial measurements of  proptosis with 
exophthalmometry are important in patients with active 
orbital disease to assess progression.

C

BA

Figure 18.5. A. Fundus photograph demonstrating choroidal folds 
in a patient with an orbital mass lesion. These choroidal folds are 
highlighted by a late-phase fluorescein angiogram (B) where they are 
seen as alternating light and dark lines. Choroidal folds also can easily 
be demonstrated on ocular coherence tomography, as shown in a 
patient with thyroid-associated orbitopathy (C) where the outer retinal 
complex (arrows) is seen to be folded repeatedly. 
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Diagnostic Orbital Imaging

The diagnostic evaluation of  orbital disease includes non-
invasive imaging of  the orbit either by echography (orbital 
ultrasound), computed tomography (CT), or magnetic reso-
nance imaging (MRI). Each modality has advantages and 
disadvantages (Table 18.3), but the techniques are often 
complementary. Imaging studies may be nondiagnostic except 
for the unique patterns seen with thyroid eye disease and 
paraorbital sinus disease. However, taken in conjunction with 
the history and examination, a tentative diagnosis can usually 
be established.

ECHOGRAPHY

Two types of  analysis are used in orbital echography: 
amplitude-mode (A-scan) and brightness-mode (B-scan)  
(Fig. 18.6). Many different orbital disorders can be diagnosed 

the result of  extrinsic compression of  the globe, leading to 
flattening of  the sclera and subsequent wrinkling or folding 
of  the retina and choroid.33 This creates a highly character-
istic ophthalmoscopic finding of  parallel, alternating lines 
or folds most often seen in the posterior pole. The finding is 
easily confirmed on optical coherence tomography, and the 
fluorescein angiographic pattern, first described by Norton,34 
has a diagnostic appearance of  alternating light and dark 
lines (see Fig. 18.5). The recognition of  choroidal folds demands 
investigation for orbital disease, tumors, and globe compres-
sion, although they may also be secondary to hyperopia, 
hypotony, choroidal or retinal detachments, raised intracranial 
pressure, scleral buckles, subretinal neovascular membranes, 
and choroidal tumors. In many patients, and particularly 
in bilateral cases, choroidal folds are idiopathic.35,36

Retinal arterial abnormalities are uncommon. Rarely, 
occlusions of  the retinal arteries can occur in association 
with acute trauma and retrobulbar hemorrhage or second-
ary to angioinvasive forms of  mucormycosis or aspergillus. 
Exudative retinal detachments can be seen in patients  
with IOIS.

Eye movement abnormalities. A complex pattern of  
eye movement impairment is the hallmark of  orbital disease 
and may reflect both muscle restriction and cranial nerve 
dysfunction. The speed of  ocular ductions should be noted. 
For instance, if  an eye moves quickly but abruptly stops, a 
restrictive process or mass lesion is suggested. When the 
movement is slow for the entire excursion it suggests a cranial 
nerve palsy or myopathic process rather than a restrictive 
process. Neurogenic and mechanical eye movement limita-
tion may also be distinguished by performing forced duction 
and forced generation testing (see Fig. 2.24). In general, 
patients with orbital tumors will have a mixed pattern of  
eye movement limitation that does not fit clearly into the 
pattern of  a single cranial nerve. For instance, if  a patient 
can neither elevate nor abduct an eye, it is more likely the 
result of  mass effect or restrictive myopathy than a combined 
partial IIIrd and VIth nerve palsy.

Table 18.3 Advantages and Disadvantages of Various Imaging Modalities of the Orbit

Modality Advantages Disadvantages

Echography Instant results
Readily available
Echogenicity helps determine lesion type
Images globe
30-degree test
Images eye muscles well

Requires skilled operator
Does not image posterior orbit

CT Available
Affordable
Evaluates bony changes
Demonstrates calcification

Radiation exposure
Inferior to MRI for soft tissue of the brain
Poor imaging of cavernous sinus
Lacks multiplanar reformatting capabilities of MRI

MRI Surpasses resolution of CT
Exquisite soft-tissue detail
Demonstrates optic nerve enhancement
Images cavernous sinus and orbital apex well
No radiation
Possible to perform magnetic resonance angiography
Images wood foreign body
Uniquely images melanin and hemosiderin
Unique signal characteristics can identify active inflammation or edema

Does not image bone
Expensive (cost of unit, slower, more technician time)
Thicker sections
Unwanted nonspecific data (white matter changes)
Longer scan time
Claustrophobia is prohibitive for some patients
Incompatible with magnetic materials or pacemakers

CT, Computed tomography; MRI, magnetic resonance imaging.

Figure 18.6. Orbital echography is an effective method for evaluating 
the posterior ocular layers, as in this patient with posterior scleritis 
demonstrating thickening of the Tenon’s capsule (T) and scleral layer 
(S) with fluid (F) in the sub-Tenon’s space. Echography is also effectively 
used to characterize extraocular muscle enlargement. 
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and followed echographically.37 An A-scan provides one-
dimensional images and displays echoes as spikes. Elevated 
spike height implies increased echogenicity. The length 
between the transducer and the tissue is represented by the 
distance between spikes. An A-scan is commonly used to 
look for calcifications in the setting of  optic nerve head drusen, 
to measure the size of  lesions or of  the extraocular muscles, 
and to determine the reflectivity (echogenicity) of  a lesion 
or abnormal tissue. B-scan produces two-dimensional images 
of  tissue sections, and images of  the orbit are obtained along 
several different planes. An increase in the acoustic density 
of  a tissue results in an increase in the brightness of  the 
image. Fluid-filled structures (blood vessels, the globe, and 
cysts, for example) appear dark.

Echography is generally not used as the definitive study 
for orbital disease, although it has some particularly useful 
roles. One example is posterior scleritis, a form of  IOIS, where 
the typical finding of  fluid in sub-Tenon’s space can be seen 
on echography (see Fig. 18.6).38 Similarly, enlarged extra-
ocular muscles of  thyroid disease are easily demonstrated, 
and ultrasound can be used to quantify extraocular muscle 
thickness and reflectivity.39,40 Echography may be particularly 
useful in identifying patients with ocular misalignment due 
to occult thyroid eye disease,41 and color Doppler may be 
useful for assessing blood flow changes before and after treat-
ment of  thyroid ophthalmopathy.42,43 In children, echography 
along with color Doppler imaging may be helpful in identify-
ing hemangiomas and dermoids.44,45 In the evaluation of  
mass lesions, the nature of  the mass lesion and its relation 
to the globe can be characterized. In addition, the internal 
reflectivity of  a lesion, suggestive of  a vascular or cystic 
nature, may be ascertained. These properties allow use of  
echography to guide needle biopsies of  orbital lesions.46

COMPUTED TOMOGRAPHY

Since bone, calcification, fat, and blood all have unique radio-
graphic absorption patterns, CT is a very effective modality 
for orbital imaging (Fig. 18.7).4,47,48 In fact, the contrast of  
the surrounding orbital fat allows for excellent imaging of  
the soft tissues (muscles and optic nerve) of  the orbit by CT. 
Specific absorption patterns can be highlighted (“windows”) 
to emphasize bone, soft tissue, or blood.

CT images can be obtained in the axial, coronal, and sagit-
tal planes and generally are taken at 3 mm intervals. If  nec-
essary, CT of  the orbit can have a 1 mm slice interval with 
good resolution. Axial and coronal images are obtained 
directly, and sagittal images are usually obtained by computer 
reformatting. Coronal images are often not included in regular 
studies and should be requested when ordering orbital CT. 
Occasionally patients will be unable to position for coronal 
images and reformatted views are necessary. Bone windows 
and blood windows are usually viewed as well, and contrast 
is reserved for evaluation of  mass lesions or to evaluate for 
intracranial extension of  orbital disease (MRI is preferred; 
see the later discussion). Routine facial bone imaging is done 
with 5 mm axial and coronal slices, and when optic canal 
fractures are suspected, 1–3 mm coronal images should be 
obtained. In these cases, contrast is not utilized if  bone and 
soft-tissue windows are viewed. Images are reformatted to 
produce three-dimensional, reconstructed views of  the bony 
surface or deeper soft-tissue areas for presurgical evaluation 

Figure 18.7. Axial computed tomography (CT) of a patient with a menin-
gioma demonstrating proptosis and bony destruction (arrow). CT is 
excellent for demonstrating both soft tissue and bony changes. 

of  facial fractures and for evaluation of  the skull in children 
with craniosynostoses and other skull deformities; they are 
not necessary in routine orbital imaging.

MAGNETIC RESONANCE IMAGING

MRI is considered noninvasive because it does not utilize 
radiation. Instead, images are created when the nuclei of  
atoms found within the various tissues align with a powerful 
magnetic field and an applied radio frequency (RF) pulse. 
Most of  the signals produced are from mobile protons of  
hydrogen atoms found within the water and lipids of  tissues, 
and protons which are immobile (bone) give no appreciable 
signal. Signals are received by RF receiver coils and can be 
reconstructed in the axial, coronal, or sagittal planes.

Before the advent of  surface coils (receiver coils which 
wrap around the patient’s face and eyes) and fat suppression 
techniques, CT was the preferred procedure for orbital 
imaging, even for the evaluation of  soft tissue. However, MRI 
now offers many advantages over CT.47,49 MRI provides excel-
lent images of  the globe, orbit, and visual pathways and has 
become an invaluable tool in the diagnosis of  pathologic 
lesions in the orbit and cavernous sinus. MRI provides excel-
lent contrast resolution between soft tissues, and multiplanar 
imaging can be done without repositioning the patient  
(Fig. 18.8). As with CT, contrast agents are used (gadolinium) 
to highlight normal anatomy, show breakdown of  the normal 
blood–brain barrier, identify inflammatory and mass lesions, 
and demonstrate vascularity. MRI gives very little informa-
tion about bones and fractures. CT should always be used 
when evaluating bony changes from tumors and in trauma. 
MRI scan times are considerably longer than those for CT. 
MRI is very sensitive to movement artifact (especially with 
surface coils), which can become significant when imaging 
the globe and orbit in uncooperative patients. MRI is con-
traindicated in patients with metallic objects in their eyes or 
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older adults, metastatic and secondary orbital tumors and 
dural sinus fistulas increase in frequency.

GENERAL PHYSICAL FINDINGS

General physical findings are particularly important in several 
instances. In suspected TAO, the physical examination might 
show vital signs suggesting hyperthyroidism or hypothyroid-
ism. Other patients may have a goiter. Any patient with an 
orbital mass lesion should have a careful examination for 
other signs of  malignancy such as adenopathy that might 
be associated with systemic lymphoma or metastatic disease.

IMAGING

Imaging will help localize the process and will often define 
an etiology. Although TAO may be diagnosed clinically, 
imaging is confirmatory and helps in staging and in deter-
mining whether the patient is at risk for vision loss. Patients 
with idiopathic orbital inflammatory disease should be imaged 
(echography, CT, or MRI) to aid in the differential diagnosis 
and determine disease extent at presentation. The vast major-
ity of  patients with orbital tumors undergo neuroimaging 
with either CT or MRI. CT is the preferred modality in patients 
with a recent history of  trauma and in patients in whom 
evaluation of  bony changes is important. Both lytic lesions 
(malignant tumors) and hyperostosis (meningiomas or fibrous 
dysplasia) can be best demonstrated on CT. MRI has a distinct 
advantage over CT in terms of  the details of  soft tissue 
anatomy and abnormalities around the orbital apex and 
cavernous sinus. Both CT and MRI provide the necessary 
information to determine the relationship of  an orbital mass 
lesion to the optic nerves, extraocular muscles, paranasal 
sinuses, and intracranial structures. Specific radiologic fea-
tures for each of  the various lesions are discussed in the 
following sections.

NEURO-OPHTHALMIC EXAMINATION

Although there is significant overlap in the examination 
findings of  patients with each of  the different forms of  orbital 
disease, and most cases are best qualified by diagnostic 
imaging studies, there are certain neuro-ophthalmologic 
examination features that help establish specific diagnoses 
(see Examination). In general, the examiner must focus atten-
tion on identifying orbital disease. Externally the presence 
of  swelling, chemosis, and hyperemia of  the skin suggests 
an infectious or inflammatory process. Preseptal and orbital 
cellulitis are commonly associated with significant enough 
swelling to close the eye and create pseudoptosis. IOIS char-
acteristically causes redness and swelling. The swelling of  
TAO is usually less acute but can be significant. Rarely, meta-
static tumors and vascular lesions (with recent bleeding) 
can present with acute swelling of  the eyelid and periocular 
skin. The eyelid findings of  lid retraction and lid lag are vir-
tually diagnostic of  TAO. Characteristic S-shaped deformity 
of  the eyelid and nonaxial proptosis is present in patients 
with masses in and around the lacrimal gland (Fig. 18.9).

A mixed pattern eye movement abnormality, with positive 
forced ductions, is generally found on examination. Slowly 
expanding neoplasms can cause significant proptosis  
without motility restriction (unless they primarily involve 

head, cardiac pacemakers, or surgical clips that are not 
compatible with magnetic resonance.

Approach to the Diagnosis of 
Orbital Disease

CLINICAL HISTORY

The time course over which pain, proptosis, blurred vision, 
and double vision develop often helps distinguish neoplastic 
disease from infectious and inflammatory disease. Patients 
with infectious or non–thyroid-associated inflammatory 
disease of  the orbit generally have an acute course with 
symptom development over hours or days. In contrast, neo-
plastic conditions, including primary optic nerve tumors, 
usually evolve insidiously. The exceptions are with malignant 
tumors such as adenoid cystic carcinoma of  the lacrimal 
gland, some metastatic tumors, and secondary orbital tumors 
extending from the paranasal sinuses.

AGE

The patient’s age group helps in the differential diagnosis of  
orbital disease. In the pediatric age group, congenital, devel-
opmental, and infectious lesions predominate. Fortunately, 
the majority of  children with orbital disease have a benign 
process.50,51 Rhabdomyosarcoma is the most common malig-
nant tumor of  the orbit in children, while neuroblastoma 
and Ewing’s sarcoma may metastasize to the orbit. In less 
developed countries, retinoblastoma spreading to the orbit 
is a common cause of  proptosis.52,53 Both idiopathic inflam-
matory disease of  the orbit and TAO may occur in children 
but are less frequent entities. In adults, orbital cellulitis is 
less common, and thyroid eye disease is the most frequent 
cause of  orbital dysfunction. Tumors of  several different types 
may occur, with lymphoma being the most common.54,55 In 

Figure 18.8. Coronal T1-weighted, gadolinium-enhanced, magnetic 
resonance imaging demonstrating enhancement and enlargement of 
the lateral (short arrow) and inferior rectus (long arrow) muscles and 
excellent delineation of the orbital soft tissues. The patient had idiopathic 
orbital inflammatory syndrome. 
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Hormone production in the thyroid gland is followed by 
secretion of  iodothyronines (T3 and T4). Most thyroid 
hormone is secreted as T4 and converted peripherally to T3. 
T4 is highly bound to thyroxin-binding globulin (TBG) and 
thyroxin-binding prealbumin (TBPα). Thyrotoxicosis can 
result from overproduction of  the hormone (true hyperthy-
roidism) or from inflammation-induced glandular hormone 
leakage. Graves disease or diffuse toxic goiter are used to describe 
a number of  different conditions associated with elevated 
levels of  thyroid hormones and associated ophthalmopathy 
and infiltrative dermatopathy.

Patients who develop hyperthyroidism present with a classic 
constellation of  symptoms including nervousness, fatigue, 
weight loss, palpitations, heat intolerance, increased appetite, 
increased bowel movements, and sweating. Examination 
findings include tachycardia and a palpable goiter over which 
a thrill can often be felt. Laboratory abnormalities in Graves 
disease include elevated T3 and T4 levels, increased T3–T4 
ratio, low TSH levels, thyrotropin-receptor antibodies, anti-
thyroid antibodies, and abnormal T3 suppression tests. A 
low TSH level is a good indicator of  thyroid dysfunction, 
with elevated free T4 levels and presence of  antibodies against 
the TSH receptor adding significant sensitivity to the diag-
nostic evaluation.62,68

INCIDENCE AND RELATIONSHIP OF 
THYROID-ASSOCIATED OPTHALMOPATHY  
TO THYROID DISEASE

Bartley et al.69 reviewed the Mayo Clinic series within the 
Rochester Epidemiology project and identified 120 patients 
(103 women) with TAO in Olmsted County over a period of  
15 years. The age-adjusted incidence rate for men was 3 cases 
per year per 100 000 people and for women was 16 cases 
per year per 100 000 people. A bimodal age peak occurred 
in both sexes in the 40s and 60s, with the peak in men occur-
ring 5 years later than the peak in women. Endocrine dys-
function (most commonly Graves disease) developed in 
approximately 80–90% of  patients found to have TAO and 
can manifest before, after, or concurrently with the ophthalmic 
findings.70–72 However, many patients (35%) are diagnosed 
with TAO longer than 6 months after the diagnosis of  hyper-
thyroidism. In the least common scenario, TAO precedes the 
endocrine dysfunction by more than 6 months (7%). Of  all 
patients with hyperthyroidism, 25–50% develop TAO at some 
time,62,73,74 although the incidence varies even more widely 
in different studies due to differences in how authors select 
patients and define TAO.75 The disease is perhaps less common 
in Asian people76 and black people from South Africa.77

RISK FACTORS

The most potent risk factor for development of  TAO is hyper-
thyroidism, although a subset of  patients remains euthyroid. 
There may be other risk factors for the development of  TAO, 
including age, gender, smoking, and treatment of  the hyper-
thyroid state with radioactive iodine. Smoking is a risk factor 
for the development and progression of  TAO,76,78–84 so patients 
with hyperthyroidism or early TAO should be urged to stop 
smoking.84,85

TAO may also be more common and more severe in women 
with hyperthyroidism and in patients (particularly men) as 

an extraocular muscle), as opposed to TAO and myositis, 
which tend to restrict eye movements. The presence of  optic 
nerve dysfunction with orbital signs suggests a primary optic 
nerve tumor, TAO, idiopathic orbital inflammatory disease, 
or a tumor of  the sphenoid bone such as a meningioma. 
Other mass lesions and inflammatory diseases infrequently 
cause optic neuropathy.

Thyroid-Associated 
Ophthalmopathy

TAO is a self-limited, autoimmune condition usually occur-
ring in association with hyperthyroidism. Historically a 
number of  other different terms have been used to label this 
condition, including Graves orbitopathy, Graves ophthalmopathy, 
thyroid eye disease, thyroid orbitopathy, endocrine exophthalmos, 
malignant exophthalmos, and infiltrative ophthalmopathy. It is 
the most common orbital disorder in adults. In two separate 
series by orbital specialists, TAO constituted 32–47% of  orbital 
disorders.56,57 This percentage is different than the frequency 
of  TAO in biopsy series,58,59 since it rarely requires tissue 
confirmation to establish this clinical diagnosis. TAO should 
be considered in the neuro-ophthalmic differential diagnosis 
of  double vision, particularly vertical double vision, and in 
any patient with orbital signs and symptoms.

ENDOCRINE ASPECTS OF GRAVES DISEASE

A negative feedback loop between the hypothalamus–anterior 
pituitary gland and the thyroid gland modulates thyroid 
function (see Chapter 7). The thyroid gland is composed of  
numerous tightly packed follicles containing a rich protein-
aceous colloid whose major component is thyroglobulin, the 
matrix protein in which thyroid hormones are synthesized. 
The hypothalamus secretes thyrotropin-releasing hormone 
(TRH), which in turn releases thyroid-stimulating hormone 
(TSH), a glycoprotein whose actions are mediated by cyclic 
adenosine monophosphate (cAMP). The TSH receptor on 
thyroid follicles is the site of  action of  autoantibodies which 
cause hyperthyroidism in many patients with Graves 
disease.60–62 These antibodies are believed to be produced in 
the thyroid gland by clonally restricted B cells.63 However, T 
cell–mediated cytokine responses64 and various environmen-
tally triggered, immunogenetic events may also contribute 
to the development of  Graves disease.63,65–67

Figure 18.9. Nonaxial (the globe is displaced downward in addition to 
outward) proptosis of the left eye and S-shaped deformity of the eyelid 
in a patient with an adenoid cystic carcinoma of the lacrimal gland. 
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cross-reactive antigen to muscle as well as other orbital 
tissue,117,118 and the G2s (a portion of  mitochondrial suc-
cinate dehydrogenase) protein is another candidate for the 
cross-reactive antigen in eye muscle.119 Other potential anti-
gens include the 67 kDa flavoprotein (Fp) subunit of  succinate 
dehydrogenase; calsequestrin, a 63 kDa calcium-binding 
protein; and collagen XIII, a connective tissue antigen.120–122 
Wall and associates123–126 postulated a two-stage process in 
which first autoantibodies and CD4 (helper) T cells cross-
react with eye muscle proteins leading to inflammation and 
swelling. In the second, more cytotoxic, stage there is inflam-
mation and scarring of  the muscles and orbital connective 
tissue secondary to released muscle membrane antigens 
during stage one. However, the antibodies to eye muscles 
may not be part of  the pathogenesis but may develop sub-
sequent to muscle damage by the cytotoxic T cells.107,127 While 
direct binding to muscle may still be involved, the increas-
ingly recognized role of  direct effects of  TSHR antibodies on 
orbital adipose cells stimulating adipogenesis and increased 
orbital fat volume, and antibodies to IGF-1R stimulating 
hyaluronan production in fibrocytes, likely play a more criti-
cal role in the development of  inflammation.107,111,112

PATHOLOGY

The pathology of  TAO reflects the described autoimmune 
inflammation. Infiltrating plasma cells, lymphocytes, and 
mast cells are seen. In addition, there is deposition of  hydro-
philic glycosaminoglycans and collagen that are part of  the 
scarring process. In acute stages, changes are largely inflam-
matory. As the disease progresses there is more deposition 
of  collagen and muscle degeneration. In the chronic inactive 
stage there is often fatty infiltration of  the muscles.

NEURO-OPHTHALMIC FEATURES OF 
THYROID-ASSOCIATED OPHTHALMOPATHY

The clinical presentation of  TAO is highly variable and has 
been divided and grouped in many different ways. Most clas-
sifications are artificial and do not reflect the stepwise pro-
gression that often characterizes TAO.

Symptoms. These include periocular soft-tissue swelling 
(Fig. 18.10), lid retraction, and bulging of  the eyes. Some 
patients recognize and present with abnormal head postures 
or binocular double vision in upgaze or downgaze. Bartley 
and associates128 reviewed their 120 patients and noted that 
36 complained of  pain, 20 had double vision, 25 had tearing, 
19 had photophobia, and 9 had blurred vision. Only 2 patients 
complained of  decreased vision attributed to optic nerve 
dysfunction at presentation.128 Thus, vision loss secondary 
to optic neuropathy is usually recognized while the patient 
is being monitored.

While discomfort, corneal irritation, foreign body sensa-
tion, and “burning” are common complaints in patients with 
TAO, significant pain and pain on eye movements are unusual. 
In fact this is an important historical point to clarify in a 
patient with an acute orbital syndrome. The presence of  
significant pain makes TAO less likely and idiopathic orbital 
inflammation, infections, and tumors more likely. Similarly, 
the tempo of  presentation is usually gradual as symptoms 
develop over weeks. Orbital symptoms developing over hours 
or even a few days are more consistent with other acute 

they get older.86 Although it remains a controversial issue, 
it appears that treatment of  the hyperthyroid state with 
radioactive iodine is associated with new onset of  TAO and 
exacerbations of  TAO, perhaps associated with a sudden 
increase in autoantibodies.78,87–89 Use of  oral corticosteroids 
may reduce the risk of  developing TAO and its progression 
to more severe stages in patients treated with radioactive 
iodine (see later discussion).90,91 More recently, studies have 
suggested that surgical thyroidectomy and use of  statin 
medications may further reduce the risk of  developing TAO.92

GENETIC PREDISPOSITION

Graves disease and TAO occur in a population which is likely 
to be genetically at risk for an environmentally triggered 
autoimmune disease.61,64–67 Studies of  monozygotic and dizy-
gotic twins suggest 79% of  risk is genetic while 21% is due 
to environmental factors.93 An immunogenetic predisposition 
is likely multilocus based on the increased incidence in certain 
human leukocyte antigen (HLA) (DR, B8, DQ3, and DW) 
types and genetic mapping of  loci for Graves disease in some 
patients to chromosome 14 in the area of  the TSH receptor 
gene.66,67,94–97 Recently, single-nucleotide polymorphisms in 
specific genes, including IL-21 and the TSH receptor genes, 
have been identified and support their role in the genetic 
susceptibility to Graves disease.98–101

PATHOPHYSIOLOGY

There is extensive literature concerning the autoimmune 
mechanism of  Graves disease and TAO.102–112 It appears to 
be mediated by both humoral and cell-mediated immunity, 
although the cause, precise immunopathology, and specific 
autoantigen that results in lymphocytic infiltration of  the 
orbit are unknown.109–112 The relationship between Graves 
disease and TAO may simply be a closely related organ-specific 
autoimmune condition with an antigenic similarity between 
orbital and thyroid tissues. Graves disease is likely to be medi-
ated by an autoimmune process directed against a portion 
of  the thyrotropin receptor.113 These antibodies bind to TSH 
receptor sites, increase the gland’s activity, and may stimulate 
development of  intracellular matrix proteins (glycosamino-
glycans) in orbital fat and eye muscles. This leads to swelling 
of  the orbital tissue and inflammation, then results in scar-
ring. Activation of  orbital fibroblasts seems to play a 
role,106,110-112 as many express high levels of  the TSH receptor 
(TSHR) as well as insulin-like growth factor 1 receptor 
(IGF-1R). Orbital fibroblasts may therefore be activated by 
binding of  TSHR antibodies or IGF-1R antibodies, leading 
to cell proliferation, secretion of  hyaluronic acid, and expan-
sion of  the orbital tissues seen in TAO patients. Furthermore, 
bone marrow–derived fibrocytes that are capable of  differ-
entiating into fibroblasts are present in increased numbers 
in the circulation of  patients with Graves disease and dif-
ferentiate after entering the orbital tissue.111,112,114,115

Previously, abnormal binding of  the sera of  patients with 
TAO to extraocular muscles in culture was demonstrated,116 
leading to a vast literature on the potential role of  direct 
muscle stimulation that is still possibly part of  the disease 
mechanism, but seemingly is less important than fibroblast 
stimulation. It may be that the thyrotropin receptor or a 
64 kDa membrane antigen, tropomodulin, provides a 
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previous retinal detachment surgery, and Guillain–Barré 
syndrome (see Chapter 14). Lid lag (persistent elevation of  
the upper eyelid in downgaze; see Fig. 18.10) and lagoph-
thalmos (inferior corneal exposure) are other common eyelid 
manifestations of  TAO. Swelling and edema of  the eyelids 
and periocular skin, dermatochalasis, and orbital fat hernia-
tion are also common (see Fig. 18.10). Periorbital swelling 
is typically worse in the morning after the patient sleeps, 
during which the eye is in a gravity-dependent position. 
Conjunctival chemosis and injection (particularly over the 
rectus muscle insertions) is often present (see Fig. 18.10). 
Swelling and redness in the area of  the caruncle is a par-
ticularly important sign of  active TAO (see Fig. 18.10). Occult 
TAO should be considered in the differential diagnosis of  
patients with dry eye.130

Proptosis. Axial proptosis is recognized in about two-thirds 
of  patients with TAO.128 On average the normal exophthal-
mometry measurement for each eye is 17 mm, and in most 
patients it is less than 22 mm. Any interocular difference 
greater than 2 mm is considered abnormal. The base used 
should be the same from examination to examination so 
that measurements from each visit can be compared.

Myopathy. The presentation of  TAO-associated myopathy 
may be symptomatic (double vision or eye movement limita-
tion) or asymptomatic (recognized on imaging studies). 
Patients may unknowingly and insidiously develop a chin-up 
posture because of  ocular misalignment or restriction, with 
fusion occurring more easily in downgaze. Muscle dysfunc-
tion usually begins gradually, may be intermittent, and can 
occur without other evidence of  significant inflammation. 
The inflammatory process has a peculiar predilection for the 
inferior and medial rectus muscles, and the restrictive 

conditions, including infections and nonthyroid inflamma-
tory conditions. The majority of  patients with TAO will have 
bilateral signs and symptoms, although asymmetric and even 
unilateral disease does occur.

Eyelid signs. The eyelid manifestations of  TAO are virtu-
ally pathognomonic. Lid retraction, present if  the upper eyelid 
rests above the superior corneal limbus, is evident in most 
patients with TAO (see Fig. 18.10),128 although it is not always 
present (Fig. 18.11). Eyelid retraction likely results from local 
adhesion of  the levator muscle to fixed orbital tissue.129 Other 
postulated mechanisms include superior rectus overaction, 
secondary inferior rectus scarring, increased circulating 
sympathomimetics, and muscle hypertrophy. Lid retraction 
can also be seen in patients with dorsal midbrain dysfunc-
tion, ptosis of  the contralateral eyelid, use of  sympathomi-
metic drugs, aberrant regeneration of  the third nerve, 
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Figure 18.10. Typical appearance of thyroid-associated ophthalmopathy (TAO). A. Acute presentation. Proptosis as well as significant soft tissue  
swelling with fat herniation around the eyes and mild lid retraction are seen. In the acute phase (B) injection can be seen over the rectus muscle inser-
tions (long arrow) and in the area of the caruncle (short arrow). C. Lid retraction with visible sclera between the limbus and upper eyelid is observed. 
The right pupil was pharmacologically dilated. D. Lid lag is common in TAO. The patient’s right upper eyelid does not follow with the globe in 
downgaze. 

Figure 18.11. Thyroid-associated ophthalmopathy associated with left 
hypotropia and esotropia. 
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2% and 9% of  all patients with TAO.128,140–142 However, optic 
neuropathy occurs in up to 50% of  patients with “severe” 
TAO requiring orbital decompression.143–146 Vision loss from 
optic nerve dysfunction requires immediate management. 
Combined medial and lateral decompressions are highly suc-
cessful for reversing vision loss,146,147 while in some cases 
recurrent optic neuropathy can occur, requiring repeat 
surgery.148

In one report, dysthyroid optic neuropathy occurred in 
58 (8.6%) patients out of  675 with TAO.140 About 20% of  
patients presented unilaterally. At the time of  presentation 
roughly half  the patients had normal-appearing nerves, one-
quarter showed pallor, and another quarter had swelling 
and hyperemia (Fig. 18.14). About half  the patients had 
acuity better than 20/40, but half  were worse. In this and 
other studies, many patients were 20/20 but were still  
found to have other evidence of  optic nerve dysfunction.149,150 
Visual field defects were measured in two-thirds of  patients, 
most commonly increased blind spots, nerve fiber defects, 
central or centrocecal defects, and generalized constriction.140 
Many patients can have relatively quiet and inactive-
appearing disease at the time of  their presentation with  
optic neuropathy.151 Persistent elevation of  intraocular pres-
sure in patients with TAO may be associated with glauco-
matous optic neuropathy, and this should be considered in 
the differential diagnosis of  visual field defects in these 
patients.152

Apical crowding of  the optic nerve by the enlarged extra-
ocular muscles is the main mechanism of  vision loss  
(Fig. 18.15).144,149,150 Vision loss can also be associated with 
stretch or tenting of  the optic nerve from severe proptosis 
(Fig. 18.16). Men with TAO seem to be at greater risk for 
development of  optic neuropathy. Advancing age, diabetes, 
the amount of  restrictive strabismus, and total volume of  
the extraocular muscles have all been reported as risk 
factors.140,153,154

myopathy results in characteristic hypertropia and esotropia, 
respectively (Fig. 18.12). Involvement of  the superior rectus 
is less frequent, and lateral rectus involvement is also less 
common.

Ocular ductions and alignment. Efforts have been made 
to measure eye movements in TAO, particularly for the purpose 
of  classification within a grading system. Mourits and associ-
ates131 described a precise and reproducible method using a 
hand perimeter to measure the extent of  ocular ductions, 
but this is not widely available and in our opinion does not 
aid in management of  TAO-associated myopathy. Our prefer-
ence is to grade eye movement limitations on a scale from 
−4 to +4 or in percentages (see Chapter 2) and to quantify 
ocular misalignments in all fields of  gaze with prisms. “Dip-
lopia visual fields” are also an effective method that can be 
used to “quantify” and follow patients with TAO-associated 
ocular misalignments. A Goldmann perimeter is used for 
this test; both eyes are left uncovered, and the head is posi-
tioned in the center. The patient is asked to follow the stimulus 
and report when it becomes double. A field of  single binocular 
vision is then charted (Fig. 18.13). Photographic documen-
tation of  ocular ductions may also be helpful in following 
patients (see Fig. 18.12).

Ocular cyclodeviations have also been described in TAO 
both spontaneously and as a complication of  surgical treat-
ment.132,133 Involvement of  the inferior rectus (without 
obvious eye movement limitations) can closely mimic the 
appearance of  a contralateral superior oblique palsy.134 Infil-
trative TAO with restrictive myopathy is also associated with 
elevation of  intraocular pressure on upgaze.135,136 The sig-
nificance of  the pressure elevation is uncertain and is rarely 
used to make a diagnosis. Other causes of  extraocular muscle 
dysfunction in patients with TAO include ocular neuromyo-
tonia137 and concurrent myasthenia gravis.128,138,139

Optic neuropathy. Optic neuropathy is the most feared 
complication from TAO. The incidence of  visual loss is between 
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Figure 18.12. Restrictive eye movements in thyroid-associated oph-
thalmopathy. A. Most patients demonstrate limitation of elevation 
and abduction. Large hyperdeviations (B) with lid retraction on 
attempted upgaze may be present with significant asymmetry in eye 
muscle function. Patients with bilateral elevation deficits (C) can present 
with a chin-up posture to lessen efforts to bring the eyes up to primary 
position. 
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addition, CT and MRI frequently demonstrate proptosis, 
enlargement of  the lacrimal gland, and eyelid soft-tissue 
swelling.156–160 Enlargement is most commonly seen in the 
inferior rectus and medial rectus muscles (see Figs. 
18.15–18.17) and is usually symmetric, but isolated muscle 
involvement and primarily lateral rectus involvement are 
seen (Fig. 18.18). CT and MRI, unlike echography, provide 
excellent images of  the orbital apex and usually document 
enlarged muscles surrounding and in contact with the optic 
nerve in patients with optic neuropathy (see Fig. 18.15). 
Low-density areas may be noted in the muscle bellies and 
may represent collections of  lymphocytes or glycosamino-
glycan deposition. With chronic inactive disease, larger low-
density lesions can be seen within the muscles, owing to 
fatty infiltration (Fig. 18.19). Occasionally chronic medial 
rectus muscle enlargement can be associated with bone 
molding and bowing into the ethmoid sinus.

MRI of  the orbit effectively images orbital soft tissues, includ-
ing enlarged extraocular muscles156–160 and the orbital  
apex (see Figs. 18.17 and 18.19), and may have a distinct 
advantage over CT in assessing disease activity in addition 
to muscle size. One recommended MRI sequence is short  
tau inversion recovery (STIR), which highlights the extra-
ocular muscles, and peak signal intensity from the most 
inflamed muscle correlates well with clinical activity of  the 
disease by detecting high water content.156–159,161,162 This  
may be a method for following patients for radiographic  
evidence of  persistent inflammation156–159,161 and may have 
specific use in monitoring response to antiinflammatory 
therapy.162 Use of  newer MRI techniques such as diffusion-
weighted imaging (DWI)163,164 and dynamic contrast- 
enhanced MRI 165 take advantage of  properties of  inflamed 
tissues to provide additional potential methods to detect, in 
vivo, active disease within extraocular muscles. DWI may 
also be useful for detecting optic nerve abnormalities that 

IMAGING IN THYROID-ASSOCIATED 
OPHTHALMOPATHY

Noninvasive imaging of  the orbit is the gold standard for 
diagnosis of  TAO, using echography, CT, or MRI. The classic 
finding is enlargement of  the extraocular muscle belly with 
relative sparing of  the tendon (Fig. 18.17), although a small 
percentage of  patients will demonstrate involvement of  the 
tendon on CT or MRI.155 Proptosis may also be recognized 
without extraocular muscle enlargement, presumably from 
increased swelling and volume of  the intraorbital fat. In 
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Figure 18.13. Diplopia visual fields are charted on the Goldmann perimeter and may be used to follow patients with thyroid-associated ophthalmopathy 
(TAO) patients and diplopia. The patient is tested with both eyes open and asked to track the V4e stimulus and signal the perimetrist when diplopia 
develops. A. The normal field of single monocular vision is a “skull” shape and limited in down and lateral gazes by the nose. B. A patient with TAO 
exhibited a reduced field of single monocular vision particularly in upgaze and lateral gaze. 

Figure 18.14. Acute optic nerve swelling in thyroid-associated oph-
thalmopathy. Some patients with compression of the optic nerve can 
develop disc edema in association with an optic neuropathy. 
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Figure 18.15. Orbital apex crowding in patients with thyroid-associated ophthalmopathy (TAO) and optic neuropathy. Patients with TAO should be 
screened with computed tomography (CT) or magnetic resonance imaging of the orbits and evaluated for crowding of the orbital apex on axial and 
coronal images. A. The enlarged medial rectus can be seen crowding and compressing the optic nerve (arrow) in the orbital apex. This patient has had 
a previous medial wall decompression but not complete decompression of the bone at the orbital apex (asterisk). On coronal CT (B) there is no distinc-
tion of the extraocular muscles (arrows) from the optic nerve, indicating compression and contact of the muscles with the optic nerve. C. In another 
patient posterior fusiform enlargement of the medial rectus is seen crowding the orbital apex and compressing the optic nerve (asterisk). In a coronal 
image (D) the optic nerves (arrows) are difficult to distinguish from the surrounding enlarged extraocular muscles. 

Figure 18.16. Tenting and stretching of the optic nerves in a patient 
with proptosis secondary to thyroid-associated ophthalmopathy and 
optic neuropathy. The optic nerves appear abnormally straightened 
secondary to orbital fat inflammation and proliferation. 

Figure 18.17. Axial T1-weighted gadolinium-enhanced magnetic reso-
nance imaging of a patient with thyroid-associated ophthalmopathy . 
Note the fusiform enlargement of the extraocular muscles with sparing 
of the tendinous insertions (arrows), which appear normal. 
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Figure 18.18. Atypical imaging findings (coronal computed tomography) in thyroid-associated ophthalmopathy showing markedly asymmetric disease. 
A. Predominant involvement of the inferior rectus on the right side (arrow). B. Enlargement of both the lateral rectus muscles (arrows) in a patient 
presenting with an exotropia. 

Figure 18.19. Coronal T1-weighted, fat suppressed, gadolinium-
enhanced, magnetic resonance imaging of a patient with thyroid-
associated ophthalmopathy demonstrating lucencies (open arrows) in 
the extraocular muscles consistent with fatty infiltration. 

Table 18.4 European Group on Graves Orbitopathy 
Severity Classification in Thyroid-Associated 
Ophthalmopathy492

Classification Findings

Mild Minor impact on daily life (not justifying 
steroid treatment)

Minor (<2 mm) lid retraction
Minor soft-tissue swelling
Less than 3 mm proptosis
Transient or no diplopia
Exposure symptoms responsive to lubricants

Moderate Significant impact on daily life (which if active 
justifies steroid or surgical treatment)

Greater than 3 mm proptosis
Diplopia

Sight-threatening Thyroid-associated ophthalmopathy–
associated optic neuropathy

Exposure keratitis warranting immediate 
intervention

correlate with functional visual measures in TAO patients.166 
In addition to advanced MRI sequences, nuclear medicine 
scintography methods using nuclear-labeled specific inflam-
matory markers can detect TAO activity and may be useful 
in predicting which patients will respond to therapies such 
as orbital radiation.167,168

Echography has proven valuable in the office diagnosis  
of  TAO.37,39–41,159 Abnormal muscle size (A- and B-scan)  
and internal reflectivity (A-scan) can be documented  
(Fig. 18.20).169,170 The ability to characterize muscle reflec-
tivity in addition to enlargement is advantageous when trying 
to determine the etiology of  an enlarged muscle. Echography 
was shown to be more sensitive than CT in detecting extra-
ocular muscle enlargement and abnormal internal reflectivity 
secondary to separation of  the muscle fibers. In addition, by 
demonstrating abnormal muscle reflectivity, echography may 
be particularly useful in the evaluation of  patients with double 
vision and minimal external signs of  TAO.41 Use of  color 
Doppler ultrasound adds an ability to measure blood flow 
changes in the orbit that can be useful for monitoring response 
to therapy.42,43 However, the correlation between echography 
and MRI detection of  TAO-related extraocular muscle thick-
ening has varied between studies,159,171,172 and echography 
may not be as efficacious as other imaging modalities for 
diagnosing orbital tumors, suggesting a combination of  
methods may improve evaluation of  suspected TAO.

CLASSIFICATION

Several different classification systems have been proposed 
for descriptive and clinical research studies of  TAO. The 
NOSPECS classification system initially described by 
Werner173,174 was widely used in clinical research studies; 
however not all patients progress through the seven classes, 
and some have prominent features in the higher-numbered 
classes without some of  the milder signs. The NOSPECS clas-
sification system has been criticized because (1) its poor 
characterization of  the condition gives no indication of  disease 
activity, marked underrepresentation of  eyelid position, and 
overrepresentation of  corneal problems; (2) it implies a con-
tinuous or step-ladder progression of  disease; (3) parts of  it 
are subjective; and (4) the gradings within several classes 
are poor.175–177 More recently, the European Group on Graves 
Orbitopathy (EUGOGO) proposed a more simplified system85 
that divides patients into three groups (Table 18.4), mild, 
moderate, and sight-threatening. Along with clinical activity 
score, these categories can be used to guide the types and 
urgency of  treatment.

Classification of  TAO must be combined with some measure 
of  the clinical activity of  the disease when trying to make 
decisions about treatment. The Clinical Activity Score 



18 • Orbital Disease in Neuro-Ophthalmology 627

dysfunction secondary to compressive optic neuropathy or 
severe exposure. In this system patients with only mild or 
moderate symptoms are treated conservatively. Patients with 
more debilitating symptoms of  swelling and eye muscle 
involvement and a high CAS score are considered for more 
aggressive treatment, including systemic corticosteroids and 
radiation therapy. Finally, patients with vision-threatening 
disease are treated emergently both medically (intravenous 
steroids) and with orbital decompression if  necessary.

TREATMENT OF THYROID-ASSOCIATED 
OPHTALMOPATHY

The treatment of  TAO is complex, often requiring a multidis-
ciplinary approach which includes a neuro-ophthalmologist, 
orbital specialist and surgeon, radiation therapist, and endo-
crinologist. Fortunately most patients do well, and in fact 
three-quarters of  patients require no or only supportive therapy. 
Most patients do not develop sight-threatening complications 
of  double vision or optic neuropathy.181 The disease usually 
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Figure 18.20. Orbital echography in a normal orbit and a patient with thyroid-associated ophthalmopathy (TAO). A. The normal appearance of an 
extraocular muscle on both A- and B-scan. The B-scan (top) demonstrates normal muscle width (arrows). On the A-scan (bottom) the white bars and 
small arrows delineate the limits of the muscle width, and there is low to medium muscle reflectivity (long arrow). B. In a patient with TAO, on B-scan 
(top), the muscle belly (arrows) is enlarged. Simultaneous A-scan (bottom) confirms an enlarged width of the extraocular muscle (white bars and small 
arrows) compared with normal, with numerous areas of high internal reflectivity (long arrow). 

(CAS)178–180 (Box 18.1) has been proposed to assess the degree 
of  active inflammation, which is critical when assessing dif-
ferent treatments in clinical trials. Patients can be considered 
to have mild, moderate, or severe periorbital swelling, with 
or without extraocular muscle dysfunction, and/or visual 

Box 18.1 Clinical Activity Score in Thyroid-
Associated Ophthalmopathy178–180

Spontaneous retrobulbar pain
Pain on eye movement
Redness of the eyelids
Redness of the conjunctiva
Swelling of the eyelids
Inflammation of the caruncle or plica
Conjunctival edema

A Clinical Activity Score (CAS) of ≥3/7 following signs and symptoms 
generally indicates active disease.
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As stated earlier, treatment of  hyperthyroidism with radio-
active iodine is associated with worsening of  TAO. This dete-
rioration may be lessened by the use of  oral corticosteroids 
before, during, and after radioactive iodine treat-
ment.78,87,88,90,91,196 Bartalena and associates87,88 found that 
15% of  patients treated with radioactive iodine alone devel-
oped or had worsening of  TAO. In contrast, none of  the 
patients treated with radioactive iodine and prednisone had 
progression of  disease. Thus, prednisone is recommended 
in all patients with active TAO undergoing treatment with 
radioactive iodine for hyperthyroidism. In addition, a pro-
longed period of  hypothyroidism after treatment should also 
be avoided.85,87 Steroids are not necessary in patients under-
going radioactive iodine treatment with no or inactive TAO. 
Some have recommended radioactive iodine treatment be 
avoided in patients with active or severe TAO and that medical 
therapy with antithyroid drugs be used instead.196,197

Radiation therapy. Radiotherapy for TAO has been 
reported to be effective in 50–94% of  patients,90,183–187,198 
often taking several weeks (often with transient worsening 
requiring steroids) to take effect. Most patients considered 
for radiotherapy have congestive eye signs with diplopia or 
optic neuropathy and have continued activity despite a trial 
of  steroids. Several series have demonstrated favorable 
responses in patients treated with radiation with or without 
steroids.90,183–187,198 However, Gorman and associates199,200 
reported no long-term benefit of  radiation in a prospective 
blinded study in which one orbit was radiated and the other 
left untreated. This study has been criticized, because some 
treated patients may have been in inactive phases of  their 
disease. Other evidence suggests that radiation should not 
be considered as a last resort but more appropriately should 
be used early in the course of  the disease in conjunction 
with steroid therapy in clinically active patients.185,201,202

The technique generally involves use of  1500–2000 cGy 
in divided fractions over 10 days, and a total dose of  20 Gy 
was also shown to be more effective when administered in 
conjunction with glucocorticoid therapy.202 Care is taken to 
irradiate only the posterior two-thirds of  the orbit, avoiding 
the globe. Radiation may be more effective than steroids in 
the treatment of  optic neuropathy. In one study, only 1 of  
29 patients treated with radiation for optic neuropathy 
required subsequent surgical decompression, while 6 of  16 
treated with steroids needed surgery.203 Improvement in soft-
tissue swelling almost always occurs. Careful, quantitative 
measurements of  eye movements often demonstrate some 
improvement, although this does not correlate with improve-
ment in double vision.204,205 Rootman187 found that only 14% 
of  his patients had recurrence of  symptoms after radiotherapy. 
Complications of  radiation therapy are rare, although radia-
tion retinopathy has been reported,200,206 and a slight increase 
in risk of  secondary malignancy has been suggested.207 The 
use of  radiation therapy for TAO remains controversial and 
will remain so until a prospective trial is performed,185,200,208 
but most metaanalyses and reviews suggest a beneficial effect 
in patients with active orbital congestion, particularly with 
concomitant use of  steroids.198,201,202

Surgery. Surgical treatment of  TAO is indicated in two 
separate situations. The first is orbital decompression for 
sight-threatening disease secondary to severe corneal expo-
sure or optic neuropathy from orbital apex crowding, par-
ticularly after a trial of  steroids has failed. The second is the 

runs a self-limited course of  18–36 months, and up to two-
thirds of  patients with TAO improve spontaneously.182

Appropriate management is dependent on the accurate 
assessment of  clinical findings at the time of  presentation, 
including careful evaluation of  visual function, eye move-
ments, and orbital imaging. In patients with lid retraction 
and proptosis only, reassurance, ocular lubrication when 
exposure or ocular discomfort is present, elevation of  the 
head of  the bed to reduce dependency edema, reduction of  
risk factors by cessation of  smoking, and maintenance of  a 
euthyroid state are often the only treatments recom-
mended.90,183,184 It is important to emphasize to the patient 
that the condition tends to remit, and that ultimately cosmetic 
aspects of  the disease can be addressed.

