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Foreword

The second edition of Neuro-Ophthalmology: Diagnosis and 
Management has arrived just in time. Ten years after the first 
edition appeared our copies have either been pilfered or the 
spines have been ripped. One of the copies has about 25 
percent of the text underlined. These are clear indications of 
how highly the book is valued and how often it is consulted 
by trainees and senior staff in our neuro-ophthalmology 
unit. For the second edition the authors have enriched the 
content by seamlessly incorporating the advances in neuro-
ophthalmology, ophthalmology, imaging and the pertinent 
neural sciences made since the first edition appeared. The 
scope of these advances can be inferred from the increment 
in the references. They constitute a major resource for readers 
desirous of delving into original articles. The chapter on 
optic neuropathies which listed 649 references in the 2000 
edition now cites 1122! This despite the fact that the authors 
have been critical in making their selections. The illustra-
tions have also been improved and the accompanying DVD 
literally animates the text. Having been co-authored by an 
ophthalmologist and two neurologists there is a broad per-
spective on neuro-ophthalmology, especially desirable since 
this is a specialty that crosses boundaries. Here is a book  
that will be as useful to experienced clinicians as it is to 
trainees.

Textbooks are teachers and one hopes to find in them  
the same qualities that make good teachers: accurate, 

stimulating and master of the subject. Since the authors are 
a team of experienced neuro-ophthalmic clinicians recog-
nized as exceptional educators, it will come as no surprise 
that Neuro-Ophthalmology: Diagnosis and Management is a 
great educator. The book seems to say to the reader “Here’s 
what you’re looking for. Help yourself to whatever you need. 
I’ll take you as far as you want to go”. You will encounter 
no barriers between the authors and yourself. It is authorita-
tive without being authoritarian.

Neuro-Ophthalmology: Diagnosis and Management reminds 
me of two neuro-ophthalmic classics: Frank Walsh’s Clinical 
Neuro-Ophthalmology and David Cogan’s Neurology of the 
Ocular Muscles. When you plan to only glance at a topic, the 
style proves so engaging and the content so engrossing that 
you read much further than you intended. Readers who seek 
a “first approximation” of a topic in this second edition will 
be treated to such a stimulating and inviting exposition of 
neuro-ophthalmic diseases and phenomena that they are apt 
to find themselves perusing other portions of the book.

Neuro-Ophthalmology: Diagnosis and Management has 
earned a place in the neuro-ophthalmic canon and should 
be owned by, or available to, every ophthalmologist, neuro-
logist and neurosurgeon.

Simmons Lessell, MD
Boston, Massachusetts
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Our goal with this book was to update and improve upon 
our successful first edition of Neuro-Ophthalmology: Diag-
nosis and Management. Like the first book, this one is 
intended to be a manageable text of well-synthesized, topi-
cally organized, and clinically relevant information, with 
numerous illustrations and references, which can assist clini-
cians with the care and understanding of patients with 
neuro-ophthalmic problems.

But what is the role of a medical textbook such as this 
one in the internet era? The three of us have discussed this 
question many times since the publication of our first 
edition. We acknowledge that our book can be neither ency-
clopedic, completely up to date (by the minute), nor author-
itative on every subject.

On the other hand, what a one-volume neuro- 
ophthalmology textbook written by three seasoned clini-
cians (two neurologists and one ophthalmologist) can  
offer is even, thoughtful approaches to the diagnosis and 
management of disorders involving the eye and brain. We 
can provide helpful discourses on broad topics such as optic 
neuropathy, papilledema, and double vision, for instance. 
We can discuss disorders responsible for those problems in 
mild to moderate detail and provide management para-
digms. Readers needing more information can go to primary 
sources or online. However, even in the internet and  
evidence-based era, many neuro-ophthalmologic conditions 
are still diagnosed and managed on the basis of experience 
and expert opinion, thus making the nuisances of clinically 
relevant observations and decision-making highlighted in 
this text so vitally important. Thus, we believe a book such 
as ours can still play a vital role in the education of students 
of neuro-ophthalmology and be an important guide for the 
management of their patients.

The three of us were humbled by the success of the first 
edition of this book. Students, residents, fellows, practition-
ers and reviewers have told us they find the book helpful in 
the diagnosis and management of their neuro-ophthalmic 
patients. Many professors of neuro-ophthalmology have the 
book on their shelf and have let us know they suggest this 
book first to their trainees.

We wanted to make this edition more than just an updated 
version of the first one by addressing the helpful criticisms 
of the reviewers and at the same time adding perspective 
gained from more years in the trenches. One of the major 
criticisms of the first edition was the placement of the black 
and white figures in the text but the corresponding color 
plates in a separate section. With advances in publication 
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technology and decrease in the cost of using color figures, 
we are now able to place the color plates within the text. We 
think the readers will particularly enjoy the incorporated 
color fundus photos. In addition, the clinical photos are 
now all in color, both new ones and even the ones that were 
black and white in the first edition. The anatomical draw-
ings, many of which have been redrawn, are in color as well.  
We think the color photographs, all highly uniform in size, 
color quality, and labeling, are unique compared to other 
texts and enhance the overall usefulness and aesthetics of  
the book.

Additionally, we have supplemented the text with a DVD 
containing videos that demonstrate critical parts of the 
examination and important pupillary, eyelid, and eye move-
ment abnormalities. Some concepts, such as nystagmus  
and opsoclonus for example, can not be taught adequately 
with words alone, but are more aptly demonstrated in 
videos. The majority of the videos highlight relatively 
common entities, but we have also included examples of 
more rare but highly distinctive conditions such as oculo-
masticatory myorhythmia, cyclic oculomotor spasms, and 
Duane’s type III. Readers can use these videos to teach their 
students as well.

Some reviewers suggested a radiological teaching section, 
but we felt that this would go beyond the scope of a book 
which we intend to be a reference for the diagnosis and 
management of neuro-ophthalmic disorders. Instead, we 
have provided MRI and CT images in the individual chapters 
where we thought imaging would be critical to the diagnosis 
and management of the neuro-ophthalmological condition. 
We still strongly believe that a good history and a “knock-
out” neuro-ophthalmological examination will often trump 
good neuro-imaging. We did not want these critical elements 
of medicine to be lost in the sea of available technology, and 
so we placed our emphasis on the basics while presenting 
high quality examples of relevant neuroradiological find-
ings. We made every effort to keep pace with technology and 
its profound influence on both neuro- and ophthalmic 
imaging.

We kept what worked. The three of us are still the only 
authors, and the book is only slightly larger. This book is 
divided into the same four parts and 19 chapters as the first 
edition, since many of our readers appreciated our organized 
topographical approach to the diagnosis and management 
of neuro-ophthalmological disorders. In one source, the 
reader can garner the wide range of neuro-ophthalmological 
disorders and the critical elements necessary to make a 
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diagnosis. Likewise, we offer treatment approaches based on 
evidence, and where the evidence is lacking, on expert 
opinion. This text is a synthesis of how we think and reflects 
a healthy balance and compromise of our opinions in con-
troversial areas.

While we tried to eliminate older, out-of-date references, 
an increase in the total number of references was unavoid-
able. We believe having access to extensive reference lists is 
the first place for the reader to go when they need more. For 
this reason we endeavored to maintain the classic references 
in the text and never hesitated to include important refer-
ences of all types.

We hope you enjoy the book. We believe that students, 
residents, fellows, and seasoned practitioners of ophthal-
mology, neurology, and neuro-ophthalmology will find this 
well-illustrated text to be a practical guide to patient manage-
ment and a source for guidelines and references. For us, there 
are very few professional pleasures that exceed learning and 
practicing neuro-ophthalmology, but surely one of them is 
teaching and sharing those experiences with our readers.

Grant T. Liu MD
Nicholas J. Volpe MD
Steven L. Galetta MD
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For me, working on this book was a labor of love. We are 
extremely grateful for the positive comments we received 
from our first book from students, residents, fellows,  
reviewers, and colleagues, but our hope to improve upon it 
provided our inspiration to work on this second edition.

Almost ten years have passed since the first edition was 
published. Nick and I joined Steve at Penn in 1993, and we 
continue to learn from each other. This second edition 
reflects our ongoing friendship, mutual respect, and coop-
eration. It is a tribute to our second decade together.

I am also grateful to Joel Glaser and Norman Schatz for 
their continuing mentorship and encouragement. My parents 
are still always there for me. But I have many others to 
acknowledge in addition to those I thanked in the first 
edition. Our chairmen Francisco González-Scarano and 
Stuart Fine have been supportive of all of our efforts. Sherri 
Archer, my secretary, did her best to minimize the distrac-
tions while I worked on “the book.”

I also truly appreciate the patience and tolerance of Nani 
Clansey, Russell Gabbedy, Mahalakshmi Nithyanand, and 
Fraser Johnston of Elsevier while guiding us through the 
writing and production stages of this book. Our proofreaders 
Lindsey Williams and Ann Grant were exceptional with their 
attention to detail.

The updated neuroimages and clinical photographs and 
videos would not have been possible without the unwaver-
ing assistance of our recent Penn Neuro-Ophthalmology 
fellows. I am truly indebted to Ben Osborne, Jennifer Hall, 
Chris Glisson, Melissa Wang Ko, Sashank Prasad, Rob Avery, 
Heather Moss, and Stacy Pineles who tirelessly photo-
graphed patients, downloaded MR and CT images, and 
tracked down fundus photos for me. Of course I have to 
thank our patients for allowing us to photograph them as 
well. I also have to thank our colleague Laura Balcer and the 
Penn Neurology and Ophthalmology residents for acting as 
patients in many of the figures for the examination and 
nystagmus chapters. Laura also provided us with many key 
figures and videos.

Most importantly, I have to express my gratitude to my 
wife Gerry, daughter Alessandra, and son Jonathan, from 
whom most of the time was taken to write this book.  
My family is my favorite foursome, and with them, I’m off 
to the first tee.

Grant T. Liu MD
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C H A P T E R   1

The neuro-ophthalmic 
history

As in any field of medicine, the neuro-ophthalmic history guides the physi-
cian’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 disorders, efferent 
disorders, and headache and abnormal facial sensations. It can be used as 
a guide in generating a differential diagnosis. Then, influenced by the 
patient’s age, gender, underlying illnesses, and disease risk factors, the physi-
cian can narrow the list of potential diagnoses and shape the examination 
to confirm or eliminate each disorder.

Frequently, the correct neuro-ophthalmic disorder can be diagnosed 
based on the history alone. For instance, an otherwise 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 hori-
zontal double vision worse at distance and in right gaze, and right perior-
bital pain most likely has a vasculopathic right sixth nerve palsy.

The various elements of the neuro-ophthalmic history (Table 1–2) will be 
reviewed in the context of neuro-ophthalmic disorders. Although important, 
topics such as physician demeanor, style, language use during history taking, 
the best environment for the interview, and the physician–patient relation-
ship are beyond the scope of this chapter and are discussed eloquently in 
other text books.1,2

Chief complaint

The patient’s age should be ascertained first. Congenital neuro-ophthalmic 
problems are more likely to be seen in children, and degenerative and vas-
cular disorders are seen predominantly in adults. Neoplasms occur at all 
ages, although the tumor types are often age dependent. For instance, in 
children the most common causes of chiasmal compression are optic 
pathway tumors and craniopharyngiomas, while in adulthood pituitary 
adenomas are the most likely culprit.

The patient’s gender should be noted because of the predilection of  
some diseases for either men or women. For example, eye complications of 
breast cancer are obviously more prevalent in women, but optic neuritis, 
giant cell arteritis, and Duane’s retraction syndrome are also more common 
in females.

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 a vague one such as 
“I haven’t seen very well for 6 months,” further historic clarification is 
necessary.

 Part 1  History and examination
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PART 1 History and examination

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 history taking,  
the examiner should attempt to categorize the patient’s problem into one of these groups.

Table 1–2 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

The chief complaint should be reduced to one sentence 
containing 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 distor-
tion, 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 diplo-
pia 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 
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Past medical and surgical history  
and review of systems

Because many neuro-ophthalmic disorders are complica-
tions 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, hypercholes-
terolemia, and peripheral vascular disease is extremely 
important, but any history of cancer, rheumatologic or 
immunosuppressive disorders, or infectious diseases may 
also be highly relevant.

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 infections. Details of the birth, including length of gesta-
tion, 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 encephalopathy 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, and so their  
presence in any relatives would strongly suggest their 
consideration.

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 associated 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.

when the patient reports the blurred vision improves when 
either eye is covered.

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 intermittent, double vision implies a slowly 
expanding neoplasm or decompensated congenital strabis-
mus. Old photographs of the patient, when details of the 
face and eyes are visible, are often extremely helpful in deter-
mining the chronicity of ptosis, pupillary abnormalities, and 
ocular misalignment, 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 timecourse of symptoms can be 
extremely helpful. Progressive symptoms suggest compres-
sive mass lesions, while those with acute onset that plateau 
or improve are more consistent with vascular or inflamma-
tory processes. Episodic visual loss could be due to migraine, 
carotid disease, or seizures, for instance. Fluctuating ptosis 
or double vision that is particularly 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 as they  
relate to the eye problem. For instance, headaches may be 
consistent with migraine, elevated intracranial pressure, and 
compressive mass 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 myasthenia 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 would 
include those concerning previous spectacle correction,  
cataracts, glaucoma, strabismus, amblyopia, eye patching, or 
surgery.
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C H A P T E R   2

The neuro-ophthalmic 
examination

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; exami-
nation findings may also prompt consideration of other diagnoses.

In this chapter, the major elements of the neuro-ophthalmic examination 
(Table 2–1) will be reviewed, and, in each section, disorders that affect them 
will be mentioned briefly. The neuro-ophthalmic examination in comatose 
patients will also be reviewed. The reader should then refer to the appropri-
ate 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 inherently subjective 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 dis-
crimination 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), and near vision 
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). In addition, patients with subnormal 
acuity despite best refracted correction should still be tested with pinholes, 
which may further improve some refractive errors (irregular astigmatism) 
and media opacities (cataract). When acuity cannot be corrected by a 
pinhole, nonrefractive causes of visual loss (see below) should be 
considered.

Acuity is most often recorded as a fraction (e.g., 20/40), where the numer-
ator refers to the distance (in feet) from 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 
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Table 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
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B

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.

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 under age 40 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 frac-
tional notation: 20/20 or 6/6 is a visual acuity of 1.0. An 
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 toward 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 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 small-
est 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 identify than the “A” or “L,” for example.

To eliminate these issues and when consistency is desired 
among testing locations, as in multicenter clinical trials for 
instance, standardized Early Treatment in Diabetic Retinopa-
thy 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 examples above, 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 
fall 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 
above 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  
requisite 14 inches.

In 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 applied when 
examining 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 homo-
geneous 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. Visual acuity 
in a newborn is roughly 20/400 to 20/600, improves to 
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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 notation, as in “Jaeger 
2” or “J2” to indicate 20/30 near acuity. C. Early Treatment in Diabetic 
Retinopathy Study (ETDRS) type chart.
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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 direction the E 
points (up, down, left, or right). The sizes of the Es correlate with the size of 
the letters on Snellen chart.

C

Figure 2–2. Continued

approximately 20/60 by 12 months of age, and then 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 opacities or 

irregularities. Neuro-ophthalmic processes that can 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 Conventional visual acuity measures spatial resolu-
tion at high contrast, while contrast sensitivity testing 
assesses spatial resolution when contrast varies. In one vari-
ation of the test, the patient is asked to identify in which 
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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.

direction the gratings, which span a spectrum of spatial and 
temporal frequencies and are arranged in increasing diffi-
culty, are oriented. Another version, the Pelli–Robson test,18 
is depicted in Fig. 2–7A. Contrast sensitivity testing should 
never replace acuity assessment, as its role seems limited to 
those situations where acuity is normal or near normal and 
further evaluation is desired.19 Optic neuropathies as well as 
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 sclerosis20 and other neurologic 
disorders.21 Low-contrast acuity testing at 2.5% and 1.25% 
contrast levels is likely to be added to the Multiple Sclerosis 
Functional Composite for trials,22 and eventually it is 
expected to come into clinical use.

Color perception
Color vision can be tested with standard pseudoisochro-
matic 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 correctly 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 the pseudoisochromatic plates a popular tool for 
detecting dyschromatopsias of all types, although they were 
originally designed to screen for congenital dyschromatop-
sias. Ishihara color plates (Fig. 2–8A) may be used, but 
Hardy–Rand–Rittler plates (Fig. 2–8B),23 which contain 
blue and purple figures that screen for tritan defects (see 
below), may be more helpful in detecting acquired dyschro-
matopsia 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 
appeared “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 dyschromotopsia 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 
reference caps. The D-15 is shorter and less cumbersome 
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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 controls. The grating acuity can be converted to Snellen 
equivalents.

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. 
Monocular acuity loss, deficits in color vision, and a relative 

afferent pupillary defect (see below) are highly char-
acteristic of an ipsilateral optic neuropathy. Acquired  
optic nerve diseases typically produce a red/green color  
deficiency, but there are several notable exceptions, such as 
glaucoma27 and dominant optic atrophy as mentioned 



13

Chapter 2 The neuro-ophthalmic examination

A B

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 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 (courtesy of Dr. Laura J. Balcer).

A B

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.

earlier. Dyschromatopsias occurring in the setting of retinal 
disease, such as cone dystrophies, Stargardt disease, and 
toxic retinopathies, are usually associated with pigment 
migration or visible disturbances of the retinal pigment epi-
thelium on fundus examination. Color vision loss combined 
with only mildly reduced acuity would be more suggestive 
of an optic neuropathy, while color deficits due to macular 
disease tend to be associated with more severe acuity loss. 
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 to 
affect Hardy–Rand–Rittler testing.28 Retrochiasmal distur-
bances 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 contralateral hemifield (see Chapter 9).

Confrontation visual field assessment

Testing the patient’s visual fields can be accomplished at the 
bedside by finger confrontation methods in all four quad-
rants of each eye by asking the patient to fix on the exam-
iner’s nose then to “count the fingers” (Fig. 2–10A). Because 
of the over-representation 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 
examiner’s nose. Sometimes, a visual field defect is best eli-
cited by asking the patient if all parts of the examiner’s face 
can be seen clearly: “Are the examiner’s eyes equally clear?” 
If the patient does not see the nose clearly, a central scotoma 
should be suspected. Alternatively, the examiner can hold a 
finger over his nose and another finger a few degrees off 

Video 2.1
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test may be helpful as a screening tool, and may detect field 
defects not observed on confrontation testing.

In a patient who is aphasic, uncooperative, intubated, 
sedated, or very young, responses such as finger mimicry, 
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).31 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 below).

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 diagrammed 
from the patient’s perspective. In Fig. 2–11, examples of 
documentation of normal and abnormal confrontation 

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 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.29 
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, a central scotoma is suggested.

Color or subjective hand comparison is also a useful 
adjunct to elicit defects respecting the vertical or horizontal 
meridians (Fig. 2–10B). Caution should be applied in 
patients with visual inattention or neglect, as they may 
exhibit a field defect during double simultaneous stimula-
tion. 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.30 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. This Video 3.1

A B

C

Figure 2–10. Methods of confrontation visual field testing. Each eye is 
tested separately. A. Finger counting. Fingers are presented momentarily 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 
presented in the upper nasal quadrant of the left eye, and, since the child 
looked at it, the examiner can presume that vision in the quadrant is grossly 
intact.



16

PART 1 History and examination

tinguishing retinal (macular) from optic nerve causes of 
visual loss.32 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 transil-
luminator, 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.33 Optic neu-
ropathies tend not to produce prolonged photostress recov-
ery times, while macular disorders, such as macular edema, 
central serous retinopathy, and macular degeneration, may 
be associated with recovery times of several minutes.33,34 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 pho-
topigment back to the unbleached state.35 Because the actual 
recovery time may vary according to technique and age,36 a 
more useful clinical measure may be a relative photostress 
recovery time between the two eyes when one eye is sus-
pected 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.37 These functions 
and their neuroanatomic localization are discussed in greater 
detail in Chapter 9.

fields are given. Because confrontation techniques produce 
only a gross estimation of the visual fields,29 more precise 
documentation requires a tangent screen, kinetic perimetry, 
or automated threshold perimetry. These tests and their 
interpretation are discussed in great detail in Chapter 3.

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 dis-
cussed 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 fix-
ation point, can be viewed by the patient at near. 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.

They 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 computerized 
perimetry. Maculopathies also typically produce a distortion 
(heading of lines) in the grid pattern (metamorphopsia). The 
results of Amsler grid testing can be documented with a con-
vention similar to that of confrontation visual field testing.

Photostress test
Also not part of the routine neuro-ophthalmic examination, 
the photostress test has been advocated as a method of dis-
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Figure 2–11. Schematic documentation of confrontation visual 
assessment. FC, finger counting. 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. A. Normal confrontation visual fields. 
The patient is able to count fingers in all four quadrants. B. Left lower 
quadrantanopsia. The defective field is documented by black, 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, 
the patient was asked to look at the central dot and was asked if any of the 
lines were missing or wavy. She indicated the shaded area was blurry and 
distorted.
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In patients suspected of visual agnosias, informal tests of 
visual recognition can be performed at the bedside using 
common objects such as a pen, cup, or book and asking the 
patient to name them. An inability to recognize faces (pro-
sopagnosia) can be tested with magazine or newspaper pho-
tographs 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 pic-
tures containing several elements or with a letter made up 
of smaller elements (Navon figure) (Fig. 2–14). Simultanag-
nosia 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.40

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 above), which may demonstrate complete lack 
of color vision. When the deficit is incomplete, as in cerebral 

It is often difficult to separate a dense left hemianopia 
from dense neglect in a patient with a large right parietal 
lesion. In instances where 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 simulta-
neous 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 cancella-
tion, in which the patient is asked to find a specific letter or 
shape within a random array.38 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,39 
is similar. When patients with left neglect are asked to bisect 
a horizontal line, they may tend to “bisect” the lines to the 
right of the true center.

Figure 2–13. Letter cancellation. Patients are asked to identify the As within the random array. This patient with severe left neglect found only those As 
along the very right hand side of the page. (From Liu GT, Bolton AK, Price BH, Weintraub S. Dissociated perceptual-sensory and exploratory-motor neglect.  
J Neurol Neurosurg Psychiatr 1992;55:701–726, with permission.)
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Figure 2–14. Simultanagnosia tested by a Navon figure. The letter H is 
drawn by arranging multiple As. A patient with simultanagnosia might be 
able to identify the As 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.

dyschromatopisa, a tritan (blue–yellow) defect may be 
demonstrated.37

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).41 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 the 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.42 
In a cautionary note, a normally drawn clock face does not 
exclude left unilateral spatial neglect.43 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. Interested readers are 
referred to the informative, detailed analysis of clock drawing 
by Freedman et al.44

The ability to read should be tested along with all the 
other main components of language function (see Mental 

status evaluation, below). 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 
pupillary reactivity also may be a sign of disorders affecting 
the afferent visual pathway. Some pupillary abnormalities 
are mentioned below in the context of the pupillary exami-
nation, 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 
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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.

be documented in those situations when it is not round; 
slit-lamp evaluation is helpful in these instances.

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.” This can also be abbreviated 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 
their reactivity. One scale for pupil reactivity is as follows: 
3+, normal brisk reaction; 2+, slightly sluggish; and 1+, slug-
gish. Descriptions such as “brisk,” “sluggish,” or “unreactive” 
also can be used.

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 pupil-
lary 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.45 In 
adulthood 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, pupil-
lary 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 magnification of a slit 
lamp or 20-diopter lens.

Pathologic anisocoria suggests dysfunction in the efferent 
part of the pupillary pathway. Afferent pupillary dysfunc-
tion, due to optic nerve disease, for instance, does not 
produce anisocoria. In general, anisocoria 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) when compared with the other pupil 
when the lights are turned down. To assess dilation lag, the 
examiner 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, dilation lag should be maximal. Often, the 
sympathetically denervated 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-induced miosis) (Fig. 2–18) in a dimly lit room. We 
agree with Thompson et al.46 that “it is not necessary for 
the room to be as dark as a coal cellar or for the light to be 

Figure 2–18. During examination of the pupils, the patient should fixate 
on a distance target to discourage accommodation and miosis.
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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 (L. RAPD) 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.

of xenon-arc intensity.” Fixation may be difficult in smaller 
children or uncooperative adults who may not hold still. 
With the light shined in one eye, the ipsilateral pupillary 
light reflex is the direct response, while that of the contralat-
eral is the consensual response. Because light from one eye will 
reach both Edinger–Westphal nuclei symmetrically, nor-
mally 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 consen-
sual response is normal, it is likely that the ipsilateral pupil 
is paralyzed (efferent dysfunction).

Swinging flashlight test and relative afferent pupillary 
defects. The swinging flashlight test (of Levitan),47 during which 
the light is alternately directed at each eye to compare each Video 2.2

pupil’s constriction to light, is an excellent objective method 
for evaluating relative optic nerve function.48,49 Testing of 
pupillary reactivity to light and the 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, especially when the eyes are misaligned. Then the light 
should be alternated between each eye (without too much 
hesitation between eyes) for about 2 seconds each (“one–
two–one–two”). Normally both pupils will exhibit symmet-
ric constriction (Fig. 2–19A). Caution should be exercised 
in patients with anisocoria, in whom pupillary constriction 
may appear falsely asymmetric. In addition, testing with  
a light that is too bright or too dim may either mask or  
miss an asymmetric response.50,51 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.

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 
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bedside tools only if portable.63 In general, useful clinical 
information comes simply from the knowledge of the pres-
ence 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 can ask, “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 com-
paring 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, one 
should see whether the pupil will constrict to a near stimu-
lus. Pupillary constriction 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.64 Light-near dissociation 
is the term applied to pupils that react poorly to light stimu-
lation but constrict more briskly during viewing of a near 
target. If a pupil reacts to light, its reaction to near does not 
need to be tested, as pupils with intact light reactivity will 
also have normal constriction during viewing of a near 
target.

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 (relative afferent pupillary defect (RAPD) 
or Marcus Gunn pupil) (Fig. 2–19B). This finding reflects the 
difference in the amount of afferent input reaching the pre-
tectal region of the midbrain.52 Even if each pupil constricts 
to light, but a secondary redilation (pupillary escape53) occurs 
in one eye, the interpretation is the same46—this is what 
Marcus Gunn originally described.54,55 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 asym-
metric chiasmal disorders, optic tract lesions,56 amblyopia 
(uncommonly),57 and, rarely, pretectal disturbances.58,59 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. One should still call this a 
“left RAPD,” but other terms include an “APD tested in a 
reverse fashion,” “reverse Marcus Gunn pupil,” or “reverse 
APD.” With subtle APDs, observation of the reactivity of one 
pupil under higher magnification may be helpful. This can 
be accomplished while the patient is sitting at the slit lamp 
by watching one pupil’s reaction with a dim light while 
performing a swinging flashlight test with a brighter transil-
luminator.60 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 immedi-
ate redilation; while a “4+ RAPD” indicates an amaurotic 
pupil. The “number-plus system” is inherently subjective, 
and responses may vary from examination to examination 
depending on ambient lighting and intensity of the testing 
light.61 Another method, which is similar but more descrip-
tive, assigns asymmetric responses on swinging flashlight 
tests into three groups: escape, amaurotic, and an “RAPD” 
as anything in between. Thompson et al.46 advocate measur-
ing 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 somewhat subjective. Testing with computer-
ized pupillography is more objective and reproducible,62 but 
these instruments are not widely used and are practical as 

Video 2.3
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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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ures 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 below). When evaluating a ptotic eyelid, since 
lower lid position may vary greatly, it is often helpful to 
measure the distance between the corneal light reflex and the 
upper lid margin. This number is referred to as the margin 
reflex distance (MRD), which typically measures 4–5 mm.65 
A distinction between MRD1 and MRD2 is sometimes made 
(Fig. 2–21). These terms refer to the distance between the 
corneal light reflex and the upper and lower eyelid margins, 
respectively.

The examiner should also note the position of  
the eyelid crease (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.66 
A ruler is then placed at the lid margin and the number of 
millimeters of lid elevation is measured as the patient looks 
upward (Fig. 2–22).67 Normal levator function is greater than 
12 mm.65 Ptosis produced by levator dehiscence and Horner 
syndrome is usually associated with normal levator func-
tion. In contrast, levator function is reduced in ptosis associ-
ated with myasthenia gravis, congenital ptosis, third nerve 
palsies, and myopathic conditions such as chronic progres-
sive ophthalmoparesis and myotonic dystrophy. Findings 
characteristic of but not specific for myasthenic ptosis include 
fatiguability (drooping of the eyelids after an extended 
period of upgaze), curtaining (elevation of a ptotic eyelid 
causing drooping of the other eyelid), and Cogan’s lid twitch 

Figure 2–21. The normal left eye. 1, marginal reflex distance (MRD or 
MRD1), the distance between the upper eyelid edge and the corneal light 
reflex. 2, MRD2, the distance between the lower eyelid edge and the corneal 
light reflex. The lid crease (arrow) follows the curvature of the upper lid 
approximately 10 mm from the lash margin.

A B

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 travelled 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 greater than 12 mm). The left frontalis muscle should be neutralized by the examiner’s thumb when the patient looks up.

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 cornea and sclera) 
(Fig. 2–21). In a neonate, the upper eyelid may be above the 
limbus. Any obvious abnormalities in the shape or size of 
the lid should be noted. The palpebral fissure (Fig. 2–21), the 
opening between the upper and lower eyelids, usually meas-
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it 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  
excessively). Testing for tearing is of limited diagnostic or 
prognostic value unless tear production is drastically reduced 
or absent on the involved side. Further, 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 due 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 following 
topical anesthesia. To avoid erroneous results from pooled 
tears, the conjunctival tear lake should be dried prior to 
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 prior to 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 clini-
cal history and the results of the slit-lamp examination.68

Blink reflexes. Simulation of either cornea with a cotton 
wisp or tissue corner 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 blink-
ing implies facial nerve weakness on one side.68

The reflex blink to visual threat, described above in the 
section Visual field testing, tests the intactness of the afferent 
visual pathway as well as cortical attentional mechanisms.31 
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 brain stem.

Physiologic facial synkineses. Bell’s phenomenon is discussed 
in more detail below in the section Eye movement. In some 
normal individuals, the ears will retract and flatten with 
conjugate lateral gaze; this is known as the oculogyric auricu-
lar reflex and is usually greater in the ear opposite the direc-
tion 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 Video 2.4

(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 
individuals, and in about 15% the lid elevates in the adduct-
ing eye as well. During upgaze, levator tone increases to lift 
the upper eyelid, while, 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  
supplying the lacrimal gland and submandibular and  
sublingual salivary glands, and sensory components respon-
sible 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 supra- or infranuclear. Further details regarding 
anatomy and disorders of the facial nerve are discussed in 
Chapter 14.

Motor evaluation. Assessment of facial nerve motor func-
tion begins by observing the patient at rest and noting any 
asymmetries of the face or blink pattern. Most supranuclear 
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 move-
ments is suggestive of supranuclear defects. Disease of the 
corticobulbar 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. Having the patient smile 
should also be done 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 (pseu-
doptosis), 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 typically elevated as the patient attempts to keep 
the eye open by elevating the forehead.

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 tested using a cotton swab dipped 
in a sour, sweet, or bitter solution. Unilateral ageusia may 
be useful in identifying a facial lesion as peripheral, but  
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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, while 
positive numbers indicate overaction. This example also shows a partial abduction deficit of the right eye and no abduction of the left eye.

detection of misalignment (strabismus). Monocular double 
vision is not due to an ocular motility abnormality, and 
when it resolves with a pinhole it is likely caused by refrac-
tive error.

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; while 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 witnessing 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, depres-
sion (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 subjec-
tive percentage of normal (i.e., 70% of normal). This should 
be documented in the chart from the examiner’s perspective 
(Fig. 2–23A). In another scheme 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.

Following instillation of a topical anesthetic, 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 (Fig. 2–24C). Inability to do so usually 
indicates ocular motor nerve or muscle weakness. Patients 
with positive forced ductions but normal forced generations 
usually have a restrictive problem.

Bell’s phenomenon. This is the normal upward rotation of 
the globe elicited during forceful eyelid closure. This palpe-

bral–oculogyric reflex, likely mediated by poorly defined 
brain stem 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 lids 
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 
five (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 contral-
ateral to the lesion in a phenomenon known as spasticity of 
conjugate gaze (see Chapter 8).

Vergences. These are binocular eye movements. Conver-
gence can be evaluated by having the patient look at his or 
her thumb or other accommodative target as it is brought 
toward the nose; both eyes should adduct with pupillary 
constriction (see Fig. 2–20). 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). The speed and accuracy of saccades, which are 
high-velocity, conjugate eye movements, should be exam-
ined by having the patient look eccentrically then quickly 
refixate on a target in primary gaze (the examiner’s nose, for 
instance) (Fig. 2–27).

Oculocephalic responses can be evaluated by having the 
patient fix on a stationary target while the examiner gently 
rotates the head (Fig. 2–28) then extends and flexes the neck. 
The stimulus is either from proprioceptive afferents in the 
neck or the vestibular system, or both. Limited eye move-
ments that are overcome by oculocephalic stimulation are 
likely supranuclear (see Chapter 16). In addition, with an 
arm extended and the chair rotated, most patients should be 
able to maintain visual fixation on their thumb (Fig. 2–29); 
difficulty with this task, manifesting usually as nystagmus, 
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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.

A B

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.

A

B

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.

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 prolonged eccentric gaze. Physiologic optokinetic nystag-
mus (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). 
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 view a distant target, and Maddox rod testing 
is not possible in the setting of visual suppression in one eye 
in long-standing strabismus.

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 
interrupted. 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 
movement of the uncovered eye signifies an esotropia, 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, a right eye that is higher is 
called 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 occluding 
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 ocular misalignment can be neutralized and quanti-
fied by placing a prism over one eye. Each eye is then alter-
nately 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 exotropic, the prism is 
placed over the eye with the prism base in; if an eye is eso-
tropic, the prism is placed over the eye base out; if the eye 
is hypertropic, the prism is placed over the eye base down, 
while if the eye is hypotropic, the prism is placed over the 
eye with the base up. When the eyes no longer move on 
alternate cover testing, the deviation has been neutralized 
and the amount of prism required can be read off the  
prism bar. Deviations should be measured in the cardinal 
positions and at near. Vertical deviations should also be 
evaluated with the head tilted toward the right and left 
shoulders.

Video 2.5

Video 15.7

suggests an inability to suppress the vestibulo-ocular response 
(VOR). This is usually a sign of cerebellar pathway dysfunc-
tion. When rotated around the examiner, infants, normally 
with poor fixation, manifest a VOR with tonic eye deviation 
in the direction of rotation followed by quick corrective 
jerks.
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Figure 2–28. Oculocephalic eye movements. 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.

Figure 2–29. Suppressing the vestibulo-ocular response. 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 2–32. 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 eso- and exodeviations. The patient fixates on a distant 
target, the eyes are alternately covered (A,B), and the prisms increased incrementally. The prism measurement is determined when the refixation movement, 
described in Figure 2–31, is neutralized.

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 downward to 
fixate. Thus, the ocular deviations can be determined by direction of the fixation movements.

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 measure-
ment taken with paretic eye fixating and prisms placed over 
the fixing, nonparetic eye.71 Because of Hering’s Law, which 
states that there is equal and simultaneous innervation to 
yoked (synergistic muscles), the secondary deviation is 

always larger than the primary deviation. For example, when 
fixing 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 is heavily stimulated just to 
move the eye into the primary position.

The Maddox rod (Fig. 2–33), containing parallel half-
cylinders, can help detect small deviations but, by itself,  
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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 nasal retina, appears 
to the right of the white light (“uncrossed diplopia”). Exodeviated eyes would result in the red line appearing to the left of the light (“crossed diplopia”) 
because the red image would abnormally fall on 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 characterize 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.

does not identify the paretic eye. Maddox rod testing will 
reveal the full deviation: tropia plus latent phoria. If mis-
alignment 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 (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 
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Figure 2–34. Hirschberg test. As the patient fixates on a bright light source, ocular misalignment in degrees can be estimated by observing the relationship 
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.

rod test except that the patient sees a red dot rather than a 
red line in the red glass test.

In patients with monocular or binocular visual loss or in 
less cooperative patients such as children, the corneal light 
reflex can be used to assess ocular misalignment in the Hir-
schberg and Krimsky tests. In both, a bright light is directed 
toward the patient’s face, and the patient is asked to try to 
look at the light; the relationship of the light’s 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 reflex and the iris (Fig. 2–34). 
In the Krimsky test, a variation of the Hirschberg test, a prism 
is placed over the nonfixating, deviated eye and increased or 
decreased until the light reflex 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.72

Measurements that are essentially the same in all cardinal 
positions of gaze define comitant strabismus, while in 
incomitant 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 fre-
quently seen in long-standing, often congenital, deviations 
unassociated with extraocular muscle palsies (nonparalytic 
strabismus).

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 indispensible when following proptosis in a patient with 
thyroid orbitopathy, for example. Any enophthalmos, or 
inward displacement, can be measured relative to the fellow 
eye with an exophthalmometer. Any downward displace-
ment 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.73
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Facial sensation within the three divisions of the trigemi-
nal 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 evalu-
ated with a wisp of cotton. The corneal blink reflex is 
described above in the facial nerve section. 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 pterygoids; 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) utilizes what essen-
tially 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 meas-
ured by applanation. At the bedside, a halogen transillumi-
nator 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 the optic disc, retinal vasculature, macula, and 
peripapillary retina to be carefully examined (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 attention to the caliber 
of arteries and veins, branching patterns, and, when sus-
pected, possible emboli. The macula, best observed by asking 
the patient to look at the direct ophthalmoscope’s light, is 
examined for evidence of atrophy, lipid deposition, detach-
ment, edema, drusen, blood, or change in pigmentation.

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 measurement 
scale in the mirror alongside the eye.

After pharmacologic dilation of the pupil with 1% tropi-
camide (an anticholinergic) and 2.5% phenylephrine (a 
sympathomimetic) topically, 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 thickening. In 
addition, both slit-lamp biomicroscopy and indirect oph-
thalmoscopy utilize 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. The 
mydriatic effect of tropicamide peaks at 20–40 minutes and 
lasts 2–6 hours, while that of phenylephrine is maximum at 
20 minutes and lasts 2–3 hours. Longer acting mydriatics, 
such as cyclopentolate or atropine, are unnecessary unless a 
cycloplegic refraction is 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  
orientation should be documented. Verbal memory can  
be evaluated by requesting the patient to remember three 
unrelated words such as car, Philadelphia, and honesty, then 
after 5 minutes asking him or her to recite the list of items. 
The important components of language function (fluency, 
comprehension, 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 are often 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 
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Figure 2–37. A. Direct ophthalmoscope. B. Direct ophthalmoscopy.

Klüver–Bucy syndrome (hypersexuality, placidity, hyperoral-
ity, visual and auditory agnosia, and apathy) with involve-
ment of the anterior temporal lobes bilaterally. A conduction 
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-occip-
ital or occipitally based visual disturbances such as Balint 
syndrome or cortical blindness may accompany dementia in 
Creutzfeldt–Jakob disease, progressive multifocal leukoen-
cephalopathy, or Alzheimer’s disease.

Cranial nerve evaluation
The neuro-ophthalmic examination already assessed cranial 
nerves II–VII in detail, so, in this part of the evaluation, the 
function of cranial nerves I and VIII–XII should be docu-
mented. Olfactory nerve (I) function can be tested in each 
nostril with coffee or perfume. The ability to discern whis-
pers 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 forehead, 
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 conductive 
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, respec-
tively. Tongue protrusion, a function of the hypoglossal 
(XII) nerve, should be symmetric. Hypoglossal nerve dys-
function 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 anti-gravity 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 alter-
nately tapping the palm and back of the hand against the 
thigh. 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 brain stem lesions. Modalities that should be tested 
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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 circulation (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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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 discrimination, or graphesthesia (the inability 
to identify a number written on the hand) strongly sug-
gests a parietal lesion. A process within the nondominant 
(usually right) parietal lobe can also produce a contralateral 
neglect syndrome or hemianopia, accompanied by con-
tralateral sensory inattention. Pain or hemianesthesia  
and an ipsilateral homonymous field deficit implies  
coinvolvement of the thalamus and optic radiations. 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  
cerebellar 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, brain stem, 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 
diagnoses. It would be impossible to list all the abnormal-
ities one might find; however, some examples are reviewed. 
The patient’s general appearance might suggest an under-
lying chromosomal, endocrinologic, or metabolic disorder. 
For instance, the disfiguring 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 abnor-
mal 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 

Table 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

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 malfor-
mation or carotid–cavernous fistula. In some instances of 
visual loss due to anterior ischemic optic neuropathy, under-
lying giant cell arteritis is suggested by tender, cordlike tem-
poral arteries and scalp sensitivity.

Neuro-ophthalmic examination in 
comatose patients

Plum and Posner74 emphasize the evaluation of breathing 
pattern, pupillary function, eye movements, and motor 
responses in the neurologic assessment of comatose patients, 
especially with regard to brain stem localization and diag-
nosis. Thus, neuro-ophthalmic techniques are paramount in 
this clinical setting (Table 2–2). The ocular motility examina-
tion is especially important because the pathways governing 
ocular motility traverse the entire brain stem, so pathology 
in this region often produces recognizable eye movement 
abnormalities. Conversely, if the eye movements are normal, 
it is likely the entire brain stem 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.2,75 In general, if 
the brain stem 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 con-
firmed with a magnifying lens. Unreactive pupils are sugges-
tive of midbrain dysfunction or third nerve palsy, perhaps 
due to 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 pupil-
lary abnormalities in coma are given in Chapter 13.
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is mediated by the frontal eye fields. Warm water stimulation 
produces a contralateral slow phase and ipsilateral 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 
brain stem but bilateral hemispheric dysfunction would 
produce only an ipsilateral tonic slow phase. Complete 
brain stem injury would result in no slow or fast eye move-
ments. The other ear can be tested after an interval of a few 
minutes. Bilateral caloric stimulation with cold water pro-
duces a downward slow phase, while stimulation with warm 
water bilaterally results in an upward slow phase.

Other important neuro-ophthalmic observations in com-
atose patients include testing of the corneal reflexes and 
examining the fundus. The corneal reflexes can be evaluated 
with a sterile cotton swab as described above or with drops 
of sterile saline. Absent corneal reflexes suggest pontine dys-
function. The ophthalmoscopic examination is often normal, 
but papilledema would indicate elevated intracranial pres-
sure, for instance, while a vitreous hemorrhage (Terson syn-
drome) may signify an aneurysmal subarachnoid hemorrhage. 
Because frequent monitoring of the pupils is important in 
comatose patients, pharmacologic dilation of the pupils 
prior to ophthalmoscopic examination in general should be 
avoided and, if necessary, documented in the patient’s 
record.
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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 brain stem 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.
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C H A P T E R   3

Visual loss: overview,  
visual field testing, and 
topical diagnosis

The afferent visual pathways encompass structures which 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 retro-
chiasmal (posterior to the chiasm) disturbances can present primarily with 
homonymous (both eyes involved with the same laterality) visual field 
defects without acuity loss. Higher order processing, instrumental in inter-
preting visual images, occurs in extrastriate 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 will provide an overview of these structures, detail methods 
of visual field testing, then describe a framework 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 photore-
ceptors 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 photore-
ceptors, 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 and converge to form the optic disc and 
optic nerve. Temporal to the fovea, the axons are strictly oriented above and 
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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.)

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 rep-
resents the intraocular portion of the optic nerve anterior to 
the lamina cribrosa (see Fig. 2–38). The retina is normally 
transparent, and the orange-red color visible on fundus 
examination is due to 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 oli-
godendrocytes 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 dia-
phragma sella and inferior to the third ventricle and hypoth-
alamus. 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), while the fibers from the temporal 
retina remain ipsilateral in the lateral portion of the chiasm 
(Fig. 3–2). The ratio of crossed to uncrossed fibers is 53:47.1 
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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 subserve contralateral inferior and super-
ior quadrants, respectively. The majority of the occipital 
lobe is supplied by the posterior cerebral artery with a con-
tribution 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 area 
V4 in monkeys, which is responsible for color vision. In an 
oversimplification, temporal lobe structures govern visual 
recognition and memory, while 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 
provide extremely useful information. In general, the  
technique is specific, as field loss detected by confrontation 
is usually real.2,3 However, confrontation is insensitive, 
as more subtle defects may be missed.3,4

More sensitive, reproducible, and precise visual field 
testing may be achieved by automated or computerized 
threshold perimetry or kinetic testing with a Goldmann perimeter 
or tangent screen. Threshold computerized perimetry of 
the central 30 degrees of vision, although 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 
screening and for patients with significant neurologic 
impairment. Manual kinetic perimetry also allows the 
knowledgeable examiner to “search” for suspected field 
defects. Computerized perimetry, owing to its wide avail-
ability and ease of administration, 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 sep-
arately. Except in patients using miotic eye drops for glau-
coma, for instance, field testing should take place before 
pharmacologic dilation of the pupils, which tends to worsen 
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Figure 3–2. Separation of pathways for temporal and nasal visual fields. 
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. (Redrawn from Zeki S. A Vision of 
the Brain, p 23. Blackwell Scientific Publications, Cambridge, UK, 1993, with 
permission.)

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 
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 
calcarine 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 posterior cerebral artery.
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of vision is much larger. The blind spot is depicted as an 
opening in the island temporal to the central peak,11 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 sensitiv-
ity (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-dimen-
sional 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 constric-
tion 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.

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 
on suspected defect areas

More subjective
Depends on the skills of 

the perimetrist

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

computerized field test
Severe visual loss
Functional vision loss

Tangent screen 
kinetic

Short
Can be performed in the 

examination room

Central 30° only Central field defects
Functional visual loss

Temporal visual fieldNasal visual field

Foveolar vision

z-axis

y-axis

x-axis

Blind spot

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.

performance even if accommodative dysfunction has been 
corrected with lenses.5,6

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 pho-
toreceptors overlying the optic nerve, is located approxi-
mately 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, respecting the vertical (usually) or horizontal 
meridian. Congruity refers to the symmetry of the field defect 
in both eyes.

Visual field testing in children. Some studies have sug-
gested that computerized visual field testing, usually requir-
ing several minutes per eye, can be performed reliably in 
young children.7,8 However, in our experience most children 
less 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, but there is still 
great test–retest variability in this age group. Therefore, clini-
cal 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).9,10 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 
increasing 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 
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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.

Computerized threshold perimetry
There are many types of computerized threshold perimetry 
in wide use, including Humphrey (Carl Zeiss), Octopus, and 
Dicon.12 The major advantages of computerized perimetry 
over other forms are that it permits more standardized 
testing procedures,13,14 it requires less technician skill, and it 
is affected less by intertechnician variability.15 Some studies 
have also demonstrated that automated computerized  
perimetry may be more sensitive to subtle field loss than 
Goldmann perimetry.15 The discussion in this section will 
highlight the testing features of the Humphrey perimeter 
(Fig. 3–6), which is the most popular.

In the Humphrey threshold 30–2 test, the computer 
presents white light stimuli against a white background 
within the central 30 degrees of vision of each eye. Lens cor-
rection 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 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 
over 450 points over approximately 15 minutes. Swedish 
Interactive Threshold Algorithm (SITA) software programs 
may save up to 50–70% of test time for a Humphrey field.16,17 
Largely because the shorter test time vastly improves patient 
cooperation, sensitivity and reproducibility are enhanced in 
neuro-ophthalmic patients with these programs.18 Thus 

SITA-Standard and Fast programs have become vastly  
preferred over standard full threshold tests in clinical 
practice.19,20

Patient reliability during a Humphrey field test is reflected 
in the number and proportion of fixation losses, and 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 thought to have occurred. 
A false-positive response happens when the patient hits the 
buzzer but no light stimulus was presented. When a patient 
does not hit the buzzer if a stimulus of identical location 
and greater intensity to one that was previously detected is 
presented, 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.21 
Severe and nonorganic (see Ch. 11) visual field loss may be 
associated with abnormally high false-negative rates.

The printout displays the visual field data in several ways 
(Fig. 3–7),21 including some with statistical analysis. The 
threshold intensities are presented in raw data form. The 
gray scale provides a graphical representation of the thresh-
old 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 difference 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, are factored out this way. 
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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)

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 
negative. Serial visual fields can be compared by following 
the mean deviation.

Several factors may influence the patient’s performance 
on this test. The learning curve is steep, and individuals 
undergoing threshold perimetry have a natural tendency to 
provide more reliable visual fields on subsequent testing.22 
Mild ptosis may be associated with depression of the su -
perior visual field,23 and cataracts, pupillary miosis,24 and 

myopia25 may cause diffusely decreased sensitivity. The 
influence of age on the visual fields of normal individuals 
has also been studied, and a decrease in sensitivity with 
increasing age was found.26,27 There may also be some 
variability in performance over time in different disease 
states.28

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 detecting large field defects such as hemianopias or alti-
tudinal field loss. However, because the points can be spread 
far apart, often the information provided is so vague that the 
test becomes uninterpretable.
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will detect the rare peripheral visual field defects, due to 
anterior calcarine, temporal lobe, or early chiasmal compres-
sive lesions, for instance, which may have been missed by 
computerized perimetry of the central 30 degrees.41,42 Gold-
mann perimetry is also particularly 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, espe-
cially when Goldmann perimetry is used in serial follow-up. 
Another drawback to the technique is that the perimetrist 
needs a 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 meas-
uring 0.062 mm2 to 64 mm2, respectively. Stimulus lumi-
nance 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, brightest stimulus is designated by V4e. Usually the 
dots are white, but colored stimuli can be used in some situ-
ations, such as in the evaluation of hereditary optic neuropa-
thies. 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 (Fig. 3–10). The normal 
temporal V4e field can extend 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 pho-
toreceptors overlying the optic disc, is technically a scotoma 
and is temporal to fixation in all normal individuals.

Automated kinetic perimetry. Automated and computer-
ized combinations of static and kinetic perimetry (Fig. 3–11) 
performed on the Octopus 101 and 900 perimeters can be 
used to produce results similar to Goldmann perimetry, but 
without the need for an experienced examiner.43,44 Auto-
mated kinetic perimetry has been shown to be accurate and 
reliable in both neuro-ophthalmic disease44 and glaucoma.45 
This technique may become increasingly more important  
in the future as advantages of automation are tested (repro-
ducibility and quantification), paradigms searching for spe-
cific 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.46 The per-
imetrist moves round white or colored discs or spheres over 

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).16,29 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 
patients30–33 and young children.34,35 In addition, the instru-
ment is portable and relatively inexpensive. Short-wavelength 
automated perimetry (SWAP), which uses a blue stimulus 
on a yellow background, has been used primarily in glau-
coma screening but with little use in neuro-ophthalmic 
patients.19,36,37 Long testing time is one of the disadvantages 
of SWAP.

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 centri-
petally and statically, and the patient hits a buzzer when he 
or she detects the stimulus. The perimetrist monitors the 
patient’s fixation through a telescope, constantly encourag-
ing 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 neurologi-
cally impaired. Furthermore, Goldmann perimetry rarely 
requires more than 5–7 minutes per eye, and short breaks 
can be taken at the examiner’s discretion. The test also can 
be tailored to the clinical situation: screening for chiasmal 
or hemianopic defects by paying particular attention to 
asymmetries along the vertical meridian,38,39 arcuate field 
defects in glaucoma, and infranasal defects in papilledema.40 
Since the whole visual field is tested, Goldmann perimetry 

Figure 3–6. Humphrey computerized perimeter.
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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 -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 (MD).
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confrontation fields are drawn (see Chapter 2). The isopters 
are designated as a fraction, such as 3w/1000, which indi-
cates 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 equiva-
lent targets on both sides of fixation (Fig. 3–12B), and 
asking the patient if one appears different than 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).47 The examiner should stand 
behind the patient, thereby avoiding any hints regarding the 
direction of the target presentation. One can also use the 
laser pointer during inpatient consultations for rough assess-
ment of visual fields, substituting 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 retina, optic nerve, chiasm, tract, radiations, 
occipital lobe, or higher cortical area. Then the examiner 
should generate a differential diagnosis and attempt to deter-
mine what the lesion is. Historical features often guide the 
differential diagnosis, and then neuroimaging combined 
with other ancillary tests frequently narrow the list of  
possible causes.

Video 3.1

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 

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 subject (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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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 occipi-
tal lobe, should be investigated. Further details regarding 
these specific complaints and their localizing value are pro-
vided in the respective chapters.

Associated neurologic deficits, such as motor or sensory 
abnormalities, will also assist in localization and often indi-
cate a hemispheric abnormality. Medical conditions should 
always be investigated in the review of systems. Hyperten-
sion, diabetes, 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 hypopi-
tuitarism (amenorrhea, decreased libido, impotence, for 
example) or pituitary hypersecretion (galactorrhea, acrome-
galy, for example), suggests a chiasmal disorder.

Examination
Particular attention should be paid to assessment of acuity, 
color vision, confrontation visual fields, pupillary reactivity, 

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.

The temporal profile of the visual loss will suggest possi-
ble diagnoses, and its monocularity or binocularity will help 
in localization. As a general rule, acute or subacute visual 
deficits 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, infiltra-
tive, or degenerative process. Cataracts, refractive error, open-
angle glaucoma, and retinal disorders such as age-related 
macular degeneration or diabetic retinopathy also need to 
be considered when visual symptoms are insidious.

If a patient complains of monocular visual loss, a process 
in one eye or optic nerve should be considered. Painless 
transient visual loss characterized by a “gray shade” that 

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 
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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opic field loss with normal acuity, pupillary reactivity, and 
fundi are normally associated with a retrogeniculate process. 
A hemianopia accompanied by an ipsilateral hemiparesis 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  

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 optic nerve, chiasm, 
or bilateral retrochiasmal lesions. Homonymous hemian-

Figure 3–11. Combined static and automated Goldmann perimetry in a patient with 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 meridians, and the computer 
corrects for reaction time.
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Monocular field defects emanating from the blind spot, as 
in an arcuate scotoma, for instance, are almost always related 
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. Once the homonymous hemianopia is 
complete, congruity can no longer be assessed, and the 
defect may have its origin anywhere along the retrochiasmal 
pathway because congruity cannot be assessed. The particu-
lar patterns of visual field loss are discussed in greater detail 
in Chapters 4–8.

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 dartboard.48 Some authors have used mfVEPs 
as objective perimetry in the detection and follow-up  
of optic neuropathies and other central visual pathway 
disorders.49–52

A B

Figure 3–12. Tangent screen visual field test. Each eye is tested separately. 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.