Infiltrative disease with myopathy and increased orbital 
congestion are indications for more aggressive therapy. 
Patients with double vision and no congestive signs are often 
treated conservatively with prisms or patching as needed. 
The two major options for patients who require more  
aggressive therapy are systemic corticosteroids and orbital 
radiation, although these treatments are not always 
successful.90,183–186

Steroids and other medical therapies. As signs and 
symptoms of  severe congestive orbitopathy increase, treat-
ment should first consist of  oral187 (1–1.5 mg/kg of  predni-
sone daily for 4–6 weeks followed by an oral taper) or 
intravenous corticosteroids (a single dose of  0.5 g methyl-
prednisolone per week for 6 weeks followed by 0.25 g per 
week for 6 weeks or 1 g methylprednisolone for 3–5 days 
followed by an oral prednisone taper). These doses are arbi-
trary and are based on limited data. A review of  various 
clinical case series suggests that intravenous steroids are 
slightly more effective and may be associated with fewer side-
effects,185 About two-thirds of  patients have reduction in 
their symptoms and swelling in about 1 week.185 Although 
symptoms of  active inflammation improve on steroids, only 
about one-third of  patients show improvement of  the eye 
movements. Intravenous steroids can be given in simple pulses 
or followed by oral steroids, which then can be slowly tapered 
by 10 mg per daily dose each week. If  symptoms worsen, 
reinstituting the original successful dose and radiation therapy 
should be considered; however, long-term use of  recurrent 
doses of  steroids is often associated with significant side-
effects and should be avoided. In patients with more severe 
orbitopathy or significant vision loss from compressive optic 
neuropathy, intravenous methylprednisolone is favored and 
has been shown to be effective.90

Other medical therapies, including plasmapheresis,187,188 
intravenous immunoglobulin,189,190 azathioprine, and ritux-
imab,191 have been shown to be effective but have not assumed 
primary roles in the medical management of  TAO. B cell sup-
pression with rituximab appears particularly promising, but 
randomized controlled clinical trials are needed to demonstrate 
efficacy.192,193 More targeted immunotherapy, with antibodies 
to specific pathogenic antigens such as the TSH receptor and 
IGF-1R, as well as IL-6 receptor antibodies, have shown initial 
promise194 but remain in the early stages of  investigation. 
Recently a randomized placebo-controlled trial found that 
selenium improves quality of  life and slows progression of  
orbitopathy in patients with mild disease,195 but serum sele-
nium levels were not measured, and further studies will likely 
be needed before this becomes standard therapy.
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5% of  patients experience improvement in their double vision 
after orbital decompression.218,229

Other indications for orbital decompression include severe 
orbital inflammation, reduction of  proptosis before eye muscle 
surgery, exposure, and steroid intolerance.143 After the disease 
becomes quiescent, orbital decompression is performed more 
commonly for cosmetic reasons.143,209,211,215–217 Reductions 
in proptosis of  4–5 mm may be achieved with good patient 
satisfaction. Further surgery may be performed for eyelid 
(many patients experience worsening of  lid retraction)  
and eye muscle abnormalities. In one series of  15 patients 
with no preoperative double vision who underwent trans-
antral orbital decompression primarily for cosmetic reasons, 
11 (73%) developed double vision postoperatively, although 
no patient was dissatisfied with their surgical result.211 A 
modified approach to orbital decompression for cosmetic 
purposes involves only removing orbital fat without bone 
removal.210,231–233

Eye muscle surgery for dysthyroid myopathy is often 
required to correct double vision. The strabismus may be 
more difficult to repair in the setting of  previous orbital 
decompression when a large-angle esotropia is present.234,235 
The goal is to establish a field of  single vision that is as large 
as possible, including in primary position and downgaze. 
Rootman187 found that 9% of  his patients ultimately required 
eye muscle surgery. The most common misalignment is a 
combined esotropia and hypotropia, for which inferior rectus 
recession and/or medial rectus recessions are required either 
unilaterally or bilaterally (Fig. 18.22). Resections should be 
avoided, although lateral rectus resections can be success-
fully used for persistent esotropia after medial rectus reces-
sions.236 Adjustable sutures can be particularly helpful, 
resulting in good surgical outcomes in 96% of  patients (65% 
with no diplopia without correction, and 31% requiring less 
than 10 prism diopter correction to resolve diplopia postop-
eratively) in one study,237 and we advocate their use when 
possible. A relaxed muscle technique has been described in 
which the detached muscle is sutured to the sclera at the 

use of  orbital decompression, eye muscle surgery, and eyelid 
surgery in a patient with quiescent disease who has double 
vision, exposure, or a significant cosmetic problem. Orbital 
decompression should not be used in the acute treatment 
of  proptosis and swelling from TAO unless there is sight-
threatening disease. Mechanical decompression of  the orbit 
has been described in several large series and is safe and 
effective in improving visual function in patients with apex 
crowding secondary to TAO-associated myopathy.142,143,209–224 
Removal of  the orbital floor and medial wall (Fig. 18.21) 
using various approaches is the most common surgery per-
formed. Comparison of  the coronal method to the inferomedial 
and the inferomedial plus lateral approach found each to be 
equally effective in treating vision loss.219 Endoscopic 
approaches appear to be equally effective and avoid external 
scarring.212,215,217,220,221,224–228

Regardless of  the technique employed, successful treat-
ment requires decompression of  the orbital apex through 
removal of  the apical portions of  the orbital walls and opening 
or removing the periorbita (see Fig. 18.21). Visual improve-
ment should be prompt, and if  vision fails to improve, the 
decompression was likely incomplete at the orbital apex. 
Severe vision loss preoperatively is associated with a worse 
prognosis postoperatively, as only 4 of  7 patients with less 
than 20/200 vision preoperatively attained visual acuity of  
20/40 postoperatively in one series.229 Significant improve-
ment in nearly all parameters of  the optic neuropathy includ-
ing visual fields and optic disc swelling occurs in most 
patients.143,228 Patients also notice improvement in their 
congestive symptoms since the orbit is no longer under pres-
sure. Most patients who undergo orbital decompression do 
so within 1 year from the onset of  eye symptoms.143 Double 
vision is present postoperatively in 33–63% of  patients and 
may be worsened because of  associated postoperative scar-
ring and loss of  the bony structure supporting the position 
of  the EOMs.144,145,209,210,228–230 Up to 70% of  patients require 
one or two eye muscle surgeries to correct their double vision 
after orbital decompression.143 Interestingly, approximately 
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Figure 18.21. Computed tomography (CT) of two patients after orbital decompression. A. The extraocular muscles are seen to fall into the maxillary 
sinus after removal of the medial wall (arrow) and the floor. B. Coronal CT of the orbits in a patient who had undergone four wall decompressions for 
proptosis and optic neuropathy. In this section portions of the superior and lateral walls of the orbit are missing (arrows). The patient had pulsatile 
exophthalmos, with only dura and periorbita separating the orbits from the brain. 
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Procedures on the lower eyelid usually require detaching the 
capsulopalpebral fascia from the tarsus and inserting some 
type of  spacer (sclera, hard palate, cartilage, or fascia). The 
upper eyelid can be lowered by Müllerectomy or levator reces-
sion, and in many instances, because of  chronic swelling and 
fat herniation, this is combined with blepharoplasty.

Course and outcome. TAO usually runs a course of  18–36 
months. There is some evidence that clinical activity cor-
relates with thyroid-stimulating immunoglobulin (TSI) 
levels,247,248 although its ability to detect responses to treat-
ment is unclear.249 Symptoms may vary on a diurnal basis 
depending on the amount of  venous and lymphatic drainage. 
Careful monitoring of  the patient’s endocrine status must 
be performed, and we believe it is inadequate for the oph-
thalmologist or neurologist to simply order “thyroid function 
tests” and not involve the expertise of  an endocrinologist.

Bartley and associates141 followed their cohort of  120 
patients for a median time of  10 years. Only two eyes had 
persistent vision loss from optic neuropathy (20/30 and 
20/60). Seven patients had intermittent double vision, and 
two other patients had constant double vision which was 
correctable by prisms. Twenty percent of  patients underwent 
at least one surgical procedure.181 Many patients complained 
of  persistent ocular discomfort, which in most cases was the 
result of  dry eyes. Although many patients (one-third) were 
unhappy with their appearance, with successful treatment 
functional impairment seems to be uncommon.141

Pediatric thyroid eye disease. Pediatric Graves disease 
or hyperthyroidism is not uncommon and rarely may be 
associated with development of  TAO. Medical therapy with 
methimazole is the first-line therapy, with propylthiouracil 
avoided due to liver toxicity,250,251 but remission rates are 
low and radioiodine therapy or thyroidectomy are frequently 
needed.250–252 It is unclear how treatment affects development 
of  ophthalmopathy in children. Orbital signs and symptoms 
occur in about one-third to one-half  of  patients,253–255 with 
47.5% of  pediatric patients with Graves disease exhibiting 
signs of  ophthalmopathy in one long-term follow-up study.252 
Proptosis may be dramatic.256 The incidence may be higher 
in countries where teenage smoking is more common.253,254 
Fortunately restrictive myopathy, exposure, and optic neu-
ropathy are rare in children.256 Echography, CT, and MRI 
have all demonstrated enlargement of  extraocular muscles 
in children, although motility for the most part remains 
normal.255,256 The majority of  children can be treated con-
servatively, and orbital fat decompression has been reported 
to be helpful in reducing proptosis.

Drug-induced thyroid-associated ophthalmopathy–
like disease. Patients treated for metastatic melanoma with 
ipilimumab, a humanized monoclonal antibody that blocks 
cytotoxic T-lymphocyte antigen 4 (CTLA4), preventing T-cell 
suppression, can develop proptosis and extraocular muscle 
thickening with the same clinical and radiographic features 
seen in TAO patients.257–259 Combined with observations that 
genetic mutations in the CTLA4 are linked to Graves disease, 
it has been suggested that suppression of  CTLA4 function 
may be involved in the pathogenesis of  TAO.258 Antipro-
grammed death-1 monoclonal antibody (nivolumab) therapy 
for metastatic melanoma has also been found to induce 
autoimmune thyroid disease260,261; thus baseline eye exami-
nation and periodic monitoring of  patients initiating these 
therapies may be warranted.

point where the relaxed muscle rests freely on the globe, 
rotated away from the muscle being recessed.238,239 Surgery 
should not be performed until measurements have been stable 
for 6 months and a similar time has elapsed since the  
last intervention (radiation or decompression).240 Intra-
operative decision-making is always based on results of  forced 
duction testing, and the surgeon should be prepared to alter 
the plan, particularly if  the superior rectus is found to be 
tight. In cases of  severe scarring, surgery and exposure of  
the muscle may be difficult. The initial surgical goal for hyper-
tropias should be a slight undercorrection, as a drift toward 
overcorrection occurs postoperatively.240,241 About two-thirds 
of  patients achieve a successful result of  improved eye move-
ments (Fig. 18.23) with single vision in the primary position 
and downgaze after a single operation.135,237–239,242–244 
However, undercorrections245 as well as late overcorrections 
(particularly for inferior rectus recessions)241,246 are common. 
It is not uncommon for patients to require multiple 
procedures.

Eyelid surgery is reserved as the last procedure performed 
(after decompression and muscle surgery), because lower 
eyelid retraction is a common complication. Surgery usually 
entails lowering the upper eyelid and raising the lower eyelid. 

Figure 18.22. Extraocular muscle surgery for strabismus associated with 
thyroid-associated ophthalmopathy. Pictured is a left inferior rectus 
recession on an adjustable suture. This intraoperative photograph dem-
onstrates an adjustable suture hang-back technique. The inferior rectus 
(1) is seen to be hanging back from its original insertion attached at 
either end of the muscle insertion to a violet suture (2) that was placed 
before dissecting the muscle from its original insertion. The suture has 
been passed back through the original insertion. A noose suture (3) is 
placed tightly around the muscle suture (4) to hold the muscle in place 
until the patient can be examined while awake, and based on examina-
tion findings the noose suture (3) can be moved to allow the distance 
(2) between the muscle (1) and the insertion to be altered thereby 
changing the amount of the recession and altering the ocular alignment. 
Once the muscle is in a satisfactory position the muscle suture (4) is 
tied permanently. 
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IOIS is an umbrella term that applies to a heterogeneous 
group of  presentations. It may be further subclassified accord-
ing to the location of  the inflammation within the orbit.263,264 
In this section, the pathogenesis and pathology of  IOIS are 
discussed, followed by a review of  its classification, imaging, 
and treatment.

PATHOGENESIS

The pathogenesis of  IOIS is unknown, and theories include 
viral, allergic, and autoimmune mechanisms. Based on the 
lymphocytic nature of  the infiltration, it is assumed to be an 
immune-mediated condition mediated by both B and T lym-
phocytes.265 Whether it is a genetically predetermined auto-
immune condition versus an environmentally triggered immune 
event is unclear. Other theories include aberrant wound healing 

Idiopathic Orbital Inflammatory 
Syndrome (Orbital Pseudotumor)

Patients with IOIS are typified by their acute onset of  pro-
ptosis and eyelid swelling associated with pain and double 
vision.262,263 There is usually conjunctival swelling (chemosis) 
and injection (Fig. 18.24). Eyelid erythema similar to that 
seen with cellulitis is often present (Fig. 18.25), and there 
may be a violaceous injection over the muscle insertions. 
IOIS is usually distinguished from other causes of  orbital 
disease (except infections and hemorrhages) by the rapidity 
of  onset and discomfort. Symptoms result from a non–thyroid-
related, noninfectious inflammation of  the orbit characterized 
by polymorphous orbital infiltration of  lymphocytes and 
plasma cells with varying amounts of  fibrosis and mass effect.

DC
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Figure 18.23. Improvement in ocular alignment after extraocular muscle surgery in two patients with thyroid-associated ophthalmopathy. A. Elevation 
deficit of the right eye improves (B) after inferior rectus recession. In another patient more severe eye movement limitation is associated with a large-
angle esotropia and hypotropia (C) that improved (D) after medial rectus recession and inferior rectus recession on adjustable sutures along with a 
contralateral superior rectus recession. 

Figure 18.24. External appearance of posterior scleritis in a patient with 
idiopathic orbital inflammatory syndrome. Intense conjunctival injection 
and chemosis are seen. 

Figure 18.25. Clinical appearance of a patient with myositis in the setting 
of orbital inflammatory syndrome. Eyelid swelling and chemosis in addi-
tion to an esotropia are seen. 
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comprise between 6% and 8%.56,57 It can occur at any age, 
with most patients presenting in middle life. There is no sex 
or race predilection.

CLASSIFICATION

Several different classifications schemes for IOIS have been 
described. Rootman and Nugent296 proposed a system which 
groups patients depending on location of  orbital involvement. 
Categories include anterior, diffuse, apical, lacrimal gland, 
and myositis. This system is helpful in understanding the 
highly variable clinical presentations of  IOIS. For the purposes 
of  neuro-ophthalmic differential diagnosis, we find another 
related system helpful and consider patients with IOIS in six 
different categories: posterior scleritis, diffuse, myositis, dac-
ryoadenitis, perineuritis, and sclerosing inflammation. The 
new additional classification of  some patients with IgG4-
related disease is also important for predicting clinical course 
and to inform treatment decisions. This classification system 
allows for separating patients into categories that are unique 
with regard to their differential diagnosis, evaluation, and 
treatment. The combined use of  histopathologic and 
localization-based classification may provide additional reli-
ability for research studies in IOIS.297

Posterior scleritis. These patients have inflammation 
focused on the eye wall and surrounding Tenon’s capsule. 
Patients develop pain, proptosis, ptosis, lid swelling, conjunc-
tival injection and chemosis, and decreased vision. It occurs 
in all age groups but seems to be a common form of  IOIS in 
children, where it can present bilaterally or unilaterally.298 
Imaging reveals anterior ragged orbital inflammation, which 
involves the globe and is associated with retinochoroidal 
thickening.296,299 Echography may demonstrate sclerotenonitis 
with edema or widening of  Tenon’s space (see Fig. 18.6). 
This effusion at the neuroocular junction and doubling of  
the optic nerve shadow creates a specific echographic sign 
called the T-sign (Fig. 18.26). This form of  IOIS may be char-
acterized by ophthalmoscopic abnormalities including cho-
roidal folds, exudative retinal detachment (Fig. 18.27), 
papillitis, and uveitis.298 Fluorescein angiographic abnormali-
ties may include patchy choroidal infiltrates, exudative retinal 

and infection.266 Several observations suggest an autoimmune 
inflammatory condition, although the significance of  each is 
unclear. These include identification of  antibodies to eye muscle 
surface antigens in patients with IOIS;267 reports of  patients 
who had upper respiratory tract infections before developing 
IOIS;268–271 and the occasional association of  IOIS with similar 
nonspecific inflammation of  the paranasal sinuses.272 High 
levels of  specific cytokines, including interferon-gamma and 
interleukin-12, in orbital biopsy samples from patients with 
IOIS suggests possible inflammatory signaling pathways 
involved in triggering or maintaining inflammation.273

Recently IgG4-related disease has been identified as a spe-
cific subset of  inflammatory diseases, including IOIS. IgG4-
related disease is a sclerosing inflammatory disease, marked 
by infiltration of  lymphocytes and plasma cells, first described 
as systemic disease with autoimmune pancreatitis274 and 
subsequently recognized in most other organs.275 In the orbit, 
IgG4-related inflammation can affect almost any tissue, 
including lacrimal gland, optic nerve sheath, extraocular 
muscle, sclera, trigeminal nerve, and orbital fat, contributing 
to the full spectrum seen in IOIS.276–280 While serum IgG 
levels may be elevated, they are not diagnostic, with a high 
IgG4/IgG ratio detected on histologic evaluation within biopsy 
or resected tissue specimens typically required to establish 
the diagnosis.281 A high IgG4 ratio has been identified in 
anywhere from 19–53% of  IOIS patients examined,282–286 
and many of  these cases have other systemic manifestations 
of  inflammatory disease. Thus, systemic evaluation should 
be considered in patients with IgG4-related IOIS.

DIFFERENTIAL DIAGNOSIS

IOIS-like presentations may occur with orbital inflammation 
due to systemic inflammatory conditions or vasculitis, includ-
ing temporal arteritis,287 Wegener’s granulomatosis,288 poly-
arteritis nodosa, systemic lupus erythematosus,289 gout, 
psoriatic and rheumatoid arthritis,290 Behçet disease,291 syphi-
lis, tuberculosis, sarcoidosis,292 ulcerative colitis, and Crohn 
disease.293 Contrary to older theories concerning IOIS, it is 
no longer believed to be related to orbital reactive lymphoid 
hyperplasia (pseudolymphoma) or a lymphoid tumor. There 
is no apparent potential for malignant transformation.266

PATHOLOGY

Histologically, IOIS is characterized by lymphocyte, plasma 
cell, macrophage, and polymorphonuclear cell infiltration 
associated with a fibrovascular stroma. This inflammation 
eventually leads to fibrosis, but there should be no vasculitic 
features. More chronic forms of  IOIS are characterized by 
insidious development of  fibrosis or desmoplasia leading to 
an apparent soft-tissue mass, without an acute phase of  cel-
lular infiltration. Although there is significant overlap, some 
have suggested subgrouping IOIS pathologically into lym-
phoid, granulomatous,294 and sclerosing varieties.295 However, 
usually a more clinical and anatomic classification is preferred 
(see later discussion).

PREVALENCE

IOIS is a relatively uncommon condition. In clinical series 
of  patients presenting with orbital disease, patients with IOIS 

Figure 18.26. B-scan orbital echography of a patient with posterior 
scleritis. A “T” sign is seen secondary to a hypoechoic fluid-filled (arrows) 
space in Tenon’s capsule. 
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often obscures normal orbital anatomy (Fig. 18.28). When 
orbital inflammation primarily involves the orbital apex (often 
subcategorized as “posterior IOIS”), there may be a dispro-
portionate amount of  visual and eye movement dysfunc-
tion,296 and intracranial extension can occur.302 Pupillary 
defects (internal ophthalmoplegia) have also been described 
with posterior orbital involvement, presumably due to dis-
ruption of  the ciliary ganglion or third nerve.303

Myositis. Patients with myositis have a clinical presenta-
tion dominated by symptoms of  double vision and pain on 
eye movements. Ptosis and eyelid swelling are common, and 
chemosis and conjunctival injection in the area overlying 
the inflamed muscle are prominent (see Fig. 18.25).

Clinical distinction from TAO can usually be made based 
on the rapid development of  myositis and its characteristic 
pain, eyelid findings, and diffuse involvement of  the muscle 
and tendon on CT or MRI (Fig. 18.29; see also Table 18.5 
and Box 18.2 as well as the discussion of  other causes of  
enlarged eye muscles later in the chapter). Orbital echography 
with A- and B-scan (Fig. 18.30) can be used to identify muscle 
enlargement with tendon involvement and low reflectivity 
consistent with edema. The most common muscles involved 

detachments, and macular edema.300 Treatment is with oral 
steroids, and their effect is usually prompt and dramatic. 
Glaucoma may complicate posterior scleritis. Mechanisms 
include choroidal effusion with anterior rotation of  the lens–
iris diaphragm or uveitic glaucoma. While posterior scleritis 
is typically part of  IOIS, rare cases have been associated with 
inflammatory bowel disease.301

Diffuse inflammation. In the diffuse presentation, inflam-
mation involves the entire orbit. Clinically, patients have 
proptosis, eyelid swelling, ptosis, and occasionally extraocular 
muscle involvement and double vision. Papillitis and exuda-
tive retinal detachments may be present. On imaging studies, 
the entire orbit is involved by the irregular infiltrate that 

Figure 18.27. Exudative retinal detachment secondary to subretinal 
fluid in a patient with posterior scleritis. Yellow exudate (arrow) is  
seen under the macula in this patient presenting with eye pain and 
decreased vision. 
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Figure 18.28. Orbital computed tomography (CT) in patients with idiopathic orbital inflammatory syndrome. A. Heterogeneous contrast enhancement 
and soft-tissue changes are seen diffusely in both orbits along with proptosis of the left globe. Infiltrative soft-tissue lesions (arrows) are seen on both 
sides. B. In another patient, who had idiopathic orbital inflammatory syndrome, abnormal signal intensity in the fat (asterisk) and enlargement of the 
medial rectus (arrow) are seen in the right orbit. The left eye has an unusual CT signal secondary to a silicone oil fill after vitrectomy. 

Box 18.2 Differential Diagnosis of Enlarged 
Extraocular Muscles

Thyroid-associated ophthalmopathy
Idiopathic orbital inflammatory syndrome with myositis
Lymphoma
Metastatic tumors
Acromegaly
Trichinosis
Carotid–cavernous fistula
Sarcoidosis
Wegener’s granulomatosis
Rhabdomyosarcoma
Amyloidosis
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Figure 18.29. Axial computed tomography of the same patient as in 
Fig. 18.25 demonstrating irregular thickening of the medial rectus muscle 
with involvement of the tendon (arrow). The patient was esotropic and 
had an abduction deficit of the left eye. 

Table 18.5 Clinical Distinction of Thyroid-Associated Ophthalmopathy from Idiopathic Orbital Inflammation

Feature Thyroid Idiopathic Orbital Inflammation

Pain No or mild pain More severe; worse on eye movement

Laterality Most commonly bilateral
Some asymmetry

Almost always unilateral

Onset Gradual, subacute Acute (hours or days)

Vision Usually good unless orbital apex compromised Impaired with posterior scleritis, perineuritis, and optic neuritis

Eye movement Restrictive Restrictive or paretic

Eyelid Retraction Ptosis

Imaging Multiple muscles enlarged; regular borders and tendon 
sparing; does not extend to fat

Multiple muscles enlarged with irregular borders and 
extension to the orbital fat and tendons, enhancement 
around globe

Response to steroids Slow and moderate Immediate and often complete

Figure 18.30. Orbital echography in myositis. B-scan echography (top) 
demonstrated enlarged extraocular muscle (arrows) with involvement 
of the tendon. The corresponding A-scan (bottom) showed increased 
width of the muscle (arrows pointing to the lines indicate muscle width) 
and moderate internal reflectivity (long arrow). For the normal appear-
ance of the extraocular muscle on echography, see Fig. 18.20A. 

in a series by Rootman et al.304 were the superior rectus–
levator complex and the medial rectus, but any or multiple 
muscles may be involved. Involvement of  the superior oblique 
with point tenderness over the superomedial aspect of  the 
orbit has been described.305

Dacryoadenitis. Lacrimal gland inflammation occurs in 
a variety of  circumstances, including infection, infiltration 
by neoplasm, systemic inflammatory conditions, and non-
specific inflammation.306 Pathologically these can be divided 
into categories that are specific (i.e., lymphoma, sarcoidosis) 
and nonspecific (IOIS, dacryoadenitis). Therefore, biopsy is 
often recommended.304 In a series reported by orbital special-
ists, dacryoadenitis was the most common form of  IOIS.264 
In addition to the more typical acute and subacute varieties, 
there is a unique chronic (sometimes painless) presentation 
of  IOIS involving the lacrimal gland.

Patients with dacryoadenitis typically develop pain, swell-
ing, and redness of  the temporal portion of  the eyelid. The 
lid acquires a characteristic S-shaped deformity. The globe 
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may be displaced downward and inferiorly.304 Bilateral pre-
sentation occurs occasionally. Elevation of  the eyelid and 
inspection of  the superotemporal area of  the conjunctiva 
shows prominence of  the secretory ducts and injection of  
visible portions of  the lacrimal gland. The superotemporal 
portion of  the orbit may be exquisitely tender. Patients rarely 
have double vision or complain of  decreased vision. Imaging 
studies document the presence of  an inflammatory mass 
lesion in the superotemporal orbit which is contiguous with 
the globe and generally does not involve other orbital tissues.

Perineuritis. The presence of  optic neuropathy in asso-
ciation with nonspecific orbital inflammation is well recog-
nized and termed perineuritis.299 Vision loss results from either 
optic nerve sheath inflammation or mass effect on the optic 
nerve. These patients can be difficult to distinguish from 
patients with optic neuritis but are often older, have spared 
central vision, and demonstrate enhancement of  the sheath 
(Fig. 18.31), not the nerve itself.307 Patients often develop 
optic disc edema and mild retinal venous obstruction. Sarcoid 
and syphilis are important alternative causes of  perineuritis. 
These must be excluded in patients with optic neuropathy 
and abnormal-appearing optic nerve sheaths with enlarge-
ment and enhancement on neuroimaging.308 Perineuritis is 
also discussed in Chapter 5.

Sclerosing orbital inflammation. Some patients with 
IOIS-like conditions develop a chronic scarring orbitopathy 
with exuberant desmoplastic reaction (fibroblastic prolifera-
tion with formation of  dense fibrous connective tissue)  
and severe orbital dysfunction. This condition has been  
termed idiopathic sclerosing inflammation or sclerosing orbital 
pseudotumor.309–314 This chronic sclerosing variant, which 
may be more commonly associated with IgG4 disease,277,279 
can be characterized by relentless loss of  vision from optic 
nerve dysfunction and thickening (Fig. 18.32) and involve-
ment of  the extraocular muscles, leading to double vision. 
The onset is more insidious, occurs at any age (including 
young children),312,315 and often simulates a tumor. There 
is a predilection for the lateral and superior quadrants of  

Figure 18.31. Axial T1-weighted, fat-suppressed, gadolinium-enhanced 
magnetic resonance imaging in a patient with optic nerve dysfunction 
and perineuritis in the setting of orbital inflammatory syndrome. Enhance-
ment of the nerve sheath (arrow) is seen in the right posterior orbit. 

Figure 18.32. Axial T1-weighted, gadolinium-enhanced, fat-suppressed 
orbital magnetic resonance imaging in a patient with sclerosing orbital 
inflammation causing irregular thickening of the left lateral rectus (arrow). 
Mild enhancement of the surrounding fat is seen as well. 

the orbit.312 Patients develop pain and double vision along 
with proptosis. Patients can also present with isolated par-
esthesias in the trigeminal distribution.313 Desmoplastic reac-
tion around the optic nerve or elsewhere in the orbit can 
produce a radiographic picture that mimics a primary optic 
nerve tumor (Fig. 18.33). The compressive inflammatory 
mass may result in a venous obstructive appearance on oph-
thalmoscopy (see Fig. 18.33).

The defining feature histopathologically is the dense des-
moplastic reaction with scarring (collagen deposition) and 
only scant inflammatory infiltrates. These cases may respond 
poorly to treatment and may be the most common subtype 
of  IOIS to erode bone and extend intracranially.312,316 Patients 
may respond early to steroids but often have a relentless 
course regardless of  treatment and many require second-line 
immunosuppressive agents.312 Fourteen of  sixteen patients 
in a series by Rootman et al.311 experienced permanent dys-
function in the form of  either optic neuropathy or muscle 
restriction. Early and more aggressive treatment may be more 
successful.312 Since this type of  chronic scarring is unusual 
in IOIS, it is likely that orbital idiopathic sclerosing inflam-
mation is a distinct clinical entity.311 It is possible that the 
sclerosing form is a manifestation of  systemic fibrosclerosis, 
a disease now known to be associated with IgG4 antibodies. 
Such patients have simultaneously developed retroperitoneal 
or mediastinal fibrosis,317,318 and the histologic appearance 
is the same.310 The fibrotic process suggests a potential role 
for mycophenolate mofetil in addition to steroid treatment, 
as direct antifibrotic effects have been reported,319,320 and 
this treatment has been successful for retroperitoneal fibro-
sis321 and sclerosing IOIS.322

PEDIATRIC IDIOPATHIC ORBITAL 
INFLAMMATORY SYNDROME

IOIS occurs at any age. In the series by Rootman et al.56 IOIS 
was the cause of  orbital disease in 13 of  241 (5%) pediatric 
patients seen. Pediatric patients may have the diffuse or 
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OTHER DIAGNOSTIC STUDIES

Biopsy is usually deferred unless inflammation is recurrent, 
is atypical in appearance, or primarily involves the lacrimal 
gland. It is reasonable to perform a systemic workup to screen 
for other systemic inflammatory conditions, although this 
is almost always negative. Blood work should include syphilis 
serologies, antineutrophilic cytoplasmic antibodies (ANCA), 
antinuclear antibodies, and angiotensin-converting enzyme 
(ACE), and chest imaging for hilar adenopathy should be 
performed. The role of  measuring IgG4 serum levels is unclear 
due to high variability, but IgG4 staining of  tissue should be 
considered for those patients who do undergo biopsy.281 In 
patients with a history of  malignancy the possibility of  meta-
static disease to the orbit must be carefully considered, and 
the threshold for biopsy should be low.

TREATMENT

Treatment is initiated immediately after the clinical diagnosis 
is suspected and imaging studies support the diagnosis of  
IOIS. Treatment with corticosteroids is usually both therapeutic 
and diagnostic. Most patients with IOIS will have a dramatic 
response within days of  treatment, although recurrences and 
refractory cases are common.262,264 Usually patients are started 
on 1 mg/kg of  prednisone daily and maintained at this dose 
until their clinical manifestations are resolved (usually 2–4 
weeks); then the steroids are tapered over 1–2 months while 
the patient is carefully monitored for recurrence. Occasionally 
the steroid taper needs to be prolonged. Nonsteroidal antiin-
flammatory drugs may be helpful during the steroid taper 
but occasionally are useful as a primary treatment when the 
inflammatory burden is low and in select patients, such as 
those with diabetes, who tolerate steroids poorly. While intra-
venous corticosteroids have been used, they do not appear to 
be more effective than oral administration.331 Recent studies 
suggest local steroid injection may be just as effective and 
may be useful to avoid systemic side-effects.332

anterior forms of  IOIS, posterior scleritis, uveitis, and disc 
swelling. Lacrimal gland involvement is also frequent.323 
Ptosis is more prominent than in adults, and in one series 
proptosis was less prominent than in adult cases.324 In the 
pediatric population, the disorder is frequently bilateral even 
without a predisposing systemic condition.323 However, we 
have also seen several instances of  isolated myositis. Diag-
nostic testing may show elevated erythrocyte sedimentation 
rate (ESR), eosinophilia, and cerebrospinal fluid (CSF) 
pleocytosis.

IMAGING

The diagnosis of  IOIS is a clinical one but is usually confirmed 
by orbital imaging,47,325 revealing an area of  primary inflam-
mation surrounded by an irregular margin, but findings can 
be subtle and enhancement can be masked by high signal 
intensity from fat.326 Fat-suppressed images with contrast 
are most likely to reveal an abnormality. This irregular infil-
trate may involve all soft tissues of  the orbit, including Tenon’s 
capsule, the optic nerve, the orbital fat, and the extraocular 
muscles. In one series of  21 patients, the most commonly 
identified CT features were contrast enhancement, fat infil-
tration, proptosis, and muscle enlargement (see Fig. 18.28).327 
MRI is also helpful to diagnosis IOIS, with IOIS lesions hypoin-
tense to fat and isointense to muscle on T1-weighted images, 
and typically isointense or only minimally hyperintense to 
fat on T2-weighted images.328 This pattern was felt to dis-
tinguish IOIS from orbital metastases, infections, and hema-
tomas. T2-weighted fat-suppressed images can also be used 
to identify active inflammation in the extraocular muscle in 
patients being followed on treatment,329 and diffusion-
weighted images may be particularly helpful in distinguishing 
IOIS from lymphoma and orbital cellulitis.330 In patients with 
likely myositis or posterior scleritis, orbital echography with 
combined A- and B-scan can help in identifying abnormal 
muscle swelling or thickening of  the ocular coats with sub-
Tenon’s fluid (see Figs. 18.6 and 18.30).

BBA

Figure 18.33. A. Axial, contrast-enhanced computed tomography revealing a thickened and enhancing optic nerve (arrow) in a patient with sclerosing 
orbital inflammatory syndrome. B. In the same patient, fundus findings of optic nerve head swelling and intraretinal hemorrhages consistent with 
retinal vein occlusion were noted. 
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for Wegener’s.348 Approximately 40–50% of  patients develop 
ocular manifestations including scleritis and episcleritis, 
uveitis, peripheral corneal ulceration, and occasionally con-
junctival or retinal involvement.304 The clinical presentation 
is variable, ranging from mild indolent inflammation to a 
more explosive inflammatory picture with proptosis, chemosis, 
optic nerve swelling, and decreased vision. These findings 
may necessitate orbital decompression. Isolated myositis349 
or perineuritis350 may occur as well. Diagnosis of  Wegener’s 
may be established by biopsy of  the affected area. In some 
patients it is reasonable to treat on the basis of  a positive 
ANCA titer and appropriate clinical findings.

Neurologic involvement in Wegener’s occurs in about one-
third of  patients, most commonly with peripheral neuropathy, 
cranial neuropathy, ophthalmoplegia, stroke, seizure, and 
cerebritis.351 Treatment of  Wegener’s usually requires  
long-term therapy with corticosteroids and immunosuppres-
sant drugs such as methotrexate, cyclophosphamide, or 
rituximab.352

POLYARTERITIS NODOSA

Patients with polyarteritis nodosa may occasionally present 
with orbital involvement.353 This condition results from a 
vasculitis of  medium and small arteries that may be segmental, 
and is characterized by inflammation and fibrinoid necrosis. 
The major sites of  involvement are the kidney, heart, liver, 
and gastrointestinal tract, with a predilection for males in 
the second and fourth decade. Ophthalmic manifestations 
include retinal and choroidal ischemia related to vasculitis 
changes, and rarely a nonspecific orbital inflammatory syn-
drome and proptosis in the absence of  systemic symptoms.

HISTIOCYTIC DISORDERS

A distinct group of  histiocytic orbital inflammation is well 
recognized and includes eosinophilic granuloma (histiocytosis-
X), juvenile xanthogranuloma, Erdheim–Chester disease, and 
necrobiotic xanthogranuloma. Erdheim–Chester disease is 
a systemic xanthogranulomatous disorder that affects bones 
and viscera, and bilateral diffuse orbital involvement has been 
described.354 The classic histologic features include Touton 
giant cells and a mixture of  lymphocytes and plasma cells. 
Some of  these entities are discussed further in Chapter 7.

OTHER CAUSES OF ENLARGED  
EXTRAOCULAR MUSCLES

The vast majority of  patients with enlarged extraocular 
muscles have either TAO or IOIS. However, there are several 
other causes (see Box 18.2). The clinical presentation often 
provides enough information to distinguish the various enti-
ties. However, significant overlap does exist. Radiographic 
features of  the various causes of  extraocular muscle enlarge-
ment have been reviewed.355

Patients with dural arteriovenous fistulas may have a clini-
cal presentation similar to IOIS with acute proptosis,  
conjunctival injection, chemosis, and enlarged muscles  
(Fig. 18.34). These patients generally have less pain than 
IOIS patients and have characteristic arterialized conjunctival 
vessels with elevation of  intraocular pressure. An enlarged 
superior ophthalmic vein is diagnostic of  blood flow reversal 

A poor response or recurrence after a slow steroid taper 
should lead to consideration of  alternative diagnoses, and then 
biopsy is often required.263 Alternative immunosuppressive 
therapies including cyclophosphamide,309 cyclosporine,333 and 
methotrexate334 as well as intravenous immunoglobulin335 
have been successfully used as adjunctive therapies to pred-
nisone. In patients with refractory inflammation, recurrences, 
contraindications to systemic steroids, or the sclerosing  
variety of  IOIS, radiation therapy to the orbit is another alter-
native treatment.295,311,336 The dosage is between 1000 and 
3000 cGy in 10 divided fractions, and complications are 
rare.264,312 Recently, treatment with antibodies (infliximab and 
daclizumab) to tumor necrosis factor337 and CD20 (ritux-
imab)338 have shown benefit in steroid-refractory cases. Ritux-
imab seems to work in IgG4-related disease,339 and, like 
corticosteroids, local orbital injection of  rituximab may also 
be effective.340

Other Inflammatory  
Orbital Conditions

GRANULOMATOUS ORBITAL INFLAMMATION

Some patients have a noninfectious, granulomatous orbital 
inflammation. These patients often present with mild (com-
pared with the more painful and acute IOIS) inflammatory 
symptoms with a palpable mass lesion.304 In such cases, an 
extensive systemic evaluation for granulomatous disease is 
indicated. However, in some cases the orbital disease is the 
sole location of  involvement.

SARCOIDOSIS

Sarcoidosis is a well-characterized systemic granulomatous 
disorder affecting multiple organs and is important in the 
differential diagnosis of  lacrimal gland enlargement and 
perineuritis. Fortunately, orbital involvement is uncommon. 
However, sarcoidosis may present with either focal or diffuse 
extraocular muscle enlargement along with proptosis and 
pain,341–344 a soft–tissue mass lesion, or as a lesion arising 
from contiguous bony involvement. Sarcoidosis is discussed 
in further detail in Chapters 5 and 7.

WEGENER’S GRANULOMATOSIS

The classic clinical triad of  this systemic inflammatory condi-
tion, also known as granulomatosis with polyangiitis, includes 
necrotizing granulomas of  the upper and lower respiratory 
tract, necrotizing vasculitis of  the lung, and glomerulone-
phritis. Wegener’s is believed to be a T cell–mediated condition 
characterized pathologically by granulomatous inflammation 
and necrotizing vasculitis typically presenting in the fifth 
decade with pneumonitis, sinusitis, and renal involvement.

Ophthalmic manifestations occur in 50–60% of  patients 
with Wegener’s granulomatosis and involve the orbit in about 
one-quarter of  those with eye findings.345,346 However, some 
patients have a limited form in which the orbital and sinus 
involvement predominates.347 Adjacent bony destruction 
may complicate the sinus disease and produce a saddle nose, 
fistulas, and orbital extension. Bony erosion in association 
with orbital inflammation should raise the index of  suspicion 
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and whether the patients are children or adults.50,55–59,365–368 
In most series, inflammatory diseases (TAO and IOIS) make 
up about one-third to one-half  of  patients. This fraction is 
lower in pathologic studies since TAO is rarely biopsied. In 
the series by Rootman et al.56 of  1409 patients, 22.3% had 
neoplastic lesions.

The most common orbital mass lesions are neurogenic 
tumors (gliomas, meningiomas, and schwannomas), cystic 
lesions (dermoids), vascular lesions (cavernous hemangioma), 
lymphoproliferative lesions (lymphomas), and secondary 
tumors (metastatic and contiguous spread).55 A survey of  
a cancer registry found lymphoma to be the most common 
malignancy.369 In children, congenital and development 
lesions with cysts and vascular lesions make up 40% of  
cases.50

ORBITAL LYMPHOMA

Orbital lymphomas have been increasingly recognized,366–368 
and in one series they represented 55% of  orbital tumors.369 
Orbital lymphoma may be primary, when it arises and is 
localized to the orbit, or secondary as a manifestation of  a 
systemic lymphoma, with identical clinical and radiographic 
presentations. Orbital lymphoma can be difficult to distinguish 
from IOIS, but lymphomas are more likely to present with a 
mass lesion and less likely to have associated pain and eyelid 

in the orbit, and muscle enlargement is usually fusiform. 
These fistulas are discussed in more detail in Chapter 15.

Metastatic tumors to the extraocular muscles may present 
with an acute onset of  proptosis, double vision, and enlarged 
muscles (see later discussion). The pain is usually less severe 
than IOIS, only one muscle may be enlarged, and involved 
muscles may appear lumpy or irregular on neuroimaging 
studies.356–358 Orbital lymphoid tumors usually involve the orbit 
diffusely but may be confined to one extraocular muscle.359,360

Trichinosis infection from ingestion of  Trichinella spiralis 
in uncooked meat may produce a myositis with enlarged 
extraocular muscles. Patients typically manifest with gastro-
intestinal complaints followed by myalgias, fever, periorbital 
pain, and chemosis of  the conjunctiva and may develop 
proptosis and double vision.361 Amyloid deposition in the 
orbit and acromegaly may also result in diffuse fusiform 
enlargement of  extraocular muscles.355,362–364

Orbital Tumors and Other  
Orbital Masses

FREQUENCY OF VARIOUS ORBITAL TUMORS

The proportion of  orbital lesions which are neoplastic depends 
on the type of  study (e.g., clinical, pathologic, or radiographic) 
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Figure 18.34. A. Clinical photograph of a patient with a dural fistula 
causing arterialization of the blood vessels. B. In another patient with 
a dural fistula, axial T1 gadolinium-enhanced, fat-suppressed magnetic 
resonance imaging demonstrating extraocular muscle enlargement 
in the right orbit secondary to congestion. C. In the more superior 
orbit, a dilated superior ophthalmic vein (arrow) is seen. 
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with tissue examined by light microscopy and immunohis-
tochemistry. If  the orbital lesion is isolated, it is treated with 
local irradiation.372,373 Ocular adnexal mucosa-associated 
lymphoid tissue (MALT) lymphomas have a more indolent 
course and may not require as aggressive treatment.374–377 
If  there is evidence of  multiorgan involvement, then systemic 
protocols using chemotherapy are used. A small percentage 
of  patients with localized orbital disease will develop systemic 
lymphoma.

Plasma cell tumors may manifest like lymphoproliferative 
lesions. Multiple myeloma of  the orbit may present with 
proptosis or double vision.378–381 The infiltrate usually affects 
the lacrimal gland, orbital fat, and muscles, and unlike lym-
phoma it is often associated with pain. Systemic evaluation 
for multiple myeloma is necessary, and if  negative patients 
must be monitored closely for its development.

NEUROGENIC TUMORS

Most orbital peripheral nerve sheath tumors, such as schwan-
nomas and neurofibromas, originate from sensory branches 
of  the first division of  the Vth nerve. Schwann cells in the 
outer sheath of  peripheral nerves give rise to the most 

swelling.370 The orbital lesions tend to grow slowly and 
conform to the orbital tissues (Fig. 18.35). The lesions are 
painless and may be recognized only after producing notice-
able proptosis, double vision, or a palpable mass which often 
involves the lacrimal gland.306 Extraocular muscle involve-
ment also occurs.360 A visible subconjunctival component 
or “salmon patch” may be present (Fig. 18.36). On orbital 
imaging, lymphoma lesions are generally well defined and 
almost always demonstrate a characteristic of  “molding” to 
the orbital tissue and globe (see Fig. 18.35). Features on 
DWI and contrast-enhanced MRI may help distinguish lym-
phoma from benign orbital lymphoproliferative disorders 
(OLPDs).371 Benign OLPDs are more likely to be seen as well-
defined mass lesions, while neither T1- and T2-weighted 
signal intensities nor contrast enhancement differ between 
the malignant and benign lesions. DWI adds a quantitative 
measure to distinguish between lesions, with lymphomas 
exhibiting a significantly lower apparent diffusion coefficient 
than benign OLPDs.371 Idiopathic orbital inflammation may 
also have a similar MRI appearance (see Fig. 18.28).370 There 
are usually no bony changes.

When neuroimaging suggests a lymphoma, a systemic 
evaluation is indicated. The orbital mass may be biopsied, 
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Figure 18.35. A. Axial computed tomography (CT) of a patient with orbital lymphoma on the left side. An extensive soft-tissue mass (arrow) is seen 
to surround but not indent the left globe. In another patient (B) coronal CT similarly reveals a large soft-tissue mass (arrow) which seems to surround 
the globe without indenting it. 
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Figure 18.36. Clinical photographs of patients with orbital lymphoma that in one patient (A) extended into the subconjunctival space and presented 
as a fleshy, pink subconjunctival lesion (arrow) and in another patient (B) caused enlargement of both lacrimal glands (arrows). 
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facilitated by perineural spread. Surgical exenteration is the 
recommended therapy with or without postoperative 
radiation.388,389

METASTATIC TUMORS

The orbit is the second most common site (after the uveal 
tract) for metastatic disease to the eye and its adnexa. Breast 
cancer is the most common primary tumor.55,368,390,391 The 
incidence of  metastatic tumors as the cause of  orbital disease 
ranges in various series from 1–3%.56,59,366–368 The prognosis 
for survival in patients with metastatic orbital tumors is 
uniformly poor, and few patients survive for more than 1 
year. Using modern combined modalities of  therapy, patient 
survival may be prolonged. However, most treatment is only 
palliative. Prompt recognition of  this condition may help 
detect an unrecognized primary systemic malignancy and 
allow for early treatment.