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.

glaucoma have peripheral visual field loss but preserved 
central acuity; the visual loss associated with both of these 
problems is insidious. Retinal detachments may present 
acutely with flashes of light, floaters, or peripheral field loss.

Pattern of visual field loss

Figure 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. 
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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.

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 
abnormalities, and common causes to consider for various 

localizations within the afferent visual pathway. Optic neur-
opathies 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 neo-
plasms 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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Table 3–2 Topical diagnosis: various causes of visual loss according to lesion site within the afferent visual pathway

Lesion site Common causes Findings

Ocular Refractive error, media opacities Vision may improve with pinhole; normal pupillary reactivity

Retina Macular degeneration, central retinal artery 
occlusion, central retinal vein occlusion

Visible retinal abnormality on ophthalmoscopy

Optic nerve Inflammatory lesions (idiopathic optic neuritis, 
sarcoid); ischemia (atherosclerotic, vasculitic); 
infiltrative/infectious (neoplastic, syphilis)

Afferent pupillary defect present if unilateral; central, 
centrocecal, or arcuate field defect; disc swelling may be 
visualized if optic nerve head involved

Chiasm Sellar mass (pituitary adenoma, 
craniopharyngioma, meningioma, or aneurysm)

Bitemporal hemianopia; optic atrophy if chronic

Optic tract Sellar mass Afferent pupillary defect variable; classically incongruous 
hemianopia; “bow-tie” disc atrophy if long standing

Lateral geniculate Stroke Incongruous hemianopia, optic atrophy late; horizontal 
sectoranopia or quadruple quadrantanopia suggestive of 
infarction

Optic radiations 
(parietal)

Stroke, neoplasm Inferior contralateral quadrantanopia; normal pupillary 
reactivity; defective optokinetic response with targets 
drawn toward the lesion

Optic radiations 
(temporal)

Stroke, neoplasm Superior contralateral quadrantanopia; normal pupillary 
reactivity

Occipital Stroke, neoplasm Congruous contralateral hemianopia with or without 
macular sparing; normal pupillary reactivity; normal 
optokinetic response
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C H A P T E R   4

Vision loss: retinal disorders 
of neuro-ophthalmic interest

While a comprehensive review of all retinal disease is beyond the scope of 
this text, there are several entities that are particularly important in the 
neuro-ophthalmic differential diagnosis of central and peripheral visual loss 
and positive visual phenomena. Patients with retinopathies may have symp-
toms and examination findings that overlap with patients with optic nerve 
disease and cortically based conditions. They may manifest with visual 
acuity loss, visual field defects, and a paucity of findings on ophthalmo-
scopic examination. Certain retinal disorders may also provide invaluable 
clues to the existence of an underlying neurologic illness or systemic disease. 
In this chapter, we will examine the relevant retinal anatomy, the distinction 
between maculopathy and optic neuropathies, maculopathies that may 
mimic optic neuropathy, retinal vascular emboli and insufficiency, the pho-
toreceptor disorders important in neuro-ophthalmic differential diagnosis 
(big blind spot syndrome, cancer-associated retinopathies), toxic retinopa-
thies, hereditary retinopathies of neuro-ophthalmic interest, and the retinal 
manifestations of neurologic and systemic diseases and phakomatoses.

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 serata. 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 extracellular matrix. The basal sides of the RPE cells form 
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. The ganglion cell axons run parallel to the 
surface of the retina and form the nerve fiber layer. The major glial cell of 
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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 
in company 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 vascular supply in the choroid. There is a capillary-free 
zone of approximately 400 µm in the fovea called the foveal 
avascular zone. The absence of vascular elements is necessary 
for keen visual acuity. At artery and vein crossing points, the 
arteries lie over the veins and a basement membrane is 
shared. 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 accom-
plished 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 anatomical 
basis for the development of collateral vessels in certain 
conditions. Pathologic processes that cause central vein 
obstruction (e.g., central retinal vein occlusion, 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.

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

Distinction between maculopathies  
and optic neuropathies

Optic neuropathies and maculopathies may manifest with 
similar symptoms, such as central vision loss. When optic 

neuropathies or maculopathies present with their classic fea-
tures they are not difficult to distinguish. However, some 
patients with reduced acuity will have normal-appearing 
optic nerves and maculae. In this setting, the combination 
of historical information, examination findings, and  
laboratory studies will often aid in separating these entities 
(Table 4–1).

Symptoms
The presence of metamorphopsia or photopsia may be very 
helpful in localizing vision loss to the retina. Patients with 
metamorphopsia describe warping, bending, or crowding of 
the images, while those with photopsia complain of seeing 
sparkles of light. Both of these symptoms are very unusual 
in optic neuropathies. The complaint of light blindness or 
abnormal glare sensitivity (hemeralopia) also suggests the 
presence of retinal dysfunction and may be a prominent 
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 wide-
spread retinal photoreceptor disease. Other symptoms that 
accompany the vision loss may provide distinguishing fea-
tures. For instance, pain in association with vision loss is 
exceedingly uncommon in patients with retinal problems, 
but may accompany optic disease, particularly inflammatory 
conditions such as optic neuritis.

Signs
Reduction of visual acuity is commonly encountered in both 
maculopathies and optic nerve disease. However, abnor-
malities of color vision help to distinguish macular disease 
from optic nerve dysfunction. For instance, when visual 
acuity is only mildly reduced but color vision is markedly 
impaired, optic nerve dysfunction is more likely. 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 neuropathy, 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-
longation of the recovery time of the photoreceptor visual 
pigments after prolonged bright light exposure. The test, 
which is described in more detail in Chapter 2, is per-
formed by shining a bright light in the eye and finding a 
prolonged recovery time for visual acuity in the affected 
eye compared with the unaffected eye. Patients with optic 
neuropathy will not have a prolonged recovery time after 
photostress.

The presence of an afferent pupillary defect also strongly 
suggests the presence of optic nerve disease. Extensive and 
asymmetric retinal lesions are typically necessary for patients 
to develop a relative afferent pupil defect. In addition, visual 
field testing may be useful in distinguishing optic neuropa-
thies and maculopathies. Both entities may be associated 
with central or centrocecal scotomas, although the presence 
of the latter field deficit favors optic nerve disease.  
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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)

Ocular coherence tomography Normal macula
Nerve fiber layer thinning

Abnormal, edema, thickening or thinning

Visual evoked response Large latency delay Small latency delay

Midperipheral, ring-type scotomas are typical of retinal 
degenerations, inflammatory and paraneoplastic retinopa-
thies. 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. This nonspecific type of field defect is usually unhelp-
ful in distinguishing the two conditions.

Ophthalmoscopy is critical when distinguishing optic 
neuropathies from maculopathies. In general, abnormalities 
will be identified in almost all patients with significant 
macular or optic nerve disease, and it is only at the earliest 
stage of these visual problems that an abnormality may not 
be observed. Macular lesions that produce pigmentary 
changes, atrophy, or hemorrhage are usually observable on 
ophthalmoscopy. Optic nerve atrophy with or without nerve 
fiber layer dropout may be recognized on ophthalmoscopy, 
particularly when using the green filter light, or can be 
detected with ocular coherence tomography (OCT). Signifi-
cant overlap may exist in the early phases of an optic neu-
ropathy when pallor has not yet developed or in the later 

phases of retinal disease when mild optic disc pallor may be 
associated with widespread retinal disease.

Ancillary testing
Ultimately, the examiner may need to rely on other diagnos-
tic tests to identify and localize the cause of vision loss. 
Evaluation of the cross-sectional anatomy of the macula has 
been revolutionized by OCT. This noninvasive technique 
relies on imaging of reflected light, much like echography 
images rely on reflected sound. With OCT, exquisitely 
detailed cross-sectional images of the retina can be obtained, 
and the various layers of the retina can be resolved (Fig. 4–2). 
The cross-sectional image of the retina is particularly helpful 
in identifying fluid and retinal edema, macula holes, choroi-
dal neovascularization, vitreo-retinal interface abnormali-
ties, and abnormal retinal thinning or thickening. These 
tomographic images can be resolved to 0.01 mm.

Fluorescein angiography (FA) may be helpful in identify-
ing occult macular problems. For instance, patients with 
diabetic macular ischemia might exhibit capillary nonper-
fusion on FA with minimal findings on fundus examination. 
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retina. This potential seems to be dependent on the meta-
bolic activity of the pigment epithelium, not the neurosensory 
retina. The oscillations in this potential can be increased by 
varying the levels of illumination. A reduction in the ratio 
of light-adapted to dark-adapted potentials represents an 
abnormal electro-oculogram (EOG). The EOG generally par-
allels the ERG but certain exceptions exist, such as vitelliform 
macular dystrophy, in which the ERG is normal and the 
EOG is abnormal.

Despite extensive evaluation, it may be impossible to 
localize the cause of the patient’s vision loss. In this setting 
it is important to consider the possibility of nonorganic or 
functional 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 find-
ings on examination to make the diagnosis sufficiently easy 
if careful ophthalmoscopy is performed. For instance, a 
patient with age-related macular degeneration and vision 
loss will almost always have abnormalities that can be seen 
in the macula (drusen, swelling, bleeding, or atrophy) to 
explain the symptoms.

However, there are several macular conditions that are 
not well-visualized, and therefore the distinction from optic 
neuropathy may be difficult. These conditions are listed in 
Table 4–2 and summarized below. They are often missed 
because the findings on clinical examination may be subtle 
or the clinical suspicion is not high enough. OCT has proven 
very helpful in identifying many of these subtle macular 
disorders (Fig. 4–3).

Central serous chorioretinopathy
Central serous chorioretinopathy results from abnormal 
leakage of fluid from the choroid into the subretinal spaces. 
It is a disorder that often affects young men, classically those 
with “type A” personalities, and women during pregnancy.4–12 
Other factors associated with central serous retinopathy 
include use of corticosteroids or psychopharmacologic  

Figure 4–2. Ocular coherence tomography (3 Stratus System) section of 
a normal human retina. The layers of the retina can be indentified:  
GCL, ganglion cell layer; IS/OS, photoreceptor inner and outer segments; 
NFL, nerve fiber layer; ONL, outer nuclear layer; and RPE, retinal pigment 
epithelium.

Ophthalmoscopically occult cystoid macula edema or 
leakage from choroidal neovascularization can usually be 
easily identified with FA. The technique may also be helpful 
in highlighting the pigmentary abnormalities that can occur 
with inherited retinal degenerations such as Stargardt disease 
or the bull’s eye pigmentary pattern common in toxic 
retinopathies.

Electroretinography (ERG) is another useful diagnostic 
tool, particularly for patients with retinal degeneration, 
paraneoplastic retinopathy, or acute zonal occult outer 
retinopathy (see below). The ERG is usually recorded using 
a corneal contact lens, and the signal is evoked from the 
retina using a flash of light. The ERG is characterized by a 
negative waveform (a-wave) that represents the response of 
the photoreceptors and a positive waveform (b-wave) that 
is generated by a combination of cells including the Mueller 
and bipolar cells. The entire response lasts less than 250 
milliseconds. The ERG can be recorded under scotopic and 
photopic conditions 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 out 
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. When available, focal or multi-
focal ERG may provide additional information in subtle 
cases by examining a localized retinal flicker response from 
many regions of the retina.2,3 Multifocal ERGs are very 
helpful in creating a “topographic” representation of retinal 
sensitivity across the macula and are useful in patients in 
whom occult macular disease is considered. Multifocal ERG 
may be helpful in following patients with outer retinopa-
thies and to confirm normal function in suspected cases  
of nonorganic vision loss. To avoid false-positive results, 
testing is best performed by experienced electrophysiologists 
in laboratories that do the testing often.2

Electro-oculography is another test of retinal function and 
is based on the existence of an electrical potential across the 

Table 4–2 Common maculopathies that may mimic 
optic neuropathies

Central serous maculopathy

Cystoid macular edema

Diabetic macular ischemia

Acute macular neuroretinopathy

Cone dystrophy

Toxic maculopathies

Idiopathic blind spot enlargement syndrome

Choroidal ischemia
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Figure 4–3. Ocular coherence tomography of common maculopathies encountered in the differential diagnosis of central vision loss. A. Macular hole; 
arrows denote the edges of the hole in the sensory retina. B. Macular edema, fluid spaces (arrows) are seen throughout the thickening of the retina. C. Cystic 
macular edema (asterisk) and thickening resulting from traction from an epiretinal membrane and vitreoretinal attachment (arrow). D. Generalized retinal 
thinning in a patient with cone dystrophy. Also see Figs 4–4 and 4–5.

medications, systemic hypertension, and immune suppres-
sion in organ transplantation.13–17

The patient may complain of sudden central visual loss 
and distortion. On examination, there is reduced visual 
acuity and a central scotoma on visual field testing. Meta-
morphopsia is typically present on Amsler’s grid testing. An 
afferent pupil defect is usually not seen. The diagnosis is 
established best by slit-lamp biomicroscopy examination of 
the fundus, OCT, and FA, during which subretinal fluid in 
the macula will be evident (Fig. 4–4). The retinal elevation 
may be subtle and easily missed through an undilated pupil. 
Retrobulbar optic neuritis is the main alternative diagnosis, 
although pain on eye movements is usually present in that 
condition.

Cystoid macular edema
Cystoid macular edema (CME) most commonly occurs after 
cataract surgery but may occur in association with ocular 
inflammatory disease, macular degeneration, and diabetic 
retinopathy. Metamorphopsia is a common complaint. 
Small, shallow central visual field defects are frequently 
encountered 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 be either absent or difficult 
to see.

FA and OCT are usually very helpful in identifying patients 
with CME not recognized by ophthalmoscopy (Fig. 4–5). 
However, patients with resolved CME may be difficult to 
diagnose because only mild pigmentary changes may be 

evident. FA may be unhelpful in such cases. It is important 
to recognize CME because of the potential for effective treat-
ment with anti-inflammatory agents.

Diabetic ischemic maculopathy
Ophthalmoscopically apparent macular edema is respon-
sible for central vision loss in most patients with diabetic 
retinopathy. However, diabetic maculopathy, which may be 
associated with either nonproliferative or proliferative retin-
opathy, can take other forms including exudative or ischemic 
types. Closure of retinal capillaries is actually an early micro-
vascular 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.18 Although this type of vessel closure is easily seen 
on FA, other ophthalmoscopic clues include large dark 
retinal hemorrhages, multiple cotton-wool spots, and nar-
rowed vessels.

However, the degree to which vision loss can be ascribed 
to this disorder may not correspond to the degree of oph-
thalmoscopic findings, and there are frequently confound-
ing factors. Patients with advanced diabetic retinopathy and 
vision loss may exhibit mild optic atrophy and pigmentary 
changes. The visual field loss that may occur following  
pan-retinal photocoagulation also complicates the clinical 
picture. The full-field and multifocal ERG may be useful in 
identifying retinal dysfunction in patients with diabetic 
retinopathy.19,20 When the unusual types of visual field 
defects are encountered, such as altitudinal defects or those 
respecting the vertical midline, then it is mandatory that 
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Figure 4–4. A. Fundus photograph of the left eye of a patient with central serous retinopathy. The black arrows delineate the edge of the small collection 
of fluid under the neurosensory retina. This view emphasizes how easily this condition can be missed when the fundus is examined with only a direct 
ophthalmoscope in the area of the optic nerve. B. OCT image of the same patient demonstrating fluid (asterisk) between the neurosensory retina and the 
retinal pigment epithelium (courtesy of Alexander J. Brucker, MD).

A B

Figure 4–5. A. Ocular coherence tomography of cystoid macular edema with intraretinal cystic spaces seen (asterisk). B. Late-phase fluorescein angiography 
of cystoid macular edema demonstrating typical hyperfluorescent cyst-like spaces in the macula in petaloid pattern (black arrow).

alternative causes be considered, especially compressive 
optic nerve or chiasmal lesions.

Acute macular neuroretinopathy
This rare entity is also discussed below along with the big 
blind spot syndromes. It may be very difficult clinically to 

distinguish from optic neuritis because of the tendency for 
it to cause central vision loss in young women. A recent 
review identified fewer than 50 reported cases in the litera-
ture.21 Classically, these patients have tiny, often multifocal, 
discrete central transient or permanent visual field defects, 
which are apparent only on Amsler grid testing. Scotomas 
correlate with an orange-brown, wedge-shaped, petalloid 
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retinal lesion seen on ophthalmoscopy (Fig. 4–6). Again, this 
is another retinal diagnosis that is difficult to make without 
a careful dilated fundus examination. The pathologic process 
occurs in the outer retinal layers but the cause is uncertain. 
OCT can be very helpful in the diagnosis of acute macular 
neuroretinopathy (AMN).22–24 Findings include an extra 
band of high reflectivity in front of the normal highly reflec-
tive band of the outer retinal complex.

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

Retinal vascular emboli and 
insufficiency

Retinal vascular insufficiency should be considered in the 
differential diagnosis of transient or permanent monocular 
visual loss. Emboli to the retinal vasculature, typically from 
the carotid artery bifurcation, are often the cause. On the 
other hand, asymptomatic retinal emboli are also frequently 
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 exam-
ination, a workup for either a carotid or a cardiac source  
of emboli must be pursued. This testing is detailed in  
Chapter 10, and usually includes a noninvasive carotid eval-
uation with ultrasound or magnetic resonance imaging–
angiography and echocardiography. In younger patients or 
patients with unexplained recurrent symptoms or findings 
the workup can be expanded to include transesophageal 
echocardiography, a hematologic workup for hypercoagul-
able state, and occasionally conventional angiography.

Emboli
Types. There are three distinct types of retinal emboli: 
cholesterol, calcific, and platelet–fibrin.25–28 The ophthalmo-

A B

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 parafoveal retina.

Figure 4–7. Hollenhorst plaque (arrow) at a bifurcation of a temporal 
retinal artery. These emboli typically have a shiny, yellow, refractile 
appearance and are often seen without any evidence of retinal  
infarction.

scopic differentiation of these types of emboli may be dif-
ficult. Sharma et al.27 found poor intra- and interobserver 
reliability in differentiating retinal emboli. The authors of 
this study cautioned against making decisions about workup 
based solely on the clinical impression of the embolus type. 
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 intravenous drug abuse, bacte-
rial with endocarditis).

Cholesterol emboli (Hollenhorst plaques29), seen as gold-
colored refractile bodies (Fig. 4–7), are the most common. 
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Figure 4–8. Platelet–fibrin emboli in retinal arteries. A. Note the yellow-gray, elongated, cast-like 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 associated 
retinal infarction.

Most cholesterol emboli lodge at bifurcations in the tem-
poral retinal circulation. Platelet–fibrin emboli are gray and 
form cast-like 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). They tend to occur in the 
setting of cardiac valvular disease,30 but may also originate 
from a carotid source.

Prevalence and associations. The prevalence of retinal 
emboli in various populations has been reported to be 
approximately 0.9–3%.31–36 The 5-year incidence is 0.9%.33 

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).

The prevalence increases with age, and they are more 
common in men. Emboli are associated with hypertension, 
smoking, vascular disease, and previous surgery.31,32,34–38 In 
one study emboli were not found in association with diabe-
tes or obesity.35

Carotid disease. In one series of patients with retinal 
emboli, 74 out of 207 underwent formal carotid angiog-
raphy, and 18% of the asymptomatic patients were found 
to have significant stenosis (>75%).39 The percentage was 
only slightly higher in symptomatic patients (21% with 
high-grade stenosis).39 The stenosis was worse on the side 
of the embolus in 70% of patients. In another study of 
patients with either retinal emboli or retinal occlusion, 
significant carotid stenosis was found in 22% of patients 
and was the most common etiologic factor identified.40 A 
population study agreed that approximately one-quarter 
of patients with retinal emboli had a carotid artery plaque.38 
In patients with retinal arterial occlusion, the presence of 
a retinal embolus did not predict a higher degree of ste-
nosis in one study.41 Asymptomatic patients with retinal 
emboli and carotid stenosis may in some cases benefit 
from carotid endarterectomy.42 However, the decision for 
surgery should be made on an individual basis, as surgery 
for asymptomatic carotid stenosis is controversial (see 
Chapter 10).

Cardiac disease. Furthermore, finding an embolus also 
does not necessarily correlate with the presence of a struc-
tural cardiac lesion requiring intervention.43 In patients with 
emboli or vessel occlusions, echocardiography may identify 
a cardiac source,44 and transesophageal echocardiography is 
superior to transthoracic echocardiography.45

Associated morbidity and mortality. As recognized 
for decades,46,47 cholesterol and platelet–fibrin emboli 
are associated with an increased risk for stroke,33,36,40,48,49 
myocardial infarction,50 and, as a result, reduced life 
expectancy.26
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a decreased reflectivity in the outer retina and retinal pigment 
epithelium/choriocapillaris layers.63,64

Aggressive therapies should be considered to improve the 
delivery of oxygen to the retina. Although some patients 
spontaneously improve, the prognosis for visual improve-
ment after CRAO is poor even with heroic measures 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. The efficacy of these measures has never been 
proven, and one retrospective study suggested that the  
prognosis for visual recovery is not improved with these 
therapies.65 Hayreh and Zimmerman66 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, only 50% had a residual peripheral island of vision 
while two-thirds of patients (particularly those with  
cilioretinal arteries and transient CRAO) had significant 
improvement. Approximately 20% of patients develop iris 
neovascularization.67

Intra-arterial fibrinolysis has been successfully used in 
patients with CRAO,68 but multicenter prospective data 
demonstrating its efficacy are lacking.69,70 Arnold et al.71 
reported improvement in 8 of 37 patients treated with fibrin-
olysis compared with none of 19 treated conventionally  
and noted a better prognosis in younger patients. In the USA 
the procedure has not yet been widely adopted and has been 
used in only a few academic medical centers.72 Hayreh 
et al.73 have shown, in an experimental monkey model, that 
the retina may survive for as long as 97 minutes with CRAO, 
but after that damage increases with time; after 4 hours there 
is profound irreversible damage.73 This suggests a narrow but 
realistic time frame for intervention with clot lysis.

Branch retinal artery occlusion. Patients with BRAO simi-
larly represent a heterogeneous group. Most patients present 
with and maintain better than 20/40 visual acuity.74 
Ophthalmoscopy reveals retinal whitening involving a 
section of retina with a partial cherry-red spot (Fig. 4–10). 
Nearly all BRAOs involve the temporal retinal arteries.59 In 
the majority of cases, they occur in the setting of carotid 
artery disease,75 and the workup for carotid and cardiac 
sources of emboli should be pursued as in patients with 
CRAO. BRAO has also been described in a variety of other 
conditions, including infectious retinopathies (toxoplasmo-
sis, cat scratch disease), antiphospholipid antibody syn-
drome, protein S deficiency,76 Susac syndrome,77–79 temporal 
arteritis,80 and the presence of anticardiolipin antibody81 and 
lupus anticoagulants.82 One study suggested that the pres-
ence of a visible embolus and BRAO were factors correlated 
with a significantly worse survival than age-matched con-
trols.83 As in the management of CRAO, aggressive maneu-
vers to move the embolus by lowering intraocular pressure 
and using vasodilators have no proven benefit.59

Cilioretinal artery occlusions. Similar embolic events can 
lead to the obstruction of the cilioretinal artery. If present, a 
cilioretinal artery can protect macular vision when CRAO 
occurs. Isolated cilioretinal artery occlusions can occur  
as well with loss of central vision and preservation of  
peripheral vision.84–86 Cilioretinal artery occlusions have also 

Events associated with retinal  
vascular insufficiency
Amaurosis fugax. Amaurosis fugax (AF), or “fleeting” or tran-
sient 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). Visual loss may 
be altitudinal, peripheral, central, or even vertical. As 
opposed to migrainous episodes of transient vision loss, 
there usually are no photopsia or positive visual phenom-
ena. Most episodes last 10 minutes or less and are painless. 
Transient migrainous monocular blindness can occur, but 
whether these events can be truly classified as migraine and 
whether they are separate and distinct from vasospastic AF 
are controversial.51,52

Emboli from the carotid to the retinal vasculature are a 
common cause of AF. These emboli may arise from internal 
carotid artery stenosis, dissection, or from common carotid 
artery disease.53 A nasal 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.54 Other causes of AF include 
the antiphospholipid antibody syndrome (APS; see below).55 
APS is most common in patients with lupus and can lead to 
AF even in children.56 Heritable thrombophilia (factor V 
Leiden mutation), low protein S, high factor VIII, resistance 
to activated protein C, and the methylenetetrahydrofolate 
reductase (MTHFR) mutation may be identified in patients 
with AF and no other identifiable etiology (carotid or cardiac 
source).57

Retinal artery occlusion. Permanent vascular disruption 
may cause a central retinal artery occlusion (CRAO) or 
branch retinal artery occlusion (BRAO). Interestingly, for 
unclear reasons CRAO is associated with visible emboli in 
up to 20% of patients,58 but BRAO has a higher rate, 
approaching 60–70%.59 Other mechanisms of retinal vascu-
lar occlusion are possible besides emboli, including local 
thrombosis, hypercoagulability,60 vasculitis, (especially tem-
poral arteritis), vasospasm, and hypoperfusion. 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.61

Central retinal artery occlusion. An acute CRAO is a true 
emergency because the potential to restore vision may exist 
for the first 12–24 hours. Because there are no ganglion cell 
axons overlying the macula, ophthalmoscopy reveals a 
macular cherry-red spot that results from the deep reddish 
color of the choroid showing through the surrounding,  
whitened retina (Fig. 4–10). In a study of 285 patients seen 
by a single ophthalmologist, Hayreh and Zimmerman62 
found the prevalence of ophthalmoscopic findings to be: 
retinal opacity in the posterior pole (58%), cherry-red spot 
(90%), box-carring in retinal vessels (19%), retinal arterial 
attenuation (32%), visible emboli (20%), optic disc edema 
(22%), and pallor (39%). Acutely, OCT demonstrates 
increased reflectivity and thickening of the inner retina and 
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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 depending 
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.

been described in systemic lupus erythematosus,87 temporal 
arteritis,88 carotid artery dissection,89 antiphospholipid syn-
dromes,90,91 as a complication of embolization of central 
nervous system (CNS) lesions92 and laser refractive surgery,93 
sickle cell disease,94 and in association with central retinal 
vein occlusions in young patients (Fig. 4–11).95,96

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.97–99 Patients may present 
with AF or gradual or sudden loss of vision.99 A venous stasis 
retinopathy characterized by midperipheral dot and blot 
hemorrhages may be evident (see Fig. 10–3).97–99 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.97 The vascular 
occlusion is typically either in the ipsilateral internal 
carotid100–102 or a more distal occlusion in the ophthalmic 
artery. Severe ocular ischemia may be caused by a carotid 
dissection or temporal or Takayasu arteritis.103–106 Other 
manifestations of this condition are discussed in more detail 
in Chapter 10.

Retinal microvascular disease  
and associations
The presence of other retinal vascular abnormalities may 
be predictive of or associated with neurologic disease.  
Population-based studies have demonstrated that even 
nondiabetic individuals with retinal microaneurysms and 
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ders of the optic nerve associated with swelling and retinal 
vasculitis can be difficult. In milder and incomplete forms 
there may be only a limited number of hemorrhages, mild 
venous dilation, and slight hyperemia of the disc.

CRVOs are divided into two categories, ischemic and 
nonischemic, based on the degree of vision loss and the 
amount of capillary nonperfusion on FA. Nonischemic vein 
occlusions have prolonged circulation time and capillary 
permeability breakdown on FA. Patients with ischemic 
CRVO are more likely to have poor vision at presentation 
(including an afferent pupillary defect), develop rubeosis, 
and require treatment with panretinal photocoagulation. FA 
will reveal severe capillary nonperfusion, and electroretino-
graphy will show a reduced b-/a-wave ratio.

The mechanism of CRVO is believed to be thrombosis of 
the central retinal vein although the actual cause of the 
thrombosis, and its relationship to atherosclerotic disease of 
the central retinal artery, is unknown.115 Both ocular and 
systemic conditions have been associated with CRVO. Most 
studies find a high incidence of systemic hypertension and 
cardiovascular disease.116 Elevated lipoprotein levels have 
been found in patients with retinal vein occlusion.117 In a 
small number of patients, carotid disease may be a risk for 
the condition with a worse prognosis.118 In younger patients 
collagen vascular disease may be a consideration.119 The 
association of vein occlusions with thrombotic states is dis-
cussed later in this chapter.

About half of patients with CRVO resolve the occlusion 
without significant vision loss, but 20% go on to complete 
occlusion.120 Novel treatments for CRVO include creation of 
retinal choroidal shunt vessels with a laser and radial optic 
neurotomy, which has been shown to improve the con-
gested fundus and central vision but has not been studied 
prospectively.121 Many patients with CRVO present with or 
develop open-angle glaucoma.

Branch retinal vein occlusion. In branch retinal vein occlu-
sion (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. The retinal 
findings typically occur in the superotemporal quadrant in 
an arcuate pattern of hemorrhages, cotton-wool spots, and 
retinal edema. The events leading to occlusion remain 
obscure but presumably include thrombosis of the vein 
perhaps caused by turbulent flow in the overlying artery, 
which shares the same adventitia as the vein. Fresh and 
recanalized thrombus has been identified in patients with 
BRVO.122 Hypertension, male gender, hyperopia, diabetes, 
and glaucoma may all be risk factors for BRVO.123 BRVOs 
are commonly complicated by macular edema, which may 
result in central vision loss and may be treated by macular 
photocoagulation.124 Neovascularization occurs in 20–30% 
of patients and may be prevented or treated with scatter 
photocoagulation.125,126

Photoreceptor disorders important  
in neuro-ophthalmology

Paraneoplastic retinopathy (PR) and the big blind spot  
syndromes are two subacute retinal disorders with a normal 

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.

hemorrhages are at risk for stroke and stroke-related 
death.107 Retinal arterial narrowing is associated with CNS 
signs of small-vessel disease such as lacunar infarcts and 
white matter lesions, in both hypertensive and normoten-
sive patients.108 For unclear reasons, narrowed retinal arte-
riolar diameters have,109 and have not,110 been shown to be 
associated with a higher risk of stroke. In addition, migraine 
and other headache patients are more likely to have retinal 
microvascular abnormalities such as narrowing and arterio-
venous nicking.111

Retinal venous occlusion
Occlusive disease of the retinal venous system (branch and 
central retinal vein occlusion) does not result from carotid 
disease and is not usually associated with optic neuropathy 
or other neurologic disease. However, retinal vein occlusion 
is a common cause of acute vision loss, photopsia, optic 
nerve swelling, cotton-wool spots, and retinal hemorrhages, 
and therefore is an important neuro-ophthalmic condition 
to consider. Retinal vein occlusion may also be associated 
with systemic disorders including hypertension, connective 
tissue abnormalities, and hypercoagulability. Retinal venous 
occlusive disorders are among the most common retinal 
disorders encountered in practice, occurring with an inci-
dence of 0.5%112 to 1.6%.113

Central retinal vein occlusion. Acute central retinal vein 
occlusion (CRVO) has a characteristic and dramatic appear-
ance characterized by tortuosity and dilation of retinal veins, 
retinal edema, and intraretinal hemorrhages extending away 
from the disc into all four quadrants. CRVO can present with 
and without disc edema, depending on the position of the 
occlusion (Fig. 4–12). The presence of disc edema is associ-
ated with younger age, better visual function, and less severe 
vascular nonperfusion, suggesting occlusion behind the 
lamina cribrosa.114 Clinical distinction from primary disor-
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Figure 4–12. Examples of central retinal vein occlusion (CRVO). A. Optic 
disc edema (arrow) and four-quadrant extensive intraretinal hemorrhages 
from central retinal vein occlusion. B. CRVO with intraretinal hemorrhages in 
the nerve fiber layer but without disc edema. C. Macula of B.

or minimally abnormal ophthalmoscopic appearance. 
Although these conditions are unrelated, they are both outer 
retinopathies (photoreceptor dysfunction) that are impor-
tant in neuro-ophthalmic differential diagnosis because 
their presentation may mimic that of optic neuropathies. 
Retinal symptoms (photopsia) and retinal signs (midperiph-
eral field defects or enlargement of the blind spot) occur in 
PR and the big blind spot syndromes 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. However, ocular and neurologic dysfunction 
may develop in patients with cancer without direct tumor 
involvement. These disorders are collectively termed  
paraneoplastic syndromes. They not only present a diagnostic 
challenge but may provide insight into the biologic behavior 
of tumors and their effect on the host immune 
system.127–129

Sawyer et al.130 were the first to recognize the unusual 
features of a retinopathy occurring as a remote effect of 
cancer. Paraneoplastic retinopathy refers to a syndrome of 
subacute deterioration of vision and retinal function result-
ing from a nonmetastatic, remote effect of a malignancy. The 
clinical features of the paraneoplastic retinopathies are sum-
marized in Table 4–3. This broader term encompasses several 
distinct entities, including cancer-associated retinopathy 
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Table 4–3 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 Bilateral progressive loss of vision

Immune deposits in the retina 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

Loss of cones in macula ERG shows cone dysfunction with preservation of rod function

Infiltration by macrophages Loss of color vision; central scotomas

Diffuse uveal melanocytic 
proliferation (DUMP)

Develops in women with reproductive 
tract cancers and men with cancers 
in 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.

(CAR), which is the most common, cancer-associated cone 
dysfunction (CACD), melanoma-associated retinopathy 
(MAR), diffuse uveal melanocytic proliferation (DUMP), 
and paraneoplastic ganglion cell neuronopathy (PGCN). 
The exact prevalence of paraneoplastic retinal disorders is 
unknown.

Despite some fairly characteristic complaints and exam-
ination findings, the diagnosis of PR is rarely made at pres-
entation. In addition, it is common for the syndrome to 
develop prior to recognition and diagnosis of the systemic 
malignancy.

Symptoms, signs, and electroretinography. Patients usually 
report the subacute onset of decreased vision or a halo of 
missing peripheral vision. Common complaints also include 
the acute onset of photopsia (flashing lights) or other posi-
tive visual phenomena. Differences in symptoms among the 
various entities correlate with the degree to which the rods 
versus cones are affected.

Visual acuity ranges from normal to markedly reduced. 
Other features on examination include abnormal color 

vision and prolonged photostress recovery time. An afferent 
pupil defect may be evident in cases with asymmetric retinal 
involvement. Goldmann visual fields may be more useful 
than automated perimetry since the scotomas usually begin 
in the midperiphery (Fig. 4–13). 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 vitritis131 
and vascular attenuation.131–136 Other findings described in 
these patients include optic disc pallor, granularity of the 
retinal pigment, and peripheral retinal pigmentation.

The diagnosis of PR is strongly suggested when an ERG 
shows evidence of diffuse retinal dysfunction in a patient 
with relatively precipitous visual loss. Most abnormal ERGs 
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Figure 4–13. 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.

are found in patients with chronic retinal degenerations such 
as retinitis pigmentosa. The ERG varies in PR depending on 
the particular syndrome.

Each subtype has several distinguishing signs and symp-
toms, ERG features, and systemic associations (Table 4–3).

Cancer-associated retinopathy. CAR patients, in whom rods 
are primarily affected, typically manifest with vision loss and 
night blindness (nyctalopia).131,135,137 An abnormal scotopic 
ERG is usually found.

Several reports have described the histopathologic find-
ings in CAR.130,132,135,138–141 As expected, loss of photoreceptor 
inner and outer segments was present in each case. The 
degree of macular involvement was variable, and in general 
there was more rod than cone involvement.135 Outer nuclear 
cell loss and the presence of inflammatory infiltrates were 
other notable features. Except in one case with phlebitis,141 
the retinal vasculature was typically reported as normal. The 
inner nuclear layer (ganglion cells) was always spared.  
In areas of photoreceptor loss, scattered melanophages and 
disruption of the retinal pigment epithelium have been 
observed.

Keltner and associates140,142 were the first to propose an 
autoimmune pathogenesis in CAR.57,58 They demonstrated 
antiretinal antibodies in a patient with cervical carcinoma in 
1983.140 These antibodies reacted with photoreceptors from 
normal human retina. Subsequently they performed enzyme-
linked immunosorbent assay and western blot testing in 
four patients with CAR and found a serum antibody that 
bound a 23-kDa retinal antigen, which they termed the CAR 
antigen.142 Most patients with CAR have antibodies to the 
23-kDa antigen, which has subsequently been identified  
as recoverin (see below). Over 20 other antigens have also 
been identified, including enolase,143–145 65-kDa heat shock 
cognate (hsc) protein,146 the photoreceptor nuclear recep-
tor,147 and neurofilaments,148 suggesting that CAR is a hetero-

geneous group of autoimmune conditions rather than a 
single entity. The specific circulating antibody responsible 
for CACD is unknown, but, in one patient with CACD, 
23-kDa and 50-kDa antibodies were identified.149 The 
involved retinal antigen in patients with MAR appears to be 
distinct.150 It is likely that several different antigens may elicit 
an immune response capable of causing retinal damage.

CAR is now thought to result from an antibody-mediated 
loss of photoreceptors. 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. It is possible that the tumor cells themselves 
aberrantly express the retinal antigen (e.g., recoverin, see 
below), which becomes exposed to immune surveillance.138 
The components of the activated immune response must 
then cross the blood–retina barrier (presumably altered by 
focal or general cellular inflammation) and react with a 
photoreceptor antigen. Antirecoverin antibodies have been 
identified in the aqueous humor151 and serum152 of patients 
with CAR. However, these antibodies are also present in the 
blood of some who do not develop PR,153 suggesting that 
other pathologic processes must occur to allow antibodies 
access to the retina.

Finally, the tissue-bound antibody–antigen complex must 
result in cell death or apoptosis.154 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 destruc-
tion that includes lymphocytic cellular infiltration is not 
observed in most cases. Polans et al.155 found that antibodies 
in patients with CAR reacted with recoverin, a calcium 
channel photoreceptor protein (in the calmodulin family). 
In addition, serum antibodies from CAR patients have been 
used to isolate the gene that encodes the CAR antigen from 
a cDNA library of human retina. The resultant nucleotide 
sequence was shown to have been 90% homologous to the 
published sequence of bovine recoverin.156 Recoverin is the 
CAR antigen in most patients.

Immunohistochemistry has been used to demonstrate 
that the serum antiretinal antibodies affect the outer retina.131 
The pattern observed respected the anatomic boundary 
between the outer plexiform and inner nuclear layers. A 
similar immunohistochemical staining pattern occurs with 
antibodies directed against recoverin. Outer retinal involve-
ment on both histopathology and immunohistochemistry 
supports the theory that these antibodies have a role in the 
pathogenesis of the disease.

Cancer-associated cone dysfunction. In contrast, CACD 
patients may complain of decreased acuity, dyschromatop-
sia, glare, photosensitivity, or reduced vision in bright light 
(hemeralopia), more suggestive of cone dysfunction. CACD 
is characterized by an abnormal cone ERG. Patients typically 
have color vision loss and central scotomas. Signs and 
symptoms are caused by loss of cones in the macula.132 A 
patient with PR and isolated cone dysfunction was reported 
to have antibodies to a 40-kDa retinal protein that was 
within the outer segment, where the retinal photoreceptors 
lie.157
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nosis of PR. However, identification of serum antiretinal 
antibodies is an important diagnostic aid and can now be 
obtained commercially.

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 under-
lying systemic malignancy. Approximately one-half of the 
cases of PR are diagnosed prior to the discovery of the malig-
nancy.130,135,137,140,142 Like many of the other paraneoplastic 
syndromes, two-thirds of patients with PR will have small 
cell carcinoma of the lung. Other associated tumors include 
melanoma in MAR,136,158,164 breast carcinoma,173 uterine 
carcinoma,132,139,174 cervical carcinoma,140 thymoma,175 and 
lymphoma.176 In one reported patient there were three 
primary tumors (prostate, bladder, larynx).134 PR has not 
been reported to occur with other paraneoplastic neurologic 
diseases.

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 malig-
nancy, conditions secondary to direct spread of tumor, toxic 
effects of chemotherapy, and other paraneoplastic condi-
tions.127,129 Compressive or inflammatory lesions of the ante-
rior visual pathway must be considered in all instances of 
subacute visual loss. Optic neuritis is a common misdiagno-
sis in patients ultimately shown to have PR.134,135 However, 
optic neuritis and ischemic optic neuropathy can usually be 
excluded on clinical grounds. Nearly all reported cases 
underwent neuroimaging of the anterior visual pathway to 
rule out a compressive lesion prior to diagnosis. Less 
common causes of subacute visual loss such as toxic, heredi-
tary, and nutritional optic neuropathies should be consid-
ered and excluded based on historical and laboratory 
information. Ultimately, an abnormal ERG will distinguish 
PR from optic neuropathy.

The rapid rate of visual deterioration distinguishes PR 
from other retinal degenerations such as retinitis pigmen-
tosa. The two conditions otherwise may mimic each other 
since both conditions result from photoreceptor dysfunc-
tion. In contrast to PR patients, most individuals with ret-
initis pigmentosa have abnormal fundi with pigmentary 
deposition.

Alternatively, vision loss may develop by a variety of 
mechanisms in the cancer patient. Carcinomatous meningi-
tis may produce an optic neuropathy. In this situation, the 
neuroimaging of the optic nerve and meninges and/or spinal 
fluid chemistry and cytology will typically be abnormal. 
Visual loss may also occur as a result of the toxic effects  
of chemotherapy. Chemotherapeutic agents including 
1,3-bis(2-chloroethyl)-l-nitrosurea (BCNU), vincristine, and 
cis-platinum have been reported to cause optic neuropathy. 
Radiation therapy may cause retrobulbar optic neuropathy 
months to years after treatment. The optic nerves or chiasm 
may show enhancement and enlargement on magnetic res-
onance imaging (MRI). Paraneoplastic optic neuropathy 
(PON) has also been observed in patients with small cell 
carcinoma of the lung (see also Chapter 5).177–180

Treatment. To reduce systemic levels of antiretinal 
antibody, the therapy most often suggested has been  

Melanoma-associated retinopathy. Most patients with MAR 
have an established diagnosis of cutaneous melanoma and 
present uniformly with photopsia, night blindness, and 
floaters.136,158–162 A recent report described a patient with 
MAR and a primary melanoma in the maxillary sinus.162 In 
some instances of MAR, at presentation metastatic melanoma 
is found.136,150,158,163,164 Patients usually have better than 
20/40 acuity at presentation, with dyschromatopsia 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 attenu-
ation, and vitritis may be evident in other patients.160 Unlike 
patients with CAR, patients with MAR typically do not expe-
rience the relentless progression to blindness.

Patients with MAR have a highly specific ERG with absent 
b-waves under dark-adapted conditions and normal cone 
amplitudes, suggesting bipolar cell dysfunction.136,150,158,162,163 
The serum from patients with MAR can be shown by immu-
nocytochemical techniques to react with retinal bipolar 
cells.165 In most cases the a- and b-wave amplitudes are 
markedly reduced. Progressive visual loss has been corre-
lated with progressive reduction of ERG amplitudes. Abnor-
mal EOGs have also been reported.134,140 MAR antiretinal 
antibodies have been found in the serum of patients with 
melanoma but no clinical evidence of MAR, similarly to 
some patients who harbor CAR antibodies without retinal 
disease.166 Other patients with MAR may be asymptomatic 
despite abnormal perimetry and ERGs.161

Bilateral diffuse uveal melanocytic proliferation. Bilateral 
DUMP manifests with subacute loss of vision that often 
develops prior to diagnosis of the primary neoplasm.167–170 
The most common primary tumors associated with this syn-
drome are carcinoma of the reproductive tract in women 
and cancers of the retroperitoneal area and the lungs in 
men. Ophthalmoscopic examination reveals bilateral prolif-
eration of subretinal pigment and yellow-orange lesions at 
the level of the retinal pigment epithelium. The former 
retinal change may appear similar to choroidal nevi. There 
may be serous detachments of the retina. Early-phase FA 
shows a pattern of hyperfluorescence, corresponding to the 
abnormalities observed at the level of the retinal pigment 
epithelium. Uveitis and a rapidly progressive cataract  
may occur.

Proliferation of nonmalignant cells has been shown on 
histopathology, and metastases have not been reported.167,168 
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.

Paraneoplastic ganglion cell neuronopathy. PGCN is essen-
tially a form of paraneoplastic optic neuropathy. These con-
ditions are discussed in Chapter 5. Suffice it to say that there 
have been scattered reports of patients with cancer present-
ing 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.171

Laboratory findings. FA occasionally shows periphlebi-
tis.141,172 Standard laboratory testing (i.e., blood chemistries 
and serum immunoglobulin levels) have no role in the diag-
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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 the acute onset of positive visual phenomena and an 
enlarged blind spot occasionally associated with mild disc 
swelling (Fig. 4–14). Peripapillary pigmentary changes are 
common (Fig. 4–14).187 The field defects, which may be 
more easily detected with blue on white perimetry,189 gener-
ally have steep borders and can mimic the temporal visual 
field defects of chiasmal disease (Fig. 4–15). Retinal pigment 
epithelial or choroidal abnormalities and disc staining on 
FA may be seen.190,191 Full-field ERGs are often normal but 
focal and multifocal ERGs directed at the peripapillary retina 
are abnormal (Fig. 4–16).185,191–193 Photopsia tends to resolve 
over time, although in most patients the visual field defect 
persists.187

Multiple evanescent white dot syndrome. In 1984, Jampol 
et al.194 and Takeda et al.195 described the MEWDS. Jampol 
et al.194 reported 11 patients (10 women) with acute 
unilateral vision loss, scotomas, and multiple evanescent 
white lesions at the level of the retinal pigment epithelium 
(Fig. 4–17). Many of these and subsequently reported 
cases of MEWDS have had blind spot enlargement.194,196–199 
Full-field ERG abnormalities in patients with MEWDS have 
also been recognized.194,196–201 FA can confirm the retinal 
pigment epithelial defects (Fig. 4–18) and sometimes reveal 
disc staining as well. No treatment is known, and patients 
often have persistence of the visual field defect and 
recurrences.

The optic nerve may occasionally be involved in MEWDS. 
Dodwell et al.202 emphasized the importance of MEWDS in 
the neuro-ophthalmic differential diagnosis of vision loss. 
The optic nerve may be involved by the presumed inflam-
matory process either directly or secondarily, from contigu-
ous 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 photoreceptor 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 considera-
tion 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 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. 
Chung et al.203 have reported elevated levels of serum immu-
noglobulins in patients with MEWDS, although Jacobson  
et al.201 were unable to demonstrate histochemical evidence 
of retinal antibodies. Another variant of this group of  
conditions, termed acute annular outer retinopathy, has been 
described in which patients develop a visible grayish annular 

immunosuppression. Treatment of the primary malignancy 
usually does not seem to alter the course of visual loss, 
although one reported patient had mild improvement.172

The mainstay of therapy is systemic corticosteroids.181 
Other systemic immunosuppressive drugs have not been 
tried systematically. Visual acuity and fields in PR patients 
have been reported to improve with steroids.141,172,173,181 In 
one patient, visual acuity decreased each time the steroids 
were tapered and improved when they were reinstated.140 
Keltner et al.181 reported a patient with elevated levels of 
serum antibodies that could be reduced with steroids. The 
elevated antibody titers were associated with visual deteri-
oration. Some patients fail to improve with corticoster-
oids.130,174 Plasmapheresis has been tried unsuccessfully in 
one case.182 Espandar et al.183 reported a patient with CAR 
who did not respond to plasma exchange, cyclosporine, and 
steroids, but improved with treatment with alemtuzumab, a 
monoclonal antibody against the cell surface glycoprotein 
CD52 expressed on B and T lymphocytes and monocytes. 
Patients with MAR often respond to intravenous immu-
noglobulin and metastasectomy.160

Course. Patients with PR should be followed closely with 
serial acuities, visual fields, ERGs, and antiretinal antibody 
titers. The clinical course of PR is variable although rapid 
progression of CAR is the rule. Some MAR patients may 
remain stable. Development then worsening of a ring 
scotoma is characteristic of CAR. Patients are usually signifi-
cantly visually impaired and progression to profound bilat-
eral loss of vision occurs within weeks to months. Many 
patients die before they become totally blind. Retinal arteri-
oles typically become more attenuated over time, and the 
ERG responses progressively decline. The serum level of 
serum antiretinal antibodies may correlate with success of 
treatment and severity of the disease.

Big blind spot syndromes
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 multi-
ple evanescent white dot syndrome (MEWDS). Enlargement 
of the blind spot is due either to optic nerve head swelling 
with displacement of the peripapillary retina or to dysfunc-
tion of the peripapillary retina when the optic nerve is oph-
thalmoscopically normal. Patients reported with AIBSE and 
MEWDS have a fairly uniform presentation, with the acute 
onset of a visual field defect around the physiologic blind 
spot accompanied by photopsia. Visual acuity is usually 
normal,184–187 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.187,188

Acute idiopathic blind spot enlargement. In 1988 Fletcher 
et al.185 described seven patients, age 25–39, with the 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 syn-
drome resulted from peripapillary retinal dysfunction. Their 
patients had no abnormalities on FA, although two patients 
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Figure 4–14. Fundus photographs of the optic nerve and peripapillary 
region in three patients with acute idiopathic blind spot enlargement 
(AIBSE). A. Acute presentation with mild disc swelling (open arrow) and 
peripapillary atrophy (solid arrow). B. Areas of pigment atrophy and gray 
halo (arrow) temporal to the optic nerve head. C. Peripapillary pigment 
atrophy (arrow) and mild disc swelling in a patient acutely presenting  
with AIBSE.

ring in the retina.204,205 Gass and Stern204 speculated that the 
grayish ring represented an immune ring at the leading edge 
of the inflammation. The patient described by Luckie et al.205 
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 herit-
able pattern.

Overlapping clinical profiles. Since AIBSE shares many fea-
tures with MEWDS, these conditions may lie within the 
spectrum of a single genetic or autoimmune disease.206,207 In 
fact, Gass and colleagues184,186,208 suggested the term acute 
zonal occult outer retinopathy (AZOOR) as an umbrella term 
for AIBSE, MEWDS, acute macular neuroretinopathy (AMN), 
and multifocal choroiditis. All four conditions are frequently 
characterized by acute focal loss of outer retinal function 
associated with photopsia, occurrence predominantly in 
young women, minimal or no initial fundus changes, and 

ERG abnormalities.209 As with patients with PR, the presence 
of photopsia suggests photoreceptor dysfunction.

In a subsequent publication, Gass et al.188 followed a 
single subset of 51 patients with AZOOR that included 
patients initially labeled as AIBSE but in whom a more 
widespread, relapsing bilateral condition diagnosed as 
AZOOR developed. These patients are distinct from the iso-
lated, unilateral nonrecurrent nature of AIBSE as reported by 
Volpe et al.187 He concluded that AZOOR is characterized by 
photopsia with acute loss of one or more zones of visual 
function, usually normal fundi initially, and ERG changes in 
one or both eyes. AZOOR, like AIBSE, occurs more fre-
quently in women and more frequently in patients with 
other autoimmune diseases. Visual acuity is usually normal, 
but recovery of visual field occurs only infrequently. The 
cause of AZOOR is unknown, and there is no known treat-
ment. Francis et al.210 emphasized the importance of an ERG 
and EOG early in the course to make the diagnosis. They 
identified a consistent pattern of abnormality that also sug-
gests in addition to photoreceptor dysfunction, inner retinal 
abnormalities.210
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Figure 4–15. 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. Grayscale 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 4–16. Multifocal ERG in AIBSE affecting the left eye. A. Patient tracings (field view) demonstrating reduced amplitudes of wave forms (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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Figure 4–17. The multiple evanescent white dot syndrome (MEWDS). 
A,B. Numerous white lesions (arrows) are seen at the level of the retinal 
pigment epithelium. These should be distinguished from the normal 
reflections of this young person’s inner retina closer to the macula.  
C. Orange pigment granularity in the fovea (arrow), typical for MEWDS.

Figure 4–18. Late-phase fluorescein angiogram in a patient with multiple 
evanescent white dot syndrome. There are numerous late-staining lesions  
at the level of the retinal pigment epithelium.

Toxic retinopathy

Because numerous systemic diseases and their treatment are 
encountered in neuro-ophthalmic practice, it is worthwhile 
to be aware of the toxic effects that some medications can 
have on the retina. These are summarized in Table 4–4. The 
best known retinal toxin is digoxin. Patients typically develop 
xanthopsia (yellow vision), scintillating scotomas, and para-
central scotomas.211–213 Patients may have abnormalities in 
the cone (photopic) b-wave implicit times.214 Color vision 
defects may be the earliest manifestation, and screening for 
digoxin toxicity with color vision testing has been sug-
gested.215 Patients may develop visual symptoms even when 
the serum digoxin level is in the therapeutic range.216 Digoxin 
retinal toxicity is also discussed in Chapter 12.