The clinical presentation of  metastatic tumors is variable, 
but there are certain recurrent themes. Patients frequently 
complain of  abrupt-onset diplopia, ptosis, proptosis, eyelid 
swelling, and pain,392–394 with disproportionate levels com-
pared with other space-occupying orbital lesions. Double 
vision is often an earlier manifestation than with primary 
orbital tumors, which are generally better compensated 
because of  their more insidious evolution. Other commonly 
reported symptoms include a palpable mass and decreased 
vision. The most common signs include exophthalmos, 
incomitant eye deviation, conjunctival injection, a palpable 
mass, subnormal visual acuity, disc edema, choroidal folds, 
and enophthalmos. Metastatic breast carcinoma often causes 
enophthalmos secondary to contraction induced by the scir-
rhous nature of  the tumor.395

At the time of  diagnosis, metastatic tumors are usually 
characterized by unencapsulated tumor growth with diffuse 
involvement of  orbital structures (Fig. 18.37). Tumor emboli 
may lodge in muscle, fat, or bone. CT suggests bone and fat 
are involved twice as often as muscle.392,393 In a review of  

common (peripheral) nerve tumors of  the orbit, schwan-
nomas (or neurilemomas), which represent about 1% of  all 
orbital tumors.55,56,58,59,368

Schwannomas most commonly present in the second to 
fourth decades with proptosis that progresses over several 
months or years.382 Rarely, patients manifest with vision loss 
because of  crowding of  the orbital apex and optic nerve 
compression. Thus, their presentation is not unlike other 
benign, well-circumscribed, rounded, slow-growing orbital 
masses such as cavernous hemangiomas. On CT and MRI, 
schwannomas may be difficult to distinguish from primary 
optic nerve tumors, but this distinction should be made before 
surgical excision. Neuroradiographic features include a well-
defined lesion which is isointense with the brain and enhances 
with gadolinium, radiographically similar to cavernous hem-
angiomas, fibrous histiocytomas, and hemangiopericytomas. 
When treatment is indicated, surgical resection is required.383

Patients with an orbital plexiform neurofibroma due to 
neurofibromatosis type I (NF-1) may manifest with proptosis, 
massive overgrowth of  the eyelid skin, and a characteristic 
S-shaped deformity of  the upper eyelid (see Fig. 14.13). Mul-
tiple isolated neurofibromas, café-au-lait spots, iris Lisch 
nodules, optic pathway gliomas (see Chapters 5 and 7), pul-
satile enophthalmos due to sphenoid wing dysplasia (Video 
18.1), or a family history of  neurofibromatosis should suggest 
the diagnosis of  NF-1. The plexiform neurofibroma has a 
diagnostic appearance of  infiltrating cords of  nonencapsu-
lated cells. Whether neurofibromas are truly schwannomas 
is a matter of  debate, as they often contain histologic features 
of  perineural cells and fibroblasts.

LACRIMAL TUMORS

Lacrimal tumors are relatively rare. About one-half  of  lac-
rimal gland masses are ultimately proven to be inflammatory 
(see Dacryoadenitis).306 About half  of  lacrimal gland tumors 
are epithelial in nature; of  these approximately half  are benign 
and half  are malignant.56,384,385 The typical clinical presenta-
tion is characterized by deformity of  the upper eyelid contour 
(S-shaped), fullness of  the upper eyelid, and downward and 
nasal displacement of  the globe. Mass lesions may be palpated 
in the superior sulcus at the lateral portion of  the upper 
eyelid. CT is important to evaluate bony changes. Excavation 
of  the lacrimal fossa or bony erosion is characteristic of  a 
pleomorphic adenoma, while lytic lesions of  the bone char-
acterize adenocystic carcinoma. Pleomorphic adenomas (or 
benign mixed tumors) of  the lacrimal gland represent benign 
epithelial proliferations characterized by a myxoid fibrous 
stroma that manifests in middle age with proptosis and lid 
deformity evolving over 1 year. The goal of  surgical therapy 
is complete excisional biopsy to limit the risk of  recurrence 
and the risk of  malignant transformation found after inci-
sional biopsy,386 although more recent reviews question 
whether incisional biopsy truly increases these risks.387 
Adenoid cystic carcinoma of  the lacrimal gland is the most 
common malignant lesion to arise in this area,385 character-
ized by a mass lesion, nonaxial proptosis (see Fig. 18.9),  
and neuropathic pain from perineural invasion. Unlike  
inflammatory lesions, the eye is usually white and quiet,  
and the pain is not exacerbated by eye movements. Unfor-
tunately only about 70% of  all patients with adenoid cystic 
carcinoma survive 5 years388,389 due to intracranial invasion 

Figure 18.37. Axial T1-weighted, gadolinium-enhanced magnetic reso-
nance imaging demonstrating orbital apex invasion (arrow) by a meta-
static Ewing’s sarcoma to the ethmoid sinus. The patient presented  
with a retrobulbar optic neuropathy and pain on eye movements  
that was initially thought to be due to optic neuritis. (Courtesy of Mark 
Moster, MD.)
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Figure 18.38. A. Clinical photograph of a woman with a large right 
hypotropia secondary to restricted elevation of the right eye. B. Coronal 
gadolinium-enhanced magnetic resonance imaging (MRI) reveals focal 
thickening of the inferior rectus muscle (arrow) with heterogeneous 
signal. On axial MRI (C) the eye muscle enlargement can be seen to 
be a focal mass lesion (arrow) in the muscle, which was biopsied and 
found to be a carcinoid tumor. 

31 cases of  metastatic tumors to the extraocular muscles, 
16 cases arose from the breast, and 6 arose from melanoma.356 
Lesions may be isolated and solitary (Fig. 18.38)396 or involve 
the muscle(s) diffusely. Healy397 reviewed 22 cases of  orbital 
metastases evaluated by CT; two-thirds had evidence of  adja-
cent bone destruction, 60% of  lesions were extraconal, 20% 
were intraconal; and 20% were both (Fig. 18.39). Enhance-
ment was seen in all cases examined with contrast. Interest-
ingly, two-thirds of  patients had evidence of  intracranial 
disease, either by direct extension or discrete metastases  
(Fig. 18.40).397 One study found that a mass lesion (see  
Fig. 18.39) and tumor involving bone were the most common 
CT findings.392 Breast carcinoma most frequently involves 
the fat initially (Fig. 18.41) and can cause a unique presen-
tation of  enophthalmos and double vision, and prostate 
carcinoma has a strong predilection for bone.

The mainstay of  treatment for metastatic tumors is radio-
therapy, but despite this there is often relentless tumor growth 
(see Fig. 18.40). Most patients do not have radiation sequelae, 
which normally occur in a time frame beyond the average 
survival of  these patients.

SECONDARY ORBITAL TUMORS

Secondary orbital tumors involve the orbit by direct exten-
sion from adjacent structures, including the sinuses and 

Figure 18.39. Axial computed tomography of another patient with 
metastatic carcinoid. A soft-tissue lesion (arrow) in the lateral orbit is 
seen which, unlike lymphoma, clearly indents the eye. On fundus exami-
nation the patient had choroidal folds. 
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Figure 18.40. Axial T1-weighted, gadolinium-enhanced magnetic resonance imaging of a patient with metastatic adenoid cystic carcinoma to the 
right orbit. A. An enhancing mass lesion (arrow) is seen at the orbital apex and also involves the medial and lateral rectus muscles, which are thickened. 
B. One year later, despite attempts at treatment, the lesion is seen to have grown extensively to involve more of the orbital tissue with increased size 
and enhancement (arrow), muscle enlargement, and proptosis. A new and separate metastatic focus is seen as a ring-enhancing lesion in the right 
temporal lobe (open arrow). 
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Figure 18.41. Axial magnetic resonance imaging of a patient presenting with double vision and enophthalmos secondary to metastatic breast cancer. 
A. On the axial T1-weighted, gadolinium-enhanced, fat-suppressed study, irregular enhancement (arrow) and signal is seen throughout the right orbit. 
B. This is also seen on the coronal images (arrow). (Courtesy of Mark Moster, MD.)

nasopharynx, the meninges and brain, the eye, the conjunc-
tiva and lids, and the lacrimal sac. Secondary tumors are a 
common cause of  orbital disease and unfortunately the most 
common setting in which patients require exenteration.

The majority of  secondary neoplasms arise from the para-
nasal sinus cavities56 by direct extension via bone erosion, 
extension through preexisting bone canals, or extension 
along normal neurovascular bundles.398 The maxillary sinus 
is the most common origin, with only thin bone separating 

the inferior orbital fissure from the sinus mucosa.398 Sinus 
tumors invading the orbit can be benign or malignant. Malig-
nant lesions include squamous cell cancers and esthesio-
neuroblastoma.399,400 Benign lesions include inverting 
papilloma, osteomas, juvenile angiofibroma, and unusual 
neuroectodermal tumors. Although mucoceles (discussed 
later) are typically unassociated with malignancy, malignan-
cies have been found incidentally in association with mucocele 
at the time of  surgery.401
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and double vision.406–410 Blurred vision may result from a 
hyperopic shift from compression and shortening of  the globe. 
Most patients become symptomatic in the second to fourth 
decade.406–408 Cavernous hemangiomas are usually solitary 
and arise in the intraconal space. Imaging studies reveal a 
well-circumscribed, variably enhancing lesion (Fig. 18.42).409,411 
They are usually well-defined, lobulated, purplish lesions 
composed of  numerous spaces of  variable size containing 
blood. Compression and displacement of  the optic nerve can 
occur (see Fig. 18.42). Lesions can contain a thrombus or be 
calcified. Like intracranial cavernous hemangiomas, there 
usually is no large feeding vessel. The lesions are relatively 
easily excised via a lateral orbitotomy, do not recur, and have 
no potential to extend intracranially.406–408 Asymptomatic 
small cavernous hemangiomas in the orbit can be observed 
with serial clinical examinations and periodic orbital MRI.412

Lymphangiomas of  the orbit are congenital benign vas-
cular tumors that contain venous and lymphatic chan-
nels.367,368,413 They can present as a mass lesion (often in the 
superior and nasal portions of  the orbit) (Fig. 18.43) insidi-
ously, acutely due to spontaneous bleeding (“chocolate cysts”), 
or in association with upper respiratory tract infections. 
Lesions are typically hypointense on T1-weighted images 
and hyperintense on T2-weighted images, and fluid levels 
and septations can be seen (see Fig. 18.43). Most lymphan-
giomas are followed by observation, with treatment only 
indicated when optic neuropathy, corneal exposure problems, 
or glaucoma occur, as resection is difficult.

Venous angiomas (varices) may occur in the orbit. Inter-
mittent filling and emptying of  the varix results in variable 
proptosis. Eye bulging in a crying infant, proptosis during 
Valsalva maneuver, or orbital ecchymoses should raise this 
diagnostic possibility. Lesions can be identified by CT or MRI, 
with and without raising intravenous pressure, and may be 
followed by orbital venography. Surgical intervention is rec-
ommended only for sight-threatening lesions or progressive 
proptosis causing cosmetic disfiguration.

Hemangioblastomas in the orbit usually arise in or adjacent 
to the optic nerve sheath in patients with von Hippel–Lindau 

The overall prognosis for these patients is poor, and treat-
ment is usually palliative. Surgical approaches can often be 
designed to spare the globe and not affect prognosis, although 
exenteration is often required.402,403 In general, patients with 
sinus tumors have a 5-year survival rate as high as 74%, 
but in those with orbital involvement the rate is 25% even 
when a combination of  radiation and radical surgery is 
used,398 reflecting a more advanced disease state. In many 
cases, these tumors may only be partially excised at initial 
surgery. They produce persistent morbidity through local 
invasion and metastasize only at a very late stage, most com-
monly to lung and lymph nodes. Disease that is limited to 
regional nodes may be curable in certain cases with combined 
surgery and radiation therapy.

ORBITAL EXTENSION OF  
INTRACRANIAL TUMORS

Orbital involvement by intracranial tumors is rare. This mainly 
occurs with meningiomas, particularly those involving the 
sphenoid bone. Meningiomas may extend along the lateral 
orbital wall and posterior orbit, causing proptosis and lid 
swelling. If  the tumor grows medially or along the lesser 
wing of  the sphenoid, these tumors may involve posterior 
orbital structures, producing ophthalmoplegia and visual 
loss with minimal proptosis.

High-grade astrocytomas of  the frontal lobe may invade 
the orbital roof. Clivus tumors including chordoma have also 
been reported to extend into the orbit.404,405 Typically, proptosis 
occurs late and is a manifestation of  advanced disease. Pitu-
itary tumors and craniopharyngiomas only very rarely invade 
the orbit and cause proptosis. Orbital involvement may also 
occur with the extension of  meningeal tumors through the 
subarachnoid space and along the optic nerve sheath.

VASCULAR TUMORS

Cavernous hemangiomas are the most common vascular 
tumors of  the orbit. They manifest insidiously with proptosis 
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Figure 18.42. Axial T1-weighted, gadolinium-enhanced magnetic resonance imaging in a patient with large cavernous hemangioma of the orbit and 
progressive vision loss. A. Fat-suppressed image shows the lesion (arrow) exhibits heterogeneous enhancement and signal pattern and is located in 
the intraconal space. B. In a non–fat-suppressed view, the lesion (arrow) compresses the optic nerve (open arrow). This patient presented with progres-
sive vision loss. 
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extension is rare. Nevertheless, staging should include lumbar 
puncture to rule out central nervous system metastases.

Metastatic orbital tumors in children are distinct from 
those seen in adults. In children, tumors almost exclusively 
travel to the bony orbit. Soft tissue and ocular metastases 
are extremely rare. Neuroblastoma arises from primitive 
neuroblastic tissue and is the most common tumor to metas-
tasize to the orbit in children. The adrenal medulla is the 
most common primary site. Musarella and co-workers422 
found that 20% of  children with neuroblastoma developed 
orbital metastases, and typically present with proptosis or 
ecchymoses because they grow rapidly and outstrip their 
blood supply. On CT, the temporal orbit (zygomatic bone) 
frequently demonstrates lytic bone destruction. Disc swelling 
may be evident because of  optic nerve compression or from 
simultaneous intracranial involvement and elevated intra-
cranial pressure. Diagnosis is established through a series 
of  noninvasive tests including imaging studies of  the head 
and orbit, chest, and abdomen and analysis of  urinary cat-
echolamines. Treatment consists of  removal of  the primary 
tumor followed by radiation and chemotherapy.

Fibrous Dysplasia

Fibrous dysplasia is a benign bone condition in which normal 
bone is replaced by immature bone and osteoid in a cellular 
fibrous matrix. In the series by Rootman et al.56 of  1409 
patients, 9 patients had fibrous dysplasia. The associated 
expansion of  bone may be associated with swelling, disfig-
urement, and pain. When orbital bones are involved, proptosis, 
decreased vision, and double vision may occur. Abnormal 
bone growth occurs in one site (monostotic) or multiple sites 
(polyostotic). The McCune–Albright syndrome is character-
ized by polyostotic fibrous dysplasia, skin rash, and endocrine 
abnormalities. Fibrous dysplasia involves the craniofacial 
bones in about 20% of  patients and is usually thought to be 
a disease of  children and adolescents but can also present 
in adults.423,424

disease.414–416 Patients may manifest with vision loss and 
proptosis from the effects of  an orbital mass lesion.

Hemangiopericytomas are tumors that arise from pericytes 
of  blood vessels anywhere blood vessels are located, includ-
ing the orbit. Rarely, they arise in the occipital lobe and present 
with homonymous hemianopia. In the orbit they may mani-
fest with diplopia, proptosis, and choroidal folds.417,418 These 
tumors usually arise outside of  the muscle cone, and patients 
develop vision loss as a manifestation of  optic nerve com-
pression. The diagnosis is rarely made preoperatively. Up to 
one-third of  these lesions recur, and some metastasize; there-
fore successful treatment is greatly enhanced by the complete 
excision.417,418 Clinical and histopathologic overlap occurs 
with solitary fibrous tumor of  the orbit.419,420

Pediatric Orbital Tumors

Congenital tumors and infectious processes are the most 
common causes of  orbital disease in children. However, the 
types of  orbital lesions in children vary among reported 
series,50,56,368 and specific considerations should be made in 
neonates compared with older children.421 Most children 
with proptosis have benign conditions that are infectious, 
inflammatory, or neoplastic. The benign tumors are com-
monly dermoids and vascular tumors (particularly capillary 
hemangiomas). The most common malignant tumors to 
involve the orbit in children are rhabdomyosarcoma and 
metastatic tumors, including neuroblastoma and Ewing’s 
sarcoma. The orbit is also occasionally involved by extension 
of  intraocular retinoblastoma, leukemia, or lymphoma.

Rhabdomyosarcoma is the most common soft-tissue tumor 
of  childhood. Dramatic improvement in survival of  patients 
treated promptly with appropriate chemotherapy and radio-
therapy has made early diagnosis of  rhabdomyosarcoma of  
the orbit critical. Patients with localized orbital disease have 
a 90% chance for survival after successful chemotherapy 
and radiotherapy. Extension of  rhabdomyosarcoma into the 
paranasal sinuses is not uncommon, although intracranial 
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Figure 18.43. A. Proptosis, eyelid swelling, and injection of the left eye secondary to recent bleeding in an orbital lymphangioma. B. Axial, T1-weighted, 
gadolinium-enhanced magnetic resonance imaging of the same patient demonstrating a large heterogeneous enhancing lesion throughout the medial 
orbit. 
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bone cysts, as opposed to actual bony narrowing of  the optic 
canal.424 Patients with vision loss from compressive optic 
neuropathy have been successfully treated with surgical 
decompression of  the orbital apex and optic canal.425,427,428 
Unfortunately blindness has also been described as a com-
plication of  prophylactic canal decompression in fibrous 
dysplasia.435 Often, the process spontaneously arrests with 
no further bone growth. Thus, conservative therapy and 
observation are often employed,426,429 particularly when there 
is no or minimal visual impairment even though radiographi-
cally the optic nerve appears compromised.436 Surgical 
decompression is considered, however, when clinical evidence 
of  progressive optic neuropathy (acuity, visual field, or color 
vision loss) occurs. The use of  computer-guided surgical 
planning and endoscopic approaches may reduce the risk 
of  complications.437,438

Orbital Infections

Infections of  the orbit are potentially sight- and life-
threatening conditions that demand prompt recognition and 
therapeutic intervention. The spectrum of  orbital infectious 
disease is wide and ranges from acute, bacterial infections 
to more insidious processes due to fungi, for instance. Various 
bacteria have been reported to cause infectious orbital cel-
lulitis, and the clinical setting may help determine the etiologic 
agent (pediatric, history of  trauma, recent surgery). Anatomy 
also plays an important role in the genesis of  orbital infec-
tion. Since the paranasal sinuses structurally represent walls 
of  the orbit, infectious processes in the sinuses are frequent 
causes of  orbital cellulitis. Organisms may also gain entry 
into the orbit by traveling through the valveless veins of  the 
face, teeth, and neck. The orbital septum is an effective barrier 
to the spread of  infection. Thus, it is unusual for infections 
involving the eyelids (without penetrating trauma) to extend 
into the orbit.

Orbital infections may be characterized as being preseptal 
or postseptal. Preseptal cellulitis is usually characterized by 
isolated eyelid swelling, tenderness, and induration, but the 
patient remains free of  any inflammatory changes in the 
orbit or eye movement limitations. Postseptal infections or 
orbital cellulitis are characterized by similar external eyelid 
changes, in association with proptosis, eye movement limita-
tions, and occasionally vision loss (Fig. 18.45). Patients with 
a subperiosteal abscess may have similar findings or a rela-
tively benign orbital examination.439

CLINICAL PRESENTATION

Orbital infections in children are relatively common and 
characterized by orbital pain, redness, fever, and an elevation 
of  the white blood cell count. Underlying sinus disease is 
common, and the ethmoid sinus is the most frequently 
involved.440 A purple hue to the skin is sometimes seen in 
Haemophilus infections. Staphylococcus aureus, Streptococcus 
species, and Haemophilus influenzae are the most commonly 
encountered pathogenic organisms,439,441 and methicillin-
resistant cellulitis is occurring with increased frequency.439,442 
Evaluation of  patients with suspected orbital cellulitis begins 
with imaging studies (usually CT; see Fig. 18.45), measure-
ment of  body temperature, blood cultures, and a blood white 

The clinical syndrome of  fibrous dysplasia evolves as bones 
enlarge and the globe is displaced (dystopia).423–426 If  bones 
of  the optic canal are involved, vision loss from optic neu-
ropathy can ensue.424,427–429 Pain, proptosis, and inferior globe 
displacement are the most common manifestations.430 In 
the series by Rootman et al.,430 the frontal bone was the most 
frequently involved orbital bone, although in Katz and Nerad’s 
series424 the maxilla was most commonly involved. Fibrous 
dysplasia has a virtually diagnostic appearance on CT, with 
the bone taking on a homogeneous, dense, ground-glass 
appearance (Fig. 18.44).424,431,432 Many patients show a 
Paget-like appearance with alternating areas of  lucency and 
increased density.424 MRI features include low to intermedi-
ate signal intensity on spin echo sequences and moderate 
enhancement.433 Sharp lesion margins are found on CT and 
MRI, and exophthalmos may be seen radiographically.432 The 
distinction of  fibrous dysplasia from meningioma may occa-
sionally be difficult on CT scan, but MRI will usually dis-
criminate the two entities.424,433,434

Management of  patients is directed at improving the cra-
niofacial abnormality and resulting facial deformity through 
surgical debulking (complete resection is impossible). Radia-
tion is not usually employed because of  potential increased 
risk of  malignant degeneration. Surgical treatments for globe 
malposition are generally successful.425 Surgery may also be 
indicated for vision loss, which may be due to associated 
conditions such as mucoceles, hemorrhage, and aneurysmal 

Figure 18.44. Axial computed tomography, bone window, of a patient 
with fibrous dysplasia of the right sphenoid and temporal bones and 
clivus. The abnormal bone (arrow) has a thickened, ground-glass appear-
ance. The patient had severe proptosis of the right eye but no clinical 
evidence of optic neuropathy. 
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and ethmoid sinuses into the orbit.447–449 The organism spreads 
by invading blood vessel walls and may produce necrosis, 
thrombosis, and ultimately infarction of  the involved orbital 
tissues.449 Most patients who develop mucormycosis have a 
predisposing risk factor such as diabetes, leukemia, lymphoma, 
iron overload, septicemia, or burns, but cases have been 
reported in immunocompetent patients.450

Symptoms may include pain, fever, headache, reduced 
acuity, double vision, facial numbness, and sometimes a 
seropurulent nasal discharge. A black eschar characterized 
by necrosis and dark discoloration is frequently noted as a 
late finding, but its absence does not exclude the diagnosis 
of  mucormycosis. Many affected patients present with an 
orbital apex syndrome with both internal and external oph-
thalmoplegia, optic neuropathy, ptosis, and sensory loss in 
the trigeminal distribution.447,451–453 Most cases are unilateral, 
but bilateral cases are well recognized. Orbital infarction 
syndrome can occur as a complication of  mucormycosis 
because of  its angioinvasive nature.

Neuroimaging studies typically reveal inflammatory disease 
in the sinuses and the orbits. Both blood and CSF cultures 

cell count. Therapy is directed at the infection with intrave-
nous antibiotics, including therapy against penicillinase-
resistant Staphylococcus and anaerobes, in addition to surgical 
drainage when necessary.439,440,443,444 Ominous signs include 
loss of  vision or worsening of  proptosis, which could indicate 
either abscess compression of  the optic nerve or extension 
of  infection into the cavernous sinus with resulting cavern-
ous sinus thrombosis that may require more aggressive 
therapy.445

FUNGAL INFECTIONS

Unlike patients with bacterial infections, fungal infections 
tend to occur in patients who are debilitated or immuno-
compromised. Both mucormycosis and aspergillus may spread 
from the sinus to the orbit. Isolated examples of  even more 
obscure fungi may occasionally be encountered in the orbit.446

Phycomycosis (Mucormycosis). Infections with the 
phycomycetes may involve the lungs, gastrointestinal tract, 
or the rhinoorbital structures. Rhinoorbital infection typi-
cally begins in the nose and spreads through the maxillary 
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Figure 18.45. Orbital cellulitis in two patients. A. This patient has marked proptosis, eyelid swelling, and chemosis secondary to orbital cellulitis. On 
attempted downgaze (B) the eye does not depress fully. Impaired eye movements almost always accompany orbital cellulitis but are rarely seen with 
preseptal cellulitis. In another patient (C) coronal computed tomography reveals an extensive enhancing lesion due to orbital cellulitis. The correspond-
ing axial images (D) show the extent of the infectious infiltrate (arrow). (Courtesy of Scott Goldstein, MD.)
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AFS is believed to involve an IgE-mediated immune response 
to fungal antigens, but epithelial cell-driven immune responses 
have also been implicated.468 Thus, unlike in patients with 
invasive sinoorbital mycoses that require more aggressive 
debridement, treatment in AFS includes debridement of  just 
fungal debris, aeration of  the involved sinuses, and systemic 
and topical steroids.465,469 Desensitization by immunotherapy 
has also been proposed as treatment for AFS.469,470

MUCOCELES

Paranasal sinus mucoceles are cystic, expanding lesions that 
can arise in any paranasal sinus (frontal and ethmoid most 
commonly). They can eventually erode bone and extend into 
the orbit (Fig. 18.46) or intracranially. The presentation is more 
like a mass lesion, with proptosis and double vision secondary 
to either mechanical effects or cranial nerve palsy,471–473 than 
an infection, although more accelerated presentations can occur. 
Treatment is usually with endoscopic sinus surgery.474

SILENT SINUS SYNDROME

The silent sinus syndrome (or chronic maxillary atelectasis) 
consists of  the painless onset of  enophthalmos and vertical 
double vision worse in upgaze (Fig. 18.47A) secondary to 
resorption of  the bone of  the orbital floor by chronic maxillary 
sinusitis.475–479 Patients can present with insidious onset  
of  enophthalmos with an exaggerated superior sulcus (see 
Fig. 18.3B) and double vision. Occasionally there can be a 
more precipitous presentation if  the orbital floor gives away 
more suddenly.475 While typically unilateral, it can occur bilat-
erally.480 CT shows an absence of  the orbital floor with orbital 
contents bowing into the maxillary sinus (Fig. 18.47B).481 
Treatment is by surgical rebuilding of  the orbital floor.

Orbital Trauma

Patients with craniofacial trauma commonly present for 
ophthalmic or neuro-ophthalmic evaluation, in both the 

are seldom positive. The diagnosis of  mucormycosis is best 
established by a biopsy demonstration of  nonseptate hyphae 
branching at 90-degree angles.

Treatment must be initiated promptly and usually requires 
both surgical and medical approaches. Complete excision of  
necrotic tissue is necessary, and antifungal agents are started. 
However, many patients may be treated without orbital exen-
teration, particularly those with preserved visual acuity.447,454 
Amphotericin is the traditional first-line drug, but ketocon-
azole and more recently posaconazole have been used suc-
cessfully alone or in combination with hyperbaric oxygen 
therapy.455–457 Simultaneously the medical team must correct 
any metabolic acidosis or underlying bacterial infection. 
Ultimately, the extensive and aggressive debridement may 
require reconstructive efforts in the future. Mortality rates 
are in the range of  15–35%, and the prognosis seems to be 
dependent on prompt recognition.447,454-457 Spread to  
brain and intracranial vascular structures in angioinvasive 
rhino-orbital-cerebral mucormycosis, which is frequently 
associated with cerebral infarction, has an extremely high 
mortality rate.

Aspergillosis. This is another ubiquitous fungal organism 
that spreads to the orbits from the paranasal sinuses. Occa-
sionally the organism affects immunocompetent hosts, but 
in general, patients are immunocompromised.458–460 Orbital 
involvement in aspergillosis occurs as a manifestation of  a 
disseminated infection, with widespread necrotizing angiitis 
from microscopic fungus invasion of  small vessels. End-
ophthalmitis may occasionally occur in this setting. These 
infections tend to be more indolent than mucormycosis. 
Despite this slower course, patients with orbital aspergillus 
may still lose vision or die.452,461

Patients usually present with orbital signs of  progressive 
exophthalmos and chronic inflammation of  the sinuses. 
Occasionally patients manifest with vision loss, and the diag-
nosis is dependent upon a biopsy that reflects dichotomously 
branching septated hyphae. Treatment, as with mucormy-
cosis, requires wide surgical debridement in conjunction  
with systemic amphotericin, with reports of  retrobulbar 
amphotericin and newer antifungal agents also showing 
some success.462,463 Mortality, unfortunately, is high, and 
successful treatment again requires prompt recognition of  
the condition.

Allergic fungal sinusitis. Allergic fungal sinusitis (AFS) 
is a type of  paranasal sinus mycosis encountered in immu-
nocompetent patients with chronic sinusitis.464–466 Unlike 
other forms of  paranasal mycosis, AFS is noninvasive and 
therefore requires a different treatment approach. Patients 
are frequently atopic and may have peripheral eosinophilia. 
Presenting symptoms include nasal obstruction, pain, rhi-
norrhea, visual loss, diplopia, proptosis, cranial nerve palsy, 
and facial deformity, and patients may produce a thick green 
or brown mucus.464–466

In one series, 17% of  patients presented with orbital symp-
toms.467 Radiographic studies typically show involvement 
of  multiple sinuses with bone erosion or remodeling. The 
inflamed mucosa exhibits increased signal intensity on 
T2-weighted MRI images. Histopathologically there are 
embedded eosinophils, Charcot–Leyden crystals, and extramu-
cosal fungal hyphae. The offending organisms are the dema-
tiaceous fungi such as Bipolaris, Exserohilum, Curvularia, 
Alternaria, and Aspergillus species.465

Figure 18.46. Coronal computed tomography of an ethmoid  
sinus mucocele (asterisks) which appears as a cystic mass invading the 
left orbit. 
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acute and the resolution phases. Patients usually are evalu-
ated in a compromised state, secondary to associated cranial 
injuries. Therefore, historical and examination information 
may be limited. Patients may also have significant proptosis 
and orbital soft-tissue swelling that limit the initial evalua-
tion. Exclusion of  a ruptured globe or a significant retrobulbar 
hemorrhage (Fig. 18.48) requiring decompression is critical 
in the early phases of  evaluation. Recognition and treatment 
of  traumatic optic nerve injuries may improve the ultimate 
prognosis in this condition (see Chapter 5). Radiographic 
imaging in the acute setting is critical to determine the extent 
of  orbital injury and involvement of  extraocular muscles. 
Important features to evaluate include bony fractures, the 
degree and direction of  bone displacement, soft-tissue injury 
or abnormal globe contour, retrobulbar hemorrhage (see 
Fig. 18.48), and the presence of  air or a foreign body in the 
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Figure 18.47. Silent sinus syndrome. A. This patient with a history of sinus disease developed vertical diplopia in upgaze. The photo shows  
enophthalmos, exaggeration of the superior sulcus, and an elevator deficit of the left eye. B. Coronal computed tomography demonstrates chronic 
inflammation of the maxillary sinus that has eroded the floor of the left orbit (arrow), which has an abnormal concave appearance compared with the 
other side. 
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Figure 18.48. A. Clinical photograph of extensive subconjunctival hemorrhage in a patient with retrobulbar hemorrhage. The pupil has been phar-
macologically dilated. B. In another patient, on axial computed tomography massive left proptosis and blood within the left orbit and the retrobulbar 
space are demonstrated secondary to retrobulbar hemorrhage after trauma. 

orbit. CT scan is the imaging modality of  choice and should 
include bony windows in both the axial and coronal planes. 
Occasionally MRI is helpful in the identification of  traumatic 
optic nerve sheath hemorrhages or in the characterization 
of  soft-tissue swelling.

Orbital “blowout” or floor fractures are common after facial 
trauma.482 There may be obvious external evidence of  trauma, 
but in some blowout fractures the external appearance will 
be relatively normal (Fig. 18.49). Palpation of  the bony orbital 
rim is necessary to exclude step-off  fractures and to identify 
areas of  reduced sensation. Exophthalmometry should be 
performed to rule out enophthalmos or proptosis. Limited 
eye movements from entrapment (see Fig. 18.49) should be 
distinguished from cranial nerve palsies through the use of  
forced duction testing. Other facial fractures important in 
craniofacial trauma include those involving the frontal bone 
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Orbital Infarction

Infarction of  the orbit can occur as a consequence of  carotid 
occlusion, aneurysm or dissection, sickle cell disease, temporal 
arteritis, or angioinvasive fungal infection or as a complica-
tion of  craniotomy.484–487

Orbital Surgery

In addition to the decompression procedure for TAO and optic 
nerve sheath fenestration, orbitotomy is performed for biopsy 
and removal of  mass lesions. The specific surgical approach 
is guided by the location of  the lesion and can be grouped 
broadly as anterior, lateral, or superior.488 A combination 
approach is occasionally used, requiring the cooperation of  
otolaryngologists, neurosurgeons, and reconstructive surgeons. 
The anterior approach is the most frequently employed and 
can be used to biopsy lesions anywhere in the orbit and to 
remove palpable mass lesions. Incisions may be made either 
transconjunctivally or through the skin and may go through 
the orbital septum or can be extraperiosteal. The retrobulbar 
space may be accessed through a conjunctival incision with 
temporary displacement of  the medial rectus muscle. This 
technique is particularly useful for optic nerve sheath fenes-
tration. The anterior extraperiosteal approach is particularly 
useful for lesions that are based in or involve the bone or sinuses.

Lateral orbitotomy allows access to the retrobulbar space 
and involves a lateral and subbrow skin incision with removal 
of  portions of  the lateral wall of  the orbit and zygomatic 
arch. Superior approaches are usually necessary for removal 
of  orbital apex lesions or lesions that involve the optic canal 
and intracranial contents. The orbit is accessed through a 
frontal or frontotemporal craniotomy with en bloc excision 
of  the roof  and lateral wall of  the orbit, providing a wide 
view of  the orbit and the adjacent intracranial structures. 
If  removal of  the optic nerve is planned, the canal must be 
unroofed and the annulus of  Zinn incised.

since their presence may suggest brain involvement or affect 
the trochlea or the function of  the superior oblique muscle 
(Fig. 18.50). Nasal ethmoidal fractures can present with 
telecanthus and lacrimal injury. Zygomatic fractures are 
important, as they may involve the lateral rectus muscle and 
impair eye movements. Some orbital injuries can be associ-
ated with traumatic nerve damage causing isolated muscle 
palsies or trauma to the muscle causing a hematoma or 
traumatic rupture (Fig. 18.51).

Management of  orbital blowout fractures remains con-
troversial, particularly in the early stages. Some favor early 
surgical intervention to restore orbital volume and anatomic 
relationships. Most agree that early surgical intervention is 
indicated in patients with symptomatic diplopia and positive 
forced ductions, particularly when there is CT evidence of  
soft tissue or muscle entrapment and no improvement over 
the first 7–14 days. If  the fracture is not repaired and entrap-
ment persists, the patient can be left with chronic eye move-
ment limitation and diplopia (Fig. 18.52). Similarly, early 
enophthalmos of  greater than 3 mm or significant globe 
ptosis or inferior displacement are important indications for 
orbital surgery. Early surgery is indicated in patients with 
extensive fractures in whom subsequent enophthalmos is 
almost certain. However, conservative management in 
patients with full eye movements, no soft-tissue entrapment 
on CT, only small fractures, and minimal enophthalmos is 
clearly a reasonable course. Such patients require no further 
surgery and will not develop any more significant cosmetic 
or eye muscle abnormality.

The repair of  orbital fractures usually involves surgery on 
the floor of  the orbit, either through the eyelid, transcon-
junctivally, or via an endoscopic approach.482,483 The fractures 
are identified under the periorbita, and soft tissue is released. 
Some type of  material is then used to bridge the orbital floor 
defect and to allow for restoration of  normal soft-tissue posi-
tion. Autogenous tissue such as harvested graft material in 
the form of  both bone and alloplastic materials may be used. 
Most favor inert alloplastic materials such as porous poly-
ethylene and metal alloys.

BA

Figure 18.49. A. Clinical photograph of a patient with an elevation deficit of the left eye after blunt trauma. Despite no obvious external signs of 
trauma, elevation was markedly impaired, and computed tomography (B) demonstrated a “trap door” inferior floor fracture restricting the inferior 
rectus (arrow), which was preventing the eye from elevating. (Courtesy of William Katowitz, MD.)
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Figure 18.50. Clinical photograph (A) of a patient after orbital trauma. There is good ocular alignment in the primary position. However, in attempted 
elevation while in adduction (B) the left eye fails to elevate. On coronal computed tomography (CT) (C), the superior oblique and surrounding soft 
tissue is seen to extend into the area of an ethmoidal fracture (arrow). Axial computed tomography (D) shows how this causes an abnormal trajectory 
of the superior oblique muscle (arrow), resulting in impaired movement of the superior oblique tendon (acquired Brown syndrome). 
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Figure 18.51. A. Impaired downgaze of the right eye in a patient after blunt trauma to the orbit. B. On sagittal T1-weighted magnetic resonance 
imaging, the right inferior rectus has been ruptured (arrow). 
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Some malignant tumors threaten to extend beyond the 
orbit and require exenteration to remove the entire orbital 
contents. When the eyelids are also removed, this is called 
superexenteration. With malignant lacrimal gland tumors that 
involve bone, exenteration may include removal of  involved 
portions of  bone. Exenteration is also used in the surgical 
management of  malignant tumors of  the paranasal sinus 
and nasopharynx that extend into the orbit.

Most orbital surgery is performed using direct visualization 
and palpation by the surgeon, but increasing availability 
and familiarity with stereotactic image-guided approaches 
may lead to changes in orbital surgery. Stereotactic naviga-
tion systems have been used for some orbital surgery, includ-
ing orbital decompression489,490 and repair of  traumatic orbital 
wall fractures.491
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19 Headache, Facial Pain, and 
Disorders of Facial Sensation
MELISSA W. KO and SASHANK PRASAD

EPIDEMIOLOGY

Approximately 18% of  women and 6% of  men endure recur-
rent headache classified as migraine.4,5 Migraine prevalence 
is highest among 30–50-year-olds, with more white than 
black people and with an inverse relationship to income.5 
Nearly 90% of  patients with migraine report some disability 
associated with their headache, with half  having severe dis-
ability.6 Patients with migraine may lose several days of  work 
per year related to headache.7 Despite the high frequency of  
disability associated with migraine, many patients do not 
seek medical attention8 and rely on over-the-counter medica-
tions, with many probably inadequately treated.4 Patients 
with episodic migraine may develop a chronic disease state, 
formerly termed transformed migraine, but now called chronic 
migraine,9 characterized by 15 or more headaches per month.

Many neurologic and psychiatric disorders may have an 
association with migraine.10 According to one study, epilepsy 
patients have twice the risk of  developing migraine than 
those without epilepsy and may have a shared genetic sus-
ceptibility.11 There is a higher incidence of  stroke in patients 
with migraine, particularly in those with aura.12 Silent pos-
terior circulation infarcts have been documented in migraine 
patients.13 Nonspecific deep white matter lesions on are com-
monly seen on magnetic resonance imaging (MRI),14 and 
there may be lesion progression, but their exact pathogenesis 
is unclear.15 Various affective disorders are related to migraine, 
including depression, manic depressive illness, and panic 
disorder. Cosensitization may explain the association of  
chronic migraine with depression and anxiety.16

Genetic factors. A genetic basis for migraine is suggested 
by the observation that 70–90% of  migraine patients have 
a positive family history.17 Migraine has been linked to chro-
mosomes 1 and 19,18–20 with familial hemiplegic migraine 
(FHM) type 1 linked to chromosome 19. The defective gene 
likely encodes for a voltage-dependent P-type calcium 
channel.21 Chromosome 19 has also been linked to CADASIL 
(cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy), an autosomal dominant 
arteriopathy characterized by leukoencephalopathy, subcorti-
cal infarction, and migraines. Other studies of  FHM suggest 
additional loci including FHM type 2 caused by a mutation 
in the gene ATP1A222 and FHM type 3 linked to a mutation 
in gene SCNA1A.23 Accumulating data suggest that migraine 
may be a channelopathy, a condition that ultimately leads 
to neuronal hyperexcitability.

PATHOPHYSIOLOGY

Pain-sensitive structures of  the head and face include the 
skin and blood vessels of  the scalp; dura; venous sinuses; 

Headache is a nearly universal experience, as over 90% of  
individuals have noted at least one headache during their 
lifetime.1 Since sensory information from the eye and orbit 
travels through the ophthalmic division of  the trigeminal 
nerve, many headache syndromes are associated with pain 
concentrated around the eye. Furthermore, many primary 
headaches syndromes have prominent neuro-ophthalmic 
signs and symptoms. Thus, the reader should become familiar 
with the many types of  headache, facial pains, and disorders 
of  facial sensation.

Headache

APPROACH

History. The cause of  the patient’s headache is usually estab-
lished from the history. Important features include the frequency, 
location, laterality, mode of  onset, duration, nature of  the 
headache, and the presence of  accompanying symptoms along 
with precipitating and alleviating factors. Visual aura is highly 
suggestive of  a migraine disturbance. Although nonspecific, 
photophobia, phonophobia, osmophobia, and gastrointestinal 
symptoms may also help to discriminate migraine from other 
causes of  headache. The patient’s medical and psychiatric history 
and medication list provide essential information.

Classification. It is useful to classify headaches into those 
that are primary (or without specific cause) and those with 
an organic cause. Migraine, tension-type, and trigeminal 
autonomic cephalgias are the most common forms of  primary 
headache. The International Headache Society (IHS) has 
established diagnostic criteria for a variety of  headache dis-
orders to provide uniformity in classification (Boxes 19.1–19.4).2

These guidelines were primarily created for the purpose 
of  collecting epidemiologic and clinical trial data and may 
not be practical for use in the clinical setting. Diagnostic 
difficulty occurs because some patients have multiple head-
ache syndromes and because headache characteristics can 
change. Additionally, the restrictive IHS requirements for a 
minimum number of  headaches with a certain duration may 
exclude individuals who likely do have that headache type.

“Red-flag” headache characteristics suggesting a more 
ominous underlying cause are listed in Box 19.5. These 
headaches require more aggressive evaluation, including 
neuroimaging and possibly lumbar puncture.3

Migraine

This section reviews the epidemiology, genetic and clinical 
factors, pathophysiology, and treatment of  migraine.
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vessels that release a variety of  vasoactive neuropeptides, 
including substance P, neurokinin A, and calcitonin  
gene-related peptide (CGRP). Release of  these neuromedia-
tors produces sterile neurogenic inflammation by dilating 
meningeal blood vessels and increasing vascular permeabil-
ity.24 Sumatriptan and dihydroergotamine (DHE) act on pre-
synaptic 5HT1D receptors, blocking the release of  these 
neuroactive peptides and 5HT1B receptors to selectively 
constrict dilated meningeal vessels. Additionally, 5HT1B/D 
agonists such as the triptans that cross the blood–brain barrier 
may also block neurons of  the trigeminal nucleus caudalis 
within the medulla.

Evidence for the involvement of  brainstem structures is 
supported by positron emission tomography studies that show 
increased blood flow in the reticular activating formation 
during the migraine episode.25 The median raphe nucleus, 
the periaqueductal gray matter, and the locus ceruleus are 
regions thought to be activated during a migraine. Activated 
parasympathetic projections from the superior salivatory 
nucleus may produce vasodilation of  meningeal vessels.

Mechanism of  migraine aura. While classic explanations 
for migraine attributed the aura to vasoconstriction and the 
headache to vasodilation, contemporary theories suggest 
otherwise.15 For instance, blood flow studies have demonstrated 
reduced flow preceding the onset of  the aura but continuing 

Box 19.1 International Headache Society (IHS) 
Criteria for Migraine Without Aura2

 A. Five attacks fulfilling criteria B–D
 B. Headache lasting 4–72 hours (untreated or unsuccessfully 

treated)
 C. Headache has 2 of the following characteristics:

1. Unilateral location
2. Pulsating quality
3. Moderate to severe intensity
4. Aggravation by or causing avoidance of routine physical 

activity
 D. During headache at least 1 of the following:

1. Nausea and/or vomiting
2. Photophobia and phonophobia

 E. Not attributed to another disorder

Box 19.2 International Headache Society (IHS) 
Criteria for Migraine With Aura2

 A. At least 2 attacks fulfilling criteria B–C
 B. One or more of the following fully reversible aura symptoms:

1. Visual
2. Sensory
3. Speech and/or language
4. Motor
5. Brainstem
6. Retinal

 C. At least 2 of the following 4 characteristics:
1. At least one aura symptom develops gradually over ≥5 

minutes and/or two or more symptoms occur in succession
2. Each individual aura symptom lasts 5–60 minutes
3. At least one aura symptom is unilateral
4. The aura is accompanied, or followed within 60 minutes, 

by headache
 D. Not better accounted for by another ICHD-3 diagnosis, and 

transient ischemic attack has been excluded

Box 19.3 International Headache Society  
(IHS) Criteria for Frequent Episodic  
Tension Headache2

 A. At least 10 episodes of headache occurring on 1–14 days per 
month on average for >3 months (≥12 and <180 days per 
year) and fulfilling criteria B–D

 B. Lasting from 30 minutes to 7 days
 C. At least 2 of the following 4 characteristics:

1. Bilateral location
2. Pressing or tightening (nonpulsatile) quality
3. Mild or moderate intensity
4. Not aggravated by routine physical activity such as walking 

or climbing stairs
 D. Both of the following:

1. No nausea or vomiting
2. No more than one of photophobia or phonophobia

 E. Not better accounted for by another ICHD-3 diagnosis

Box 19.4 International Headache Society (IHS) 
Criteria for Cluster Headaches2

 A. At least five attacks fulfilling criteria B–D
 B. Severe or very severe unilateral orbital, supraorbital, and/or 

temporal pain lasting 15–180 minutes (when untreated)
 C. Either or both of the following:

1. At least one of the following symptoms or signs, ipsilateral 
to the headache:
 a. Conjunctival injection and/or lacrimation
 b. Nasal congestion and/or rhinorrhea
 c. Eyelid edema
 d. Forehead and facial sweating
 e. Forehead and facial flushing
 f. Sensation of fullness in the ear
 g. Miosis and/or ptosis

2. A sense of restlessness or agitation
 D. Attacks have frequency between 1 every other day and 8 per 

day for more than half of the time when the disorder is active
 E. Not better accounted for by another ICHD-3 diagnosis.

Box 19.5 Features of Headache That Suggest 
an Ominous Cause3

Abrupt onset
Association with fever, coughing, straining, or sexual activity
Change with position, cough, or exertion
Focal neurologic symptoms or signs
Onset after the 4th decade
Onset during pregnancy or postpartum
Papilledema
Progressive worsening
Underlying disorder such as cancer or human  

immunodeficiency virus

arteries; and sensory fibers of  the fifth, ninth, and tenth 
nerves. Although the mechanism of  migraine remains uncer-
tain, evidence suggests an important role for the trigeminal 
vascular projections and the neurochemical serotonin. The 
trigeminal nerve has terminals on the pial and dural blood 



19 • Headache, Facial Pain, and Disorders of Facial Sensation 663

seems likely. In summary, migraine appears to be initiated 
by hyperexcitability of  cortical and brainstem neurons  
(Fig. 19.1). The overactivation of  these neurons may result 
from an underlying channelopathy seen in genetically pre-
disposed individuals.40 Presumably, these hyperexcitable 
neurons are responsible for activating portions of  the cortex 
(aura) and meningeal vessels (pain). The firing of  these 
hyperexcitable neurons may be influenced by internal and 
external factors such as hormonal balance, food, stress, and 
sleep deprivation. The different symptoms observed in 
migraine probably reflect differential activation of  cortical, 
brainstem, and vascular structures.

In some patients, the migraine process persists, and central 
sensitization occurs.41,42 Continued peripheral sensory input 
can lead to sensitization of  central (second order) trigemi-
novascular neurons and third-order neurons in the thalamus. 
The centrally based pain neurons may continue to propagate 
pain impulses even in the absence of  further input from the 
peripheral trigeminal neurons. Clinically, the patient may 
develop cutaneous allodynia, during which normally non-
painful tactile stimuli become painful. Such patients may 
experience localized pain with routine activities such as 
wearing eyeglasses, combing hair, or taking a shower.43 In 
this stage, the patient’s pain may be refractory to triptan 
therapy.44 Chronic migraine may result from repeated episodes 
of  cutaneous allodynia.45

SYMPTOMS AND SIGNS

A variety of  factors may provoke migraine, including men-
struation, change in sleep patterns, hunger, stress, certain 

into the headache phase, which would be during a period of  
vasoconstriction.26 The aura of  migraine is thought to be 
related to the concept of  a spreading cortical depression, which 
was promulgated by Leão,27,28 who demonstrated that electri-
cal depression moved over the cortex at a rate of  2–3 mm 
per minute. Leão’s observation was supported by Lashley,29 
who calculated his own aura progressing over the visual cortex 
at the same rate of  2–3 mm per minute. Although blood flow 
reduction spreads over the cortex at this rate, current think-
ing attributes this to a secondary event triggered by a primary 
neurogenic process. Perfusion-weighted imaging,30 positron 
emission tomography,31 magnetoencephalography,32 and 
functional MRI33 support the notion of  cortical spreading of  
oligemia and neuronal depression.