Several different drugs such as tamoxifen,217–220 canthax-
anthine,221,222 and methoxyflurane can cause a crystalline 
retinopathy.223 The deposits in the case of tamoxifen appear 
to be products of axonal degeneration.219 The complication 
is sufficiently rare and has minimal affect on vision, so wide-
spread screening is not recommended.218 In the case of 
methoxyflurane, oxalosis results from metabolism of the 
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Table 4–4 Ophthalmic manifestations of drugs causing 
retinal toxicity

Drug Ophthalmic manifestations

Digoxin Xanthopsia (yellow vision)

Positive visual phenomena

Decreased color vision

Tamoxifen Crystalline deposits in the macula

Canthaxanthine Crystalline deposits in the macula

Thioridazine Pigmentary deposits on corneal and 
anterior lens capsule

Pigmentary retinopathy

Isotretinoin Decreased night vision

Chloroquine and 
hydroxychloroquine

Corneal whirl

Bull’s eye maculopathy

Nicotinic acid Cystoid macular edema

Quinine Retinal photoreceptor and ganglion 
cell toxicity

Vigabatrin ERG abnormalities

Visual field constriction

Sildenafil Halos and blue vision

A B

Figure 4–19. “Bull’s eye” pigmentary abnormalities (arrows) in patients with (A) chloroquine and (B) hydroxychloroquine retinal toxicity.

drug. Various diuretics, nicotinic acid, and epinephrine can 
cause CME. Isotretinoin has been reported to affect retinal 
function and result in abnormal night vision.224–227

Quinine, used primarily in the treatment of malaria,  
is toxic to the retinal photoreceptors and ganglion cells. 
Chloroquine and hydroxychloroquine, used to treat malaria 

and collagen vascular disorders, cause a dose-related pig-
mentary retinopathy.228–235 Other ocular findings include 
corneal whirl-type deposits and poliosis (patch of white 
hair). The macular changes begin as a pigment mottling but 
then become a horizontally elongated bull’s eye (Fig. 4–19). 
Patients slowly develop reduced central acuity, central visual 
field defects, and dyschromatopsia. Abnormalities in the 
perifoveal photoreceptor inner segment/outer segment junc-
tion can be demonstrated in symptomatic patients with 
high-resolution OCT. Patients may also have abnormalities 
on mERG236,237 (which may precede any clinical symptoms 
or perimetric findings238) and demonstrate fundus autofluo-
rescence.239 It appears that the toxicity is dose related, and 
hydroxychloroquine dosages less than 6.5 mg/kg/day appear 
to be safe.234 The drug is excreted very slowly; therefore, 
toxicity can progress even after the drug is discontinued. 
Although it has been a subject of some debate, many experts 
feel that screening for retinopathy in patients taking hy -
droxychloroquine is unnecessary unless the daily dose ex -
ceeds 6.5 mg/kg/day or the patient has been on the drug for 
more than 5 years.228,231,233 The American Academy of Oph-
thalmology has offered guidelines for screening and has es -
tablished criteria for low- and high-risk patients.240 In terms 
of retinal toxicity, hydroxychloroquine seems to be the safer 
of the two drugs.230

Vigabatrin, an anticonvulsant, can cause ERG abnormal-
ities and concentric visual field constriction in as many  
as half of patients taking the drug.241–243 This selective irre-
versible inhibitor of gamma-aminobutyric acid (GABA)-
transaminase increases GABA available in CNS synapses. 
Cone dysfunction is most common,244–246 but Mueller cell 
abnormalities have also been suggested.247 A clinical pattern 
of peripheral retinal atrophy and nasal disc atrophy has been 
reported.248 Although visual acuity, color vision, and ERG 
amplitude may recover after stopping the drug if visual field 
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Table 4–5 Common hereditary macular disorders with a recognizable fundus appearance

Disease Fundus appearance

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

Adult foveomacular dystrophy Symmetric, oval, yellow subretinal lesion

Familial drusen Numerous drusen may coalesce; choroidal neovascularization

Central areolar choroidal dystrophy Early: pigment granularity

Late: circular zone of RPE and choriocapillary atrophy

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

Juvenile retinoschisis Foveal retinoschisis

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

RPE, retinal pigment epithelium.

loss is mild or minimal, vigabatrin-associated visual field 
deficits tend not to improve.249,250 In patients electing to 
continue the drug despite visual field loss, the visual deficits 
usually do not progress.251 Patients on vigabatrin should 
undergo ERGs and visual examinations including confronta-
tion or formal perimetry, if able, every 6 months while on 
the drug. Because children on vigabatrin are often moder-
ately or severely neurologically 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.252

Sildenafil, also mentioned in Chapter 12, can cause  
subjective halos and blue vision, perhaps due to  
phosphodiesterase-6 inhibition by the drug at the level  
of the rod and cone photoreceptors.253,254

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 retinitis pigmen-
tosa present with a rod-dominated picture characterized by 
nyctalopia (night blindness), peripheral vision loss, and a 
characteristic bone spicule pigmentation of the peripheral 
retina. Rarely patients present without any abnormal 
pigment accumulation. A subset of patients with heritable 
retinal degenerations have cone-dominated presentations 
that are characterized by light- or glare-induced blindness 
(hemeralopia), central vision loss, and dyschromatopsia. 
Prominent macular changes may be evident on 
ophthalmoscopy.

Cone or cone-rod dystrophies
Cone dystrophies or cone-rod dystrophies usually present 
in middle age and have a variable inheritance pattern.  

The visual acuity and color vision may be moderately 
reduced at a time when the macular changes are subtle 
or absent on ophthalmoscopy. These disorders should be 
considered in all patients with bilateral subnormal acuity 
and color vision. In many cases the family history is not 
helpful. Perhaps these represent the existence of sponta-
neous mutations or the variable clinical expressivity of  
the disorder.

Classification. We use the term cone dystrophy to describe 
patients with progressive and heritable central vision loss 
who do not have an ophthalmoscopic appearance suggest-
ing an alternative dystrophy (Table 4–5). Cone dystrophies 
are a heterogeneous group of inherited disorders that result 
in dysfunction of the cone photoreceptors and their post-
receptoral pathways. These disorders have been classified on 
the basis of their relative involvement of cones or rods and 
central versus peripheral photoreceptors.255 According to 
their natural history, the cone dystrophies may also be 
divided into two groups: “stationary” and “progressive.”256 
Based on careful study of several pedigrees, the genes respon-
sible for some of these conditions have been elucidated.257–262 
Identification of the genotypes will ultimately lead to a 
proper classification system and better understanding of the 
phenotypic variability.

Clinical features. Patients present with abnormal light 
sensitivity (photophobia or hemeralopia), photopsia, and 
reduced vision. Identifying the symptom of abnormal light 
sensitivity is critical in making the diagnosis. This light sen-
sitivity may be erroneously interpreted as optical glare and 
lead to unnecessary cataract surgery. Symptoms typically 
develop over many years. Examination reveals reduced 
central acuity (20/30 to 20/400), dyschromatopsia, central 
scotomas on visual field testing, and pigmentary alterations 
in the macula (Fig. 4–20). Changes in color vision may be 
the first sign of the disease.263 These patients have an abnor-
mal ERG with cones affected more than rods, or only cones 
affected. Nonrecordable or abnormal (reduced b-wave 
amplitude or oscillatory potential), photopic (recorded in 
light, cone-mediated) responses on the ERG are likely to be 
detected. However, more specific information might be 
obtained from a focal or multifocal ERG that evaluates 
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Figure 4–20. 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).

Figure 4–21. Multifocal electroretinogram 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.

central retinal function (Fig. 4–21).264 An ERG may be used 
to follow these patients to determine the rate of disease 
progression.265 OCT may reveal thinning of the outer retina–
choroid complex (ORCC)266 (Fig. 4–3). Optic disc pallor 
may also develop.267

Hereditary maculopathies with 
ophthalmoscopic abnormalities
Several heritable conditions affect the macula and result in 
a diagnostic fundus appearance. Some of the more common 
maculopathies are summarized in Table 4–5. Each has a 
characteristic fundus appearance and therefore would not be 
confused with an optic neuropathy. For instance, a patient 
with Stargardt disease (Fig. 4–22) would be recognized based 
on the abnormal fundus appearance and FA.268 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. Retinal dystrophy or degeneration 
may be associated with chronic progressive external oph-
thalmoplegia (CPEO). Onset of retinopathy before age 20 
combined with heart block,269–272 ataxia, and/or cerebro-
spinal fluid protein above 100 mg/dl is termed Kearns–Sayre 
syndrome (KSS).273 This condition is caused by mitochondrial 
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Figure 4–22. Fundus photograph and fluorescein angiograms in Stargardt 
disease. A. Photograph demonstrating pigmentary atrophy in the macula 
(asterisk) and elongated subretinal yellow deposits (arrows). B. In a young 
patient late-phase fluorescein angiogram demonstrating 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.

DNA deletions.274–281 Approximately one-third of patients 
will have some type of pigmentary retinopathy.282 Many 
patients have salt-and-pepper type retinopathy with  
some macular dysfunction and ERG abnormalities.  
Other patients develop more widespread and progressive 
retinal dysfunction.282,283 CPEO and KSS are detailed in 
Chapter 14.

MELAS. Another important mitochondrial disorder is 
mitochondrial encephalopathy with lactic acidosis and 
stroke-like episodes (MELAS). This condition frequently 
presents with stroke-like episodes that may cause retrochias-
mal visual loss. The condition usually results from a muta-
tion at position 3243 of the mitochondrial DNA.284 Like 
those with KSS, patients with MELAS can have a pigmentary 

abnormality in the retina. Visual symptoms related to the 
retina are usually absent or mild. Also, the pigmentary 
changes identified are subtle and occur primarily in the 
macula.285,286 Histopathologically, degeneration of photo-
receptor outer segments in the macula has been identi-
fied.287 MELAS is discussed further in Chapter 8.

NARP. This rare mitochondrial disorder is characterized 
by neuropathy, ataxia, and retinitis pigmentosa.288 Other 
clinical features include proximal muscle weakness, devel-
opmental delay, ataxia, seizures, and dementia.289 The 
disease is maternally inherited, and a responsible mutation 
at position 8993 of the ATPase 6 gene has been identified.290 
This is the same gene identified in some patients with Leigh 
disease (see Chapter 16).
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Other diseases with retinal and 
neurologic manifestations

Microangiopathy of the brain, retina, and inner ear (Susac 
syndrome). This disorder predominantly affects young 
women.291–296 It is also known as Susac syndrome to honor 
the man who recognized its characteristic features.295,297–299 
Ninety percent of patients present with retinal arterial occlu-
sions, and in 60% they are bilateral.297–299 Yellow retinal wall 
plaques can be seen in midarteriolar segments of involved 
vessels, in contrast to Hollenhorst plaques which occur at 
vascular bifurcations.300 Mean age of onset is 30 years.297 
Although it resembles primary angiitis of the nervous system, 
it is the sensorineural hearing loss and retinal ischemic 
changes that mark it as a distinct entity. Hearing loss occurs 
in two-thirds of patients.297–299 Like primary CNS angiitis, the 
disorder is confined to the CNS. Global encephalopathy is 
common, occurring in 44% of patients.297

Involved areas of the brain demonstrate microinfarction 
of the gray and white matter.301–303 Central corpus callosum 
black holes, highly suggestive of Susac syndrome, develop 
on brain MRI as the active lesions resolve. Linear defects 
(spokes) and rather large characteristic round lesions (snow-
balls) are seen on MRI as well as cortical, deep gray, and 
leptomeningeal involvement.79 The lesions may enhance and 
may also be observed on diffusion-weighted imaging.301–303 
Pathologically, involved segments have demonstrated vessel 
thickening or sclerosis.294 Although the pathogenesis of this 
disorder is unknown, evidence points to autoimmune-
related endothelial damage. In this regard, Notis et al.304 
have demonstrated multifocal retinal vessel hyperfluores-
cence on FA 5 days prior to retinal infarction.

Treatment with variable success has been achieved in 
Susac syndrome with corticosteroids and other immunosup-
pressive agents.79,294,305,306 Anticoagulation has not been 
effective although aspirin may be a useful adjunct. One 
patient apparently responded to the combination of 
antiplatelet and calcium channel blocker therapy.296 Vision 
loss in Susac syndrome has been successfully treated with 
hyperbaric oxygen.307 Intravenous gamma globulin has also 
been anecdotally successful in treating this disorder and may 
be the most efficacious therapy. The prognosis is generally 
good as the disease tends to be self-limited.297

Acute posterior multifocal placoid pigment epitheliopathy. 
Acute posterior multifocal placoid pigment epitheliopathy 
(APMPPE) is a disorder first recognized by Gass in 1968.308 
This acute, but self-limiting, disorder produces characteristic 
multifocal gray-white flat lesions at the level of the retinal 
pigment epithelium.308 Pigment epithelial abnormalities 
seem to result from dysfunction of the choroidal vascu-
lature.309,310 Neurologic manifestations have included head-
ache, transient ischemic attacks, dysacusis, tinnitus, cerebral 
vasculitis, and stroke.311–317 Stroke and aseptic meningitis are 
the two major pathologic substrates for the neurologic dys-
function seen in APMPPE. In a review of nine previously 
reported cases of stroke with APMPPE,318 five patients had 
angiographic changes suggesting vasculitis. Only two cases 
had histologic proof of vasculitis. One patient had a positive 
muscle biopsy314 and the other a brain biopsy that revealed 

granulomatosis inflammation of medium-sized arteries.317 
The infarcts have a tendency to involve the posterior circula-
tion and the basal ganglia region. The strokes usually occur 
at the time of the visual loss, but may precede or follow the 
ocular manifestations.318 One patient with APMPPE had a 
more widespread systemic necrotizing vasculitis with fea-
tures suggesting both Wegener’s granulomatosis and polyar-
teritis nodosa.319 These observations suggest that the choroid 
is primarily involved by a diffuse vasculitic process that 
interrupts choroidal perfusion and causes the characteristic 
fundus lesion. Although cerebral vasculitis may remit spon-
taneously, aggressive immunosuppressive therapy has been 
suggested. Corticosteroids in combination with cyclophos-
phamide for 6–12 months is one proposed regimen.318 The 
visual prognosis is generally good although initial involve-
ment of the fovea and older age portend a worse visual 
outcome.320

Eale disease and Cogan syndrome. Eale disease and Cogan 
syndrome are primary vasculitic disorders of the eye but are 
infrequently associated with cerebral vasculitis. Both are dis-
tinguished from isolated CNS angiitis by their associated eye 
findings. Eale disease is a disorder of young, healthy men 
who develop retinal vasculitis, vitreous hemorrhage, and 
peripheral nonperfusion of the retina with subsequent neo-
vascularization.321 Treatment is with laser photocoagulation. 
Besides the ocular manifestations, the CNS may rarely be 
affected. Patients have been reported with stroke,322,323 mye-
lopathy, and vasculitis.324–328 Pathologically, both demyeli-
nating and vasculitic changes have been noted within the 
CNS of patients with Eale disease.317 The prognosis for main-
tenance of good visual recovery is usually good but some 
patients have severe vision loss secondary to the neovascular 
complications.

Cogan syndrome is characterized by the presence of  
nonsyphilitic interstitial keratitis and vestibulo-auditory  
dysfunction (hearing loss).329 Again the CNS may occasion-
ally be affected. Reported neurologic manifestations include 
headaches, seizures, ataxia, cranial nerve palsies, stroke, and 
meningoencephalitis.330

CADASIL. Cerebral autosomal dominant arteriopathy 
with subcortical infarcts and leukoencephalopathy 
(CADASIL) is an arteriopathy affecting the small arteries and 
arterioles of the brain. CADASIL presents in young or middle 
adulthood with mood disorders, migraine with aura, tran-
sient ischemic attacks, or stroke.331 Patients develop recur-
rent subcortical ischemic strokes, with characteristic diffuse 
white matter signal abnormalities on MRI, leading to a step-
wise decline and dementia with frontal lobe features.

Retinal abnormalities in CADASIL have become well rec-
ognized. These include thickening or narrowing of the retinal 
arterioles, peripapillary arteriolar sheathing, arteriovenous 
nicking, cotton-wool spots, and nerve fiber loss.332–335 Iris 
atrophy, lens opacities,305 and ischemic optic neuropathy in 
association with CADASIL have also been reported.336

The histopathologic hallmark of CADASIL is a character-
istic granular alternation of the arterial media that corre-
sponds to the accumulation of electron-dense material 
surrounding the smooth muscle cells.337 The thickening or 
narrowing of retinal vessels is likely as a result of similar 
deposition of granular material.338 The presence of this 
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ataxia and vision loss secondary to retinal degeneration. The 
genetic defect has been mapped to chromosome 3p.340–342 
The gene appears to be an abnormal CAG repeat that has 
been identified in pedigrees from around the world.343–345 
The onset of symptoms is usually in the second or third 
decade. Two-thirds of patients will manifest with ataxia 
while one-third present with ataxia with visual loss.346 Vision 
loss may precede the development of ataxia but is often not 
recognized by the patient because of its insidious onset. The 
visual deficits are typically bilateral, symmetric, and mostly 
central.347 Patients maintain relatively normal peripheral 
fields but develop reduced acuity, dyschromatopsia, and 
central scotomas with macular atrophy similar to other cone 
rod dystrophies.348,349 Pigmentary changes in the macula 
may have a bull’s eye appearance (Fig. 4–23),350,351 and a 
pigmentary retinopathy similar to Kearns–Sayre syndrome 
has been reported.352 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 
PERG (pattern electroretinogram) is reduced.350 The rod 
responses are not affected until late in the disease. Severe 

granular material was originally described in brain vessels 
but identical electron microscopic studies have demon-
strated similar findings in the media of peripheral tissue 
arteries. This allows for a pathologic diagnosis of the disease 
by a simple skin, muscle, or nerve biopsy. The defective gene 
in CADASIL is Notch3 (chromosome 19), which encodes a 
cell surface receptor expressed in vascular smooth muscle 
cells and pericytes.339 There is no effective treatment.

Spinocerebellar ataxias
The spinocerebellar ataxias (SCAs) are a group of conditions 
characterized by loss of neurons in the cerebellar cortex, 
basis pontis, and inferior olivary nucleus. Clinically, patients 
develop progressive ataxia with pyramidal and brain stem 
signs, and many patients develop supranuclear ophthal-
moparesis (see Chapter 16 for further discussion). Patients 
with SCAs may have either optic atrophy or a pigmentary 
retinal degeneration.

In particular, patients with SCA-7 (autosomal dominant 
cerebellar ataxia (ADCA) type II) manifest with progressive 
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Figure 4–23. 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 bull’s eye pattern (arrow) is seen.  
B. In another example, high-power view of the macula demonstrates central 
retinal atrophy (arrow) and center of bull’s eye. C. In another patient more 
widespread pigment changes are seen with vascular narrowing and mild 
waxy pallor of the optic nerve.
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atrophy of the retina has been demonstrated at autopsy.353 
About half of the patients develop supranuclear ophthalmo-
plegia (see Chapter 16).

Metabolic diseases
Ophthalmologists and neurologists must be aware of the 
various metabolic storage diseases that have retinal manifes-
tations, as these eye abnormalities may allow for early, accu-
rate diagnoses. These are summarized in Table 4–6. These 
findings are present only in some of the patients and there-
fore the absence of a cherry-red spot or abnormal pigmenta-
tion in the neurologically impaired child or adult does not 
exclude these diagnoses.

Macular cherry-red spot. This finding is the result of lipid, 
sphingolipid, or oligosaccharide deposition in the retinal 
ganglion cell axons surrounding the macula.354,355 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 due to 
hexosaminodase A deficiency.

Abnormal retinal pigmentation. Of the disorders listed in 
Table 4–6, the most common conditions to present with 
prominent neurologic and retinal pigmentary abnormalities 
are neuronal ceroid lipofuscinosis, abetalipoproteinemia, 
Aicardi syndrome, Kearns–Sayre syndrome, and spinocere-
bellar ataxia type 7. The last two are discussed earlier in this 
chapter. In the juvenile form of neuronal ceroid lipofuscino-
sis (Batten disease), children exhibit motor and cognitive 
decline, progressive visual loss, a bull’s eye maculopathy, 
and a flat ERG reflecting widespread rod and cone dys-
function.356 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,357 which look 
like white punched out holes in the retina.

Optic atrophy. Most of the neurologic conditions listed in 
Table 4–6 which present with optic atrophy are discussed 
elsewhere in this book.

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 be 
associated with a number of systemic conditions, particu-
larly autoimmune disorders. Their ophthalmic presentations 
are characterized by amaurosis fugax from retinal ischemia, 
retinopathy associated with cotton-wool spots and intrareti-
nal hemorrhages, and occasionally permanent deficits from 
choroidal ischemia, retinal artery occlusions, and ischemic 
optic neuropathy.

Antiphospholipid antibody syndrome. Caused by antibodies 
such as the lupus anticoagulants and anticardiolipin anti-
bodies, this is the best known of the thrombotic syndromes. 
Patients with antiphospholipid antibodies are more com-
monly women under age 50. There may be a history of lupus 
and repeated fetal loss. Many have a history of transient 
ischemic attack, or arterial or venous thrombosis that is 
otherwise unexplained. Patients may be thrombocytopenic 
and the partial thromboplastin time may be prolonged. A 
variety of ocular symptoms and findings, 15–88% in various 
series,358 have been reported in patients with antiphospholi-
pid syndrome.82,91,359–364 Transient changes in vision are 
common.82,363 Occlusions of both retinal veins and arteries 
(Fig. 4–24) have been reported.91,363,364 However, in one 
prospective series,365 only a minority of patients with visual 
disturbances were found to have retinopathy. The authors 
concluded that the majority of transient visual symptoms 

Table 4–6 Retinal posterior segment manifestations of 
metabolic disorders

Storage disorders with cherry-red spot354,533

Tay–Sachs disease

Niemann–Pick disease (types A, B, C, and D)

Metachromatic leukodystrophy

Sialidosis (types I and II)

Infantile GM2 gangliosidosis (Sandhoff disease)

Farber disease (lipogranulomatosis)

Retinal pigmentary degeneration

Mucopolysaccharidoses

Gaucher disease

Refsum disease (phytanic acid lipidosis)

Neuronal ceroid lipofuscinosis

Mucolipidosis

Cystinuria

Abetalipoproteinemia

Kearns–Sayre syndrome

Hallervorden–Spatz syndrome (pantothenate kinase-associated 
neurodegeneration (PKAN))

Spinocerebellar ataxia type 7 (and occasionally type 1)

Usher syndrome

Cockayne disease

Aicardi syndrome

Optic atrophy

Krabbe disease

Metachromatic leukodystrophy

Adrenoleukodystrophy

Alexander disease

Spinocerebellar ataxia type 1 and Friedreich’s ataxia

Spongy degeneration

Pelizaeus–Merzbacher disease

Alpers disease
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Vogt–Koyanagi–Harada syndrome
Vogt–Koyanagi–Harada (VKH) syndrome, the best-known 
uveomeningeal syndrome, is a systemic disorder involving 
many organ systems, including the eye, skin, meninges, and 
ear. It is most common in Japan376,377 and parts of Latin 
America but is uncommon in the USA (except in American 
Indians) and in individuals of northern European ances-
try.378 There are many theories concerning the etiology of 
VKH syndrome that have focused on infectious and immune-
mediated diseases. It seems most likely to result from 
deranged T-cell function.379–381 Recently several patients have 
been reported to develop VKH in association with interferon 
alpha-2b/ribavirin therapy for hepatitis C and multiple 
sclerosis.382–386

Patients usually present in the second to fourth decade, 
although it has been described in children as young as 4 
years old.387–389 The disease usually develops in stages ini-
tially characterized by a flu-like syndrome associated with 
headache, aseptic meningitis (meningismus), dysacusis, and 
tinnitus. These symptoms may be present for several weeks. 
This is followed by the ocular symptoms of anterior and 
posterior uveitis, inferior exudative retinal detachments,378 
and disc swelling (Fig. 4–25). The uveitis is usually bilateral 
and granulomatous in nature. Synechiae and cataract forma-
tion are common.390 The anterior chamber may become 
shallow secondary to swelling of the ciliary processes.391 
About 40% of patients develop glaucoma, which may be 
open or closed angle.392 The retinal pigmented epithelium 
(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 was correlated with the degree of cerebrospinal fluid 
pleocytosis.393 Subretinal yellow-white lesions may be seen 
in the peripheral retina. Neovascularization of the disc and 
retina with vitreous hemorrhage may also develop.394 Sen-
sorineural hearing loss is common,395 and patients complain 

Figure 4–24. Fundus photograph demonstrating retinal whitening and 
ischemia in a patient with hypercoagulable state due to systemic lupus 
erythematosus and antiphospholipid antibodies.

A B

Figure 4–25. Fundus photograph of the right (A) and left (B) eye of a patient with Vogt–Koyanagi–Harada syndrome. Bilateral optic disc swelling and 
diffuse, yellow, subretinal infiltrates (arrows in A point to discrete lesions). There are areas of retinal thickening in the right eye and extensive exudative  
retinal detachment in the left eye.

described could be attributed to a central neurologic 
problem. Neurologic findings in these patients can be 
grouped into three clinical patterns: encephalopathy, multi-
ple cerebral infarctions, and migraine-like headaches.366–368

Other thrombotic disorders. Other disorders of the clotting 
pathway that may lead to visual symptoms and signs include 
deficiencies of protein C, protein S, and antithrombin III369 
and hyperhomocysteinemia. Finally, activated protein C 
resistance can be seen with the factor V Leiden mutation, 
which has been reported in association with both retinal 
vein and retinal artery occlusions.370–375 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 with amaurosis 
fugax or retinal arterial or venous occlusion.
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of a peculiar sensitivity to touch of the hair and skin. In the 
later stages, patients develop depigmentation 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.396 Indocyanine green angiography may 
reveal patchy infiltrates, suggesting an inflammatory dis-
order of the choroid with subsequent circulatory compro-
mise.397 Echography reveals diffuse, low to medium 
reflective thickening of the choroid and serous retinal 
detachment.398 MRI may demonstrate a similar thickening 
and enhancement of the choroid and retina.399 During the 
early stages lumbar puncture will reveal a pleocytosis with 
lymphocytes and monocytes although the necessity of 
spinal fluid examination in typical cases has been ques-
tioned.400 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 corticoster-
oids,401,402 However, the early use of other immunomodula-
tory (i.e., mycophenolate mofetil and cyclosporine) therapies 
may provide a superior visual outcome.403 Incomplete 
responses and steroid dependency are commonly encoun-
tered.404 Most patients require treatment for at least a year. 
Successful therapy with intravenous immunoglobulin has 
also been reported.405 About 60% of patients maintain 20/30 
or better vision.378

Retinal manifestations of systemic 
inflammatory and infectious diseases

A variety of systemic infectious and inflammatory conditions 
may be associated with retinal manifestations. Retinal find-
ings may take many different forms, including retinal phle-
bitis, retinal and choroidal granulomas, cotton-wool spots, 
and optic nerve head swelling. Patients may be asympto-
matic with abnormalities detected on initial screening exam-
inations. In other patients, ophthalmic symptoms and 
retinal abnormalities are the initial manifestations of the 
systemic disease.

Sarcoidosis
Sarcoidosis, a multisystem granulomatous disorder of 
unknown etiology, is the third most common cause of 
uveitis after idiopathic cases and those associated with HLA 
B-27.406 Population studies suggest the HLA-DPB1*0101 
type is a significant risk factor, and that there is a strong 
genetic component to disease development.407 The incidence 
is estimated at 1/100 000 with a female preponderance.408 
Most studies find about 30–50% of sarcoidosis patients have 
ophthalmic involvement.408,409 However, in one series as 
many as 79% of sarcoidosis patients had ocular manifesta-
tions, and the most common was granulomatous anterior 
uveitis (Fig. 4–26).410 Ophthalmic manifestations of 
sarcoidosis are listed in Table 4–7.411 Presentations of 
sarcoidosis differ across different populations and races. For 
example, African Americans tend to present at younger 
ages,412 and, in India, posterior segment manifestations are 
more common.413 Vitritis and retinal perivasculitis (seen in 

Figure 4–26. Anterior segment slit-beam photograph of a patient with 
granulomatous uveitis secondary to sarcoidosis. Keratic precipitates (short 
arrows) on the corneal endothelium and iris posterior synechia (adhesions 
of the iris to the lens; long arrow) are seen.

Table 4–7 Ophthalmic manifestations of sarcoidosis

Anterior segment

Anterior uveitis

Iris nodules

Conjunctival granulomas

Nodules on trabecular meshwork

Interstitial keratitis

Band keratopathy

Posterior segment/retinal

Vitritis

Periphlebitis

Chorioretinitis

Choroidal nodules

Retinal neovascularization

Retinal vein occlusion

Optic nerve/chiasm

Optic perineuritis (see Chapter 5)

Optic disc edema (see Chapter 5)

Optic neuropathy (see Chapter 5)

Chiasmal/hypothalamic involvement (see Chapter 7)

Orbit/external

Lacrimal gland enlargement

Keratoconjunctivitis sicca

Orbital granuloma

Enlarged extraocular muscles
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Figure 4–27. Perivascular cuffing (arrows) and phlebitis in a patient with 
sarcoidosis.

Figure 4–28. Optic disc edema and phlebitis in a patient with sarcoidosis. 
Vessel wall staining (arrows) and optic disc staining (asterisk) are seen on 
fluorescein angiography.

A B

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 stellate pattern (open arrow) and large confluent, yellow, peripapillary subretinal mass 
(black arrow) are seen (courtesy of Alexander J. Brucker, MD).

about two-thirds of patients) and spotty retinochoroidal 
exudates (seen in about half of patients) are the most 
common posterior segment manifestations of sarcoido-
sis.410,414–416 Vitreous inflammation may appear as a simple 
cellular infiltrate. Other patients will demonstrate the classic 
“snowballs” or “string of pearls” appearance (Fig. 4–26). 
Midperipheral phlebitis is seen and characterized by perivas-
cular sheathing (Fig. 4–27). Periphlebitis may be more pos-
terior and associated with disc edema.416 FA will highlight 
vessel wall and disc staining (Fig. 4–28). More severe cases 
of periphlebitis are associated with the classic appearance of 

candle wax drippings. Retinal vein occlusion rarely compli-
cates the periphlebitis.417 Chorioretinal lesions or granulo-
mas may manifest as discrete infiltrates or nodules,418–420 
“punched-out” chorioretinal scars, or as a large choroidal 
nodular lesion simulating a metastatic tumor (Fig. 4–29).421 
Indocyanine green angiography may show choroidal abnor-
malities before any lesions can be detected ophthalmoscopi-
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cally.422 Arterial macroaneurysms have also been described.423 
Neovascularization of the retina or optic nerve head is a rare 
complication of sarcoidosis. Optic nerve head involvement 
is discussed in Chapter 5.

Patients with suspected ocular sarcoidosis should be 
screened with chest roentgenography (or chest computed 
tomography (CT)), angiotensin I-converting enzyme (ACE) 
levels, and occasionally gallium scanning. In many medical 
centers, gallium scanning has been replaced by body posi-
tron emission tomography (PET) to search for a biopsy  
site. The diagnosis is often established by transbronchial 
biopsy.424,425 If there is an abnormal conjunctival appearance 
then conjunctival biopsy may be used to confirm the diag-
nosis.426 Further details regarding diagnosing sarcoidosis are 
discussed in Chapter 5.

Treatment of the ocular complications of sarcoidosis is 
accomplished with topical steroids, injectable depot ster-
oids, and systemic immunosuppression with steroids or 
steroid-sparing agents. Posterior segment manifestations 
usually require oral steroids. However, if there are no symp-
toms and only peripheral chorioretinitis is present, it is rea-
sonable to observe the patient without treatment. Karma and 
associates427 classified the course of ocular sarcoidosis into 
three categories: monophasic, relapsing, or chronic. The 
prognosis was poor for patients with the chronic form of the 
disease, with no patients retaining 20/30 vision or better. In 
contrast, 88% of patients in the monophasic group retained 
20/30 vision or better.427

Systemic lupus erythematosus
In addition to the development of lupus anticoagulants (see 
above), patients with systemic lupus erythematosus (SLE) 
may develop a primary retinal vasculitis. Retinal findings 
were present in about 30% of patients in one series.428 
Retinal phlebitis may be most likely to occur when CNS 
lupus is present.429 This manifests as perivascular cuffing by 
white blood cells or discrete focal leakage on FA.428 Patients 
may develop retinal hemorrhage, exudates, choroiditis,430 
and cotton-wool spots. Vasculitis affects arteries and veins 
and eventually leads to vaso-occlusive phenomena, includ-
ing retinal infarction431,432 (see Fig. 4–24) and subsequent 
neovascularization. A choroidopathy similar to that seen in 
eclampsia and characterized by serous retinal detachments 
has been described in patients with SLE.433,434

Cat scratch disease
Cat scratch disease is a self-limited systemic illness caused 
by a Gram-negative bacillus, Bartonella henselae. The organ-
ism is inoculated by the bite or scratch of an infected animal. 
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. The most recognized ophthalmic manifestation 
of cat scratch disease is optic nerve head swelling and 
macular star formation (i.e., neuroretinitis; see Chapter 5). 
However, other patients with Bartonella infection manifest 
with vision loss as a result of uveitis and retinal infiltrates.435 
Discrete white retinal or choroidal lesions are the most 
common posterior-segment manifestation of cat scratch 

disease and may be observed in over 80% of patients.435 Disc 
swelling and macular star formation were found in 63% of 
patients in the same series. Other findings may include arte-
rial and venous occlusions. A unique presentation in patients 
with human immunodeficiency virus (HIV) has been 
described with a subretinal mass and an associated unusual 
vascular network.436 Because malignant hypertension (see 
below) may produce a similar ophthalmoscopic picture, 
blood pressure should be carefully checked in all patients 
thought to have neuroretinitis from cat scratch disease. Diag-
nosis can be confirmed by testing for Bartonella antibodies 
in the peripheral blood or by polymerase chain reaction 
testing of ocular tissue.437–439

Subacute sclerosing panencephalitis (SSPE)
Optic atrophy and macular pigmentary changes can be seen 
in SSPE,440,441 a progressive infection of the CNS by a defec-
tive measles virus. Often heralded by personality changes, 
SSPE leads typically to seizures, mental deterioration, and 
myoclonus.

Acute retinal necrosis (ARN)
This visually devastating retinitis, characterized by retinal 
vasculitis, hemorrhages, detachments, and necrosis in addi-
tion to vitreal and aqueous inflammation and optic neuritis, 
is primarily caused by herpesvirus infections (herpes simplex 
virus (HSV), varicella zoster virus (VZV), cytomegalovirus 
(CMV), and Epstein–Barr (EBV) virus).442,443 Several cases of 
ARN have been reported in association with HSV and VZV 
encephalitis.443 Prompt therapy with antiviral agents such as 
acyclovir, steroids to reduce inflammation, and laser and 
surgical management of the retinal complications are the 
best options for improving visual outcome.442

Malignant hypertension and eclampsia
Chronic hypertension can be associated with a typical retin-
opathy characterized by cotton-wool spots and vascular 
abnormalities (Fig. 4–30). However, severe (malignant) 
hypertension leads to a breakdown of the blood–retina 
barrier, with resultant optic disc edema, flame-shaped hem-
orrhages, cotton-wool spots, and lipid exudation into the 
retina (Fig. 4–30). Hayreh and colleagues444–448 studied 
hypertensive retinopathy in monkeys. The earliest ophthal-
mic manifestations were cotton-wool spots as a result of 
terminal retinal arteriole ischemia.446 Lipid exudates may 
accumulate in Henle’s layer, creating a picture similar to 
neuroretinitis.449,450 Disc edema may result from local optic 
nerve head ischemia and disrupted axonal transport or from 
elevated intracranial pressure that may accompany hyperten-
sive encephalopathy. Malignant hypertension may also be 
associated with choroidopathy as a result of choriocapillaris 
occlusion.451 These patients have focal areas of opaque 
retinal pigment epithelium known as Elsching spots, which 
may demonstrate leakage on FA.444 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 
eclampsia even without other hypertension-related retinal 
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A B

Figure 4–30. Fundus findings in systemic hypertension. A. Hypertensive retinopathy with cotton-wool spots, arterior–venous 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).

Figure 4–31. Serous detachment of the retina (arrows) in a patient with 
vision loss and eclampsia.

changes (Fig. 4–31).451 These can be confirmed by mERG 
abnormalities and OCT.452–454

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 autoregu-
latory mechanisms have not yet compensated for the change. 
Patients may develop disc swelling, cotton-wool spots, and 

intraretinal hemorrhages concentrated in the peripapillary 
region (Fig. 4–32).

Homozygous sickle cell anemia is the most common 
hemoglobinopathy to cause retinal manifestations. In this 
condition 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 spots), preretinal hemorrhages, vitreous hemorrhage, 
and cotton-wool spots455–457 (Fig. 4–33).

Phakomatoses

The phakomatoses are a group of hereditary conditions char-
acterized by the presence of hamartomas of the skin, blood 
vessels, and nervous system (Table 4–8), and several have 
prominent retinal manifestations. The more common pha-
komatoses are neurofibromatosis types I and II, tuberous 
sclerosis (Bourneville disease), encephalotrigeminal angi-
omatosis (Sturge–Weber syndrome), angiomatosis of the 
retina and cerebellum (von Hippel–Lindau disease), race-
mose angioma of the midbrain and retina (Wyburn–Mason 
syndrome), and ataxia telangiectasia (Louis–Bar syndrome). 
Except for the telangiectasia of the conjunctiva in Louis–Bar 
syndrome, all of these growths represent hamartomas 
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A B

Figure 4–32. Fundus photographs of a patient with the acute onset of profound anemia. A. Macular edema and partial star formation (open arrow) with 
intraretinal hemorrhages (solid arrows) (right eye). B. Disc swelling and retinal vein engorgement (right eye).

Figure 4–33. Intraretinal and white centered hemorrhages (Roth spots; 
arrow) in a patient with acute leukemia.

(abnormal growth of mature cells). Telangiectasias of the 
conjunctiva are hamartias. Hamartias result from develop-
mental abnormalities of the cells in the normal area of 
growth.

The phakomatoses with salient retinal manifestations will 
be discussed here. Neurofibromatosis type I is discussed in 
detail in Chapter 7, while ataxia telangiectasia is reviewed in 
Chapter 16.

Neurofibromatosis type II
Neurofibromatosis type II (NF-2) was formerly called central 
NF, but is now known to be a distinct disorder inherited in 
an autosomal dominant fashion. Unlike NF-1, which has 
been localized to chromosome 17, the gene for NF-2 is a 
tumor suppressor on chromosome 22 that encodes for the 
protein neurofibromin.458,459 The diagnosis of NF-2 can be 
satisfied by bilateral acoustic neuromas or a unilateral acous-

tic neuroma and a first-degree relative with bilateral acoustic 
neuromas.460 NF-2 is associated with other intracranial and 
intraspinal tumors, especially meningiomas.461 Prominent 
ocular findings are posterior subcapsular cataracts,462,463 
retinal hamartomata,464–467 epiretinal membranes,463–467 and 
bilateral optic nerve sheath meningiomas (Fig. 4–34).469 Early 
ophthalmologic evaluation looking for typical lens and 
retinal findings is extremely helpful in establishing the  
diagnosis.470,471 Choroidal hyperfluorescence in the macular 
region on FA has been shown to present in asymptomatic 
NF2 patients without vision loss.472 Lisch nodules are a rare 
finding in NF-2468 and are much more commonly seen in 
NF-1.

Tuberous sclerosis
The classic triad of tuberous sclerosis (TS) includes facial 
angioma (adenoma sebaceum), mental retardation, and sei-
zures, but frequently there are also ocular, renal, pulmonary, 
and cardiac manifestations.473–475 The condition is domi-
nantly inherited with a high rate of new mutations.476 We 
have seen several children with TS whose parents were 
unknowingly affected as well. Responsible defects in two 
tumor suppressor genes, TSC1 (on chromosome 9q34, 
coding for hamartin) and TSC2 (on chromosome 16p13, 
coding for tuberin), have been identified, and either may 
cause TS.477–482 Although there is a tendency for patients with 
TSC2 mutations to be more neurologically affected, for the 
most part there is considerable overlap, making their clinical 
phenotypes virtually indistinguishable.483

The most characteristic eye finding is a retinal astrocytic 
hamartoma, found in 44–90% of patients.484 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. 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 
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A B

C

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. Note myelinated nerve fibers (solid arrow) 
are present at the superior portion of the disc in (B). Bright area in upper 
right region of (A) is artifact. C. T1-weighted magnetic resonance imaging 
with contrast in another patient with NF-2 demonstrating bilateral acoustic 
neuromas (open arrows), right cavernous sinus thickening (short solid white 
arrow) due to a third nerve schwannoma, and postsurgical defect (long solid 
white arrow) where a meningioma had been removed.

sarcoidosis of the optic nerve head. Astrocytic hamartomas 
of the second type (Fig. 4–35) 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 inter-
mediary type,485 and we have seen a rarely described exo-
phytic retinal hamartoma.486 In one series of 100 patients,484 
retinal hamartomas were seen in 44%. The multinodular 
“mulberry” lesion was seen in 24 (55%), the flat, translucent 
lesion was observed in 31 (70%), and the transitional type 
lesion was seen in four of the 44 patients (9%).484

The 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 are 
not malignant. Autofluorescence and FA can be helpful in 
identifying astrocytic hamartomas.487 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,488 
enlarging,489 calcifying, and even regressing490 later in life 
have been well documented. In addition to the retinal 
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A B

Figure 4–35. Retinal hamartomas in tuberous sclerosis. A. The first patient has a round, elevated, yellowish-white lesion above the optic disc. The irregular 
surface resembles drusen or tapioca. B. Another patient has a nerve fiber layer hamartoma (arrow) that is less elevated and is located above the macula. 
In both patients the hamartomas were visually asymptomatic.

hamartomas, other retinal findings include depigmented, 
punched out lesions of the retina, colobomas, and optic 
atrophy. Papilledema, sometimes with associated visual 
loss,491 can occur when there is hydrocephalus caused by 
obstruction of the foramen of Monro (see below). 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.492,493 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).494 They may also be seen as 
calcific opacities on CT. Subependymal nodules may lie 
along the ventricular surface. These nodules may continue 
to proliferate, at which point they are classified as subepend-
ymal 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 cerebro-
spinal fluid and cause hydrocephalus.491

The skin manifestations (Fig. 4–37) of TS occur in almost 
all patients.495 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 
confluent, pink or light brown, raised nodules typically 
located in the malar area and nasolabial folds. They may 
have a prominent vascular component and can cause recur-
rent bleeding. Other dermatologic manifestations include 
shagreen patches (leathery areas), ungual fibromas, and fore-
head 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 
dermatologic examinations, head MRI, echocardiography, 
and ultrasound of the kidneys. Unless there is a specific 
reason, after the initial eye screening annual eye examina-
tions are unnecessary.496 If an infant with TS is examined, we 
typically schedule to see the child back just one more time 
at age 4 or 5 years since there is a small chance retinal hamar-
tomas might arise anew or change.

von Hippel–Lindau disease
von Hippel–Lindau (VHL) disease, or retinal angiomatosis, 
is an autosomal dominant condition with incomplete pen-
etrance and variable expressivity. The defect is caused by 
mutations in VHL, a tumor suppressor gene located on chro-
mosome 3p25–26.497–499 The eponym of von Hippel disease 
is used when just the retina is involved. VHL disease is the 
term used for those cases with both CNS and retinal involve-
ment. The condition represents a dysgenesis of neuroecto-
derm and mesoderm, but the basic defect is not known. 
Features of the condition include angiomatosis of the retina, 
capillary hemangioblastomas of the CNS, and cysts or 
tumors of the viscera. The disease may be lethal and careful 
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A B

Figure 4–36. Magnetic resonance imaging (MRI) scans in 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 
hydrocephalus (manifested by ventricular enlargement).

monitoring is necessary to detect the associated 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.500–502 These tumors are usually in a midperipheral 
location,503 but occasionally are in the posterior pole or 
rarely in the intraorbital portion of the optic nerve. The 
lesions are bilateral in about one-half of the patients, and 
multiple lesions are seen in one eye in one-third of 
patients.500,503,504 The earliest lesion is a small capillary cluster 
the size and configuration of a diabetic microaneurysm. The 
fully developed classic lesions consist of an elevated, globu-
lar, pink retinal tumor that is often fed by a dilated tortuous 
retinal artery. Abnormal vessels on the disc may point to the 
anteriorly located tumor. Tumor enlargement is associated 
with lipid exudation and retinal detachment. Vision loss 
occurs in more than half of the patients with angioma-
toses.500,503,504 Therapy for these lesions includes photo-
coagulation, cryotherapy, and diathermy. Because these 
procedures are usually successful in obliterating small VHL 
angiomas, early treatment is recommended.505 Argon laser 
can be used with small lesions and applied directly to the 
surface of the small angioma, with good long-term preserva-
tion of vision.506 Cryotherapy and brachytherapy are useful 
in patients with larger tumors that are more anteriorly 
located and in eyes with media opacity.507 Occasionally 

treatment of larger tumors can be followed by massive exu-
dation and retinal detachment.

Cerebellar hemangioblastomas, occurring in about half 
of patients, are the most common CNS finding. A typical 
hemangioblastoma consists of a small, highly vascular 
nodule within a much larger fluid-filled cyst. There can be 
striking hypertrophy of the feeding and draining vessels. 
Microscopically a hemangioblastoma is composed of fine 
capillaries within a matrix of lipid-laden foam cells. Mitotic 
figures are not present. The retinal angioma has a similar 
histologic appearance but lacks the cystic component. The 
tumor has usually become symptomatic at the time of  
diagnosis and presents in the second to fourth decades of 
life with signs of hydrocephalus or cerebellar dysfunction. 
Medullary and spinal hemangioblastomas are relatively  
less common, but a medullary lesion may be lethal if it 
compresses vital brain stem structures. The spinal lesions 
most often appear in the upper cervical cord. Heman-
gioblastomas may rarely involve the optic nerve and  
chiasm.508,509

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.510 
These lesions tend to cluster in certain predisposed families. 
VHL without pheochromocytomas has been labeled type 1, 
while types 2A and 2B refer to those with pheochromocyto-
mas and sometimes with or usually without renal cell  



93

Chapter 4 Vision loss: retinal disorders of neuro-ophthalmic interest

A

B

C

D

Figure 4–37. Common dermatologic manifestations of tuberous sclerosis. A. Facial angiofibromas (adenoma sebacium). B. Shagreen patch, an area of thick, 
leathery skin, on the patient’s lower back. C. Ungual fibroma (arrow). D. Hypopigmented macules in a darkly pigmented individual (same patient as B).

carcinomas, respectively.511 Renal and pancreatic cysts, pan-
creatic islet cell tumors, epididymal papillary cystadenomas, 
and endolymphatic sac papillary adenocarcinomas may also 
be seen.512 Polycythemia has been reported in up to 25% of 
VHL patients and particularly in those with cerebellar 
hemangioblastoma.

Encephalotrigeminal angiomatosis  
(Sturge–Weber syndrome)
Sturge–Weber syndrome (SWS) is characterized by the triad 
of skin, CNS, and ocular findings. Although the nevus flam-
meus (cutaneous hemifacial hemangioma) of the face is the 
most obvious sign, the major symptomatic manifestations 
are due to CNS involvement. The facial port wine stain (see 
Fig. 8–33) may occur with or without one of the other major 

manifestations: leptomeningeal angiomatosis, cerebral gyri-
form calcifications, and glaucoma. These are usually unilat-
eral and ipsilateral. The syndrome shows no well-established 
genetic, sexual, or racial predilection.

The ocular manifestations of SWS are choroidal heman-
gioma and glaucoma. Sixty percent of SWS patients develop 
glaucoma.513 Of these patients, 60% have the disease prior 
to 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.514 The 
actual cause of the glaucoma is not certain and several mech-
anisms may play a role. These include (1) outflow obstruc-
tion by an angle malformation and associated increased 
vascularity of the iris, (2) occlusion of the angle from ante-
rior synechiae as a secondary phenomenon in patients with 
choroidal hemangioma and retinal detachment, (3) eleva-
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Ataxia telangiectasia (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 malfor-
mations (AVMs).527–529 AVMs are direct communications 
between arteries and veins and involve the CNS, the ocular 
adnexa, and the nasopharynx. In WMS, AVMs have a predi-
lection for the midbrain. Cerebral AVMs are discussed in 
detail in Chapter 8, and dural AVMs in Chapter 15.

Retinal AVMs in Wyburn–Mason syndrome are congeni-
tal, unilateral malformations that have a predilection for 
involvement of the vessels of the posterior pole.530 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 hemorrhage, vein occlusion, and 
neovascular glaucoma.531,532
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Visual loss: 
optic neuropathies

The diagnosis of optic neuropathy is usually considered under two cir-
cumstances: (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 diagnostic testing first 
to confirm the presence of optic nerve dysfunction, then to determine 
its etiology.

An understanding of optic nerve anatomy and physiology is important 
when approaching patients with optic nerve dysfunction, and this chapter 
will review these topics. Typical clinical features of optic neuropathies will 
then be detailed. The subsequent discussion will suggest an approach to the 
patient with an optic neuropathy and then outline a strategy used to distin-
guish between the various optic neuropathies. The features (presentation, 
examination, and management) of the different causes of optic nerve dys-
function will then be addressed.

Optic nerve anatomy and physiology

The optic nerve is composed of 1.2 million retinal ganglion cell axons.1–3 
The axons form the nerve fiber layer and eventually synapse in the lateral 
geniculate body, the pretectum, the superior colliculus, the accessory optic 
nuclei, and the suprachiasmatic nuclei in the hypothalamus. The support-
ing cells and blood supply of the optic nerve change throughout its course, 
which is generally divided into four sections: intraocular, intraorbital, int-
racanalicular, and intracranial. In fact, the optic nerve is more like a brain 
tract and less like the other cranial nerves. The optic nerve, like all other 
parts of the central nervous system, 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 cribosa 
and is supported by astrocytes like the white matter in the brain and  
spinal cord. This is unlike peripheral 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
The cell bodies of retinal ganglion cells and dendrites synapse with ama-
crine and bipolar cells in the inner plexiform layer of the retina. There are 
different types of retinal ganglion cells and each type may have a specific 
visual function. There is currently no agreed upon classification. The concept 
of parallel processing was introduced to recognize that different types of 
visual information are processed in parallel streams throughout the pre- 
and postgeniculate visual pathways.4–7 Two broad pathways are generally 
thought to exist. The first is largely responsible for high spatial resolution, 
color vision, and fine stereopsis and is referred to as the parvocellular or P 
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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 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, ganglion cell axons reorganize so that the axons from 
peripheral ganglion cells are most superficial in the nerve 
fiber layer and form the more peripheral portions of the 
optic nerve and macular ganglion cell axons form the center 
of the nerve.9

As they turn to exit the eye at the scleral canal, the optic 
nerve fibers are supported by the lamina choroidalis. Astro-
cytes make up a large portion of these supporting cells, and 
they are intertwined, creating a basket-like structure through 

pathway based on the layers in the lateral geniculate body 
(LGB) to which they project. The second (magnocellular, M 
or luminance) pathways are responsible for low spatial reso-
lution, motion, and coarse stereopsis. For the purposes of 
understanding retinal neurophysiology, ganglion cell types 
generally can be divided into these two different broad cat-
egories, M (large) and P (small) cells.8 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 through-
out 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 parvocellular path-
ways and higher cortical areas is discussed in Chapter 9.

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 

Figure 5–1. Distribution of retinal ganglion cell axons as they travel to the optic nerve. Fibers from the nasal, superonasal, and inferonasal retinal 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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lamina choroidalis and lamina cribrosa through branches  
of the intrascleral circle of Zinn–Haller and from branches 
of choroidal vessels that supply the choriocapillaris  
(Fig. 5–2).18,19 Capillaries in the region of the lamina cribrosa 
are within the laminar beams and surround the nerve fiber 
bundles.20

Intraorbital optic nerve
Several environmental changes occur as the axons pass 
through the lamina cribrosa, which is essentially at the level 
of the sclera. Optic nerve myelination begins (oligodendro-
cytes) and the pressure gradient on the axons increases as 
they are subjected first to intraocular pressure then to the 
intracranial pressure, which is transmitted through the sub-
arachnoid space all the way up to the nerve globe junction. 
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 nerve 
usually takes 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 sur-
rounding 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 penetrating capillaries from the pia. These 
are supplied largely by recurrent branches of the short pos-
terior ciliary arteries and capillary branches of the ophthal-
mic 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 circulation to the intraorbital optic 
nerve through anastomotic branches from the external 
carotid artery. These branches can be supplied from the 
middle meningeal, superficial temporal, and transverse 
facial arteries.

which the optic nerve axons pass. The astrocytes extend from 
the lamina cribosa, the main structural support of the optic 
nerve as it exits the globe, and their processes are in intimate 
contact with the axons. Presumably they maintain the axons 
physiologically, providing glycogen stores, clearing excess 
potassium, and providing nutrient transport from capillaries 
in this area. The glial cells may also play a critical role in 
regulating blood flow.10–12 The lamina cribrosa contains 
plates or beams of collagen (types I, III, V, and VI) with 
interspersed elastin fibers creating a basket-like configura-
tion.13–16 This combination provides both structure and 
elastic resiliency along the laminar beams and, along with 
the astrocytes, provides metabolic support to the axons. Dif-
ferences exist in the size and thickness of the laminar beams. 
The largest holes in the lamina cribrosa (most axons, least 
structural support) are in the superior and inferior portions 
of the disc (arcuate bundles), and this may be one explana-
tion why these fibers might be the most vulnerable to 
changes in intraocular pressure.17 Once the axons pass the 
lamina cribrosa, oligodendrocytes assume the major sup-
portive role.

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. Since 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/or atrophy that often 
accompanies ischemic processes. Twigs of the posterior 
ciliary arteries reach the capillary plexus in the area of the 

Cribriform plate

Pial arterial network

Central retinal artery

Posterior ciliary artery

Sclera

Choroid
Dura

Retina

Arterial circle of Zinn–Haller

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 supplied by 
the posterior ciliary arteries, the pial arteriole plexus, and the peripapillary choroid. (Redrawn from Hayreh SS. Br J Ophthalmol 1963:47, with permission.)
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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 
from the anterior communicating artery.

Optic nerve physiology
Maintenance of the ganglion cell axons’ structure, clearance 
of expired organelles, and energy supply to the synapse is 
accomplished through axoplasmic transport. Axoplasmic 
flow disruption has been demonstrated in experimental 
papilledema22 and secondary to acute elevation of intra-
ocular pressure.23–26 In addition, many pathological pro-
cesses (ischemia, compression, inflammation, and toxins) 
can result in impaired axoplasmic transport. Therefore, some 
believe that impaired axoplasmic transport may be the final 
common pathway for optic nerve damage in most disease 
processes.27

The diameter of a ganglion cell axon is approximately 100 
times larger than the cell body, and the maintenance of 
axonal health is dependent on effective axonal transport. 
Orthograde axonal transport refers to movement away from 
the cell body (towards the lateral geniculate body) and ret-
rograde transport occurs toward the cell body. Orthograde 
transport occurs at both slow and fast speeds and is depend-
ent upon the cytoskeleton of the axon (microtubules,  
neurofilaments, and microfilaments). Transported materials 
include proteins and transmitters, and these are transported 
in smooth surface vesicles at a rate of about 400 mm/day (5 
hours to LGB). The elements of the cytoskeleton (microtu-
bules, neurofilaments) are transported at a slower rate of 
1–4 mm/day.28 Retrograde transport (towards the cell body) 
of pinocytic vesicles and lysosomes occurs at a rate of about 
200 mm/day. Movement of vesicles along the cytoskeleton 
is dependent upon actin, kinesin, and dynein. How these 

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 
is absent, causing the meninges to contact the sinus mucosa 
directly.21 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 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. The two optic 
canals run medially toward each other and rise at a 45 degree 
angle. In the optic canal, the blood vessels of the pial plexus 
are 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 

Dura

Lesser wing of
sphenoid bone

Anterior clinoid
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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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(anomalous, 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 the patient with suspected optic neu-
ropathy 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 sug-
gests 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 
occlusion. A rapid pulse might suggest hyperthyroidism, and 
obesity and recent weight gain would point to idiopathic 
intracranial hypertension. Profound cachexia might suggest 
cancer spread, temporal arteritis, or nutritional amblyopia. 
Odd behavior might suggest early on the possibility of non-
organic or functional visual loss.

Visual acuity
Although visual acuity is commonly reduced in optic neu-
ropathies, the 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 neuropa-
thy or its cause. For instance, profound optic nerve dysfunc-
tion with an afferent pupillary defect, dyschromatopsia, and 
visual field loss may be present with 20/15 visual acuity. 
Furthermore, 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. Some patients with optic neuropathy have 
good acuity but may have reduced contrast sensitivity thresh-
olds. It is also helpful in patients with congenital dyschro-
matopsia who are suspected of having an optic nerve 
problem, and color plate testing cannot be used. Less com-
monly, it can be used to document recovery in optic neuritis, 
which is almost always associated with a reduction in con-
trast sensitivity. Recently, low-contrast sensitivity testing has 
been incorporated in the evaluation of new drugs for the 
treatment of multiple sclerosis and optic neuritis.

motor proteins accomplish transport along the microtubule 
is not clear, but it may occur in a fashion similar to the sliding 
filament system seen in muscles. The transport process is 
dependent upon availability of oxygen and energy (ATP), 
which is delivered by mitochondria moving constantly in 
orthograde and retrograde fashions. Disruption of axonal 
transport by energy deprivation, by anoxia, or by compres-
sion will therefore result in optic nerve dysfunction.

Information from ganglion cells to the LGB is provided 
by varying the rate of action potentials. Light stimulates the 
retinal photoreceptors, and in turn signals are modified by 
the horizontal, bipolar, and amacrine cells before reaching 
the ganglion cells. There are many more photoreceptors than 
ganglion cells (approximately 130 : 1) and the input to an 
individual ganglion cell is thought to be organized in a 
center/surround fashion. This is the initial coding system for 
visual information. Some ganglion cells have on-center 
receptive fields, and increase their action potential firing rate 
when the visual stimulus is a circle of light in the middle, 
surrounded by darkness. Off-center ganglion cells prefer 
stimuli with darkness in the middle, surrounded by light. 
The various rates (for example sustained firing versus tran-
sient firing) at which ganglion cells produce action poten-
tials in response to stimulation is the basis for the distinction 
between cells believed to be responsible for fine spatial reso-
lution and those responsible for motion detection and ini-
tiation of visual reflexes.29

History

The cause of many optic neuropathies can be correctly iden-
tified 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 wors-
ened by eye movements); bulging, fullness, or proptosis of 
the globe; redness; photophobia; and positive visual phe-
nomena. Nonocular neurologic symptoms would include 
headache, 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 well as evidence of recent infection or ongoing rheuma-
tologic symptoms. Risk factors for vasculopathic disease 
should be identified in addition to systemic medications 
which 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 
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although such defects are not always measurable on perim-
etry. 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 (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 frequent. 
For instance, altitudinal defects are the most common defects 
in ischemic optic neuropathy. 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.34 The nerve fiber 
layer is best seen at the 6 and 12 o’clock position 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 mm2.34 
Highly myopic eyes (> −8.00) may have abnormally large 
discs, while highly hyperopic eyes (> +4.00) may have 
abnormally small discs.35

Disc swelling. Optic neuropathies are frequently associ-
ated with disc swelling or edema. The term papilledema is 
used only for discs that are swollen from elevated intracra-
nial 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, and there may be associated 
retinal or choroidal folds. There may be venous dilation, 
associated splinter hemorrhages, dilated capillaries, exu-
dates, or cotton-wool spots. Swollen optic nerves resulting 
from anterior visual pathway compressive lesions may have 
features that suggest 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 has been dem-
onstrated by fluorescein angiography36 and direct blood flow 
measurements.37 When using the term optic atrophy, the 
examiner is identifying ganglion cell death, not reduction or 
involution of function as the term atrophy applies in other 
conditions. Atrophy can be graded as mild to severe and may 

Pupils
The identification of a relative afferent pupil defect (RAPD) 
is very helpful in localizing vision loss to the optic nerve and 
is the hallmark of asymmetric disease of the anterior visual 
pathway. The swinging 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 optic neuropathy. It 
can be tested for in the office. The Pulfrich phenomenon is 
a stereo-illusion in which a to-and-fro motion in the plane 
facing the subject is seen as an elliptical movement by an 
individual with a unilateral optic neuropathy.30 An object 
(ball on a string or pen) is swung in front of both eyes.31 For 
example, from the eye with a unilateral optic neuropathy, 
the information is delayed in reaching the cortex, relative to 
the normal eye. This delay in time between the two eyes is 
interpreted by the cortex as a separation in space, creating 
the stereo-illusion. The movement is always perceived as 
toward the diseased eye, i.e., right eye, counterclockwise and 
left eye, clockwise. Affected patients may report difficulty 
with driving, walking, or tasks in the household utilizing 
stereopsis.32 Treatment may consist of placing a filter in front 
of the normal eye.32 The Pulfrich phenomenon is only infre-
quently seen in patients with decreased vision due to media 
opacities or retinal disease.

Visual fields
The 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. 
These are (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 periph-
eral 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 general-
ized constriction as there are many non-neuro-ophthalmic 
causes of this type of defect including media opacities, small 
pupils, poor patient cooperation, retinal degenerations, and 
non-organic visual loss. However, diffuse suppression of the 
visual field on automated perimetry is in fact the most 
common defect in patients with optic neuritis.33

Central defects. These include central scotomas, paracen-
tral defects, and centrocecal scotomas (Fig. 5–4). These three 
types of visual fields are related and imply involvement of 
the central portion of the optic nerve. Centrocecal scotomas 
are common defects in patients with hereditary, nutritional, 
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 definition, 

Video 2.3
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A

B

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 blindspot) are also commonly seen with optic neuropathies.

take on a characteristic pattern (altitudinal, sectoral, bow tie, 
or temporal), which can be a clue to disease pathogenesis or 
localization. For instance, superior sectoral atrophy 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 defective 
structural integrity of the optic nerve in the setting of 
atrophy.26,38

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 
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 
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Figure 5–4. Continued

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. 5–8). These defects can be 
more easily seen with red free light (Fig. 5–8), and an alter-
nating “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 
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

Recently, various imaging modalities have become popular 
to evaluate the nerve fiber layer in patients with optic neu-
ropathy. These techniques include (1) ocular coherence tom-
ography (OCT), which is based on imaging of reflected light; 
(2) scanning laser tomography (SLT, e.g., Heidelberg retina 
tomograph), which is based on confocal scanning illumina-



111

Chapter 5 Visual loss: optic neuropathies

E

F

Figure 5–4. Continued

tion using near infrared diode laser and imaging; and (3) 
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 based on the birefringence of the microtu-
bules in the retinal ganglion cell axons. These methodolo-
gies have been firmly established in the field of glaucoma to 
follow the thickness of the nerve fiber layer around the disc. 
Recently, the use of these instruments, particularly OCT, has 
become popular in neuro-ophthalmic practice to identify 
and localize disease to the optic nerve head (Fig. 5–9) and 
follow patients with various progressive optic neuropathies. 
OCT can also be very helpful in evaluating patients with 
unexplained central vision loss and possible maculopathy 
(see Chapter 4).

Approach to patients with  
optic neuropathy

When the history and examination are typical of optic neu-
ropathy (visual acuity and color vision loss, decreased con-
trast sensitivity, afferent pupillary defect, and typical visual 
field defect), four different diagnostic groups should be con-
sidered, based upon the ophthalmoscopic appearance of the 
disc: anomalous, swollen, normal, and pale. Clinically, there is 
considerable overlap among these four groups of patients 
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 abnormally 
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and the rest of the examination to make the correct 
diagnosis.

Anomalous discs
These are due to congenital anomalies, and they are listed 
in Table 5–1.

Swollen optic nerves
Table 5–2 lists optic neuropathies that may present with disc 
swelling. The most common diagnoses to consider here  
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 
pressure is discussed elsewhere (Chapter 6) but it is impor-
tant to note the relative mismatch between the amount of 

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.

appearing (swollen) optic nerves, and occult compressive 
lesions are important to consider in the setting of visual loss 
and a normal fundus. The appearance of congenital disc 
anomalies are usually distinct. However, when the disc is 
swollen, normal, or atrophic, usually the examiner will have 
to rely heavily on the clinical presentation, historical details, 

Table 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
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A B

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).

A B

Figure 5–9. Ocular coherence tomography (OCT) in the evaluation of the nerve fiber layer (NFL). This patient had a history of ischemic optic neuropathy 
with inferior field loss. A. Photo of the disc shows only mild pallor (arrow) but (B) OCT nicely demonstrates NFL thinning superiorly (black arrow).

disc swelling and visual function in papilledema. A mark-
edly swollen optic nerve with relatively preserved visual 
acuity is the hallmark of papilledema in its early stages. 
Acuity loss and central field defects would be more charac-
teristic of optic neuropathy.

In more rare circumstances other features of the examina-
tion will help to identify the cause of the swollen disc with 

vision loss. The presence of vitritis would suggest the  
possibility 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.
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Table 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, e.g., infiltrative optic neuropathy
Lymphoma/leukemia
Metastatic tumor

Uveitis-associated optic neuropathy
Acute and chronic papilledema

Table 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

Table 5–4 Optic neuropathies commonly presenting with optic 
disc pallor at initial evaluation

Compressive optic neuropathy
Toxic/nutritional optic neuropathy
Infectious (syphilitic) optic neuropathy
Hereditary (dominant) optic atrophy

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 which commonly present in 
this fashion are listed in Table 5–4. Most importantly, chronic 
progressive visual loss accompanied by disc pallor strongly 
suggests a compressive lesion. Thus, in patients with unex-
plained 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.39

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 
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.40 Similar observa-
tions have been made in patients with congenital disc 
anomalies.41

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 
ancillary tests are ordered. The specific optic neuropathies 
will now be discussed in greater detail.

Congenital disc anomalies

In this category are included a variety of disorders (Table 
5–1) whose hallmark is an abnormal-appearing optic nerve, 
each with a pathognomonic or distinct “diagnostic appear-
ance.” These anomalies take many different forms, and gen-
erally for the congenital condition represent an embryologic 
mishap with resulting malformation. Congenital optic disc 
anomalies account for about 15% of severe visual impair-
ment in children.42 Occasionally, systemic associations will 
be identified to point the examiner to the correct optic nerve 
anomaly. The importance of treating superimposed amblyo-
pia and the high prevalence of systemic abnormalities in 
these patients make it critically important to identify these 
patients.43

The level of visual loss associated with congenital disc 
anomalies ranges from minimal visual dysfunction to total 
blindness. In children, the most common ophthalmic pres-
entation of a unilateral disc anomaly is strabismus (usually 
sensory eso- or exotropia), while those with bilateral disc 
anomalies more frequently present at a young age with poor 
vision or nystagmus.43,44 In some adults, a routine eye exami-
nation may demonstrate acuity or visual field abnormalities, 

Normal-appearing optic nerves
In retrobulbar optic neuropathies, the normal fundus 
appearance acutely implies that the disease process is occur-
ring in the optic nerve behind the lamina cribrosa in its 
intraorbital, intracanalicular, or intracranial portions. Enti-
ties that can commonly present with a normal-appearing 
fundus are listed in Table 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 swollen optic nerve 
head; Leber’s hereditary optic neuropathy, in which the 
nerve can have a pseudoswollen appearance; or radiation-
induced optic neuropathy, in which stigmata of radiation 
retinopathy may be present and/or the optic nerve may be 
acutely swollen. 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 Tables 5–2 and 5–3, when associ-
ated with permanent visual dysfunction, will be accompa-
nied ultimately 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 
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and the fundus examination will disclose the previously 
unrecognized disc anomaly. Many such patients are unaware 
of long-standing defects or arbitrarily ascribe visual prob-
lems to a childhood “lazy eye,” for example. 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 static. However, it is important to recognize 
that some congenital or developmental abnormalities rarely 
may be associated 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. 5–10), optic nerve hypoplasia (ONH) is 
a variable condition that can be associated with either 
minimal or marked visual dysfunction. Hypoplasia can be 
unilateral or bilateral, and may or may not be associated 
with a more widespread neurologic developmental disor-
der.45 This is the most common congenital optic nerve 
abnormality, representing 47% of patients with congenital 
disc abnormalities in one series.43 Embryologically, the 
reduced number of functioning axons may result from the 
exaggeration of a normal developmental process. That is, 
early on, at 16–17 weeks, there are approximately 3 million 
optic nerve axons which ultimately are reduced to approxi-
mately one million at the time of birth. Hypoplasia may 
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Figure 5–10. 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 normal ratio). The edge of the hypoplastic nerve is marked by the small arrows. The black dashed line 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 “spoke-like” 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.

therefore be an overdone, but normal, process of 
involution.46

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 uni-
lateral cases.43,45,47 Severe reduction in disc diameter on the 
fundus examination is often simple to identify, particularly 
when 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 nerve fiber layer 
is best viewed using red-free light during ophthalmoscopy.48 
Because the examination in young infants may be difficult, 
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 (Fig. 5–10). In 
general, more severely hypoplastic nerves are associated with 
poorer vision,49 because a smaller disc has fewer ganglion 
cell axons passing through it. Classically, but seen only in  
a minority of cases, there is a ring of visible sclera and  
pigmentation surrounding the optic nerve. This creates a 
peripapillary halo, or the so-called “double-ring sign”  
(Fig. 5–10).50 One study51 suggested that ONH associated 
with tortuosity of the retinal veins might be a marker of 
endocrinopathy (see below). Magnetic resonance (MR) 
imaging frequently demonstrates reduced cross-sectional 
area of the optic nerves52 and chiasm. In addition, rarely, 
the optic nerves fail to form at all in a condition known as 
optic nerve aplasia53,54 (Fig. 5–11). Aplasia may be uni- or 
bilateral, and in monocular cases is often associated in the 
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In one series of 68 patients with ONH, 30 were found to 
have an absent or abnormal septum pellucidum.56 A dysge-
netic, thin, or absent corpus callosum may also be seen  
in this disorder. The condition likely has a genetic etiology 
with environmental factors altering the penetrance and  
phenotype. Abnormalities in the developmental genes, 
HEX1 and SOX2 and SOX3, have been identified in several 
pedigrees.57–65

In addition, in 1970 Hoyt and colleagues66 reported the 
association of septo-optic dysplasia and pituitary dwarfism. 
Since then, the symptom complex of ONH and hypopitui-
tarism has been well recognized and well studied.67 Growth 
hormone (GH) deficiency is the most common endocrino-
logic abnormality, but decreased secretion of thyroid- 
stimulating hormone (TSH), adrenocorticotropic hormone 
(ACTH), luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), and antidiuretic hormone (ADH) may be 
seen individually or in combination.68,69 Although hypopi-
tuitarism occurs only in a minority of patients with ONH, 
the consequences can be devastating. In one series of patients 
with bilateral ONH,70 11.5% had panhypopituitarism. In 
addition, at least five cases of sudden death have been 
reported,71 each attributed to the effects of corticotropin defi-
ciency, thermoregulatory disturbances, and diabetes insip-
idus. The presence of posterior ectopic pituitary tissue, 
usually seen as an abnormal area of hyperintensity at or near 
the tuber cinereum on T1-weighted magnetic resonance 
imaging (MRI) (Fig. 5–13)72 or absence of the normal poste-
rior pituitary bright spot, correlates highly with hypopitui-
tarism.73 In one purported mechanism,44 posterior pituitary 
ectopia is attributed to a perinatal insult to the hypophyseal 

same eye with microphthalmos in an otherwise healthy 
individual.55

Associated features. ONH may occur in isolation or in 
combination with other midline developmental abnormali-
ties which share the same embryologic forebrain derivation. 
In deMorsier syndrome, or septo-optic dysplasia, ONH is asso-
ciated with absence of the septum pellucidum (Fig. 5–12). 

Figure 5–11. Aplasia of the optic nerve with no normal disc tissue seen, 
and only retinal vessels pass through small scleral opening. Marked 
tortuosity of the retinal veins and arteries is seen.

Figure 5–12. Absence of the septum pellucidum (asterisk in single midline 
ventricle) in septo-optic dysplasia demonstrated on a coronal T1-weighted 
MRI. Also note the chiasm (arrow) is extremely thin. For comparison with 
figures of normal suprasellar structures see Chapter 7.

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 
septo-optic dysplasia demonstrated on a sagittal T1-weighted unenhanced 
MRI. For comparison with figures of normal suprasellar structures see 
Chapter 7.
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Other associated cortical migrational abnormalities seen  
in association with ONH include cortical heterotopias,  
polymicrogyria, and pachygyria.72,77 Cortical migrational 
and corpus callosum abnormalities tend to correlate with 
developmental delay and neurological symptoms such as 
seizures.56,78–80 Olfactory tract and bulb hypoplasia also 
have been reported with ONH.81

A wide variety of congenital ocular syndromes have been 
recognized to occur with ONH.43,47 These include: persistent 
hyperplastic primary vitreous (PHPV),82 colobomas, Duane 
syndrome, albinism, aniridia, Goldenhar syndrome, Aicardi 
syndrome, hemifacial atrophy, Klippel–Trenauney–Weber 
syndrome, microphthalmos, and blepharophimosis.83 ONH 
may also occur in association with congenital suprasellar 

portal system, resulting in necrosis of the infundibulum. 
However, other authors have suggested an earlier dysembry-
ogenesis of the developing optic nerves and pituitary stalk.74

Septo-optic dysplasia is also associated with schizenceph-
aly, a cortical migrational abnormality producing cerebral 
clefts extending from and including the ventricular lining to 
the cortical surface (Fig. 5–14). Schizencephaly may manifest 
clinically with developmental delay, contralateral hemipare-
sis, and seizures.75 Kuban et al.76 have suggested that the 
combination of septo-optic dysplasia and schizencephaly 
may result from a perinatal insult at or around the sixth week 
of embryogenesis, at which time cerebral morphogenesis, 
development of the eye, and delineation of the lamina ter-
minalis, which forms the septum pellucidum, take place. 
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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 
MRI. B. Dysplastic cortex in the left frontal lobe (arrow); note 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 associated polymicrogyria, demonstrated on a 
coronal T2-weighted MRI in an infant with bilateral optic nerve hypoplasia. 
The arrows point to a cerebrospinal fluid-containing cleft extending from 
the cerebral convexity to the atrium of the left lateral ventricle. Associated 
distortion 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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tumors such as craniopharyngiomas, chiasmal/hypothalamic 
gliomas,84 and teratomas.85 The mechanism in these cases is 
thought to be tumor compression of the visual pathways 
early in life, precluding normal optic nerve development. 
ONH has also been recognized as a consequence of maternal 
use of alcohol (fetal alcohol syndrome), cocaine, phenytoin, 
and lysergic acid diethylamide (LSD), and reported in asso-
ciation with mitochondrial disorders.86

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 radiological assessment is mandated. 
Pediatric ophthalmologic evaluations are necessary for 
assessment and management of possible visual impairment, 
amblyopia, refractive error, nystagmus, and strabismus. 
Some authors87 have previously suggested neuroradiologic 
and endocrinologic evaluations only in children with bilat-
eral ONH and poor vision. However, Brodsky and Glasier’s72 
careful clinical–radiologic study demonstrated that some 
children with unilateral ONH, who seem normal otherwise, 
may have absence of the septum pellucidum or posterior 
pituitary ectopia evident on MRI.

Which children should undergo endocrinological evalua-
tion is less clear. Phillips et al.88 concluded all their endo-
crinologically normal children with ONH had normal MRIs, 
while those with hypopituitarism had posterior pituitary 
ectopia, absence of the pituitary infundibulum, or posterior 
pituitary bright spot. On the other hand, more recent studies 
have suggested that a normal pituitary on MRI does not rule 
out pituitary insufficiency.89,90

Therefore, in our approach, all young children with ONH, 
whether uni- 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 endocrinologic (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 seg-
mental ONH, which can occur for unclear reasons, most 
commonly in children of diabetic mothers.91–95 One study96 
found 8.8% of offspring of diabetic mothers at risk had this 
condition, but it may also occur without a history of mater-
nal diabetes.91,97 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 hypo-
plasia 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 (Fig. 5–15). 
OCT can be helpful in securing the diagnosis in cases that 
are ophthalmoscopically unclear.93 There may also be abnor-
mal peripapillary pigment superiorly.98 Another variant of 
the segmental hypoplasia of the disc has been described by 
Yamamoto et al.99 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 seg-
mental areas of disc hypoplasia seemingly distinct from the 
“topless” disc of diabetic mothers. In another form of seg-
mental optic nerve hypoplasia, the nasal portion of the disc 
is poorly formed. Nasal hypoplasia (Fig. 5–16) is often asso-
ciated with dense visual field defects which attach to the 
blindspot and extend to the periphery.100

Hemiopic hypoplasia. Finally, the term hypoplasia has also 
been applied to the entity of homonymous hemiopic hypo-
plasia. This condition results from transsynaptic atrophy of 
the optic nerve in patients with congenital hemispheric 
lesions (often also associated with hemiplegia). The disc 
classically takes on a pattern of bow-tie atrophy in the eye 
contralateral to the hemispheric lesion and of subtle hypo-
plasia on the side of the hemispheric lesion.101 Transsynaptic 
degeneration of ganglion cell axons is probably also respon-
sible for ONH or pallor associated with periventricular leu-
komalacia102 or more severe encephalomalacia due to in 
utero or perinatal injury (see Chapter 8).72

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. In the 
Beijing eye study, tilted optic discs were present in about 
0.4% of eyes of adult Chinese and were associated with 
medium myopia, astigmatism, decreased visual acuity, and 
visual field defects.103 A tilted disc is more common in high 
myopes and those with astigmatism,104 and associated tem-
poral visual field defects do not respect the vertical meridian. 
The discs typically appear tilted and turned, and the vessels 
arise anomalously from the disc (Fig. 5–17). The correspond-
ing temporal visual field defects (Fig. 5–18), which do not 
respect the vertical meridian, are important to distinguish 
from acquired bitemporal hemianopias. Color vision abnor-
malities are seen in about half of the eyes with a tilted disc 
anomaly.105 Nerve fiber layer measurement and multifocal 
ERG most commonly show abnormalities in the superior 
nerve fiber layer.106–108

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, and choroid.109 The anatomic defects are usually 
located inferiorly. Children with colobomas may present 
with microphthalmos, microcornea, iris defects, visual loss, 
and strabismus.110 Colobomatous involvement of the optic 
disc is highly variable but can affect a portion of, or the 
entire, nerve head.111 Alternatively, only the peripapillary 
retinal pigment epithelium 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. 5–19).50 Optic disc colobo-
mas are frequently associated with fundus colobomas.112 
Acuity and visual field loss, often superiorly, may be evident. 
On neuroimaging, misshapen globes and enlargement of the 
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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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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 blindspot. However, 
the defects do not respect the vertical meridian, as seen best in the superior aspect of the left eye visual field.

optic nerve near the globe may be seen (Fig. 5–20). Patients 
with colobomas also should be investigated radiographically 
for the possibility of other forebrain abnormalities, espe-
cially basal encephaloceles (see Morning glory disc associa-
tions below).113,114

Colobomas may occur in association with other systemic 
abnormalities and chromosomal syndromes.109 The CHARGE 
syndrome consists of coloboma, heart defect, atresia choane, 
retarded growth and development, genital anomalies, 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 
screened for the CHD7 gene.115,116 The renal–coloboma syn-
drome is an autosomal dominant disorder associated with 
renal abnormalities and optic nerve defects, caused by muta-
tions of the PAX2 gene.117–121 The term papillorenal syndrome 
has also been used and may be more appropriate for this 
condition, as other disc anomalies such as optic pits, morning 
glory discs, and dysplastic discs can be seen.122 Furthermore, 
some authors123,124 have argued that the anomalous discs in 



121

Chapter 5 Visual loss: optic neuropathies

defect.126 These temporal disc abnormalities can lead to 
serous detachment of the macula127 and macula retinal 
schisis.128,129 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 develop-
ment of maculopathy.130 Acquired “pit”-like defects have 
been described involving the temporal disc rim with a popu-
lation prevalence of 0.19%131 and are found most commonly 
in patients with glaucoma.131,132 It has been suggested that 
optic pits and colobomas share the same embryologic mecha-
nism, and the former represents a milder variant of the latter.50

this disorder are characterized by central excavation, attenu-
ation of the central retinal artery and vein, and multiple cili-
oretinal vessels, and that these abnormalities are the result 
of a vascular dysgenesis and not caused by incomplete 
closure of the embryonic fissure as in classic colobomas.

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, one patient out 
of 4000 was found to have an optic pit, suggesting the preva-
lence is less than 0.1%.125 The area of the “missing” disc is 
often associated with a corresponding superior arcuate field 
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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. Notice 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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Figure 5–19. Extensive coloboma involving the peripapillary posterior 
pole. The optic nerve (arrow) is seen at the superior edge of the coloboma 
within the excavated area.

Figure 5–20. Axial T2-weighted MRI in a patient with bilateral colobomas 
demonstrating irregular outpouching and globe contour changes 
posteriorly in both eyes (arrows).

A B

Figure 5–21. Optic pits in two different patients (A, B). 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).

Morning glory disc anomaly
The morning glory disc is a congenital anomaly named after 
the flower which it resembles (Figs 5–22A and 5–23A). A 
congenital funnel-shaped excavation of the posterior fundus 
typically incorporates the optic disc. Other characteristic fea-
tures include disc enlargement, orange color, and surround-
ing choroidal pigmentary disturbances.50 OCT findings 

include enlargement of the nerve head, a thick nerve fiber 
layer, and thinning of the retina in the macula.133 The retinal 
vessels curve from the disc edge and travel radially, produc-
ing a “spoke-like” vessel configuration.134 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.135 The disc 
excavation is often filled with white glial tissue and vascular 
remnants. The vision is usually poor in the affected eye. 
Transient vision loss136 and retinal detachments associated 
with the anomaly leading to acquired visual loss have been 
described.50
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Figure 5–22. Morning glory disc and moya-moya vessels. A. Fundus photograph of the left eye demonstrating 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 narrowing of 
the distal portion (long white 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 lenticulo-striate vessels (short white arrow) producing a moya-moya appearance at this site.141

The anomaly is likely related to defective closure of the 
embryonic fissure, similar to a coloboma, but others purport 
a mesenchymal abnormality.50,137 The glial and vascular 
abnormalities are felt to result from primary neuroectoder-
mal dysgenesis.50,137

In addition, there have been several reports138–143 of 
patients with morning glory disc anomaly and moya-moya 
disease (Fig. 5–22), which is a rare idiopathic cerebrovascu-
lar disorder characterized by progressive bilateral stenosis or 
occlusion of the distal internal carotid arteries and forma-
tion 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 appear-
ance of the abnormal vessels. Other similar intracranial vas-
cular anomalies of the have been reported.144 The association 
of morning glory disc and these blood vessel anomalies sug-
gests the disc anomaly may in some cases result from intrac-
ranial vascular dysgenesis.

Morning glory disc anomaly is also associated with trans-
sphenoidal basal encephalocele (Fig. 5–23),145 a condition 
which encompasses a complex series of malformations char-
acterized by herniation of the chiasm, hypothalamus, pitui-
tary, and anterior cerebral arteries through a bony defect in 
the anterior skull base.143,146,147 Other abnormalities include 
hypertelorism (Fig. 5–23), depressed nasal bridge, midline 
upper lid notch, cleft palate, panhypopituitarism, and cal-
losal agenesis. Herniated tissue may present as a pulsatile 
posterior nasal mass, and surgical removal, because of 
potential disastrous vascular, endocrine, and visual conse-
quences, is for the most part contraindicated.50 Morning 

glory discs have also been described in neurofibromatosis 
type 2.148

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.149

Staphyloma
In addition to disc colobomas and morning glory disc 
anomaly, staphylomas should also be considered in the dif-
ferential 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.50 There 
are no commonly associated central nervous system abnor-
malities. Staphylomas are most often unilateral and associ-
ated with high myopia, poor vision, and amblyopia.150

Optic neuropathy associated with  
optic disc drusen
Pseudopapilledema, optic nerve head drusen, and their dis-
tinction from true papilledema are discussed in detail in 
Chapter 6. However, because visual loss associated with disc 
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ning155 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.154,156 Drusen are almost never associated with central 
vision loss unless erosion of a blood vessel leads to a hemor-
rhage 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. Typical nerve fiber 
bundle-type defects are seen including arcuate defects and 
nasal steps (Fig. 5–25), and optic disc pallor may develop 
(Fig. 5–24). OCT can be used to follow the peripapillary 
nerve fiber layer thickness.157

drusen is truly an optic neuropathy, it will be reviewed here. 
Drusen occur in 3–24/1000 people.151

Many patients with disc drusen are completely asympto-
matic, although between 50% and 70% will have visual field 
defects.152–154 Although most patients will be identified 
during a routine fundus 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 identified when elevated optic nerves are evaluated for 
possible papilledema (drusen are visible in only about 50% 
of patients).154 Contact between disc drusen and nearby 
nerve fibers presumably results in nerve fiber layer thin-
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Figure 5–23. Morning glory disc and transsphenoidal encephalocele. A. Morning glory disc. B. The patient has hypertelorism (increased distance between 
the two orbits), and the right pupil is pharmacologically dilated. Sagittal (C) and (D) coronal T1-weighted gadolinium-enhanced MRI 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.

A B

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 (yellow spots under disc surface, see arrows) can be seen in the patient’s 
uninvolved left eye.

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 hemorrhages (Fig. 5–26).158–163 Patients with drusen-
associated ischemic optic neuropathy tend to be younger, 
but otherwise have a similar prevalence of vasculopathic risk 

factors to non-drusen-associated cases.164 Transient vision 
loss prior to the fixed deficit and a reasonably favorable 
visual prognosis have been noted with drusen-associated 
ischemic optic neuropathy.164 Other ocular ischemic condi-
tions have been observed in association with optic nerve 
head drusen, including central retinal artery, branch retinal 
artery, and central vein occlusions.
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Vision loss associated with optic disc drusen can also be 
caused by peripapillary neovascularization, which can be 
identified by its characteristic yellow or gray appearance. 
There may be an associated hemorrhage or serous detach-
ment of the retina. Best identified with fluorescein angiogra-
phy, neovascularization is thought to result from chronic 
optic disc ischemia.165

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 asymptomatic patients with optic disc drusen is 
unnecessary. Some have suggested that a lower threshold  
for treatment of intraocular pressure should be considered 
in patients with optic disc drusen, deteriorating visual  
fields, and borderline intraocular pressures.151 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 or surgery.165

Myelinated retinal nerve fibers
Lacking oligodendrocytes, the retina is usually unmyeli-
nated. Myelinated retinal nerve fibers are anomalous white 
patches of myelin which are often continguous with the 
optic disc and typically contained within the nerve fiber layer 
(see Fig. 4–34B).166 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.167 When the myelinated area is extensive, visual 
field defects may occur. With rare exceptions,168 myelinated 
retinal nerve fibers are static, and, when found incidentally, 
require no treatment. It is important to recognize these 
benign retinal lesions in the differential diagnosis of retinal 
ischemia and pseudopapilledema.

Hereditary optic neuropathies

These represent a heterogeneous group of diseases character-
ized by an inheritance pattern that may be spontaneous, 
recessive, dominant, or mitochondrial, and in which vision 
loss occurs as the result of optic nerve dysfunction. Heredi-
tary optic neuropathies may manifest as monosymptomatic 
lesions or may accompany other central nervous system 
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 hered-
itary 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 
neuronal 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 examina-
tion findings are unique. As molecular genetics continues to 
evolve, we will have a better understanding of the pathogen-
esis of these conditions, more accurate classifications, and 
ultimately effective gene-directed therapy.169

Leber’s hereditary optic neuropathy
LHON, first described by Leber in 1871,170 typically causes a 
subacute, sequential optic neuropathy in young healthy 
individuals. This section will review the demographics, char-
acteristic 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.171–174 In Newman’s series,171 the age at onset was 
from 8 years to 60 years with a mean of 27.6 years and the 
vast majority between 26 and 37. 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 several 
months, with a range from simultaneous presentation 
(which occurred in 55% of cases) to 9 months.171 Many 
simultaneous cases may represent sequential involvement of 
the eyes in which the attack in the first eye went unrecog-
nized. The vision loss is usually painless although headache 
occasionally occurs. Uhthoff’s symptom171,175 (worsening of 
vision associated with elevation of body temperature; see 
Optic neuritis, below) and recurrent visual loss176 have been 
reported in LHON.

Neuro-ophthalmic signs. Patients present with signs of an 
acute optic neuropathy, with loss of central vision, and dys-
chromatopsia. Visual acuity measurements reflect the dense 
central field defect, 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. 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.177 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 
asymmetric.178,179 This issue is still controversial, however, as 
some investigators have suggested that pupillary afferent 
fibers are relatively spared compared with those mediating 
vision.

The classic disc appearance in patients with acute LHON 
was emphasized by Smith et al. in 1973.175 Characteristic 
findings include “circumpapillary telangiectatic microangio-
pathy” 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 
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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 subse-
quently develop optic atrophy regardless of the fundus 
appearance acutely. After the onset of optic atrophy, it is 
difficult to identify patients with LHON ophthalmoscopi-
cally because the acute findings of pseudopapilledema  
and telangiectasias have resolved (Fig. 5–28).38 Fortunately, 
spontaneous visual recovery may occur in 4–32% of  
cases, depending upon the specific mutation (see 
below).171,172,182–185

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.172,174,180 
About two-thirds of the male and one-third of the female 
asymptomatic descendants of affected females have the char-
acteristic fundus changes. OCT initially shows thickening of 
the nerve fiber layer followed by thinning in the atrophic 
phase.181

A B

C D

Figure 5–27. Spectrum of optic nerve abnormalities in acute Leber’s hereditary optic neuropathy. A. Patient 1. Mild nerve fiber elevation inferiorly with 
dilated capillaries (arrow). B. Patient 2. This disc appears more hyperemic with dilated surface capillaries and swelling and haziness to the nerve fiber layer 
best seen superiorly (arrow). C. Patient 3. More extensive pseudoswelling with obscuration of the disc margin. However on fluorescein angiography (D) in the 
same patient there is no disc leakage or staining.
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dence of optic neuropathy. Patients with LHON have also 
been found to have skeletal deformities including congenital 
hip dislocation, arachnodactyly, pes cavus, talipes equinova-
rus, kyphoscoliosis, arched palate, and spondyloepiphyseal 
dysplasia.

Mitochondrial genetics. Because mothers transmit LHON 
vertically to their offspring, and males do not pass on the 
disease, mitochondrial inheritance became the most plausi-
ble explanation. In their seminal studies, Wallace and  
colleagues200,201 demonstrated a mitochondrial DNA point 
mutation in which a nucleotide substitution occurred at 
position 11778 in nine out of 11 families with LHON. A 
guanine to adenine substitution causes a change of the basic 
amino acid arginine to 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 11 778 
mutation has been identified in pedigrees and spontaneous 
singleton cases. In addition, other causative mutations at 
position 3460 and 14484 have been identified.202–207 These 
mutations affect the ND1 and ND6 subunit genes of complex 
I, respectively.208–210

Alone, these mutations do not explain the variable occur-
rence of the disease within the same pedigree, its wide  
spectrum of phenotypic expression, and the susceptibility  
of male offspring. Variable phenotypic expression of the 
mtDNA mutation is, as of now, unexplained. The three the-
ories that have been advanced to explain this are (1) hetero-
plasmy (coexistence of mutant and normal mtDNA), (2) a 
second genetic factor possibly on the X chromosome, and, 
finally, (3) environmental factors. Although it is most likely 
that all of these factors contribute to the phenotypic expres-
sion of the disease, there is increasing evidence to suggest 
that either a nuclear and or an X-linked factor contribute to 
the development of the disease.211–215 Recently large optic 
disc size has been shown in individuals harboring the 
LHON mutation to be protective against vision loss and 
associated with increased recovery rates if vision loss 
occurs.216 External factors capable of damaging oxidative 
phosphorylation, such as cyanide poisoning (cigarette 
smoking), alcohol, and environmental toxins, may also 
contribute to the onset of visual loss. None of these predict-
ably accompany the acute visual deterioration in affected 
individuals, but it seems feasible that they can alter “geneti-
cally programmed” cell death.

Genetic testing. Patients with suspected LHON should be 
tested for one of the three primary mutations: 11778 (69% 
of cases), 3460 (13% of cases), 14484 (14% of cases).169 The 
rate of spontaneous recovery is highest in patients with the 
14484 mutation and lowest with the 11778 and 3460 muta-
tions.217 Genetic counseling can be offered if a mutation is 
identified.

Treatment. There is no known effective treatment or 
prophylaxis for the visual loss that occurs with LHON. Ster-
oids, cyanide antagonists, and hydroxycobalamin have been 
tried without effect. 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 mito-
chondrial energy production with the use of cofactors such 

Cerebrospinal fluid analysis and electroretinography are 
not helpful. Visual-evoked responses showed prolonged 
latency and reduced amplitude and have been reported to 
also be abnormal in some asymptomatic relatives of patients 
with LHON.174 MRI, particularly with short time inversion 
recovery (STIR) sequences, may demonstrate optic nerve 
high signal abnormalities,186 and optic nerve enhancement 
and chiasm enlargement have also been reported.187,188

Other associations. The ophthalmoscopically visible local 
changes have led many to conclude that there are unique 
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 individu-
als.187,188 In addition a disease resembling multiple sclerosis 
has also been reported to occur with LHON.180,189–195 In New-
man’s series,171 three out of 72 patients with LHON also had 
a peripheral neuropathy.

Cardiac conduction defects and arrhythmias and  
skeletal deformities have been associated with LHON. 
Abnormal electrocardiograms (ECGs), specifically conduc-
tion abnormalities, have been convincingly demonstrated in 
various pedigrees.196–199 Wolff–Parkinson–White and Lown–
Ganong–Levine were the most common abnormalities 
found. Other ECG abnormalities included Q waves, atrial 
fibrillation, bundle branch blocks, ventricular hypertrophy, 
supraventricular tachycardia, premature ventricular contrac-
tions, and short QT interval.171 The cardiac disease is often 
asymptomatic and can be found in patients with no evi-

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 rake-like 
defects.
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as succinate and coenzyme Q.218–220 However, their value in 
treating or preventing LHON remains to be proven. 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. The missing protein can then be synthesized in the 
cytoplasm and transported to the mitochondria. The super-
ficially located ganglion cells of the eye may prove uniquely 
amenable to this type of treatment.213,221

Dominant optic atrophy
In his description of 19 affected families, Kjer222 reported the 
details of a dominantly inherited optic neuropathy that now 
bears his name. Dominant optic atrophy (DOA) is the most 
common hereditary optic neuropathy, affecting about 1 in 
50 000 people.223

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.224 Forty 
percent of patients retain acuity of 20/60 or better.222 Pres-
entation 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.225,226 Color vision loss typically occurs 
along the blue–yellow or tritanopic axis (see Chapter 2).227,228 
The associated optic disc pallor often takes on a striking 
wedge-like appearance with temporal excavation of the neu-
roretinal rim (Fig. 5–29), although the whole disc sometimes 
is pale.229 The condition is usually neurologically isolated 
except for a few clusters of cases with associated sensorineural 
hearing loss.230,231 OCT studies have demonstrated isolated 
involvement of the nerve fiber and ganglion cell layer with 
normal outer retina and photoreceptor layers.232

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.

Recently pedigree analysis has identified the gene impli-
cated in Kjer’s dominant optic atrophy. First linkage analyses 
mapped the defect to the chromosome 3q region.233 More 
recently it has been confirmed that most families with  
DOA have deletions and insertions (over 70 mutations have 
been reported) in this region termed the OPA1 gene at the 
3q27–3q28 chromosome.234–240 This has allowed for more 
accurate identification of symptomatic and asymptomatic 
carriers.224,241,242 A much less common locus on 18q12.2–
12.3 has also been identified.243 It may be reasonable to 
screen for OPA1 gene abnormalities in patients with sporadic 
otherwise unexplained optic atrophy.244 Cohn and associ-
ates245 have emphasized, however, that the OPA1 mutations 
are 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 presentation. 
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.246–248

Histopathologic studies have demonstrated diffuse loss of 
retinal ganglion cells, suggesting primary ganglion cell death 
as the mechanism of disease.249 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 sensory 
neural hearing loss as this occurs with increased frequency 
in this subgroup of patients.228

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 dominant form. Patients present in early childhood (age 
2–4 years) with more profound visual acuity loss and search-
ing nystagmus.250 There is often a history of parental consan-
guinity. Visual acuity is usually stable, and whether this 
occurs congenitally is unknown. There is usually diffuse disc 
pallor and attenuation of retinal vessels. Distinction from 
photoreceptor dysfunction in Leber’s congenital amaurosis 
can be accomplished with electroretinography, which should 
be normal in recessive optic atrophy. Complicated, recessive 
optic atrophy, when associated with spinocerebellar degen-
eration, cerebellar ataxia, pyramidal tract dysfunction, and 
mental retardation is termed Behr syndrome.251 Some regard 
this as part of the continuum of optic atrophy associated 
with hereditary ataxias.252

DIDMOAD (Wolfram syndrome)
Wolfram or DIDMOAD (diabetes insipidus, diabetes melli-
tus, optic atrophy, and deafness) syndrome encompasses 
the above findings and presents in childhood or adoles-
cence.253,254 There is a great degree of variability in presenta-
tion but the hallmark is optic atrophy with progressive 
vision and hearing loss in a juvenile-onset diabetic.255 
Vision is usually worse than 20/200.256 Other reported 
abnormalities include ptosis, ataxia, seizures, mental retar-
dation, nystagmus, abnormal ERG, abnormal cerebrospinal 
fluid (CSF) protein, and short stature. Most patients die as 
young adults in their thirties and forties. Neuropathological 
studies have demonstrated atrophy of the optic nerve, 
chiasm, brain stem, and cerebellum.256,257 The inheritance 
pattern is autosomal recessive and there is now extensive 
evidence to suggest localization to chromosome 4p and the 
WFS1 gene.255,258–266 While there is extensive evidence linking 
the disorder to the WFS1 gene and the production of a 
protein “Wolfranin,” the function of this protein is unknown. 
The significance of the numerous mutations that have  
been identified in various pedigrees and how they correlate 
with the highly variable nature of the disease presentation 
is also unclear.



130

PART 2 Visual loss and other disorders of the afferent visual pathway

A B

C

Figure 5–29. Optic nerve appearance of the right (A) and left (B) eye of a patient with dominantly inherited optic neuropathy (Kjer’s) demonstrating a 
wedge of pallor and excavation involving the temporal portion of the optic nerve as well as nerve fiber layer (NFL) loss. (C) Ocular coherence tomography in 
the same patient demonstrates the NFL loss is limited to the temporal portion of the disc (arrows) and is greater in the left eye than the right eye.

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 (Table 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  
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disorders with retinal manifestations are also discussed in 
Chapter 4.

Inflammatory optic neuropathies

Inflammatory optic neuropathies are characterized by acute 
or subacute, often painful, vision loss that results from 
inflammation of the optic nerve. They are the most common 
causes of optic neuropathy in young adults. The term idio-
pathic 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 inflamma-
tion 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 multiple sclerosis (MS).281

The Optic Neuritis Treatment Trial (ONTT)282 has 
provided the best prospective data regarding the clinical 
presentation, visual outcome, and development of multiple 
sclerosis in patients with optic neuritis. The profound  
and far-reaching implications of the ONTT have been 
reviewed.283,284

The study was multicentered and entered 448 patients 
who were treated with an oral placebo, with intravenous 
steroids followed by an oral steroids taper, or with oral 
steroids alone. Each patient had a detailed history and oph-
thalmic and neurologic examinations. Visual acuity, color 
vision, contrast sensitivity, and Humphrey and Goldmann 
visual fields were recorded for each patient. Every patient 
had blood work for syphilis and lupus, and a fraction  
who consented underwent lumbar puncture. Patients were 
followed for all four of the measurable visual parameters 
and for the development of clinically definite multiple 
sclerosis.

Demographics. Patients with optic neuritis are typically 
young, with a peak incidence in the third and fourth decades 
(9–60), and more women than men are affected.285 In the 
ONTT, 77% of the patients were women, 85% were white, 
and the mean age was 32. The prevalence of optic neuritis 
varies to some extent based on geography and race. Several 
studies have examined the incidence of optic neuritis, and 
in general the range is between 1 and 6.4 new cases per year 
per 100,000 population.286,287 It is clear that rates vary with 
race, geography, and latitude, with whites of northern Euro-
pean ancestry at latitudes distant from the equator being 
most susceptible. Whites of Mediterranean ancestry are less 
commonly affected, and in African Americans and Asians the 
condition is relatively uncommon. Some studies have dem-
onstrated a seasonal pattern to its incidence.288 South African 
blacks tend to have bilateral optic neuropathy with a poorer 

neuropathies. Friedreich’s ataxia267–269 and Charcot–Marie–
Tooth270–272 are classic neurologic syndromes associated with 
optic atrophy. In Harding’s series273 of 90 patients with 
Friedrich’s ataxia, most patients presented before age 25 with 
limb and truncal ataxia and absent decreased deep tendon 
reflexes. Visual acuity was usually not affected but 25% of 
patients had optic atrophy and two-thirds had abnormal 
visual-evoked potentials. The condition is autosomal reces-
sive caused by a gene mutation on chromosome 9 and is 
characterized by an excessive number of GAA repeat 
sequences.274,275 Progressive optic atrophy is also recognized 
in patients with congenital deafness.276,277 More recently 
primary retinal degenerations have been recognized to occur 
in conjunction with these inherited ataxias (see Chapter 4) 
The spinocerebellar ataxias, particularly SCA1 and less so for 
SCA3, are associated with primary optic atrophy.278,279 Rec-
ognizing vision loss localized to the optic nerve or retina can 
be very helpful in the characterization and evaluation of 
patients with hereditary ataxia.280

Lysosomal storage diseases (inherited deficiency of an 
enzyme required for normal metabolism of lysosomal mac-
romolecules) are associated with a variety of ocular manifes-
tations. In particular, optic atrophy results from ganglion cell 
damage from these accumulated materials. The conditions 
most commonly associated with optic atrophy are the  
mucopolysaccharidoses (Hurler and Scheie syndromes) and 
the lipidoses (gangliosidosis, Tay–Sachs disease, Neimann–
Pick disease (see Chapter 16), adrenoleukodystrophy (see 
Chapter 8), and metachromatic leukodystrophy). Storage 

Table 5–5 Metabolic and degenerative neurologic diseases 
associated with optic atrophy

Ataxias1109

Spinocerebellar degenerations (SCAs— see Chapter 15)1110

Friedreich’s ataxia
Charcot–Marie–Tooth
Olivopontocerebellar atrophy

Mucopolysaccharidoses
Hurler
Scheie
Hunter A,B
Sanfilippo A, B
Morquio
Maroteaux–Lamy A

Lipidoses
Tay–Sachs
Adrenoleukodystrophy
Metachromatic leukodystrophy
Generalized gangliosidosis
Juvenile gangliosidosis
Niemann–Pick A
Krabbe disease
Pelizaeus–Merzbacher disease

Others
Myotonic dystrophy1111,1112

Pantothenate kinase-associated neurodegeneration  
(Hallervorden–Spatz syndrome)1113
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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 multiple 
sclerosis and recurrent optic neuritis.296

Neuro-ophthalmic signs (Table 5–7). Patients typically 
have reduced visual acuity ranging from nearly normal to 
NLP. In the ONTT,282,285 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. More sensitive and extensive 
testing can be done with the Farnsworth–Munsell 100-hue 
test, but in clinical practice this is unnecessary. In the ONTT 
the 100-hue test was only modestly more sensitive than the 
Ishihara plates in detecting dyschromatopsia (88% abnor-
mal by plates and 94% abnormal by the 100-hue test).285 
Further analysis of these data identified certain trends con-
cerning the type of color vision loss (blue–yellow versus 
red–green at presentation and then after recovery). Ulti-
mately Katz299 concluded that no specific type of color defect 
was predictably associated with optic neuritis, and that the 
type of defect can change during the course of recovery. 
Subjective inter-eye 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 when compared with age-matched 
controls.285 In fact, contrast sensitivity in optic neuritis was 
found to be the most sensitive indicator of visual dysfunc-
tion in acute and recovered optic neuritis.300

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 computer 
static threshold perimetry as their standard and found 45% 
of the patients had diffuse field loss and 55% had local 
defects.33 Of these localized visual field defects, the most 
common were altitudinal defects (29%) and “three- 
quadrant defects” (14%). Combined, central, and centroce-
cal 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.301

visual prognosis and a lower association with multiple 
sclerosis.289

Neuro-ophthalmic symptoms. Vision loss is rapid in onset, 
usually over a period of hours to a few days. Symptoms 
commonly reported by optic neuritis patients are summa-
rized in Table 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 
darkening 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).285 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.290,291 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, scle-
ritis, 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.292–294 These symp-
toms were present in 30% of patients in the ONTT.285 These 
phosphenes 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 phos-
phenes 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.295,296 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.296 
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 
optic neuritis patients and has been described in hereditary, 
toxic, compressive,297 and sarcoid298 optic neuropathies. 
Uhthoff’s symptom tends to relapse and remit, and return 
of the symptom after a period of time does not necessarily 

Table 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

Table 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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finding is generally much less marked than the swelling in 
papilledema, and it is less sectoral and unassociated with the 
capillary dilation and splinter hemorrhages typical of ante-
rior ischemic optic neuropathy.285 Less than 5% of patients 
have retinal exudates, phlebitis, or vitreous cells.285 Extensive 
vitritis and retinal vein sheathing (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 later develop a macular 
“star.” Such stars are more consistent with neuroretinitis  
(see below), a condition that is believed not to be a precur-
sor of MS. Atypical findings of acute demyelinating optic 
neuritis include (1) no light perception vision, (2) optic  
disc or retinal hemorrhages, (3) severe optic disc swelling, 

The ONTT carefully studied fellow eye abnormalities in 
patients with acute unilateral optic neuritis.302 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 
parameters tended to improve with time, they were not 
thought to be false positives or spurious results. The ques-
tion remains as to whether these represent subtle simultane-
ous bilateral attacks or unrecognized previous attacks. Also, 
whether these patients with bilateral findings are at increased 
risk of developing multiple sclerosis is uncertain.

On the fundus examination about one-third of patients 
have mild optic nerve-head swelling285 (Fig. 5–30). This 
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Figure 5–30. Spectrum of fundus findings in patients with optic neuritis. 
A. Mild and (B) diffuse prominent disk swelling. Note the absence 
of hemorrhages, cotton-wool spots, and exudates in (A) and (B). 
C. Peripheral retinal venous sheathing (arrows) seen rarely in 
patients with optic neuritis and multiple sclerosis.
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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. 
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%.310 Other 
optic neuropathies (presumably with more direct axonal 
injury) generally have lower amplitudes with less effect on 
latency. Despite these generalizations there is significant 
overlap and variability, and, therefore, we almost never use 
or recommend VEPs or mVEPs in the routine diagnosis or 
management of acute optic neuropathies. Recovery of the 
latency and improved conduction speed reflect recovery of 
the blockade owing to inflammatory changes and edema.

Originally developed to monitor patients with macular 
pathology (see Chapter 4) and glaucoma, OCT is now being 
recognized for its emerging role in patients with optic neu-
ritis. The pathophysiology of optic neuritis is characterized 
by acute inflammation of the optic nerve with consequent 
loss of axons. Over time, degeneration results in thinning of 
the retinal nerve fiber layer (RNFL), which is composed of 
ganglion cell axons destined to form the optic nerve.311,312 
OCT has made it possible to assess axonal loss quantitatively 
and noninvasively, and this technique has applications to 
both optic neuritis and MS. The OCT technology functions 
analogously to ultrasound, using the reflection of near infra-
red light (820 nm), instead of sound, to create two-dimen-
sional, cross-sectional images of the retina.

OCT studies have confirmed reductions in RNFL thick-
ness in eyes with a history of optic neuritis.313 One recent 
study demonstrated thinning of the RNFL within 3–6 
months of an acute episode of optic neuritis in 74% of 
patients.313 Such reductions in RNFL thickness correlate with 
decreases in visual function, as represented by measures of 
high-contrast visual acuity, computerized visual field mean 
deviation, and color vision.314 Greater reductions in RNFL 
also correlated with less complete visual recovery, suggesting 
that OCT may have utility in predicting persistent visual 
dysfunction following an episode of optic neuritis.313 Retinal 
nerve fiber abnormalities have also been demonstrated using 
scanning laser polarimetry (GDx).315 In this study, using 
variable corneal compensation measurements of RNFL 
thickness, the authors corroborated OCT findings and dem-
onstrated the validity of RNFL thickness as a marker for 
axonal degeneration. These observations are particularly 
important as the GDx method measures microtubule integ-
rity, thus implying that thinning of the NFL on GDx studies 
is a marker for axonal degeneration in MS.315

Although popular in the past, lumbar punctures and CSF 
analysis have been found to be largely unnecessary in the 
initial evaluation of patients with typical isolated optic neu-
ritis because they neither changed the diagnosis nor added 
to information garnered from MRI in predicting the future 
development of MS.316 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 pleo-
cytosis usually between 6 and 27 WBC/mm3. Myelin basic 
protein was detected in about one-fifth of patients, and 
immunoglobulin (Ig)G synthesis in about two-fifths. Oligo-
clonal banding occurred in approximately half of the patients 

(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 evalu-
ation, the majority of cases are still demyelinating.303,304

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 idio-
pathic optic neuritis. These tests were done on patients enter-
ing the study, and they did not alter the course, treatment, 
or ultimate visual outcome of any of the patients.285 However, 
the study did demonstrate a potential value for MRI in iden-
tifying patients at increased risk of developing MS.

MRI abnormalities consistent with plaques 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.305 The most typical 
findings are >3 mm in diameter, T2 hyperintense lesions in 
the periventricular white matter, subcortical white matter, 
and pons.306 These findings may be nonspecific and have 
been seen in “normal” patients and patients with other sys-
temic inflammatory conditions. Enhancement of the lesions 
on T1 images indicates active plaques. To some extent, the 
presence and number of white matter lesions depends on 
the MR technique used. The use of STIR and FLAIR (fluid 
level attenuated inversion recovery) sequences increases the 
sensitivity of detecting these white matter lesions. In the 
ONTT,305 patients’ MRI scans were graded from 0 to IV 
depending on the number of typical white matter signal 
abnormalities. Only 41% of patients had normal studies. 
The significance of the baseline MRI scans is discussed below 
in the section on the relationship of optic neuritis to MS.