Lance34 proposed that the neuroadrenergic locus ceruleus, 
which diffusely projects to the cerebral cortex, may be one neural 
network involved in the generation of  migraine aura. Activation 
of  the locus ceruleus has been implicated in the development 
of  photophobia and phonophobia. Ultimately, the locus ceruleus 
and the spinal nucleus of  the trigeminal nerve are influenced 
by the cortex and other higher structures. Functional MRI 
studies35,36 suggest that the red nucleus and substantia nigra 
may also be involved in this neural network. Cortical spreading 
depression (CSD) may release a variety of  substances in the 
cortex via neuronal channel opening and parenchymal inflam-
matory cascades, such that suppressing these events have abol-
ished CSD-induced trigeminal vascular activation, mast cell 
granulation, and headache.37 How aura and headache are 
related mechanistically remains uncertain.38

Integrated theory. Presently, the precise pathophysiology 
of  migraine remains uncertain,39 but a cascade of  events 
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Parasympathetic

Pain transmission

Thalamus
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Neuropeptide-induced
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Figure 19.1. Trigeminal vascular theory of migraine headaches. Cortical hyperexcitable neurons, perhaps with an additional influence from brainstem 
structures, leads to activation of the trigeminovascular system. Signals reach the trigeminal nucleus caudalis in the brainstem, which in turn  
signals the thalamus, which innervates cortical regions, leading to the conscious sensation of headache and pain. Note activation of the trigeminal 
nerve afferents lead to neuropeptide release and vasodilation of dural blood vessels, which in turn leads to release of more neuropeptides, perpetuat-
ing the cycle. CGRP = calcitonin gene-related peptide, NO = nitric oxide. 
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These visual stimuli may cause headaches,55 perhaps in part 
by lowering trigeminal and cervical pain thresholds.56 
Migraineurs may have impaired inhibitory subcortical func-
tion that normally suppresses glare-induced pain.57 Alterna-
tive explanations include primary visual cortex58 and V5 
hypersensitivity59 or reduced inhibition by extrastriate struc-
tures.60 Detailed psychophysical61,62 and electrophysiologic 
studies63 have also demonstrated that interictal visual func-
tion may be subtly altered in migraineurs.

MIGRAINE SUBTYPES

Migrainous Infarction

The term migrainous infarction refers to migraine aura symp-
toms associated with a permanent neurologic deficit (visual, 
motor, or sensory) during the course of  a typical migraine 
with aura attack. MRI may demonstrate the cerebral ische-
mic changes that typically occur in younger women and in 
the occipital–parietal regions (Fig. 19.2).

While there is no effective therapy for evolving migrainous 
infarction, we treat with high-dose intravenous methyl-
prednisolone and hydration. Triptan medications should be 
avoided because of  their vasoconstrictive properties. Sublin-
gual calcium channel blockers may reduce vasospasm, but 
this beneficial effect must be weighed against possible 
hypotension.

Retinal Migraine

Retinal migraine events typically occur in one eye. Unlike a 
migraineur with occipital auras, patients with retinal migraine 
frequently experience a negative visual phenomenon described 

foods, odors, and even the type of  lighting. Hours to days 
before the onset of  migraine, the patient may experience 
prodromal symptoms manifesting as mood swings, food crav-
ings, anorexia, fluid retention, or urinary frequency.

Headache. The headache of  migraine is usually unilateral, 
throbbing, and of  moderate severity (see Box 19.1). It may 
start any time but has a tendency to start in the morning. 
The onset is usually gradual, and this feature helps to dis-
tinguish migraine from more ominous causes such as a 
subarachnoid hemorrhage. Headaches usually last several 
hours and may be exacerbated by physical activity. The head-
ache may pass through stages ranging from mild to severe. 
Various symptoms may accompany the headache, including 
photophobia, phonophobia, osmophobia, nausea, vomiting, 
and autonomic symptoms (see Box 19.1). Patients may also 
become irritable, anxious, or depressed during the headache 
phase.

Aura. The aura of  migraine usually begins before the 
headache, but occasionally it will occur simultaneously or 
follow it (see Box 19.2). Approximately one-third of  migraine 
patients experience an aura.46 Classically, the aura is visual, 
but sensory dysfunction may occur. Visual symptoms cre-
scendo over several minutes and resolve by 30 minutes but 
occasionally will extend to 60 minutes. Some patients will 
have recurrent auras. Many patients cannot determine 
whether the phenomenon occurred monocularly or binocu-
larly. Often patients believe a hemifield disturbance occurred 
in one eye. Although fortification scotomas are the charac-
teristic visual disturbance, patients may also describe bright 
flashing lights or distorted vision. Some patients describe 
their vision as looking through clouded or prismatic glass. 
Classically, an arc of  flashing zigzag light starts in the para-
central area of  one hemifield and expands peripherally. As 
the wave of  visual disturbance travels across the visual field, 
it may rotate or undulate. Other patients describe tunnel 
vision or a bilateral hemifield disturbance. Unusual visual 
illusions may occur, such as palinopsia (perseveration of  
visual images) or the Alice in Wonderland syndrome. In the 
latter, the patient may appreciate objects as overly large, 
small, distorted, close, or far.47

Rarely, patients have persistent positive visual phenom-
ena.48 The neuroimaging does not show any evidence of  
infarction, and the aura symptoms persist beyond 1 week. 
Various types of  positive visual aura are discussed in greater 
detail in Chapter 12, and the negative visual auras (vision 
loss) in Chapter 10.

Sensory disturbance may include paresthesias, dysesthe-
sias, numbness, or hyperesthesia, and these sensory symptoms 
may follow the headache. Classically, the sensory symptoms 
begin in the fingertips and march up the arm into the perioral 
area. Sensory auras are most convincingly migraine when 
preceded by a classic visual aura. Language and motor auras 
are uncommon, but their initial occurrence should prompt 
investigation for transient cerebral ischemia.

INTERICTAL HEIGHTENED VISUAL SENSITIVITY

Between episodes of  headache, migraineurs may have a 
heightened sensitivity to bright lights,49 glare, and other 
visual stimuli.50 Patients may complain of  sensitivity to flick-
ering lights (strobe and fluorescent),51 patterned stimuli,52 
moving objects,53 and supermarket aisles (visual vertigo).54 

Figure 19.2. T2-weighted axial image in a patient with migrainous 
infarction, demonstrating high signal abnormality (arrow) in the right 
occipital lobe. 
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has become popular, the etiology is unknown, and the cere-
brospinal fluid (CSF) is typically normal.73 It is debated 
whether the inflammation of  the third nerve activates the 
trigeminally innervated third nerve sheath or whether  
the inflammation of  the adjacent circle of  Willis extends  
to the third nerve. The latest ICHD classification (3rd edition) 
for ophthalmoplegic neuropathy requires the exclusion of  
orbital, parasellar, or posterior fossa lesions.2 We typically 
use a short course of  oral prednisone in these patients. There 
is no solid evidence that preventive therapy alters the course 
of  this disorder.

This entity is also discussed in Chapter 15.

Benign Episodic Mydriasis

Rarely, an intermittently or permanently dilated pupil may 
be a manifestation of  migraine,74 when other signs of  a third 
nerve palsy or acute-closure glaucoma are absent.75 This 
entity is discussed in Chapter 13.

Migraine With Brainstem Aura (Basilar Migraine)

Patients who experience migraine with a brainstem aura 
may experience transient symptoms of  posterior circulation 
insufficiency, including visual field defects, vertigo, nystagmus, 
ataxia, impaired hearing, dysarthria, and motor and sensory 
symptoms.76,77 Some patients experience an alteration of  
consciousness, presumably stemming from the reticular 
activating system.78 It usually occurs in young women and 
may be the cause of  episodic vertigo seen in young children. 
These patients may be more sensitive to the vasoconstrictive 
effects of  triptan medication. Thus, triptan compounds are 
contraindicated in these patients. Unfortunately, solid data 
regarding this issue are lacking.

Hemiplegic Migraine

Hemiplegic migraine usually occurs early in life as a prelude 
to headache. It has a male predominance and may be familial. 
The hemiplegia usually lasts less than 1 hour, but it may persist 
for several days. Like the sensory aura, the headache may 
precede the hemiplegia.21 These patients may be sensitive to 
the triptan compounds, and their use in this subgroup of  
patients should be avoided until further data are available.

Vestibular Migraine

Patients with migraine commonly have vertigo.79 For some, 
episodic vertigo may be the only complaint. Confusion may 
exist with Ménière’s disease, and the two entities may coexist. 
Although phonophobia is common in migraine, some patients 
may experience acute permanent hearing loss. The vertigo 
may begin abruptly, lasts from seconds to days, and can be 
severe.80 Vestibular migraines commonly occur without 
headache. Patients may experience abnormalities on ves-
tibular testing, including caloric paresis, spontaneous nys-
tagmus, positional nystagmus, and abnormal rotary-chair 
testing.81,82 Patients may have nystagmus that can suggest 
either a central or peripheral vestibular disorder.83 Baloh84 
proposed that such patients may have a defective calcium 
channel manifesting within the inner ear and brain. The 
treatment is similar to that for other forms of  migraine.

Migraine in Women

Menstrual migraine. Migraine associated with menses is 
extremely common in women, and the likely pathogenesis 

as a graying or blackout of  vision. Visual loss is often described 
as a tunnel but may be altitudinal or quadrantic.64 The  
diagnosis of  retinal migraine is one of  exclusion, and migraine 
is suggested as a rare cause of  transient or permanent  
visual loss.65

Observers have noted constriction of  the retinal arterioles 
and venules during an attack66 whereby the retina transiently 
loses its orange color.67 Likely, the retinal changes are pri-
marily induced by local vascular changes.68 Rarely, patients 
have permanent visual loss as the result of  retinal or optic 
nerve damage (Box 19.6).69 Of  patients with permanent 
visual loss,70 most did not meet diagnostic criteria for retinal 
migraine and likely represented a heterogenous group of  
underlying ophthalmic disorders.65

The evaluation of  patients with retinal migraine includes 
noninvasive studies of  the carotid arteries and checking for 
antiphospholipid antibodies. Echocardiography and a hyper-
coagulable workup may be needed to exclude a nonmigrain-
ous cause. Calcium blockers have been particularly effective 
for these patients.71 Occasionally, an aspirin a day will a 
reduce retinal migraines.

This entity and other types of  transient visual loss in 
migraine are also discussed in Chapter 10.

Ophthalmoplegic Neuropathy  
(Ophthalmoplegic Migraine)

Ophthalmoplegic neuropathy is a rare disorder that usually 
begins before age 10 years in a patient with a typical migraine 
pattern. Previously this entity was labeled ophthalmoplegic 
migraine, but this term has been replaced because the syn-
drome is considered a recurrent painful neuropathy. Typically, 
the ophthalmoplegia follows the headache by several days, 
but occasionally it will occur simultaneously or precede it. 
Common motility disturbances include a third nerve palsy, 
with pupillary involvement in nearly 50% of  patients,72 and 
rare involvement of  fourth and sixth nerve palsies or a com-
bination of  ocular motor palsies. Other causes of  a cavernous 
sinus syndrome need to be excluded. The ophthalmoparesis 
usually resolves after 1–4 weeks. After several episodes, a 
partial palsy may persist.

In patients younger than 10 years, MRI and magnetic 
resonance angiography (MRA) suffice to exclude most serious 
conditions when a pupil-involving third nerve palsy is present. 
In most patients, transient third nerve enhancement and 
nerve thickening are observed.73 After age 10 years, an aneu-
rysm is a concern and should be excluded.

The cause of  the ophthalmoparesis is uncertain. While 
the theory of  a recurrent demyelinating cranial neuropathy 

Box 19.6 Ocular Complications of Migraine 
(Very Rare)

Anterior ischemic optic neuropathy
Central retinal artery occlusion
Branch retinal artery occlusion
Central retinal vein occlusion
Retinal hemorrhage
Vitreous hemorrhage
Retinal pigment changes
Central serous chorioretinopathy
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is falling serum estrogen levels contemporaneous with the 
onset of  bleeding. Many women can predict their headaches 
in relationship to the onset of  menses. Typically these 
migraines are more severe, longer lasting, and more difficult 
to treat than nonmenstrual migraines. Generally, they are 
unassociated with auras.85

Migraine in pregnancy. While some women suffer from 
worsening of  their migraines during pregnancy, others, for 
unclear reasons, enjoy vast improvement. Most prophylactic 
and abortive migraine medications except acetaminophen 
are contraindicated in pregnancy.86

Oral contraceptives and stroke in migraine. Contro-
versy surrounds the use of  oral contraceptive medication in 
women who suffer from migraine with aura. Migraine  
with aura itself  may increase the risk of  ischemic stroke in 
women of  childbearing age,87,88 and the use of  oral contra-
ceptives may enhance this risk. The absolute risk is still low.87 
The risk of  stroke may be most significant in female 
migraineurs who are older than 35 years, use contraceptives, 
and smoke cigarettes.89 Some neurologists allow the use of  
contraceptives without estrogen in young women with 
migraine with aura but avoid the use of  any contraceptive 
in women with migraine with aura who are refractory  
to treatments, smoke, or are older than 35 years.90 Gynecolo-
gists may be more restrictive and not permit any oral  
contraceptive use in woman with migraine, with or  
without aura.

DIAGNOSTIC TESTING IN A PATIENT WITH 
SUSPECTED MIGRAINE

Visual fields should be assessed in all new patients with sus-
pected migraine visual aura to exclude field defects. A hom-
onymous defect, for instance, would suggest alternative 
diagnoses such as release hallucinations or seizures due to 
a neoplasm.

In patients with a long history of  typical migraine and a 
normal examination, it may be reasonable to defer neuro-
imaging. However, we have a low threshold for performing 
MRI in most patients, because there are many causes of  
headache, and several organic disorders may mimic or trigger 
migraine, particularly in patients with new onset of  symp-
toms in middle age, atypical features, or marked increase in 
frequency of  headache (see Box 19.5). Routine blood work 
is often unhelpful in young patients, but an erythrocyte 
sedimentation rate and C-reactive protein is critical in elderly 
patients with transient loss of  vision or headache to help 
exclude temporal arteritis. Lumbar puncture, obtained after 
neuroimaging, is an important test when a subarachnoid 
hemorrhage, meningitis, or pseudotumor cerebri syndrome 
is suspected.

TREATMENT

Migraine treatment depends on the characteristics of  the 
pain. Abortive treatment alone is recommended when the 
attacks occur less than twice a week and are short lived 
(Table 19.1). Prophylactic therapy is added when the  
headaches are more frequent or disabling to the patient’s 
occupation or social activities. Patients with frequent migraine 
are treated with a combination of  preventive and abortive 
therapies.

Table 19.1 Pharmacologic Abortive Therapy in 
Migraine, Including Initial Dosages and Route of 
Administration

IN, Intranasal; IV, intravenous; PO, oral; SL, sublingual; SQ, subcutaneous; SR, 
sustained release; TD, transdermal.

Dose Route

TRIPTAN MEDICATIONS

Fast-Acting, Nonoral

Sumatriptan 20 mg IN

Sumatriptan 4 mg, 6 mg SQ

Sumatriptan 6.5 mg/4 hr TD

Zolmitriptan 5 mg IN

Intermediate-Acting, Oral

Sumatriptan 25 mg, 50 mg, 100 mg PO

Sumatriptan/naproxen 85 mg/500 mg PO

Rizatriptan 5 mg, 10 mg PO, MLT

Zolmitriptan 2.5 mg, 5.0 mg PO

Eletriptan 20 mg, 40 mg PO

Almotriptan 6.25 mg, 12.5 mg PO

Slower-Onset, Longer-Acting

Frovatriptan 2.5 mg PO

Naratriptan 2.5 mg PO

NONSTEROIDAL ANTIINFLAMMATORY DRUGS (NSAIDS)

Naproxen 375 mg, 500 mg PO

Indomethacin 75 mg SR

Ketoralac 10 mg PO

ANTIEMETICS

Droperidol 2.5 mg IV

Prochlorperazine 2 mg to 10 mg IV

Metoclopramide 10 mg PO, IV

CORTICOSTEROIDS

Prednisone 60 mg PO

Methylprednisolone 60–1000 mg IV

MISCELLANEOUS

Butorphanol 1 spray IN

Butalbital, caffeine, and 
acetaminophen preparation

1–2 pills PO

Isometheptene mucate 1–2 capsules PO

Dihydroergotamine 0.5–1 mg IV
2 mg IN

Ergotamine 2 mg SL

Abortive Therapy

Mild to moderate headaches. Many patients find relief  with 
acetaminophen, nonsteroidal antiinflammatory drugs 
(NSAIDs), or aspirin and do not seek medical attention. Non-
prescription combinations of  acetaminophen, aspirin, and 
caffeine may be quite effective.91 NSAIDs are beneficial for 
patients with occasional headaches or for the brief  lancinat-
ing pain. These pains are ice pick–like (primary stabbing 
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Intranasal sumatriptan, zolmitriptan, or almotriptan may 
provide a reasonable option for children or adolescents with 
acute migraine.99,100 Almotriptan has been approved for use 
in adolescents, and rizatriptan is approved for children 6 
years and older.

The amount of  triptan that can be used in a 24-hour 
period is limited. The maximum single dose of  oral sumat-
riptan is 100 mg, and the dosage taken over 24 hours should 
not exceed 200 mg. Triptan contraindications include coro-
nary artery disease, Prinzmetal’s angina, uncontrolled hyper-
tension, cerebrovascular disease, hemiplegic or basilar 
migraine, pregnancy, and use of  an ergot-containing com-
pound or monoamine oxidase inhibitors within the previous 
24 hours. Serious cerebrovascular and cardiovascular side-
effects are extremely rare.101 Both electrocardiography and 
positron emission tomography perfusion studies suggest that 
most cases of  chest pain associated with the triptans are not 
cardiac related.102 Triptans are relatively contraindicated in 
individuals taking selective serotonin reuptake inhibitors 
(SSRIs) because of  the risk of  serotonin syndrome, which is 
characterized by tachycardia, hypertension, and hyperthermia 
and is extremely rare in our experience. The main side-effects 
of  the oral triptans are paresthesias, fatigue, and dizziness.

Alternative treatments for moderate to severe migraine 
include intranasal DHE and dopamine receptor antagonists. 
Haloperidol, droperidol, prochlorperazine, chlorpromazine, 
and metoclopramide may be effective in treating acute 
migraine, particularly in patients with nausea and vomit-
ing.103 Additionally, monoclonal antibodies targeting the 
CGRP receptor (CGRP antagonists) have been investigated 
as a novel acute treatment for migraine.104,105 The develop-
ment of  a selective serotonin 5HT1F receptor agonist may 
also be helpful with less vasoconstrictive properties.

Currently there is no effective treatment for aborting the 
visual aura of  migraine. Observation is usually the safest 
approach. When migrainous infarction is suspected and 
evolving, one may try 10 mg of  nifedipine sublingually, 
keeping in mind that hypotension is a possible side-effect. 
The efficacy of  inhaled amyl nitrate and isoproterenol is 
unproven.

Severe migraine headache in the emergency depart-
ment. For patients with severe pain and nausea, the following 
regimens may be tried:

1. Subcutaneous sumatriptan.
2. Intramuscular or intravenous ketorolac, 30–60 mg. Pro-

chlorperazine, 10 mg, may be given before ketorolac to 
lessen nausea.

3. Intravenous DHE. Prochlorperazine 10 mg is combined 
with 1 mg of  DHE. Half  of  the solution is given intrave-
nously over 1–2 minutes. If  chest pain ensues, the drug 
is discontinued. If  there is no response, the remaining 
solution is administered in 15–20 minutes. In rare cases 
of  refractory migraine, DHE 0.5–1 mg may be given every 
8 hours for 3 days.

4. Intravenous prochlorperazine, 10 mg. Boluses of  2 mg 
are given every 5 minutes until the headache abates or 
a total of  10 mg is given. When administering prochlor-
perazine, it is important that the patient does not drive 
home alone because it is sedating. Intravenous hydration 
is a very effective adjunct, as most patients with severe 
acute migraine have become dehydrated. Premedication 

headache) and localize to the scalp, especially the temporal 
regions.

Alternative abortive therapy in patients with mild to  
moderate headache include butorphanol nasal spray, an 
isometheptene–dichloralphenazone–acetaminophen com-
bination, and a butalbital–caffeine–acetaminophen com-
bination. We use the butalbital–caffeine–acetaminophen 
combination cautiously because of  its high abuse potential 
and its tendency to produce rebound headaches. Butorphanol 
nasal spray is a mixed opiate agonist–antagonist, dosed as 
one spray in one nostril, which may be repeated in 1 hour 
for inadequate pain relief. However, the high abuse potential 
of  butorphanol limits its routine use. Intranasal lidocaine 
(4% solution, 0.5-ml dose) may abort migraine headaches, 
although recurrence is a problem with this drug.92

When the migraine begins as a mild headache with sub-
sequent progression to a moderate or severe migraine, we 
recommend early initiation of  triptans,93 which is effective in 
the early headache stages before cutaneous allodynia ensues.44

Moderate to severe headache. For patients with moderate 
to severe pain, the options for therapy are numerous. Triptans 
(5HT1B/D serotonin agonists) are the most widely used for 
such patients. The choice of  triptan largely depends on the 
rapidity and the length of  the migraine headache and  
the presence of  nausea and vomiting (see Table 19.1). If  the 
headache onset is between 15 and 45 minutes and the patient 
is not severely nauseous or vomiting, one of  the faster-onset 
oral triptans (sumatriptan, zolmitriptan, eletriptan, almo-
triptan, or rizatriptan) is an excellent option.94 Rizatriptan 
(5–10 mg) comes in a wafer form, providing an alternative 
route of  oral administration, even though its absorption is 
still primarily in the gastrointestinal tract. The wafer contains 
aspartame, which may limit patients who have their head-
ache triggered by this substance. Rizatriptan interacts with 
propranolol, requiring the physician to halve the dose of  
rizatriptan with concurrent use. While all triptans are supe-
rior to placebo for pain freedom, analysis of  74 randomized 
clinical trials suggest that eletriptan and rizatriptan are most 
likely to lead to the best pain-free response.95 Sumatriptan 
together with naproxen is also available in a single tablet.96 
Oral triptans may be taken at the onset of  the aura. For 
unclear reasons, some patients seem to respond better to 
one triptan than the others, and a trial and error approach 
may be required.

In individuals with either rapid-onset migraine or severe 
nausea or vomiting precluding oral intake, subcutaneous 
(sumatriptan), intranasal (sumatriptan or zolmitriptan), or 
transdermal (sumatriptan) preparations are alternative routes 
of  triptan administration. Patients should be advised to take 
the triptan at headache onset. Patients using the nasal form 
of  triptans should be instructed to tilt their head forward 
during administration to reduce the amount of  the drug 
delivered to the gastrointestinal tract and help eliminate the 
bitter taste.

Patients with headaches of  slower onset (over hours) and 
longer duration (days) and in whom recurrence is a problem 
may benefit from triptans with slower onset and longer half-
lives (naratriptan or frovatriptan).97 Since menstrual migraine 
has these characteristics, these triptans are often used in 
such patients.

Oral sumatriptan may be less effective in children than in 
adults; however, studies to date have been relatively small.98 
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We try to tailor preventive therapy to meet the individual 
needs of  the patient. For instance, patients who are depressed 
may fare better with an antidepressant like nortriptyline, 
while patients with mood swings might benefit from valproic 
acid. Propranolol may be best for patients with hypertension. 
Topiramate can be used in individuals desiring weight loss. 
The medications most frequently used to prevent migraine 
headaches include (1) beta-blockers, (2) calcium channel 
blockers, (3) antidepressants, and (4) anticonvulsants.

Beta-blockers. It may take at least a month to assess the 
efficacy of  beta-blockers, which are often used as first-line 
agents and have an efficacy in the range of  60–80%.107 Pro-
pranolol 60 mg LA (long-acting) is the usual starting dose, 
and patients are instructed to increase the dose to 120 mg 
LA after 7 days if  the initial 60 mg dose is well tolerated. 
Thereafter, the dosage can be raised in 60-mg per week incre-
ments up to 300 mg a day. Occasionally, patients will not 
respond to propranolol but will to other beta-blockers such 
as metoprolol or atenolol. If  the patient is headache free for 
6–12 months, a taper of  the beta-blocker over several weeks 
can be attempted.

Calcium channel blockers. Calcium channel blockers 
such as verapamil are also an excellent choice for prophylactic 
therapy,108 particularly in patients with migraine with aura 
and hemiplegic migraine. Their main advantage is their 
limited side-effects, with constipation, arrhythmias, heart 
failure, and hypotension being the most common. The initial 
dose is usually 120 mg SR (sustained release), which can 
be increased by 120-mg SR increments as necessary. Most 
patients respond by 360 mg, but occasionally 480 mg a day 
is necessary. Verapamil works in 60–70% of  patients with 
migraine. It is recommended that patients on verapamil have 
a baseline electrocardiogram and another check every 6 
months. In one study of  patients with cluster headache taking 
verapamil, 18% had a potentially serious cardiac rhythm 
disturbance.109 Amlodipine is another good alternative, and 
doses of  2.5–5.0 mg are usually sufficient.

Antidepressants. Antidepressants are highly effective, 
particularly when patients have insomnia, depressive symp-
toms, or a combination of  migraine and tension-type head-
aches. Amitriptyline and nortriptyline seem to be the most 
effective in this category, although some patients may respond 
to fluoxetine, nefazodone hydrochloride, sertraline hydro-
chloride, venlafaxine hydrochloride, duloxetine, and desip-
ramine. Compounds that block norepinephrine uptake seem 
to be the most effective. Nortriptyline is typically chosen over 
amitriptyline because the latter has more anticholinergic 
side-effects. Nortriptyline is started at either 10 or 25 mg 
depending on the size and age of  the patient. The dosage 
can be increased as necessary, typically each week until a 
balance between efficacy and side-effects is achieved. Most 
patients, if  they are going to respond to nortriptyline, will 
do so by the time they reach a dose of  50 mg a day.

Anticonvulsant drugs. The anticonvulsant drugs, par-
ticularly the newer ones, have proven to be relatively effective 
in migraine prevention.110,111 Many patients find topiramate 
extremely effective,112 although some find the cognitive side-
effects intolerable. The initial dose can be 25 mg per day, 
then the dosage should be gradually increased over weeks 
(25 mg/week) to reduce the risk of  cognitive side-effects, 
which are more likely to occur with rapid dose escalations 
and at doses higher than 200 mg/day. Many patients benefit 

with 1 mg of  benztropine mesylate may help eliminate 
some of  the side-effects of  this regimen.

5. Intravenous valproic acid, 10 mg/kg over 60 minutes.
6. Intravenous methylprednisolone or, in prolonged migraine, 

dexamethasone.106

Preventive Therapy

Preventive therapy is indicated when headaches occur more 
than once or twice a week or produce significant disability, 
or when symptomatic therapy fails (Table 19.2). The goal 
of  prophylaxis is to reduce or eliminate the need for acute 
therapy. Even if  preventive therapy is not completely effec-
tive, it may render acute therapy more efficacious and lessen 
the risk of  rebound headaches. Triggering factors such as 
certain foods (chocolate, cheese, nuts) should be eliminated. 

Table 19.2 Pharmacologic Preventative Therapy in 
Migraine, Including Oral Daily Dosages

Beta-Blockers Dose

Propranolol 60–300 mg LA

Nadolol 40–160 mg

Metoprolol 50–200 mg

Atenolol 50–200 mg

Timolol 20–30 mg

CALCIUM CHANNEL BLOCKERS

Verapamil 120–480 mg SR

Nifedipine 30–90 mg

Amlodipine 2.5–10 mg

ANTIDEPRESSANTS

Nortriptyline 10–150 mg

Amitriptyline 25–150 mg

Doxepin 75–300 mg

Fluoxetine 20–80 mg

Sertraline 50–100 mg

Duloxetine 20–60 mg

Venlafaxine 75–225 mg

ANTICONVULSANTS

Valproic acid 500–2000 mg

Gabapentin 300–3600 mg

Topiramate 25–300 mg (slow titration)

Lamotrigine 50–300 mg (slow titration)

Zonisamide 25–300 mg (slow titration)

Pregabalin 150–600 mg

OTHER

Lithium 600–1800 mg

Methysergide 2 mg three times per day

Riboflavin 400 mg

Coenzyme Q10 150–300 mg

Botulinum toxin 150–200 units

LA, Long-acting; SR, sustained release.
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headache frequency127,128; however, randomized clinical trials 
have failed to prove this treatment effect.129

The use of  transmagnetic stimulation and occipital nerve 
stimulation in migraine treatment has been suggested, but 
their benefit remains unproven.

ACEPHALGIC MIGRAINE (TYPICAL AURA 
WITHOUT HEADACHE)

Patients with migraine may have transient neurologic events 
without headache. When such events occur in patients older 
than 40 years, concern of  a possible transient ischemic attack 
(TIA) is raised. In any age group, seizures may be considered. 
Fortunately, there are features that help differentiate these 
disorders. The migraine aura has a characteristic buildup 
of  scintillations. The episodes may occur in a flurry and tend 
to last longer than a typical TIA. Patients often have a remote 
history of  migraine headaches. Some even have mild accom-
panying discomfort but do not think it is important to report 
it. The intensity of  their headache is often not as severe as 
it was previously.

In a younger patient with visual aura without headache, 
but with a previous history of  migraine, further testing may 
be unnecessary. However, in patients older than 40 years, 
the new onset of  acephalgic migraine is a diagnosis of  exclu-
sion. Workup would include neuroimaging to exclude a lesion 
of  the occipital cortex and to check for ischemic changes. 
Electroencephalography can be performed to rule out an 
irritative lesion. When the aura is characterized by visual 
loss, cardiac emboli, carotid insufficiency, and hypercoagu-
lable states should also be considered.

Treatment of  acephalgic migraine. If  tolerated, 325 mg 
of  aspirin per day may be given, particularly in elderly indi-
viduals in whom the diagnosis may be uncertain. It may 
lessen acephalgic migraine episodes and help prevent stroke 
in case the events were in fact TIAs. In patients in whom 
aspirin is ineffective or intolerable, calcium channel blockers 
(verapamil, 120–360 mg (SR) per day), can be considered 
for those with recurrent disabling episodes. Often, patients 
are reassured knowing that their visual episodes are migrain-
ous and benign and decline pharmacologic treatment.

Other Headache Types

CHRONIC DAILY HEADACHE

Chronic daily headache is a category of  headaches including 
chronic migraine (described already), chronic tension-type 
headaches, hemicrania continua, new daily persistent head-
ache, and posttraumatic headaches.2 Affected patients have 
headaches for 15 or more days per month, and the majority 
have an element of  medication-overuse headache.

TENSION-TYPE HEADACHES

Tension headaches are probably a continuum of  migraine 
headaches. The pain is mild to moderate in intensity and is 
often described as pressure or tightness. There is no aura, 
nausea, or vomiting, and the headaches are usually not 
aggravated by exercise (see Box 19.3). Photophobia and 
phonophobia are rarely present, and the headache location 

from the associated appetite suppression and weight loss, 
but untoward side-effects include memory and language 
difficulty, paresthesias, kidney stones, glaucoma, and myopia. 
Zonisamide, a related drug, may be used if  the side-effects 
of  topiramate are intolerable or if  a once a day regimen  
is desired.

Gabapentin may be effective in the treatment of  migraine 
and chronic daily headache but has had conflicting results 
in various studies.113,114 High doses of  gabapentin in the 
2400–3600 mg per day range may be necessary to achieve 
a beneficial effect, but lower doses may also work in some 
patients. Pregabalin and lamotrigine have also been success-
ful in the treatment of  migraines. Older anticonvulsants such 
as carbamazepine and phenytoin may be used but with vari-
able success.

Valproic acid can be used as a preventive option. The start-
ing dose of  125 mg twice a day is slowly increased to 
500–1000 mg per day in divided doses. Patients often do 
not require large doses for a therapeutic effect. The side-
effects, including nausea, alopecia, tremor, and weight gain, 
along with hepatotoxicity and teratogenicity, usually limit 
the use of  valproate as a preventive therapy. The anticon-
vulsant drugs may be best utilized in patients with cardiac 
disease or mood disorders, or in those with exercise 
intolerance.

CGRP Antagonists. These medications are being inves-
tigated and are showing promise as both preventative232,233 
and abortive234 therapies for migraine.

Miscellaneous prophylactic medications. Riboflavin 
in high doses (400 mg per day) may be effective in migraine 
prevention. Riboflavin may enhance a deficient mitochondrial 
energy reserve, a potential factor in migraine etiology.115 
Magnesium deficiency in the brain has been suggested as a 
potential mechanism of  migraine. Several trials suggest 
magnesium supplementation is probably effective.116 Coen-
zyme Q10 in doses of  150–300 mg may also be tried.117 
Petasites extract (butterbur) has also been used.118 Onabotu-
linumtoxin A for treatment of  chronic migraine has been 
shown to be efficacious in two phase 3, placebo-controlled 
trials in reducing headache symptoms, decreasing headache-
related disability, and improving health-related quality  
of  life.119,120 During the double-blind phase of  the trials, 
patients treated with onabotulinumtoxin A had significant 
improvements compared with placebo in frequency of  head-
ache days, headache-related disability, and headache-related 
quality of  life.121

Short-term continuous use of  oral sumatriptan, frovat-
riptan, or naratriptan may be effective in preventing menstrual 
migraine.122 One regimen used 25 mg of  sumatriptan three 
times per day for a total of  5 days.123 Transdermal estrogen, 
continuous contraception (ethinyl estradiol and levonorg-
estrel), and NSAIDs also may be used as prophylaxis for 
menstrual-related migraine.124 Cyproheptadine is frequently 
used as migraine prophylaxis in children. NSAIDs are ben-
eficial prophylactically for patients with migraine associated 
with sexual activity (coital headache).

Nontraditional treatments. Relaxation training, bio-
feedback, and cognitive–behavioral therapy may be helpful 
for some patients.125 Although anecdotally acupuncture may 
be effective, confirming evidence is lacking.126

Some studies suggest that percutaneous closure of  a patent 
foramen ovale in patients with migraine reduces their 
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Contrasting the migraine patient who desires sleep, a cluster 
headache patient cannot stay still. The headache is so severe 
that some patients literally run around the room screaming, 
and some patients even contemplate suicide. Interictally, 
some patients will suffer typical migraine headaches.

The major entity to exclude in a patient with a painful 
Horner syndrome is a carotid dissection (see Chapter 13). 
Other entities that may mimic cluster headaches include 
arteriovenous malformation,136 brainstem compression by 
tumor,137 vertebral artery aneurysm,138 cavernous carotid 
artery aneurysms,139 sinusitis, temporal arteritis, Tolosa–Hunt 
syndrome, orbital myositis,140 and pituitary tumors.141 In 
patients presenting with a painful Horner syndrome, MRI 
of  the neck, including axial T1-weighted images and angio-
graphic sequences, is recommended to exclude carotid 
dissection.

Treatment. The treatment of  acute cluster attack may 
be difficult.142 Emergently, the following regimens may  
be tried:

1. 100% oxygen therapy via a face mask at 12–15 L/min 
for 15–20 minutes

2. Subcutaneous sumatriptan or intranasal sumatriptan or 
zolmitriptan

3. Intranasal or intravenous DHE
4. Intranasal lidocaine 4%
5. Corticosteroids (2-week prednisone taper)

Corticosteroids often take hours to begin to work. However, 
they may be useful in transition to other preventive therapies. 
Verapamil is considered first-line prophylactic treatment  
in prolonged episodes or chronic cluster headache and is 
comparable to lithium.143 Other options include twice-daily 
ergotamine therapy. Indomethacin may benefit certain 
patients, and valproic acid may provide effective prophylaxis. 
The newer anticonvulsants including gabapentin, pregabalin, 
topiramate, and lamotrigine may be tried.

When patients are refractory to monotherapy, combina-
tion therapy may be necessary. Verapamil and lithium are 
usually tried together first. Valproate and verapamil is another 
effective combination.

Rarely, patients may require intravenous DHE every 8 hours 
to break the cluster. When all medications fail and headaches 
are strictly unilateral, radiofrequency thermocoagulation of  
the Gasserian ganglion144 or trigeminal nerve section145 may 
be tried. However, the resultant corneal and trigeminal anes-
thesia may lead to complications, and the procedures are 
not always effective.146 Intractable cluster headaches have 
also been treated by deep hypothalamic, occipital nerve, or 
sphenopalatine ganglion stimulation.147

PAROXYSMAL HEMICRANIA AND  
HEMICRANIA CONTINUA

Paroxysmal hemicrania refers to a headache syndrome char-
acterized by brief  episodes of  unilateral pain localizing over 
the orbital and temporal regions lasting 2–45 minutes. 
Patients experience multiple attacks a day, and some have 
40–50 attacks in a 24-hour period.134 The pain is associated 
with autonomic dysfunction such as conjunctival injection, 
lacrimation, nasal congestion, ptosis, and eyelid edema. While 
there are many similarities between paroxysmal hemicrania 
and cluster headache, paroxysmal hemicrania is distinguished 

is often bilateral, over the eyes, temples, occipital region, or 
on top of  the head. Patients often have tender spots over the 
shoulder girdle muscles. Most tension headaches are episodic; 
however, some patients have chronic tension-type headaches 
without pain-free intervals.

Many patients with chronic daily tension headaches have 
a history of  migraine, and migraines may periodically occur. 
Many of  these patients have concurrent depression. In patients 
with tension headache, one should be aware of  the possibility 
of  secondary headache disorders or rebound headaches from 
analgesic overuse (see Medication-Overuse Headache).

Treatment. Such patients with tension headaches pose 
a therapeutic challenge. The abortive and prophylactic medi-
cations used in migraineurs may be tried. Nortriptyline and 
amitriptyline may be the first-line agents for these patients, 
and topiramate may be effective. Patients with tension head-
aches should be assessed for temporomandibular joint dys-
function or sinus disease before starting preventive therapy. 
Some patients with tension headache do not respond to 
medication and may benefit from other therapies, including 
stretching exercises and acupuncture. Botulinum toxin 
injected into the frontal and occipital muscles may be used 
in refractory tension headache, but studies have not dem-
onstrated fewer headaches in this subset of  patients.130

MEDICATION-OVERUSE HEADACHE

Medication-overuse headaches share similar clinical char-
acteristics with tension headaches. Although rebound head-
ache is classically associated with overuse of  narcotics (taken 
10 days a month or more) or over-the-counter analgesics 
(taken 15 days a month or more),2 this phenomenon also 
may be observed with triptan and ergot overuse.131

Treatment. It is important to taper the overused medica-
tion, exercising caution with quick discontinuation of  certain 
responsible medications (barbiturates, benzodiazepines, 
opioids, or caffeine-containing compounds) because of  the 
potential for life-threatening complications.132 If  not already 
a contributing factor, NSAIDs or a short course of  corticoster-
oids may help the patient’s symptoms. During the taper, 
adding botulinum toxin may be effective in patients with 
acute medication-overuse headache and baseline chronic 
migraine.133 If  outpatient detoxification fails, inpatient man-
agement may be necessary. Intravenous DHE, 1 mg, combined 
with 10 mg of  intravenous metoclopramide every 8 hours 
for 3–5 days is one effective regimen to treat analgesic overuse.

CLUSTER HEADACHE

Cluster headache is a severe unilateral headache disorder 
that predominantly occurs in men (see Box 19.4).134 These 
headaches occur in clusters or on a daily basis for weeks to 
months. Although most cluster headaches are episodic, rarely 
they are chronic and without remission. Cluster headaches 
are often severe, awakening a patient from sleep. They local-
ize over the periorbital region and are often associated  
with rhinorrhea and tearing. Alcohol is a common trigger. 
The attacks are much shorter than migraine, lasting 0.5–3 
hours. There is often no nausea or vomiting; aura is rare 
but can occur.135 Many patients develop signs of  a Horner 
syndrome. Occasionally, only ptosis or miosis is present. After 
several attacks, a permanent Horner syndrome may ensue. 
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an intracerebral hemorrhage or an unruptured aneurysm 
has to be strongly considered. Raps et al.157 concluded that 
thunderclap headache may be induced by a variety of  mecha-
nisms, including thrombosis or expansion of  an aneurysm 
or intramural hemorrhage. Some patients with thunderclap 
headache have no identifiable cause. Patients with thunder-
clap headache should be evaluated with emergent computed 
tomography (CT) and lumbar puncture. If  both are negative, 
and the suspicion remains high for an unruptured aneurysm, 
CT or MRA should be performed.

Reversible cerebral vasoconstriction syndrome. One 
of  the most common causes of  thunderclap headache with 
associated diffuse, segmental reversible cerebral vasospasm 
is referred to as reversible cerebral vasoconstriction syndrome 
(RCVS). It can spontaneously occur and resolve within 1–3 
months. Risk factors of  RCVS include being postpartum or 
having a history of  migraine. Vasoactive substances that 
can induce RCVS include cannabis, cocaine, amphetamines, 
ecstasy, ergotamine, triptans, nasal decongestants, and SSRIs. 
Combining binge drinking and the use of  vasoactive sub-
stances (particularly cannabis) is a significant risk factor. 
Patients present with recurrent thunderclap headaches, 
normal or near-normal cerebrospinal fluid, and reversible 
vasospasm of  cerebral arteries noted on conventional cerebral 
angiography, CT, or MRA. Patients may have the headache 
alone or in combination with neurologic symptoms includ-
ing deficits in mental status, motor examination, sensation, 
speech, ataxia, and seizures. Visual symptoms of  blurred 
vision, vision loss, visual field defect, and retroorbital eye 
pain have been described. The main complications of  RCVS 
are ischemic or hemorrhagic stroke (7%; see Chapter 8) and 
subarachnoid hemorrhage (22%). The utility of  treating 
RCVS with calcium channel blockers is inconclusive. Even 
without treatment, patients typically have complete or near 
resolution of  vasospasm within 3 weeks of  RCVS onset.158

GREATER OCCIPITAL NEURALGIA

Some patients experience episodic pain in the back of  head 
at the exit site of  the greater occipital nerve. The pain often 
ascends ipsilaterally along the nerve’s distribution behind 
the ear then occasionally forward toward the eye. The dis-
comfort usually lasts seconds but may recur frequently during 
the day. The patient typically has pain and tenderness at the 
point where the greater occipital nerve pierces the tendinous 
insertion of  the splenius capitis muscle at the skull base. 
Many patients have superimposed tension and migraine 
headaches.

Treatment with local injection of  lidocaine has a high 
success rate. Occasionally repeated injections are necessary 
to break the cycle. If  patients do not respond to local lidocaine 
injection, NSAIDs, carbamazepine, gabapentin, a soft cervical 
collar at night, or a short course of  corticosteroids may be 
tried. Refractory cases may be treated with occipital nerve 
stimulation and very rarely surgical decompression or radio-
frequency ablation.159

HYPNIC HEADACHE

Elderly patients may experience headaches shortly after falling 
asleep.160 The headache is throbbing and global in location, 
is short lived, and usually resolves within an hour. This 

by its shorter duration and exquisite response to indometha-
cin. It has been described as a disorder in women, but other 
studies did not demonstrate a female preponderance.148 
Although indomethacin is the treatment of  choice, other 
patients may respond to topiramate, verapamil, acetazolamide, 
or other NSAIDs. Some patients will have superimposed mild 
and dull hemicranial discomfort between episodes.

Headaches which are similar in quality but continuous 
are termed hemicrania continua149,150 and are also responsive 
to indomethacin.151

SUNCT SYNDROME

The acronym for this syndrome stands for “short-lasting, 
unilateral, neuralgiform headache with conjunctival injec-
tion, and tearing.” Patients may experience hundreds of  
attacks a day lasting 5–240 seconds.2 This rare condition is 
similar to the paroxysmal hemicranias but is distinguished 
by less severe pain, more marked autonomic activation, and 
unresponsiveness to indomethacin.152,153 Lamotrigine is the 
most effective treatment in nearly two-thirds of  patients, but 
gabapentin, topiramate, and zonisamide154 can also be used 
prophylactically. Like cluster headaches, SUNCT syndrome 
may be mimicked by pituitary tumors155 and posterior fossa 
lesions.156

ICE PICK HEADACHE (PRIMARY  
STABBING HEADACHE)

Some patients experience sudden stabbing pain that may be 
described as like being stabbed with an ice pick.152 The pain 
is often located in the temple region, but the occipital area 
may also be involved. The pain often lasts seconds but may 
persist for minutes. Many patients have underlying migraine 
or tension headaches. The pain may occur several times a 
day and may awaken a sleeping patient. Occasionally, the 
examiner can palpate the area and elicit the pain. The pain 
of  a corneal erosion may be brief  and present upon awaken-
ing and should be carefully considered in a patient with 
stabbing periorbital pain. Patients respond best to indometha-
cin or other NSAIDs.

COUGH HEADACHE

Patients with cough headache may be divided into two broad 
groups. First, cough-induced headaches may be associated 
with an intracranial lesion, particularly a posterior fossa 
lesion. Arnold–Chiari tumors and subdural hematomas are 
other causes. Given this differential diagnosis, neuroimaging 
is always indicated with this type of  headache.

Patients in the second group with cough-induced headache 
have no detectable intracranial lesions despite extensive 
investigation. These patients often respond to a course of  
indomethacin or other NSAID.

THUNDERCLAP HEADACHE AND  
THE REVERSIBLE CEREBRAL 
VASOCONSTRICTION SYNDROME

Thunderclap headache. This term is used to describe a  
sudden and severe headache. Although controversy exists 
regarding the significance of  such a headache, we believe 
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INTRACRANIAL HYPOTENSION

Headache is a prominent symptom of  patients suffering from 
intracranial hypotension, also termed CSF hypovolemia syn-
drome.164 Patients may have associated nausea, vomiting, 
tinnitus, and photophobia. The hallmark feature of  this 
disorder is pain aggravated by an upright posture, but the 
rare patient may paradoxically have a headache when lying 
down. Some patients will develop unilateral or bilateral sixth 
nerve palsies resulting from the traction on these nerves as 
the brain sinks downward from the intracranial hypotension. 
Rarely, patients may complain of  transient visual obscura-
tions or blurred vision, and binasal field defects have been 
documented.165 Rare complications include nystagmus  
from eighth nerve dysfunction and enophthalmos.166 The 
downward displacement of  the brain is seen on sagittal  
MRI, and diffuse meningeal enhancement is often present 
(Fig. 19.3A,B).167 If  severe, bilateral subdural hematomas 
or organized hygromas (Fig. 19.3C) may develop.

Commonly the cause of  intracranial hypotension is iat-
rogenic, induced by spinal or shunting procedures.168,169 Other 
causes of  intracranial hypotension include traumatic injury, 
particularly those that lead to CSF rhinorrhea. Other trau-
matic causes include weight-lifting, yoga stretching, and 
straining.170 Spontaneous intracranial hypotension may occur 
when there is a spontaneous tear of  the dura, especially 
along a spinal nerve root sleeve.171 The source of  the CSF 
leak may be established with MRI myelography or metriza-
mide myelography or sometimes both studies if  there is 
ambiguity about the leak location.

Even if  no source of  CSF leak is found, patients may still 
respond to blood patching.171–173 If  the source of  the CSF 
leak is found, targeted blood patching under fluoroscopic 
guidance or surgical repair, if  necessary, is effective. Non-
specific treatment measures include bedrest, caffeine, volume 
expansion, corticosteroids, and the use of  an abdominal 
binder. In refractory cases, intrathecal saline solution may 
be tried, and some anecdotal success using theophylline has 
been reported.171

PSEUDOTUMOR CEREBRI SYNDROME  
WITHOUT PAPILLEDEMA

A small group of  patients with chronic daily headaches may 
have raised intracranial pressure without evidence of  pap-
illedema.174 In this setting, the diagnosis can be made when 
three of  the following MRI abnormalities are present: empty 
sella, distention of  the perioptic subarachnoid space, flat-
tening of  the posterior globe, or transverse venous sinus 
stenosis.175 Unfortunately, therapies aimed at lowering the 
increased intracranial pressure may not always reduce the 
headaches. Pseudotumor cerebri syndrome is discussed in 
more detail in Chapter 6.

Headaches and Ocular Diseases

A variety of  ocular conditions may be associated with eye 
or periorbital pain. Headaches of  ocular origin are often 
accompanied by other eye signs such as conjunctival or sclera 
injection. The frequency and intensity of  the pain is often 
dependent on the ocular structure affected.

disorder is also recognized in young patients and may be 
unilateral. Caffeine at bedtime is usually the first-line treat-
ment of  these headaches.161 Lithium may also prevent the 
headaches, but its side-effects in the elderly population may 
limit its use.

CAROTID DISSECTION

Patients with acute carotid dissection may develop throbbing 
pain over the periorbital area. Many patients will have accom-
panying neurologic signs such as a Horner syndrome or 
contralateral weakness or numbness. A patient with an 
isolated painful Horner syndrome should be considered to 
have a carotid dissection until proven otherwise. Other clini-
cal manifestations, radiographic features, and management 
of  this condition are discussed in detail in Chapter 13.

TEMPORAL ARTERITIS

The headache of  temporal arteritis is often described as an 
ache concentrated over the temporal arteries.162 The pain 
rarely can be severe and the area exquisitely sensitive to 
touch. Although the pain is often concentrated over the 
temporal region, it may occur over any portion of  the head. 
The pain typically abates within days of  starting corticosteroids. 
This condition, particularly with regard to visual loss, patho-
physiology, and management, is reviewed in Chapter 5.

POSTTRAUMATIC HEADACHE

Mild to moderate headaches are common after head injury. 
Patients may or may not have experienced a loss of  con-
sciousness. Typically, the headache is one of  many symptoms 
that accompany the posttraumatic syndrome. Vertigo, irri-
tability, concentration difficulty, and short-term memory loss 
are other frequent complaints. The posttraumatic headache 
may simulate tension headaches or migraine headaches and 
may improve spontaneously or persist indefinitely. The IHS 
criteria require the onset of  the headache to be within 7 
days after the injury or upon return of  consciousness.2 
Migraine, common daily headache, and cluster may follow 
mild head trauma. Posttraumatic headaches may last for 
several years, regardless of  financial compensation issues. 
If  tolerated, antidepressant compounds may reduce some 
of  the symptoms. Other prophylactic headache medications 
such as propranolol, verapamil, topiramate, and valproic 
acid may also be tried with variable success.

GLOSSOPHARYNGEAL NEURALGIA

Patients with glossopharyngeal neuralgia experience pain 
in the pharynx and base of  the tongue.163 The pain may be 
triggered by swallowing, coughing, or talking. and the pain 
is usually sharp, stabbing, or lancinating. The condition is 
usually idiopathic, but mass lesions should be carefully con-
sidered. As in patients with trigeminal neuralgia, most cases 
result from compression by a dolichoectatic artery or venous 
structure. Treatment of  glossopharyngeal neuralgia includes 
anticonvulsants, antidepressants, and baclofen therapy. If  
medical therapy fails, the glossopharyngeal nerve may be 
thermocoagulated. Other patients may benefit from micro-
vascular decompression.
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These patients may have associated dry mouth and Sjögren’s 
syndrome. The diagnosis of  dry eyes is established during 
the slit-lamp examination by noting a quick breakup of  the 
tear film or punctate corneal epithelial defect or by perform-
ing a Schirmer test. An abnormal Schirmer test occurs when 

CORNEAL DISEASES

The most common cause of  periorbital discomfort is dry eyes. 
These patients complain of  a gritty, achy, or burning sensa-
tion. The discomfort or pain resolves with topical anesthetic. 

C

BA

Figure 19.3. Intracranial hypotension. A,B. Gadolinium-enhanced axial 
magnetic resonance imaging (MRI), showing diffuse meningeal enhance-
ment (arrow). C. Fluid level attenuated inversion recovery MRI revealed 
a subdural collection (arrow). 
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division of  the trigeminal nerve. As discussed previously, 
migraine may be associated with photophobia both ictally 
and interictally.177 Unfortunately, some patients with migraine 
may have prolonged unexplained photophobia. Photophobia 
may also be a symptom of  meningeal irritation, and such a 
possibility should always be carefully considered in patients 
with light sensitivity. A variety of  ocular inflammatory dis-
orders may also be associated with photophobia. Rarely, 
photophobia is a symptom of  a lesion of  the chiasm, retro-
chiasmal visual pathways, or thalamus.178–180 However, many 
patients have no clear cause for their photophobia. FL-41 
tint filters or gray lenses that block ultraviolet ray transmis-
sion may help relief  the discomfort of  photophobia.49

PRIMARY TROCHLEAR HEADACHE

Patients affected with this condition complain of  pain local-
ized to the superior nasal portion of  the orbit due to inflam-
mation in the trochlear region.52,181,182 These patients may 
also have abnormal ocular motility, including an acquired 
Brown syndrome from impaired movement of  the superior 
oblique tendon through the inflamed trochlea. Orbital imaging 
should be performed to exclude an orbital mass, and systemic 
causes such as rheumatoid arthritis, systemic lupus erythe-
matosus, and psoriasis should be considered. Treatment 
recommendations include local lidocaine injections, oral 
corticosteroids, and NSAIDs.

MISCELLANEOUS

Table 19.3 outlines some other causes of  headache not 
reviewed in the text.

Facial Pain and Disorders of 
Facial Sensation

APPROACH

Trigeminal nerve dysfunction can be an important cause of  
facial pain and commonly manifests with sensory changes 
such as paresthesias, dysesthesias, or anesthesia. With motor 
dysfunction, the jaw may deviate when opening. The lanci-
nating, excruciating pain of  trigeminal neuralgia must be 
distinguished from the more tolerable yet disturbing pares-
thesias of  trigeminal sensory neuropathy. Sudden complaints 
of  sensory loss, paresthesias, or motor dysfunction in the 
face are consistent with vascular, traumatic, or demyelinat-
ing processes, whereas similar complaints developing over 
weeks to months are more suggestive of  neoplastic or infil-
trative processes.

NEUROANATOMY

The trigeminal nerve is a mixed nerve conveying both sensory 
input from and motor information to the face.183,184 Sensory 
neurons of  the trigeminal fibers V1 to V3 lie in the Gasserian 
ganglion, which is embedded in Meckel’s cave in the petrous 
temporal bone within the middle cranial fossa. The three 
trigeminal divisions exit from separate skull base foramina: 
V1 exits via the superior orbital fissure, V2 via the foramen 
rotundum, and V3 via the foramen ovale (Fig. 19.4).

there is less than 15 mm of  strip wetting at 5 minutes. The 
dry eye syndrome may be treated with lubricants or artificial 
tears. Dry eye as a cause of  transient visual blurring is dis-
cussed in Chapter 10.

Severe pain and foreign body sensation in one eye upon 
awakening suggests the possibility of  recurrent corneal 
erosion. Slit-lamp examination can confirm a corneal epi-
thelial defect. Corneal erosion may occur on an idiopathic 
basis, after previous corneal abrasion, or in association with 
a corneal dystrophy.

INTRAOCULAR CAUSES

Scleritis, iritis, and uveitis may be associated with severe eye 
pain. The pain may be referred to other regions of  the  
face but most often is concentrated over the eye. The eye 
may be exquisitely tender to palpation, and photophobia is 
universal.

Angle-closure glaucoma may be associated with variable 
pain, ranging from virtually none (usually the insidiously 
developing chronic angle-closure) to severe (acute elevation 
of  intraocular pressure). The patient’s pain may develop after 
walking into a dark room or from pupillary dilation and may 
be throbbing and associated with nausea and vomiting. As 
such, patients with angle-closure glaucoma may be misdi-
agnosed with migraine.75 Since the patients may have associ-
ated visual loss, temporal arteritis may also be confused with 
angle-closure glaucoma. A patient with angle-closure glau-
coma often has a red eye and a cloudy cornea during the 
episode. The diagnosis of  angle-closure glaucoma is estab-
lished by slit-lamp examination, tonometry, and gonioscopy 
to evaluate the angle of  the eye.

OPTIC NERVE DISEASES

Nearly 90% of  patients with optic neuritis have periocular 
pain. The absence of  pain in such a situation raises the pos-
sibility of  an alternative cause. The pain of  optic neuritis 
usually occurs upon eye movements, and the eye may be 
tender, but in some patients it manifests as a dull periocular 
ache. Although pain has been described with nonarteritic 
anterior ischemic optic neuropathy (AION),176 alternatively 
arteritic AION should be strongly considered until proven 
otherwise. Pain on eye movement may also accompany orbital 
myositis or idiopathic inflammatory orbital pseudotumor.

EYE STRAIN

While many patients attribute their headaches to eye strain, 
it is a relatively uncommon cause of  headaches presenting 
to a physician. Pain is often described as aching, relieved by 
resting or not reading, and often begins over the brow with 
spread to other scalp muscles. Often, an uncorrected hyper-
opic refractive error or an ocular motility problem such as 
convergence insufficiency is found in patients with headaches 
related to eye strain. Some patients will have eye strain while 
adjusting to a new pair of  glasses.

PHOTOPHOBIA

Pain produced by a bright light is known as photophobia. The 
pain is transmitted to the brainstem from the ophthalmic 
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Table 19.3 The Differential Diagnosis of Other Miscellaneous Headache Disorders and Their Clinical Features

Entity Onset Location
Pain

Duration
Associated Diagnostic

Characteristics Symptoms Evaluation

Subarachnoid 
hemorrhage

Acute Global, occipital Worst ever Brief or prolonged Meningismus CT, LP

Brain tumor Subacute Focal Dull pressure Prolonged Focal signs Brain MRI

Painful eye 
movements

Acute Retrobulbar Sharp Days Optic neuritis—reduced 
vision

Myositis—ptosis, diplopia

Orbit MRI

Hypertension Acute Frontal, occipital Throbbing Brief Focal signs suggest 
hemorrhage

Consider 
CT

Pseudotumor 
cerebri syndrome

Subacute Bifrontal Dull or throbbing Prolonged Pulsatile tinnitus, 
papilledema, transient 
visual obscuration

MRI/MRV, 
then LP

Meningitis Acute or chronic Neck Throbbing severe Brief or prolonged Fever, meningismus LP

CT, Computed tomography; MRI, magnetic resonance imaging; MRV, magnetic resonance venography; LP, lumbar puncture.

V3
V2

V1

Sensory branches to dura

Sensory branches to
mucosa and palate

Motor branches to muscles
of mastication

Lingual nerve (sensory)

Figure 19.4. The peripheral sensory and motor branches of the trigeminal nerve. 
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sinus include the greater and lesser palatine nerves, the 
nasopalatine nerves, and the pharyngeal nerve. V2 also sup-
plies innervation to the upper teeth, maxillary sinus, and 
palate via the anterior, middle, and posterior superior alveolar 
nerves, respectively.

Parasympathetic autonomic fibers that originate in the 
facial nerve (superior salivatory) nuclei accompany V2 
branches and make up the superficial petrosal nerve. Super-
ficial petrosal nerve fibers synapse within the pterygopalatine 
ganglion and provide parasympathetic input to the lacrimal, 
nasal, and palatine glands. Fibers to the lacrimal gland travel 
through the orbit together with branches of  V1. Fibers of  
the superficial petrosal nerve join the deep petrosal nerve to 
form the nerve of  the pterygoid canal (the vidian nerve). 
The deep petrosal nerve arises from the internal carotid plexus 
and carries postganglionic sympathetic fibers from the supe-
rior cervical ganglion to the lacrimal glands.

The mandibular division (V3) carries both sensory fibers 
from the lower face and motor axons that innervate the 
muscles of  mastication. V3 axons leave the Gasserian ganglion 
posterior to the cavernous sinus and exit the skull base via 
the foramen ovale. The fibers ramify through the deep  
face lateral to the middle pterygoid muscles and then divide 
into branches that provide sensation to the skin around the 
mandible, chin, and ear (lingual, auriculotemporal, and 
mental branches), mucosa around the inner cheek (buccal 
branch), lower teeth (inferior alveolar nerve), and dura (men-
ingeal branch) (see Figs. 19.4 and 19.5). Parasympathetic 
fibers synapse within the otic and submandibular ganglia 
and project to the parotid and submandibular glands, 
respectively.

Central projections. Proximal connections of  the primary 
sensory neurons travel within the trigeminal root before 
synapsing in the brainstem in three sensory subnuclei that 
extend from the cervical spine to the pontomesencephalic 
junction (Fig. 19.6). These include (1) the principal sensory 
nucleus, which governs tactile sensation on the face; (2) the 
spinal (descending) trigeminal tract and nucleus, which 
receives fibers responsible for pain and temperature percep-
tion on the face in a rostral–caudal laminar organization 
that represents the face in an “onion-skin” fashion (the rostral 
part of  the nucleus represents the most central sensation of  
the face and the caudal portion represents the most periph-
eral); and (3) the mesencephalic nucleus, which mediates 
proprioception for V3-innervated muscles. Neurons from 
these nuclei primarily cross and ascend rostrally within the 
ventral trigeminothalamic tract before reaching the ventral 
posteromedial nucleus of  the thalamus. From there, thalamic 
neurons project to the facial portion of  the somatosensory 
cortex.

CLINICAL SYNDROMES CAUSING FACE PAIN 
AND SENSORY LOSS

Lesions involving the proximal portion of  the trigeminal 
system usually present with concomitant neurologic features 
that aid in localization. For instance, thalamic lesions usually 
cause facial and ipsilateral hemibody numbness together. In 
Wallenberg’s lateral medullary syndrome, the facial anes-
thesia is contralateral to the hemibody sensory loss.185 Syrin-
gobulbia (Fig. 19.7), which can affect the nucleus of  the 
spinal tract in the medulla, might cause ipsilateral facial 

The ophthalmic division (V1) is entirely sensory, and its 
branches innervate the orbit and the eye (lacrimal and naso-
ciliary branches), upper eyelid, forehead and nose (frontal 
branches), nasal cavity, and nasal sinus (nasociliary branches) 
(Fig. 19.5). V1 passes within the cavernous sinus, where it 
lies inferolateral to the oculomotor, trochlear, and abducens 
nerves. From the cavernous sinus, V1 extends through the 
superior orbital fissure in association with the ocular motor 
nerves before dividing into lacrimal, frontal, and nasociliary 
nerves. Cutaneous fibers reach the skin via the supraorbital 
foramen (see Fig. 19.5). V1 sensory fibers provide afferents 
for the corneal reflex. Smaller tentorial and dural branches 
innervate the tentorium and dura mater.

The trigeminal system also provides inputs to the intra-
cranial vessels (trigeminovascular system) that are considered 
important in the pathogenesis of  migraine (see earlier dis-
cussion of  migraine pathophysiology). Autonomic fibers that 
originate from the facial nerve run with the lacrimal nerve 
of  V1 to innervate the lacrimal gland.

The maxillary division (V2) is also completely sensory and 
innervates the skin of  the cheek, upper lip, maxillary sinus, 
nasopharynx, soft and hard palate, and upper teeth. A small 
meningeal branch follows the middle meningeal artery  
and supplies the dura. These fibers leave the Gasserian gan-
glion and run inferiorly within the cavernous sinus before 
exiting the foramen rotundum. V2 axons pass through  
the pterygopalatine fossa to exit the infraorbital foramen. 
The cutaneous branches of  V2 include the zygomaticotem-
poral, zygomaticofacial, and infraorbital nerves (see Fig. 19.5). 
Branches innervating the nasopharynx and maxillary  

Auriculo-
temporal

Supraorbital
Supratrochlear
Infratrochlear

Zygomatico-
temporal

Zygomatico-
facial

Infraorbital

External nasal

Mental

Buccal

Great auricular

Transverse cervical

Lacrimal

V3

V2

V1
V1

V2

C2,3

V3
V1

V3

V3

Figure 19.5. Trigeminal innervation of the face and scalp. Sensory nerves 
and their relationship to the branches of the trigeminal nerve, and, on 
the other side of the diagram, distribution of the facial innervation of 
the three divisions of the trigeminal nerve: ophthalmic (V1), maxillary 
(V2), and mandibular (V3) nerves. 
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anesthesia, tongue fasciculations, and weakness and atrophy 
of  upper extremity muscles. Cavernous sinus and superior 
orbital fissure disturbances (see Chapter 15) and orbital apex 
lesions (see Chapter 18) will be characterized by concomitant 
ocular motor palsies or Horner syndrome.

The rest of  this section focuses on the more diagnostically 
challenging conditions that might present with isolated facial 
pain or sensory loss in the trigeminal distribution.

ISOLATED TRIGEMINAL NEUROPATHY

A benign, self-limited trigeminal neuropathy may be seen 
after a nonspecific viral illness, similar to the postinfectious 
cranial neuropathy affecting the abducens, facial, or hypo-
glossal nerves. Diagnostic evaluations are unremarkable or 
can demonstrate a mild CSF pleocytosis. Symptoms usually 
resolve within several weeks.186 It is unclear whether these 
postinfectious neuropathies result from brainstem, Gasserian 
ganglion, or peripheral nerve dysfunction.

Trigeminal sensory neuropathy may also occur in associa-
tion with connective tissue disorders such as Sjögren’s syn-
drome, systemic sclerosis, and systemic lupus erythematosus. 
On the basis of  radiographic and electrophysiologic studies, 
the Gasserian ganglion has been suggested as the site of  
injury in such cases.187 A variety of  other conditions may 
also produce a trigeminal sensory neuropathy, such as tuber-
culosis, syphilis, Lyme disease, and granulomas.188,189 Like-
wise, neoplasms of  the middle cranial fossa, such as 
schwannomas (Fig. 19.8) and meningiomas, may produce 
trigeminal sensory dysfunction.190 Facial paresthesias in the 
V1 to V3 distributions may occur in central disorders such 
as multiple sclerosis and in patients with peripheral nerve 
disorders such as Guillain–Barré syndrome, diabetes, heredi-
tary sensory-motor neuropathy,191 and chronic inflammatory 
demyelinating polyneuropathy. Compressive or infiltrative 
conditions affecting the peripheral nerve branches may also 
produce circumscribed sensory loss.

Mesencephalic
nucleus CN V

Midbrain

Pons

Medulla

Spinal cord

Principal sensory
nucleus CN V

Spinal nucleus of CN V
pars oralis

Spinal nucleus of CN V
pars interpolaris

Spinal nucleus of CN V
pars caudalis

Trigeminal (Gasserian) ganglion

Figure 19.6. “Onion-skin” somatotopic organization of trigeminal pain and temperature fibers (left) and their projections to the spinal nucleus of the 
trigeminal nerve in the brainstem and upper cervical spinal cord (right). Peripheral facial sensation for these modalities is represented caudally, and 
the sensation of the nose and mouth most rostrally. Note fibers for tactile sensation of the face (not shown) project to the principal sensory nucleus, 
and those for proprioception (not shown) project to the mesencephalic nucleus. 

NUMB CHIN SYNDROME  
(MENTAL NEUROPATHY)

The numb chin syndrome typically results from a bony lesion 
affecting the mental foramen, through which V3 passes to 
innervate the chin and mandible.192 The numb cheek syn-
drome is a variant of  the numb chin syndrome and results 
from a bony lesion involving the infraorbital foramen and 
the trigeminal branch of  V2.193 Patients often complain of  
numbness that affects the chin and spreads to the lower lip 
but respects the midline. The numb chin syndrome can be 
an ominous sign that may be produced by a variety of  mass 
lesions, including metastatic lung, breast, and prostate car-
cinoma.194 Lymphoma, particularly of  the non-Hodgkin type, 
may also be responsible for this syndrome. Primary bony 
malignancies such as osteosarcoma, fibrosarcoma, and plas-
macytoma are other considerations. Development of  the 
numb chin syndrome in a patient previously treated for cancer 
may signal a recurrence. Nonmalignant causes include 
granulomatous processes, collagen vascular disorders, 
trauma, periodontal disease, bony cysts, focal idiopathic 
osteolysis (Gorham’s disease), and sickle cell disease.

In patients with the numb chin or cheek syndrome, careful 
examination of  the oropharynx, dentition, and skin of  the 
face should be performed. CT through the mandible with 
bone windows is the ideal imaging study. Bone scans can 
occasionally be helpful when CT is negative. A search for 
occult malignancy may be necessary. Since brainstem lesions 
or carcinomatous meningitis may also cause focal trigeminal 
dysfunction, brain MRI and a lumbar puncture for cytology 
should be considered.

NEUROTROPHIC CORNEA (NEUROPARALYTIC 
KERATOPATHY)

By mediating the sensory limb of  the corneal reflex, the tri-
geminal nerve plays a role in protecting the cornea from 
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iatrogenic in the setting of  surgery in or near the cerebel-
lopontine angle or after trigeminal rhizotomy. Neurotrophic 
corneal injury ranges from mild keratopathy to widespread 
damage with ulceration, which can lead to secondary infec-
tion and perforation. The condition can be difficult to manage, 
particularly when concomitant seventh nerve injury reduces 

foreign bodies. In addition, the trigeminal system is important 
for reflex tearing and maintaining the integrity and function 
of  the cornea, particularly the epithelium.195 Thus, trophic 
or degenerative corneal changes can occur when the cornea 
is denervated from lesions of  the trigeminal nerve, ganglion, 
or tract. In neuro-ophthalmic settings, the cause is usually 

C

BA

Figure 19.7. Trigeminal neuropathy due to syringomyelia. A. The 
patient had right facial numbness, right facial weakness, right Horner 
syndrome, and horizontal endgaze nystagmus. B. Sagittal T2-weighted 
magnetic resonance imaging (MRI) of the cervical region revealed a 
multilevel cavity (short arrow) within the spinal cord, consistent  
with a syrinx, and a related Chiari malformation (longer arrow).  
C. Axial T2-weighted MRI through the pons demonstrating the rostral 
extent of the syrinx (arrow) in the region of the principle sensory nucleus 
of V. 
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Treatment. Many patients respond to carbamazepine, 
oxcarbazepine, phenytoin, gabapentin, pregabalin, baclofen, 
lamotrigine, or tricyclic antidepressants.203–205 However, in 
some cases, the sedating side-effects of  these medications are 
intolerable. Patients who do not respond to medical therapy 
may be offered botulinum injections or surgical treatments. 
Although well-designed randomized, placebo-controlled trials 
evaluating the efficacy of  botulinum injections are lacking, 
available evidence suggests that it may be effective.206

Microvascular decompression of  the trigeminal nerve  
(Fig. 19.9) is the preferred surgical method, because it tends 
to spare facial sensation and has an 80–90% chance of  pro-
ducing immediate relief.207 Long-term outcome is excellent, 
with approximately 70% of  patients remaining pain–free 10 
years later.208 Major complications are rare but in one series 
included brainstem stroke (0.1%), hearing loss (1%), and 
abducens or trochlear nerve palsies (1%).208

Gamma knife radiosurgery of  the trigeminal nerve is also 
used in some centers.209 Studies show excellent short-term 
results, with 70–80% of  patients experiencing improvement 
or complete resolution of  their pain.210,211 The mechanism 
of  action of  radiosurgery in trigeminal neuralgia is unclear, 
but it may reduce ephaptic transmission.212 Complications 
are low, but 5–10% of  patients may experience increased 
facial numbness or paresthesias.210

Percutaneous ablative procedures of  the trigeminal nerve 
root or ganglion include glycerol injection, radiofrequency 
thermocoagulation, and balloon occlusion.213,214 These pro-
cedures often carry a high risk of  intolerable anesthesia and 
keratopathy.

In our practice, patients with trigeminal neuralgia are 
first offered medical therapy with a trial of  at least two 
drugs.196 When this fails, either gamma knife radiosurgery 
or microvascular decompression is offered.

HERPES ZOSTER OPHTHALMICUS

Herpes zoster ophthalmicus results when the varicella zoster 
virus (VZV) lying dormant in the Gasserian ganglion reac-
tivates and spreads to the face along the V1 dermatome  
(Fig. 19.10). The infection is primarily observed in older 
patients but may also occur in young patients, particularly 
those who are immunocompromised. Both neuropathic pain 
and pain secondary to ocular pathology can occur. The neu-
ralgic pain of  herpes zoster ophthalmicus often begins about 
1 week before the onset of  the rash. In some cases the rash 
never appears, in which case the diagnosis of  zoster sine 
herpete applies. The pain is often described as a severe aching 
or burning. Eye involvement commonly includes keratitis 
and uveitis, and rarely optic neuritis and ocular motor palsies. 
Standard treatment for herpes zoster ophthalmicus includes 
oral antiviral therapy.215,216 Vaccination to boost immunity 
to VZV and reduce the risk of  herpes zoster is recommended 
for patients older than 60 years.217

Postherpetic neuralgia. The pain of  herpes zoster oph-
thalmicus may evolve directly into postherpetic neuralgia, 
but in some patients it occurs after several weeks.218 Posther-
petic pain can be unrelenting and is often described as aching, 
burning, or boring in nature. In the affected dermatome, 
the patient may have an area of  increased or decreased sen-
sation. Postherpetic neuralgia may either improve over 
months or persist indefinitely.

eyelid closure. Topical artificial tears or ointments can be 
used in mild cases, but more severely affected patients may 
require tarsorrhaphy to preserve the eye.

TRIGEMINAL NEURALGIA

Trigeminal neuralgia (tic douloureux) describes a brief  lan-
cinating, electric shock–like pain that occurs in the distribu-
tion of  the trigeminal nerve. It tends to occur in the 
middle-aged or elderly population. The pain is often triggered 
by chewing, speaking, or simply touching the affected area. 
The pain typically occurs in the second and third trigeminal 
divisions, lasts seconds to 2 minutes, and may recur several 
times a day.196 Most cases are believed to result from  
compression of  the trigeminal nerve root by a dolichoectatic 
superior cerebellar artery or an adjacent venous structure. 
Other causes include posterior fossa mass lesions,197 pontine 
demyelination in multiple sclerosis,198 pontine infarction,199 
and dental disease. It is thought that the pain arises because 
of  focal demyelination of  axons in the area of  compression 
or injury, which then allows ectopic generation of  spontane-
ous impulses and ephaptic conduction to adjacent fibers.200,201 
In cases with a structural cause, one can usually detect  
an area of  numbness in the trigeminal territory. In young 
patients with facial sensory loss and lancinating pain, a 
central demyelinating process that affects the trigeminal root 
entry zone should be considered.202 In patients with a new 
clinical diagnosis of  trigeminal neuralgia, an MRI of  the 
brain should be performed to exclude an underlying posterior 
fossa lesion.

Figure 19.8. Right trigeminal schwannoma in T2-weighted axial mag-
netic resonance imaging from a 17-year-old man with numbness of the 
right eye and upper face. A large extraaxial heterogeneous mass involv-
ing the prepontine cistern (long arrow) extending into the right cavernous 
sinus (small arrow) with expansion of Meckel’s cave was demonstrated. 
Note the normal Meckel’s cave on the left adjacent to the asterisk. 
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Treatment of  postherpetic neuralgia can be extremely dif-
ficult. Early in the infection, corticosteroids may be helpful 
to reduce the acute pain and possibly abort the delayed neu-
ralgia. Anticonvulsants (gabapentin and pregabalin), tricyclic 
antidepressants (e.g., nortriptyline), and lidocaine patches 
are reasonable options to reduce postherpetic neuralgia.219 
Topical capsaicin also can be tried, but it often intensifies 
the burning pain and cannot be tolerated. Acupuncture and 
biofeedback are alternative approaches that occasionally 
work. Some refractory patients may respond to a local stimu-
latory device.

ATYPICAL FACIAL PAIN

There is a group of  patients who have facial pain that defies 
classification. The pain tends to be deep and boring. It is 
separated from trigeminal neuralgia by its persistent nature 
and its tendency not to respect a single dermatome. Many 
patients relate their pain to a prior procedure.

Treatment of  atypical facial pain may be difficult. A variety 
of  measures can be taken, with variable success. Trials of  
anticonvulsants and antidepressant compounds may be tried. 
Local nerve blocks usually only provide short-term relief. 
Alternative treatments, such as acupuncture, occasionally 
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Figure 19.9. Neuroimaging and surgery in a patient with trigeminal neuralgia due to vascular compression. A. Axial T1-weighted magnetic resonance 
imaging with gadolinium demonstrating a vascular loop (arrow), either the left superior cerebellar artery or a nearby vein, adjacent to the root entry 
zone of the left trigeminal nerve. B. Intraoperative photographs of a microvascular decompression of the trigeminal nerve root. The trigeminal nerve 
root was abutted by the superior cerebellar artery and an overlying vein. A left suboccipital approach was used. C. Teflon was placed between the 
trigeminal nerve root and the artery and vein. (Operative photos courtesy of Drs. Eric Zager and Neil Malhotra.)

Figure 19.10. Rash consistent with herpes zoster ophthalmicus. Note 
the distribution of the skin lesions within the V1 dermatome. 
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51. Karanovic O, Thabet M, Wilson HR, et al. Detection and discrimination of  flicker 

contrast in migraine. Cephalalgia 2011;31:723–736.
52. Harle DE, Evans BJ. The optometric correlates of  migraine. Ophthalmic Physiol Opt 
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53. Shepherd AJ. Local and global motion after-effects are both enhanced in migraine, and 
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benefit the refractory patient. The pain may persist for years, 
but some patients have a spontaneous remission.

DISORDERS ASSOCIATED WITH ENLARGEMENT 
OF THE BRANCHES OF TRIGEMINAL NERVES

Several disorders are characterized by loss of  trigeminal func-
tion and associated enlargement of  branches of  the trigeminal 
nerve that can be identified on detailed neuroimaging studies. 
Trigeminal schwannomas may occur sporadically or in asso-
ciation with neurofibromatosis type II. They typically dem-
onstrate dumbbell-shaped enlargement and homogenous 
contrast enhancement. As they enlarge they may enter 
multiple compartments, including the cavernous sinus, orbit, 
pterygopalatine fossa, and parapharyngeal space.220

Perineural spread of  cancer along the trigeminal nerves 
can occur in a patient with a history of  basal cell carcinoma, 
squamous cell carcinoma, adenoid cystic carcinoma, or 
melanoma of  the face.221–223 Months or years after the diag-
nosis of  cancer, these patients may develop deficits, including 
progressive numbness in portions of  the face, and various 
additional cranial neuropathies, including ocular motor 
palsies or facial weakness. Punch biopsy of  the skin can 
demonstrate neuroinvasive spread of  cancerous cells along 
peripheral cutaneous branches of  the trigeminal nerves.

Chronic inflammatory demyelinating neuropathy is an 
autoimmune illness characterized by inflammatory infiltrates 
and onion bulb formation in peripheral and cranial  
nerves. Trigeminal nerve involvement, often bilateral, can 
be a conspicuous feature identifiable both clinically and 
radiographically.224–226 Immunoglobulin (Ig) G4-related 
disease is another inflammatory disorder characterized by 
elevated serum level of  IgG4 and infiltration of  IgG4-secreting 
plasma cells into exocrine organs, including the lacrimal 
glands, salivary glands, and pancreas, as well as the thyroid, 
lungs, and kidneys.227 Enlargement of  the infraorbital branch 
of  the trigeminal nerve can be an important clue to the 
diagnosis.228–231 IgG4-related disease is discussed in more 
detail in Chapter 18.
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Adrenocorticotropin-secreting pituitary 
tumors, 257

Adrenoleukodystrophy, 329–330, 331f
Adults, with Horner syndrome, 440, 440b
Afferent dysfunction, 3
Afferent pupillary defect (APD), 21

in chiasmal disorders, 240
in optic nerve disease, 56, 104
in severe unilateral vision loss, 383

Afferent visual function, 7–18
Amsler grid testing in, 16, 16f
color perception in, 11–14, 13f–14f
confrontation visual field assessment in, 

14–16, 15f–16f
contrast sensitivity in, 10–11, 13f
higher cortical visual function in, 16–18, 

17f–19f
low-contrast letter acuity in, 10–11
photostress test in, 16
visual acuity in, 7–10, 8f–12f

Afferent visual pathway
neuroanatomy of, 39–40

chiasm in, 39, 41f
eye and retina in, 39
geniculocalcarine pathway in, 39–40
optic nerve in, 39
striate cortex in, 40
tract in, 39
visual association areas in, 40

structures of, 39, 40f
Age of  patient

macular degeneration and, 66
in neuro-ophthalmic history, 3
orbital disease and, 619

Agnosia, visual, 345–347, 347f
apperceptive visual object agnosia, 

346–347
associative visual object agnosia, 345
landmark agnosia, 348–349
migraine and, 399
topographagnosia, 348–349

AIBSE syndrome. see Acute idiopathic blind 
spot enlargement syndrome

AICA. see Anterior inferior cerebellar artery
Aicardi syndrome, 78–79
AIDS. see Acquired immunodeficiency 

syndrome
AION. see Anterior ischemic optic neuropathy
Akinetopsia, 349–350, 350f
Akinetopsic palinopsia, 349
Alcohol-induced nystagmus, 604
Alcohol withdrawal, hallucinations and 

illusions induced by, 405
Alemtuzumab, 66–67
Alexia without agraphia, 18

occipital lobe disturbances, 342–344, 344f
variations of, 343–344

Alice in Wonderland syndrome, 399, 
399f–400f

migraine in, 664
All-trans retinoic acid, pseudotumor cerebri 

syndrome and, 216
Allen figures, in visual acuity, 8, 11f
Allergic fungal sinusitis, 647
Allesthesia, visual, 407

A
Abducens nucleus, 489–490
Abduction, 24
Abduction miosis, 443
Aberrant regeneration, third nerve palsies 

and, 423, 502, 504f, 524, 525f
Abetalipoproteinemia, 78–79
Abnormal glare sensitivity (hemeralopia), 55
Abscesses

pituitary, 281
retrochiasmal disorders and, 312f, 

324–325, 326f
Accommodation, 39
Accommodative insufficiency, in pretectal 

syndrome, 570
Accommodative phosphenes of  Czermak, 404
Acephalgic migraine, 401, 669
Acetaminophen, 666–667
Acetazolamide

for meningitis, 212
for pseudotumor cerebri syndrome, 216, 

220–221
for venous thrombosis or obstruction, 228

Achromatopsia, 11, 399
Acoustic neuroma, 464
Acquired dyschromatopsia, 11–14
Acquired immunodeficiency syndrome (AIDS), 

147
Acquired ocular motor apraxia, 553, 560
Acquired pendular nystagmus (APN), 600
Acromegaly, 256, 257f
ACTH. see Adrenocorticotropic hormone
Acute annular outer retinopathy, 71
Acute bilateral complete ophthalmoplegia, 

538, 538t
Acute disseminated encephalomyelitis 

(ADEM), 140–141, 520
Acute hemorrhagic leukoencephalitis, Balint 

syndrome due to, 352f, 353–354
Acute idiopathic blind spot enlargement 

(AIBSE) syndrome, 69, 69f–70f
Acute macular neuroretinopathy (AMN), 58f, 

59
Acute posterior multifocal placoid pigment 

epitheliopathy (APMPPE), 77
Acute promyelocytic leukemia (APML), 216
Acute retinal necrosis, 83
Acute zonal occult outer retinopathy 

(AZOOR), 69–72
Adamantinomatous craniopharyngiomas, 

260
Addison’s disease, pseudotumor cerebri 

syndrome and, 216
Adduction, 24
ADEM. see Acute disseminated 

encephalomyelitis
Adenohypophysis, 248
Adie (or Holmes Adie) syndrome, 34

tonic pupils and, 427
Adolescents/young adults

amaurosis fugax in, 372
migraine in, 667

Adrenocorticotropic hormone (ACTH), 137, 
248
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Allodynia, cutaneous, 663, 667
Almotriptan, 667
Alzheimer’s disease, 355–356

diagnostic studies for, 355
differential diagnosis of, 355
hallucinations and illusions in, 408
neuro-ophthalmic symptoms and signs of, 

355
neurologic symptoms and signs of, 355
pathology of, 355
retrochiasmal disorders and, 325, 327f
treatment of, 355–356

Amacrine cells, in retina, 53, 101
Amaurosis fugax

carotid disease and, 367
giant cell arteritis with, 4
in retinal vascular insufficiency, 61
transient visual loss, in adolescents and 

young adults, 372
Amaurotic (deafferented) pupils, 421–422, 

422t
Amblyopia

in akinetopsia, 349
in past neurologic and ophthalmologic 

history, 4
in reduced visual acuity, 8–10
tobacco-alcohol, 177

American Academy of  Ophthalmology, for 
toxic retinopathy screening guidelines, 
72

Amiodarone, 178–179, 178f
Amitriptyline, 668, 670
Amlodipine, 668
AMN. see Acute macular neuroretinopathy
Amsler grid testing, 16, 16f

for acute macular neuroretinopathy, 59
functional visual field loss and, 390

Amyloid angiopathy, hemorrhage and, 
317–318, 318f–319f

Amyotrophic lateral sclerosis, in vertical gaze 
deficits, 576

Ancillary testing, 56
visual, 50–51

Anemia, 83–84, 85f
pseudotumor cerebri syndrome and, 216

Anesthetic, topical, 385
Aneurysms, 168–169, 170f, 267–269

anterior communicating, 268
atrial septal, 315
basilar artery, 507, 507f
carotid-ophthalmic artery, 268
cavernous carotid, 268
and compressive optic neuropathies, 

168–169
endocrinologic manifestations of, 268
intracavernous, 531, 531f
location and growth characteristics of, 267
neuro-ophthalmic signs of, 267–268
neuroimaging of, 268–269, 268f
pathology/demographics of, 267
posterior cerebral artery, 507
posterior communicating, 268
supraclinoid carotid artery, 267–268
symptoms of, 267
third nerve palsies and, 512
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treatment of, 269
visual outcome of, 269

Angiitis, 320
Angiogram, of  carotid artery, 367f
Angiomas

capillary, 173–174, 173f
cavernous, 269–270, 269f, 320
in Sturge-Weber syndrome, 91
venous, 270

Angle-closure glaucoma, 674
unreactive pupils and, 429

Aniridia, pupils and, 418–419
Anisocoria, 19, 429–430, 429f

alternating, 524
idiopathic, 443

Annulus of  Zinn, 612
Anterior chamber cleavage anomalies, pupils 

and, 419
Anterior chamber hemorrhages, 366
Anterior clinoidal meningiomas, 266–267
Anterior communicating aneurysms, 268
Anterior inferior cerebellar artery (AICA), 451
Anterior ischemic optic neuropathy (AION), 

148f, 150f, 152f
approach to patients and, 109–111
Foster Kennedy syndrome and, 202–204
headache in, 674

Anti-GQ1b antibody syndrome, 522–523
Anti-saccades, 552
Antibiotics

for meningitis, 212
for syphilis, 146
for toxic optic neuropathies, 176

Anticardiolipin antibodies, 79–80
Anticonvulsants, 594–597, 604

for migraine, 668–669
Antidepressants, 668, 680–681
Antigenic mimicry, 66
Antiphospholipid antibody syndrome (APS), 

61, 79–80, 80f
Antithrombin III deficiencies, 80
Anton’s syndrome, 310–311
Aortic arch emboli, 316
APD. see Afferent pupillary defect
Aplasia

chiasmal, 283
optic nerve, 114

APML. see Acute promyelocytic leukemia
APMPPE. see Acute posterior multifocal 

placoid pigment epitheliopathy
APN. see Acquired pendular nystagmus
Aponeurotic ptosis. see Levator dehiscence-

disinsertion syndrome
Apperceptive visual object agnosia, 346–347
Apraclonidine, Horner syndrome and, 439, 

439f
Apraxia, 553, 558–560
APS. see Antiphospholipid antibody syndrome
Arachnoid mater, angioma of, 91
Arcuate scotomas, 244, 246f
Argyll Robertson pupils, 423, 425f
Arrhythmias, in past medical and surgical 

history, 4
Arteriovenous malformations (AVMs)

in chiasmal disorders, 270
compression by, 270
of  dural sinuses, 228, 228f
hemorrhage and, 318–320, 319f
in Wyburn-Mason syndrome, 91–92

Artificial tears, 673–674, 677–679
Aspergillosis, 647
Aspirin, 317, 666–667, 669
Associative visual object agnosia, 345
Astereognosis, 34

Astigmatism, tilted disc anomaly and, 118
Astrocytes, optic nerve, 101
Astrocytic hamartoma, 85–87
Astrocytomas, frontal lobe, 643
Asymmetric swinging flashlight test, 21
Ataxia, 32–34
Ataxia telangiectasia (Louis-Bar syndrome), 

84–85, 91
Atherosclerotic capillary disease, 152
ATPase 6 gene, mutation in, 75
Atrial fibrillation, 104, 315
Atrial myxoma, 315
Atrophic papilledema, 107, 202, 204f
Atrophy, posterior cortical, 354
Aura

in migraine, 397
not due to migraine, 398

Autoantibody syndromes, 316
Autoimmune optic neuropathy, 143–144
Autoimmune pathogenesis, in cancer-

associated retinopathy, 66
Autonomic dysfunction, tonic pupils and, 428
Autonomic neuropathies, Horner syndrome 

and, 437
Autoscopic phenomena, 407
Autoscopy, 398
Avulsion, optic nerve, 179
Axial proptosis, 614–615, 615f, 622
AZOOR. see Acute zonal occult outer 

retinopathy

B
B12 deficiency, optic neuropathies and, 

176–177, 176f
Babinski sign, 34
Baclofen, periodic alternating nystagmus, 597
Balint syndrome, 32, 352–354, 352f

etiology of, 353–354
optic ataxia, 353, 353f
other neuro-ophthalmic signs of, 353
simultanagnosia in, 352–353, 353f
treatment of, 354

Barbiturates, 594–597, 604
Bariatric surgeries, pseudotumor cerebri 

syndrome and, 223
Bartonella henselae, cat scratch disease and, 83, 

145–146
Basal ganglia disorders, in vertical gaze 

deficits, 576
Basilar artery aneurysms, 507, 507f
Basilar migraine, 665
Bassen-Kornzweig syndrome, 78–79
Batten disease, 78–79
Behr syndrome, 129
Bell’s palsy, 465
Bell’s phenomenon, 23–24, 25f
Benedikt’s syndrome, 503–504
Benign diabetic papillopathy. see 

Papillophlebitis
Benign episodic mydriasis, 665
Benign intracranial hypertension, 215
Benign positional vertigo, 594

Dix-Hallpike maneuver for, 589t, 595f
treatment for, 596f

Benign tonic vertical gaze in infancy, 
577–578, 577f

Benton–Van Allen facial recognition test, 348
Benzodiazepines, 594–597
Benztropine mesylate, 667–668
Beta-blockers, 668
Bickerstaff ’s encephalitis, 522
Big blind spot syndromes, 69–72

acute idiopathic blind spot enlargement 
(AIBSE) syndrome, 69, 69f–70f

in acute macular neuroretinopathy, 59
differential diagnosis of, 71
multiple evanescent white dot syndrome, 69
overlapping clinical profiles in, 71
pathogenesis of, 71

Bilateral conjugate gaze palsy, 554, 556f
Binocular vision loss, moderate, 389–390
Biomicroscopy, 31
Bipolar cells, in retina, 53, 101
Birth trauma, Horner syndrome and, 

437–439, 439f
Bitemporal hemianopia, 240–244, 242f–243f

functional visual field loss and, 390
Blepharitis, nonischemic transient vision and, 

366
Blepharospasm, 23, 457–458, 467
Blind spot enlargement, papilledema and, 209, 

210f
Blindness

cerebral, 301, 310–311, 312f, 313b
cortical, 310–311, 325–326, 382
electroretinograms in, 383
glioblastoma and, 164
from Leber’s hereditary optic neuropathy, 

125, 127f
light, 55
mirror test for, 382
neuromyelitis optica and, 140
observation for, 382
optokinetic nystagmus and, 382
proprioception tests for, 382
pupillary reactions and, 382
surprise for, 382–383
total, testing for, 382–383
transient monocular, 61, 366
visual-evoked potentials and, 383

Blindsight, 311–312, 349–350
Blink reflex

corneal, 455, 467
in facial nerve, 23
physiologic, 455
supraorbital, 467
visual threat, 455, 467

Blinking
abnormal, 467–469
absent or decreased, 467
blepharospasm, 457–458, 467
excessive, 467
eyelid tics and, 468
hemifacial spasm and, 467
myokymia and, 469
neuromyotonia and, 469
physiologic facial synkineses, 468, 469f
spontaneous, 469

Blood-brain barrier, 216
Blood dyscrasias, 83–84
Blood flow studies, in migraine aura, 662–663
Blood-retina barrier, 53, 142
Blood tests, of  temporal arteritis and ION, 157
Blurred vision

cavernous hemangioma, 643
corneal endothelial dysfunction and, 366
in efferent dysfunction, 3
topical diagnosis of, 48

Borrelia burgdorferi, causing Lyme disease, 464
Botulinum injection, for disorders, of  eyelid, 

458, 467–468, 468f
Botulinum toxin

injected, for migraine, 670
for nystagmus, 591

Botulism, 465, 478
pupils and, 429

Brachiocephalic artery, 366–367
Brain damage, in visual memory disturbances, 

349

Aneurysms (Continued)
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Brain volume, idiopathic intracranial 
hypertension and, 217

Brainstem, miscellaneous causes of  combined 
third, fourth, and sixth nerve palsies 
and, 522–532

Branch retinal artery occlusion (BRAO), 62f, 
63

Branch retinal vein occlusion (BRVO), 65
BRAO. see Branch retinal artery occlusion
Brown–Séquard hemicord syndrome, 433
Brown syndrome, 534, 535f
Brun’s nystagmus, 597
BRVO. see Branch retinal vein occlusion
Buphthalmos, in Sturge-Weber syndrome, 

90–91
Butalbital-caffeine-acetaminophen 

combination, for migraine, 667
Butorphanol nasal spray, 667
Butterbur, 669

C
Cabergoline, for prolactinomas, 256
CACD. see Cancer-associated cone dysfunction
Cachexia, 104
CADASIL. see Cerebral autosomal dominant 

arteriopathy with subcortical infarcts 
and leukoencephalopathy

Calcific emboli, 59, 61f
Calcium channel blockers, 668–669
Caloric stimulation, nystagmus, 586
Cancer

optic neuropathies associated with, 
171–175

in past medical and surgical history, 4
Cancer-associated cone dysfunction (CACD), 

67
Cancer-associated retinopathy (CAR), 65, 68
Canthaxanthine, 72
Capgras syndromes, 348
CAR. see Cancer-associated retinopathy
Carbamazepine, 594–597

for headaches and migraines, 669, 671, 
679

Carbidopa, 153
Carboplatin, 164
Carcinomatous meningitis, 172, 172f, 

212–213
Cardiac disease, 60, 127
Cardiac emboli, retinal-vascular transient 

visual loss and, 372
Cardiac surgery, 316
Cardiac valvular disease, in past medical and 

surgical history, 4
Cardioembolism, 315–316

atrial fibrillation, 315
atrial myxoma, 315
endocarditis, 315–316, 316f
hypokinetic wall motion abnormalities, 315
patent foramen ovale and atrial septal 

aneurysm, 315
valvular disease, 315

Carotid arteries
atherosclerotic anterior cerebral, 

compression by, 270
internal, compression by, 270
neuroanatomy of, 239
stenting of, 372