Over 90% of patients with optic neuritis have demonstra-
ble lesions in the affected optic nerve using STIR sequences 
with fat-suppressed views of the orbit and an orbital surface 
coil307 (Fig. 5–32). It has been shown that poor visual func-
tion 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.308,309 This site is relatively 
uncommon, as the anterior and mid-orbital 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.290 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 unex-
plained 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 
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Figure 5–31. A–C. FLAIR MRI 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 (open arrows in B) are seen.

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. 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.317–320 In general, we would 
recommend CSF examination only for those patients with 
atypical optic neuritis or in those with unusual brain MRI 
findings.
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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 abnor-
mal result on all four measures of visual function tested 
(acuity, color, contrast, field).329 Stereoacuity (despite normal 
Snellen acuity) was found to be abnormal in 85% of 27 
patients in an earlier study.330 In addition, patients with MS 
reported significant reduction in vision quality-of-life issues 
despite having normal visual acuity.331,332

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.333

Multiple sclerosis. Because of the close association between 
optic neuritis and MS, the features and treatment of MS  
will be summarized before their relationship is discussed 
below.

MS is characterized by transient neurologic dysfunction, 
lasting days or weeks, owing to focal demyelination in the 
central nervous system (CNS). In addition to optic neuritis, 
other common clinical manifestations include double vision 
owing to involvement of the medial longitudinal fasciculus 
(internuclear ophthalmoplegia (INO)) (see Chapter 15), 
ataxia and nystagmus due to cerebellar white matter tract 
involvement (see Chapter 17), extremity weakness, bladder 
difficulty, and sensory abnormalities. Rarely, patients may 
also have uveitis (pars planitis and panuveitis).334 MS prima-
rily affects young adults, most often women, but children 
and older adults may also develop the disease.

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 form of the disorder. 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 

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 
steroids were given.321 The same study demonstrated that 
intravenous steroids increased the rate at which vision 
recovered, but at 1 year all treatment groups tested similarly. 
This finding was confirmed in another study322 which com-
pared intravenous methylprednisolone with placebo in 
patients with either short or long segments of optic nerve 
enhancement on MRI. In the ONTT, oral prednisone 
increased the rate of recurrent optic neuritis, particularly at 
the 2 and 5 year follow-up periods.282,323 At 10 years, the 
risk of recurrence remained higher in the oral prednisone 
group (44%) than in the placebo (31%, p = 0.07) and  
methylprednisolone groups (29%, p = 0.03), although these 
differences were not as robust as those seen earlier in the 
study.324 At 15 years,325 72% of the eyes in the ONTT had 
visual acuity of at least 20/20 and 66% of patients had 
better than 20/20 acuity in both eyes demonstrating that 
long-term prognosis is excellent. Vision was worse in 
patients with MS than in those without MS. Quality-of-life 
scores were lower in patients with decreased vision and neu-
rologic disability.

Recovery from optic neuritis is fairly prompt and usually 
nearly complete. In almost all of the patients in the ONTT 
(regardless of treatment type), recovery began within 1 
month.326 The ONTT327 and other reports328 have shown that 
patients with initial poor acuity (20/400 to NLP), more 
severe visual field loss, and more profound reduction of 
contrast sensitivity have a poorer prognosis, although most 
still improve to better than 20/40 vision. Furthermore, those 
patients with a visual acuity of 20/50 or worse at 1 month 
will usually have moderate to severe residual visual 
impairment.327

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 recov-
ery from optic neuritis. In the ONTT,329 63% of patients 
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Figure 5–32. Axial T1-weighted, fat-suppressed, gadolinium-enhanced orbital MRIs in patients with acute optic neuritis. A. The MRI demonstrates focal 
enhancement (arrow) of the left optic nerve, and in another patient (B) more diffuse enhancement of the right optic nerve (arrow) is seen.
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The immunomodulatory medications interferon-β1a, 
interferon-β1b, and glatiramer acetate have been approved 
for use in patients with relapsing–remitting multiple sclero-
sis and are the mainstays of MS therapy.345 In large control-
led studies, each decreased the frequency of exacerbations 
and slowed the rate of appearance of new white matter 
lesions on MRI.346–355 Interferon-β1a medications also delay 
the progression of sustained neurologic disability.347,356

The chemotherapeutic agent mitoxantrone is approved 
for patients with more advanced forms of multiple sclerosis. 
This drug is limited by the potential side-effects of cardio-
toxicity and secondary leukemia. The medication natalizu-
mab is also approved by the Federal Drug Administration 
(FDA) for the treatment of the relapsing forms of multiple 
sclerosis. Natalizumab demonstrated a robust effect on MS 
relapses, disability progression, and MRI changes when com-
pared with patients receiving placebo.357 However, the use 
of natalizumab has been associated with progressive multi-
focal leukoencephalopathy (PML; see Chapter 8), and thus 
natalizumab is primarily used as a second-line therapy for 
multiple sclerosis.358

With the development of preventative therapy options for 
MS, some debate exists whether it is reasonable to begin 
immunomodulatory therapy for patients with their initial 
demyelinating event and a brain MRI that shows white 
matter change typical of MS. Some experts advocate an 
initial observation period to better determine the patient’s 
disease progression before initiating therapy. They argue that 
many patients could avoid long-term therapy—and the 
financial expense and adverse effects that accompany it—
without affecting the patient’s long-term prognosis. Other 
physicians argue that such patients cannot be consistently 
identified, and that delaying treatment risks long-term, irre-
versible disability.359,360 Until we can reliably determine 
which patients can safely defer treatment, we recommend 
offering long-term therapy to all patients with a first demy-
elinating event whose MRI suggests high risk for MS.

The relationship between optic neuritis and multiple scle-
rosis. Optic neuritis can occur in patients who have already 
developed MS, or it can be the first manifestation. Many 
patients with MS will have optic neuritis at some time during 
the course of their illness (Table 5–9). The clinical features 
of optic neuritis are indistinguishable in patients with or 
without MS.

In previously normal patients with optic neuritis and 
other clinically isolated syndromes (CIS) such as an INO or 
transverse myelitis, the most reliable predictor for the future 
development of 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 
5–9).303,357,361,362 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 peripapillary hemorrhage, (4) macular exudates, or 
(5) no light perception vision.303 In patients with a normal 
baseline MRI scan, male gender and the presence of disc 
swelling were associated with a smaller risk of converting to 
MS. Fifteen years after a bout of optic neuritis, 50% of 

attacks in the initial 6 month postpartum period in women 
with relapsing–remitting disease.335

Pathologically, new demyelinative plaques are character-
ized by perivascular inflammatory cell infiltration by CD4+ 
T cells.336 Chronically, the plaques typically exhibit myelin 
destruction, disappearance of oligodendrocytes, and astro-
cyte proliferation. It is also now well recognized that axonal 
transection may be seen in many instances,311 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 demonstration of brain atrophy and specto-
graphic evidence of neuronal cell loss in MS.337

The cause is unclear, but MS is likely an autoimmune 
process that occurs in genetically susceptible individuals fol-
lowing an environmental exposure.338 An immune cross-
reaction to viral antigens has been implicated.339 A greater 
incidence of MS in Caucasians and first-degree relatives of 
affected individuals, and single-nucleotide polymorphisms 
found in families with MS,340 support the notion that genetic 
factors may also play a role. The possibility of an environ-
mental factor is also supported by the preponderance of 
cases in northern latitudes.

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.341,342 The McDonald criteria were 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 5–8).343,344

Treatment options in MS may be classified as sympto-
matic or preventative. Although most exacerbations are self-
limited, those causing weakness or incoordination 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 dysfunction poorly 
responsive to corticosteroids.

Table 5–8 McDonald criteria to diagnose multiple sclerosis (MS) 
based on MRI evidence of disease dissemination in space or time in 
a patient who has had one or more clinical events consistent with 
demyelination.343 The diagnosis of MS can also be established based 
upon clinical criteria, e.g., two events separated in space and time

Dissemination in space
3 or 4 of the following:
1) 9 T2 lesions or positive gadolinium enhancement
2) >3 periventricular lesions
3) >1 juxtacortical lesions
4) >1 infratentorial lesions (includes spinal cord or brain stem)

Dissemination in time
Established if a new T2 lesion appears 30 days from disease onset
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Table 5–9 Prospective studies examining the risk of developing multiple sclerosis (MS) after a first attack of optic neuritis (not clinically isolated 
syndromes per se)

Study Location
Follow-up 
(years)

Proportion 
developing MS Comments

Landy (1983)1114 Australia Range 1–29 71%

Francis et al. 
(1987)1115

UK Mean 11.6 57% By life-table analysis, probability of MS 
by 15 years was 75%

Rizzo & Lessell 
(1988)281

New England 
(USA)

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)1116

Sweden Mean 12.9 38% By life-table analysis, probability of MS 
by 15 years was 45%

Morrissey et al. 
(1993)306

UK Mean 5.3 Normal MRI: 6%; 
abnormal MRI: 82%

MRI white matter lesions were 
associated with development of MS

Jacobs et al. 
(1997)366

New York 
(USA)

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)1117

USA and 
Canada

5 Normal MRI: 16%; 
abnormal MRI: 51%

MRI white matter lesions were 
associated with development of MS

Söderström et al. 
(1998)319

Sweden Mean 2.1 3 or more lesions on MRI: 
62.5%; less than 3 
lesions on MRI: 13%

Ghezzi et al. 
(1999)1118

Italy Mean 6.3 Normal MRI: 0%; 
abnormal MRI: 51%

Optic Neuritis 
Study Group 
(ONTT) (2003)303

USA and 
Canada

10 Normal MRI: 22%; 
abnormal MRI: 56%

MRI white matter lesions were 
associated with development of MS

Tintore et al. 
(2005)364

Barcelona Median 
follow-up 39 
months

Abnormal MRI 67% Baseline MRI abnormal in 50.8% of ON 
vs 76% of brain stem and spinal cord 
patients with a clinically isolated 
syndrome. Risk of MS is similar when 
baseline MRI is abnormal

Optic Neuritis 
Study Group 
(ONTT) (2008)363

USA and 
Canada

15 Normal MRI 25%; 
abnormal MRI 72%

MRI white matter lesions were 
associated with development of MS

patients had developed MS; 72% of those with one or more 
brain MRI lesions at presentation and 25% of those with no 
lesions.363

In a prospective study of 320 patients with clinically iso-
lated syndromes,364 the rates of conversion to MS were the 
same regardless of the type of CIS. After a median follow-up 
period of 39 months, approximately 70% of patients with 
clinically isolated syndromes and abnormal 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 brain stem and spinal cord syndromes. The 
authors emphasize that those patients with a positive base-
line MRI and a clinically isolated syndrome act similarly in 
their conversion to MS. Patients with optic neuritis as a first 
demyelinating event tend to have brain MRI lesions less 

frequently than do those with spinal cord or brain stem 
presentations.364

Although less predictive, the following other tests are also 
associated with the development of MS if positive at the time 
of the first attack of optic neuritis: CSF oligoclonal 
bands,317,320,365 increased CSF IgG synthesis,366 HLA-DR2 
antigen,319,367 and somatosensory-evoked potentials.

Several OCT studies have also supported the notion that 
subclinical axon loss and visual abnormalities occur in MS 
patients (Fig. 5–33), even in eyes without a clinical history 
of acute optic neuritis.313,314,368,369 Fisher et al.368 demon-
strated that, among MS patients and disease-free controls, 
the greatest decreases in RNFL thickness occurred in eyes 
affected by optic neuritis; however, the unaffected eyes of 
patients with MS also showed reductions in RNFL thickness, 
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Figure 5–33. A. Left optic nerve appearance in a patient with multiple 
sclerosis but no known history of optic neuritis showing mild temporal 
pallor, which correlated on ocular coherence tomography (B) with nerve 
fiber layer (NFL) thinning (arrows). The average NFL thickness was 88.01 µm, 
which is significantly reduced.

relative to disease-free controls (p = 0.03). This capacity of 
OCT to identify subclinical axon loss may facilitate early 
intervention and better long-term visual outcomes.369 These 
data suggest that OCT may serve an important future role in 
monitoring patients with optic neuritis and MS, both clini-
cally and in the setting of treatment trials.

Evaluation of optic neuritis in typical cases. In typical cases 
of optic neuritis (acute or subacute monocular visual loss 
with pain on eye movements in a young adult), MRI scan-
ning of the brain is the only requisite test. The predictive 
value of MRI is important in patient counseling, and some 
patients with abnormal MRI scans may desire treatment to 
reduce the relative risk of early conversion to MS (see below). 
Serum serologies, lumbar punctures, and evoked potentials 
are unnecessary. Typical patients should be followed within 
the first week or two to document the visual nadir, then at 
4 weeks to insure that vision starts to recover spontaneously. 
Those with disc swelling should be observed for develop-
ment of a macular star (see neuroretinitis).

Treatment in typical cases. Many patients, especially those 
with normal MRI scans, will not require any treatment and 
vision usually improves spontaneously. However, intrave-

nous corticosteroids followed by a short course of oral ster-
oids may be considered in two instances:

1. In patients with white matter lesions on MRI, steroid 
treatment should be offered to reduce the risk of 
developing 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 (Table 5–10).370 Although 
controversial, and potentially affected by reanalysis 
bias,284,371–373 these findings led to the broad 
recommendation that patients with optic neuritis and 
abnormal MRI scans should be treated with steroids to 
reduce the risk of developing MS.312,374,375 Subsequently, 
after 3 years that beneficial effect disappeared.376

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 
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Table 5–10 Treatment options for acute demyelinating optic neuritis in monosymptomatic patients at high risk for multiple sclerosis (MS)

Study
Medications 
(standard dosage)

Potential 
side-effects

Potential benefits of 
therapy

Short-term therapy:

Optic Neuritis Treatment Trial 
(ONTT, n = 457)282,370

Intravenous (IV) 
methylprednisolone 
(250 mg every 6 
hours × 3 days) + oral 
prednisone taper 
(1 mg/kg/day × 11 
days, 4 day taper 
(20 mg day 1; 10 mg 
days 2 and 4))

Sleep disturbances, mild 
mood changes, stomach 
upset, weight gain, 
hyperglycemia, 
worsening hypertension

Hastens visual recovery but does not 
affect long-term visual outcome

Reduced rate of MS development 
within first 2 years

Oral prednisone alone at dose of 
1 mg/kg may increase risk of 
recurrent optic neuritis and should 
be avoided

Long-term therapy:

Controlled High Risk Avonex 
MS Prevention Trial 
(CHAMPS, n = 383)361

Interferon β-1a (30 µg 
intramuscularly (IM) 
weekly)

Flu-like symptoms (fever, 
chills, myalgias: may be 
treated symptomatically), 
depression, anemia, 
hepatic dysfunction

Reduced 3-year probability of MS 
(2nd demyelinating event) vs 
placebo (35% vs 50%)

Lower rates of new but clinically 
silent MRI lesion accumulation (T2, 
T1-enhancing)

Early Treatment of MS Study 
(ETOMS, n = 308)383

Interferon β-1a (22 µg 
subcutaneously (SC) 
weekly)*

Injection site 
inflammation, flu-like 
symptoms (fever, chills, 
myalgias: may be treated 
symptomatically), 
anemia, hepatic 
dysfunction

Reduced 2-year probability of MS 
(2nd demyelinating event) vs 
placebo (34% vs 45%)

Increased time to 2nd demyelinating 
event (569 vs 252 days)

Lower rates of new MRI lesion 
accumulation (T2) (16% vs 6%)

Betaferon in Newly Emerging 
MS for Initial Treatment 
(BENEFIT, n = 468)385

Interferon β-1b (250 µg 
subcutaneously (SC) 
every other day)

Injection site 
inflammation, flu-like 
symptoms (fever, chills, 
myalgias: may be treated 
symptomatically), hepatic 
dysfunction

1) Reduced 2-year probability of 
MS (2nd demyelinating event) 
vs placebo (28% vs 85%)

2) Reduced 2-year probability of 
McDonald MS (69% vs 85%)

3) Increased time to 2nd 
demyelinating event (618 vs 
255 days)

4) Lower cumulative number of 
newly active MRI lesions (3.7 vs 
8.5)

Glatiramer Acetate in 
Clinically Isolated Syndrome 
PRECISE (n = 481)1122

Glatiramer acetate 
20 mg subcutaneously 
every day

Injection site 
inflammation, 
lipoatrophy, postinjection 
palpitations, anxiety, 
chest pain

1) Reduced probability of 2nd 
demyelinating event by 45%

2) Increased time to 2nd 
demyelinating event (722 vs 
336 days)

3) Reduced number of new T2 
lesions by 61%

*Note that the ETOMS study used 22 µg interferon β-1a, while standard therapy for relapsing–remitting MS is 44 µg.
Modified from Burkholder BM, Galetta SL, Balcer LJ. Acute demyelinating optic neuritis. Expert Rev Ophthalmol 2006;1:159–170.

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. At home, 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 

contraindications such as diabetes, peptic ulcer disease, 
or coronary artery disease, the risk is small.377 
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.378 Despite the abundance 
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Table 5–11 Suggested diagnostic considerations, laboratory evaluation, and distinguishing features in atypical cases of optic neuritis

Entity Laboratory test Comment

Optic nerve compression MRI Progressive loss of vision beyond 10 days

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
CXR

Optic nerve granuloma
Uveitis
Periphlebitis

Anterior ischemic optic neuropathy ESR Age > 50
Segmental disc swelling
Disc hemorrhage

Lupus ANA Arthritis
Antiphospholipid antibody syndrome

Nutritional B12 level
serum copper

Progressive optic atrophy
Pernicious anemia
Ileum dysfunction
Gastric surgery

Leber’s hereditary optic neuropathy Mitochondrial analysis Males > females
Pseudo-disc edema
Telangiectasias

ACE, angiotensin converting enzyme; ANA, antinuclear antibody; CSF, cerebrospinal fluid; CXR, chest radiograph; ESR, erythrocyte sedimentation rate;  
MHATP, microhemagglutination–Treponema pallidum; MRI, magnetic resonance imaging.

of class I clinical trial evidence, disappointingly 
ophthalmologists and neurologists around the world 
have not universally adopted the protocol outlined 
above.379–382 There are still many practitioners who 
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 syn-
drome. In patients with a CIS and a brain MRI with typical 
white matter lesions, interferon-β or glatiramer acetate  
can be given to reduce the risk of developing MS.  
Supportive evidence comes from several large clinical trials 
(Table 5–10).383–385

Other therapies for optic neuritis. Although the use of oral 
high-dose methylprednisolone in one study was not associ-
ated with an increased risk of recurrent attacks,386 the small 
size of this study precluded any definite conclusions regard-
ing its use in acute optic neuritis. Small studies have sug-
gested that intravenous immunoglobulin (IVIg) may have 
some benefit in patients with substantial visual deficits fol-
lowing optic neuritis.387 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.388–390 Furthermore, the routine 
use of IVIg in optic neuritis and MS remains limited by cost 
and availability.

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 associ-
ated with short-term improvement in visual acuity in seven 
of these patients.391 However, a large prospective 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, (2) 
vitritis, (3) progression of visual loss after 1 week, (4) lack 
of partial recovery within 4 weeks of onset of visual loss, and 
(5) persistent pain. A suggested workup with diagnostic con-
siderations in these cases is given in Table 5–11. Compressive 
lesions will have been excluded by MRI.

Neuromyelitis optica (Devic disease)
Neuromyelitis optica (NMO) is classically described as a 
severe demyelinating disease that preferentially targets the 
optic nerves and spinal cord; however, more recent observa-
tions suggest that occasional patients may have a more 
benign course resembling that of MS.392 Patients typically 
present with acute-onset optic neuritis, closely preceded or 
followed by 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.393 Patients tend to present with visual loss 
and evidence of spinal cord dysfunction within 8 weeks of 
each other.
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Currently, the diagnosis of NMO is best established when a 
patient has had at least one episode of optic neuritis, trans-
verse myelitis, and a longitudinally extensive spinal cord 
lesion on MRI (>3 segments long). The diagnosis is bolstered 
by detecting the NMO antibodies and by having a normal 
or nondiagnostic baseline brain MRI.

There is no standard treatment for optic neuritis in the 
context of NMO, although high-dose intravenous corticos-
teroids may be beneficial in lessening the severity of the 
attack and speeding recovery of visual function. One small 
case series suggested that the combination of long-term 
prednisone and azathioprine may decrease disability and 
prevent relapses in patients with NMO.404 This study led to 
a recent case series by Cree et al.405 and Jacob et al.406 which 
demonstrated the potential benefit of rituximab as a treat-
ment for NMO. In patients with refractory disease, plas-
mapheresis followed by IVIg may be useful in treating an 
acute demyelinating attack.

Neuromyelitis optica is also well recognized in chil-
dren.407–411 In one study,409 all patients had a preceding viral 
syndrome, 90% had bilateral visual loss, and all patients had 
disc swelling. In this same study,409 vision in all patients 
recovered to 20/20 (some with optic atrophy), and no 
patients had recurrences of neurologic illness. However,  
our experience is less sanguine, and we have treated  
some children with multiple exacerbations and permanent 
visual loss

Other systemic conditions may be associated with Devic 
disease. These include systemic lupus erythematosus,412 
other connective tissue diseases such as Sjogren syndrome,413 
and pulmonary tuberculosis.414,415

Pediatric optic neuritis and  
multiple sclerosis
For many reasons, 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 demyelinating 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%).416–420

There have been no formal studies evaluating the optimal 
treatment of childhood optic neuritis. However, because of 
the patients’ young ages, we favor more aggressive evalua-
tion and treatment when visual loss is unilateral and severe 
or bilateral at any level. Workup includes MRI scanning, 
serologies, and lumbar puncture to exclude other causes. 
Hospitalization and 3–5 days of intravenous methylpred-
nisolone (4 mg/kg q.i.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 gener-
ally excellent, with more than 80% of children returning to 
20/20 or better,418,420,421 and 96% returning to 20/40 or 
better.416 Good et al.,423 however, reported a series of 10 
children, seven of whom remained at 20/200 or worse.

In contrast to typical demyelinating optic neuritis, the 
vision loss observed in NMO is often bilateral and severe, 
occasionally progressing to blindness.394 Some patients may 
have frequent recurrent episodes of optic neuritis. Periorbital 
pain, an almost universal feature in typical demyelinating 
optic neuritis, is not 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 thin-
ning of the nerve fiber layer on OCT, which correlates with 
visual function and quality of life.395

MR imaging typically demonstrates scattered areas of 
demyelination, concentrated in the optic nerves, chiasm, 
and spinal cord. Lesions of the spinal cord are longitudinally 
extensive, involving at least three vertebral segments.396 
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 of 60% of patients 
with NMO. However, these lesions are typically non-
specific, and only about 10% have the typical MS 
morphology.359,396

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 microcavi-
tation may be seen pathologically in the optic nerves.398 
Because of the necrotizing nature of the lesions, the progno-
sis for recovery may be worse from both a visual and neu-
rologic standpoint, especially in elderly patients. In a review 
of the literature,399 22% of the reported cases developed 
respiratory failure, 16% died in the acute stages, 14% had a 
poor neurologic outcome, and 70% of patients improved 
neurologically. Older age was a poor prognostic factor along 
with CSF pleocytosis and more severe myelitis. In this same 
study, 42% of the patients had a recurrence of a demyelinat-
ing event suggestive of multiple sclerosis with the other 58% 
having a monophasic illness without recurrence.399 Many 
patients in the latter group had prodromal symptoms sug-
gestive of a viral illness and a course suggestive of a post-
infectious encephalomyelitis.

There is no definitive diagnostic test for NMO. A recently 
discovered serum IgG autoantibody is associated with NMO, 
with reported 73% sensitivity and 94% specificity.400,401 
The antibody targets an aquaporin channel, located in the 
astrocytic foot processes of the blood–brain barrier, that 
functions in fluid homeostasis.402 The antibody has also 
been detected in patients with NMO without optic nerve 
involvement.403

It is still uncertain whether NMO is a variant of MS or a 
unique entity. There is considerable overlap between NMO 
and MS,392 as reflected by the new diagnostic criteria pro-
posed by the Mayo Clinic for NMO.401 These criteria elimi-
nate the requirement 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. 
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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 
taken many different forms.448,449 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).450 Also 
common is a pure retrobulbar presentation with a normal-
appearing optic nerve head.448,449 Sarcoidosis is also a well-
recognized cause of perineuritis (see below) and can cause 
gaze-evoked amaurosis.451

Patients can present with progressive vision loss, and in 
general have less pain than patients with idiopathic optic 
neuritis. No light perception vision is common and should 
heighten the suspicion for sarcoid in patients with optic 
neuropathies.449 Vision loss initially may be steroid respon-
sive. Other patients have a relentless downhill course, despite 
the use of steroids, and develop profound visual impair-
ment. Cases with spontaneous improvement and isolated 
disc swelling without optic nerve dysfunction have been 
reported.452 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 are the presence of a steroid-
responsive optic neuropathy and findings atypical for ordi-
nary optic neuritis such as vitritis, retinal vasculitis, or 
enlargement of the optic nerve on MRI scanning.448,449 Sar-
coidosis can also present as an orbital inflammatory syn-
drome (see Chapter 18).

Diagnostic studies/evaluation. Sarcoidosis presenting 
with a markedly thickened optic nerve sheath on MRI  
scan, mimicking optic nerve sheath meningioma, is well 
recognized.453–456 Imaging of the orbit will often reveal a 
“mass lesion,” lacrimal gland enlargement, or optic nerve 

Etiologic considerations in childhood optic neuritis 
suggest that there may be three distinct subsets of patients. 
First, one group has their neurologic event (immune medi-
ated) in the setting of postinfectious acute disseminated 
encephalomyelitis (ADEM), with or without radiographi-
cally demonstrable white matter lesions.424,425 Typically fol-
lowing a febrile illness or vaccination, this group of patients 
has a monophasic demyelinating illness with recovery and 
without recurrence.426 The second group may present with 
“idiopathic” (genetic predisposition with environmental 
trigger) demyelination, recover, but later develop recurrent 
a neurologic illness suggestive of MS or neuromyelitis 
optica.422 The possibility that these two groups are linked 
and that viral illness or vaccinations are important triggers 
of multiple sclerosis has also been proposed.427 For instance, 
cases of childhood optic neuritis and multiple sclerosis  
have been reported after viral illnesses and varicella.427–430 
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.

Overall, between 10% and 50% of children with optic 
neuritis eventually develop MS.416,420,421,423,431–436 In one series 
of children with optic neuritis and an average follow-up of 
7.3 years, brain MRI scanning was found to be a very impor-
tant prognostic factor as three out of seven children with 
white matter lesions developed MS, while none of 11 
patients without white matter lesions developed MS.416

MS in children is recognized in patients as young as 2 
years old.437–439 When 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 old).440 Many of the same 
disease-modifying therapies used in adults are being used in 
younger patients as well.441–443

Sarcoidosis
This disease is a multisystem disorder of unknown etiology, 
characterized pathologically by noncaseating epithelioid cell 
granulomas.444 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. Central nervous system involvement in sarcoidosis 
occurs in about 5% of cases.445,446 The most common neuro-
logic complication is seventh nerve palsy (see Chapter 14), 
followed by involvement of other cranial nerves, aseptic 
meningitis, and peripheral neuropathy.

On the other hand, ocular involvement in sarcoidosis 
occurs in about 25% of patients.447 In the vast majority this 
takes the form of a relapsing and remitting anterior uveitis, 
often associated with ocular hypertension. In patients with 
posterior segment involvement, sarcoidosis most commonly 

Figure 5–34. Optic nerve head appearance in a patient with sarcoidosis 
and swelling of the optic nerve head and peripapillary subretinal 
granulomas (arrows).
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eral retinal hemorrhages (Fig. 5–35). Clinically it must be 
distinguished from papilledema since both 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 neu-
ritis, or they may present with an insidiously progressive 
optic neuropathy.

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, and tuberculosis 
should be initiated in such cases. Optic nerve sheath thicken-
ing can be documented with orbital ultrasound and either 
CT or MRI scanning. Contrast enhancement of the sheath  
is more prominent than enhancement of the nerve itself 
(Fig. 5–35). Radiographically, perineuritis can be difficult to 
distinguish from optic nerve sheath meningioma.471 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 with systemic steroids.468 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.

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 as 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 erythemato-
sus.473 Optic neuropathy was found in only 2/150 (1.3%) of 
patients with lupus in the Johns Hopkins series.474 Jabs 
et al.474 reported seven such cases and reviewed 24 other 
cases reported in the literature. Interestingly, 13 of the 24 
(54%) of the cases of lupus-related optic neuropathy were 

and/or sheath enhancement.457 MRI may also demonstrate 
periventricular multifocal white matter lesions in CNS sar-
coidosis458 or leptomeningeal enhancement.449

When sarcoidosis is suspected, chest radiograph, angi-
otensin converting enzyme (ACE) level and, if necessary, 
gallium scan or positron emission tomography (PET) scan 
should be obtained.459 ACE levels and chest imaging may be 
normal in a significant minority of patients.448,449 Whenever 
possible, the diagnosis should be confirmed by biopsy (often 
pulmonary via bronchoscopy or of hilar nodes via mediasti-
noscopy). On occasion conjunctival or lacrimal gland biop-
sies, which are less invasive than the pulmonary or hilar 
biopsies, can be used and are diagnostic.460,461 In general we 
do not favor blind biopsies of any organ but prefer to biopsy 
tissue that is visibly affected or is abnormal on radiograph, 
imaging, or gallium scan. Finally, it is reasonable to consider 
sarcoidosis in all cases of unexplained optic neuropathy, and 
screening with chest radiograph and ACE levels will occa-
sionally suggest the diagnosis.448,449

Treatment. Treatment with systemic steroids is likely to be 
required for a protracted time (weeks to months).462 Other 
patients require chronic immunosuppression with alterna-
tive cytotoxic drugs.462,463 Treatment is generally with sys-
temic steroids and cyclosporine.464,465 Infliximab466,467 has 
been reported to be effective as well.

Optic perineuritis and orbital  
inflammatory syndromes
Optic perineuritis is a term used to describe an optic neu-
ropathy presumably due to inflammation of the optic nerve 
sheath. In many cases the etiology is unknown. The clinical 
constellation of bilateral optic neuropathy (often with rela-
tive central vision sparing), associated with pain, typical MRI 
findings of sheath enhancement, and steroid responsiveness 
is highly suggestive of this condition.468 Histopathologically, 
these patients have been shown to have nonspecific chronic 
inflammation, occasionally granulomatous and often associ-
ated with varying degrees of fibroplasia and collagen 
deposition.469–472

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 scle-
ritis. Neuroimaging reveals orbital inflammatory changes as 
well as optic nerve sheath enhancement. This entity is dis-
cussed 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 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 dem-
onstration of optic nerve sheath thickening or enhancement 
in the latter. Patients tend to be older and the disease is often 
bilateral in perineuritis.468 Vision loss may be mild initially, 
and the optic nerve head is often swollen with secondary 
retinal venous stasis changes, dilation of vessels, and periph-
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Autoimmune (or relapsing or recurrent) 
optic neuropathy
This distinct variety of optic nerve inflammation is similar 
to lupus optic neuropathy. This likely represents a hetero-
geneous group of conditions, some with recognized sys-
temic autoimmune disease, with isolated, recurrent, often 
bilateral, steroid-responsive optic neuropathy and various 
autoimmune markers on serologic testing including NMO 
antibodies.477–481 In many of these patients no specific con-
nective tissue diagnosis can be made using strict clinical or 
serologic criteria, despite extensive searching.482 The entity of 
autoimmune optic neuropathy is believed to be a chronic 
autoimmune condition characterized by recurrences of 
visual loss and steroid dependency.483,484 Its similarity to 
lupus optic neuropathy suggests that an optic nerve antigen 
may be susceptible to an autoimmune attack. An alternative 
possibility is that optic nerve dysfunction arises in the setting 
of autoimmune disease as a result of small vessel occlusion 

associated with transverse myelitis. This pattern of optic neu-
ropathy with transverse myelitis mimics Devic neuromyelitis 
optica (see above).412

Optic nerve dysfunction can take different forms includ-
ing optic neuritis, papillitis, and anterior or posterior 
ischemic optic neuropathy (AION, see below).475 The disc 
swelling may be associated with exudates (Fig. 5–36). It is 
unclear, but the pathogenesis is related to either demyelina-
tion or varying degrees of small vessel vaso-occlusive disease. 
Vision loss is often profound and when suspected should be 
treated promptly with steroids. MRI scanning may show 
enhancement of the optic nerve.475,476 These patients require 
initial treatment with high-dose intravenous methylpred-
nisolone, and many require chronic steroids. Retinal vascu-
litis may manifest with painless retinal ischemic changes. In 
this situation, an associated hypercoagulable state should be 
excluded and anticoagulation considered.

Other neuro-ophthalmic complications of lupus are 
detailed in Chapters 4 and 8.

A B

C

Figure 5–35. Optic perineuritis with bilateral optic nerve swelling (A, B) 
and on coronal T1-weighted, gadolinium-enhanced MRI (C) enhancement 
of the optic nerve sheaths is seen (arrows).
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reveals nonspecific inflammation without evidence of sar-
coidosis, infection, or neoplasm. Most patients are treated 
effectively with corticosteroids, but many additionally 
require steroid-sparing immunosuppressive agents.

Infectious optic neuropathies

Sinusitis and mucoceles
For decades it was believed that the vast majority of cases of 
optic neuritis resulted from contiguous disease and inflam-
mation in the paranasal sinuses. Subsequently it has been 
shown that the radiographic presence of sinus inflammation 
and mucosal thickening is fairly ubiquitous, and that most 
cases of optic neuritis result from demyelination. Neverthe-
less, it is clear that paranasal sinus disease (sinusitis and 
mucoceles) may cause (1) a condition not dissimilar in pres-
entation to optic neuritis (acute optic neuropathy plus pain 
on eye movements) or (2) progressive optic neuropathy 
from chronic compression.

In many cases the optic neuropathy results from compres-
sion or inflammation from a nearby mucocele.492–494 In other 
cases contiguous inflammation in the posterior ethmoid and 
sphenoid sinus causes optic nerve dysfunction without mass 
effect.495–497 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.21

Evaluation and treatment. This diagnosis should be enter-
tained in all cases of acute optic neuropathy that are atypical 
for optic neuritis in any way. In particular, it should be sus-
pected in elderly patients, patients with a history of severe 
sinus disease, when there are associated fevers or ophthal-
moplegia, or when progression of optic neuritis occurs 
beyond 2 weeks.

When significant sinusitis is identified on MRI scanning 
in these patients (Fig. 5–37), particularly in the posterior 
ethmoid and sphenoid sinuses, or when a mucocele is 
present, prompt otolaryngologic consultation should be 
sought. Antibiotic and often surgical therapy can be consid-
ered. In this setting, visual loss can often be totally reversed 
unless it was chronic or associated with optic atrophy at 
presentation.496

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 
“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.498 Sub-
sequently several series have described this heterogeneous 
disorder.499,500 Neuroretinitis 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 idiopathic (demyelinating) optic neuritis, 
a macular star associated with optic neuritis is not associated 
with an increased risk of developing MS.

from immune complex deposition or a hypercoagulable 
state. Some cases have had abnormal skin biopsies, with 
perivascular infiltrate and immune complex deposition 
within the dermis.484,485 Affected patients are generally 
adults aged 25–55, but the condition probably occurs at  
any age. Bee sting optic neuropathy is felt to be a unique 
autoimmune-type optic neuropathy.486,487

Evaluation and treatment. We recommend a search for an 
autoimmune condition in any patient who has “optic neu-
ritis,” which 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 
atypical optic neuritis, above). In suspected cases, ANA 
testing, NMO antibodies, and skin biopsy should be consid-
ered.484 Rheumatologic consultation, consideration of a skin 
biopsy to exclude vasculitis, and serologies should be con-
sidered in these patients to identify a possible systemic 
autoimmune condition. Early recognition can lead to suc-
cessful treatment with high doses of steroids. Other immu-
nosuppressive therapies are often required to supplement 
steroid therapy in this chronic and relapsing condi-
tion.484,488–490 In most patients the optic neuropathy remains 
isolated without development of another systemic autoim-
mune disease or specific syndrome.484

Idiopathic hypertrophic pachymeningitis
This condition is characterized by localized or diffuse thick-
ening of the meninges.491 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 

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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A B

Figure 5–37. Sphenoid sinusitis causing optic nerve dysfunction. Axial T2-weighted MRI (A) 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).

A B

Figure 5–38. Fundus appearance in a patient with neuroretinitis. A. Acutely there is focal pale disc swelling superiorly. B. Within 1 week the classic macular 
star developed.

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.501–503 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 
with no sex predilection. Occasionally they have pain 
around the eye or bilateral involvement.499,500 
Neuroretinitis has been reported in children and 
behaves similarly to the disease in adults.504 In up to 
50% of patients with neuroretinitis, a preceding viral 
illness is reported.

The examination is notable for moderate acuity loss 
(usually 20/40–20/200) but can be as poor as light 
perception. 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%.499,500 
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 
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A B

Figure 5–39. Ocular coherence tomography findings in neuroretinitis. A. Acutely there is an extensive area of subretinal fluid (asterisks) extending to the 
macula. B. Discrete areas of high reflectivity (arrows) are seen in the nerve fiber layer of Henle and correspond to the retinal exudates.

macula or evidence of inflammation in the peripheral 
retina. The prognosis for visual recovery is excellent 
although recurrent neuroretinitis with poor visual 
outcome has been reported.505 Bilateral cases occur 
rarely.506

Important infectious causes of neuroretinitis include 
cat scratch disease (Bartonella henselae bacillus),507,508 
syphilis,509,510 Lyme disease,511,512 and 
toxoplasmosis.513,514 Patients with Bartonella infection 
frequently will describe cat scratches and a recent viral 
illness with fever and adenopathy.515 The diagnosis can 
be confirmed by detecting positive antibody titers or by 
finding Bartonella DNA by polymerase chain reaction 
(PCR).516–518 Endocarditis has been reported as a 
complication of B. henselae infection, and 
encephalopathy and meningitis in patients with 
concurrent human immunodeficiency virus infection 
have been described.507,519

2. Macular star due 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 neuropathy520) and curiously, usually delayed a 
few weeks from presentation, develop a macular star. 
In these patients the original diagnosis may be 
rethought and consideration should be given to 
papilledema 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, appropriate historical review and laboratory 
tests should be ordered to rule out the infectious etiologies 
listed above. Many cases of neuroretinitis will be titer  
negative and presumably idiopathic. Appropriate antibiotic 
therapy is indicated when syphilis, Lyme disease, or toxo-
plasmosis is diagnosed.

However, the most frequent diagnosis confirmed in 
patients with neuroretinitis will be Bartonella species infec-
tion (cat scratch disease).521–523 Bartonella infection is con-
sidered to be self-limited and no treatment has been proven 
to be beneficial in cat scratch-associated neuroretinitis. Reed 
and associates523 reported that treatment with doxycycline 
and rifampin seemed to shorten the course when 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).524,525 Therefore syph-
ilis should always be in the differential diagnosis of unex-
plained optic nerve disease.526 Optic neuropathy is not 
uncommon in patients with secondary syphilis. Patients can 
develop retrobulbar optic neuritis, papillitis with retinal vas-
culitis,527 and perineuritis and neuroretinitis in the setting of 
secondary lues.528 Disc swelling, hemorrhages, dilated veins 
(phlebitis), and subretinal infiltrates (Fig. 5–40) are highly 
suggestive of syphilis. The severity of visual symptoms is vari-
able 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 secondary syphilis such 
as rash, uveitis, and mild signs of meningeal inflamma-
tion.529 MRI scanning in perineuritis shows diffuse thicken-
ing and enhancement of the optic nerve sheath.530 In contrast, 
progressive vision loss with optic atrophy can also been seen 
as a manifestation of tertiary syphilis. This is a slowly pro-
gressive (generally not episodic) visual deterioration not 
associated with other active inflammation of the eye.

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.531 In the 
non-HIV-infected individual, the serum microhemagluttin 
assay for Treponema pallidum (MHA-TP) or the FTA-ABS 
should almost always be positive in the patient with neuro-
ophthalmic signs and symptoms suggestive of syphilis. The 
serum VDRL and RPR are also useful screening tests, but they 
may be negative in neurosyphilis. Although a positive CSF 
VDRL is confirmatory of a diagnosis of neurosyphilis, it is 
often negative and therefore cannot be used solely to exclude 
this diagnosis. 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 
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tis are rare,538 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. We recommend that a positive serum Lyme titer 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.537 Many of the reported cases of Lyme-associated optic 
neuritis and ischemic optic neuropathy are circumspect. 
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 dysfunction.536 For 
instance, Jacobson539 performed follow-up on four of his 
previously reported patients540 with optic neuritis and Lyme 
seropositivity. Two were found to have developed multiple 
sclerosis, suggesting the seropositivity was coincidental.

Lyme is also an important cause of low-grade menin-
gitis associated with elevated intracranial pressure and a 

variable, the clinical suspicion for this condition must exist 
in all cases of atypical inflammatory optic neuropathy and 
unexplained progressive optic atrophy. A postinfectious 
illness similar to NMO has been described in patients with 
syphilis.532

Treatment. Treatment of syphilitic optic neuropathy with 
positive CSF VDRL and presumed tertiary syphilis must  
be with intravenous aqueous penicillin.509,510 Secondary 
syphilis with perineuritis and normal CSF has been treated 
successfully with intramuscular procaine penicillin.510 Some-
times after successful treatment with antibiotics, steroids can 
be used to treat persisting inflammation.533 The disease in 
patients with HIV virus 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.534

Lyme disease
The neurologic manifestations of Lyme disease are protean,535 
and the neuro-ophthalmic manifestations have been 
reviewed.536,537 Lyme associated optic neuritis and perineuri-
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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 
vasculitis, dilated veins, and intraretinal hemorrhages. C. Fluorescein 
angiogram of the same patient in (B) demonstrating staining of vessel 
walls (arrows) and leakage of dye into the retina (asterisk).
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A B

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).

pseudotumor cerebri-like presentation (see Chapter 6).511,536 
When the optic nerve is involved, the picture is usually  
one with uveitis-associated neuroretinitis and unusual  
fluorescein angiographic criteria including neuroretinal 
edema and patchy and diffuse hyperfluorescence.512 In 
some patients, neuroretinitis can be resistant to antibiotic 
treatment.512

HIV-associated optic neuropathies
Systemic immunosuppression is an important risk factor for 
primary infection of the optic nerve from a variety of patho-
gens.541 In the acquired immunodeficiency syndrome (AIDS), 
infectious optic neuropathy may result from primary HIV 
infection of the nerve, cytomegalovirus infection, or acute 
retinal necrosis associated with herpesvirus. In addition 
optic neuropathy can develop in the setting of granuloma-
tous inflammation of the meninges associated with crypto-
coccus, toxoplasmosis, tuberculosis, aspergillus, or syphilis. 
These can also cause elevated intracranial pressure with 
papilledema 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 pro-
gressive condition.542 Treatment with steroids or antivirals 
may be effective. The condition likely results from direct HIV 
infection 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 asso-
ciated 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.543–545 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 very variable.543,546–548 
CMV papillitis has also been described in an immunocom-
petent individual.546

Fungal disease can involve the optic nerves through gran-
ulomatous inflammation of the meninges. Cryptococcus is 
the most common fungal infection of the CNS and most 

common cause of optic neuropathy.549,550 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 ele-
vated intracranial pressure. Optic nerve sheath fenestration 
may be beneficial in some patients along with systemic treat-
ment with amphotericin B (see Chapter 6).

Herpes zoster
Optic neuropathy can occur in patients with recent herpes 
zoster ophthalmicus. It must be very rare given the paucity 
of reported cases compared with the prevalence of this infec-
tion. 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.551 This condition is well recognized in both 
immune-competent and -incompetent patients.552–554 In 
immunocompromised patients varicella zoster optic neuritis 
can be precede retinitis and result in severe permanent vision 
loss.554–556 The visual loss may occur soon after the onset of 
the rash but may also be delayed by weeks, and in immu-
nocompromised patients may occur without the character-
istic rash.557 The vision loss is usually unilateral and severe. 
There maybe papillitis (Fig. 5–41) with a macular star or the 
fundus may be normal. MRI scan may show optic nerve or 
nerve sheath enhancement.558 Treatment with acyclovir and 
steroids can be attempted with variable results.558 An optic 
neuritis-like illness has also been described after primary 
varicella (chicken pox) infection.559

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 vasculo-
pathic risk factors is typical of this condition. ION essentially 
occurs in two broad settings: non-arteritic vs arteritic.

The non-arteritic variety is almost always anterior with 
optic nerve head swelling, by definition. Thus the term non-
arteritic, anterior ION (AION) is applied to this group. The 
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randomized patients with AION and visual acuity worse 
than 20/64 to either optic nerve sheath decompression or 
observation.

Population studies of patients 50 years or older suggest 
an annual incidence rate of 2.3–10/100 000 population/year 
and a increased rate in Caucasians compared with African 
Americans or Hispanic individuals.560,564 The condition is 
less common but well reported in individuals less than age 
50 although many such patients are referred to tertiary 
centers because of their atypical age (23% in one series).565 
There is an increased risk in patients with diabetes mellitus, 
hypercholesterolemia, ischemic heart disease, and systemic 
hypertension.566,567 In the IONDT 47% of the patients had 
hypertension and 24% had diabetes mellitus.563 The preva-
lence 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. Diabetic 
patients with ION may have a higher prevalence of hyperten-
sion and heart disease than nondiabetic patients.568 Familial 
ION has been described and it tends to affect individuals  
at a younger age and is more often bilateral.569 Younger 
patients with ION still have a high prevalence of vasculo-
pathic risk factors (especially hypertension and hyperlipi-
demia) or underlying conditions such as vaculitis or 
hypercoaguability.565,570

Nocturnal hypotension, in some cases due to the treat-
ment of arterial hypertension, may be a separate and distinct 
risk factor which may explain the high rate of vision loss 
which occurs upon awakening.571,572 Decreased blood pres-
sure at night has been demonstrated in patients with pro-
gressive vision loss.573,574 Another important risk factor is the 
disc at risk or crowded optic nerve head.575–578 The fellow 
eye is often found to have a small or absent cup. The high 
prevalence of small cupless disc as a risk factor for ION has 
been confirmed with modern optic nerve head imaging 
methods.579–581 Studies have shown hyperopic refractive 
errors and smoking to be possible risk factors582,583 although 
a different study found no increased risk from smoking.584 
Patients with non-arteritic ION do not have an increased 
incidence of carotid disease on the affected side compared 
with age-matched controls.585

Sleep apnea may be a separate and distinct risk factor for 
development of non-arteritic ION.586–591 In the series reported 
by Mojon et al.589 71% of 17 patients with ION had sleep 
apnea compared with 17% of matched controls. Palombi 
et al.591 found sleep apnea in 89% of 27 patients with ION, 
and ION patients were more likely to report symptoms of 
sleep apnea than matched controls.588 The possible mecha-
nisms of sleep apnea contributing to the development of 
ION include effects on optic nerve head blood flow autoreg-
ulation and prolonged hypoxia.

Erectile dysfunction drugs and ION. In 2002, Pomeranz 
et al.592 reported a series of patients who developed 
ION in the hours after taking erectile dysfunction drugs 
(phosphodiesterase-5 (PDE-5) inhibitors). Since then there 
have been numerous similar case reports,593–601 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.602–608 Thurtell 

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 condi-
tions which have been reported in association with AION 
include antiphospholipid antibody syndrome, previous 
radiation therapy, juvenile diabetes, shock, severe hyperten-
sion, and migraine.

Arteritic ION is usually due to temporal arteritis. Patients 
in this group can present either with disc swelling (arteritic 
AION) or without disc swelling. The latter presentation is 
termed arteritic posterior ischemic optic neuropathy (PION) 
and is sufficiently rare as an idiopathic condition that in an 
elderly patient temporal arteritis should always be excluded. 
When arteritic ION is a heralding manifestation of temporal 
arteritis, other generalized symptoms are usually present.

The remainder of this section will discuss the diagnosis 
and management of non-arteritic and arteritic ION in detail 
and also highlight some of the other less common 
varieties.

Non-arteritic ischemic optic neuropathy
AION is the most common cause of unilateral optic nerve 
swelling and optic neuropathy in adults over age 50.560 The 
term ischemic optic neuropathy was used in 1966 to describe 
11 patients with the characteristic triad of vision loss, affer-
ent pupil defect, and a swollen optic nerve.561

Demographics. The majority of patients are 60–70 years 
of age, but there is no absolute age range. In the Bascom 
Palmer series, Boghen and Glaser562 described 37 patients 
with non-arteritic AION, and the age range was 40–80. 
Although there was a minimum age requirement of 50 for 
eligibility, the Ischemic Optic Neuropathy Decompression 
Trial (IONDT) found a mean age of 66 ± 8.7.563 This study 

Figure 5–42. The typical appearance of the “disc at risk” for development 
of anterior ischemic optic neuropathy. The nerve is small and there is no 
cup.
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and Tomsak609 provide a thorough review of the topic. Most 
compelling are the cases associated with repeated episodes 
of transient, permanent, or sequential vision loss with 
repeated doses of PDE-5 inhibitors.593,610,611 Currently there 
are only case reports describing the possible association. 
McGwin et al.612 did not find a higher incidence of erectile 
dysfunction drug use in men with a history of ION com-
pared with age-matched controls. Gorkin et al.613 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 population studies. The PDE-5 inhibitor 
does lower systemic blood pressure slightly. Since the medi-
cations are often taken at night (and PDE-5 inhibitor- 
associated ION is most often noted in the morning), it is 
possible they contribute to nocturnal hypotension. Much 
deliberation will continue on this topic until it is studied 
prospectively. Most experts agree, however, that patients 
who have had ION in one eye should be cautioned against 
the use of PDE-5 inhibitors, particularly if they have systemic 
risk factors and a “disc at risk.”

Neuro-ophthalmic symptoms. Most patients with ION 
describe a sudden onset of monocular visual loss, often 
upon awakening (40% in IONDT study563). It usually is 
maximal when noted, and often does not progress. There are 
usually 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.614

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,301,562,615 and (again 
by definition) disc edema which is often pale and sectoral 
with splinter 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 20/200.563 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. 
Up to one-quarter of patients will have central scotomas.301 
Vitritis is absent, so its presence should increase the clinical 
suspicion for alternative inflammatory and infectious 
diagnoses.

The characteristic disc appearance (Fig. 5–43) has sectoral 
swelling and splinter hemorrhages, often with attenuation 
of the peripapillar arterioles.616 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).617 Sequential attacks of ischemic 
optic neuropathy 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 consecu-
tive ION.

Diagnostic studies/evaluation. Usually no further diagnos-
tic studies need be obtained although the erythrocyte sedi-
mentation rate (ESR) and C-reactive protein levels should be 
checked to screen for temporal arteritis (see below). 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.618,619 OCT studies have demonstrated a mild amount 
of subretinal fluid in some patients with ION. This observa-
tion might explain some of the visual acuity recovery that 
occurs in certain patients.620

MRI scanning does not have a role in the diagnosis of 
acute anterior ION but on occasion is necessary to exclude 
compressive and infiltrative conditions mimicking simple 
ION. Gadolinium enhancement of the optic nerve may 
occur but is rare and more common in arteritic ION. Patients 
with non-arteritic ION have been shown to have an increased 
number of white matter ischemic changes compared with 
age- and disease-matched controls.621 This likely reflects the 
presence of vasculopathic risk factors. Both pattern ERG and 
VEP (amplitude and latency) have been shown to be abnor-
mal in patients with ION.622

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.623–625 One 
of the surprising outcomes of IONDT was the high rate of 
spontaneous improvement. Forty-three percent of the 
patients who received no treatment recovered three or more 
lines of vision.626 In addition to proving surgery to be 
unhelpful, much was learned about the clinical profile and 
natural history of ION in the IONDT.627,628 Other studies 
have also demonstrated spontaneous visual improve-
ment.623,629 Hayreh and Zimmerman568 showed no difference 
in the degree of acuity and field improvement between dia-
betic and nondiabetic patients. OCT can be used to follow 
the initial retinal nerve fiber layer swelling associated with 
ION and the subsequent thinning that usually correlates 
well with the area of visual field loss.630–632 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 
ischemic disc.633 Disc edema may resolve faster in patients 
with more prominent vision loss perhaps because more 
severely diseased axons die more quickly.634

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.635–637 Development of sympto-
matic ION with vision loss in these patients occurs in about 
45% of patients, on average 6 weeks after the disc swelling 
is noted.638

One study suggested a lifetime risk of 30–40% of second 
eye involvement;639 however, in the cohort of patients in the 
IONDT the 5 year risk was only 14.7%.640 The cumulative 
incidence rates are even higher in older patients and patients 
with diabetes568 and hypertension. Although one study sug-
gested an increased risk of cerebrovascular and cardiovascu-
lar disease in ION patients,641 this study has been criticized, 
and many feel that there is probably no increased risk for 
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coalesce to form the optic nerve head.647 How systemic 
microvascular disease, a crowded optic nerve head, and pos-
sibly nocturnal hypotension ultimately lead to optic nerve 
head infarction is not certain.644 Intuitively it is postulated 
that microvascular, atherosclerotic capillary disease compro-
mises already narrowed lumens (from the crowded disc). 
Ultimately relative poor perfusion and catastrophic infarc-
tion occurs when perfusion pressure is reduced below a 
critical level. Experimental occlusion of the posterior ciliary 
arteries in monkeys results in a similar clinical appearance 
to ION with pale disc swelling.648 It is also possible that 
axons within a small crowded optic nerve which swells are 

these conditions in patients with ION. Two recent studies 
examined the correlation between the visual dysfunction 
between the two eyes to determine whether the result in one 
predicted the outcome of the other.642,643 In one study there 
was high correlation and in the other there was not.

Pathogenesis. The pathogenesis of non-arteritic ION 
remains obscure.644,645 Hayreh646 has provided much of the 
information concerning factors contributing to the patho-
genesis of ION. AION may result from insufficiency in the 
posterior ciliary artery circulation and branches of the peri-
papillary choroidal artery system. They may occlude with 
subsequent infarction of the ganglion cell axons where they 
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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 (B) segmental swelling and splinter 
hemorrhages, (C) more diffuse swelling with a cotton-wool spot (arrow), and (D) dilated capillaries or luxury perfusion (arrow) on the disc surface.
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A B

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.

Figure 5–45. Superior segmental atrophy in a patient with inferior vision 
loss after a previous attack of anterior ischemic optic neuropathy.

more vulnerable to tissue ischemia, as in a compartment 
syndrome.649,650 There is little evidence to suggest that an 
embolic event may cause non-arteritic ION.651

Several other factors support a vascular occlusive etiology: 
sudden onset, association with diabetes, hypercholestero-
lemia, and hypertension, lack of evidence of inflammation, 
similarities in presentation to the arteritic variety, and a 
similar syndrome can be created in animals with an experi-

mental vascular occlusion. However, there are several factors 
which cast some doubt on a simple vaso-occlusive patho-
genesis in non-arteritic AION:644

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 
recognized.652–660 Half of these patients have 
involvement of the second eye if operated regardless 
of anesthesia type. These patients have a lower 
prevalence of vasculopathic risk factors and crowded 
optic nerve heads indicating that this may have a 
distinct pathogenesis.660 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 occlusion affecting other organs.

6. Patients may have months of premonitory disc edema 
prior to visual loss.635,636

7. One cause for ION is major blood loss (see below). 
In this setting there may be a delay of hours to days 
before vision loss occurs.661

8. There are well recognized cases of progression over 
weeks.623–625

9. Cases of embolic ION are only rarely reported and are 
distinctly different from the typical presentation.662

10. Repeated attacks in the same eye are unusual.663 
A protective effect from the first attack is certainly 
atypical for other kinds of vaso-occlusive disease such 
as stroke or myocardial infarction.
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There is also no effective prophylaxis for second-eye 
involvement. For this purpose we often place patients with 
non-arteritic AION on daily low-dose aspirin therapy, but 
there is no prospective proof of its efficacy.692,693

Clinical distinction between optic neuritis and ION. The 
clinical profile of these two groups of patients can overlap 
significantly, particularly in adults between the ages of 30 
and 50, when they present with disc swelling but without 
pain on eye movements.301 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 find-
ings. Patients under age 40 almost never get ION. The pres-
ence of pain is common in ON, while it is present in less 
than 10% of ION patients, and generally is not exacerbated 
by eye movements.614 Also, a normal-appearing nerve is 
common in ON and by definition not seen in AION. Warner 
et al.616 found that altitudinal swelling, pallor, arterial 
attenuation, and hemorrhage were more common in AION 
than in ON. Factors which are not helpful in distinguishing 
the two entities are sex, presenting visual acuity, and labora-
tory 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 altitudinal  
field loss.694 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 ION
Visual symptoms due to temporal (giant cell, cranial, granu-
lomatous, Horton’s) arteritis are a neuro-ophthalmic emer-
gency. Acute vision loss, the most feared complication of this 
disorder, occurs in between 7% and 60% of patients.695 The 
most common mechanism is arteritic ION, referring to 
sudden optic nerve infarction due to vessel lumens narrowed 
by vasculitis. A non-ocular 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 women 
(3 : 1). Most affected individuals are Caucasian, but patients 
in other racial groups may be affected.696 The prevalence of 
giant cell arteritis increases with age, affecting about 12–
20/100 000 over age 50697,698 but 100/100 000 patients over 
age 80.699–702 Most patients are over age 70, and cases below 
age 50 are exceedingly rare,703 making patients with AION 
due to giant cell arteritis on average older than patients with 
non-arteritic AION.

Pathology. The vasculitis involves large and mid-sized 
arteries containing an elastic lamina. For the most part, these 
vessels tend to be extradural. The arteritis has a predilection 
for the superficial temporal, vertebral, ophthalmic, and pos-
terior ciliary arteries.704 This distribution explains the high 
frequency of blindness and the occasional cerebellar, brain 
stem, and occipital lobe strokes observed in this disorder. 

Recently some authors have hypothesized that the patho-
genesis of ION may be related to venous obstruction in the 
nerve head.645 In this scheme, venous occlusion leads to the 
development of a compartment syndrome and disc swelling. 
Ultimately, the pathogenesis and treatment of ION may be 
aided by a newly described rodent model of ION.664,665

Other systemic associations with non-arteritic AION. In 
addition to the general atherosclerotic risk factors of diabetes 
and hypertension, ION has been reported in the setting of 
other systemic afflictions. A hypercoagulable state secondary 
to antiphospholipid antibodies has been reported to occur 
in patients with AION, thus “young” patients with ION 
should be investigated for this possibility.666–668 However, 
prothrombotic states in general are not associated with 
AION.669 Homocysteine has been implicated in some series 
as a risk factor for ION, but other studies’ levels have not 
confirmed this association.670–672 Patients with uremia have 
been described with vision loss and optic nerve swelling 
presumably on an ischemic basis.673,674 Visual loss is bilateral 
and improvement with hemodialysis has been reported. A 
possible component to the disc swelling from elevated 
intracranial pressure has been postulated.673 Other patients 
with acute hypertensive crisis, as in the setting of preeclamp-
sia, have been reported to develop ION.675 Although perhaps 
an example of two common, unrelated conditions occurring 
in the same patient, typical migrainous episodes followed 
by AION have been reported.676,677

Treatment. There is no known effective therapy. Although 
steroids are usually thought to be ineffective, a controversial 
retrospective study showed better vision and quicker resolu-
tion of disc swelling with the use of steroids.678 The signifi-
cance 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 was used and seemed to 
improve vision in some progressive cases.679–681 Other series 
did not support the findings of these authors,682,683 and ulti-
mately the IONDT was undertaken to answer the question 
definitively. The study 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.626,684

Hyperbaric oxygen685 and aspirin686 have also been shown 
to be ineffective in altering the early course of ischemic optic 
neuropathy. Heparin and warfarin are also unhelpful. Inter-
estingly, levodopa and carbidopa have been shown to 
improve visual acuity in patients with even long-standing 
vision loss from ischemic optic neuropathy.687 In this pro-
spective, double-masked trial with 20 subjects, however, no 
effect on color vision or mean deviation of visual field was 
observed. This treatment effect has not been confirmed in 
other studies, and therefore the use of levodopa has not been 
widely adopted.688 Small groups or single patients have been 
reported to improve with transvitreal optic neurotomy689 or 
intravitreal bevacizumab690 and triamcinolone.691 Finally, 
the protective effect of a previous attack of ION is powerful, 
as recurrence within a previously affected eye is rare.663 This 
has led Burde578 to suggest prophylactic pan retinal photo-
coagulation to produce controlled optic atrophy, a treatment 
that has not yet been pursued or tested.
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visual loss (sometimes when rising from a supine position) 
related to impaired ocular blood flow.714 Another complaint 
may be bright-light amaurosis, caused by the increased met-
abolic demands of photoreceptors for which blood supply 
is unavailable.715 Transient episodes of binocular diplopia716 
and formed visual hallucinations717 may occur as well.

Visual loss is usually sudden and severe, and sometimes 
there is accompanying pain. Simultaneous bilateral vision 
loss occurs in between 20% and 62% of patients with tem-
poral arteritis.716,718–722 In untreated patients, one study 
found second eye involvement occurs in approximately 75% 
of patients within days, and usually within a week.719

In contrast, simultaneous presentation with non-arteritic 
ION is rare and usually occurs only as a complication of 
surgery or with significant blood loss. Table 5–12 contrasts 
the clinical presentations of arteritic and non-arteritic 
ischemic optic neuropathy.

Neuro-ophthalmic signs. The neuro-ophthalmic complica-
tions of giant cell arteritis have been the topic of several 
reviews.709,723–726 Visual complications of giant cell arteritis 
develop in about 30% of patients with biopsy-proven 
disease.727 Anterior ischemic optic neuropathy is the most 
common (80–90%) cause of vision loss in temporal arteritis 
(Table 5–13).716,719–721,728,729 Visual loss is usually profound 
and in general is more severe than in non-arteritic 
ION.562,716,722 Hand motion and no light perception vision, 
which are uncommon in the non-arteritic version, occurred 
in 24% of eyes in one series.716

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 retro-

Optic nerve infarction typically occurs at a retrolaminar or 
prelaminar/retrolaminar watershed zone supplied by 
branches of the short ciliary arteries and branches of the 
ophthalmic artery.705 Other vessels less commonly involved 
include the internal carotid, external carotid and central 
retinal arteries. In addition, dissection due to involvement 
of the proximal aorta and myocardial infarction from vascu-
litis in the coronary arteries have both been reported.706

Histologically, early cases are characterized by lym-
phocytes 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 multi-
nucleated histiocytic and foreign body giant cells, histio-
cytes, and lymphocytes may be seen.707 Inflammation of the 
arterial wall narrows the vessel lumen and causes thrombo-
sis and vascular occlusion.708

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.707,709 Immunologic studies have demonstrated involve-
ment of humoral and cellular immunity, particularly of 
T-cell function.709,710 Tissue and T-cell production of interfer-
ons and macrophage secretion of interleukins are also likely 
important.711 The simultaneous occurrence of giant cell 
arteritis in a husband and wife,712 and demonstration of 
varicella virus DNA in arteries of some patients with giant 
cell arteritis,713 supports a possible environmental exposure 
or infectious etiology.

Neuro-ophthalmic symptoms. Patients may have premoni-
tory episodes of transient monocular blindness prior to 

Table 5–12 The clinical distinction between and non-arteritic and arteritic ischemic optic neuropathy

Criteria Non-arteritic Arteritic

Age Any, usually 60–70 Rare under 50, most over 70

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 have cupping

Response to steroids None proven Systemically—definite
Vision—sometimes
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Table 5–13 Etiology of visual loss (n = 63 eyes) in one 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, anterior ischemic optic neuropathy; PION, posterior ischemic optic 
neuropathy; CRAO, central retinal artery occlusion; BRAO, branch retinal 
artery occlusion.

*AION and CRAO, one eye; AION and BRAO, two eyes; AION and choroidal 
infarct, four eyes.

From Liu GT et al.,716 with permission.

A B

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).

bulbar without disc swelling (posterior ischemic optic neu-
ropathy (PION), see below). Cotton-wool spots may be an 
early sign (Fig. 5–47).730 Vision loss may also occur on the 
basis of choroidal ischemia731 or branch or central retinal 
artery occlusion (Fig. 5–48). The simultaneous presence of 
AION and retinal arterial occlusion indicates ophthalmic 
artery involvement. Since few other disorders cause both of 
these together in the same eye, this combination makes the 
diagnosis arteritis until proven otherwise. Later in the course 
when optic atrophy supervenes, it is often associated with 
cupping732–734 (Fig. 5–49). In contrast, cupping is only rarely 
found after non-arteritic AION.735

There may also be signs of ocular ischemia.736,737 Even 
without ocular ischemia, intraocular pressure may be low.738 
Motility disturbances may also occur and result from 
ischemia of the extraocular muscles, ischemic ocular motor 

nerve palsies, or brain stem stroke (see Chapter 15).739 
Orbital inflammatory masses due to giant cell arteritis also 
have been reported.740

Systemic symptoms and signs. Most patients with visual 
complications due to giant cell arteritis will have premoni-
tory systemic symptoms (Table 5–14) for days or years prior 
to or accompanying their visual symptoms. Patients may 
have polymyalgia rheumatica (proximal muscle ache, stiff-
ness, and arthralgias), headache, scalp tenderness, jaw clau-
dication when chewing or talking, fever, malaise, or weight 
loss.741 Most of these symptoms are due to end-organ 
ischemia. Headaches and jaw claudication are the most 
common symptoms, and jaw claudication may predict a 
higher risk for vision loss.716,718,742 In fact the new onset of 
headache in any elderly patient should raise the possibility 
of giant cell arteritis. Less common systemic complications 
include scalp and tongue necrosis743,744 (Fig. 5–50) and 
tongue or swallowing claudication. Between 16% and 26% 
of patients with visual complications due to giant cell arteri-
tis will have an “occult” form719,729,745,746 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, cord-like, and pulseless.

The major neurologic complications of giant cell arteri-
tis,747 such as cerebrovascular symptoms748 and other cranial 
nerve palsies,749 are discussed further in Chapters 8 and 15. 
Aseptic meningoradiculitis750 and dural enhancement751 
may also occur. As alluded to earlier, cardiovascular mani-
festations include aortic aneurysm, dissection, or rupture, 
coronary artery disease, and aortic valve insufficiency.752

Establishing the diagnosis. In our experience, patients with 
AION or CRAO due to giant cell arteritis can be identified 
by any combination of (1) age over 50, (2) typical fundus 
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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 (temporal to the disc) is the only visible abnormality, and in the second patient (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.

A B

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.

appearance (disc swelling with or without retinal infarc-
tion), (3) typical systemic symptoms, (4) high erythrocyte 
sedimentation rate, (5) positive temporal artery biopsy, (6) 
high C-reactive protein (CRP), or (7) abnormal fluorescein 
angiography. When systemic symptoms are absent in so-
called “occult” temporal arteritis,746 almost always the ESR 
is elevated.716 If the ESR is normal, alternatively almost 
always systemic symptoms are present. In other words, 
visual loss due to giant cell arteritis with a normal ESR and 
without systemic symptoms would be unusual. Although 
more strict criteria for the diagnosis of giant cell arteritis have 
been published,753 we have found the above guidelines to be 
extremely helpful in clinical practice.

The discussion below 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/h. However, elevated ESRs are non-
specific, since a number of normal elderly patients have 
increased ESRs and half of the people with ESRs over 50 have 
no explanation found.754,755 In addition, as many as 22% of 
patients with temporal arteritis and visual symptoms can 
have normal ESRs.699,716,756 Permanent vision loss is more 
likely to occur in patients with a relatively low ESR727 and in 
patients with thrombocytosis.757

In a recent study, an elevated CRP (>2.45 mg/dl), another 
acute phase reactant, was more sensitive (100%) than the 
ESR (>47 mm/h) for the diagnosis of giant cell arteritis.742 
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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.

Figure 5–50. Necrosis of the tongue in a patient with temporal arteritis.

Table 5–14 Systemic symptoms prior to ophthalmic presentation 
in one 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

Each 2%

From Liu GT et al.,716 with permission.

The combination of an elevated sedimentation rate and CRP 
yielded a specificity of 97% for the diagnosis of giant cell 
arteritis.758 Thrombocytosis is also commonly found in GCA 
patients and can be used to supplement the ESR and CRP 
results when distinguishing arteritic and non-arteritic 
ION.759–761 Chronic mild to moderate normochromic anemia 
also may be evident.707

Fluorescein angiography. Fluorescein or indocyanine angi-
ography may show delayed choroidal filling and focal, 

patchy perfusion defects (Fig. 5–51).762–765 We have found 
this test to be extremely useful because of its relative sensitiv-
ity and specificity for giant cell arteritis when those angio-
graphic features are demonstrated.

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.766–768 Grossly at the time of surgery, arterial abnor-
malities 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.  
Histopathologic evaluation (Fig. 5–54) reveals transmural 
inflammation, with destruction of the internal elastic lamina, 
obliteration of the lumen, and characteristic epithelioid cell 
and giant cells. False-positive temporal artery biopsies are 
rare, but have been seen in Wegener’s granulomatosis769 and 
sarcoidosis,770 for example. Rarely necessary, alternative 
biopsy sites include the occipital artery.771

The issue of whether to obtain a bilateral or unilateral 
temporal artery biopsy remains controversial.772,773 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 GCA remains high. We analyzed our 
series of 88 unilateral biopsies and found a one-sided pro-
cedure adequately excluded GCA when the pretest suspicion 
was low.774 Only one patient subsequently went on to have 
a positive biopsy. Therefore, for experienced physicians, a 
unilateral TAB is sufficient in populations for which clinical 
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Figure 5–51. Fundus photographs and fluorescein angiograms in two patients (A–B, C–D) 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 temporal arteritis and (D) fluorescein 
angiography demonstrates normal choroidal perfusion ending abruptly (arrows) with an area of choroidal nonperfusion (asterisk) between the disc and 
macula.

suspicion is low. In one study, fever, jaw claudication, pale 
optic disc edema, or any systemic symptom other than head-
ache were found more commonly in patients found to have 
arteritis.774 In another report the combination of jaw claudi-
cation and double vision was highly predictive of a positive 
biopsy.775 Danesh-Meyer et al.776 also found a relatively low 
yield from a second biopsy (only 1% discordance rate),776 
whereas Pless et al.777 and Boyev et al.778 found discordance 
rates of 3% and 5% in their series. In the Boyev study of 186 
patients who had bilateral biopsies, only six (3%) had a  
different pathology between the two sides.778 In three cases, 
the findings were consistent with healed arteritis and in the 
other three cases early arteritis was suggested. Thus, the 
added value of a second contralateral temporal biopsy is 
relatively low.

There is no reason to withhold treatment while waiting 
to do a biopsy. Histopathologic evidence of arteritis can be 

seen at least 1 week after treatment with steroids.779 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.716,780–783

Only rarely, based on clinical grounds is a diagnosis of 
biopsy-negative temporal arteritis made. We caution against 
making this diagnosis either routinely or without biopsy on 
a presumptive basis. Too often, months later during steroid 
treatment, which can often lead to devastating side-effects 
for the patient,784 the clinician is left in a quandary whether 
steroids can be discontinued or should be replaced because 
no tissue diagnosis was made.

Noninvasive vascular studies. Color Doppler may demon-
strate abnormal flow within the ophthalmic, central retinal, 
and short posterior ciliary arteries,785 and temporal artery 
wall abnormalities may also be seen with this modality.786,787 
Currently these tests are not part of our usual workup.



161

Chapter 5 Visual loss: optic neuropathies

A B

C D

Figure 5–52. Sequence of steps used to perform 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.

Management/treatment. When patients present with 
vision loss, successful prevention of second eye involvement 
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%) steroids 
may restore some vision, sometimes dramatically, and (4) 
intravenous steroids may be 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.716,718,788–795 In Chan et al.’s 
series,796 vision improved in 40% of intravenous treated 
compared with 13% of orally treated patients. Alternatively 
some authors have argued that intravenous steroids are no 
more effective than oral regimens.797,798 However, it is our 
impression that while systemic symptoms may respond  
to oral doses, patients with 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 diagnosis is strongly suspected and visual symptoms 
or signs are present, we recommend emergent intravenous 
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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 (hematoxylin and eosin stain) demonstrating a giant cell (arrow).

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).

steroid therapy (methylprednisolone 250 mg q.i.d. intrave-
nously) for 3–5 days with 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, but antiplatelet 
therapy has not become standard in our practice.

The high ESR and systemic symptoms usually improve 
rapidly with steroids, often after the first dose. Following the 
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 individuals 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 breakdown are common in this age group,799 so a 
physician knowledgeable and experienced in the use of  
steroids should supervise steroid dosing and management 
of side-effects.

Cases of giant cell arteritis refractory to corticosteroids  
are extremely challenging.737,800 Some patients demonstrate 
flow-related ophthalmologic and neurologic phenomena, 
requiring Trendelenburg positioning or heparinization.715,801 
In addition, some patients’ symptoms recur many months 
or even years following initial corticosteroid treatment.716,802 
Repeat temporal artery biopsies can demonstrate persistent 
or recurrent arteritis in these cases.803 In these instances, 
steroid sparing, antiinflammatory and immunomodulating 
therapy such as methotrexate804 or dapsone805,806 can be con-
sidered, but side-effects may limit the use of these medica-
tions. A prospective recent study tested the addition of 
infliximab to the early steroid regimen in patients with poly-
myalgia rheumatica and found no benefit and even a pos-
sible harmful effect.807

Visual prognosis. The prognosis for visual improvement in 
giant cell arteritis is relatively poor.719,808 Many studies721,808,809 
reported absolutely no recovery in NLP eyes, an observation 
the Bascom Palmer series716 supported with the exception 
of one case. Progressive vision loss can also occur  
despite steroid therapy, oral or intravenous, in 9–14% of 
patients.716,718,810,811 In one series, vision loss occurred in the 
first week in approximately 27% of eyes despite high-dose 
intravenous steroids.812 Late recurrences 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 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 AION705,788,793–795 or 
central retinal artery occlusion792 who enjoyed 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.716,718,816 When recovery occurs it is mostly manifested 
with improved acuity and less often with significant visual 
field recovery.817 Relatively higher rates of improvement 
have been attributed to the use of intravenous versus oral 
corticosteroids, as a greater percentage of patients (9/23 
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produce infarction of the optic nerve.831–839 Cases of periop-
erative vision loss particularly in association with spine and 
cardiac surgery have been increasingly recognized.840–842 This 
devastating complication of 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. Sometimes the disc swelling can be minimal 
despite very poor vision suggesting that the majority of the 
optic nerve injury is retrolaminar. In addition to spine and 
cardiac surgery,843–853 it has most often been reported in 
association with radical neck dissection.854–858 The incidence 
of perioperative ION in the relatively high-risk situations of 
cardiac and spine surgery is less than 0.1%.842,844,850,853 Peri-
operative vision loss is often bilateral and severe, and the 
presentation may be delayed by hours or days after the 
surgery. When disc swelling occurs, it tends to be pallid. Risk 
factors include arterial hypotension, anemia, hypoxia, 
pressor support, long operative time, preexisting vascular 
risk factors, and a small cup to disc ratio. No definite blood 
pressure threshold has been identified, and it is likely a 
combination of several risk factors. Head position with the 
face down and elevation of orbital venous pressure may be 
a factor in some cases. Similar events have been reported 
after dialysis.859–864 Once recognized, correction of severe 
anemia (hemoglobin less than 8 mg/dl) should be consid-
ered. However, no treatment protocol is established, and the 
prognosis for recovery is poor.

Diabetic papillopathy
The spectrum of disc swelling in diabetic patients ranges 
from the typical older patient with diabetes and common 
AION to the young juvenile diabetic with benign disc swell-
ing that resolves without residua. This is a continuum, as 
some young patients can develop mild optic neuropathy and 
some older diabetics can have transient optic nerve swelling 
without vision loss.

Benign diabetic papillopathy or papillophlebitis occurs 
usually in type I or juvenile-onset, insulin-dependent dia-
betic patients.865–867 The onset is usually between age 20 and 
40, and patients have generally had diabetes for years. Mild 
visual loss to approximately 20/40 is not uncommon, and 
there is often corresponding enlargement of the blind spot 
with occasional arcuate or central field defects. Typically 
prominent telangiectactic vascular dilation (Fig. 5–55) is 
evident on the disc surface, and contiguous swelling may 
extend into the macula.866 Disc edema may be bilateral and 
may be prolonged with a highly variable course. Patients 
have an increased risk for subsequent disc neovasculariza-
tion.866,868 Visual recovery begins weeks to months after 
onset and may precede the resolution of the disc swelling. 
Intravitreal and periocular steroid injection may aid resolu-
tion of disc swelling and improve vision.869,870 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 insufficient to cause 
impaired nerve function. In the setting of bilateral disc  
swelling, it is important to distinguish this condition from 
papilledema.

(39%) vs 5/18 (28%)) improved after intravenous treat-
ment in the Bascom Palmer series.716 However, this differ-
ence was not statistically significant, and as alluded to 
earlier, the advantages of intravenous over oral treatment 
are controversial.797,798 Visual recovery without steroid treat-
ment is rare.816

Relationship between polymyalgia rheumatica and tempo-
ral arteritis. It is possible they represent the same rheuma-
tologic disorder, except 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 corticos-
teroid treatment.716 The best treatment regimen, i.e., low-
dose versus high-dose corticosteroids or some alternative 
medication, for preventing ophthalmic complications in 
polymyalgia rheumatica and in cases of temporal arteritis 
without previous ocular symptoms has not been estab-
lished.818–822 Patients without cranial symptoms can develop 
them at any time in the course of their polymyalgia 
rheumatica.823

Posterior ischemic optic neuropathy (PION)
Posterior ION, presumably due to infarction of the retrolam-
inar optic nerve, should prompt a thorough systemic workup. 
Sadda et al.824 have suggested dividing patients with poste-
rior ION into three groups: those with giant cell arteritis, 
those with perioperative vision loss, and finally those with 
only vasculopathic risk factors. In contrast to non-arteritic 
AION, non-arteritic 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. Hayreh825 reported a series of patients 
and emphasized the importance of excluding giant cell 
arteritis, the high prevalence of central field defect and the 
potential benefit of steroid treatment. In eyes with non-
arteritic PION, 34% experienced improvement in vision, 
28% remained stable, and 38% worsened. Carotid artery 
disease and stroke history were both associated with 
increased risk of poor final visual outcome.824 Inflammatory 
conditions, such as lupus and polyarteritis nodosa, and 
infectious causes, including herpes and varicella zoster, have 
been reported in association with PION.826,827 Sickle cell 
disease has also been reported as a cause.828 Neuroimaging 
is also required to exclude the sudden presentation of a 
compressive mass lesion such as pituitary apoplexy or an 
ophthalmic artery aneurysm.

Migraine has also been reported as a cause of posterior 
ischemic optic neuropathy.829 One series identified diabetes, 
hypertension, and carotid stenosis as risk factors for PION,830 
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 
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Compressive optic neuropathies

Compressive lesions can be predicted by their typical pres-
entation with slowly progressive visual loss and optic nerve 
atrophy. Although less common, compressive optic neu-
ropathy should still be considered in patients with acute 
vision loss, and in addition most individuals with unex-
plained vision loss should undergo MRI scanning to exclude 
this potentially treatable cause.

Etiology. Compressive optic neuropathy can result in the 
setting of benign or malignant neoplasms, contiguous sinus 
(mucocele) lesions or osseous process (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 they are the result of infiltrative processes or from 
tumor metastases. Table 5–15 summarizes the important 
causes of compressive optic neuropathy.

Symptoms. Ophthalmic and non-ophthalmic symptoms 
generally evolve subacutely or insidiously (Table 5–16). 
Sudden vision loss can be superimposed on a chronic com-
pressive problem such as: hemorrhage into a lymphangioma 
(chocolate cyst) or in a pituitary tumor (apoplexy), expan-
sion of a cystic lesion as with craniopharyngioma, rapid 
enlargement of a parainfectious lesion such as a mucocele, 
and, finally, rapid expansion of an aneurysm. Other associ-
ated symptoms are outlined in Table 5–16.

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 (Fig. 
5–56), or swollen. Nerve fiber loss can be detected and moni-
tored using OCT (Fig. 5–56). Optic disc swelling can result 
from compression and axoplasmic stasis, elevated intracra-
nial pressure or direct nerve infiltration. Compression will 

Table 5–15 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
Nontumor 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

Table 5–16 Common ophthalmic and non-ophthalmic 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

Non-ophthalmic
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 5–55. Appearance of the optic nerve in acute diabetic papillopathy. 
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 pan-retinal photocoagulation.

result in optic nerve head swelling only when the lesion is 
intraorbital. It is not a consequence 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 compressive optic neuropathy 
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Figure 5–56. A,B. Optic nerve appearances in compressive optic neuropathy from a paraclinoid meningioma. The patient had symptoms and visual field 
loss in the left eye only. Disc pallor is mild OD (A) but more prominent OS (B). C. Ocular coherence tomography (OCT) demonstrates nerve fiber layer (NFL) 
thinning (OS) on both a thickness plot (top row) and the line graph (bottom row). Note the thinner (less red and pink) NFL of the left eye compared with the 
right eye (top row). In the line graph of the left eye, the NFL thickness (dashed line) dips into the red and yellow zones. OCT can be used to confirm and 
follow NFL loss in patients with compressive lesions.

except with large subfrontal meningiomas and with massive 
lesions that compress the third ventricle and cause obstruc-
tive hydrocephalus. When a large frontal lobe lesion com-
presses one optic nerve with resultant ipsilateral optic 
atrophy and elevates intracranial pressure to cause contral-

ateral papilledema, this is the Foster Kennedy syndrome (see 
Chapter 6).871 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 



166

PART 2 Visual loss and other disorders of the afferent visual pathway

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 chronically 
elevated intracranial pressure or direct nerve compression.

A B

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 MRI scan of the orbits demonstrating an optic nerve glioma in the left orbit. The intraorbital 
portion (solid white arrow) of the left optic nerve exhibits fusiform enlargement and enhancement, while the intracranial portion (white open arrow) is only 
slightly thickened, but also enhances.

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 from a  
combination of Wallerian (ascending or beginning at the 
cell body) axonal degeneration, demyelination, and axonal 
dysfunction.

Diagnostic studies/neuroimaging. The diagnosis of com-
pressive lesions of the anterior visual pathways requires neu-
roimaging. The best modality for the orbits and brain is an 
MRI scan with fat saturated orbital views and gadolinium 

enhancement. This technique offers excellent views of the 
globe, optic nerve head, optic nerve, optic nerve sheath, 
extraocular muscles, and orbital apex. It is far superior to CT 
scanning in the evaluation of the intracranial portion of the 
optic nerve, the chiasm, and the cavernous sinus. CT scan-
ning serves an ancillary role and is helpful in evaluating bony 
changes, tumor calcification, and paranasal sinus disease.

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 dis-
cussed 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).872 The disc may be 
swollen or pale and secondary strabismus often accompa-
nies 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 is involved.873 Rare 
ophthalmic complications include congenital glaucoma 
with buphthalmos (“ox eye”), central retinal vein occlusion, 
iris rubeosis with neovascular glaucoma, and ocular ischemic 
syndrome.

Demographics. Most patients present in childhood, before 
age 10. About one-quarter (range 10–70%, depending on 
series) of the patients with optic nerve and chiasmal gliomas 
have neurofibromatosis (NF) type 1.874 In contrast, about 
8–30% of patients with NF-1 develop anterior visual pathway 
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gliomas,875,876 and in approximately half of this subset, 
there is no associated visual loss.877,878 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 typically 
reveals fusiform enlargement, kinking, and enhancement of 
the optic nerve (Fig. 5–58).879,880 MRI is preferred over CT in 
this setting because of its superiority in evaluating the pos-
sibility of intracranial extension. At the time of detection 
about half of the tumors already exhibit chiasmal involve-
ment.881 The diagnosis is generally a clinical and radio-
graphic 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 “pseudo CSF” sign are typical of NF-1-associated 
gliomas.882,883 In our experience, bilateral optic nerve enlarge-
ment without chiasmal involvement is virtually pathogno-
monic 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 
necrosis. Occasionally proliferation of arachnoid around the 
tumor may simulate a meningioma.

Clinical course. The clinical course is highly variable. Most 
tumors grow only very slowly and may have self-limited 
growth. Many patients with tumors confined to the orbit will 
maintain good vision and in some rare instances even 
improve spontaneously.872 Alvord and Lofton881 projected, 
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.884,885 However, the first case was exam-
ined with CT scanning only, and it is possible that 
microscopic infiltration of the chiasm in the initial study was 
missed. Using modern generation gadolinium-enhanced 
MRI, with thin, high-resolution sections through the chiasm 
and proximal optic nerve, we have yet to see any patient with 
an optic nerve glioma with unequivocal sparing of the 
chiasm at presentation who later developed chiasmal 
involvement. Visual-evoked responses correlate with MRI 
findings and may be a reasonable noninvasive adjunct for 
following these patients.886

Treatment. It cannot be overemphasized that, in younger 
children, an optic nerve tumor is amblyogenic. Therefore, in 
children under age 8 with monocular vision loss from an 
optic pathway tumor, part-time occlusion therapy (patch-
ing) of the unaffected eye is recommended under the direc-
tion of a pediatric ophthalmologist.887 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 
scanning are performed to exclude clinical or radiographic 
progression, and treatment is usually not given in patients 
with NF-1 unless radiographic progression or visual loss has 
occurred.888 Either is an indication for more aggressive treat-
ment, and options include chemotherapy, radiation, or sur-
gical removal of the tumor. Chemotherapy with vincristine 
and carboplatin would be first-line treatment in any child, 
while radiation of the optic nerve tumor would be the option 
only if this or other chemotherapeutic regimens were inef-
fective. In some instances tumor bulk and proptosis may 
improve with chemotherapy. Although the long-term prog-
nosis for maintaining vision is good when radiation is given, 
there may be unacceptable associated endocrinologic and 
neurologic side-effects.888 These complications are discussed 
in more detail in the glioma section in Chapter 7. Therefore 
radiation is now rarely used as a first-line treatment.

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 (1) the proptosis is severe 
and cosmetically unacceptable or (2) when the tumor 
appears on serial scanning to be encroaching upon a previ-
ously uninvolved chiasm.889,890 The procedure requires a 
combined approach by an orbital surgeon to excise the 
intraorbital portion, and a neurosurgeon, via craniotomy, to 
remove the intracanalicular and intracranial portion. 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.891,892 Patients 
often have disc swelling (Fig. 5–59), and the fundus appear-
ance may mimic that of venous stasis retinopathy.893,894 
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 dien-
cephalon (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 diagnosis  
is made.

Involvement of the chiasm is discussed in Chapter 7.

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 men) and are  
usually unilateral. Bilateral and multifocal cases occur in 
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Figure 5–59. Glioblastoma of the optic nerve presenting with (A) disc swelling and (B) peripheral retinal hemorrhage secondary to central retinal vein 
compression and subsequent venous stasis. Axial (C) and coronal (D) T1-weighted MRI with gadolinium shows thickening and enhancement of the optic 
nerve (white arrows). Three months later there is extensive growth of the tumor seen on axial (E) and coronal (F) T1-weighted MRI scan with enhancing 
tissue (arrows) extending into the surrounding brain parenchyma.

neurofibromatosis type 2 (NF-2).895,896 In children the condi-
tion is rare and often associated with a more malignant 
tumor and NF-2.897

Pathology and growth characteristics. The tumors arise 
from meningothelial cells in the arachnoid villi. Optic nerve 
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.898

Neuro-ophthalmic symptoms and signs. Patients usually 
present with slowly progressive vision loss, and other visual 
complaints include double vision, transient visual obscura-
tions, and gaze-evoked amaurosis.899–901 On occasion they 
are aware of headache or notice proptosis.

Patients have moderate to severe acuity loss with 15–50% 
having better than 20/40, and 20–60% having less than 
20/200 acuity.899–901 Dyschromatopsia is usually present, 
and visual field defects commonly seen include central 
scotomas, enlarged blind spots, and generalized constric-
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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 radiographi-
cally (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 radio-
graphic 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,530 sarcoid infiltration, 
and lymphomatous and carcinomatous meningitis. All of 
these conditions present much more rapidly than ONSM 
and are more likely to be associated with pain.

Clinical course. The natural history of these tumors is 
characterized by insidious progression, sometimes to com-
plete 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.905 Fortunately, intracranial extension of optic nerve 
sheath meningioma is quite rare.

Treatment. In the rare equivocal case, biopsy is required 
to establish the diagnosis. This is recommended only in an 
eye with poor vision after serial lumbar punctures to exclude 
inflammation and neoplasm were normal, and after steroids 
failed to improve vision.

The mainstay of management for optic nerve sheath men-
ingioma is radiation therapy.901,906–908 This modality is gener-
ally reserved for adult patients with salvageable vision. 
Several reports over the last several years have uniformly 
demonstrated the benefit of radiation in either improving 
vision, visual fields, and disc swelling or at least halting 
visual loss.909–922 If visual function is good, better than 20/40 
with mild field loss, for example, then observation alone can 

tion. The optic disc almost always appears abnormal as 
about half the patients have optic atrophy and half have disc 
swelling.899–901 Optociliary collateral vessels are present in 
15–33% of patients and are commonly seen in both swollen 
and atrophic nerves.645 Most patients have measurable 
proptosis.

Diagnostic studies/neuroimaging. Neuroimaging is usually 
diagnostic, showing diffuse, tubular optic nerve enlargement 
(Figs 5–60 and 5–61). On CT, calcification (Fig. 5–60) or a 
“tram track sign,” referring to two parallel lines along the 
length of the nerve, are often seen.880,900 MRI is now the 
procedure of choice to identify and determine the extent of 
ONSM (Fig. 5–61).902,903 The tumor is isointense with brain 
on T1 and T2 images and smoothly enhances with gadolin-
ium.904 Often the MRI will show the tumor to be separate 
from the optic nerve proper on coronal views, and exquisite 

E F

Figure 5–60. CT scan of optic nerve sheath meningioma. Axial CT scan 
without contrast shows thickening and calcification of the left optic nerve 
(arrow).

Figure 5–59. Continued
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Figure 5–61. Magnetic resonance (MR) imaging of optic nerve sheath meningioma. A. Sagittal T1-weighted MR image showing diffuse sheath enlargement. 
Enhancement is clearly seen (black arrow), and the nerve widens (white arrow) toward the orbital apex. B. Axial, T1-weighted MR image 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.

A B

Figure 5–62. Magnetic resonance (MR) imaging of optic canal meningioma. Diffuse enhancement (arrow) is seen on the axial (A) and coronal 
(B) T1-weighted MR images with gadolinium.

be used until progression is documented. Radiation therapy 
can be offered when vision loss progresses.

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,899 
although radiation has been shown to be of some benefit in 
these instances.923 The potential benefit of surgery, however, 
is much greater in ONSM than in surgical decompression 
(not necessarily excision) of meningiomas arising secondar-
ily from sphenoid wing and paraclinoid meningiomas.924,925
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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 5–17). 
Suprasellar, tuberculum sellae, parasellar, and sphenoid 
wing meningiomas can also cause optic neuropathy, but 
because suprasellar and tuberculum sellae meningiomas 
more commonly 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 meningiomas. 
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 supe-
rior 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-
ficient to make the diagnosis of skull based meningiomas 
(Fig. 5–63) and therefore biopsy is rarely needed. MRI fea-
tures include isointense, smoothly enhancing masses  
(Figs 5–63 and 5–64) with dural tails (Fig. 5–64).

Treatment and visual outcome. The clinical course is 
usually one of chronic progression. Older patients with only 

Table 5–17 Specific neuro-ophthalmic presentations in 
meningiomas at the base of skull1119

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

mild to moderate symptoms, who are not necessarily good 
surgical candidates, can be observed with serial visual fields 
and MRI scans. Patients who are found to have an intact 
nerve fiber layer (NFL) on OCT have a more favorable prog-
nosis for vision recovery than those with demonstrable pre-
treatment thinning of the NFL.926 Currently chemotherapy is 
not generally used to treat meningiomas although previous 
reports suggested that progesterone receptor antagonists 
may be useful.927,928 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 improve-
ment of vision, and this is the procedure of choice in patients 
well enough to undergo craniotomy.924,925,929–936 Unfortu-
nately in these same series up to 25% of patients worsen 
after surgery, and mortality rates are as high as 10%. Unroof-
ing and decompressing the optic canal may be particularly 
important in restoring vision.934,937 Radiation has been 
shown in one series to improve vision,923 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.938

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. Berry aneurysms typically arise 
from pre-existing 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.939 It is the large or giant aneurysms 
that are generally associated with compression of the ante-
rior 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 particu-
lar, aneurysms in the supraclinoid region characteristically 
present with a nasal scotoma.940 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.941 MRI (Fig. 
5–65), magnetic resonance angiography, or computed tom-
ography angiography are the initial procedures of choice in 
patients suspected of having an aneurysm, but the gold 
standard for diagnosis is formal cerebral angiography. Radi-
ographic features of aneurysms in this area are reviewed in 
Chapter 7.

Clinical course/treatment. The natural history of these 
lesions is generally unfavorable, as many untreated  
patients later develop subarachnoid hemorrhage, blindness, 
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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 sphenoidale 
meningioma. A smoothly enhancing mass (open arrow) contacts the 
chiasm-left optic nerve junction (solid arrow). C. Coronal, T1-weighted, 
gadolinium-enhanced MRI of paraclinoid meningioma (open arrow) 
encroaches upon the optic nerve (solid arrow).

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 
demonstrating an aneurysm (solid arrow) in contact with the left optic 
nerve (open arrow).

dementia, or homonymous hemianopia.942 Treatment of 
aneurysms in this area is either surgical or endovascular,942–944 
and is reviewed in more detail in Chapter 7. Vision loss as 
a complication of surgery for these aneurysms has been 
reported.945
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field progression but had higher pressures in the past. The 
term “burned-out” glaucoma has often been applied to these 
patients. Finally, perhaps the most interesting 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 scan in 
patients with LTG.955,956 While this observation supports a 
vascular, non-intraocular-pressure-related theory for the eti-
ology of low tension glaucoma, most patients studied with 
LTG behave much more like patients with primary open 
angle glaucoma and elevated intraocular pressure than 
patients with “vascular optic neuropathies” such as ION. 
Slow and relentless progression over years (non-episodic 
visual loss) is the rule with relatively symmetric 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 in high 
tension glaucoma. There is still sufficient overlap with high 
pressure glaucoma to make the two entities, in most situa-
tions, 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 consid-
ered, but alternative causes of optic neuropathy are more 
likely. 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, and (3) glaucoma complicated by episodic or 
rapidly progressive vision loss.

Alternative causes of acquired cupping of the optic nerve 
include anterior visual pathway compression by meningi-
omas, craniopharyngiomas, pituitary adenomas and aneu-
rysms.38,957 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.958

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, finally, 
(4) pallor beyond the cupping of the optic nerve, i.e., the 

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.946,947 However, Jacobson demonstrated 
that contact between the carotid artery and optic nerve or 
chiasm is seen in 70% of asymptomatic patients.948 True 
compression by a dolichoectatic artery significant enough to 
produce vision loss is relatively rare.646

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.949 Fibrous 
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 Apert’s950 and Crouzon’s951 syndrome, is believed 
to result not from bony compression but from elevated 
intracranial pressure. Because not all cases develop papille-
dema prior to optic atrophy, the exact mechanism is 
unclear.952

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 compli-
cated. Since making this separation is critical in order to 
avoid missed diagnoses and unnecessary treatment, these 
two common scenarios will be reviewed.

Low or normal tension glaucoma (LTG)
LTG is a condition in which glaucoma-like field defects, 
optic nerve head cupping, and normal intraocular pressures 
are present. The prevalence of LTG varies in large series of 
glaucoma patients from 7–70%.953 In the Baltimore Eye 
Survey, 16.7% of glaucomatous eyes never had a recorded 
IOP greater than 21 mmHg, the usual upper limit of 
normal.954 There is now ample evidence that central corneal 
thickness affects pressures as measured by applanation. 
Before intraocular pressures are declared normal, the central 
corneal thickness should be measured with ultrasonographic 
pachymetry. Eyes with thin corneas may have artifactually 
low pressures. LTG probably includes several different 
subsets of patients. Some patients have unrecognized 
(undocumented) elevated intraocular pressure or have sec-
ondary causes of glaucoma that are currently inactive such 
as uveitis, intermittent narrow angle or traumatic angle 
recession. Some patients have normal pressures with visual 
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vision loss in the setting of glaucoma should also be evalu-
ated 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.960,961 The proposed mechanisms include 

nerve rim is pale, especially nasally (Fig. 5–66). In Bianchi-
Marzoli et al.’s series957 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 neuropathy. All others had reduced acuity, dyschro-
matopsia, or an afferent pupillary defect. Other clinical fea-
tures more commonly seen in compressive lesions, for 
instance, and less frequently associated with LTG include 
presentation under age 50, symptoms of decreased vision, 
and fluctuating vision. In another series,959 acuity worse than 
20/40 was another feature more associated with cupping due 
to an intracranial mass lesion.

Evaluation. Our workup of atypical patients would include 
an MRI scan of the brain and orbits with gadolinium, syphi-
lis 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.

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 focally atrophy and cupping. Workup of 
these patients is generally unrevealing, but screening for vas-
culitis (ESR, ANA, RF) is indicated as well as careful blood 
pressure monitoring for episodes of systemic 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 compressive lesion. Any 
patient who reliably describes sudden or rapidly progressive 

A B

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 (arrows), the intact neuroretinal rim is pale (open arrow) (pallor beyond cupping) in a patient with nonglaucomatous optic neuropathy.

Figure 5–67. Cupping of the optic nerve associated with a splinter 
hemorrhage at the disc margin.
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ischemic 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.962–965 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 diag-
nosis. Although MRI scanning (Fig. 5–68) might reveal thick-
ening 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.966 Reported primary neoplasms include breast, 
lung, stomach, and pancreas.967,968 In 20% of patients the 
primary site is unknown.966 Ophthalmoscopically there may 
be a visible mass invading the optic nerve head (Fig. 5–69). 
Vascular compression may result in a central retinal vein 
or artery occlusion.969 Alternatively, the fundus acutely may 
be normal if the metastasis is situated more posteriorly, 
and the clinical scenario may mimic retrobulbar optic  
neuritis. Radiographically the optic nerve may exhibit  
fusiform enlargement, like an intraorbital optic nerve  
meningioma or glioma.969–971 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 neuropathy may result from metastases to the bony 
optic canal.972

Other neoplasms of the optic disc
Capillary angiomas are fleshy appearing lesions of the optic 
nerve head (Fig. 5–70). These benign vascular tumors can 
present de novo or in patients with von Hippel–Lindau 

barotrauma and ischemia related to transient elevation in 
intraocular pressure during the procedure.

Optic neuropathies associated  
with cancer

A history of cancer in a patient with neuro-ophthalmic 
symptoms raises important diagnostic considerations. 
Several important entities must be considered in patients 
with vision loss or eye movement problems. The secondary 
effects of cancer are typically the result of local invasion, 
metastases, or the consequences of asthenia. The direct 
effects of cancer on the eye, its adnexa, and the central 
nervous system are well known. Primary ocular malignan-
cies, secondary tumors (metastatic and direct extension 
from adjacent structures) as well as parasellar tumors 
(primary and secondary) cause vision loss because of dis-
placement or compression of the eye or optic nerve. In the 
past two decades, unusual instances of organ failure, not 
resulting from the direct affect of cancer on the organ, have 
been recognized in patients with cancer and have been col-
lectively termed paraneoplastic syndromes. These syn-
dromes not only present diagnostic challenges but also 
provide insight into the biological 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, 
trigeminal, and acoustic nerves. Common primary tumors 
metastasizing to the meninges include breast and lung. 
Optic neuropathy in these patients can mimic posterior 

A B

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 (arrow) of the intracranial right optic nerve can be seen.
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A B

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).

A B

Figure 5–70. Capillary angioma of the disc. A. Color fundus photograph of the left 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.

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.973,974 Severe visual loss and malignant transformation 
can occur but are uncommon.975,976

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 meningi-
tis.977,978 In this setting lymphoma causes vision loss by direct 
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Chapter 4) is the most common type of paraneoplastic 
process causing vision loss, rare cases of paraneoplastic optic 
neuropathy have been described.

Paraneoplastic optic neuropathy (PON) has been reported 
in patients with carcinoma of the lung.988–994 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. Spontane-
ous visual recovery and improvement on steroids have been 
observed. Many patients have a concurrent paraneoplastic 
cerebellar syndrome characterized by dysarthria and 
ataxia.992,993 Neuropathologic examinations have demon-
strated simultaneous involvement of the brain stem with 
findings typical of paraneoplastic encephalomyelitis. Based 
on histopathologic demonstration of perivascular lym-
phocytic infiltration, gliosis, and demyelination of the optic 
nerves, the condition is thought to be inflammatory and 
might be more accurately termed paraneoplastic optic 
neuritis.989–993

The most frequently identified paraneoplastic antibody  
is CV2/CRMP-5.995–1000 In the paraneoplastic syndrome 
associated with this antibody, an optic neuropathy with disc 
swelling, retinitis, and vitreous cells may occur. 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.999 The most frequent 
tumors identified include small cell carcinoma of the lung 
and thymoma. The syndrome sometimes responds to treat-
ment of the underlying malignancy along with corticoster-
oids 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.1001–1003 It is 
believed to result from cumulative damage to glial cells and 
vascular endothelial cells1004 and typically occurs 18–36 
months after a total dose of 50 Gy. Optic nerve dysfunction 
results from microvasculopathy and occlusive endarteritis 
with subsequent optic nerve ischemia. There may also be a 
component of direct neuronal demyelination and degenera-
tion 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. RON occurs most 
frequently with irradiation of pituitary adenoma (incidence 
less than 0.5%),1005 but has been documented with treat-
ment 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 in 
addition to conventional external beam irradiation.1006,1007 
Gamma knife radiation doses of up to 8 Gy to the optic 
nerve are associated with an approximately 2% risk of radia-
tion optic neuropathy.1008

The differential diagnosis of RON includes recurrent 
tumor, secondary empty sella syndrome with sagging of the 

invasion via the pial septae.979 Lymphoma can also present 
as a mass lesion in the orbit,980 and MRI can demonstrate 
abnormal optic nerve enhancement.977 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.981

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 (Figs 5–71 and 4–33).982 Optic 
neuropathy usually accompanies other manifestations of 
central nervous system involvement. MRI scans typically 
demonstrate optic nerve enhancement, but they may be 
normal so a high clinical suspicion must exist.983 Histopatho-
logic studies reveal direct infiltration of the optic nerve via 
pial septae.984,985 Vision loss results from vascular compro-
mise or chronic axoplasmic stasis from swelling. Patients 
with chronic lymphocytic leukemia have been reported to 
have a more insidious course with progressive visual field 
loss associated with optic atrophy.986 Careful consideration 
should be given to the possibility that vision loss is a con-
sequence of chemotherapy as opposed to leukemic infiltra-
tion, particularly in patients treated with vincristine.987 
Radiation is the mainstay of treatment for patients with 
progressive vision loss and optic nerve involvement from 
leukemia and lymphoma.

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 crossreacts with a host (nontumor) antigen. Although 
paraneoplastic retinopathy (photoreceptor dysfunction, see 

Figure 5–71. Leukemic optic neuropathy as evidenced by massive disc 
swelling, a peripapillary hemorrhage, and venous distension and tortuosity. 
Retinal infiltration in the same patient is depicted in Fig. 4–33.
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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 scanning the optic 
nerves may appear slightly swollen but otherwise normal on 
unenhanced studies, and usually demonstrate focal contrast 
enhancement with T1-weighted Gd-DTPA images (Fig. 5–73). 
The enhancement may resolve after the acute phase of visual 
loss.1009 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 are success-
ful. 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 radia-
tion optic neuropathy with mixed results.1010–1016 Heparin 
followed by prolonged coumadinization has been used suc-
cessfully in the treatment of cerebral radionecrosis, myelopa-
thy, and plexopathy.1017 Although there are some anecdotal 
reports of its success in treating RON,1018 the role of antico-
agulation is uncertain.

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 Lessell1019 are summarized in Table 5–18. These entities 
are uncommon but are considered frequently in the differ-
ential diagnosis of unexplained vision loss. Care must be 
taken to distinguish these conditions from hereditary optic 
neuropathies, retinopathies, 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 

Figure 5–72. Fundus appearance in acute radiation optic neuropathy 
associated with disc swelling.

A B

Figure 5–73. Axial (A) and coronal (B), T1-weighted, gadolinium-enhanced magnetic resonance imaging of the optic nerves in a patient with bilateral 
radiation induced optic neuropathy following radiation treatment of a sinus tumor. Both optic nerves (arrows) in their intracranial portions enhance with 
gadolinium. Visual loss progressed over weeks, and ultimately the patient had no light perception in both eyes despite hyperbaric oxygen and 
anticoagulation.

chiasm, optic nerve and chiasmal arachnoiditis, and  
radiation-induced parasellar tumors. In fact, tumor recur-
rence 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 com-
pletion of radiation therapy with a peak incidence at 1–1.5 
years. Vision loss from optic neuropathy can either 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 
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Table 5–18 Diagnostic criteria for toxic and nutritional 
optic neuropathies1019

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

Figure 5–74. Ophthalmoscopic appearance in B12 deficiency. There is 
temporal pallor of the optic nerve head, nerve fiber drop-out in the 
papillomacular bundle (short thick arrows), and rake-like defects in the nerve 
fiber layer (single thin arrow).

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 neuropa-
thies typically arise in individuals who are malnourished, 
have a malabsorption problem, or are involved in a wide-
spread epidemic limiting adequate nutrition.1020

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 
antiparietal 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 con-
dition, subacute combined degeneration of the spinal cord, 
can develop. In this setting, patients develop both a periph-
eral neuropathy with numbness, tingling, and decreased 
deep tendon reflexes, and leg weakness with extensor plantar 
responses from myelopathy. The second setting is in patients 
with a previous history of partial or complete removal of the 
stomach or ileum, rendering them unable to absorb B12. The 
third setting, simple lack of B12 in the diet as might occur 
with a strict vegan or an extremely finicky eater, is the rarest. 
Finally, repeat exposure to nitrous oxide may produce 
vitamin B12 deficiency by inactivating cobalamin.

A 1959 review identified 29 cases of B12 optic neuropathy 
in the world literature, suggesting the condition is very 
rare.1021 Although several cases have been added, the modern 
literature still contains few such cases.1022 Patients present as 
outlined above with slowly progressive vision loss with dys-
chromatopsia and centrocecal scotomas. The optic nerve 
may be normal or may demonstrate pallor and nerve fiber 
defects (Fig. 5–74). Vision loss may precede the recognition 
of the anemia or the other neurologic symptoms.1021 Visual-
evoked response abnormalities have been found in patients 
without visual symptoms.1023 MRI scan may show focal 
demyelination of the optic nerve.1024 The diagnosis is con-
firmed by low serum B12 levels or elevated methylmalonic 
acid or homocysteine,1025 both of which require B12 for their 
metabolism. Treatment is with parenteral hydroxycobala-
min, and with prompt therapy, vision loss may be 
reversible.

Optic neuropathy has been shown in primate studies to 
be the result of demyelination involving the papillomacular 
bundle.1026,1027 The pathogenesis remains unclear, but may 
result from build-up of toxic levels of cyanide (especially in 
cigarette smokers) or improper fatty acid synthesis leading 
to myelin dysfunction. Rizzo1022 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, and riboflavin (B2) have 
all been suggested causes of optic neuropathy. Deficiency in 
thiamine typically results in beri beri or Wernicke’s encepha-
lopathy. Vision loss in prisoners of war is one purported 
example of thiamine optic neuropathy, as their visual defi-
cits improved with thiamine supplementation.1028 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 relationship estab-
lished between the deficiency state and optic neuropathy. 
However, certain drugs like isoniazid bind pyridoxine, and 
the toxicity of this drug has been attributed to altered pyri-
doxine 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. 
These are not important causes of nutritional amblyopia, 
and their causative role in the development of optic neu-
ropathy remains suspect.

Tobacco–alcohol amblyopia
The most commonly recognized nutritional or toxic  
optic neuropathy may actually be a combination of both a 
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with tropical amblyopia was reported by Osuntokun and 
Osuntokon.1045 Two hundred and eighty-eight patients with 
ataxia and optic neuropathy were examined. Other features 
included peripheral neuropathy and decreased hearing. An 
unusual feature was the presence of peripheral field constric-
tion without central defects in most patients. The role of 
poor nutrition and the ingestion of cassava (cyanide source) 
was unclear. Jamaican optic neuropathy is similar although 
the condition tends to affect teenagers and is unaccompa-
nied by other neurologic symptoms.1046 Similar pathogenic 
mechanisms have been considered including a genetic 
defect, treponemal infection, nutritional defects, and toxic 
by-products in homemade “bush teas.” A similar syndrome 
has been described in patients in Tanzania.1047

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 meta-
bolic acidosis. Patients are typically inebriated, then within 
18–48 hours develop headache, dyspnea, vomiting, abdom-
inal pain, and bilateral visual blurring. Visual symptoms 
initially may be transient. Patients may have ingested metha-
nol in a suicide attempt or as an inadvertent contaminant in 
homemade alcohols. Benton and Calhoun1048 reported the 
largest series of patients (n = 320) who ingested methanol 
as a contaminant of bootleg whiskey.