Carotid artery disease, 316
Carotid-cavernous fistulas

etiologies of  visual loss due to, 528b
high-flow (direct), 527

clinical presentation of, 527, 527b
course and treatment of, 528
diagnostic evaluation of, 528

signs of, 527
spontaneous, 527
symptoms of, 527
traumatic, 527, 528f

low flow (dural arteriovenous 
malformations), 528, 529f

clinical presentation of, 530
diagnostic evaluation of, 530
treatment for, 530–531

Carotid disease
amaurosis fugax and, 367
caused by retinal-vascular transient visual 

loss, 367–372, 368f
diagnostic test for, 369, 370f–371f
due to visual loss, 4
endarterectomy, 371
general examination for, 369
history of, 368
medical treatment for, 370–371
neuro-ophthalmic signs of, 368–369, 369f
retinal emboli and, 59–60
surgical treatment for, 371, 371b
symptoms of, 367, 367b

Carotid dissection
headache in, 672
Horner syndrome and, 434, 434f–436f, 

434t
in ocular ischemic syndrome, 63

Carotid endarterectomy (CE), 371
Carotid-ophthalmic artery aneurysms, 268
Carotid thrombosis, Horner syndrome and, 

436
Carpal tunnel syndrome, 256
Cat scratch disease, 83, 145–146
Cataplexy, 410
Cataracts, 49

in bilateral diffuse uveal melanocytic 
proliferation, 68

hemifield slide phenomenon and, 537
in past neurologic and ophthalmologic 

history, 4
in reduced visual acuity, 8–10
surgery for, diplopia after, 537, 537b

Cavernomas. See Cavernous angiomas
Cavernous angiomas (cavernomas), 269–270, 

269f, 320
in horizontal conjugate gaze deficits, 554, 

557f
Cavernous carotid aneurysms, 268
Cavernous hemangioma, 643, 643f. see also 

Cavernous angiomas
Cavernous sinus disturbances, after third 

nerve palsies, 523–532
aberrant regeneration after third nerve 

palsies, 524, 525f
alternating anisocoria and, 524
cavernous sinus thrombosis as, 526, 526f
differential diagnosis for, 525
divisional third nerve paresis and, 524
fungal infections and, 526–527
intracavernous aneurysm as, 531, 531f
ipsilateral Horner syndrome and abducens 

palsy and, 525
isolated cranial nerve palsies and, 524
lymphoma and, 526
meningiomas as, 525–526, 525f
metastases and, 526
nasopharyngeal tumors and, 525
neoplasms and, 525
neuroimaging of, 525
orbital signs of, 525
pituitary tumors and, 525
pupillary sparing and, 524
signs of, 524–525
symptoms of, 524

trigeminal nerve and, tumors involving, 
525

Cavernous sinus invasion, 253
Cavernous sinuses, 491

Horner syndrome and, 437
Ceftriaxone, for meningitis, 212
Central achromatopsia, 17
Central bitemporal hemianopic scotomas, 244, 

247f
Central caudal nucleus, 449
Central nervous system (CNS)

Sturge-Weber syndrome and, 90
Susac syndrome and, 76
vasculitis, 320
von Hippel-Lindau disease and, 89–90

Central retinal artery, 53
Central retinal artery occlusion (CRAO), 61, 

62f
Central retinal vein occlusion (CRVO), 63f–64f, 

64
Central scotomas

in central serous chorioretinopathy, 57–58
functional visual field loss and, 390
homonymous hemianopic, 306, 309f
optic neuropathies, 105

Central serous chorioretinopathy, 57–58, 57f
Central tegmental tract, 601
Central visual impairment, 325–326
Centrocecal scotomas, 56, 105
Cerebellar function, 32–34
Cerebellar hemangioblastomas, 89–90
Cerebellar lesions, in horizontal conjugate 

gaze deficits, 557
Cerebellar nystagmus, 600
Cerebellar vermis, lesions of, 349
Cerebellopontine angle, of  facial nerve, 451, 

452f, 464
Cerebral atrophy, 354
Cerebral autosomal dominant arteriopathy 

with subcortical infarcts and 
leukoencephalopathy (CADASIL), 78, 
661

Cerebral blindness, 301, 310–311, 312f, 313b
Cerebral diplopia, 410
Cerebral dyschromatopsia, 17
Cerebral hemiachromatopsia, 344–345, 345f

associated signs of, 345, 346f
color processing deficits, other cortical, 345
etiology of, 345
symptoms of, 345
visual association cortex (V4), 344, 345f

Cerebral hemispheres, neoplasms of, 322–323, 
322f

adult tumors, 322–323
childhood tumors, 323
metastatic tumors, 323, 323f
primary tumors, 322
radiation, effects of, 323, 324f

Cerebral hemorrhage, papilledema and, 212
Cerebral infarcts, 321
Cerebral (or cortical) ptosis, 457
Cerebrospinal fluid (CSF)

hypovolemia syndrome, 672, 673f
in idiopathic intracranial hypertension, 

217, 219
in papilledema, 211
in spinal cord tumors, 229

Cerebrovascular disease (ischemic stroke), 
313–317

aortic arch emboli, 316
cardiac surgery, 316
cardioembolism, 315–316
carotid artery disease, 316
hypercoagulable states, 316
migraine, 316–317
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neuroimaging in, 313, 314f
other causes of, 316
transtentorial herniation, 316
treatment for, 313
vertebrobasilar disease, 316
in young adults and children, 317

Charcot-Marie-Tooth (neurologic syndrome), 
129–130

CHARGE syndrome, 119–120, 419
Charles Bonnet syndrome, 401–403
CHD7 gene, 119–120
Chemotherapy, 68, 164
Chest radiography, for sarcoidosis, 142
Chiari malformation, optic disc swelling and, 

229
Chiasm

ages in, 3
developmental anomalies of, 281
neuroanatomy of, 237–239, 237f–239f

afferent visual pathway and, 39, 41f
vascular malformations intrinsic to, 

269–270
vascular processes affecting, 270

Chiasmal apoplexy, 269
Chiasmal disorders, 237–291

afferent pupillary defects in, 240
age and, 250, 251t
aneurysms causing, 267–269
arteriovenous malformations in, 270
chondrosarcomas in, 278
chordomas in, 278
clinical history of, 250–251
color vision in, 240
dermoids in, 278
diagnosis/approach to, 249–252
empty sella syndrome in, 282–283
endocrine disturbances associated with, 

248–249
endocrine symptoms in, 49
endocrine testing for, 252, 252b
endocrinopathy and, 248
epidermoids in, 278
eye movement abnormalities in, 246–248
gangliogliomas in, 277
germ cell tumors in, 277–278, 277f
granular cell and related tumors in, 278
hemifield slide phenomena in, 245–246, 

247f
hormone physiology and, 248
hypothalamic syndromes in, 248–249
hypothalamic (tuber cinereum) 

hamartomas, 276–277
infections in, 280–281
intrinsic, 252
malignant optic chiasmal gliomas of  

adulthood in, 275–276, 276f
metastases in, 278
neuritis in, 278–279
neuro-ophthalmic symptoms and signs in, 

239–248
neuroimaging of, 251–252
nystagmus, asymmetric or monocular, 248
optic disc findings in, 244–245
physical findings in, 251
pituitary adenomas causing, 252–258
radiation side effects, 281
radionecrosis in, 281
Rathke’s cleft cyst causing, 263–264, 264f
sellar and chiasmal lymphoma in, 278
sphenoid sinus mucoceles in, 283
suprasellar arachnoid cysts in, 264
third ventricular enlargement in, 281
trauma in, 281–282, 282f

vascular malformations in, 269–270
visual acuity in, 240
visual field loss patterns in, 240–244, 

242f–243f
visual field testing in, 247f
visual symptoms of, 239–240

Chiasmal/hypothalamic gliomas, 270–275
anterior, 272
endocrinologic manifestations of, 273
location and growth characteristics of, 272
neuro-ophthalmic signs of, 272–273, 273f
neurofibromatosis type 1 association with, 

271–272, 271f
neuroimaging of, 273, 274f–275f
pathology of, 272
posterior, 272
symptoms of, 272
treatment of, 273–275

Chief  complaint, in neuro-ophthalmic history, 
3

Childhood disorders
adrenoleukodystrophy, 329–330, 331f
functional homonymous hemifield loss,  

330
Horner syndrome in, congenital and 

acquired causes of, 437–439, 438t
ICTAL, 330
ischemic stroke in, 317
meningitis, 330
mitochondrial myopathy, encephalopathy, 

lactic acidosis, and strokelike episodes 
(MELAS), 328–329, 329f

neoplasms, cerebral hemispheres, 323
retrochiasmal disorders, 293–339
Sturge-Weber syndrome, 330, 332f

Children
fourth nerve palsies in, 516, 517t
functional visual loss in, 381

causes of, 381
clinical setting of, 381
findings and diagnosis of, 390
management of, 392–393

Horner syndrome in, 440, 441b
myasthenia gravis in, 476, 476f
neuro-ophthalmic history in, 5
papilledema in, 211
pseudotumor cerebri syndrome in, 224–225
sixth nerve palsies in

acquired, 519–520, 519f–520f, 519t
congenital, 520–522
Möbius syndrome and, 522
suggested workup for, 520, 520b

strabismus patterns in, 532–535
with third nerve palsies, 509–513, 510t, 

513b
aneurysms and, 512
diabetes and, 512–513
diagnostic evaluation of, 513
inflammatory, 510
miscellaneous common acquired 

etiologies of, 510–512
miscellaneous uncommon acquired 

etiologies, 512–513
neoplasms and, 510
ophthalmoplegic migraine, 510, 512f

thyroid eye disease, 630
visual field testing in, 42

Chloroquine, 72, 73f
Chlorpromazine, 667
Cholesterol emboli (Hollenhorst plaques), 59, 

60f, 76
Chondrosarcomas, 278, 523, 524f
Chorda tympani nerve, 451
Chordomas, 278, 523
Choristomas, 278

Choroidal hemangioma, in Sturge-Weber 
syndrome, 90–91

Chronic inflammatory demyelinating 
polyneuropathy, 228–229, 482

Chronic ocular ischemia, 369
Chronic progressive external ophthalmoplegia 

(CPEO), 478–480, 536
diagnosis of, 480, 480f
in Kearns-Sayre syndrome, 74–75
pathophysiology of, 478
signs of, 478, 479f
symptoms of, 478
treatment of, 480

Chronicity, of  symptoms, 4
Cidofovir, 324
Ciliary ganglion, 419f, 426–427, 614
Cilioretinal artery, 53, 54f
Cilioretinal artery occlusions, 63, 63f
Circle of  Willis

arteriovenous malformations, 318–320
in chiasm, 238f

Circulation of  head, optic nerve, 103f
Claude syndrome, 503–504, 505f
Clinical Activity Score, 626–627, 627b
Clinically isolated syndromes, 137–138
Clival meningiomas, 523
Clock drawing, 341–342, 351

examination, 18, 19f
Clonazepam, 606
Clopidogrel, 370–371
Cluster headaches, 662b, 670

Horner syndrome and, 437
CMAP. see Compound muscle action potential
Cocaine

hallucination associated with, 405
Horner syndrome and, 430f, 439

Coenzyme Q10, 669
Cogan syndrome, 77
Cogan’s lid twitch, 471
Cogan’s spasticity of  conjugate gaze, 302
Cold caloric test, 35, 35f
Collateral sulcus (CS) region, 345
Collier’s sign, in pretectal syndrome, 570
Coloboma, 118–119, 419
Color anomia, 345
Color comparison, in confrontation visual field 

assessment, 15, 15f
Color name aphasia, 345
Color perception, 11–14
Color plate

Hardy-Rand-Rittler, 11, 13f, 17
for severe unilateral vision loss, 384

Color vision
in chiasmal disorders, 240
optic nerve examination of, 104

Coma, 578
in conjugate gaze abnormalities, 578
pupils and, 441–442, 441f

Comatose patients, neuro-ophthalmic 
examination in, 34–35, 34b, 35f

Comitant esotropia, acquired, 520
Complete ophthalmoplegia, 578
Compound muscle action potential (CMAP), 

478
Compressive optic neuropathies, 161–169, 

162b
aneurysms, 168–169, 170f
etiology of, 162
mimicking simple ION, 151
optic canal, osseous disorders of, 169
optic nerve sheath meningiomas, 165
paraclinoid meningioma, 169f
primary optic nerve neoplasms

gliomas (benign) of, 163–164
malignant, 164, 165f–166f

Cerebrovascular disease (ischemic stroke) 
(Continued)
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signs of, neuro-ophthalmic, 162–163, 162f
skull base meningiomas, 168, 168t
symptoms of, 162, 162b

Computed tomography angiography (CTA), in 
carotid disease, 369

Computed tomography (CT)
for aneurysms, 269
for cerebrovascular disease (ischemic 

stroke), 313
for chiasmal disorders, 251–252
for optic disc drusen, 198
for optic nerve sheath meningiomas, 166f
for orbital disease, 618, 618f
for papilledema, 210–211
for third nerve palsies, 424, 509
for thyroid-associated ophthalmopathy, 624, 

626f
for venous thrombosis or obstruction, 227

Computerized threshold perimetry, 42–44
Cone dystrophies, with pigment migration, 

11–14
Cone-mediated response (photopic), 56
Cone or cone-rod dystrophies, 73–74, 74f–75f, 

74t
classification of, 73
clinical features of, 73–74

Confrontation field testing, 40–41
Confrontation visual field assessment, 14–16

color or subjective hand comparison in, 15, 
15f

“count the fingers” in, 14–15, 15f
documentation of, 15, 16f
laser pointer in, 15
recording of, within two circles, 15
reflex blink, absent of, 15
in visual field defect, 14–15
visual field integrity in, 15

Congenital disc anomalies, 112b, 113–125
drusen, optic neuropathy associated with, 

122–125, 124f
hypoplasia of, 113–116, 114f
morning glory, 121–122, 122f–123f
optic colobomas, 118–121, 120f
optic pits, 118–121, 120f–121f
staphyloma, 122
tilted disc, 118, 119f

Congenital dyschromatopsias, 11
Congenital/infantile disturbances, 

retrochiasmal, 325–328
cortical dysplasia, 327–328
delayed visual maturation, 328
hypoxic ischemic encephalopathy, 327,  

329f
periventricular leukomalacia, 326, 328f
stroke in utero, 326–327

Congenital nystagmus, 585, 589–591
spasmus nutans versus, 589t

Congenital ocular motor apraxia, in horizontal 
conjugate gaze deficits, 558, 559f–560f

Congenital saccadic palsy, 558–560
Congruity, 41
Conjugate eye deviation, 35
Conjugate eye movements, types of, 549–550
Conjugate gaze abnormalities, 549–584

approach to, 550
coma in, 578
complete ophthalmoplegia in, 578
examination of, 549–550
horizontal, 550b, 553–564. see also 

Horizontal conjugate gaze
abnormal deviations of, 551b, 564–567
caused by cortical lesions, 553–554
caused by other posterior fossa lesions, 

556–557
caused by pontine lesions, 554–556

neuroanatomy of, 550–553
neurologic disorders associated with, 

560–564
symptoms of, 549
vertical, 551b

abnormal deviations of, 551b, 576–578
acquired cases of, 578
amyotrophic lateral sclerosis in, 576
basal ganglia disorders in, 576
benign tonic vertical gaze in infancy, 

577–578, 577f
limitations of, 569–576
limited upgaze in, 573–574
mesencephalic, 573
neuroanatomy of, 567–569
neurologic disorders associated with, 

573–576
neuromuscular conditions in, 576
Niemann-Pick disorders in, 575
ocular tics in, 577, 577f
oculogyric crises in, 576–577
paraneoplastic brainstem encephalitis in, 

576
pretectal syndrome in, 569–573
progressive supranuclear palsy in, 574
supranuclear downgaze paresis in, 573
vertical “one-and-a-half ” syndrome in, 

573
Whipple disease in, 575

Conjugate gaze paresis, 554
Conjunctiva, telangiectasias of, 91
Consensual response, in pupil, 19–20
Contact lenses, nonorganic symptoms and, 

392
Contiguous infection, venous thrombosis or 

obstruction and, 225, 226f
Contiguous neoplasm, venous thrombosis or 

obstruction and, 225–226, 227f
Contrast sensitivity, 10–11, 13f, 104–105, 

131
Convergence, 24
Convergence-evoked nystagmus, 603–604
Convergence exercises, 498
Convergence insufficiency, 498

in pretectal syndrome, 570
Convergence retraction nystagmus, 586, 603

in pretectal syndrome, 570
Convergence spasm, 392, 497–498
Conversion disorder, 379, 381
Copper deficiency, 177
Corectopia, pupils and, 419, 422f
Corneal abnormalities, causing transient 

visual loss, 366
Corneal blink reflex, 23, 455, 467
Corneal diseases, headache in, 673–674
Corneal endothelial dysfunction, 366
Corneal opacities, in reduced visual acuity, 

8–10
Corneomandibular reflex, 455
Coronary artery disease, in past medical and 

surgical history, 4
Corpus callosum black holes, in Susac 

syndrome, 76–77
Cortical blindness, 310–311, 325–326
Cortical depression, in migraine aura, 

662–663
Cortical dysplasia, 327–328
Cortical ipsilesional pursuit defects, 553
Cortical ischemia, vasoconstriction-induced, 

397
Cortical lesions, horizontal conjugate gaze 

deficits caused by, 553–554
Corticobasal degeneration, 354
Corticobasal syndrome, in horizontal gaze 

deficits, 561

Corticobulbar tracts, disease of, in facial nerve, 
23

Corticodeficient states, pseudotumor cerebri 
syndrome and, 216

Corticosteroids
for acute posterior multifocal placoid 

pigment epitheliopathy, 77
for cluster headaches, 670
for headache, 671
for migraine, 512
for myasthenia gravis, 474, 475f
for neuromyelitis optica, 140
for paraneoplastic retinopathy, 66–67
for thyroid disease, 620–621
for Vogt-Koyanagi-Harada syndrome, 80–81

Corticotropin, 248
Cotton-wool spots, 63, 63f, 154–155, 155f, 

202
Cough headache, 671
Coumadin, 321
“Count fingers” (CF), 7

in confrontation visual field assessment, 
14–15, 15f

Cover-uncover testing, 26, 28f
“COWS” mnemonics, 35
Cranial nerve, evaluation of, 32
Cranial nerve palsies, isolated, 524
Craniopharyngiomas, 258–263

in children, 3
endocrinologic manifestations of, 260
location and growth characteristics of, 260
neuro-ophthalmic signs of, 260
neuroimaging of, 261–262, 261f–262f
pathology of, 260
symptoms of, 260
treatment of, 262–263

CRAO. see Central retinal artery occlusion
C-reactive protein levels, 151
Creutzfeldt-Jakob disease, 356

diagnostic studies for, 357, 357f
facial weakness in, 461–463
neuro-ophthalmic symptoms and signs of, 

356–357
neurologic symptoms and signs of, 356
pathology of, 357
posterior cortical atrophy and, 354
retrochiasmal disorders and, 324

Crouzon syndrome, 169
CRVO. see Central retinal vein occlusion
Cryotherapy, in von Hippel-Lindau disease, 89
Cryptococcal meningitis, 212
Cupping, optic nerve, 156f, 169–171, 172f
Cushing disease, 257
Cutaneous allodynia, 663, 667
CV2/CRMP-5 (paraneoplastic antibody), 

174–175
Cyclic esotropia, 520
Cyclic oculomotor spasms, 443, 503
Cyclophosphamide, 77
Cyclosporine, 80–81, 142
Cylinders, in fogging technique, 385
Cysticercosis, 281
Cystoid macular edema, 58, 58f

in uveitis-associated disc swelling, 142
Cytarabine, 324
Cytomegalovirus (CMV), 83

infection, 147
Czarnecki’s sign, 423

D
Daclizumab, 637
Dacryoadenitis, 634
Dandy-Walker malformation, with ocular 

motor apraxia, 560, 560f
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Dapsone, 159–160
Decompensated congenital strabismus, 4
Defective color vision. see Dyschromatopsia
Defective saccades, 550
Defective smooth pursuit, 554
Degree of  vision, recording of, 7
Delayed visual maturation, 328
Dementia with Lewy bodies, 356, 407–408
deMorsier’s syndrome, 114–115, 116f
Demyelination, retrochiasmal disorders and, 

325
Dendrites, 101
Dermoids, 278
Desipramine, 668
“Detect hand motions” (HM), 7
Developmental history, in children, 5
Devic disease (neuromyelitis optica), 139–140
DHE. see Dihydroergotamine
Diabetes insipidus, chiasmal disorders and, 

251
Diabetes mellitus, 4, 61, 64–65

children with third nerve palsies and, 
512–513

Diabetic ischemic maculopathy, 59
Diabetic papillopathy, 161, 161f
Diabetic polyneuropathy, 34
Diaphragma sella meningiomas, 267
DIDMOAD (Wolfram syndrome), 129
Diencephalic syndrome, 248
Diffuse uveal melanocytic proliferation 

(DUMP), 65, 68
bilateral, 68

Digoxin, 405–406
Dihydroergotamine (DHE), 667
Diplopia, in efferent dysfunction, 3
Dipyridamole, 370–371
Direct ophthalmoscopy, 31, 32f
Direct response, in pupils, 19–20
Directed general examination, 34
Directed neurologic examination, 31–34

in cerebellar function, 32–34
cranial nerve evaluation in, 32
in gait, 34
mental status evaluation in, 31–32
in motor function, 32
in reflexes, 34
in sensation, 34

Disc atrophy/pallor, 106–107
Disc edema

approach to patients with, 112
of  arteritic AION, 154–155
diabetic papillopathy of, 161
in malignant hypertension and eclampsia, 

83
and papilledema, 177

Disc pallor, 253
Disc swelling, 105–106
Dissociated nystagmus, 597
Dissociated vertical deviation, 535
Distance vision, 7, 9f–10f
Divergence insufficiency, 498
Divisional third nerve paresis, 524
Dix-Hallpike maneuver, 589t, 595f
DNA point mutation, in LHON, 127
DOA. see Dominant optic atrophy
Doll’s eye, 35
Dominant optic atrophy (DOA), 128–129, 128f
Dopamine, 248
Dorsum sella, 491
Double vision

approach to, 494, 494t
binocular, 493
botulinum injection, 468
in chiasmal disorders, 239–240
in chronicity, of  symptom, 4

dysthyroid myopathy, 629–630
in efferent dysfunction, 3
fixation switch diplopia and, 538
horizontal, 493, 494b
miscellaneous causes of, 537–538
monocular, 493, 495

neurologic causes of, 495
ophthalmic causes of, 495

muscle infiltration and, 536
nonparetic, 245–246
as orbital disease, 615
orbital inflammatory syndromes and, 535
orbital processes causing, 535–536
signs of, 493–494
spontaneous extraocular muscle 

contractions and, 537–538
superior oblique myokymia and, 537–538
supranuclear causes of, 495

acquired supranuclear monocular 
elevator palsy as, 501

convergence insufficiency as, 498
convergence spasm as, 497–498
divergence insufficiency as, 498
pseudoabducens palsy as, 498
skew deviation as, 498–499

symptoms of, 493
thyroid-associated ophthalmopathy and, 

535
treatment for, 494–495
vertical, 493, 494b

Downbeat nystagmus, 597–598, 598f–599f
Doxycycline, for meningitis, 212
Droperidol, 667
Drug-induced nystagmus, 604
Drugs, in horizontal gaze deficits, 564, 565t
Drusen, optic disc

hemorrhages associated with, 198
optic neuropathy associated with, 122–125, 

124f
papilledema and, 197–198, 201f

Dry eyes, 366, 673–674
Duane’s retraction syndrome, 3, 520–521, 

521f
Ductions, 24, 24f–25f
Duloxetine, 668
DUMP. see Diffuse uveal melanocytic 

proliferation
Duochrome test, for severe unilateral vision 

loss, 383, 384f
Dural arteriovenous malformations, 528, 529f

clinical presentation of, 530
diagnostic evaluation of, 530
treatment for, 530–531

Dural sinuses, arteriovenous malformations of, 
228, 228f

Dysarthria, in posterior fossa lesion, 4
Dyschromatopsia, 11

congenital, 104–105
ethambutol for, 177–178, 178f

Dysdiadochokinesia, 32–34
Dysmetria, 32–34
Dysplastic cortex, 327–328
Dysthyroid myopathy, 629–630
Dystopia, 30–31

E
Eale disease, 77, 77f
Early Treatment in Diabetic Retinopathy Study 

(ETDRS) charts, 8, 9f–10f
Echography

for orbital disease, 617–618, 617f
for thyroid-associated ophthalmopathy, 624, 

627f
for Vogt-Koyanagi-Harada syndrome, 80

Eclampsia, 83, 84f
ECST. see European Carotid Surgery Trial
Ectopia lentis et pupillae, 419
Ectopic pupils, 419
Edinger–Westphal nucleus, 19–20, 417, 429, 

614
Edrophonium test, for myasthenia gravis, 

454f, 473
Efferent dysfunction, 3
Efferent system, 18–30

eyelids in, 22–23, 22f
facial nerve in, 23
ocular motility and alignment in, 23–30, 

24f–30f
pupils in, 18–22, 19f–21f

Ehlers-Danlos syndrome, 434
Eight-and-a-half  syndrome, 554
Electrical cortical stimulation, 349
Electrocardiography, 667
Electromyography, 473
Electronic medical record (EMR) technology, in 

neuro-ophthalmic history, 3
Electroretinography (ERG), 56

for acute idiopathic blind spot enlargement 
syndrome, 69

for cone or cone-rod dystrophies, 73–74
for melanoma-associated retinopathy, 68
for multiple evanescent white dot syndrome, 

69–71
for paraneoplastic retinopathy, in optic 

neuropathy differential diagnosis, 68
tilted disc anomaly and, 118
total blindness and, testing for, 383
visual field loss pattern and, 50–51

Eletriptan, 667
Elevation, 24
Empty sella syndrome, 282–283
Encephalotrigeminal angiomatosis, 90–91, 

330, 332f
Endarterectomy, carotid, 371
Endocarditis, 315–316, 316f
Endocrine aspects, of  Graves disease, 620
Endocrine disturbances, associated with 

chiasmal disorders, 248–249
Endocrine symptoms, chiasmal disorders and, 

49
Endovascular treatment, in pseudotumor 

cerebri syndrome, 221–223
Enophthalmos, 614–615
Entoptic (ocular) phenomena, 404, 404b

due to ocular pathology, 404
normal physiologic, 404

Eosinophilic granuloma, 279
Epidermoids, 278
Epilepsy

benign childhood, 406
occipital lobe, 406
parietal lobe, 407
temporal lobe, 406–407, 407f
transient visual loss and, 375

Epileptic kinetopsia, 407
Epileptic nystagmus, 604
Epiphora, 23
Epley maneuver, 595f
Epstein-Barr virus (EBV), 83, 322–323
Erdheim-Chester disease, 637
Erectile dysfunction drugs, and ION, 149
ERG. see Electroretinography
Ergotamines, 512, 670
Erythema migrans (Lyme disease), 147
Erythrocyte sedimentation rate (ESR), optic 

neuropathies and, 151
Esotropia, 24, 26, 28f

comitant, acquired, 520
cyclic, 520
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Maddox rod testing and, 494
strabismus and, 532–533, 534f

ESR. see Erythrocyte sedimentation rate
Ethambutol, 177–178, 178f
Ethmoidal arteries, 611
European Carotid Surgery Trial (ECST), 371
European Group on Graves Orbitopathy, 626, 

626t
Ewing’s sarcoma, 644
Examination, neuro-ophthalmic, 7–36, 8b

in afferent visual function, 7–18
in comatose patients, 34–35, 34b, 35f
directed general, 34
directed neurologic, 31–34

in cerebellar function, 32–34
cranial nerve evaluation in, 32
in gait, 34
mental status evaluation in, 31–32
in motor function, 32
in reflexes, 34
in sensation, 34

in efferent system, 18–30
external, 30–31, 31f
for nystagmus, 585–586, 586f, 587t–589t, 

588f
ophthalmoscopic, 31, 32f–33f
for orbital disease, 615–617
slit-lamp, 31

Exotropia, 24, 26, 28f
Extensor plantar responses, 34
External beam radiotherapy, 254, 275
External examination, 30–31, 31f
Extraocular muscles, 612

enlarged, 633b, 637–638
ischemia, 536

Eye chart, polarized, 384
Eye movement abnormalities

in chiasmal disorders, 246–248
conjugate gaze abnormalities, 549–584
orbital disease, 617

Eye movements, conjugate, 549–550, 550t
Eye patching, in past neurologic and 

ophthalmologic history, 4
Eye strain, headache caused by, 674
Eyelid, 22–23, 449

abnormal appearance of, chronicity of, 22
appearance and position of, 22, 22f
apraxia of  eyelid opening, 457–458
blink reflexes and, 455
crease, position of, 22
disorders of, 449–488. see also Facial nerve, 

disorders of
function of, 22–23, 22f
history and examination of, 453–455
lag, 23
lag in downgaze, 450f, 459–460, 460f
levator dehiscence in, 22
M-group neurons in, 449
myopathic conditions in, 22–23
neuroanatomy of, 449–453
nystagmus, 470
oculomasticatory myorhythmia, 469–470
palpebral fissure in, 22
palpebromandibular synkinesia in, 469
plus-minus eyelid syndrome of, 460
scleral show in, 22–23
seesaw-like eyelid movements of, 470
tics, 468
upper, 449, 450f
vertical eye movements, coordination with, 

449, 450f
Eyelid retraction, 450f, 458–460, 459b

miscellaneous causes of, 460
in pretectal eyelid retraction (Collier’s sign), 

459–460, 460f

in pretectal syndrome, 570
in thyroid-associated ophthalmopathy, 459, 

622
von Graefe’s sign in, 459

F
Facial colliculus syndrome, 554, 555f
Facial dyskinesias, drug-induced, 469
Facial nerve, 23, 449–453

cerebellopontine angle in, 451, 452f
disorders of, 449–488
extracranial course of, 451–453, 452f
history and examination of, 453–455
muscles innervated by, 453, 453f
nuclear and infranuclear, 449–451, 

451f–452f
supranuclear pathways of, 449, 450f
vascular supply and, 452f, 453

Facial pain and disorders of  facial sensation, 
674–681

approach in, 674
associated with enlargement of  branches of  

trigeminal nerves, 681
atypical, 680–681
clinical syndromes in, 676–677, 678f
herpes zoster ophthalmicus, 679–680, 680f
isolated trigeminal neuropathy, 677, 679f
neuroanatomy in, 674–676, 675f–677f
neurotrophic cornea, 677–679
numb chin syndrome, 677
trigeminal neuralgia, 679, 680f

Facial recognition, 347. see also Prosopagnosia
Facial synkineses, 468, 469f
Facial weakness, 460–467

approach to, 460–461, 462f
in Bell’s palsy, 465
central, 461–464
cerebellopontine angle, 464
congenital facial palsy and, 465
diagnostic considerations in, 466t
diseases commonly associated with, 

470–482
evaluation for, 465–466
fascicular, 463–464, 464f
medical treatment for, 466
metastatic lesions and, 464–465
myasthenia gravis and, 465, 466f
myopathic causes, 465
neuromuscular junction and, 465
neuropathic causes of, 465
nuclear, 463, 463f
otitis media and, 465
peripheral, 464–465
in Ramsay Hunt syndrome, 465
in sarcoidosis, 464
subarachnoid, 464
supranuclear, 461
surgical treatment for, 466–467
transtemporal bone, 465, 465f
trauma, 465
treatment of, 466–467

Factor V Leiden mutation, 80
Familial horizontal gaze palsy, 557
Family history, 5
Farnsworth D-15 (dichotomous) panel test, 

11, 14f, 17
Farnsworth-Munsell 100-Hue tests, 11, 345
Fast vestibular-ocular reflex (VOR), 24–26
Fibrosis syndromes, congenital, 532, 534f
Fibrous dysplasia, 644–645, 645f
Figure drawing, 341–342, 351
Fixation switch diplopia, 538
FLAIR (fluid level attenuated inversion 

recovery) sequences, 131–132

Flashing lights (photopsias), 56, 65, 130–131
in acute idiopathic blind spot enlargement 

syndrome, 69
Flick phosphenes, 404
Floaters, 404
Floor fractures, 648–649
Fluorescein angiography (FA)

for cystoid macular edema, 58
for giant cell arteritis, 372
for Leber’s hereditary optic neuropathy,  

125
for maculopathies and optic neuropathies, 

distinction between, 56
for morning glory disc anomaly, 121
for multiple evanescent white dot syndrome, 

69–71, 71f
for optic atrophy, 106–107
for papilledema, 206–207
for temporal arteritis and ION, 157, 158f
for Vogt-Koyanagi-Harada syndrome, 80

Fluorescent treponemal antibody absorption 
(FTA-ABS) testing, 423

Fluoxetine, 668
Fogging technique, for moderate monocular 

vision loss, 385
Follicle-stimulating hormone (FSH), 248
Fortification spectra, 397–398, 397f
Foster Kennedy syndrome

and compressive optic neuropathies, 
162–163, 162f

papilledema and, 202–204, 207f
and skull base meningiomas, 168

Fourth nerve palsies, 494t, 513–516, 515f
acquired, diagnostic evaluation of  adults 

with, 516
bilateral, 515, 516f
in children, 516, 517t
combined, third, sixth and, miscellaneous 

causes of, 522–532
base of  skull lesions as, 523
brainstem and, 522
cavernous sinus disturbances as, 

523–532
subarachnoid disturbances as, 522–523

decompensated congenital, 513–514, 
515f–516f

management of, 516
Parks-Bielchowsky three-step test in, 513, 

514f
Foveal avascular zone, in retina, 53
Foville syndrome, 554
Fraction, visual acuity as, recording of, 7
Frégoli syndrome, 348–349
Frequency doubling technology (FDT) 

perimetry, 44, 46f
Friedreich’s ataxia, 129–130
Froin syndrome, 229
Frontal lobe disturbances, 354
Frontalis muscle, eyelids, 449, 453
Frovatriptan, 667, 669
FSH. see Follicle-stimulating hormone
Functional homonymous hemifield loss, 

retrochiasmal disorders and, 330
Functional magnetic resonance imaging, for 

akinetopsia, 349, 350f
Functional (nonorganic) visual loss, 8–10, 

379–393
approach to patient with, 381–382

alteration of  patient-physician 
relationship in, 382

diagnosis in, 381–382
subjectivity in, 381

in children, 381
causes of, 381
clinical setting of, 381
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findings and diagnosis of, 390
management of, 392–393

clinical presentation of, 380–381
complaint types in, 381
impact in, 381
patient characteristics in, 380–381, 380t
setting in, 380

management of  patient with nonorganic 
symptoms of, 392–393

in adults, 392
in children, 392–393
differential diagnosis in, 392

monocular double vision and, 495
patterns of, 382–393

efferent nonorganic neuro-ophthalmic 
disorders, overview of, 390–392

functional visual field loss, 390
moderate binocular vision loss, 389–390
moderate monocular vision loss, 

385–389
severe unilateral vision loss, 383–385
total blindness, 382–383

terminology of, 379–380
Fundus autofluorescence (FAF), maculopathies 

and optic neuropathies, distinction 
between, 56

Fungal disease, HIV-associated optic 
neuropathy in, 148

Fungal infections, 646–647
aspergillosis, 647
cavernous sinus disturbances and, 526–527
orbital infections, 646–647
phycomycosis (mucormycosis), 646

Furosemide, for pseudotumor cerebri 
syndrome, 220–221

Fusiform aneurysms, 169
Fusiform enlargement, pattern of, 166
Fusiform face area, 347

G
GABA. see Gamma-aminobutyric acid
Gabapentin

for headaches and migraines, 669–671, 
679

for nystagmus, 591, 602
Gadolinium enhancement, in optic nerve,  

151
Gait, 34
Gallium scanning, for sarcoidosis, 81
Gamma-aminobutyric acid (GABA), 72–73
Gamma globulin, intravenous, 77
Gangliogliomas, in chiasmal disorders, 277
Ganglion cell axons, 101

in chiasma, 239
in lateral geniculate nucleus, 297
in optic tract, neuroanatomy, 293–294
in retina, 53

Ganglion cells
and intraocular optic nerve, 101
nasal macular, 101–102

Gasserian ganglion, 677
Gaucher disease, in horizontal gaze deficits, 

561
Gaze-evoked amaurosis, causing transient 

visual loss, 365, 373
Gender of  patient

branch retinal vein occlusion in, 65
in neuro-ophthalmic history, 3

Genetic testing, 127
Geniculocalcarine pathway, 39–40
Germ cell tumors, in chiasmal disorders, 249, 

277–278, 277f

Germinomas, 277, 277f
in pretectal syndrome, 570

Gerstmann syndrome, 32
Giant cell arteritis, 320

with amaurosis fugax, 4
horner syndrome and, 437
retinal-vascular transient visual loss and, 

372
and temporal arteritis and ION, 154
visual prognosis of, 160
in women, 3

Giant cell granuloma, 280
Gigantism, 256
Glabellar reflex, 455
Glatiramer acetate, multiple sclerosis, 137
Glaucoma

angle-closure, 429, 674
in branch retinal vein occlusion, 65
episodic or rapidly progressive vision loss, 

171
low or normal tension, 170
narrow-angle, subacute transient attacks of, 

366
neovascular, 369
in past neurologic and ophthalmologic 

history, 4
in Sturge-Weber syndrome, 90–91

Glial cells, optic nerve, 102–103
Glioblastoma (malignant optic nerve glioma), 

164, 165f–166f
Gliomas

cerebral hemispheres, neoplasms, 322
malignant optic chiasmal, 275–276, 276f
optic nerve (benign), 163–164, 163f

Gliomatosis cerebri, 212
Globe hypoperfusion, 369
Globe ptosis, 30–31
Globulin, intravenous immune, 137
Glossopharyngeal neuralgia, 672
Glucocorticoids, for Addison’s disease, 216
Goldmann kinetic perimetry, 41, 44–47, 

46f–47f
for chiasmal disorders, 244, 246f

Goldmann perimetry
for ocular ductions and alignment, 623
tubular visual field testing and, 386, 387f

Goldmann visual field, 65, 67f, 70f
Gonadotropin-secreting pituitary tumors, 258
Gonioscopy, for narrow-angle glaucoma, 366
Gradenigo syndrome, 465
Granular cell tumors, 278
Granulomatous hypophysitis, idiopathic, 280
Granulomatous orbital inflammation, 637
Graphesthesia, 34
Grating acuity, 8
Graves disease, endocrine aspects, 620
Gray vision, topical diagnosis of, 48
Greater occipital neuralgia, 671
Growth hormone (GH), 248

deficiency, 115
Growth hormone-secreting pituitary tumors, 

256
Guillain-Barré syndrome, 34, 481–482

diagnosis of, 482
optic disc swelling and, 228–229
pathophysiology of, 481
pupils and, 442
signs of, 481–482
symptoms of, 481
treatment of, 482

H
HAART. see Highly active antiretroviral 

therapy

Haidinger’s brush, 404
Hallucinations and illusions, 395–413

alcohol-induced, 404–406
causes of, 395, 396t
diagnosis of, 395
drug-induced, 404–406
entoptic (ocular) phenomena in, 404,  

404b
history and examination of, 395
hypnagogic, in narcolepsy, 410
ictal, 407
in metabolic diseases, 410
in neurodegenerative disease, 407–408
in normal individuals, 410–411
peduncular, 408–409, 408f
in psychiatric disease, 410
related to central nervous system lesions, 

408–410
seizures and, 406–407
treatment overview for, 396
visual loss and, 401–403, 402b, 403f

Hallucinogen persisting perception disorder, 
405

Hallucinogens, 405
Haloperidol, 667
Halos, 404
Hamartoma

astrocytic, 85–87
hypothalamic, 276–277
in phakomatoses, 85, 87f
in tuberous sclerosis, 87–88

Hand-Schüller-Christian disease, 279
Hardy-Rand-Rittler color plate, 11, 13f, 17
Harlequin syndrome, tonic pupils and, 428
“Have light perception” (LP), 7
Headache, 661–684

approach to, 661
and carotid dissection, 672
chronic daily, 669
classification of, 661, 662b
cluster, 437, 662b, 670
cough, 671
in glossopharyngeal neuralgia, 672
in greater occipital neuralgia, 671
hemicrania continua, 670–671
history of, 661
hypnic, 671–672
ice pick, 671
in idiopathic intracranial hypertension,  

217
in intracranial hypotension, 672, 673f
intraocular causes of, 674
medication overuse, 670
in meningiomas, of  skull base, 265
as migraine symptom, 661, 664
mild to moderate, in migraine, 666–667
miscellaneous, 674, 675t
moderate to severe, in migraine, 666t,  

667
ocular diseases and, 672–674
paroxysmal hemicrania, 670–671
posttraumatic, 672
primary trochlear, 674
in pseudotumor cerebri syndrome without 

papilledema, 672
“red-flag”, 661
severe, in emergency department, 667–668
slit-ventricle syndrome and, 214
in SUNCT syndrome, 671
of  temporal arteritis, 672
tension, 662b, 669–670
thunderclap, 671

Heimann-Bielschowsky phenomenon, 592
Hemangioblastomas, 89–90, 643–644
Hemangiopericytomas, 644

Functional (nonorganic) visual loss 
(Continued)
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Hemeralopia, 55. see also Abnormal glare 
sensitivity

Hemianopia
bitemporal, 240–244, 242f–243f

functional visual field loss and, 390
in childhood disorders, 293
congruity and localization, 293
migraine and, 374
monocular temporal, 390, 391f
visual field testing and, 41

Hemianopic alexia, 332, 344
Hemianopic prisms, retrochiasmal disorders 

and, 332–333, 333f
Hemicrania continua, 670–671
Hemifacial spasm, 23, 467
Hemifield slide phenomena, 245–246, 247f, 

537
Hemineglect, 18, 18f
Hemiopic hypoplasia, 116
Hemiplegic migraine, 665
Hemispatial sunglasses, 351–352
Hemorrhage, 317–320

amyloid angiopathy, 317–318, 318f–319f
arteriovenous malformations, 318–320, 

319f
cavernous angiomas (cavernomas), 320
disc drusen associated with, 198
hypertensive, 317, 318f
intracerebral, causes of, 317b
papilledema associated with, 205–206
preretinal, 212

Henle’s layer, fluid leakage into, 145
Heparin, 321
Hereditary retinal dystrophies, in differential 

diagnosis, 73–75
cone or cone-rod dystrophies, 73–74
maculopathies with ophthalmoscopic 

abnormalities, 74
mitochondrial diseases, 74–75

Hering’s Law, 28–29, 454, 454f, 460, 471
Herpes simplex virus (HSV), in acute retinal 

necrosis, 83
Herpes zoster, 148
Herpes zoster ophthalmicus, 611, 679–680, 

680f
Hertel exophthalmometry, 30–31, 31f
High factor VIII, in amaurosis fugax, 61
Higher cortical visual function disorders, 

341–364
in area V2-V5, 341–342
concepts in, 341

disconnection (versus direct damage), 
341, 342t

simultaneous occurrence, 341
diseases commonly associated with, 

354–358
neuroanatomical organization of, 341,  

343f
occipital lobe disturbances, 342–344

alexia without agraphia, 342–344, 344f
occipitotemporal disturbances, 344–350

cerebral hemiachromatopsia, 344–345, 
345f–346f

signs on examination for, 341–342, 342t
symptoms and signs, 341–342

neuro-ophthalmic, 341
neurologic, 341

Higher cortical visual function examination, 
16–18, 17f

Highly active antiretroviral therapy (HAART), 
324

Hill of  vision concept, visual field testing and, 
42, 42f–43f

Hippus, 19
Hirschberg test, 30, 30f

Histiocytic disorders, 637
Histiocytosis X, 279
History, neuro-ophthalmic, 3–5, 4b

chief  complaint in, 3
in children, 5
family, 5
past medical and surgical, 4
past neurologic and ophthalmologic, 4
patient’s age in, 3
in present illness, 3–4

associated symptoms, 4
detailing the problem, 3
temporal profile of  symptoms, 4

review of  systems in, 4
social, 5

HIV. see Human immunodeficiency virus
HLA. see Human leukocyte antigen
Hollenhorst plaques. see Cholesterol emboli
Homonymous field defect, 34, 41, 50f
Horizontal cells, in retina, 53
Horizontal conjugate gaze

abnormal deviations of, 551b, 564–567
periodic alternating gaze in, 566–567
ping-pong gaze in, 566–567
seizures in, 565, 565f–566f
stroke in, 564–565
thalamic hemorrhages in, 566

cerebellar lesions in, 557
congenital ocular motor apraxia in, 558, 

559f
deficits of, 551b, 553–564

by cortical lesions, 553–554
neurologic disorders associated with, 

560–564
other, 557–560
by pontine lesions, 554–556
by posterior fossa lesions, 556–557

familial horizontal gaze palsy in, 557
medullary lesions in, 556–557, 558f
midbrain deficit in, 556
neuroanatomy of, 550–553
optokinetic nystagmus in, 553
saccades in, 550–552, 551f–552f
saccadic palsy after cardiac surgery, 557
scoliosis in, 557
smooth pursuit in, 552–553, 552f
vestibuloocular reflex in, 553

Horizontal raphe, 101–102, 102f
Horizontal saccadic failure, 561
Horner syndrome, 19, 430–441, 430f

carotid disease and, 369
clinical signs and symptoms in, 430–431, 

430b, 431f
congenital and acquired causes of, in 

childhood, 437–439, 438t
etiology and localization of, 431, 431t
facial pain and, 676–677
injury of  first-order neuron (central Horner 

syndrome), 431–433
injury of  second-order neuron 

(preganglionic Horner syndrome), 433, 
433f

injury of  third-order neuron (postganglionic 
Horner syndrome), 434–437

ipsilateral, abducens palsy and, 525
with levator function, 22–23
pharmacologic testing in, 439–440
of  unknown cause, management of, 

440–441, 440b–441b
HOTV letters, in visual acuity, 8, 11f
Human immunodeficiency virus (HIV)

-associated optic neuropathies, 147–148
progressive multifocal leukoencephalopathy 

association, 323
with syphilis, 146

Human leukocyte antigen (HLA), 621
Human transmissible spongiform 

encephalopathies, 356
Humphrey field test, threshold perimetry and, 

42–43, 44f–45f
Humphrey perimetry, in papilledema, 210f
Huntington disease, 458

in horizontal gaze deficits, 561
Hutchinson’s pupil, 423
Hydrocephalus, 213–214, 214f

in pretectal syndrome, 570
Hydroxyamphetamine, Horner syndrome and, 

439–440
Hydroxychloroquine, 72, 73f
Hyperactive reflexes, 34
Hypercholesterolemia, in past medical and 

surgical history, 4
Hypercoagulable states, 79–80, 80f

ischemic stroke and, 316
venous thrombosis or obstruction and, 225

Hyperopia, in branch retinal vein occlusion, 
65

Hyperprolactinemia, 248, 256
Hypersecretion, 248, 250t
Hypertension

in branch retinal vein occlusion, 65
malignant, 83, 84f
in past medical and surgical history, 4

Hypertensive hemorrhage, 317, 318f
Hyperthyroidism, 104, 620, 628
Hypertropia, 24, 26, 28f
Hypnagogic hallucinations, in narcolepsy, 410
Hypnic headache, 671–672
Hypochondriacs, functional visual loss and, 

379
Hypoglossal nerve dysfunction, 32
Hypogonadism, 256
Hypokinetic wall motion abnormalities, 315
Hypomelanotic macules, 88
Hypopituitarism

in chiasmal disorders, 248, 250t
optic neuropathies and, 115

Hypotension
intracranial, 672, 673f
nocturnal, 149

Hypothalamic chiasmal gliomas, 248
Hypothalamic hamartomas, 276–277
Hypothalamic lesions, Horner syndrome and, 