The acute optic disc edema is indistinguishable from 
papilledema. Disc swelling has been demonstrated in experi-
mental methanol poisoning in monkeys,1049 and results 
from axoplasmic stasis secondary to demyelination and axo-
plasmic obstruction.1050 The pathogenesis of these changes 
is presumed to be a histotoxic anoxia occurring in a vascular 
watershed.1050 Although the majority of the damage is 
believed to result from demyelination of the retrolaminar 
optic nerve,1050,1051 electrophysiologic studies suggest addi-
tional widespread photoreceptor and Mueller cell dysfunc-
tion.1052 Treatment is aimed at the acidosis and includes 
dialysis and intravenous ethyl alcohol, which interferes with 
methanol metabolism. Morbidity is high, and the prognosis 
for visual recovery is poor. Optic atrophy develops and can 
be accompanied by cupping.958

Ethambutol. Ethambutol causes a dose-related optic neu-
ropathy and was recognized as an optic nerve toxin soon 
after its introduction as a treatment for tuberculosis. In one 
large series of 800 patients taking ethambutol, 1.5% devel-
oped a toxic optic neuropathy.1053 The toxicity is thought to 
result from its chelating properties. 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.1054 Chiasmal-type central 
bitemporal field loss may also occur. Vision loss is not 
accompanied by other neurologic symptoms. Doses less 
than 15 mg/kg/day are thought to be safe, but in patients 
taking between 15 and 25 mg/kg/day visual symptoms gen-
erally develop over a period of months.1054,1055 More severe 

nutritional 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.1029–1032 Patients typically complain of an insidi-
ously progressive loss of central vision and dyschromatop-
sia. Acute changes in the appearance of the fundus have been 
described and include peripapillary dilated vessels and 
hemorrhages.1033,1034

The exact role of the nutritional component and the toxic 
effects of alcohol are debated. Patients often under-report 
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 vision. Cyanide intoxication may play a role as 
well. Similar conditions can occur in patients who abuse 
either alcohol or tobacco. Histopathologic evaluation has 
shown prominent loss of both papillomacular bundle nerve 
fibers as well as diffuse nerve fiber loss.1035

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 they are unsuccessful, recovery  
may result if a nutritious diet with B vitamin supplemen-
tation (including hydroxycobalamin parenterally) is insti-
tuted.1029,1031 Since tobacco–alcohol amblyopia is a diagnosis 
of exclusion, mimickers such as compressive and Leber’s 
hereditary optic neuropathy1036 should be ruled out.

Cuban and tropical optic neuropathies
An epidemic of optic neuropathy with features similar to 
toxic and nutritional optic neuropathy occurred in Cuba. 
Numerous reports characterized these patients, who devel-
oped optic and peripheral neuropathies.1037–1044 Between 
1991 and 1993, epidemic optic and peripheral neuropathy 
affected more than 51 000 people in Cuba. A study by Cuban 
and US investigators characterized and identified risk factors 
for the optic neuropathy.1041 In 123 patients with severe 
optic neuropathy, prominent clinical features included  
subacute loss of vision with field defects, dyschromatopsia, 
optic-nerve pallor, and decreased vibratory and temperature 
sense in the legs. Tobacco use, particularly cigar smoking, 
increased the risk of optic neuropathy. High dietary intakes 
of methionine, vitamin B12, and riboflavin reduced the risk. 
They concluded that the epidemic of optic and peripheral 
neuropathies in Cuba between 1991 and 1993 appeared to 
be linked to tobacco use and the malnutrition caused by 
Cuba’s economic situation. Some have suggested a role for 
mitochondrial mutations, in particular the mutations associ-
ated with Leber’s hereditary optic neuropathy, but this 
remains controversial.1038–1040,1044 Improvement in visual 
symptoms occurred with the initiation of vitamin supple-
mentation in the population.1043

Other groupings of possible toxic and/or nutritional optic 
neuropathies include tropical amblyopia and Jamaican optic 
neuropathy. The pathogenesis of these conditions remains 
unproven, and they may be the same condition or even  
a hereditary optic neuropathy. The largest series of patients 
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Table 5–19 Other drugs (not discussed in detail in the text) which 
can cause toxic optic neuropathy1019–1121

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 arabanoside 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

Ethylene glycol Acute vision loss, disc swelling, 
similar course to methanol-induced 
optic neuropathy

Fludarabine Encephalopathy

Hydrogen sulfide Blindness and reduced hearing

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

Toluene Industrial exposure, reversible

Vincristine Demyelination, also ophthalmoplegia 
and cortical blindness

and irreversible vision loss has been reported in patients 
treated with ethambutol for renal tuberculosis.1056 Dyschro-
matopsia (particularly for green) and loss of contrast sensi-
tivity are reported to be early signs of visual loss.1057 OCT 
measurements of the nerve fiber layer can be used to follow 
patients and may predict recovery in the setting of normal 
measurements.1058,1059 Some visual improvement typically 
occurs with discontinuation of the drug but abnormalities 
in the visual fields and contrast sensitivity may persist.1060 
Older patients may be less likely to recover.1061

Amiodarone. An optic neuropathy with disc swelling very 
similar to anterior ischemic optic neuropathy has been 
reported in patients taking the anti-arrhythmia drug amio-
darone.1062–1071 Debate still exists as to whether this is a true 
toxic optic neuropathy caused by amiodarone versus ordi-
nary ischemic optic neuropathy. Most evidence for the con-
dition comes only from case reports, and the only prospective 
study of over 800 patients taking amiodarone suggested the 
incidence of the condition to be at most 0.1%.1072 The 
patient population taking the drug is likely to be vasculo-
pathic and at risk for ordinary ION, further clouding the 
issue. However, some clinical features may distinguish  
amiodarone-associated optic neuropathy from ION.1070 For 
instance, visual loss may be insidious over months, often 
with bilateral simultaneous involvement of the eyes, and is 
usually less severe than in ordinary ION.1062,1064,1073,1074 The 
disc swelling may last for months, and some recovery can be 
associated with discontinuation of the drug.1066 Abnormal 
lamellar inclusions in optic nerve axons have been identified 
on histopathologic study.1063

Halogenated hydroxyquinolines. Halogenated hydroxy-
quinolines have been implicated in the development of 
myelopathy and optic neuropathy (subacute myelo-optic 
neuropathy; SMON). The drug was used to prevent diarrhea 
when traveling and for other gastrointestinal symptoms. 
The condition has largely been reported in Japan.1075 
Patients develop optic atrophy with severe vision loss which 
may be partially reversible with discontinuation of the 
drug.

Tumor necrosis factor-α inhibitors. Optic neuritis has been 
reported as a complication of TNF-α inhibitors used to treat 
juvenile idiopathic1076 and rheumatoid arthritis.1077 It is not 
certain whether the optic neuritis was caused by the drugs 
or whether the vision loss occurred as a result of the underly-
ing disease.

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 multi-
ple drug regimens for chemotherapy and bone marrow 
transplantation are associated with optic neuropathy, and 
the specific cause cannot be identified.1078 Interferon-α used 
to treat hepatitis as well as certain cancers may be associated 
with an ION-like optic neuropathy. The optic neuropathy is 
often bilateral and may recur after the drug is restarted.1079–1083 
The list of other drugs reported to cause toxic optic neuropa-
thy is long and is summarized in Table 5–19. The table does 
not describe every reported optic nerve toxin but supple-
ments the discussion above with some of the more com-
monly 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. Hippocrates may have been the first to recognize this 
condition when he identified the phenomenon of acute and 
delayed vision loss after injuries placed to and slightly above 
the brow. In truth he may have identified patients with  
traumatic glaucoma or cataracts, but he clearly highlighted 
the brow as the point of impact. It is now recognized that 
the brow and other facial eminencies are most frequently the 
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(Fig. 5–76).1090 Patients need not have loss of consciousness, 
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 
traumatic optic neuropathy is uncertain but likely multifac-
torial. 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 
Gross1091 have shown that forces to the facial eminencies are 
focally manifested around the optic foramen. The combina-
tion 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 compression from edema within 
the optic canal.

Diagnostic studies/neuroimaging. Optic canal fractures 
are identified in only approximately one-third of patients 
(Fig. 5–77), and therefore identification of a fracture is not 
necessary for the diagnosis.1090 Coronal CT images are best 

site of impact in patients with posterior indirect traumatic 
optic neuropathy (TON) (see below).

Traumatic optic neuropathy 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.1084,1085 Indirect injuries are caused by forces that are 
transmitted to the optic nerve from the globe and orbit. 
Examples of this type include posterior indirect traumatic 
optic neuropathy, which is discussed in more detail below, 
and optic nerve avulsion. The latter may occur with only 
minor damage to the front of the eye if it is rotated force-
fully, causing separation of the optic nerve as it exits the 
globe.1086 Ophthalmoscopically, avulsion is often accompa-
nied by intraocular hemorrhages, which may preclude 
viewing the nerve head (Fig. 5–75).1087,1088 The visual prog-
nosis following optic nerve avulsion is poor.1089 Also recog-
nized are a traumatic form of ischemic optic neuropathy and 
optic nerve dysfunction due to optic nerve sheath or orbital 
hemorrhages.

Posterior indirect traumatic  
optic neuropathy
Posterior indirect traumatic optic neuropathy is traumatic 
loss of vision that occurs without external or initial ophthal-
moscopic evidence of injury to the 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. It is 
estimated that 2–5% of patients with head injuries have 
TON, and therefore, based on the incidence of head injuries, 
there are four or five cases of TON/100 000 population  
per year. Frontal blows are most common and one study 
showed a high rate in patients involved in falls from bicycles 

Figure 5–75. Fundus appearance of acute optic nerve avulsion after 
penetrating orbital trauma. Hemorrhage and retinal whitening secondary to 
disruption of blood flow to the eye are seen. (Courtesy of Nicholas 
Mahoney, MD, and Alexander Brucker, MD).

Figure 5–76. Location of typical trauma near the brow in indirect 
traumatic 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.
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optic nerve.1101 Results from the Corticosteroid Randomiza-
tion after Significant Head Injury (CRASH) Study suggest 
that high-dose steroids are associated with increased mortal-
ity when given in the context of head injury.1102,1103 The 
mortality rate following the injury was 21.1% in the steroid 
group and 17.9% in the placebo group, refuting previous 
smaller studies that reported improved survival following 
steroid treatment for head injury.

Experimental work is currently being conducted to 
examine the ability of N-methyl-d-aspartate receptor antago-
nists, lazaroids, or 21-aminosteroids with and without 
vitamin E analogs, calcium channel blockers, and GM1 gan-
gliosides to prevent lipid peroxidation and free radical 
damage in nerve tissue. These compounds may some day 
prove to be effective medical treatments of TON.

Both transcranial and extracranial surgical decompression 
of the optic canal have also shown promise. Uncontrolled 
and retrospective studies have demonstrated an approxi-
mately 70% improvement rate in patients who have extra-
cranial surgery performed via a transethmoidal trans-
sphenoidal route.1093,1104–1107 Endoscopic approaches are also 
available. The complication rate is very low with no major 
morbidity or death. However, since the carotid canal sits 
next to the optic canal, this procedure should not be per-
formed by inexperienced surgeons. Optic canal decompres-
sion is indicated when there is radiologic 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 fractures, or in patients with 
vision loss that deteriorates while on 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.

In general, we often choose observation and discourage 
any treatment beyond moderate doses of steroids in most 
cases.1108 This is particularly true in any patient in whom 
diagnostic ambiguity exists (simultaneous globe injury or 
limited examination secondary to cooperation). Each insti-
tution should try to identify a team including a (neuro-)
ophthalmologist, neuroradiologist, and otolaryngologist to 
care for patients with traumatic optic neuropathy.
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Optic disc swelling: 
papilledema and other causes

The distinction between papilledema (disc swelling secondary to increased 
intracranial pressure), disc swelling associated with optic neuropathy, and 
disc elevation due to pseudopapilledema will be reviewed first. Then, the 
fundus appearance of papilledema, the associated visual loss and its mecha-
nisms, and the differential diagnosis in and evaluation of patients with 
papilledema will be discussed. Conditions associated with papilledema will 
then be covered, with the greatest emphasis placed on diagnosis and man-
agement of a relatively common non-tumor cause of papilledema, pseudo-
tumor cerebri.

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 pres-
sure, and the two conditions most commonly mistaken for it are disc swell-
ing 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.1–3

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 pseudopapilledema, 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.4 Papilledema, 
on the other hand, is more frequently 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.

Pseudopapilledema
Pseudopapilledema (or pseudo-disc edema) is the term used to describe 
optic nerve variants or abnormalities that mimic papilledema  

 Part 2  Visual loss and other disorders of the afferent visual pathway
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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

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

ophthalmoscopically, including congenital anomolies,5 
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 longstanding, painless, and frequently unno-
ticed by the patient. The diagnosis may be aided by serial 
dilated fundus examinations and review of stereo disc pho-
tographs; 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 
which 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 pres-
ence of spontaneous venous pulsations obviously favors 
pseudopapilledema although their absence does not always 
indicate true papilledema. In addition, discs with true 
papilledema will leak during fluorescein angiography, in 
contrast to those with pseudopapilledema, which tend not 
to leak or show only late staining.1 Discs with pseudopapil-
ledema often have nerve fiber-related field defects, so visual 
field testing cannot be used to separate pseudopapilledema 
from true papilledema.

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 
identified ophthalmoscopically (Fig. 6–2). If they are buried 

(between the surface and the lamina cribrosa), as they 
usually are in childhood, they may simple elevate the optic 
nerve head. Drusen are often associated with an anomalous 
retinal artery branching pattern which includes a spoke- 
like appearance secondary to trifurcations of the first  
order vessels.8 The disc generally takes on a yellowish 
appearance.

On occasion suspected drusen can be more easily seen if 
the disc is retroilluminated. To perform this technique a spot 
or beam of light from the direct ophthalmoscope or slit 
lamp is focused 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 peri-
papillary pigmentary disruption or hyperpigmentation.  
On occasion drusen-associated hemorrhages are related  
to a peripapillary subretinal neovascular membrane.9 
In rare instances, papilledema may be superimposed  
upon underlying pseudopapilledema due to optic nerve 
head drusen.10

Optic disc drusen are thought to consist of intracellular 
axonal debris which accumulate throughout life because of 
a defect in axonal metabolism.11,12 A small scleral canal is 
thought to cause this defect,13 but this is uncertain.14 They 
are present in approximately 0.3–2.0% of the population, 
and in about two-thirds of cases are bilateral.15 Some 
instances are familial, inherited presumably in an autosomal 
dominant fashion with incomplete penetrance.16,17 Rarely 
they are associated with angioid streaks and retinitis pig-
mentosa,16,18 but there are no other established systemic 
associations.6

If optic disc drusen are suspected but cannot be defini-
tively identified ophthalmoscopically, then a diagnostic 
workup may confirm their presence. They may autofluoresce 
when photographed through a fluorescein filter (without 
dye injection) (Fig. 6–2).19,20 The most predictable way to 
confirm a diagnosis of disc drusen is combined A and B scan 
ultrasonography.6,15,21,22 This technique may demonstrate 
disc elevation secondary to highly reflective material. Com-
puted tomography (CT) scan with axial sections through the 
nerve globe junction may also reveal calcifications secondary 
to drusen (Fig. 6–2).

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 
intra- and peripheral retinal hemorrhages; (2) ocular hypo-
tony;23 (3) intraocular inflammation (e.g. uveitis); (4) dia-
betic papillopathy; (5) optic perineuritis (idiopathic or due 
to syphilis, for instance); (6) intrinsic optic disc tumors,24 
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 
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A B

C D

Figure 6–1. A. Normal optic disc. Disc swelling associated with (B) elevated intracranial pressure (papilledema), (C) anterior ischemic optic neuropathy, 
and (D) optic neuritis.

cell dyscrasia,25 or sarcoidosis, for instance; (9) high alti-
tudes;26 and (10) malignant hypertension—the associated 
disc swelling had been previously related to elevated cere-
brospinal fluid (CSF) pressure; however, more recent experi-
mental and clinical observations have suggested that an 
ischemic optic neuropathy may also be responsible.27–29 
Disc swelling due to malignant hypertension is frequently 
accompanied by cotton-wool spots in the retina, and  
macular serous retinal detachment and lipid star forma-
tion.30 Many of these entities 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 axoplas-
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A B

C

Figure 6–2. A–C. Features associated with optic nerve head drusen. 
In (A), the round “tapioca-like” drusen are visible at the optic nerve 
head. Note the vessels pass over the nerve head without being obscured, 
a hallmark of pseudopapilledema. In (B), through a fluorescein filter, 
autofluorescence of the drusen seen in (A) is demonstrated, while 
in (C), calcification (arrows) at the optic nerve heads can be seen on CT.

mic stasis in the prelaminar portion of the optic nerve (Fig. 
6–4).31 This causes axonal swelling which is observable oph-
thalmoscopically as a swollen optic disc.32

Early and acute papilledema
Early disc swelling associated with elevated intracranial pres-
sure appears first superiorly and inferiorly, then nasally, and 
finally temporally (Fig. 6–5). This pattern follows the relative 
thickness of the nerve fiber layer, in descending order, at 
different locations around the optic disc.27 Elevation of the 
nerve fiber layer obscures the underlying vessels and blurs 
the disc margins (Fig. 6–5c–e).

Usually, the development of papilledema requires at least 
1–5 days of persistently elevated intracranial pressure.27 
However, sudden rises in intracranial pressure, caused by  

an acute subarachnoid or intraparenchymal hemorrhage  
for instance, occasionally may result in papilledema that 
develops rapidly within hours.33 Selhorst et al.34 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 sec-
ondary to the nerve fiber swelling. Compression of capillar-
ies and venules on the disc cause venous stasis and dilation, 
formation of microaneurysms, and disc and peripapillary 
radial hemorrhages. The disc becomes hyperemic because of 
the capillary dilation. Cotton wool spots represent ischemic 
areas within the nerve fiber layer (Fig. 6–5). Compression 
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A

C

B

Figure 6–3. Other examples of pseudopapilledema include (A) a tilted 
disc, (B) a congenitally small, crowded disc with anomalous vessels and 
absence of a central cup, and (C) a disc with myelinated nerve fibers.

A

B

Figure 6–4. Drawing depicting histologic sections of normal optic nerve 
(A) and papilledema (B). Note the papilledema is characterized by 
axoplasmic stasis in the prelaminar portion of the optic nerve.
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E

Figure 6–5. 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 from pseudopapilledema 
is often difficult. Acute papilledema (B) is characterized by venous dilation, 
disc elevation, blurring of the disc margin, and peripapillary hemorrhages 
(seen superiorly in this photo). 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/subacute papilledema (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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of the central retinal vein can lead to retinal venous engorge-
ment and tortuosity28 and disappearance of spontaneous 
venous pulsations, which are pulse-related dilations and 
contractions of large venous branches in or overlying the 
disc. The best place to look for spontaneous venous pulsa-
tions is within the central cup of the disc and where the veins 
bend. Spontaneous venous pulsations are most evident in 
patients with deep and large cups. The presence of spontane-
ous venous pulsations implies the intracranial pressure is 
less than 180 mm H2O at the time of viewing.35 However, 
the absence of spontaneous venous pulsations does  
not imply elevated intracranial pressure, for as many as  
10% of the normal population may not have them in  
either eye.35,36

Grading systems for papilledema have been devised,37 but 
more commonly descriptive terminology is used.38 The term 
mild papilledema refers to slight disc elevation with some 
or no peripapillary hemorrhages. High-grade or florid 
papilledema is characterized by severe disc elevation with 
cotton-wool spots, peripapillary hemorrhages, and venous 
engorgement (Fig. 6–5). The degree of papilledema is 
usually symmetric in both eyes, but asymmetric39 and even 
unilateral40–43 papilledema may occur. A subarachnoidal 
meshwork within the optic canal can act as an incomplete 
barrier to transmission of CSF pressure between the intrac-
ranial vault and anterior optic nerve.44,45 Anatomic differ-
ences in this meshwork may account for asymmetric 
papilledema as well as interpersonal variation in disc swell-
ing with the same CSF pressure. Alternatively, Lepore39 pro-
posed age-related changes in the lamina cribosa 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 swell-
ing, but intact portions can46,47 (see Foster Kennedy syn-
drome, below).

Chronic papilledema
Table 6–2 compares the features of acute and chronic papille-
dema. The disc takes on a “champagne-cork” appearance 

Table 6–2 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

(Fig. 6–6) 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. 6–7) and peripapillary subretinal neovasculariza-
tion.48,49 The collateral vessels form when decreased flow 
through the central retinal vein causes compensatory dila-
tion of pre-existing communications between retinal and 
ciliary venous circulations.48

Figure 6–6. “Champagne-cork” appearance of chronic papilledema. 
The whitish, glistening areas on the optic disc head represent gliosis and 
extruded axoplasm. Note conspicuous absence of peripapillary 
hemorrhages.

Figure 6–7. Peripapillary “high-water marks” (white arrows) indicative of 
previous retinal elevation associated with papilledema. Lipid exudate is 
visible near the white arrows on the left side of the photograph. The black 
arrow at 8 o’clock at the optic disc points to a venous collateral vessel.
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A B

Figure 6–8. Examples of chronic atrophic papilledema. A. Pale swollen disc due to long-standing, untreated obstructive hydrocephalus (see corresponding 
MRI in Fig. 6–15E). Note blood vessel narrowing. B. Gliotic, pale, swollen disc with collateral (“shunt”) vessels due to pseudotumor cerebri and non-
compliance with treatment and follow-up.

Atrophic papilledema
When swollen nerve fibers die, the disc atrophies and swell-
ing becomes pale and less prominent (Fig. 6–8). Arterial 
branches, especially peripapillary, become attenuated.

Treated papilledema
If the elevated intracranial pressure is treated prior to 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 elevation because of gliosis (secondary disc pallor)  
(Fig. 6–10).50

Foster Kennedy syndrome
Foster Kennedy51 described patients with ipsilateral 
disc pallor, secondary to optic nerve compression, and con-
tralateral papilledema. Pre-existing optic atrophy precludes 
the development of papilledema, because there are no fibers 
to swell.31 Classically, the culprit lesion in Foster Kennedy 
syndrome is a subfrontal mass, typically a meningioma, 
which compresses the ipsilateral optic nerve, causing disc 
atrophy. If the lesion is large enough to cause elevated intrac-
ranial pressure, papilledema results in the contralateral eye 
only, owing to the ipsilateral nerve atrophy (Fig. 6–11). Bilat-
eral optic nerve compression is another possible mecha-
nism.52 Non-tumor causes, resulting in pseudo-Foster 
Kennedy syndrome, are actually more common.53 One 
example is consecutive anterior ischemic optic neuropathy, 
characterized by new ischemic disc swelling in one eye 
accompanied by longstanding 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 6–3). For instance, in severe disc swelling, fluid 
may extend to the macula by dissecting between the axons 
of the nerve fiber layer.31,54 Macular edema is difficult to see 
with a direct ophthalmoscope but is more readily visible 
using biomicroscopy and best demonstrated with optical 
coherence tomography (see below).55 Retinal or choroidal 
folds,56 lipid (hard exudate) stars,57 hemorrhages,58 and 
pigment epithelial and photoreceptor 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 proposed mechanism for choroidal 
folds in papilledema.59,60 Shortening of the globe’s axial 
length or flattening of the posterior pole may also account 

Table 6–3 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 pseudotumor cerebri: A. right eye; B. left eye. Six months after medical treatment the disc swelling has completely 
resolved: C. right eye; D. left eye.

for the association between intracranial hypertension, 
papilledema, folds, and acquired hyperopia.61,62 Choroidal 
folds actually occur in Bruch’s membrane.63

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  
diameters away from the optic nerve head or in the sub-
hyaloid and vitreous spaces.64 Rarely, hemorrhages are due 
to peripapillary subretinal neovascular membranes, seen 
best on fluorescein angiography.65,66 When these membranes 
extend towards the fovea, photocoagulation may be indi-
cated.67 Venous stasis retinopathy68 and central69 or branch70 
retinal 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 
treatment, 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 had been present,71 or circumpapillary “high-water” 
marks delineating the prior extent of peripapillary retinal 
elevation caused by disc swelling (Figs. 6–7 and 6–12c); in 
contrast these retinal abnormalities may require months or 
years to resolve. Unfortunately subretinal neovascular mem-
branes and associated subretinal hemorrhages may cause 
irreversible visual loss.72
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Figure 6–10. Papilledema has resolved, but the disc is pale and gliotic, 
in a patient with permanent vision loss. The edge of the disc is still slightly 
elevated in a “heaped-up” fashion (secondary disc pallor).

Fluorescein angiography, echography, 
optical coherence tomography and 
other optic nerve imaging techniques  
in papilledema

These modalities aid in the diagnosis and sometimes the 
follow-up of papilledema.

Fluorescein angiography. Hayreh27 has detailed the typical 
fluorescein angiographic findings associated with papille-
dema. In the retinal arterial phase, fluorescence may be 
absent when disc swelling is severe enough to delay the prela-
minar circulation. During the retinal arteriovenous phase, 
dilated capillaries, microaneurysms, and flame-shaped hem-
orrhages 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.

Ultrasound. Ultrasonography is used frequently in our 
practice to help distinguish papilledema from pseudo-
papilledema, particularly when optic disc drusen are sus-
pected. 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”).73 However, increased 
subarachnoid fluid is non-specific and may be seen in optic 
neuritis, optic nerve trauma, and compressive optic neuropa-
thy. Furthermore, caution in its interpretation must be 
applied, as echography is extremely operator dependent.

Optic nerve and retinal imaging. Optical coherence tom-
ography (OCT) may demonstrate increased retinal nerve 

fiber layer thickness in papilledema.74,75 This finding on 
OCT has been shown to correlate with mean deviation on 
computerized perimetry, and its resolution with visual  
field improvement.76 Whether OCT can readily distinguish 
papilledema from pseudopapilledema is uncertain.77 
Johnson et al.,78 however, demonstrated thickening of the 
nasal nerve fiber layer and an increased subretinal hypo-
reflective space in optic disc edema extending further from 
the disc than in pseudopapilledema.

Laser scanning tomography, using the Heidelberg retinal 
tomograph (HRT), can quantify the degree of change in 
papilledema.79–81 It has been suggested that tomography 
measurements correlate with CSF opening pressures81 and 
visual field deficits.82

Visual deficits associated with 
papilledema and their mechanism

Visual loss due to papilledema is for the most part related 
to optic nerve head dysfunction.83 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.84 It is less certain whether ischemia or axoplasmic 
stasis causes axonal dysfunction. Rapid improvement in 
vision following optic nerve sheath decompression suggests 
axoplasmic stasis plays at least some part,85 but cases with 
frank optic nerve ischemia have been documented as well.86 
Pre-existing anemia or hypertension may be associated with 
more severe visual loss, perhaps by aggravating optic nerve 
head ischemia.48,87

Blind spot enlargement is commonly associated with 
papilledema (Fig. 6–13). The etiology is either mechanical 
displacement and folding of the peripapillary retina or a 
refractive scotoma caused by relative hyperopia due to peri-
papillary retinal elevation.88 Nasal defects (especially inferi-
orly89) are also common initially, in part because the 
temporal arcuate bundles are densest, and hence more sus-
ceptible to axoplasmic stasis and compression.84 Further 
involvement of nerve fibers leads to arcuate defects then field 
constriction (Fig. 6–13).48,90 Once sufficient nerve fiber layer 
loss develops, central visual acuity loss results.48 Central 
visual defects and metamorphopsia in acute papilledema are 
uncommon, but when they occur are almost always due to 
retinal processes affecting the macula (see above).

Visual field testing
Computerized threshold perimetry of the central 30 degrees 
of vision (static targets, Humphrey 30-2 program), although 
lengthy and tedious, in most instances is a good objective 
and reproducible test for patients with papilledema.91 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 perimetry92 is more appropriate for patients with 
significant visual loss and those who are less cooperative, 
such as children. However, automated perimeters are more 
widely available, and because of the advantages outlined 
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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) demonstrates 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.

above, most patients with papilledema should be tested, 
and, if necessary, followed with serial threshold field exami-
nations. Finger confrontation methods and tangent screen 
examinations are too insensitive to detect subtle visual loss.93

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 associ-

ated with more minor field deficits than high-grade, florid 
papilledema.48,94 Furthermore, at presentation, a normally 
shaped and colored disc without swelling should be associ-
ated with a normal visual field.

Transient visual obscurations
These are uni- or bilateral episodes 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 
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Figure 6–12. Retinal abnormalities associated with papilledema. A. Disc swelling is associated with macular edema (delineated by small arrows) and a lipid 
star (large open arrow). B. Circumferential folds (arrow). C. The left fundus in an individual with pseudotumor cerebri who had had severe visual loss 
associated with florid papilledema with macular edema and a lipid star similar to 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. Papilledema and macular (large arrow) and peripapillary (small arrows) lipid deposition due to Lyme meningitis.

smoke”-like phenomenon that lasts for a few seconds. Likely 
they result from transient ischemia at the optic nerve head.95 
Transient visual obscurations do not correlate with intracra-
nial pressure, extent of visual loss, or severity of disc edema.96 
They have also been reported in patients with other condi-
tions causing optic nerve swelling or elevation.95

Differential diagnosis in patients  
with papilledema

Table 6–4 outlines causes of papilledema, and groups them 
according to frequency. A history of seizures, unilateral 
motor or sensory findings on examination, reflex asymme-
try, or extensor plantar reflexes suggests a mass or other focal 
lesion. A sudden onset of severe headache, altered menta-
tion, and neurologic deficits would be consistent with an 
acute intracranial hemorrhage. In a young female who is 
overweight or has a history of recent weight gain, and who 
has papilledema and a normal neurological examination, 
pseudotumor cerebri is a likely possibility. Limb weakness 

might suggest a spinal tumor or demyelinating polyneuro-
pathy. Hypertension should be excluded. Special consid-
erations in children are discussed below.

Evaluation of the patient  
with papilledema

In patients with papilledema, we recommend urgent  
neurological evaluation and neuroimaging (magnetic  
resonance imaging (MRI) or computed tomography (CT) 
with contrast) to rule out an intracranial mass lesion, hemor-
rhage, hydrocephalus, or venous thrombosis (Table 6–5). MR 
venography97 should be requested as well when venous clot 
is suspected. MR angiography may be ordered if a dural 
arteriovenous malformation 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.91 If 
neuroimaging reveals a venous thrombosis, it is still helpful 
to measure the opening pressure, and in these patients, as 
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strongly suggests pseudotumor cerebri. CSF pleocytosis with 
or without elevated protein suggests meningitis. Bloody CSF 
or xanthochromia implies an intracranial hemorrhage, even 
if the neuroimaging 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.100 
Papilledema, 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 antibiotics can be given, then neuroim-
aging performed prior to a lumbar puncture. However, the 

well as those with pseudotumor cerebri, the LP often allevi-
ates 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. Normal CSF opening pressure in an adult is less than 
250 mm H2O.98 In children the range for a normal CSF pres-
sure is less certain,99 but a pressure above 280 mm H2O 
should be considered abnormal.466 CSF measurements 
should also include at least those for protein, glucose, cell 
count and differential, gram stain, culture, cryptococcal 
antigen, and India ink. Papilledema, normal neuroimaging, 
elevated CSF opening pressure but normal CSF constituents 

A B

C
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Figure 6–13. Examples of Humphrey (threshold) 30-2 computerized perimetry demonstrating (A) typical enlarged blind spot, (B) infranasal constriction, and 
(C) diffuse constriction due to papilledema associated with pseudotumor cerebri. The grayscale plots the central 30 degrees of vision. D. Goldmann (kinetic) 
visual field typical for visual loss associated with papilledema due to pseudotumor cerebri. Enlarged blind spot, inferior nerve fiber bundle defect, and 
infranasal constriction are present. (A, B, and D from Galetta SL et al. Neurol Clin 1996;14:201–222, with permission.)
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Table 6–4 Causes of papilledema, according to frequency

Common Uncommon
Intracranial mass lesion
Pseudotumor cerebri
Hydrocephalus
Intracranial hemorrhage
Venous thrombosis/obstruction
Meningitis

Dural sinus 
arteriovenous 
malformation

Obstructive sleep apnea
Guillain-Barré syndrome
Chronic inflammatory 

demyelinating 
polyneuropathy

Spinal cord tumors
Craniosynostoses
Non-accidental injury

Table 6–5 Evaluation of patients with papilledema. See text 
for details

 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, e.g. to suggest a mass lesion

Body habitus (overweight female suggests pseudotumor 
cerebri)

 III. Neuro-ophthalmic examination
Including careful visual field testing looking for field defects 

associated with papilledema
 IV. Neurological examination

Evidence of mental status abnormalities, focal neurological 
abnormalities, or long tract signs suggest a mass lesion

Fever and stiff neck suggest meningitis
 V. Neuroimaging

Magnetic resonance imaging (MRI) or computed tomography 
with contrast to exclude a mass lesion or hydrocephalus

MRI-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, e.g.: 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

absence of papilledema should not be used to rule out ele-
vated intracranial pressure.

Papilledema in children

Much of the differential diagnosis of papilledema in chil-
dren overlaps that of adults, but there are some special con-
siderations in younger age groups. Of the patients seen by 

the neuro-ophthalmology service at the Children’s Hospital 
of Philadelphia, the most common cause of papilledema is 
a brain neoplasm, and pseudotumor cerebri is the next most 
frequent. Other commonly seen etiologies are meningitis 
(particularly Lyme), aqueductal stenosis, venous thrombo-
sis, craniosynostoses, and non-accidental injury.

Papilledema may be less frequent in infants because the 
cranial sutures have not closed, allowing the cranial vault to 
expand in response to elevated intracranial pressure.101 
However, in cases where the pressure is exceedingly high  
or when it elevates rapidly, papilledema is still possible.24 
A bulging anterior fontanelle and enlarging head size  
are better indications of elevated intracranial pressure in this 
age group.

Craniosynostosis associated with Crouzon or Apert syn-
drome, for instance, refers to the premature closure of the 
cranial sutures. If brain growth exceeds that of the skull, 
elevated intracranial pressure and papilledema may result. 
Serial fundus examinations are important in the monitoring 
of these patients before or after craniofacial procedures.102 
The papilledema is usually chronic, and untreated cases can 
suffer from blindness.103

The most common ocular finding in non-accidental 
injury (child abuse, shaken-baby syndrome, battered-child 
syndrome, etc.104) is retinal hemorrhages in any layer of the 
retina.105,106 While papilledema is seen in only 5% of such 
cases,107 it usually indicates an accompanying subdural 
hematoma.24 In these unfortunate instances, other evidence 
of non-accidental trauma, such as ecchymoses, fractures, or 
burns, should be sought.108

Mass lesions

Although papilledema is an excellent sign of elevated intrac-
ranial pressure, the absence of disc swelling does not neces-
sarily 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 department,109 
only 28% had papilledema. Van Crevel110 studied the rela-
tionship between papilledema and brain tumors, and sug-
gested that disc swelling is less likely if the patients were 
older, because age-related cerebral atrophy may allow for 
greater tumor expansion without causing elevated intracra-
nial pressure, and also if 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 com-
pression and non-communicating hydrocephalus, may be 
more likely to present with papilledema (65% in one pedi-
atric series101).

Two types of cerebral neoplasms, gliomatosis cerebri and 
leptomeningeal primitive neuroectodermal tumors, deserve 
particular mention, as they may mimic pseudotumor cerebri 
(see below). Affected patients may present initially with 
papilledema, elevated CSF opening pressure with normal 
constituents, and normal neuroimaging. However, subse-
quent mental status changes and neurologic deterioration 
are inevitable with these tumors, and MRI at this point will 
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likely demonstrate the characteristic infiltrative lesions of the 
cerebral hemispheres, brainstem, or leptomeninges.111,112

Cerebral hemorrhage

The types of intracranial hemorrhages associated with 
papilledema include aneurysmal or arteriovenous malfor-
mation (AVM)-related subarachnoid hemorrhage, acute sub-
dural hematoma, and intraparenchymal hemorrhage. CT 
scanning is better than MRI at identifying the presence and 
location of acute blood. Hemorrhagic or xanthochromic CSF 
can confirm a subarachnoid hemorrhage, and formal angi-
ography should be performed when an aneurysm or AVM is 
suspected. CT or MR angiography 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 above, acute rises in intracranial pressure associ-
ated with intracranial hemorrhages may result in the devel-
opment of papilledema within hours. However, for unclear 
reasons, papilledema due to subarachnoid or intraparenchy-
mal hemorrhage occurs only in a minority of patients, 
despite the presence of elevated intracranial pressure. Papille-
dema occurred in only 16% in one series of patients with 
ruptured aneurysms.113 Therefore, normal optic nerve 
appearance should not be the sole criterion to exclude the 
presence of elevated intracranial pressure.114

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).115 In prospective 
series,116–119 intraocular hemorrhages occurred in 17–28% 
of adults with subarachnoid hemorrhages, but it was incon-
sistent as to whether 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 abuse.120

Preretinal hemorrhages in Terson syndrome usually  
occur between the temporal vascular arcades and can char-
acteristically layer out. When present, vitreous hemorrhages 
can prevent adequate visualization of retinal hemorrhages. 
Severe, sudden rises in intracranial pressure can be transmit-
ted to the optic nerve,121,122 and Garfinkle et al.116 suggested 
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. 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 pres-
sure without subarachnoid hemorrhage (Fig. 6–14).

In Schultz et al.’s study,115 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 surgery123 might be reserved for 
young children with immature visual systems at risk for 
amblyopia and adults with bilateral involvement.

Trauma

In one study,34 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 patients with chronic subdural 
hematomas.34

Meningitis

Patients with infectious meningitis can develop papilledema 
and sixth nerve palsies associated with elevated intracranial 
pressure. Infectious etiologies include bacteria (e.g. pneumo-
coccus), Lyme borrelia, tuberculosis,124 and cryptococcus, for 
instance. When basilar meningitis causes obstructive hydro-
cephalus, shunting is usually required.125

Of the patients with Lyme meningitis, papilledema and 
sixth nerve palsies seem more common in children affected 
with the disorder.126,127 In fact, the most common mimicker 
of pseudotumor cerebri (see below) in children with normal 
imaging in our experience is Lyme meningitis. Almost all 
patients do extremely well with resolution of symptoms 
within weeks following treatment with intravenous anti-
biotics such as ceftriaxone, and some evidence suggests oral 
doxycycline may be effective in Lyme meningitis as well.128 
We have added acetazolamide in affected patients until disc 
swelling resolves, but there is no evidence that this is neces-
sary. Several authors129,130 have used the term “pseudotumor 
cerebri due to Lyme disease” in these cases; however, that is 
inappropriate because these patients have abnormal CSF 
contents.

Cryptococcal meningitis is notorious for causing cata-
strophic visual loss associated with disc swelling.131,132 The 
mechanism is due either to the effects of high intracranial 
pressure or to direct optic nerve invasion by the crypto-
cocci.133 In addition to antifungal agents,134 acetazolamide 
can be used in cases with mild visual loss secondary to disc 
swelling.135 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.136

Papilledema due to viral or other causes of aseptic men-
ingitis, such as chemical or drug-induced,137 is much less 
common and was seen in only 2% of patients in one series.138 
Papilledema may occur in patients with elevated intracranial 
pressure due to carcinomatous or sarcoid meningitis, and 
hydrocephalus is the usual cause in these instances.139

Papilledema in association with elevated intracranial 
pressure and idiopathic CSF lymphocytic pleocytosis is well 
recognized140,141 but is a diagnosis of exclusion. In most cases 
the condition is self-limited, but we have treated such 
patients with acetazolamide.
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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. (Photo courtesy of Dr. Darma Ie. From 
Laskowitz D, et al. Neurol Clin N Am 1998;16:323–353, with permission.)  
B, C. Fundus findings in two patients with lymphocytic meningitis and 
elevated intracranial pressure. In B, papilledema with peripapillary 
hemorrhages are accompanied by vitreous hemorrhages, some of which 
have become white while being resorbed (10 o’clock). In C, papilledema 
with peripapillary retinal hemorrhages are accompanied by multiple 
subhyaloid hemorrhages (inferiorly) that have “layered out.”

Hydrocephalus

Obstructive (non-communicating) hydrocephalus results 
from compression of the ventricular system or its associated 
foramina (e.g. Monroe, sylvian aqueduct) (Fig. 6–15). As out-
lined above, common causes included neoplasms, intraven-
tricular or subarachnoid blood, and meningitis. Other 
etiologies which should be considered include congenital 
aqueductal stenosis, myelomeningocele, and in endemic 
areas, cysticercosis.142

In addition to treatment of the primary problem, many 
patients with obstructive hydrocephalus will require a shunt-
ing procedure. Endoscopic procedures, including third ven-

triculostomy, may also be considered in some instances.143 
Papilledema, if present preoperatively, usually resolves  
following successful CSF diversion.144 However, some require 
periodic ophthalmic or neuro-ophthalmic examinations 
because ocular signs may signify shunt failure even in the 
absence of headache, nausea, vomiting, or ventriculo-
megaly.145–148 We treated a girl with a lumboperitoneal shunt 
who complained only of transient visual obscurations. Disc 
swelling and nerve fiber-related visual field defects had 
recurred, and the shunt was found to have malfunctioned.

A post-decompression 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.149 The postulated 
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Figure 6–15. MRI 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 (smaller arrow points to 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 presented with headaches, a sixth nerve 
palsy, and papilledema due to a pinealblastoma (arrow). D. 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 corresponding fundus photo.

mechanism is hypoperfusion to the prelaminar portion of 
the optic nerve, and the visual prognosis is poor.150 Fortu-
nately, we have found this complication to be an uncom-
mon 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.151,152 Some affected patients we 
have followed developed elevated intracranial pressure and 
papilledema, in part due to skull non-compliance, despite 
normal shunt function. Treatment in these cases consisted 
of either acetazolamide or neurosurgical cranial vault  
expansion. In other reports, lumboperitoneal153 and cisterna 

magna-ventricular154 shunting were used. In another subset 
of patients, the ventricles are normal or subnormal in size 
during asymptomatic periods, but when symptomatic with 
headaches, mild ventriculomegaly is evident. Intermittent 
proximal shunt malfunction is the cause in these cases, and 
these individuals respond to proximal shunt revision.155

Pseudotumor cerebri (idiopathic 
intracranial hypertension)

Features common to all patients with pseudotumor cerebri 
are elevated intracranial pressure measured during a lumbar 
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puncture, normal spinal fluid constituents, and neuroimag-
ing which excludes a mass lesion or venous thrombosis. The 
diagnosis is formally established when the modified- 
modified Dandy criteria156,157 are satisfied (Table 6–6). The 
greatest morbidity from this disorder is visual loss related to 
optic disc swelling.

Historically, other terms used for this disorder included 
“otitic hydrocephalus,” because many cases in the pre- 
antibiotic era were associated with mastoiditis and venous 
thrombosis (see below). Foley158,159 coined the term “benign 
intracranial hypertension,” which was also advocated by 
Weisberg160 and even used by more recent authors.161–163 This 
designation should be eschewed, however, because the con-
dition may be associated with severe debilitating visual loss 
in as many as 25% of patients,87,164 and therefore it is not 
always “benign.” Instead, many experts today advocate the 
use of the term “idiopathic intracranial hypertension.”96,165,166 
However, we have found “pseudotumor cerebri,” “pseudo-
tumor,” or “pseudotumor cerebri syndrome”167 more 
descriptive terms and therefore easier for patients (and many 
physicians) to remember. Furthermore, the term “pseudotu-
mor cerebri” is still applicable in situations in which a cause 
is identified (i.e. not idiopathic).

Demographics
In cases which are idiopathic, the patients are almost uni-
formly females in early adulthood and are overweight or 
have a history of recent weight gain. In four large series, 
approximately 90% were women and the mean age was 
27.8–34 years.87,96,168,169 The approximate annual incidence 
of pseudotumor cerebri is 0.9–1.7/100 000 in the general 
population.170–172 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–
21.4/100 000.170–172 Case–control studies168,173,174 confirm 
that obesity and recent weight gain of as little as 5% are more 
common among patients with pseudotumor cerebri than 
among controls. It is uncertain whether there is a racial pre-
dilection for this disorder, as the racial distribution in each 
reported series reflects the makeup of the local population.

When men develop pseudotumor cerebri, they tend to be 
either in a similar age distribution to affected women,  
or slightly older, and they are also usually obese.175–177 
However, when pseudotumor cerebri in a man is suspected, 
the treating physician should be overly meticulous in  
excluding other responsible etiologies (see below). Sleep 

Table 6–6 Modified-modified Dandy criteria156,157 for the diagnosis 
of pseudotumor cerebri

1. If symptoms or signs present, they may only reflect those of 
generalized intracranial hypertension or papilledema.

2. Documented elevated intracranial pressure measured in the 
lateral decubitus position.

3. Normal CSF composition.
4. No evidence of hydrocephalus, mass, structural, or vascular 

lesion on MRI or contrast-enhanced CT for typical patients, 
and MRI and MR venography for all others.

5. No other cause of intracranial hypertension identified.

Table 6–7 Conditions and drugs associated with pseudotumor 
cerebri. Only those which have been proven or are highly likely to 
be associated are listed.

Weight-related
Obesity
Recent weight gain

Medical conditions
Addison’s disease
Anemia
Systemic lupus erythematosus
Withdrawal from chronic corticosteroids

Drugs
Synthetic growth hormone
Tetracycline and related derivatives
Vitamin A related

All trans-retinoic acid (ATRA)
Hypervitaminosis A (vitamin, liver, or isotretinoin intake)

apnea may be more prevalent in men with pseudotumor 
cerebri.177–180

Pseudotumor in children is discussed in more detail at 
the end of this section.

Associated conditions and drugs
Table 6–7 lists the most notable conditions and drugs which 
according to the literature and our experience are associated 
with pseudotumor cerebri, and affected patients satisfy the 
modified-modified Dandy criteria for its diagnosis. More 
comprehensive lists have been published elsewhere.96,157,181

Anemia. Pseudotumor cerebri has been associated with 
several forms of acquired anemia including iron defi-
ciency,182–184 aplastic anemia,185,186 hemolytic anemia,187,188 
and sickle cell disease.189 The mechanism by which anemia 
causes pseudotumor is unclear, but has been theorized to 
result from tissue hypoxia leading to increased capillary per-
meability or abnormalities in hemodynamics leading to 
increased cerebral blood flow (high-flow state).

Steroid withdrawal. Steroid withdrawal (not steroid use) 
is a well-recognized, but infrequently well-documented,  
risk factor,190 most commonly occurring in children on 
chronic corticosteroids for respiratory, renal, or dermato-
logic disorders.164,191 Discontinuation of a short course of 
steroids taken for a few days or weeks is not a risk factor. In 
a related condition, we have seen a patient who developed 
pseudotumor cerebri following removal of a longstanding 
adrenocorticotrophic hormone (ACTH)-secreting pituitary 
tumor (Cushing disease, see Chapter 7).

Synthetic growth hormone. First reported in 1993, there 
have been multiple cases of pseudotumor in children treated 
with recombinant (biosynthetic) human growth hormone 
(GH).99,192 In a large database analysis, the prevalence of 
pseudotumor in the GH-treated population was approxi-
mately 100 times greater than in the normal population.193 
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 pseudotumor in 
this setting.194
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It has been proposed that growth hormone passes the 
blood–brain barrier, acts locally to increase levels of IGF-1, 
which in turn increases CSF production from the choroid 
plexus.195 Furthermore, it seems as though aggressive GH 
dosing places a child at a higher risk of developing pseudo-
tumor; thus, starting hormone therapy at the lowest recom-
mended dose, with prudent gradual titration to higher doses 
if needed has been advised.196 Caution must be applied when 
diagnosing papilledema in a patient with GH deficiency as 
congenital disk anomalies (hypoplasia or small crowded 
discs) may be seen in children with hypopituitarism.197

Tetracycline derivatives. The evidence regarding their role 
in pseudotumor cerebri is convincing.198–203 They are com-
monly prescribed drugs, especially for acne. Gardner et al.198 
reviewed the literature regarding the relationship between 
pseudotumor and tetracycline, and its synthetic relative, 
minocycline. 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. The authors also suggested a combination of other 
factors, including genetic susceptibility. Female gender  
and obesity may predispose some to developing pseudotu-
mor when these medications are used.200 Additionally, there 
have been several cases of pseudotumor occurring in twins 
treated with tetracyclines, and thus it is possible that genetic 
susceptibility may also predispose certain individuals to 
pseudotumor .198

Vitamin A, ATRA, and related compounds. Vitamin A intox-
ication may produce signs and symptoms consistent with 
pseudotumor cerebri. In a prospective study on adults, hyper-
vitaminosis, either secondary to increased levels, altered 
metabolism, or hypersensitivity to vitamin A, was shown to 
be associated with pseudotumor.204 Additionally, in a dou-
ble-blind, randomized, placebo-controlled trial, infants 
given vitamin A supplementation were more likely to develop 
bulging fontanelles than those who did not.205 There have 
been several reports of cases of pseudotumor after acne treat-
ment with isotretinoin (13-cis retinoic acid), a vitamin A 
derivative,206 with or without tetracyclines (discussed 
above).207,208 Combination therapy seems to increase the risk.

In addition, there have also been several reports on the 
development of pseudotumor in patients with acute promy-
elocytic leukemia (APML) treated with all-trans retinoic acid 
(ATRA), a vitamin A derivative.209–216 Several studies have 
shown that children, especially those under 8, are more 
sensitive to the effects of ATRA on the central nervous system 
than adults.209,217 Therefore, it has been suggested that lower 
dose regimens of ATRA should be considered in children to 
avoid potential side-effects such as the development of 
pseudotumor.218

Addison disease. A possible association between papille-
dema and Addison disease (adrenal insufficiency in spite of 
elevated ACTH levels) has been suggested.219,220 Glucocorti-
coid and mineralocorticoid replacement resulted in resolu-
tion of symptoms in two reports,219,220 with one patient 
requiring additional treatment with acetazolamide.219

Systemic lupus erythematosus. Lupus has been described 
as causing pseudotumor cerebri.221,222 The mechanism is 
unclear, but patients may be predisposed because of renal 
insufficiency or a hypercoagulable state.

Questionable and mistaken associations
The literature is replete with purported disease and drug 
associations, but many reported cases must be reviewed 
skeptically because they fail to satisfy the modified Dandy 
criteria. Several authors incorrectly diagnosed pseudotumor 
cerebri, as their patients had abnormal neurologic findings 
including decreased mental status, ataxia, hemiparesis, 
third-nerve palsy, asymmetric reflexes, and extensor plantar 
responses. In some, the CSF profile is abnormal due to pleo-
cytosis or elevated protein. Other reported patients lacked 
either CSF examinations or adequate neuroradiologic 
studies. In others, hypercoagulable states leading to unde-
tected intracranial venous thromboses may have been 
present, and in some reports, the diagnosis of pseudotumor 
was likely to be purely coincidental as no plausible explana-
tion for the association between pseudotumor and the 
described condition could be provided. We mention some 
of the more prominent supposed associations here to 
emphasize that these conditions have not been convincingly 
shown to cause pseudotumor.

Lyme meningitis. Papilledema and elevated intracranial 
pressure can develop in Lyme meningitis, discussed else-
where in this chapter. However, by definition pseudotumor 
cannot be caused by Lyme meningitis, as there are cells in 
the spinal fluid.

Renal failure and transplantation. Purportedly, children 
with impaired renal function may be at higher risk of develop-
ing idiopathic intracranial hypertension.223 It has also been 
suggested that those who undergo renal transplantation may 
also be at greater risk post transplantation.224 In one retro-
spective analysis of children undergoing renal transplant in 
the United Kingdom over an 11- year period, it was claimed 
that 4.4% developed pseudotumor cerebri post transplanta-
tion.225 However, it must be noted that almost all of the 
reported patients were treated with chronic immunosup-
pressive medication, including corticosteroids, and many 
had other risk factors, including obesity and treatment with 
growth hormone, that could have also increased their risk of 
developing pseudotumor.224,226

Mechanism
The cause of pseudotumor cerebri is unclear, but any expla-
nation must account for elevated intracranial pressure with 
normal neuroimaging (without hydrocephalus), CSF con-
stituents, and neurological examinations. Decreased CSF 
absorption by the arachnoid villi is the most likely explanation 
suggested by radioisotope cisternography and other observa-
tions.227–230 However, it is possible that decreased CSF 
absorption is a secondary phenomenon, resulting from com-
pression of the arachnoid villi by elevated intracranial pres-
sure from any cause.231

Abnormal CSF pressure gradients caused by increased 
intracranial venous pressure may also account for decreased 
absorption.161 Elevated intra-abdominal pressure secondary to 
obesity may increase pleural pressure and cardiac filling 
pressure, thereby leading to increased intracranial venous 
pressure and elevated intracranial pressure.232 King et al.233 
performed cerebral venography and manometry in patients 
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serum are transported to the cerebrospinal fluid where 
retinol is toxic to arachnoid granulations, thereby disrupting 
CSF absorption.264,266 Alternatively RBP could alter aquaporin 
expression267 or act as a signaling molecule,268 in either case 
leading to abnormal CSF secretion by the choroid plexus or 
CSF absorption by the arachnoid villi.

In summary, the mechanism is likely to be decreased CSF 
absorption due either to dysfunction at the level of the 
arachnoid villi or to elevated intracranial venous pressures. 
The association of pseudotumor cerebri and so many other 
conditions suggests that these purported mechanisms may 
be the final common pathway, but the inciting factors may 
be multiple.