431–432, 432f
Hypothalamic syndromes, 248–249
Hypoxemia, static encephalopathy due to, 5
Hypoxic ischemic encephalopathy, 327, 329f
Hysteria, functional visual loss and, 379

“la belle indifference” and, 380–381

I
ICE. see Iridocorneal endothelial syndrome
Ice pick headache, 671
ICGA. see Indocyanine green angiographies
ICTAL, retrochiasmal disorders and, 330
Ictal hemimacropsia, 407
Ictal visual hallucinations, 407
Ictal visual loss, 375
Idiopathic granulomatous hypophysitis, 280
Idiopathic hypertrophic pachymeningitis,  

144
Idiopathic intracranial hypertension, 

215–216
management of, 220–223
mechanism of, 217
neuro-ophthalmic findings in, 219–220
outcome in, 223–224
presenting signs and symptoms in, 

217–219
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Idiopathic orbital inflammatory syndrome 
(IOIS), 631–637, 631f

classifications of, 632–635
dacryoadenitis, 634
diagnostic studies, 636
differential diagnosis of, 632
diffuse inflammation, 633, 633f
imaging for, 636
as immune-mediated condition, 631–632
myositis, 631f, 633, 633b, 634f
pathogenesis of, 631–632
pathology of, 632
pediatric, 635–636
perineuritis, 635, 635f
posterior scleritis, 617f, 618, 632–633, 

632f–633f
prevalence of, 632
sclerosing orbital inflammation, 635, 

635f–636f
thyroid-associated ophthalmopathy versus, 

634t
treatment for, 636–637

IHS. see International Headache Society
Illusory visual spread, 409
Imagery, visual, 354
Immune reconstitution inflammatory 

syndrome (IRIS), 324
Immunoglobulin, intravenous, 628
Immunohistochemistry, in cancer-associated 

retinopathy, 66
Immunomodulatory therapies, for Vogt–

Koyanagi–Harada syndrome, 80–81
Immunosuppressive disorders, in past medical 

and surgical history, 4
Indirect ophthalmoscopy, 31, 33f
Indocyanine green angiographies (ICGA), 

69–71, 80
Infantile-onset saccade initiation delay, 

558–560
Infections

in pretectal syndrome, 573
retrochiasmal disorders, 323–325

abscesses, 312f, 324–325, 326f
Creutzfeldt-Jakob disease, 324
progressive multifocal 

leukoencephalopathy, 323–324, 325f
Inferior division left third nerve palsy, 504f
Inferior parietal lobule, 350
Inflammatory/infectious disorders

granulomatous orbital inflammation, 637
histiocytic disorders, 637
immune reconstitution inflammatory 

syndrome (IRIS), 324
perineuritis, orbital inflammatory 

syndromes, 142
polyarteritis nodosa, 637
retinal manifestations of, 81–84

acute retinal necrosis, 83
blood dyscrasias, 83–84
cat scratch disease, 83
eclampsia, 83, 84f
malignant hypertension, 83, 84f
sarcoidosis, 81–82, 81b, 81f–82f
subacute sclerosing panencephalitis, 83
systemic lupus erythematosus, 80f, 

82–83
Wegener’s granulomatosis, 637

Inflammatory masses, 279–280
idiopathic granulomatous hypophysitis in, 

280
Langerhans cell histiocytosis in, 279
lymphocytic adenohypophysitis in, 280
optochiasmatic arachnoiditis in, 280
sarcoidosis in, 279, 279f

Infliximab, 142, 637

Infraduction, 24
Inherited cerebellar ataxias, in horizontal gaze 

deficits, 560, 563t
Inherited dyschromatopsia, 11
INO. see Internuclear ophthalmoplegia
INR. see International normalized ratio
Inspection, in ocular motility and alignment, 

24
Interhemispheric rivalry, 351
Intermittent horizontal saccade failure, 

558–560
International Headache Society (IHS), 

396–397, 511
International normalized ratio (INR), 315
Internuclear ophthalmoplegia (INO), 

495–497
diagnosis, 497
differential diagnosis, 497, 497f
multiple sclerosis, 135
pathophysiology of, 496–497, 496f
signs of, 495–496, 496f
symptoms of, 495
variations in, 497
wall-eyed bilateral, 496

Interstitial nucleus of  Cajal (inC), in vertical 
conjugate gaze, 567, 567f

Intraabdominal pressure, elevated, in 
idiopathic intracranial hypertension, 
217

Intraarterial fibrinolysis, 63
Intraaxial lesions, third nerve palsies and, 

503–505
Intracanalicular optic nerve, 103, 104f
Intracavernous aneurysm, 531, 531f
Intracerebral hemorrhage, causes of, 317b
Intracranial hypotension, 672, 673f
Intracranial neoplasms, optic disc swelling 

and, 211–212
Intracranial optic nerve, 103
Intracranial stenosis, 316
Intracranial venous pressure, increased, in 

idiopathic intracranial hypertension, 
217

Intracranial vessels, in trigeminal system, 676
Intraocular optic nerve, and ganglion cells, 

101–102, 102f
Intraoral trauma, Horner syndrome and, 

436–437, 436f
Intraorbital optic nerve, 102–103
Intraparenchymal hemorrhage, 212, 320
Intravitreal bevacizumab, 153
Iodine treatment, 628
Iodothyronines (T3 and T4), 620
IOIS. see Idiopathic orbital inflammatory 

syndrome
IONDT. see Ischemic Optic Neuropathy 

Decompression Trial
Iridocorneal endothelial syndrome (ICE),  

419
IRIS. see Immune reconstitution inflammatory 

syndrome
Iris coloboma, 419, 421f
Iris heterochromia, 430–431
Iritis

abnormally shaped pupils and, 419, 421f
headache and, 674
in slit-lamp examination, 108
unreactive pupils and, 429

Ischemia, 593t
Ischemic central retinal vein occlusion, 64
Ischemic chiasmal syndrome, 270
Ischemic optic neuropathies (IONs), 148–161

amiodarone-associated optic neuropathy 
from, 178–179, 178f

clinical course of, 151

diabetic papillopathy and, 161, 161f
diagnostic studies/evaluation of, 151
and erectile dysfunction drugs, 149
nonarteritic, 149–153

and arteritic, 154t
optic neuritis clinical distinction between, 

153
paraneoplastic retinopathy and, differential 

diagnosis of, 68
pathogenesis of, 152
posterior, 160–161
surgery/blood loss associated with, 161
and temporal arteritis and, 153–160
treatment of, 153

Ischemic Optic Neuropathy Decompression 
Trial (IONDT), 149

Ischemic stroke. see Cerebrovascular disease
Isolated cranial nerve palsies, 524
Isopters

tangent screen visual field testing, 46
in tangent screen visual field testing, 387f

J
Jaeger notation, in visual acuity, 8, 9f–10f
Jerk nystagmus, 26
Joubert syndrome, 602, 602f
Junctional scotomas, 244, 245f

K
23-kDA retinal antigen, in cancer-associated 

retinopathy, 66
Kearns–Sayre syndrome, 478–480, 536

diagnosis of, 480, 480f
as mitochondrial disease, 74–75
pathophysiology of, 478
signs of, 478, 479f
symptoms of, 478
systemic complications of, 478–480
treatment of, 480

Ketorolac, 667
“Keyhole” visual fields, 306–308, 310f
Kinetic Goldmann perimetry

in idiopathic intracranial hypertension,  
219

in papilledema, 209
Kinetic perimetry, 41

automated, 46–47, 48f
Goldmann, 41, 44–47, 46f–47f
threshold perimetry and, 42

King-Devick test, 552
Klüver–Bucy syndrome, 32
Krimsky test, 30, 30f

L
Labyrinthine artery, 453
Lacrimal gland, 614
Lacrimal tumors, 640
Lagophthalmos, 23
Lambert–Eaton myasthenic syndrome (LEMS), 

477–478
Lamina cribrosa, optic nerve, 102–103
Lamotrigine, 669–671
Landmark agnosia, 348–349
Langerhans cell histiocytosis, 279
Laser pointer

in confrontation visual field assessment, 15
as visual stimulus, 47, 49f

Laser scanning tomography, in papilledema, 
209

LASIK-induced optic neuropathy, 171
Latent nystagmus, 591, 591f
Lateral geniculate body (LGB), 101
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Lateral geniculate nucleus (LGN), 39–40
neuroanatomy of, 297, 299f–300f
retrochiasmal pathway lesions of, 297–300

etiology of, 300, 301f
neuro-ophthalmic signs of, 299
symptoms and signs of, 297–300
visual field defects of, 297–298

Lateral medullary lesions, 557
Lateral medullary stroke, 34
Lateral occipital (LO) region, 345
Lea figures, in visual acuity, 8, 11f
Leber’s hereditary optic neuropathy (LHON), 

125–128, 126f
classic disc appearance in patients with, 

125
demographics of, 125
in family history, 5
normal-appearance of  optic nerves and, 

112
other associations of, 126–127
signs of, neuro-ophthalmic, 125, 127f
symptoms of, neuro-ophthalmic, 125

Leber’s stellate neuroretinitis, 144–145
Left hemiparalexia, 343
Left neglect syndromes, 350
Leigh syndrome, 522

in horizontal gaze deficits, 564
LEMS. see Lambert–Eaton myasthenic 

syndrome
Leptomeningeal primitive neuroectodermal 

tumors, 212
Letter cancellation, in higher cortical visual 

function, 16–17, 17f
Letterer-Siwe disease, 279
Leukemia

and optic disc, 174, 174f
in retinal ischemia, 84, 85f

Levator dehiscence, 22
Levator dehiscence-disinsertion syndrome 

(aponeurotic ptosis), 458, 458f
Levator palpebrae superioris muscle, 449
Levodopa, 153

hallucination associated with, 406
LGB. see Lateral geniculate body
LGN. see Lateral geniculate nucleus
LHON. see Leber’s hereditary optic neuropathy
Lid lag, 23
Lid nystagmus, 604
Lidocaine, 667, 671
Light blindness, 55
Light-near dissociation, in pupil, 21–22
Light reactivity, in pupil, 19–20
Limited upgaze, in elderly patients, 573–574
Lithium, 670–672
Local ocular processes, tonic pupils and, 

427–428, 427f–428f
Locked-in syndrome, 554
Lockwood’s ligament, 612
Logarithm of  the minimal angle of  resolution 

(logMAR), 8
Louis–Bar syndrome, 84–85, 91. see also 

Ataxia telangiectasia
Low-contrast letter acuity, 10–11
Low-contrast Sloan letter acuity testing, 11, 

13f
Low or normal tension glaucoma (LTG), 170
LSD. see Lysergic acid diethylamide
LTG. see Low or normal tension glaucoma
Lumbar puncture (LP), in papilledema, 

210–211
Lumboperitoneal shunting, 221
Lupus anticoagulants, 82–83
Luteinizing hormone (LH), 248
Lyme disease, 147, 464. see also Erythema 

migrans

Lyme meningitis, 212
Lymphangiomas, orbital, 643, 644f
Lymphocytic adenohypophysitis, 280
Lymphoma, 174, 174f

cavernous sinus disturbances and, 526
MALT, 639
in numb chin syndrome, 677
orbital tumors, 638–639, 639f
sellar and chiasmal, 278

Lysergic acid diethylamide (LSD), 
hallucination associated with, 405

Lysosomal storage diseases, 130

M
Macroadenomas, 253, 254f
Macropsia, 399
Macrosaccadic oscillations, 605, 605f
Macrosquare-wave jerk, 605
Macular cherry-red spot, 78
Macular disorders

Amsler grid testing for, 16
photostress test in, 16

Macular edema, 58, 58f
Macular lesion, in reduced visual acuity, 8–10
Macular sparing, occipital lobe, 306, 308f
Maculopathies

acute macular neuroretinopathy in, 58f,  
59

ancillary testing in, 56
central serous chorioretinopathy, 57–58, 

57f
cystoid macular edema, 58, 58f
diabetic ischemic, 59
mimicking optic neuropathy, 56–59, 59b
with ophthalmoscopic abnormalities, 74, 

76f
optic neuropathies and, distinction between, 

55–56, 55t
photostress test for, 55–56
signs of, 55–56
symptoms of, 55

Maddox rod testing, 29–30, 29f, 494
Magic drop test, for severe unilateral vision 

loss, 385
“Magic drops”, 390
Magnetic resonance angiography (MRA)

for carotid disease, 369
for third nerve palsies, 509

Magnetic resonance imaging (MRI)
for aneurysms, 268–269, 268f
for chiasmal disorders, 237–238, 240f–

241f, 251–252
for craniopharyngiomas, 261–262, 

261f–262f
for Leber’s hereditary optic neuropathy, 126
for migraine, 661
for optic canal meningioma, 167f
for optic nerve sheath meningioma, 167f
for orbital disease, 618–619, 619f
for papilledema, 210–211
T2-weighted

in cerebrovascular disease (ischemic 
stroke), 313

in periventricular leukomalacia, 326, 
328f

for third nerve palsy, 424
for thyroid-associated ophthalmopathy, 

624–626, 625f–626f
for venous thrombosis or obstruction, 227

Magnetoencephalography (MEG), for 
akinetopsia, 349

Magnocellular (M) pathway, 101
Malignancies, paraneoplastic retinopathy and, 

65

Malignant hypertension and eclampsia, 83, 
321–322

Malignant optic nerve glioma. see 
Glioblastoma

Malingering, 379
hysterical vision loss versus, 380–381

MAR. see Melanoma-associated retinopathy
Marcus Gunn jaw-winking, 455–456, 457f, 

460
Marcus Gunn pupil, 21
Marfan syndrome, 434
Margin reflex distance (MRD), 22, 22f
McDonald Criteria, multiple sclerosis (MS), 

136
Media opacity

with blurred vision, 3
in reduced visual acuity, 8–10

Medial longitudinal fasciculus (MLF), 489, 551
Medication overuse headache, 670
Medullary lesions, in horizontal conjugate 

gaze deficits, 556–557, 558f
MEG. see Magnetoencephalography
Melanocytomas, of  optic disc, 174
Melanoma-associated retinopathy (MAR), 65, 

67
MELAS. see Mitochondrial myopathy, 

encephalopathy, lactic acidosis, and 
strokelike episodes

Memantine, for nystagmus, 591, 602
Ménière’s disease, 593t
Meningiomas

of  anterior visual pathway, 169f
cavernous sinus, 525–526, 525f
in chronicity of  symptoms, 4
clival, 523
paraclinoid, 169f
planum sphenoidale and olfactory grove, 

168, 170f
of  skull base, 264–267

anterior clinoidal, 266–267
associations of, 265
diaphragma sella, 267
neuro-ophthalmic symptoms and signs of, 

265
neuroimaging of, 265, 265f–266f
outcome of, 265–267
pathology of, 264–265
treatment of, 265
tuberculum sellae, 266

sphenoid wing, 523
Meningitis

carcinomatous, 172, 172f
optic disc swelling and, 212–213
retrochiasmal disorders and, 330

Menstrual migraine, 665–666
Mental neuropathy, 677
Mental status, evaluation of, 31–32
Mesencephalic lesions, Horner syndrome and, 

432, 432f
Mesencephalic reticular formation, 567
Mesencephalic vertical gaze deficits, 573
Metabolic diseases, 78–79, 78b

abnormal retinal pigmentation, 78–79
hallucinations and illusions in, 410
macular cherry-red spot, 78
optic atrophy, 79

Metamorphopsia, 16f
in cystoid macular edema, 58
maculopathies and optic neuropathies, 

distinction between, 55
in migraine, 399

Metastases, cavernous sinus disturbances and, 
526

Metastatic disease, in melanoma-associated 
retinopathy (MAR), 68
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Metastatic lesions, facial weakness and, 
464–465

Metastatic tumors
cerebral hemispheres, neoplasms of, 323, 

323f
extraocular muscles, 638
orbital, 640–641, 640f–642f, 644

Methanol, 177
Methotrexate, 142
Methoxyflurane, 72
Methylenetetrahydrofolate reductase 

(MTHFR), in amaurosis fugax, 61
Methylprednisolone

for migraine, 668
for multiple sclerosis, 137

Metoclopramide, 667, 670
Meyer’s loop, 39–40
Microadenomas, 253
Microhemagglutination assay-Treponema 

Pallidum (MHA-TP) testing, 428
Microprolactinomas, 256
Micropsia, 399
Midbrain, in horizontal conjugate gaze deficits, 

556
Middle cerebral artery (MCA), optic radiations 

from, 301, 302f, 307f–308f
Migraine, 661–669

abortive therapy for, 666–668
acephalgic, 401, 669
in Alice in Wonderland syndrome, 664
alternative treatments for, 667
anticonvulsant drugs for, 668–669
antidepressants for, 668
with aura, 396–397, 401, 662b, 664

mechanism of, 662–663
no effective treatment for, 667
probable, 396–397

basilar, 665
in benign episodic mydriasis, 665
beta-blockers for, 668
calcium channel blockers for, 668
cause of  posterior ischemic optic 

neuropathy, 161
chronic, 661
classic, 374, 396–397
diagnostic testing in, 662b, 666
distortions and illusions in, 399–400, 400f
epidemiology of, 661
episodic visual loss due to, 4
in family history, 5
fortification spectra in, 397–398, 397f
genetic factors of, 661
hallucinations and illusions in, 396–404, 

396b
complex, 398–399

headache in, 662b, 664
hemianopias and, 374
hemiplegic, 665
integrated theory in, 663, 663f
in interictal heightened visual sensitivity, 

664
ischemic stroke and, 316–317
menstrual, 665–666
migrainous infarction in, 396–397
mild-to-moderate headaches and, 666–667
miscellaneous prophylactic medications for, 

669
moderate to severe headache and, 666t, 

667
nontraditional treatments for, 669
ocular complications of, 665b
ophthalmologic, third nerve palsies and, 

510, 512f
ophthalmoplegic, 665
oral contraceptives and stroke in, 666

pathophysiology of, 661–663
persistent aura without infarction in, 

396–397
persistent positive visual phenomena in, 

400, 401f
in pregnancy, 666
preventive therapy for, 668–669, 668t
pupils and, 442, 442f
retinal, 374, 664–665, 665b
scintillating scotomas in, 397–398, 397f
scotomas, 374
sensory disturbance in, 664
severe, in emergency department, 667–668
simple positive visual phenomena in, 398, 

398f
subtypes, 664–666
symptoms and signs of, 663–664
transformed, 661
transient visual loss and, 365, 373–374, 

374b
treatment for, 374, 666–669, 666t
vertigo in, 665
vestibular, 593t, 665
in women, 665–666

Migrainous infarction, 664, 664f
Miller Fisher syndrome, 465, 482
Miller Fisher variant, pupils and, 442
Mineralocorticoids, for Addison’s disease, 216
Mirror test, for total blindness, 382
Mitochondrial diseases, 74–75

genetics, 127
Kearns–Sayre syndrome, 74–75. see also 

Kearns–Sayre syndrome
MELAS, 75
NARP, 75

Mitochondrial encephalopathy with lactic 
acidosis and strokelike episodes 
(MELAS), 75

Mitochondrial myopathy, encephalopathy, 
lactic acidosis, and strokelike episodes 
(MELAS), 328–329, 329f

Mitochondrial neurogastrointestinal 
encephalopathy syndrome, 480

Mitoxantrone, for multiple sclerosis, 137
MLF. see Medial longitudinal fasciculus
Möbius syndrome, 463, 463f, 522, 554
Mollaret’s triangle, 601
Monocular temporal hemianopia, functional 

visual field loss and, 390, 391f
Monocular vision loss, 5, 49

amaurosis fugax and, 366
moderate, 385–389

Mononeuritis multiplex, 34
Moore’s lightning streak, 404
Morning glory disc anomaly, 121–122, 

122f–123f
Motor evaluation, in facial nerve, 23
Motor function, 32
Motor neglect, 350
Motor neuron disease, 522
Moya-moya, 121
MRD. see Margin reflex distance
Mucoceles, 144, 145f, 647, 647f
Mucormycosis, 646
Mueller cell, in retina, 53, 56
Müller’s (superior tarsal) muscles, eyelids, 

449, 458
Multifocal VEPs, 50–51, 132–134
Multiple evanescent white dot syndrome 

(MEWDS), 69, 71f
Multiple sclerosis (MS), 135, 138t

course of, variations, 136
diagnosis of, 136
in family history, 5
McDonald Criteria, 136

new demyelinative plaques, 136
optic neuritis, pediatric and, 140–141
pendular nystagmus, 600–603
treatment options in, 137
upbeat nystagmus, 599–600

Multiple system atrophy (MSA), in horizontal 
gaze deficits, 561

Münchausen syndrome, 379, 380f
by proxy, 381

Muscle-specific kinase (MuSK), 473
Myasthenia gravis, 470–477

antibody testing for, 473
in children, 476, 476f
Cogan’s lid twitch in, 471
congenital myasthenic syndrome, 477
diagnostic testing for, 473
edrophonium test for, 454f, 473
electromyography for, 473
facial weakness in, 465, 466f
fatiguability in, 471
ice pack, rest, and sleep tests for, 474, 474f
imaging for, 474
lid hopping in, 472
lid peak sign in, 471–472
medical treatment for, 474–475
neostigmine for, 474
neuro-ophthalmic signs of, 471–473, 471b
neuromuscular junction and, 536, 536f
ophthalmoparesis for, 473
orbicularis oculi weakness and, 471–472, 

472f
pathophysiology of, 470, 470f
preferential involvement of  extraocular 

muscle, 470–471
ptosis and, 4, 471, 471f–472f
reduce the risk of  conversion to generalized 

myasthenia, 476
surgical treatment for, 476
symptoms of, 471
treatment of, 474, 474b

Mydriasis, congenital, 429
Myelinated retinal nerve fibers, 125
Myelopathy, 177
Myoclonus (oculopalatal tremor), 601, 601f
Myokymia, 469
Myopathic conditions, in eyelid, 22–23
Myopathic ptosis, 456
Myopia, ocular motility deficits in, 538
Myositis, 631f, 633, 633b, 634f
Myotonic dystrophy type 1, 480–481

N
Naratriptan, 667, 669
Narcolepsy, hypnagogic hallucinations in, 410
Narrow-angle glaucoma, subacute transient 

attacks of, 366
Nasal hypoplasia, 115–116, 118f
Nasal macular ganglion cells, 101–102
NASCET. see North American Symptomatic 

Carotid Endarterectomy Trial
Nasopharyngeal tumors, cavernous sinus 

disturbances and, 525
Near vision, 7, 9f–10f

testing for, moderate monocular vision loss 
and, 385

Nefazodone, akinetopsia association, 349
Nefazodone hydrochloride, 668
Negative forced duction test, 25f
Neglect

motor, 350
representational, 351
sensory, 350
visual (hemi-inattention), 350–352

Nelson syndrome, 257
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Neoplasms
cavernous sinus disturbances and, 525
of  cerebral hemispheres, 322–323, 322f

adult tumors, 322–323
childhood tumors, 323
metastatic tumors, 323, 323f
primary tumors, 322
radiation, effects of, 323, 324f

in chronicity of  symptoms, 4
primary optic nerve, 163–164, 163f
sixth nerve palsies and, 518–520
third nerve palsies and, 509–510

Neovascular glaucoma, 369
Neuralgia, 434, 671–672
Neurinomas, 508
Neuritis, chiasmal, 278–279
Neuro-ophthalmic disorders, categorization of, 

3, 4t
Neuro-ophthalmic examination, for 

hallucinations and illusions, 395
Neuroadrenergic locus ceruleus, 663
Neuroblastoma, Horner syndrome and, 437, 

438f
Neurodegenerative disease, hallucinations and 

illusions in, 407–408
Neuroectodermal dysgenesis, primary, 121
Neurofibromas, 456, 457f, 639–640
Neurofibromatosis

type 1, 271–272, 271f
type II, 85, 87f

Neurogenic tumors, 639–640
Neurohypophysis, 248
Neuroimaging

for compressive optic neuropathies, 163
for idiopathic intracranial hypertension, 

218f, 219
for retrochiasmal disorders, 330
for tuberous sclerosis, 88
for venous thrombosis or obstruction, 227

Neurologic conditions, of  pupils, 419, 422f
Neurologic diplopia, 3
Neurologic disorders

associated with horizontal gaze deficits, 
560–564

associated with vertical gaze deficits, 
573–576

Neuromuscular conditions, in vertical gaze 
deficits, 576

Neuromuscular junction, 456, 536
blockade, 429

Neuromyelitis optica, 139–140. see also Devic 
disease

Neuromyotonia, 469
Neuronal ceroid lipofuscinosis, 78–79
Neuroparalytic keratopathy, 677–679
Neuropathy, ataxia and retinitis pigmentosa 

(NARP), 75
Neuroretinitis, 107–108, 144–146, 

145f–146f
Neurotrophic cornea, 677–679
Nevus flammeus, in Sturge–Weber syndrome, 

91
Niemann-Pick disease, in vertical gaze deficits, 

575
“No light perception” (NLP), 7
Nonaccidental injury, retinal hemorrhage and, 

211
Nonarteritic ischemic optic neuropathy, 

149–153
Nonfunctioning (nonsecreting) pituitary 

tumors, 255
Nongerminoma germ cell tumors, 277
Nonischemic central retinal vein occlusion,  

64
Nonparalytic strabismus, 30

Nonparetic double vision, 245–246
Nonsteroidal antiinflammatory drugs 

(NSAIDs), 666–667, 669
North American Symptomatic Carotid 

Endarterectomy Trial (NASCET), 371
Nortriptyline, 668
NOSPECS classification system, TAO, 626
Notch3 (chromosome 19) defect, in CADASIL, 

78
NSAIDs. see Nonsteroidal antiinflammatory 

drugs
Nucleus of  optic tract, 591
Numb chin syndrome, 677
“Number-plus system,” in RAPD, 21
Nutritional optic neuropathies, 175–179, 

175b
Nystagmoid eye movements, 604–607

pharmacologic treatment of, 598t
saccadic intrusions, 605–606
superior oblique myokymia, 606–607

Nystagmus, 26, 585–610, 586f
acquired pendular, 600
alcohol-induced, 604
asymmetric or monocular, 248
caloric stimulation, 586
congenital, 585, 589–591
congenital disc anomalies and, 113
convergence-evoked, 603–604
convergence retraction, 603
dissociated, 597
downbeat, 597–598, 598f–599f
drug-induced, 604
epileptic, 604
examination for, 585–586, 586f, 587t–

589t, 588f
eyelid, 470
factitious, 392
Joubert syndrome, 602, 602f
latent, 591, 591f
lid, 604
monocular and visual deprivation, 592
MRI, induced during an, 604
oculomasticatory myorhythmia and, 

469–470, 602
oculopalatal tremor, 601, 601f
optokinetic, 604
pathologic gaze-evoked, 594–597, 597t
pathophysiology of, 586–588
periodic alternating, 597
pharmacologic treatment of, 598t
physiologic gaze-evoked, 593t, 594
pure torsional, 600
rebound, 597
see-saw, 247–248, 603, 603f
spasmus nutans, 591–592
symptoms associated with, 585
triangular wave, 589
types of, 586t, 588–604
upbeat, 598–600, 599t, 600f
vestibular, 585, 592–594, 594t
voluntary, 603

Nystagmus blockage syndrome, 589

O
Observation, for total blindness, 382
Occipital face area, 347
Occipital lobe, 304–312

diagnosis and management of  disturbances 
of, 312–333

cerebrovascular disease, 313–317
hemorrhage, 317–320

disorders of  higher cortical visual function, 
342–344

alexia without agraphia, 342–344, 344f

lesions
alexia without agraphia and, 18
cerebral blindness and, 310–311, 312f, 

313b
etiology of, 294t, 312, 313f
symptoms and signs of, 306–312

neuro-ophthalmic signs of, 312
neuroanatomy of, 304–305, 306f–307f
Riddoch phenomenon and blindsight and, 

311–312
visual field defects of, 306–309

Occipital lobe epilepsy, 406
Occipitotemporal disturbances, 344–350

akinetopsia, 349–350, 350f
cerebral hemiachromatopsia, 344–345, 

345f–346f
optic aphasia, 349
prosopagnosia, 347–348
visual agnosias. see agnosia, visual
visual memory disturbances, 349

Occupational exposures, 5
OCT. see Ocular coherence tomography; 

Optical coherence tomography
Octreotide, 257
Ocular apraxia, Balint syndrome and, 353
Ocular bobbing, 607
Ocular coherence tomography (OCT), 146f

of  compressive optic neuropathies, 
162–163, 162f

of  drusen, disc, 122
ethambutol, 178
of  papilledema, 208–209
of  skull base meningiomas, 168

Ocular dysmetria, 605
Ocular flutter, 605–606, 605f
Ocular ischemia, 155
Ocular ischemic syndrome, 63
Ocular misalignment, 26

approach to, 494, 494t
eye muscle surgery, 629–630, 630f
signs of, 493–494
symptoms of, 493
treatment for, 494–495

Ocular motility and alignment, 23–30
assessing ocular misalignment in, 26, 28f
Bell’s phenomenon in, 24, 25f
ductions in, 24, 24f–25f
inspection of, 24
Maddox rod testing in, 29–30, 29f
spasticity of  conjugate gaze in, 24
upgaze paresis in, 24
vergences in, 24

Ocular motility deficits, in pretectal syndrome, 
570

Ocular motor abnormalities, as biologic 
markers, 561

Ocular motor paresis, 554
Ocular motor system

anatomy of, 489–493
from central nervous system to the orbit, 

489–493
overview of, 489

extraaxial structures, 490–491, 490f,  
492f

blood supply of  motor nerves, 492–493
nuclear and fascicular structures, 489, 

490f–491f
orbit and, 490f, 492, 493f
supranuclear control of  III, IV, and VI, 489

Ocular myopathies, primary, 536
Ocular neuromyotonia, 538
Ocular surface abnormalities, causing 

transient visual loss, 366
Ocular tics, in abnormal vertical conjugate 

gaze deviations, 577, 577f
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Ocular-tilt reaction (OTR), 498, 499f–500f, 
499t

Oculocephalic eye movements, 35
Oculocephalic maneuver, 24–26, 27f
Oculogyric auricular reflex, 23
Oculogyric crises, in abnormal vertical 

conjugate gaze deviations, 576–577
Oculomasticatory myorhythmia, 469–470, 

576, 602
Oculomotor nerves, primary tumors of, 

508–509
Oculopalatal tremor, 601, 601f
Oculopharyngeal muscular dystrophy, 481
Oculosympathetic dysfunction, 19
Oculosympathetic spasm, 443
OKN. see Optokinetic nystagmus
Olfactory grove meningiomas, 168
Oligodendrocytes, optic nerve, 102–103
Omnipause neurons (OPN), 551, 552f
Onabotulinumtoxin A, 669
“One-and-a-half ” syndrome

in horizontal conjugate gaze deficits, 554, 
556f–557f

pontine lesion deficits and, 497
in vertical conjugate gaze deficits, 573

ONH. see Optic nerve hypoplasia
ONSM. see Optic nerve sheath meningioma
ONTT. see Optic Neuritis Treatment Trial
OPA1 gene abnormalities, dominant optic 

atrophy, 128–129
Ophthalmic artery, neuroanatomy of  the 

afferent visual pathway and, 39
Ophthalmoparesis, 26

for myasthenia gravis, 473
Ophthalmoplegia

complete, 578
factitious, 392

Ophthalmoplegic migraine, 665
third nerve palsies and, 510

Ophthalmoscopic abnormalities, hereditary 
maculopathies with, 74

Ophthalmoscopic examination, 31, 32f–33f
Ophthalmoscopy

for maculopathies and optic neuropathies, 
distinction between, 56

optic nerve examination and, 105–108
sclerosing orbital inflammation, 635, 635f

OPN. see Omnipause neurons
Opsoclonus, 605–606
Optic aphasia, 349
Optic ataxia, 353, 353f
Optic atrophy, 79

associated with neurologic and metabolic 
disease, 129–130

diabetic papillopathy and, 161
dominant, 128–129
Kjer’s dominant, 125
metabolic and degenerative diseases 

associated with, 129b
minimal temporal pallor of, 110f
primary, 109f
recessive, 129
secondary, 109f
syphilis, 146–147

Optic canal, osseous disorders of, 169
Optic canal meningioma, MRI of, 167f
Optic disc, orbital disease, 616
Optic disc anomalies, congenital, 113–125
Optic disc pallor, 112–113, 113b
Optic disc swelling, 197–235

Chiari malformation and, 229
chronic inflammatory demyelinating 

polyneuropathy and, 228–229
differential diagnosis of, 198t
dural sinuses and, arteriovenous 

malformations of, 228, 228f

Guillain–Barré syndrome and, 228–229
hydrocephalus and, 213–214, 214f
mechanism of, 200–201, 202f
meningitis and, 212–213
normal optic disc and, 198f–199f
optic neuropathies

acute optic neuritis and, 148f
distinguished from papilledema, 197–200

orbital disease, 616
papilledema. see Papilledema
spinal cord tumors and masses and, 229
venous thrombosis or obstruction and, 

225–228, 225f
Optic nerve, 109–111

anatomy of, 101–103
anomalous discs of, 111
apical crowding, 623
appearance of  disc of, 105, 109f
blood supply to, 102
examination of, 104–108

central defects, 105
color vision, 104
contrast sensitivity, 104–105
generalized constriction of  visual fields, 

105, 106f–108f
nerve fiber bundle defects, 105
ophthalmoscopy, 105–108
Pulfrich phenomenon, 105
pupils, 105
slit-lamp, 108
systemic evaluation, 104
visual acuity, 104
visual fields, 105

fiber layer imaging of, 108–109, 110f–111f
headache caused by diseases of, 674
intracanalicular, 103, 104f
intracranial, 103
intraocular, and ganglion cells, 101–102, 

102f
intraorbital, 102–103
metastases, 172–173, 173f
neuroanatomy of  the afferent visual 

pathway and, 39
normal-appearing, 112
orientation within, 103
and peripheral nerves, 101
primary neoplasms, gliomas (benign), 

163–164, 163f
related retinal lesions in, 107–108
retinal imaging and, 208–209
in sarcoidosis, 141–142
swollen, 112

Optic nerve aplasia, 114
Optic nerve atrophy, in maculopathies and 

optic neuropathies, distinction between, 
56

Optic nerve disease, afferent pupillary 
dysfunction due to, 19

Optic nerve gliomas, 270–271
Optic nerve hypoplasia (ONH), 113, 114f

associated features of, 114–115, 114f,  
116f

bilateral, 113
cortical migrational abnormalities in 

patients with, 115
“double-ring sign”, 113–114
evaluation of, 122
hemiopic, 116
segmental, 115–116, 117f–118f

Optic nerve sheath fenestration (ONSF) 
surgery, 221, 222f–223f

Optic nerve sheath meningioma (ONSM), 165
axial computed tomography of, 166f
clinical course of, 166
diagnostic studies/neuroimaging of, 166
MRI of, 167f

pathology and growth characteristics of, 
165

symptoms and signs of, neuro-ophthalmic, 
165

treatment of, 166
Optic neuritis, 130–139

in atypical cases, 139, 139t
in central serous chorioretinopathy, 57–58
in chronicity of  symptoms, 4
clinical distinction between ischemic optic 

neuropathy, 153
clinically isolated syndrome, therapy, 139
course and recovery of, 135
demographics of, 130
diagnostic studies of, 131, 133f
examination findings of, 131b
fundus findings in patients with, 132f
normal-appearance of  optic nerves of, 112
other therapies for, 139
pediatric, and MS, 140–141
signs of, neuro-ophthalmic, 131
symptoms of, neuro-ophthalmic, 130, 130b
transient visual loss and, 365
treatment in typical cases, 138–139
in women, 3

Optic Neuritis Treatment Trial (ONTT), 130
course and recovery of, 135
diagnostic studies of, 131, 133f
treatment in typical cases, 138–139

Optic neuropathies, 101–196
ancillary testing in, 56
approach to patients with, 109–113
associated with cancer, 171–175
autoimmune, 143–144
B12 deficiency, 176–177, 176f
central defects of, 105
common causes of, 112b
compressive, 161–169, 162b
Cuban and tropical, 177
hereditary, 125–130

genetic testing, 127
Leber’s hereditary optic neuropathy, 

125–128
mitochondrial genetics, 127
treatment of, 127–128

history of, 103–104
HIV-associated, 147–148
idiopathic hypertrophic pachymeningitis 

and, 144
infectious, 144–148

herpes zoster, 148
HIV-association, 147–148
Lyme disease, 147
neuroretinitis, 144–146, 145f–146f
sinusitis and mucoceles, 144, 145f
syphilis, 146–147, 147f

inflammatory, 130–144
LASIK-induced, 171
Leber’s hereditary, 5
maculopathies and, distinction between, 

55–56, 55t
maculopathies mimicking, 56–59, 59b
nerve fiber layer imaging of, 108–109, 

110f–111f
neuromyelitis optica, 139–140
ophthalmoscopy of, 105–108
with optic nerve cupping, 170–171, 171f
paraneoplastic, 174–175
photostress test in, 16
postdecompression, 214
posterior indirect traumatic, 179–181, 

179t, 180f
radiation-induced, 121
relapsing or recurrent, 143–144
related to systemic lupus erythematosus, 

142–143, 144f
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retrobulbar, 112b
in sarcoidosis, 141–142
signs of, 55–56
subfrontal meningioma of, 163f
symptoms of, 55
thyroid-associated ophthalmopathy, 623, 

624f–625f
toxic, 177–179
traumatic, 179–181, 180f
unilateral, 104–105
uveitis-associated disc swelling and, 142

Optic pathway gliomas, in children, 3
Optic pits, 118–121, 120f–121f
Optic radiations, 300–304

diagnosis and management of  disturbances 
of, 312–333

cerebrovascular disease, 313–317
hemorrhage, 317–320

from middle cerebral artery, 301, 302f, 
307f–308f

neuroanatomy of, 300–301, 302f
“pie in the sky defect”, 301, 303f
retrochiasmal pathway lesion

etiology of, 294t, 303–304, 305f
neuro-ophthalmic sign of, 301–302
optical coherence tomography in, 

302–303
symptoms and signs of, 301–302
visual field defects of, 301, 303f–305f

Optic tract
neuroanatomy of, 293–294, 295f
retrochiasmal pathway lesions of, 293–297, 

294t
bow-tie” or “band” atrophy in, 294–295, 

296f–297f
etiology of, 295–297, 298f
neuro-ophthalmic signs of, 294, 

296f–297f
symptoms and signs of, 294–295
visual field defects of, 294, 295f

Optical coherence tomography (OCT)
for maculopathies and optic neuropathies, 

distinction between, 55, 56f–58f
for maculopathies mimicking optic 

neuropathy, 56
acute macular neuroretinopathy, 59
cystoid macular edema, 58, 58f

for optic nerve atrophy, 56
in optic radiations, 302–303
for pituitary adenomas, 253
for toxic retinopathy, 72

Optochiasmatic arachnoiditis, 280
Optokinetic flag, 586
Optokinetic nystagmus (OKN), 26, 27f, 604

in conjugate eye movements, 549, 550t
in horizontal conjugate gaze, 553
total blindness and, testing for, 382

Oral contraceptives, 666
Orbicularis oculi contraction, 23
Orbicularis oculi weakness, myasthenia gravis 

and, 471–472, 472f
Orbicularis oris muscle, 453
Orbital anatomy, 611–614, 612f

bones of  orbit, 611–612, 613f, 613t
ciliary ganglion, 614
extraocular muscles, 612
lacrimal gland, 614
periorbita and septae, 613
vascular structures, 612, 614t

Orbital apex, Horner syndrome and, 437
Orbital blowout fractures, 648–649
Orbital disease

age of  patient in, 619
approach to diagnosis in, 619–620
clinical history, 619
computed tomography for, 618, 618f

diagnostic orbital imaging, 617–619, 617t
echography for, 617–618, 617f
enlarged extraocular muscles, causes, 

637–638, 638f
examination of, 615–617, 619–620, 620f
eye movement disorders and, 490f, 492, 

493f
general physical findings, 619
imaging in, 619
inflammatory, 637–638

granulomatous orbital inflammation, 637
histiocytic disorders, 637
polyarteritis nodosa, 637
Wegener’s granulomatosis, 637

magnetic resonance imaging for, 618–619, 
619f

neuro-ophthalmology of, 614–617
retinal findings, 616–617, 616f
symptom of, 614–615
trauma, 647–649, 648f–651f

Orbital infections, 645–647, 646f
aspergillosis, 647
clinical presentation, 645–646
fungal infections, 646–647
mucoceles, 647, 647f
silent sinus syndrome, 647, 648f

Orbital inflammatory syndromes, 142, 535
Orbital ischemia, 369
Orbital surgery, 649–651
Orbital tumors, 638–644

frequency, 638
intracranial tumors, orbital extension, 643
lacrimal, 640
lymphoma, 638–639, 639f
metastatic, 640–641, 640f–642f
neurogenic, 639–640
pediatric, 644
plasma cell, 639
secondary, 641–643
vascular, 643–644

Organophosphates, 606
Oscillopsia, 585
Otitis media, facial weakness and, 465
OTR. see Ocular-tilt reaction
Out-of-body experience, 407
Oxytocin, 248

P
Pain, in optic neuritis, 4
Palinopsia, 400, 409, 409f
Palpebral fissure, 22
Palpebral-oculogyric reflex, 24
Palpebromandibular synkinesia, 469
Palsy

acquired supranuclear monocular elevator, 
501

congenital facial, 465
isolated cranial nerve, 524
miscellaneous causes of  combined third, 

fourth, and sixth nerve palsies and, 
522–532

base of  skull lesions as, 523
brainstem and, 522
cavernous sinus disturbances as, 

523–532
subarachnoid disturbances as, 522–523

progressive supranuclear, 458
pseudoabducens, 498

Panretinal photocoagulation, in diabetic 
ischemic maculopathy, 59

Pantomime, moderate monocular vision loss 
and, 386

Papilledema, 253
atrophic, 107, 202, 204f
causes of, 209t

cerebral hemorrhage and, 212
“champagne-cork” appearance of, 202, 204f
in children, 211
chronic, 202, 202b, 204f
and compressive optic neuropathies, 

162–163, 162f
differential diagnosis in patients with, 209
distinguished from other causes of  disc 

swelling, 197–200
early and acute, 201–202, 202b, 203f
evaluation of  patients with, 210–211, 211b
fluorescein angiography in, 206–207
Foster Kennedy syndrome and, 202–204
fundus appearance of, 200–206
grading systems for, 202
“high-water mark” in, 206, 208f
idiopathic intracranial hypertension and, 

219
intracranial neoplasms and, 211–212
ophthalmoscopy and, 105–106
and optic disc edema, 177
optic nerve and retinal imaging in, 

208–209
pseudotumor cerebri syndrome without, 

224, 672
pseudotumor cerebri with, 208f
retinal findings associated with, 204–206, 

204t
transient visual obscurations and, 372–373
trauma and, 212
treated, 202, 205f–206f
ultrasound in, 207–208
visual deficits associated with, 209

Papillophlebitis (benign diabetic papillopathy), 
161

Papillorenal syndrome, 119–120
Paracentral defects, 105
Paracentral visual field defect, 390
Parahippocampal gyrus, 347
Parallel processing concept, visual pathways, 

101
Paralytic pontine exotropia, 554
Paralytic strabismus, 30
Paramedian midbrain infarction, in pretectal 

syndrome, 572–573, 572f
Paramedian pontine reticular formation 

(PPRF), 489, 551, 552f, 554
Paranasal sinus disease, 144
Paraneoplastic brainstem encephalitis, in 

vertical gaze deficits, 576
Paraneoplastic ganglion cell neuropathy 

(PGCN), 68
Paraneoplastic optic neuropathy (PON), 

174–175
Paraneoplastic retinopathy (PR), 65–69

differential diagnosis of, 68
symptoms, signs and electroretinography of, 

65, 67f
bilateral diffuse uveal melanocytic 

proliferation, 68
cancer-associated cone dysfunction, 67
cancer-associated retinopathy, 65
melanoma-associated retinopathy, 67
paraneoplastic ganglion cell neuropathy, 

68
systemic evaluation of, 68

Paraneoplastic syndromes, 65, 66t
Parasitosis, 405
Parasympathetic abnormality, in pupil, 19
Parietal disturbances, 350–352, 351f

visual neglect (hemi-inattention), 350–352
Parietal lobe epilepsy, 407
Parietooccipital disturbances, 352–354

Balint syndrome. see Balint syndrome
posterior cortical atrophy, 354
visual imagery, 354
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Parinaud syndrome, 422–423, 424f
convergence insufficiency and, 498
examination of, 24

Parkinson’s disease (PD)
apraxia of  eyelid opening in, 458
hallucinations and illusions in, 407–408
in horizontal gaze deficits, 561

Paroxysmal hemicrania, 670–671
Parvocellular (P) pathway, 101
Patent foramen ovale, 315
Pathologic anisocoria, 19
Pathologic gaze-evoked nystagmus, 594–597, 

597t
Patient-physician relationship, 380, 382
Pattern of  symptoms, 4
PAX2 gene, mutations, 119–120
Peduncular hallucinations, 408–409, 408f
Pegvisomant, 257
Pelizaeus-Merzbacher disease, 602
Pelli-Robson test, in contrast sensitivity, 

10–11, 13f
Pendular nystagmus, 26, 600–603
Pendular see-saw nystagmus, 603, 603f
Percutaneous transluminal angioplasty, in 

carotid disease, 372
Perimetry

functional visual field loss and, 388f–389f, 
390

kinetic, 41
Goldmann, 41, 44–47, 46f–47f
threshold perimetry and, 42

threshold, 41–42
computerized, 42–44

Perineuritis, 146, 635, 635f
optic, 142, 143f

Periodic alternating gaze, 566–567
Periodic alternating nystagmus, 597
Periorbita, 613, 615f
Peripheral vascular disease, in past medical 

and surgical history, 4
Periphlebitis, 77, 81
Periventricular leukomalacia, 326, 328f
Pernicious anemia, in B12 deficiency, 176
“PERRLA” acronym, 19
Persistent pupillary membranes, 419
PET. see Positron emission tomography
Petasites extract (butterbur), 669
Peters syndrome, pupils and, 419
PGCN. see Paraneoplastic ganglion cell 

neuropathy
Phakomatoses, 84–92, 86t

ataxia telangiectasia (Louis–Bar syndrome), 
91

encephalotrigeminal angiomatosis 
(Sturge–Weber syndrome), 90–91

neurofibromatosis type II, 85, 87f
tuberous sclerosis, 85–88, 88f–90f
von Hippel-Lindau (VHL) disease, 88–90, 91f
Wyburn–Mason syndrome, 91–92

Phencyclidine (PCP), hallucination associated 
with, 405

Phenothiazines, 604
Phenylephrine, 31
Phenytoin, 597–598, 606
Phlebitis, midperipheral, in sarcoidosis, 81
Phoria, 26
Phoropter use, in fogging technique, 385
Phosphodiesterase-5 (PDE-5) inhibitors, 149
Photophobia, 382, 674
Photopsia, 404
Photoreceptors

disorders of, 65–72
retinal, 101–102

neuroanatomy of  the afferent visual 
pathway and, 39

Photostress test, 16, 55–56
Phycomycosis (mucormycosis), 646
Physiologic facial synkineses, 23
Physiologic gaze-evoked nystagmus, 593t, 594
Pia, angioma of, 91
PICA. see Posterior inferior cerebellar artery
Pickwickian syndrome, 217
Pilocarpine, 428–429
Pineal region cysts, in pretectal syndrome, 

570–572
Pineal region tumors, in pretectal syndrome, 

570, 572f
Ping-pong gaze, in abnormal horizontal 

conjugate gaze deviations, 566–567
Pinholes, in visual acuity, 7, 8f
PION. see Posterior ischemic optic neuropathy
Pituicytomas, 278
Pituitary abscesses, 281
Pituitary adenomas

adrenocorticotropin-secreting, 257
in adulthood, 3
gonadotropin-secreting, 258
growth hormone-secreting, 256
hypersecreting syndromes with, 250t
incidental, 258
laboratory tests for, 254, 255f
metastatic, 258
neuroimaging of, 253, 254f
nonfunctioning (nonsecreting), 255
symptoms and signs of, 253
thyrotropin-secreting, 257–258

Pituitary apoplexy, 246–247, 258, 259f
Pituitary dwarfism, 115
Pituitary gland, chiasmal disorders and, 248, 

249f
Pituitary tumors, 670–671

cavernous sinus disturbances and, 525
Planum sphenoidale meningiomas, 168,  

170f
Plasma cell tumors, 639
Plasma exchange

in multiple sclerosis, 137
in Susac syndrome, 77

Plasmapheresis, 66–68, 628
Platelet-fibrin emboli, 59, 60f
Plus-minus eyelid syndrome, 460, 461f
PML. see Progressive multifocal 

leukoencephalopathy
Polarized eye chart, in severe unilateral vision 

loss, 384
Polyarteritis nodosa, 637
Polycythemia, in von Hippel-Lindau disease, 

90
Polymyalgia rheumatica, and temporal 

arteritis and ION, 160
Polyneuropathy, organomegaly, 

endocrinopathy, monoclonal 
gammopathy, and skin changes 
(POEMS) syndrome, 174

Polyopia, 410
PON. see Paraneoplastic optic neuropathy
Pontine lesions

horizontal conjugate gaze deficits caused by, 
554–556

Horner syndrome and, 432
“one-and-a-half ” syndrome and, 497

Port wine stain, in Sturge-Weber syndrome, 
90

Positive 30-degree test, in papilledema, 
207–208

Positive forced duction test, 24, 25f
Positron emission tomography (PET)

for akinetopsia, 349
in functional visual loss, 392
in migraine, 667

for sarcoidosis, 81, 142
in trauma, 325

Post-fixation blindness, 244, 244f
Posterior cerebral artery (PCA) aneurysms, 

507
Posterior ciliary arteries, 102
Posterior communicating artery aneurysms, 

268
subarachnoid processes and, 505

Posterior fossa lesions, 4
horizontal gaze deficits caused by, 556–557

Posterior indirect traumatic optic neuropathy, 
179

Posterior inferior cerebellar artery (PICA), 
432–433

Posterior ischemic optic neuropathy (PION), 
160–161

Posterior reversible encephalopathy syndrome 
(PRES), 321

Posterior scleritis, 617f, 618, 632–633, 
632f–633f

Postherpetic neuralgia, 679
Postictal visual loss, 375
Posttraumatic headache, 672
Potential acuity meter, moderate binocular 

vision loss and, 390
PPRF. see Paramedian pontine reticular 

formation
Precocious puberty, 249
Prednisone, 138–139, 321, 465, 628
Preferential looking tests, 8, 12f
Pregabalin, 669
Pregnancy, migraine in, 666
Pregnant patients, pseudotumor cerebri 

syndrome and, 223
PRES. see Posterior reversible encephalopathy 

syndrome
Pressure phosphenes, 404
Pretectal eyelid retraction (Collier’s sign), 

459–460, 460f
Pretectal pupils, 422–423, 424f
Pretectal syndrome

associated ocular motility deficits, 570
convergence and accommodative 

insufficiency in, 570
convergence retraction nystagmus in, 570
elements of, 569b, 570
etiologies of, 570
eyelid retraction in, 570
pseudo-sixth nerve palsy in, 570, 571f
pupillary light-near dissociation in, 570
in vertical gaze limitations, 569–573, 569f
vertical upgaze paresis in, 570

Primary trochlear headache, 674
Primitive neuroectodermal tumors (PNET), in 

pretectal syndrome, 570
Prism adaptation, 351–352
Prism-alternate cover test, 26–28, 28f
Prism dissociation test, for severe unilateral 

vision loss, 384–385
Prism shift test, for severe unilateral vision 

loss, 384
Prism therapy, for congenital nystagmus, 590
Prisoners of  war, vision loss in, 177
Prochlorperazine, 667
Progesterone/progesterone receptor 

antagonists, skull base meningiomas, 
168

Progressive multifocal leukoencephalopathy 
(PML), 323–324, 325f, 351f

Progressive supranuclear palsy
apraxia of  eyelid opening in, 458
in vertical gaze deficits, 574, 574f

Prolactin, 248
Prolactinomas, 256
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Propranolol, 512, 668
Proprioception tests, for total blindness, 382
Proptosis, axial, 614–615, 615f, 622
Prosopagnosia, 17, 347–348

associated signs of, 347–348
critical lesion of, 348
etiology and associations of, 348
localization and unilaterality versus 

bilaterality of  lesions in, 348
migraine and, 399
neuropsychological aspects of, 348
outcome of, 348
signs and symptoms of, 347

Protein C, 61, 80
Protein S, 61, 80
Pseudo-Foster Kennedy syndrome, ischemic 

optic neuropathy distinguished, 151, 
151f

Pseudo-Graefe phenomenon, aberrant 
regeneration and, 502, 504f

Pseudo-sixth nerve palsy, in pretectal 
syndrome, 570, 571f

Pseudoabducens palsy, 498
Pseudodrusen, 202
Pseudoisochromatic Ishihara color plate, 11, 

13f
Pseudopapilledema, 122, 197, 199f–200f
Pseudoptosis, 455f, 456b, 458
Pseudotumor cerebri syndrome (PTCS), 

215–225
classification of, 215, 215b
with papilledema, 208f
pediatric, 224–225
primary. see Idiopathic intracranial 

hypertension
revised diagnostic criteria for, 215t
secondary

associated with medical conditions and 
medications, 215b, 216–217

causes of, management of, 220–223, 
220t

due to cerebral venous abnormalities, 
225–228

without papilledema, 224, 672
Psilocin, hallucination associated with, 405
Psilocybin, hallucination associated with, 405
Psychiatric disease, hallucinations and 

illusions in, 410
Psychic gaze paralysis, 353
PTCS. see Pseudotumor cerebri syndrome
Ptosis, 454f, 455–458

acquired, 456–458
alternating, 471, 472f
aponeurotic, 458, 458f
approach to, 455
asymmetric, 471
cerebral (or cortical), 457
congenital, 455–456
curtaining, 471
differential diagnosis of, 456b
diseases commonly associated with, 

470–482
enhanced, 471
factitious, 391–392
hemangiomas and, 456
Horner syndrome, 457
isolated and with elevator palsy, 455, 456f
by levator dehiscence, 22–23
Marcus Gunn jaw-winking, 455–456, 457f, 

460
in myasthenia gravis, 4
myopathic, 456
neuromuscular junction and, 456
neuropathic IIIrd nerve palsy, 457
oculomotor palsies, congenital, 456

pseudoptosis, 455f, 456b, 458
treatment of, 458

Puberty, chiasmal disorders and, 249
Pulfrich phenomenon, 105
Pulmonary disease, pseudotumor cerebri 

syndrome and, 216–217
Pulmonary tuberculosis, neuromyelitis optica, 

140
Pupil corectopia, 422f
Pupillary constriction, 21–22, 21f
Pupillary disorders, 417–447
Pupillary escape, 21
Pupillary light-near dissociation, in pretectal 

syndrome, 570
Pupillary light reaction, defective

associated with vision loss, 420–422
unassociated with vision loss, 422–429, 

423t
Pupillary light reflex-parasympathetic 

pathway, 418f
Pupillary reactions, in testing for total 

blindness, 382
Pupillary sparing, 524
Pupillometry, 418
Pupils, 18–22

abduction miosis and, 443
amaurotic (deafferented), 421–422, 422t
anisocoria and, 19, 429–430, 429f
Argyll Robertson, 423, 425f
coma and, 441–442, 441f
consensual response in, 19–20
cyclic oculomotor spasms and, 443, 503, 

505f
diameter of, transient fluctuations of, 19
dilation in, 417
direct response in, 19–20
ectopic, 419
Edinger–Westphal nuclei in, 19–20
factitious abnormalities of, 391
Guillain–Barré syndrome and, 442
Horner syndrome and, 430–441
idiopathic alternating anisocoria and, 443
light-near dissociation in, 21–22
light reactivity in, 19–20
migraine and, 442, 442f
Miller Fisher variant and, 442
neuroanatomy and physiology of, 417, 

418f–420f
oculosympathetic spasm and, 443
optic nerve examination of, 105
paradoxic constriction in dark, 443
parasympathetic abnormality in, 19
“PERRLA” in, 19
pharmacologic testing in, 418
pharmacologically dilated, 428–429
pretectal, 422–423, 424f
pupillary escape in, 21
reactions of, to light, defective

associated with vision loss, 420–422
unassociated with vision loss, 422–429, 

423t
relative afferent pupillary defect (RAPD) in, 

19–20
seizures and, 442
shape of, 18

abnormal, 418–419, 418b
size of, 19
small, differential diagnosis of, 430b
spasm of  near reflex and, 443
swinging flashlight test in, 20, 20f

asymmetric, 21
requires only one working pupil, 21

systemic medications and, 442
tadpole-shaped, 443
tonic, 34. see also Tonic pupils

Tournay’s phenomenon and, 443
unreactive, ocular causes of, 429
Westphal–Piltz reflex and, 442–443

Pure alexia, 343
Pure torsional nystagmus, 600
Purkinje figures, 404
Pursuit

in conjugate eye movements, 549, 550t
defective, 554
in horizontal conjugate gaze

deficits of, 553
neuroanatomy of, 552–553, 552f

movements, examination of, 24, 26f
Pyridostigmine, 474–475

Q
Quadrant field defects, 305f, 308–309, 

310f–311f
Quinine, 72

R
Radiation

effects of, in neoplasms, of  cerebral 
hemispheres, 323, 324f

for optic nerve sheath meningioma, 
166–167

for thyroid-associated ophthalmopathy, 628
Radiation optic neuropathy (RON), 112b, 175, 

175f–176f
Radionecrosis, chiasmal, 281
Raeder’s paratrigeminal syndrome, 434
Ramsay Hunt syndrome, facial weakness in, 

465
RAPD. see Relative afferent pupillary defect
Rapidity of  onset, of  symptoms, 4
Rathke’s cleft cysts, 263–264, 264f
Raymond-Cestan syndrome, 497
Rebound nystagmus, 597
Recessive optic atrophy, 129
Recoverin, 66
Red-green lenses, for functional vision loss 

testing, 384, 390
Reflex blink

absent of, 15
to visual threat, 23

Reflexes, 34
Westphal–Piltz, 442–443

Reflexive saccades, 549
Refractive error

with blurred vision, 3
in reduced visual acuity, 8–10

Relative afferent pupillary defect (RAPD), 
19–20, 420–421, 422f

retrochiasmal disorders and, 294
severe unilateral vision loss and, 383
without vision loss, 421

Release visual hallucinations, 401–403, 402b, 
403f

Renal cell carcinoma, in von Hippel-Lindau 
disease, 90

Renal coloboma syndrome, 119–120
Renal failure, pseudotumor cerebri syndrome 

and, 216
Renal transplantation, pseudotumor cerebri 

syndrome and, 216
Representational neglect, 351
Restrictive myopathy, due to thyroid-associated 

ophthalmopathy, 535
Retina

amacrine cells in, 53, 101
anatomy of, 53–55
bipolar cells in, 53
blood supply to, 53–55, 54f



702 Index

cellular elements of, 53
central retinal artery, 53
disorders of. see Retinal disorders
ganglion cell axons in, 53
horizontal cells in, 53
Mueller cell in, 53
myelinated nerve fibers, 125
neuroanatomy of  the afferent visual 

pathway and, 39
photoreceptor layer in, 53
posterior ciliary arteries in, 53

Retinal angiomatosis, 89
Retinal artery occlusion, 61
Retinal capillaries, closure of, in diabetic 

ischemic maculopathy, 59
Retinal detachment, 53, 84f

of  morning glory disc anomaly, 121
topical diagnosis of, 49

Retinal disorders, 53–99
acute posterior multifocal placoid pigment 

epitheliopathy, 77
CADASIL, 78
Cogan syndrome, 77
detachment. see Retinal detachment
Eale disease, 77, 77f
hereditary retinal dystrophies, in differential 

diagnosis, 73–75
inflammatory and infectious diseases, 

retinal manifestations of, 81–84
maculopathies

mimicking optic neuropathy, 56–59
and optic neuropathies, distinction 

between, 55–56
metabolic diseases, 78–79, 78b
orbital disease, 616–617, 616f
paraneoplastic retinopathy, 65–69. see also 

Paraneoplastic retinopathy (PR)
perivasculitis, 81
phakomatoses, 84–92, 86t
photoreceptor disorders, 65–72
retinal anatomy and, 53–55
retinal artery occlusion, 61
retinal emboli, 59–60. see also Retinal 

emboli
retinal microvascular disease and 

associations, 63–64
retinal pigmentation, abnormal, 78–79
retinal vascular emboli and insufficiency, 

59–65
retinal venous occlusion, 64–65
spinocerebellar ataxias, 78. see also 

Spinocerebellar ataxias (SCAs)
Susac syndrome, 75
thrombotic disorders, 79–80
toxic retinopathy, 72–73
vasculitis, 82–83
Vogt–Koyanagi–Harada syndrome, 80–81, 

80f
Retinal emboli, 59–60

associated morbidity and mortality in, 60
cardiac disease and, 60
carotid disease and, 59–60
prevalence and associations of, 59
types of, 59, 60f–61f

Retinal hemorrhage, nonaccidental injury 
and, 211

Retinal migraine, 664–665, 665b
transient visual loss and, 374

Retinal nerve fiber layer (RNFL), 108
Retinal pigment epithelium (RPE)

in ancillary testing, 56
in Vogt–Koyanagi–Harada syndrome, 80

Retinal rest, nonorganic symptoms and, 392
Retinal vasospasm, nonmigrainous, 372

Retinitis pigmentosa, in cancer-associated 
retinopathy, 66

Retinopathy
cancer-associated, 65, 68
melanoma-associated, 65, 67
paraneoplastic. see Paraneoplastic 

retinopathy (PR)
toxic, 72–73

Retinotopy, 101–102
Retrochiasmal disorders, 293–339

adrenoleukodystrophy, 329–330, 331f
Alzheimer’s disease, 325, 327f
cerebrovascular disease (ischemic stroke), 

313–317
cardioembolism in, 315–316
neuroimaging in, 313, 314f
other causes of, 316
treatment for, 313
in young adults and children, 317

congenital/infantile disturbances, 325–328
cortical dysplasia, 327–328
delayed visual maturation, 328
hypoxic ischemic encephalopathy, 327, 

329f
periventricular leukomalacia, 326, 328f
stroke in utero, 326–327

demyelination, 325
diagnostic evaluation in, 330–332
etiology of

in adults versus childhood disorders, 293, 
294t

lateral geniculate nucleus, 300, 301f
occipital lobe/striate cortex, 294t, 313f
optic radiations, 294t, 303–304, 305f
optic tract, 295–297, 298f

functional homonymous hemifield loss,  
330

hemianopia, congruity and localization, 
293

hemianopic prisms, 332–333, 333f
hemorrhage, 317–320

amyloid angiopathy, 317–318, 
318f–319f

arteriovenous malformations, 318–320, 
319f

cavernous angiomas (cavernomas), 320
hypertensive, 317, 318f

ICTAL, 330
important concepts in, 293
infections, 323–325

abscesses, 312f, 324–325, 326f
Creutzfeldt-Jakob disease, 324
progressive multifocal 

leukoencephalopathy, 323–324, 325f
lateral geniculate nucleus

etiology of, 300, 301f
lesions of, 297–300
neuro-ophthalmic signs of, 299
neuroanatomy of, 297, 299f–300f
symptoms and signs of, 297–300
visual field defects of, 297–298

localization
in adults versus childhood disorders, 293, 

294t
hemianopia congruity and, 293

meningitis, 330
neuroimaging in, 330
occipital lobe/striate cortex, 304–312

cerebral blindness and, 310–311, 312f, 
313b

diagnosis and management of  
disturbances of, 312–333

etiology of, 294t, 312, 313f
neuro-ophthalmic signs of, 312
neuroanatomy of, 304–305, 306f–307f

Riddoch phenomenon and blindsight and, 
311–312

symptoms and signs of, 306–312
visual field defects of, 306–309

optic radiations, 300–304
diagnosis and management of  

disturbances of, 312–333
etiology of, 294t, 303–304, 305f
from middle cerebral artery, 301, 302f, 

307f–308f
neuro-ophthalmic sign of, 301–302
neuroanatomy of, 300–301, 302f
optical coherence tomography in, 

302–303
“pie in the sky defect”, 301, 303f
symptoms and signs of, 301–302
visual field defects of, 301, 303f–305f

optic tract
neuroanatomy of, 293–294, 295f
retrochiasmal pathway lesions of, 

293–297, 294t
visual field defects of, 294, 295f

practical advice for, 332–333
reversible posterior leukoencephalopathies 

syndrome, 321–322, 321f
drugs inducing, 322
malignant hypertension and eclampsia, 

321–322
Sturge–Weber syndrome, 330, 332f
trauma, 325, 328f
vasculitis, 320–321

giant cell arteritis, 320
primary CNS, 320
systemic, 320–321
systemic lupus erythematosus, 321

visual rehabilitation, 333
Retrochiasmal disturbances, in color 

perception, 11–14
Retrochiasmal pathway lesions, 293–312. see 

also Retrochiasmal disorders
lateral geniculate nucleus, 297–300

etiology of, 300, 301f
neuro-ophthalmic signs of, 299
neuroanatomy of, 297, 299f–300f
symptoms and signs of, 297–300

occipital lobe/striate cortex, 304–312
cerebral blindness and, 310–311, 312f, 

313b
etiology of, 294t, 312, 313f
neuro-ophthalmic signs of, 312
neuroanatomy of, 304–305, 306f–307f
Riddoch phenomenon and blindsight and, 

311–312
symptoms and signs of, 306–312
visual field defects of, 306–309

optic radiations, 300–304
etiology of, 294t, 303–304, 305f
neuro-ophthalmic sign of, 301–302
neuroanatomy of, 300–301, 302f
symptoms and signs of, 301–302
visual field defects of, 301, 303f–305f

optic tract, 293–297, 294t
etiology of, 295–297, 298f
neuro-ophthalmic signs of, 294, 

296f–297f
neuroanatomy of, 293–294, 295f
symptoms and signs of, 294–295
visual field defects of, 294, 295f

Reversible cerebral vasoconstriction syndrome, 
317

Reversible posterior leukoencephalopathies 
syndrome (RPLS), 321–322, 321f

drugs inducing, 322
malignant hypertension and eclampsia, 

321–322

Retina (Continued)
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Rey-Osterrieth complex figure, 18, 18f
Rhabdomyosarcoma, 644
Rheumatologic disorders, in past medical and 

surgical history, 4
Riboflavin, 669
Riddoch phenomenon, 311–312, 349–350
Rieger syndrome, pupils and, 419
Right temporal lobe, in visual memory, 349
Rinne test, in cranial nerve evaluation, 32
Rituximab, 628
Rizatriptan, 667
RNFL. see Retinal nerve fiber layer
RON. see Radiation optic neuropathy
Ross syndrome, tonic pupils and, 428
Rostral interstitial nuclei of  the medial 

longitudinal fasciculus (riMLF)
in horizontal conjugate gaze, 551
in vertical conjugate gaze, 567

RPE. see Retinal pigment epithelium
RPLS. see Reversible posterior 

leukoencephalopathies syndrome
Russell’s diencephalic syndrome, 248, 251f

S
Saccades

in conjugate eye movements, 549, 550t
defective, 550
examination of, 24, 26f
functional visual field loss and, 390
horizontal, 489
in horizontal conjugate gaze

deficits of, 553, 553f
neuroanatomy of, 550–552, 551f–552f

lateropulsion of, 556–557
reflexive, 549
spontaneous, 549
voluntary, 549

Saccadic hypermetria, 605
Saccadic intrusions, 605–606

macrosaccadic oscillations, 605, 605f
ocular bobbing, 607
ocular dysmetria, 605
opsoclonus and ocular flutter, 605–606, 

605f
square-wave jerks, 605, 605f

Saccadic palsy
after cardiac surgery, 557
congenital, 558–560

Saccular (berry) aneurysms, 168
Sarcoid meningitis, papilledema and, 

212–213
Sarcoidosis, 141–142

in chiasmal disorders, 279, 279f
diagnostic studies/evaluation of, 142
facial weakness in, 464, 465f
as inflammatory orbital condition, 637
optic nerve head appearance in patient 

with, 141f
in retinal manifestations, 81–82, 81b, 

81f–82f
treatment for, 142

SCA-7 (autosomal dominant cerebellar ataxia 
(ADCA) type II), 78

Scanning laser polarimetry, 108–109, 
110f–111f

SCAs. see Spinocerebellar ataxias
Scheerer’s phenomenon, 404
Schirmer’s test, for dry eyes, 366, 673–674
Schizencephaly, 115
Schizophrenia, 349, 467
Schwannomas, 508
Scintillating scotomas, 397–398, 397f
Scleral show, of  eyelid, 22–23
Scleritis, headache and, 674

Sclerosing orbital inflammation, 635, 
635f–636f

Scoliosis, in horizontal conjugate gaze deficits, 
557

Scotomas
in acute macular neuroretinopathy, 59
central, 57–58
centrocecal, 56
Goldman kinetic perimetry for, 46
migraine and, 374
scintillating, 397–398, 397f

Secondary tumors
orbital, 641–643
paraneoplastic retinopathy and, 65

Sectoranopia, homonymous
horizontal, 298–299, 300f
upper and lower, 299, 301f

See-saw nystagmus, 247–248, 603, 603f
Segmental optic nerve hypoplasia, 115–116, 

117f–118f
Seizures

in abnormal horizontal conjugate gaze 
deviations, 565, 566f

episodic visual loss due to, 4
fluttering during, 470
focal motor, 469
hallucinations and illusions and,  

406–407
pupils and, 442
in tuberous sclerosis, 88

Selective serotonin reuptake inhibitors (SSRIs), 
667

Sella turcica, 237
Sellar lymphoma, 278
Sellar masses, 247–248
Sensation, 34
Sensory disturbance, in migraine, 664
Sensory loss, 34, 676–677
Sensory neglect, 350
Sensory-neural hearing loss, 32
Septae, 613
Septum pellucidum, 115
Serotonin syndrome, 667
Sertraline hydrochloride, 668
Short-cycle periodic alternating gaze 

deviation, 566–567
Short time inversion recovery (STIR) 

sequences, MRI, 126
Short-wavelength automated perimetry 

(SWAP), 44
“Shunt vessels”, 105–106, 162–163
Shy–Drager syndrome, 458
Sickle cell anemia, 83–84
Sildenafil, 73
Silent sinus syndrome, 648f
Simultanagnosia, 17, 18f, 352–353, 353f
Single photon emission computed tomography 

(SPECT)
in functional visual loss, 392
in trauma, 325

Sinusitis, 144, 145f
SITA. see Swedish Interactive Threshold 

Algorithm
Sixth nerve nucleus, 554
Sixth nerve palsies, 219, 517–522, 517f

in children
acquired, 519–520, 519f–520f, 519t
congenital, 520–522
Duane’s retraction syndrome and, 

520–521, 521f
suggested workup for, 520, 520b

combined, third, fourth and, miscellaneous 
causes of, 522–532

base of  skull lesions as, 523
brainstem and, 522

cavernous sinus disturbances as, 
523–532

subarachnoid disturbances as, 522–523
comitant esotropia and, acquired, 520
cyclic esotropia and, 520
diagnostic evaluation of  adults with 

acquired, 518
inflammatory, 520
management of, 518–519
Möbius syndrome and, 522
neoplasms and, 518–520
nuclear/fascicular, 517
subarachnoid/base of  skull, 517–518, 517f

Sjögren syndrome, 140
Skew deviation, 498–499

diagnosis of, 499, 501f–502f
ocular-tilt reaction and, 498, 499f–500f, 

499t
pathophysiology of, 498–499, 501f
symptoms and signs of, 498
variations in, 499

Skull base, lesions of, in palsies, 523
SLE. see Systemic lupus erythematosus
Sleep apnea, 149
Sleep attacks, 410
Sleep paralysis, 410
Slit-lamp examination, 31, 33f

for corneal disease, 674
for ocular surface abnormalities, 366
of  optic nerve, 108
of  tonic pupils, 425–426

Slit-ventricle syndrome, 214
Sloan letter acuity testing, low-contrast, 11, 

13f
Slow vestibular-ocular reflex (VOR), 24–26, 

27f
Small-vessel ischemia, Horner syndrome and, 

437
Smoking, 5

upbeat nystagmus, 604
Smooth pursuit

defective, 554
in horizontal conjugate gaze, 552–553, 552f

Sneddon syndrome, 316
Snellen eye chart

in fogging technique, 385
in prism shift test, 384
in visual acuity, 7

deficiencies of, 7, 9f–10f
degree of  vision, 7, 10f
distance vision, 7, 9f–10f
near vision, 7, 9f–10f

Snow lights, 405
Social history, 5
SOM. see Superior oblique myokymia
Somatization disorders, functional visual loss 

and, 379
Somatomedin C, 248
Spasm of  fixation, 353
Spasmus nutans, 248, 591–592

congenital nystagmus versus, 589t
Spasticity of  conjugate gaze, 24
SPECT. see Single photon emission computed 

tomography
Spectacle correction, 4
Sphenoid sinus mucoceles, 283
Sphenoid wing meningiomas, 523
Spinal cord injury, Horner syndrome and, 433
Spinal cord tumors, 229
Spinal fluid abnormalities, neuromyelitis 

optica, 140
Spinocerebellar ataxias (SCAs), 78, 79f, 

129–130
Spiraling, moderate monocular vision loss 

and, 389, 389f
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Spontaneous saccades, 549
Spreading cortical depression, concept of, 

662–663
Squamous papillary craniopharyngiomas, 260
Square-wave jerks, 605, 605f
SSPE. see Subacute sclerosing panencephalitis
SSRIs. see Selective serotonin reuptake 

inhibitors
Stapedius reflex, 449–451
Staphyloma, 122
Stargardt disease, 73–74, 76f

with pigment migration, 11–14
Static encephalopathy, due to hypoxemia, 5
Status epilepticus amauroticus, 375
Stenosis, carotid, 59–60
Stereopsis, severe unilateral vision loss and, 

383, 383f
Steroid withdrawal, pseudotumor cerebri 

syndrome and, 216
Steroids

for Bell’s palsy, 465
for central serous chorioretinopathy, 57–58
for sarcoidosis, 142
for Susac syndrome, 77
for thyroid-associated ophthalmopathy, 628

STIR (short time inversion recovery) 
sequences, MRI, 126

Strabismus
benign optic gliomas, juvenile, 163–164
congenital disc anomalies of, 113
orbital disease, 615
in past neurologic and ophthalmologic 

history, 4
Strabismus patterns of  childhood, 532–535

Brown syndrome and, 534, 535f
dissociated vertical deviation and, 535
esotropia and, 532–533
exotropia and, 533–534
synergistic divergence and, 535
trigemino-abducens synkinesis and, 535

Striate cortex, 304–312
in higher cortical areas, 341
intraocular optic nerve, and ganglion cells, 

101
lesions of

cerebral blindness and, 310–311, 312f, 
313b

etiology of, 294t, 312, 313f
symptoms and signs of, 306–312

neuro-ophthalmic signs of, 312
neuroanatomy of, 304–305, 306f–307f

the afferent visual pathway and, 40
Riddoch phenomenon and blindsight and, 

311–312
visual field defects of, 306–309

Stroke
in abnormal horizontal conjugate gaze 

deviations, 564–565
infratentorial, 565
supratentorial, 564, 565f–566f

from carotid-related amaurosis fugax, 367
oral contraceptives and, in migraine, 666
posterior cerebral artery distribution, 344
unilateral retrochiasmal visual loss causing, 

293
in utero, 326–327

Sturge–Weber syndrome (SWS), 90–91. see 
also Encephalotrigeminal angiomatosis

retrochiasmal disorders and, 330, 332f
Subacute necrotizing encephalomyelopathy, in 

horizontal gaze deficits, 564
Subacute optic neuropathy, 177
Subacute sclerosing panencephalitis (SSPE), 83
Subarachnoid disturbances, in palsies, 

522–523

Subarachnoid facial weakness, 464
Subarachnoid hemorrhage

aneurysms with, 269
papilledema and, 212

Subarachnoid processes, third nerve palsies 
and, 505–508

Subdural hematoma, cerebral hemorrhage 
and, 212

Subjective hand comparison, in confrontation 
visual field assessment, 15, 15f

Succinate, 127–128
Sumatriptan, 667
SUNCT syndrome, 671
Sundowning, 410
“Sunset glow fundus,” in Vogt–Koyanagi–

Harada syndrome, 80
Superexenteration, 651
Superior canal dehiscence syndrome, 593t
Superior oblique myokymia (SOM), 537–538, 

606–607
Superior orbital fissure

Horner syndrome and, 437
orbital anatomy, 611

Superior orbital fissure syndrome, 532, 533f
Superior temporal sulcus, 347
Supraclinoid carotid artery aneurysms, 

267–268
Supraduction, 24
Supranuclear downgaze paresis, 573
Supranuclear eye movement disorders, 549
Supranuclear pathways, of  facial nerve, 449, 

450f
weakness of, 461

Supranuclear structures, in vertical conjugate 
gaze, 568

Supraorbital blink reflexes, 467
Supraorbital nerve, 611
Suprasellar arachnoid cysts, 264
Suprasellar germ cell tumors, 277
Surgery

ischemic optic neuropathy associated with, 
161

past history of, 4
Surprise, for total blindness, 382–383
Susac syndrome (microangiopathy of  brain, 

retina and inner ear), 75
SWAP. see Short-wavelength automated 

perimetry
Swedish Interactive Threshold Algorithm 

(SITA), 43
Swinging flashlight test, in pupils, 20, 20f

asymmetric, 21
requires only one working pupil, 21

SWS. see Sturge–Weber syndrome
Symptoms, 4
Synergistic divergence, strabismus and, 535
Synthetic growth hormone, pseudotumor 

cerebri syndrome and, 216
Syphilis, 146–147, 147f
Syringobulbia, 676–677, 678f
Systemic lupus erythematosus (SLE), 80f, 

82–83, 321
neuromyelitis optica and, 140
optic neuropathy related to, 142–143, 144f
pseudotumor cerebri syndrome and, 216

T
T1-weighted MRI, of  optic neuropathies, 115, 

115f, 134f
T2-weighted MRI

of  optic neuropathies, 120f
parietal disturbances, 351f

Tactile agnosia, 32
Tadpole-shaped pupils, 443

Takayasu arteritis, 63
Tamoxifen, 72
Tangent screen visual field testing, 41, 47,  

49f
in idiopathic intracranial hypertension,  

219
Taste, in facial nerve, 23
Tay-Sachs disease, macular cherry-red spot in, 

78
TBG. see Thyroxin-binding globulin
Tear film abnormalities, causing transient 

visual loss, 366
Tear function, in facial nerve, 23
Tectal gliomas, in pretectal syndrome, 572
TEE. see Transesophageal echocardiography
Telangiectasias, of  conjunctiva, 91
Teller acuity testing, 8, 12f
Temporal arteritis

headache of, 672
and ION, 153–160

biopsy, 157, 159f–160f
biopsy-negative, 157
blood tests, 157
demographics of, 153
diagnosis of, 156–157
fluorescein angiography, 157, 158f
management/treatment of, 157–158
noninvasive vascular studies, 157
pathogenesis of, 153
pathology of, 153
and polymyalgia rheumatica, 160
retinal ischemia in, 156f
signs of, neuro-ophthalmic, 154, 154t
symptoms of, neuro-ophthalmic, 

154–155
systemic symptoms and signs of, 

155–156, 156t
T-cell function, 153
tongue necrosis in, 157f
visual prognosis of, 160

in ocular ischemic syndrome, 63
Temporal crescent, sparing or involvement, 

306, 309f
Temporal lobe epilepsy, 406–407, 407f
Temporal lobe lesions, 32
Tenon’s capsule, 613
Tenon’s space, 617f, 632–633
Tension headache, 662b, 669–670
Teratomas, 277
Terson syndrome, cerebral hemorrhage and, 

212, 213f
Tetracycline derivatives, pseudotumor cerebri 

syndrome and, 216
TFT. see Thyroid function testing
Thalamic hemorrhages

in abnormal horizontal conjugate gaze 
deviations, 566

in pretectal syndrome, 573, 573f
Thalamic infarction, in pretectal syndrome, 

572–573, 572f
Thalamic tumors, in pretectal syndrome, 573
Thiamine deficiency, 177
Third nerve palsy, 501–513, 503f–504f

aberrant regeneration in, 423, 502, 504f
acquired

diabetes and, 512–513
diagnostic evaluation of  adults with, 509
inflammatory, 510
miscellaneous uncommon acquired 

etiologies of, 512–513
neoplasms and, 510, 511f
ophthalmoplegic migraine and, 510, 512f

basilar artery aneurysms and, 507, 507f
children with, considerations in, 509–513, 

510t, 513b
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complete versus incomplete, 502
congenital, 510, 511f
course and management of, 509
cyclic oculomotor spasms and, 443, 503
etiology of, 423
fascicular, 503–504, 505f
inferior versus superior division in, 502
intraaxial lesions and, 503–505
management of, 424
nuclear, 503
pharmacologic testing in, 423
posterior communicating artery aneurysms 

and, 505
primary tumors of  the oculomotor nerves 

and, 508–509
pupil involvement versus sparing, 502
pupil-involving, 423
pupil-sparing, 423
pupillary light reaction and, defective, 

423–425, 425f–426f
signs and symptoms of, 423
subarachnoid processes and, 505–508
trauma and, 508
uncal herniation and, 505, 506f
vasculopathic, 507, 508f

Third ventricular enlargement, 281
Threshold (static) perimetry, 41–42

computerized, 42–44
false-positive and false-negative responses 

to, 43–44
full-field examinations, 44
gray scale, 44
intensity of, 43
kinetic perimetry and, 42
mean deviation and, 44
patient’s performance in, factors 

influencing, 44
pattern deviation map in, 44
total deviation map, 44
of  visual field testing, in papilledema, 209

Thrombophilia, in amaurosis fugax, 61
Thrombotic disorders, 79–80
Thunderclap headache, 671
Thymectomy, transsternal, 477
Thymoma, 473
Thymus hyperplasia, 470
Thyroid-associated ophthalmopathy, 620–630

classification, 626–627
Clinical Activity Score, 626–627, 627b
course and outcome, 630
double vision and, 535
drug-induced, 630
eyelid retraction in, 459, 459f
eyelid signs, 622, 622f
genetic predisposition, 621
Graves disease, endocrine aspects, 620
idiopathic orbital inflammatory syndrome 

versus, 634t
incidence and relationship to thyroid 

disease, 620
medical therapy for, 628
myopathy, 622–623, 623f
neuro-ophthalmic features of, 621–623
ocular ductions and alignment, 623, 

623f–624f
optic neuropathy, 623, 624f–625f
pathology of, 621
pathophysiology of, 621
pediatric thyroid eye disease, 630
proptosis, 622
radiation therapy for, 628
risk factors for, 620–621
surgical treatment for, 628–629, 629f–631f
symptoms of, 621, 622f
treatment for, 627–630

Thyroid function testing (TFT), 458–459
Thyroid-stimulating immunoglobulin (TSI), 

630
Thyrotoxicosis, 620
Thyrotropin-secreting pituitary tumors, 

257–258
Thyrotropinoma, 258
Thyroxin-binding globulin (TBG), 620
TIA. see Transient ischemic attack
Tics, eyelids, 468
Tilted disc anomaly, in optic nerve, 118, 119f
Titmus test, for severe unilateral vision loss, 

383, 383f
“Tobacco-alcohol amblyopia”, 177
Tobacco-alcohol optic neuropathy, 177
Tolosa–Hunt syndrome, 511
Tongue protrusion, 32
Tonic pupils, 34, 425–428

clinical symptoms and signs of, 425, 426b
etiology of, 427–428
idiopathic, 428
management of, 428
pathophysiology of, 419f, 426–427
pharmacologic testing in, 427f, 428

Topical diagnosis, 47–49, 51t
examination, 49
history in, 48–49

Topiramate, 668–670
for pseudotumor cerebri syndrome, 

220–221
Topographagnosia, 348–349
Tourette syndrome, 467
Tournay’s pupillary phenomenon, 443
Toxic optic neuropathies, 175–179, 175b
Toxic retinopathy, 72–73, 72t

with pigment migration, 11–14
Toxoplasmosis, 145–146

abscesses, in pretectal syndrome, 573
Transesophageal echocardiography (TEE),  

372
Transient fluctuations, in pupillary diameter, 

19
Transient ischemic attack (TIA)

in acephalgic migraine, 669
acephalgic migraine and, 401
anterior circulation of, 374
cortical, 374–375
posterior circulation of, 374–375
systemic vasculitis and, 321

Transient monocular blindness, 366
Transient visual blurring, 365–377

preretinal transient, 366, 366b
Transient visual loss, 365–377

causes of
cerebral, 365, 374–375
preretinal, 365
retinal vascular, 365

corneal abnormalities causing, 366
epileptic, 375
ictal, 375
migraine and, 365, 373–374, 374b
ocular surface abnormalities causing, 366
optic nerve dysfunction, etiologies related to, 

365, 372–373, 373t
gaze-evoked amaurosis, 365, 373
transient visual obscurations, 372–373, 

373f
Uhthoff ’s phenomenon, 373

patient examination for, 365
postictal, 375
retinal-vascular, 366–372, 366b

amaurosis fugax, 372
cardiac emboli, 372
carotid disease, 367–372, 368f
giant cell arteritis, 372

nonmigrainous retinal vasospasm, 372
ocular vascular occlusive disorders, 372
vascular anatomy, 366–367, 367f

tear film abnormalities causing, 366
visual pathway anatomy and, 365

Transient visual obscurations
in idiopathic intracranial hypertension, 

217–219
papilledema and, 209, 372–373
visual loss and, 372–373, 373f

Transmagnetic stimulation (TMS) studies,  
349

Transsphenoidal neurosurgery, 254, 255f
Transtemporal bone, facial weakness and,  

465
Transtentorial herniation, 316
Transvitreal optic neurotomy, 153
Trauma

birth, Horner syndrome and, 437–439, 
439f

chiasmal, 281–282, 282f
facial weakness and, 465
fourth nerve palsies and, 513
intraoral, Horner syndrome and, 436–437, 

436f
papilledema and, 212
posttraumatic headache in, 672
pupils and, 419, 421f
retrochiasmal disorders and, 325, 328f
sixth nerve palsies and, 518, 518f
third nerve palsies and, 508
unreactive pupils and, 429

Traumatic optic neuropathy, 179–181, 180f, 
381

Treponema pallidum (MHA-TP), 146
Triamcinolone, 153
Triangular wave nystagmus, 589
Trichinosis infection, 638
Trigeminal nerve

central projections in, 676
isolated trigeminal neuropathy, 677, 679f
mandibular division of, 675f–676f, 676
maxillary division of, 676, 676f
neuroanatomy of, 674–676
ophthalmic division of, 676, 676f
spinal nucleus of, 663
in Sturge–Weber syndrome, 91
tumors involving, cavernous sinus 

disturbances and, 525
Trigeminal neuralgia, 672, 679
Trigemino-abducens synkinesis, 535
Trigeminovascular system, 676
Triptan, 667
Trochlear nucleus, 489
Tropia, 26
Tropicamide, 31
TSI. see Thyroid-stimulating immunoglobulin
Tuber cinereum, 276–277
Tuberculomas, 280–281

in pretectal syndrome, 573
Tuberculosis, 280–281, 280f
Tuberculous optochiasmatic arachnoiditis, 

280–281
Tuberculum sellae meningiomas, 266
Tuberous sclerosis, 85–88, 88f–90f
Tumbling Es, in visual acuity, 8, 10f
Tumefactive multiple sclerosis, 325
Tumor necrosis, 66
Tumor necrosis factor-α inhibitors, 179
Tumors

intracranial tumors, orbital extension, 643
involving trigeminal nerve, 525
nasopharyngeal, 525
of  oculomotor nerves, 508–509
paraneoplastic retinopathy and, 65
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pituitary, 525
secondary, 65
of  spinal cord, 229
upbeat nystagmus, 599–600

U
Uhthoff ’s phenomenon, transient visual loss 

and, 373
Uhthoff ’s symptom, optic neuritis and, 131
Ultrasound

in carotid disease, 369
in papilledema, 207–208

Uncal herniation, 505, 506f
Unilateral ageusia, 23
Unilateral vision loss, severe, 383–385
Unilateral visual hemi-inattention, 350–351
Upbeat nystagmus, 598–600, 599t, 600f
Uveitis

-associated disc swelling, 142
causing transient visual loss, 366
headache and, 674
in sarcoidosis, 81
in slit-lamp examination, 108
in Vogt–Koyanagi–Harada syndrome, 80

V
Valacyclovir, 465
Valproate, 669–670
Valproic acid, 669
Valvular disease, 315
Varicella zoster virus (VZV), in acute retinal 

necrosis, 83
Vascular tumors, orbital, 643–644
Vasculitis, 320–321

giant cell arteritis, 320
primary CNS, 320
systemic, 320–321
systemic lupus erythematosus, 321
in systemic lupus erythematosus (SLE), 

82–83
Vasculopathic disease, risk factors of,  

103–104
Vasculopathic third nerve palsies, 507, 508f
Vasopressin, 248
Venereal Disease Research Laboratory (VDRL), 

syphilis, 146
Venlafaxine hydrochloride, 668
Venography

in idiopathic intracranial hypertension,  
219

in venous thrombosis or obstruction,  
227

Venous angiomas, 270, 643
Venous thrombosis or obstruction, 225–228, 

225f
laboratory evaluation in, 227
neuroimaging in, 227
presenting signs and symptoms in, 227
treatment of, 227–228

Ventriculoperitoneal (VP) shunting, in 
pseudotumor cerebri syndrome, 221

VEPs. see Visual-evoked potentials
Verapamil, 668, 670
Verbal memory, evaluation of, 31–32
Vergence, 24

in conjugate eye movements, 550t
movements, 549

Vertebrobasilar disease, 316
Vertical conjugate gaze

abnormal deviations of, 551b, 576–578
benign tonic vertical gaze in infancy, 

577–578, 577f

ocular tics in, 577, 577f
oculogyric crises in, 576–577

deficits of, 551b
amyotrophic lateral sclerosis in, 576
basal ganglia disorders in, 576
limited upgaze, in elderly patients, 

573–574
neurologic disorders associated with, 

573–576
neuromuscular conditions in, 576
Niemann-Pick disease in, 575
“one-and-a-half ” syndrome in, 573
paraneoplastic brainstem encephalitis in, 

576
progressive supranuclear palsy in, 574, 

574f
supranuclear downgaze paresis in, 573
Whipple disease in, 575

limitations of, 569–576
pretectal syndrome in, 569–573, 569b, 

569f, 571f–573f
neuroanatomy of, 567–569, 567f–568f

Vertical “one-and-a-half ” syndrome, 573
Vertical upgaze paresis, in pretectal syndrome, 

570
Vertigo, in migraine, 665
Very long-chain fatty acid (VLCFA) 

metabolism, 329–330
Vestibular disease, tilted and upside-down 

vision associated with, 410
Vestibular migraine, 593t
Vestibular neuritis, 593t
Vestibular neuronitis, 592
Vestibular nystagmus, 585, 592–594, 594t
Vestibular paroxysmia, 593t
Vestibular stimulation, in visual neglect, 352
Vestibulo-ocular reflex (VOR), 24–26, 27f

in conjugate eye movements, 549, 550t
in horizontal conjugate gaze, 553

Vigabatrin, 72–73
Vincristine, 164
Vision loss. see also Blindness

defective pupillary light reaction associated 
with, 420–422

functional. see Functional (nonorganic) 
visual loss

“hysterical”, 379
in migraine, 664
moderate binocular, 389–390
moderate monocular, 385–389
retinal disorders, 53–99. see also Retinal 

disorders
severe unilateral, 383–385

Visual acuity, 7–10
in chiasmal disorders, 240
degree of  vision in, recording of, 7
distance vision in, 7, 9f–10f
as fraction, recording of, 7
near vision in, 7, 9f–10f
optic nerve examination, 104
pinholes in, 7, 8f
testing, for moderate monocular vision loss, 

385
tilted disc anomaly, decreased in, 118

Visual association areas, 40
Visual-evoked potentials (VEPs)

optic neuritis and, 132–134, 135f
retrochiasmal disorders and, 328
total blindness and, testing for, 383
visual field loss and, 50–51

Visual field defects
“clover leaf  ”, 387, 388f–389f
confrontation visual field assessment in, 

14–15
of  lateral geniculate nucleus, 297–298

of  occipital lobe/striate cortex, 306–309
of  optic radiations, 301, 303f–305f
of  optic tract, 294, 295f
paracentral, 390

Visual field integrity, 15
Visual field loss

ancillary visual testing and, 50–51
chiasmal, 253
differential diagnosis and, 51
pattern of, 49–51, 50f

Visual field testing, 40–47
advantages, disadvantages, and most 

appropriate neuro-ophthalmic uses of, 
41t

in chiasmal disorders, 247f
in children, 42
Goldmann kinetic perimetry, 41, 44–47, 

46f–47f
the hill of  vision concept in, 42, 42f–43f
in idiopathic intracranial hypertension, 219
in papilledema, 209
tangent screen, 41, 47, 49f

Visual fields
constricted, 385–386, 386f
diplopia, 623
functional loss of, 390
generalized constriction, 105, 106f–108f
nonphysiologic constriction of, 386–387, 

387f–389f
optic nerve examination, 105
optic neuropathies in, 105
pantomime and, 386
spiraling and, 389, 389f
tubular, 386, 387f

Visual form agnosia, 346–347
Visual loss, 39–52

hallucinations and, 401–403, 402b, 403f
in idiopathic intracranial hypertension, 219

Visual memory disturbances, 349
Visual neglect (hemi-inattention), 350–352
Visual object agnosia, 345
Visual perseveration, 409
Visual word form area (VWFA), 343
Visuomotor ataxia, 353
Vitamin A, pseudotumor cerebri syndrome 

and, 216
Vitamin E deficiency, in horizontal gaze 

deficits, 564
Vitreous abnormalities, causing transient 

visual loss, 366
Vitreous hemorrhage, 48

in reduced visual acuity, 8–10
Vitritis

in reduced visual acuity, 8–10
in sarcoidosis, 81
swelling of  optic nerve disc, 112

Vogt–Koyanagi–Harada syndrome, 80–81, 80f
Voluntary nystagmus, 603
Voluntary saccades, 549
von Hippel-Lindau (VHL) disease, 88–90, 91f
VOR. see Vestibulo-ocular reflex
VWFA. see Visual word form area
VZV. see Varicella zoster virus

W
Wallenberg stroke, 34
Wallenberg syndrome, 432–433, 433f
Warfarin, 315
Weber syndrome, 503–504
Wegener’s granulomatosis, 637
Weight-loss therapies, pseudotumor cerebri 

syndrome and, 223
Wernicke’s encephalopathy, 177, 522

in horizontal gaze deficits, 561, 564f

Tumors (Continued)
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Z
Zinn–Haller, circle of, 102
Zolmitriptan, 667
Zonisamide, 668–669

for idiopathic intracranial hypertension, 
220–221
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