Presenting signs and symptoms
The frequency of presenting symptoms is likely underesti-
mated in the various retrospective series,48,87,160,169,269 and the 
best data come from a prospective study by Wall and 
George.84 Headache was the most common complaint, 
occurring in 94% of patients in their study. Many had 
related neck stiffness or retrobulbar pain, the latter some-
times exacerbated by eye movements. Seventy-two percent 
reported transient visual obscurations (TVOs). Photopsias 
(54%), diplopia (38%), and visual loss (26%) were less 
frequent ophthalmic complaints. Sixty percent of patients 
complained of a pulsatile intracranial noise, characterized 
either by tinnitus or a “whooshing.” The bruit sounds  
are usually subjective (internal), but occasionally they  
can be auscultated or externally audible.270 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.271 Mentation and level of alertness 
was normal in all patients. There have also been reports  
of patients presenting with gaze-evoked amaurosis (see 
Chapter 9).272

Eye movement abnormalities other than abducens palsies 
are unusual, but third273,274 and fourth nerve dysfunction,275 
internuclear ophthalmoplegia, bilateral ophthalmoplegia,276 
skew deviation, and nystagmus have been reported. Seventh 
nerve dysfunction is also commonly recognized.277 Selky 
et al.278 hypothesized that facial palsies associated with ele-
vated intracranial pressure resulted from brainstem shifts 
leading to stretching and compression of the extra-axial 
facial nerve in the bony facial canal. Cases with hemifacial 
spasm have also been reported.279,280 In addition, trigemi-
nal281,282 and acoustic neuropathies283 have been observed. 
Technically, such patients with ophthalmoplegia and cranial 
nerve dysfunction other than abducens palsies do not satisfy 
the modified Dandy criteria, but in well-documented cases 
no other cause for the elevated intracranial pressure could 
be found.276

Round and Keane284 reviewed the “minor” symptoms of 
elevated intracranial pressure in their patients with pseudo-
tumor cerebri. Neck stiffness, distal extremity paresthesias, 
and low back pain were not uncommon. They hypothesized 
that these symptoms were related to nerve root irritation or 
spinal root pouch enlargement. Joint pains of unclear etiol-
ogy was another complaint described.

with pseudotumor cerebri, and they found consistently ele-
vated venous pressures. In addition, narrowing of the trans-
verse (lateral) sinuses has been demonstrated in many 
patients with pseudotumor cerebri (Fig. 6–16),234 suggesting 
possible abnormalities in venous blood flow. It is unclear 
whether these pressure and anatomical abnormalities are the 
cause or the consequences of pseudotumor, 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.235 
However, the elevated venous pressures236 and sinus narrow-
ing237–239 often, but not always,240 resolve with lowering of 
CSF pressure. This implies that increased intracranial pres-
sure caused the elevated venous pressures241,242 and collapse 
of the walls of transverse sinuses.243

Elevated brain volume secondary to cerebral edema or increased 
cerebral blood volume has also been proposed,244–247 but the 
histologic evidence is less supportive.248 Studies using MRI 
of brain water self-diffusion also suggested increased water 
mobility caused interstitial and intracellular fluid accumula-
tion.249,250 More recent pathologic studies by Wall et al.251 
failed to reveal cerebral edema in two patients, although the 
autopsies were performed 1–2.5 years after presentation. 
Wall et al.251 also reviewed three of the biopsies reported by 
Sahs and Joynt,245 and the authors found no convincing 
evidence of cerebral edema. Increased rate of CSF formation is 
also unlikely,252,253 as choroid plexus papillomas tend to 
cause hydrocephalus.

The association between pseudotumor cerebri and female 
gender and obesity suggests an endocrine basis for the disor-
der. The previously mentioned reports of pseudotumor 
cerebri occurring in corticosteroid-deficient states such as 
Addison disease,220 ACTH deficiency, and following removal 
of an ACTH-secreting pituitary adenoma,254,255 imply an 
abnormality in the adrenal–pituitary axis. Furthermore, cor-
ticosteroids in many instances effectively treat pseudotumor 
cerebri,96 and corticosteroid withdrawal is associated with 
pseudotumor cerebri,190 suggesting that corticosteroids have 
an effect on CSF dynamics. In addition, one study256 sug-
gested patients with pseudotumor cerebri and orthostatic 
edema may have elevated vasopressin levels, leading to fluid 
retention. However, Soelberg Sørensen et al.257 screened a 
series of patients with pseudotumor cerebri and found no 
consistent abnormality in pituitary, gonadal, thyroid, or 
adrenal function.

Hypercoagulable states without obvious dural sinus 
thromboses have been reported in association with and in 
some cases used to explain the mechanism for pseudotumor 
cerebri.258–261 For instance, it has been proposed that patients 
with pseudotumor may have genetic thrombotic risk factors 
that predispose them to microvascular occlusion in the 
arachnoid villi.259 In published cohorts of patients with 
pseudotumor, several individuals were found to have 
antiphospholipid antibodies, hyperfibrinogenemia, or other 
conditions related to thrombosis.258,260,262

Recent studies have shown that both serum retinol 
binding protein (RBP)263 and levels of retinol264,265 and 
vitamin A266 in the cerebrospinal fluid are elevated in those 
with pseudotumor cerebri, as compared to normal controls. 
It has been proposed that excess retinol and RBP in the 
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Figure 6–16. Magnetic resonance imaging (MRI) venogram and MRI findings associated with pseudotumor cerebri. A. MRI venogram, axial view, 
demonstrating narrowing of the left transverse sinus (arrow). B. T2-weighted image shows 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 shows dilated optic nerve 
sheaths (arrows). D and 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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empty sella is thought to result from chronically elevated 
intracranial pressure associated with a congenitally incom-
petent diaphragma sella.295,296 Many patients will have “slit-
like” ventricles,297 but in at least two studies292,298 age-matched 
controls had similar ventricular sizes. Some studies299 have 
suggested sulci effacement on CT scanning is a helpful radio-
logic sign, but we have found this to be an inconsistent 
feature.

Others233,235 have employed venography in the workup of 
their patients with pseudotumor cerebri. Because of the risks 
of the procedure, 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 sus-
pected of having a venous sinus thrombosis (see below). 
Such individuals might include thin females or those with 
mastoiditis, for instance. Commonly seen narrowing of the 
transverse sinuses demonstrated on MR venography was dis-
cussed above.

Cerebrospinal fluid.91 Following normal neuroimaging, a 
lumbar puncture is necessary to rule out meningitis, e.g., and 
to document the CSF opening pressure. When bedside LPs 
are difficult due to patient obesity, fluoroscopically guided 
LPs may be necessary. LPs should not be performed in 
patients with low-lying cerebellar tonsils because of the risk 
of fatal herniation.300

To establish the diagnosis of pseudotumor cerebri, the 
CSF opening pressure should exceed 250 mm H2O, the 
upper limit of normal for most obese and non-obese 
adults.98,301 Approximately 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, monitoring for 1 hour  
with an epidural transducer or subarachnoid bolt may be 
considered,231 but this is rarely done in clinical practice. 
The cell count and glucose should be normal, and the 
protein normal or low. One study302 found an inverse rela-
tionship between CSF opening pressure and CSF protein, 
while another303 refuted this and documented CSF protein 
<20 mg/dl in only 26% of patients. Many patients will enjoy 
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 
below).304

Other imaging modalities. Some authors have advocated 
the use of ultrasonography of the optic nerve305 and confocal 
scanning laser tomography of the optic disc.79–82,306,307 
However, other than confirmation of papilledema, we have 
not found these modalities to add to the clinical examina-
tion, visual field testing, fundus exam, neuroimaging, and 
CSF examination in the diagnosis and management of 
patients with pseudotumor.

Management
While the diagnosis requires a neurologist, the management 
of patient with pseudotumor cerebri also requires the skills 
of an ophthalmologist or neuro-ophthalmologist to assess 
the vision and fundi.165 The initial evaluation of a patient 
with suspected pseudotumor cerebri should include com-
plete ophthalmic and neurologic examinations and compu-

Neuro-ophthalmic findings
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 uncommon,85 except when the 
papilledema is chronic or when there is retinal involve-
ment,285 such as a neurosensory retinal detachment, macular 
lipid exudate, or hemorrhage.58 Most likely, the extent of 
visual loss does not correlate with the frequency of TVOs,84 
but conflicting opinions exist.48 Sudden visual loss can occur 
although oftentimes it seems to be the result of sudden 
awareness, or rarely from acute optic nerve ischemia86 or 
retinal artery occlusion.66,69,70 An uncommon but well-
recognized fulminant presentation can occur, in which 
patients develop acute and severe visual loss over days.85,286

Visual field testing91 is the most sensitive method for 
detecting visual loss in these patients, and the most common 
abnormalities are blind spot enlargement, generalized con-
striction of isopters, and inferior nasal field loss (see Fig. 
6–13).96 Because of reasons outlined above, we prefer to test 
and follow patients with computerized threshold visual 
fields, which tend to be more objective and reproducible. In 
Wall and George’s prospective study,84 96% of patients had 
some abnormality detected on Goldmann perimetry, while 
92% had deficits on computerized testing. As a cautionary 
note, we have encountered many patients with pseudotumor 
cerebri with advanced vision loss who have had a compo-
nent of functional visual loss.287 Often in these individuals, 
there are confounding psychiatric, medical, and psychoso-
cial issues. Tangent screen visual field examination may be 
necessary to document nonphysiologic field constriction.

Visual acuity, color vision, and pupillary reactivity are 
typically normal in patients with pseudotumor, and about 
one-half have abnormal contrast sensitivity,84 in comparison 
with the higher incidence of visual field deficits. Sixth nerve 
palsies occur also in just a minority (approximately one-
fifth).84 Therefore, these parameters are felt to be insensitive 
measures of alteration in visual function when compared  
to visual field testing.96 Most experienced clinicians do 
not use contrast sensitivity or visual evoked potentials in  
the evaluation or follow-up of patients with pseudotumor 
cerebri.288

Risk factors for more severe visual loss at presentation 
include male gender177 and black race.177

Papilledema. Papilledema is uniformly present, can be 
asymmetric, and in uncommon instances is unilateral.39,40 In 
asymmetric cases, the vision loss is usually worse in the eye 
with the more severe swelling.289 There are also patients in 
whom intracranial pressure is elevated but papilledema does 
not develop (see below).

Neuroimaging.91 Although either is acceptable, MRI of the 
brain with gadolinium is preferred over CT scanning with 
contrast to exclude hydrocephalus or any cause of elevated 
intracranial pressure such as a mass lesion, venous sinus 
thrombosis, or dural arteriovenous malformation. Common 
radiographic findings in pseudotumor cerebri include an 
empty sella,290 dilation of the optic nerve sheaths,291 and 
elevation of the optic disc (Fig. 6–16).292 Occasionally on 
MR images the swollen optic disc will enhance.293,294 The 
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terized visual field testing. The MRI and LP, in that order, 
should then be performed. Follow-up examinations should 
include assessment of visual fields, visual acuity, color vision, 
pupillary reactivity, ocular motility and alignment, and 
fundus appearance. Patients should be followed either 
weekly or biweekly initially, then, if vision stabilizes or 
improves, the intervals between examinations can be length-
ened. To monitor disc swelling, stereo fundus photographs 
can be taken at presentation, then again once the papille-
dema resolves. The latter serves as future reference should 
the patient’s symptoms recur. All non-pregnant obese 
patients are strongly encouraged to lose weight, and often 
they are referred to a nutritionist. Improvement in pseudo-
tumor cerebri has been documented anecdotally following 
a rice/reduction diet308 and gastric bypass surgery309 and in 
retrospective studies.310,311 Potentially inciting risk factors, 
such as systemic lupus erythematosus or Addison disease, 
should be treated, and offending medications such as tetra-
cycline or vitamin A should be discontinued.

Treatment modalities which are no longer routinely rec-
ommended include subtemporal decompression, chronic 
corticosteroids, and serial lumbar punctures. The role of 
subtemporal or suboccipital cranial decompression (remov-
ing part of the skull to relieve elevated intracranial pressure), 
because of severe side-effects such as subdural hematomas 
and seizures, is mostly of historical interest.312,313 Chronic 
steroid treatment is complicated by elevated intraocular 
pressures, weight gain, and difficulty weaning off the 
medication.87

Following intracranial pressures with repeated lumbar 
punctures is unnecessary, impractical, invasive, and puni-
tive.165 They are poorly tolerated, and serial lumbar punc-
tures are ineffective as a long-term treatment.304 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.231 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.231 In 
general, there is no need for chronic monitoring of CSF 
pressure.314,315

Corbett and Thompson165 have emphasized that treat-
ment decisions should not rest on the frequency of TVOs, 
presence of diplopia, severity of the papilledema, or CSF 
opening or closing pressure. Instead, the modern manage-
ment of pseudotumor cerebri is based largely upon the level 
of visual loss, as additional therapeutic strategies should be 
guided by visual fields and visual acuity (Table 6–8).94,316 
Thus, in addition to the measures such as weight loss men-
tioned above, 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, nonsteroidal anti-inflammatory agents, 
tricyclic antidepressants, or beta-blockers, for instance 

Table 6–8 Management of pseudotumor cerebri, based upon 
the severity and progression of visual deficits

1. No visual loss Symptomatic headache 
(migraine) therapy

Weight reduction, if necessary
Acetazolamide

2. Mild visual loss Acetazolamide
Furosemide
Weight reduction, if necessary

3. Severe, or progression  
of visual loss

Optic nerve sheath 
decompression (ONSD)

High-dose IV steroids and 
acetazolamide

Lumbo-peritoneal shunt for failed 
ONSD or intractable headache

(but not steroids). Weight loss is highly recommended. 
Acetazolamide (see below) may be used in these 
instances as well but may not be necessary.

2. For patients with mild to moderate visual loss. Most 
patients with pseudotumor cerebri 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 production, is 
the first-line medication in these instances, although its 
efficacy has been documented only anecdotally317,318 
and has not been proven by a prospective trial. We 
prefer acetazolamide 500 mg sequels, orally two or 
three times per day, as a starting dose, and will increase 
the total dosage to 3 grams if necessary. The drug is not 
contraindicated in those with sulfa allergies, as cross-
reactivity is likely to be more theoretical than real.319 Its 
major side-effects include paresthesias of the lips, 
fingers, and toes (which most patients tolerate), 
abnormal taste (particularly a metallic taste with 
carbonated beverages), nausea, vomiting, malaise, 
sedation, renal calculi, and metabolic acidosis.231,320 In 
our practices, 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.321 The dose 
can be lowered in individuals not tolerating the drug.322 
Most individuals in this group will do extremely well 
with acetazolamide, with resolution of the field defects 
and papilledema within 3–6 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 per 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 anhydrase activity. The use of this medication 
in pseudotumor is relatively new,323,324 and it is unclear 
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not critical to the successful intraoperative or postoperative 
management of the patient, they do provide assurance of a 
good outcome to the operating surgeon. Since most of the 
patients are young and otherwise healthy, our preference is 
for general anesthesia. Admission to the hospital postopera-
tively affords the best management of postoperative pain 
and allows the staff to monitor the patient for postoperative 
bleeding.

Complication rates in various series are as low as 4.9%336 
and as high as 40%.337 Minor complications include tempo-
rary 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.337 Uncommon 
major complications include branch and central retinal 
artery occlusions,337 choroidal infarction,338 and worsening 
optic neuropathy.339,340

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 resolu-
tion of headache suggests sheath decompression acts as a 
filtering procedure.341,342 Postoperative MRI may demon-
strate a decrease in intrasheath fluid and collections of fluid 
within the orbit.343 Pathologic studies of eyes following 
sheath decompression suggest CSF exits either via intact 
open fistulas in the dura or via enclosed blebs of  
fibrosis.344 Transient cyst-like structures, contiguous to the 
fenestration site, have been imaged and may also act as 
filters.345,346 However, evidence against the filtration hypoth-
esis is (1) an inability to demonstrate extravasation of iopa-
midol dye into the orbit following intrathecal injection, 
despite its visualization in the subarachnoid space by CT 
scanning, and (2) inconsistent CSF pressure measurements, 
both lowered and persistently elevated,347,348 following the 
procedure. Alternatively, fat and Tenon’s capsule may attach 
to the openings or fenestrations, 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.341 Another possible mechanism for the 
effectiveness of sheath decompression is improved blood 
flow in the short posterior ciliary arteries.

Optic nerve sheath decompression is more effective in 
reversing visual loss due to acute papilledema, in contrast to 
that due to chronic disc swelling.349 In the long term, vision 
stabilizes or improves in the majority, but as many as  
32% of operated eyes may experience deterioration follow-
ing initially successful surgery.350 A reoperation can be per-
formed,349 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 optic nerve sheath fenestra-
tion is not immediately available, then high-dose IV steroids 
combined with acetazolamide is another treatment option.351 
IV methylprednisolone, 250 mg four times per day for 5 days 
can be given in combination with acetazolamide sequels 
500 mg three times per day and ranitidine. Lack of immedi-
ate improvement is an indication for optic nerve sheath 
decompression. The IV steroids are followed by 80 mg  

whether it is superior to acetazolamide in reducing CSF 
pressure. However, topiramate has the added benefit of 
appetite suppression and weight loss in many patients, 
it is excellent for treatment 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 than 200 mg/
day.325 Topiramate can be added to acetazolamide. 
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.326

3. For patients with severe or progressive visual loss despite 
medical management. Optic nerve sheath fenestration 
surgery is the primary option for these patients,327 which 
fortunately make up only a minority of those with 
pseudotumor cerebri. Other indications for optic nerve 
surgery are severe visual loss at presentation, inability to 
comply with medications, poor follow-up, or inability 
to cooperate with visual field testing.165 As stated 
previously, nonorganic visual loss should be excluded 
since nonphysiologic tubular visual fields may be 
mistaken for field loss associated with papilledema.287

During optic nerve sheath fenestration, windows or slits 
are created through the dura and arachnoid surrounding the 
optic nerve (Fig. 6–17), allowing CSF egress, local relief of 
CSF pressure, and improvement in papilledema. Although 
the procedure had previously been suggested for this condi-
tion,328 three series329–331 provided the impetus for more 
widespread use of this technique in patients with visual loss 
due to pseudotumor cerebri. Acuity or fields improved in 
85–100% of patients in these three reports. Interestingly, of 
the 33 patients who had only one eye operated upon, 24 
patients (73%) experienced improvement in disc swelling 
bilaterally, and of the patients who had headache, two-thirds 
had some relief postoperatively.165 Others327,332,333 have 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,334 but the medial approach (transconjuncti-
val and under the medial rectus muscle) is less complicated 
and more popular. The medial approach also avoids the 
temporal posterior ciliary artery, and therefore makes a cata-
strophic vascular event involving the blood supply to the 
submacular choroid less likely. At the time of surgery, either 
three longitudinal slits in the dura are made with blunt lysis 
of subarachnoid adhesions or a window of dura can be 
excised. The latter approach is more technically demanding 
and there has never been a study to show that it is superior 
to simply incising the sheath. The surgery can easily be per-
formed with retrobulbar or subtenon’s local anesthesia; 
however, these techniques do not allow monitoring of pupil 
size during the surgery and or assessment of the vision 
immediately postoperatively.335 While this information is 

Video 6.1
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A B

C D

E F

Figure 6–17. Surgeon’s view of the right eye for optic nerve sheath fenestration (ONSF) in pseudotumor cerebri. A..The solid arrow head 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 arrow) 
was reflected medially. The medial rectus (short closed 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 (straight arrow) in a running locking 
fashion. B. The globe was retracted upward and laterally. A medial orbital retractor (straight arrow) was used to retract the medial rectus and medial orbital 
tissue toward the nose. Orbital fat (asterisks) is seen. C. The fat was dissected bluntly using cotton tip applicators exposing the posterior medial orbit and the 
optic nerve sheath (longer straight arrow). Ciliary vessels are visible around the optic nerve sheath. D. Next, an MVR blade (arrow) which has a spade-like 
shape is brought to the sheath. E. The width of the blade is 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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G H

prednisone orally, tapered over 4 weeks in order 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 optic 
nerve sheath fenestration.352 Although lumboperitoneal 
shunting is effective in treating visual loss,353–355 shunt failure 
and low-pressure headaches are common enough in our 
opinion not to make it a first-line therapy.356 Sometimes 
within the same patient, shunts fail several times, requiring 
multiple shunt revisions. Relatively small or normal ventri-
cle sizes make VP difficult.357 However, because VP shunting 
may have higher patency rates than lumboperitoneal  
shunting and the technology for inserting VP shunts is 
improving, its use in pseudotumor may become more 
popular.358,359

Bariatric surgery. These surgeries, including gastric 
banding, gastric bypass, and gastroplasty, because they are 
so highly effective in reducing weight,360 may be recom-
mended in morbidly obese patients with pseudotumor 
cerebri.309 As the population has become more overweight 
over the past three decades, the number of shunting proce-
dures and bariatric surgeries for pseudotumor cerebri has 
increased.361

Endovascular treatment. Based upon the frequent finding 
on MRI venography of narrowed transverse sinuses, endovas-
cular stenting of the venous sinuses has been advocated by 
some authors.362 However, because it is so highly controver-
sial whether the venous sinus narrowing is the cause or result 
of the elevated intracranial pressure, and stenting is invasive, 
at this time we are not recommending this procedure for our 
patients with pseudotumor.242

Special considerations in associated conditions. When pseu-
dotumor is due to a medication, stopping the drug is often 
sufficient to resolve headaches, papilledema, and elevated 
CSF pressure. However, other causes of intracranial hyper-
tension should still be excluded with neuroimaging and CSF 
examination. We have used acetazolamide when headaches 
and vision loss are present. If desired, restarting the medica-

tion later, such as growth hormone, at a lower dose typically 
prevents symptom recurrence.

In patients with pseudotumor cerebri related to with-
drawal from chronic steroids, our approach has been to 
restart the steroids at the dose maintained prior to the with-
drawal, along with treating with acetazolamide. Once the 
disc swelling resolves, then the acetazolamide can be tapered. 
Subsequently the steroid dose can be decreased at a rate 
slower than that which leads to the pseudotumor.

Pregnant patients. Digre et al.363 compared pregnant 
patients with pseudotumor cerebri and those without, and 
they found that those with pseudotumor tended to be obese. 
Women who are pregnant and develop pseudotumor cerebri 
can be treated similarly to non-pregnant 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 trimes-
ters; furthermore, despite anectodal evidence that acetazola-
mide may have no adverse effects in pregnancy,364 its safety 
has not yet been proven in pregnancy; (2) stronger diuretics 
should not be used; and (3) weight reduction should not be 
recommended.231,363 Therapeutic abortions are also unneces-
sary, and vaginal deliveries are allowed.365

Outcome
Most patients with mild to moderate visual loss tend to 
recover vision following medical therapy.366 Papilledema 
usually resolves completely over weeks or months, but many 
patients are left with some residual disc elevation, especially 
nasally, macular pigment epithelial changes if lipid or edema 
had been present, or circumferential “high-water” marks 
delineating the prior extent of peripapillary retinal elevation 
associated with disc swelling. Thus, for future reference we 
often obtain disc photographs following resolution of disc 
swelling. In general, follow-up need not extend past 6 or 12 
months past tapering of medication.

Among those with severe visual loss requiring surgery, 
residual acuity and field deficits are not uncommon and are 

G. After hemostasis was achieved, the previously placed Vicryl sutures (curved arrowhead) were used to reattach the medial rectus 
muscle (straight arrow) to the sclera. H. Lastly, the conjunctiva (asterisks) is closed over the muscle.
Figure 6–17. cont’d 
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are not associated risk factors in patients under 11 years of 
age.388 Thus, we have seen several young thin boys with 
pseudotumor cerebri, most without an obvious cause for 
their disorder. Pseudotumor associated with synthetic 
growth hormone and ATRA are more commonly seen in 
children rather than adults because these medications are 
typically used in younger age groups. Reports of pseudotu-
mor cerebri associated with Down syndrome have also been 
published.392

Asymptomatic idiopathic intracranial hypertension, diag-
nosed when papilledema is incidentally noticed during a 
routine physical exam, is a well-recognized entity in chil-
dren.388,390,393–398 This type of presentation is more common 
in younger age groups. These children have no headache or 
visual complaints. It is unclear why this occurs; one plausi-
ble explanation is that preschool and young school age chil-
dren often undergo routine eye exams.

Unfortunately, children are not immune from the severe 
visual loss which may affect adults.164,383 One report sug-
gested puberty was a risk factor for less favorable visual 
outcome.399 We tend not to follow younger children with 
computerized visual field testing because they have difficulty 
producing dependable, repeatable results. Sixth nerve palsies 
are more common (approximately one-third) in children.388 
As in adults, management principles are based upon the 
level of visual loss in children. First-line treatment is medical 
with acetazolamide (15 mg/day divided into three equal 
doses), but severe or progressive visual loss may be require 
optic nerve sheath fenestration400,401 or shunting.402

Venous thrombosis/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 
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.403 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,404,405 
the presence of antiphospholipid antibodies406 or lupus 
anticoagulant, protein C or S deficiency,407 
antithrombin III deficiency, factor V Leiden mutation, 
elevated factor VIII levels,408 homozygosity for 
thermolabile methylene tetrahydrofolate reductase 
polymorphisms,409 oral contraceptive use, pregnancy, 
cancer, and thrombocytosis.410 Venous thrombosis due 

occasionally debilitating.87,164 In Wall and George’s series,84 
approximately 3% of eyes had visual acuity worse than 
20/100. The rare malignant or fulminant cases often seem 
recalcitrant to medications, optic nerve sheath fenestration, 
and lumboperitoneal shunting. We agree with Spoor et al.350 
that recurrences are more frequent in this group. Therefore, 
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.

Large studies suggest that men177 and black people367 have 
a worse visual prognosis than women and non-black people, 
respectively, with pseudotumor cerebri. Other underlying 
conditions which may predispose to a worse visual outcome 
may include older age, high myopia, anemia,48 hyperten-
sion,87 and uremia.368

Recurrence has been reported in 8–40% of 
patients.87,269,369,370 In our experience recurrence is frequently 
associated with weight gain. Rarely some patients with pseu-
dotumor develop a chronic form requiring years of treat-
ment with acetazolamide.371

Pseudotumor cerebri without papilledema
Pseudotumor cerebri without papilledema has also been 
reported.372–374 The diagnosis in these patients is suggested 
by chronic daily headache, pulsatile tinnitus, obesity, female 
sex,375 and bilateral transverse sinus narrowing on MRI 
venography,376 and is confirmed by lumbar puncture. In 
patients without papilledema, in general there should be no 
threat of vision loss, and treatment is usually geared towards 
symptomatic headache management. In our experience and 
that of others,376–378 patients with this condition tend to have 
CSF opening pressures which are only slightly elevated 
(250–300 mm H2O), compared to higher pressures in those 
with papilledema. Furthermore, patients with pseudotumor 
cerebri without papilledema also tend to have headaches 
which are more severe, chronic, refractory to medical treat-
ment, and associated with functional features. Some authors 
recommend performing spinal taps and checking CSF pres-
sures to screen for this condition in patients with unex-
plained chronic headaches, particularly those who are 
overweight.373,377

Pediatric pseudotumor cerebri
Although pseudotumor cerebri occurs more frequently in 
adults, its occurrence in pediatric patients, even infants and 
young children, is not uncommon.99,379 Rampant obesity in 
childhood380,381 is one reason. However, disparities from the 
condition in adults include more heterogeneous demo-
graphic features and asymptomatic presentations, suggesting 
that at least in the youngest age groups there may be a dif-
ferent underlying mechanism.

Several series have been reported,382–391 and in contrast to 
the female predominance among adults and adolescents, 
males constitute approximately 50% of prepubertal pediatric 
patients with pseudotumor cerebri. Like adults, affected ado-
lescents tend to be overweight, but obesity and weight gain 
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seen venous thromboses associated with epidural hemato-
mas due to head trauma.

Presenting signs and symptoms
In most instances the neuro-ophthalmic features are similar 
to those with pseudotumor cerebri: i.e., headache, nausea 
and vomiting, papilledema, optic nerve-related visual loss, 
and sixth nerve palsies.410,426 The signs and symptoms often 
develop more rapidly in patients with venous sinus throm-
bosis than in those with pseudotumor cerebri. Many 
authors427,428 have stressed that without venography, the two 
conditions may be mistaken for one another. However, 
patients with venous thrombosis may develop altered men-
tation, and cortical vein thrombosis and cerebral infarction 
can, for instance, lead to hemiparesis, hemisensory loss,  
and seizures.429,430 Thrombosis of the transverse and 
sigmoid sinuses may also lead to seventh and eighth  
nerve dysfunction.431

Thromboses of the dural venous sinuses, as described 
above, 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.432

Neuroimaging
A safe and effective method for visualizing cerebral venous 
thrombosis combines MRI with gadolinium, with sagittal 
images especially, and MR venography.97,422 The clot tends 
to enhance on T1-weighted enhanced MR images. Axial CT 

to hypercoagulability may be a mechanism for many of 
the pseudotumor-like presentations in patients with 
systemic lupus erythematosus.411–415 l-Asparaginase 
predisposes to clot formation by decreasing 
antithrombin III levels. Cerebral venous thrombosis is 
also a recognized complication of paroxysmal 
nocturnal hemoglobinuria.416,417

2. Contiguous infection. Although antibiotics have made 
lateral sinus thrombosis secondary to adjoining 
mastoiditis or middle-ear infections uncommon,418 
such cases are still seen (Fig. 6–19).410,419 The mechanism 
is likely contiguous vessel wall inflammation and 
thrombophlebitis. The term “otitic hydrocephalus”158 
has been applied to these cases, but the designation is 
a misnomer because affected patients do not have 
hydrocephalus. When an abducens palsy is present, it 
tends to be ipsilateral to the involved ear.158 Surgical 
excision 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 
medulloblastoma, sarcoma, melanoma,405 
meningioma,420 and metastases.421

Radical neck dissection or iatrogenic ligation of one of the 
draining veins or sinuses can result in outflow obstruc-
tion.410,422 Venous catheterization (jugular or subclavian, for 
instance) may be associated with local clot formation and 
venous hypertension. Outflow obstruction without clot can 
result from direct tumor compression by a parasagittal men-
ingioma (superior sagittal sinus)410,423 or glomus jugulare424 
or other base of skull425 tumors (jugular veins). We have also 
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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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Workup
If a clot is demonstrated radiologically, then prior ear infec-
tions, neck surgery, and intravenous catheters as a source 
should be excluded. Clinical evidence for Behçet’s (oral and 
genital ulcers) or lupus (rashes or joint aches) should be 

scans with contrast may demonstrate the characteristic 
“empty delta sign” at the intersection of the straight sinus 
and distal superior sagittal sinus.422 Characteristically the 
ventricles are small on neuroimaging. We have found MRI 
and MR venography sufficient for managing these patients, 
without requiring the use of formal venography.

A B

C D

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 MRIs demonstrating mastoiditis, left (arrow) worse than right. Axial (C) and coronal (D) MRI venogram showing absence of flow (arrows) 
in the left transverse and sigmoid sinuses and left internal jugular vein, consistent with venous thrombosis.
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gressive or severe visual loss despite medical therapy and 
treatment of the offending source should undergo optic 
nerve sheath fenestration.423,438 The visual outcome is favo-
rable in most instances.410 Lumboperitoneal shunting should 
be used in patients in whom headache or nausea and vomit-
ing are refractory to acetazolamide, anticoagulation, and 
conservative medical therapy.

Arteriovenous malformations of  
the dural sinuses

Prehemorrhagic dural arteriovenous malformations (AVMs) 
which drain into the venous sinuses (AV fistulas) can cause 
elevated intracranial pressure and papilledema without ven-
triculomegaly by increasing blood flow within the sinuses 
(Fig. 6–21) or by causing venous thrombosis.439,440 Both 
mechanisms can lead to decreased CSF absorption. Less 
commonly, unruptured cerebral AVMs can drain into the 
superior sagittal sinus and cause similar symptoms.441 If a 
dural AVM drains into the transverse sinus, a cranial bruit 
may be audible, and the patient may complain of tinnitus.442 
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.443 Treatment options include surgical excision of the 
AVM or embolization. However, some larger AVMs are 
incurable, and elevated intracranial pressure and papille-
dema may require further management with acetazolamide, 
optic nerve sheath fenestration, or lumboperitoneal shunt-
ing.444 Cerebral AVMs, which are much more common, are 
discussed in Chapter 8, while dural AVMs are reviewed in 
more detail in Chapter 15.

investigated. The patient should be asked about oral contra-
ceptive use or personal and family history of clotting disor-
ders or miscarriages. In unclear cases, laboratory investigation 
should include screening for antiphospholipid antibodies, 
lupus anticoagulant, protein C or S or antithrombin III defi-
ciency, factor V Leiden mutation, antinuclear antibodies, 
high levels of factor VIII, and thrombocytosis. In cases 
without mass effect, lumbar puncture should be performed 
to document the opening pressure, and the vision should be 
assessed carefully, including visual field testing.

Treatment
If identifiable, the offending drug should be discontinued, 
or 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. Anticoagulation is 
recommended to reduce the risk of clot propagation  
with intravenous or low-molecular-weight heparin for 5–7 
days followed by warfarin for 6 months,433,434 especially in 
cases due to primary hypercoagulable states, and even in 
patients with evidence of hemorrhage.435 Selective catheteri-
zation and urokinase infusion have been used in some 
centers,436 but its safety and efficacy need to be confirmed. 
Depending on clinical status and follow-up radiologic 
studies, oral anticoagulation should be continued for at least 
3 months.403

As in pseudotumor cerebri, acetazolamide can be used to 
treat elevated intracranial pressure and mild field loss.437 Any 
diuretic, however, should be used with caution with moni-
toring of fluid status and blood pressure because of the 
potential for worsening the thrombosis. Patients with pro-

A B

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 MRI (A) demonstrated a mass (arrow) compressing the posterior portion of the superior sagittal sinus. B. The MR 
venogram (TR 26, TE 9.2) shows occlusion of the sinus (large arrow) and poor venous flow (small arrow). A parotid mass was biopsied and disclosed 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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A B

Figure 6–21. Arteriovenous malformation (AVM) associated with papilledema due to shunting into the venous sinuses. Contrast angiography, right internal 
carotid injection, demonstrating a AVM in the pericallosal region at the level of the body of corpus callosum involving bilateral medial frontal lobe regions  
(A. coronal; B. sagittal). The predominant feeders are bilateral anterior cerebral arteries, lenticulostriate branches off 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).

Pulmonary disease

Elevated intracranial pressure and papilledema may develop 
in the setting of respiratory insufficiency as a result of  
hypercapnea-induced cerebral vasodilation.445–447 These 
patients can be distinguished by their lethargy, peripheral 
retinal hemorrhages (due to the venous hypertension), arte-
rial blood gas results, and high serum bicarbonate.448

Obese patients with the Pickwickian syndrome (sleep 
apnea/obesity hypoventilation syndrome) may develop 
papilledema,448,449 and it is easy to mistakenly diagnose them 
with pseudotumor cerebri. Excess fat in the hypopharynx 
leads to obstructive sleep apnea, chronic hypoxemia and 
hypercapnea, pulmonary hypertension, right-sided heart 
failure, and venous hypertension. 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.448 If there is mild 
visual field loss associated with the disc swelling, acetazola-
mide can be added.

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 
inflammatory demyelinating polyneuropathy (CIDP) has  

a slowly progressive or relapsing–remitting course, and  
rare cases with papilledema have been reported.450,451 In 
Guillain–Barré syndrome (GBS), typified by acute to suba-
cute weakness, papilledema may be seen in approximately 
1–3% of cases.452 According to Ropper et al.,452 disc swelling, 
when it occurs, generally develops during the third week of 
this illness. However, papilledema may go unnoticed because 
daily fundus exams may not be performed in these patients, 
and they may be paralyzed, intubated, and unable to com-
plain about headache or abnormal vision. We have seen one 
patient with GBS453 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-
sure in this setting because the sixth nerves are commonly 
affected in GBS.

The combination of papilledema, elevated intracranial 
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, 
hydrocephalus,454 and increased venous pressure.450,452 
Several authors452,453,455,456 have used the term pseudotumor 
cerebri in these situations; however, the designation is tech-
nically incorrect if the CSF protein or neuroimaging is 
abnormal.

Neuro-ophthalmic management may be difficult in  
these instances because their poor medical condition may 
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preclude careful assessment of visual acuity and fields. 
However, as in pseudotumor cerebri, acetazolamide,450 cor-
ticosteroids,453 and optic nerve sheath fenestration450,451 may 
be used to treat documentable visual loss, based upon the 
level of its severity.

Spinal cord tumors

Papilledema and elevated intracranial pressure are well-
established but uncommon complications of spinal cord 
tumors.457–462 Approximately 40% involve spinal cord 
ependymomas.457 Elevated CSF protein causing decreased 
CSF absorption by the arachnoid villi has also been a pur-
ported mechanism in these instances, but abnormal CSF 
dynamics caused by tumor cell dissemination, tumor mucin 
production, recurrent subarachnoid hemorrhages, compres-
sion of the lumbar spinal sac, and tumor production of a 
chemical that leads to defective CSF absorption have been 
considered as well.457,460,461,463 We have also seen a lumbar 
subdural abscess that produced a very elevated CSF protein 
associated with papilledema.464 Froin syndrome is used to 
describe CSF with yellow color and high protein due to 
spinal block.

An MRI of the spine with and without gadolinium is 
recommended when paraparesis or quadriparesis, lumbar 
pain, a sensory level, hyperreflexia, extensor plantar 
responses, or bladder dysfunction are present. Neuroimag-
ing of the brain in these instances may reveal associated 
communicating hydrocephalus. Treatment would include 
neurosurgical removal or biopsy of the spinal cord tumor as 
well as a ventriculostomy or ventriculoperitoneal shunt, if 
necessary.

Chiari malformation

Uncommonly, Chiari malformation type 1, in which the 
cerebellar tonsils extend below the foramen magnum, can 
lead to elevated intracranial pressure and papilledema.465 
The cause is not clear but may be due to disrupted CSF flow 
dynamics, and neurosurgical suboccipital decompression is 
the best treatment option.
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Vision loss: disorders of  
the chiasm

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) a monocular or 
bitemporal hemianopia or (2) visual loss of any type associated with endo-
crine dysfunction. The most common etiologies are compressive sellar 
masses, and therefore the diagnosis and management depends 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 dysfunc-
tion, while ocular motility abnormalities can result from lateral extension 
and involvement of the cavernous sinuses. Because sellar masses are so 
frequently associated with visual disturbances, neuro-ophthalmic evaluation 
often leads to their detection and is important for pretreatment assessment 
and subsequent follow-up.

Anatomic aspects of the chiasm and sellar and parasellar structures will 
be 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 also will be covered. The differential diagnosis 
of the various entities affecting the chiasm will then be discussed, in the 
context of the patient’s age, clinical history, general physical findings, neu-
roimaging, and endocrine testing. Finally, the clinical features and treatment 
of these disorders will be detailed, with the greatest emphasis placed on the 
most common disorders: pituitary adenomas, craniopharyngiomas, menin-
giomas, aneurysms, and chiasmal/hypothalamic gliomas.
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Figure	7–1. Sagittal view of the brain detailing the chiasm and 
surrounding structures. Note the optic nerves and chiasm rise at 
approximately 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.
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Figure	7–2. A. Ventral view of the brain detailing the chiasm and its 
relationship 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 autopsy specimen (view corresponds 
roughly to the drawing in part A). The arrow points to the chiasm.

Neuroanatomy

Intracranially, the optic nerves ascend and converge medi-
ally 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 subarach-
noid (cerebrospinal fluid (CSF) filled) space of the suprasel-
lar cistern (Fig. 7–1). It is approximately 12 mm wide, 8 mm 

in anteroposterior 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 ventricle 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 tuber-
culum sellae anteriorly, the dorsum sellae posteriorly, and 
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Figure	7–3. Sagittal view of the chiasm, pituitary gland, and sella.

ated. Approximately 90% of chiasmal fibers originate from 
the macula,5 and, of these, those that cross lie superiorly and 
posteriorly within the chiasm.

Most of the ganglion cell axons travelling through the 
optic chiasm exit posteriorly and diverge to form the left and 
right optic tracts. Each tract is made up of ipsilateral tempo-
ral 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 short-
wavelength (blue) light, travel through the posterior chiasm 
then project to the hypothalamus, specifically the suprachi-
asmic nucleus or the supraoptic nucleus.13

The supraclinoid portions of the carotid arteries ascend 
lateral to the optic chiasm. The pre-communicating seg-
ments of the anterior cerebral arteries and the anterior  
communicating 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) (Fig. 7–2).14 The chiasm derives its blood 
supply from an inferior and superior anastomotic group  
of vessels. The inferior 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 pre- 
communicating branches of the anterior cerebral arteries.14 
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.15

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. Acute visual 
loss would imply a rapidly expanding mass, hemorrhage 
within a mass, or infectious, vascular, or inflammatory etiol-
ogy, and these situations may mimic retrobulbar optic neu-
ritis. 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  
dysfunction or difficulty aligning noncorresponding nasal 
fields (see Sensory double vision, below). Photophobia is a 
rare but reported visual symptom due to compressive lesions 
of the chiasm.16

Visual acuity, color vision, and afferent 
pupillary defects
When acuity is diminished, asymmetry is the rule.5 Color 
vision may be altered only in defective fields, and asymmet-
ric lesions may produce an afferent pupillary defect.

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 sympa-
thetic fibers, form the lateral walls of the sella. The dia-
phragma sellae, penetrated only by the pituitary stalk, is a 
horizontal fold of dura mater which separates the pituitary 
gland from the suprasellar cistern (Fig. 7–3).3 In 80% of 
individuals, the chiasm is located directly above the pituitary 
gland, while in 15% it lies over the tuberculum sellae (pre-
fixed chiasm), and in 5% it is over the dorsum sellae (post-
fixed chiasm) (Fig. 7–4).4–6

Magnetic resonance imaging (MRI) provides exquisite 
detail of the sellar area (Fig. 7–5). Normally on T1-weighted 
MR coronal images the body of the chiasm has a dumbbell 
shape7 and is located in the middle of the suprasellar cistern. 
More anteriorly the two optic nerves are visible; more pos-
teriorly the chiasm lies sandwiched between the vertically 
oriented third ventricle above it and the pituitary stalk below 
it. On coronal images within the 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 sections, 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.8 Details of the chiasm 
and sellar region are less evident with CT scanning.9

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 tem-
porarily up to 3 mm into axons of the contralateral optic 
nerve (Wilbrand’s knee10) (Fig. 7–6). The knee’s existence has 
been questioned11,12 and one author attributed it to a histo-
pathologic artifact of long-term monocular enucleation.11 
Fibers from the temporal retina (containing information 
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 situ-
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Figure	7–5. A. Top: Sagittal 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.
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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 post-fixed and over the dorsum sella. (Redrawn from AL 
Rhoton, FS Harris, Renn WH. Neuro-ophthalmology Symposium of the University of Miami and the Bascom Palmer Eye Institute, JS Glaser (ed.), pp. 75–105.  
St. Louis, C.V. Mosby, 1973, with permission.)
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242

PART	2 Visual loss and other disorders of the afferent visual pathway

Figure	7–6. Optic chiasm: correlation of lesion site and field defect. Note the most ventral nasal fibers (mostly from inferior nasal retina) temporarily travel 
within the fellow optic nerve in Wilbrand’s knee. (From Liu GT. Disorders of the eyes and eyelids. In: Samuels MA, Feske S (eds): The Office Practice of 
Neurology, p 46. New York, Churchill Livingstone, 1996, with permission. Adapted from Hoyt WF, Luis O, Arch Ophthalmol 1963;70:69–85, with permission 
(copyright 1963, American Medical Association).)

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 (Fig. 
7–6). For instance, if the process affects the crossing nasal 
fibers in the body of the chiasm, in the case of sellar mass 

growing upward and impinging upon a normally situated 
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 supe-
rior portion of the chiasm will result in visual field defects 
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 

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.

sellar masses, despite compression, elevation, and flattening 
of the chiasm, as well as optic nerves and tracts in many 
instances, sometimes produce only a bitemporal hemiano-
pia. It is unclear why the crossing fibers are so vulnerable. 
Mechanical distortion of nerve fiber bundles and impair-

ment of the extrinsic vascular supply are two possible expla-
nations, but a combination of both is likely.10,17 The crossing 
fibers may be more prone to deformation from a mass com-
pressing the chiasm inferiorly.18,19 Alternatively, an enlarging 
suprasellar mass might preferentially interrupt the inferior 
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Figure	7–10. Post-fixation blindness associated with a complete 
bitemporal 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.

Figure	7–11. Junctional syndrome due to 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, owing to involvement of the Wilbrand’s knee on the right.

blood supply of the chiasm, affecting the body of the chiasm 
and crossing fibers,15 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 revers-
ible axonal compression.

Patients with complete bitemporal hemianopias and post-
fixation blindness20 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 
threading a needle, for instance. One can investigate this by 
having the patient fixate on a near target, then test whether 
they see any objects directly behind it.

If the chiasm is post-fixed (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.21–23 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 discussion above).24 A monocu-

lar 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.25 Since this pattern of field 
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A

B

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 asymmetric 
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.

loss is also often functional, patients with organic monocu-
lar temporal field defects should be distinguished by an 
associated 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).26 Central bitem-
poral hemianopic scotomas (Fig. 7–13) or optic tract syn-
dromes may be the product of pre-fixed chiasms or more 
posteriorly situated lesions.

The examiner should be aware of processes which  
produce bitemporal defects which do not respect the vertical 
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Figure	7–13. Goldmann visual field demonstrating central bitemporal hemianopic scotomas due to a posterior chiasmal lesion.

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, neu-
roimaging of the chiasm will be unremarkable.

Binasal defects respecting the vertical meridian due to 
chiasmal dysfunction are extremely unusual.27 Theoretically 
this pattern can result from bilateral ectatic carotid artery 
compression of the lateral portions of the chiasm, compres-
sion from a variety of chiasmal region tumors, or from third 
ventricular enlargement (see below). Usually binasal defects 
have ocular causes such as glaucoma, retinitis pigmentosa, 
and ischemic optic neuropathy.28 Uncommonly, altitudinal 
defects can occur when crossed and uncrossed fibers are 
affected equally by a process involving the inferior or super-
ior portions of the chiasm.

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 loss29,30 generally are associated with a poorer progno-
sis for visual improvement following treatment. Optic disc 
swelling in the setting of chiasmal dysfunction indicates 
either papilledema due to third ventricular compression by 
a sellar mass or an infiltrative or inflammatory process 
involving the anterior visual pathway. Cupping of the optic 
disc may occur due to chronic optic nerve compression.31

In patients with bitemporal hemianopias, a characteristic 
transverse “band” optic atrophy can result from chiasmal 
compression of crossing nasal fibers.32 In each eye, ganglion 
cells and their axons degenerate in the blind nasal hemi-
retina, 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 “seeing” temporal macula and retina, 
entering the disc superiorly and inferiorly, are preserved.

Hemifield slide phenomena
Rarely, patients with complete bitemporal hemianopias may 
have odd complaints caused by an inability to align the 
noncorresponding nasal visual fields of each eye (hemifield 
slide phenomena20) (Fig. 7–14). With a hypertropia, a patient 
may 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.33 One 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).

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 suggested by facial pain or numbness resulting from 
trigeminal nerve dysfunction. The sellar process which most 
commonly affects both the chiasm and cavernous sinuses, 
with overt clinical manifestations, is pituitary apoplexy  
(see below).

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).34 The exact mechanism 

Video 17.15
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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 properly. 
n.f.R.E., nasal field of the right eye; n.f.L.E., nasal field of the left eye. However, 
because the nasal fields are noncorresponding, affected individuals will be 
unable to compensate for any tendency for ocular misalignment, 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 might think he 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.

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.35 Most sellar masses which exhibit see-saw 
nystagmus are large, causing both the field defect and mid-
brain compression. However, each factor by itself is suffi-
cient 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 bitempo-
ral hemianopia and see-saw nystagmus include: (1) a tor-

sional adaptive process which attempts to increase the 
overlap of noncorresponding nasal fields36 and (2) disrup-
tion of the visuovestibular connections between retina and 
inferior olive.35 Rare achiasmatic and hemichiasmatic indi-
viduals, who may have normal fields, can also have see-saw 
nystagmus (see Anomalies of the chiasm, below).37,38 See-saw 
nystagmus is also discussed in Chapter 17.

Asymmetric or monocular nystagmus
Young children with sellar masses such as gliomas or crani-
opharyngiomas in unusual instances may present with 
monocular or asymmetric nystagmus when the chiasm is 
involved. Sometimes the full triad of nystagmus, head 
nodding, and head tilt is present, mimicking the benign 
symptom complex of spasmus nutans.39 Usually those with 
intracranial lesions will have reduced vision, optic atrophy, 
strabismus, or diencephalic syndrome,40 and these findings 
will convince the examiner that neuroimaging should be 
performed. The mechanism by which sellar masses produce 
the motility disorder is not clear. For a more detailed discus-
sion of spasmus nutans and its imitators, the reader is 
referred to the chapter on nystagmus and nystagmoid eye 
movements (Chapter 17).

Visual field testing
Patients with suspected chiasmal disorders should undergo 
careful documentation of visual fields in addition to the 
neuro-ophthalmic examination. Subtle superior temporal 
defects respecting the vertical meridian may be the first sign 
of a compressive sellar mass, so examiners should look care-
fully in these areas.41 Goldmann kinetic perimetry may be 
necessary in poorly cooperative patients and those with 
severe visual loss. However, we prefer computerized thresh-
old 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)42 in the evaluation or follow-up of patients 
with chiasmal disorders.

Endocrine	disturbances	associated	with	
chiasmal	disorders

Pituitary gland, hormone physiology,  
and endocrinopathy
Traditionally, the pituitary gland is separated into the ante-
rior (adenohypophysis) and posterior (neurohypophysis) 
lobes (see Fig. 7–3).8 Laterally, the adenohypophysis con-
tains cells which secrete prolactin and growth hormone 
(GH), while cells which produce thyroid-stimulating 
hormone (TSH), follicle-stimulating hormone (FSH), lutein-
izing 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 hypotha-
lamus, then transported to the posterior lobe via long axons 
within the pituitary stalk.

Video 17.5
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impaired blood flow of normal tissue, or interference with 
hypothalamic production or delivery of releasing hor-
mones.43 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 actu-
ally vary with age. In children, failure of normal linear 
growth is the dominant symptom; in adolescence, it is 
delayed sexual maturation; and in adults, it is secondary 
hypogonadism.44

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 
compression, 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 hypersecre-
tion, 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 

Prolactin stimulates production of breast milk in women. 
GH stimulates liver production of insulin-like growth factor 
I (IGF-I, 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.43 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  
modulating 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.43

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, 

Table	7–1 Typical features of hypopituitarism due to hypothalamic/pituitary dysfunction.43,580 See text for explanation of abbreviations

Hormones	affected In	women In	men In	women	and	men

Hypogonadism ↓ or nl LH
↓ or nl 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 nl 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-I Short stature in children
↓ vigor, ↓ exercise tolerance
↓ body muscle:fat ratio

Hypoadrenalism ↓ or nl 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

nl, normal.
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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; TRH, thryrotropin-releasing hormone; T3, triiodothyronine; T4, thryroxine; GnRH, gonadotropin-releasing 
hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; GHRH, growth hormone-releasing hormone; and IGF-I, insulin-like growth factor I.  
Plus signs denote stimulation, and minus signs inhibition.43 Redrawn with permission from N Engl J Med 1994; 330: 1652.
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following treatment in many instances, hormone replace-
ment 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 proc-
esses 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-arginine vasopressin).

Hypothalamic syndromes
Two childhood endocrinopathies, Russell’s diencephalic 
syndrome45 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 to 4 years 
of age46 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. Chil-
dren are often evaluated for failure to thrive.47 Linear growth 
and head circumference are unaltered.48 An alert appearance 
(due to lid retraction), vomiting, pallor, and nystagmus are 
other common features.49 Optic atrophy occurs in approxi-
mately one-quarter.49 Hypothalamic chiasmal gliomas are 
the usual cause, and anterior hypothalamic dysfunction is 
one proposed mechanism for the syndrome.49

Precocious puberty is seen in boys more commonly than 
in girls, and affected children are tall for 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, hypotha-
lamic gliomas, and suprasellar germ cell tumors.50 There may 
be several mechanisms, each resulting in a premature onset 
of puberty. Germ cell tumors, for instance (see below), 
produce β-human chorionic gonadotropin, which stimu-
lates Leydig cells. Alternatively, hypothalamic infiltration 
might cause increased secretion of gonadotropin-releasing 
hormone.46

In children and adults following surgery in the hypotha-
lamic region, for example for treatment of craniopharyngi-
oma, weight gain and obesity are common. This likely results 
from injury to satiety centers in the hypothalamus.

Diagnosis/approach

It is often difficult on the basis of the neuro-ophthalmic 
signs and symptoms alone to arrive at the specific pathologic 
diagnosis. 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 endo-
crine testing.

Table	7–2 Typical features of hypersecreting syndromes associated with pituitary adenomas. See text for details and 
explanation of abbreviations

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-I Acromegaly

Gigantism (children)

ACTH	excess	
(Cushing	disease)

↑ or nl ACTH
↑ cortisol

Oligomenorrhea
Amenorrhea

↓ libido Sudden weight gain
Moon facies
Buffalo hump
Hypertension
Hirsuitism
Acne
Glucose intolerance
Muscle wasting and 

weakness54

Hyperthyroidism ↑ or nl TSH
↑ T3, T4

Thyrotoxicosis
Goiter

Excess	LH/FSH ↑ or nl LH
↑ or nl FSH
↑ or nl estradiol in women
↑ testosterone in men 

(variable)

Amenorrhea
Oligomenorrhea

Precocious puberty in 
childhood

↓ libido in adults

nl, normal.
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A B

Figure	7–17. A. A young girl with emaciation as part of Russell’s diencephalic syndrome due to a hypothalamic glioma, demonstrated in a contrast-
enhanced MRI (B); arrow points to the lesion.

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 in (2) middle age 
and elderly individuals. Table 7–3 outlines the differential 
diagnosis of most sellar and suprasellar processes, based 
upon age predilection and frequency. In general, tumors and 
masses of congenital derivation are more common in child-
hood, and rarer vascular processes and metastases in late 
adulthood. The inflammatory, infectious, and infiltrative 
disorders occur at all ages.

Clinical history
Both the rate of onset of symptoms and presence and quality 
of endocrine features will be important. Because the most 
common etiology is a compressive sellar mass, most visual 
and endocrine symptoms will be insidious. Acute chiasmal 
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 hypopituitar-
ism or with 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 sar-
coidosis 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 dys-
function, and in some cases the diagnosis can be made on 
physical findings alone. Patients with gynecomastia, Cushing-
oid features, or acromegaly, for example, might harbor 
hypersecreting pituitary adenomas. Precocious puberty sug-
gests hypothalamic dysfunction, while growth retardation 
might be due to GH deficiency. Features of neurofibromato-
sis, 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 exam-
ination suggest chronicity (long duration of symptoms and 
optic disc pallor, for example), neuroimaging can be per-
formed over the next day or two. However, either sudden 
visual loss, indicating an acute process, or optic disc swell-
ing, a sign of possible hydrocephalus, are indications for 
emergent scanning. MRI is far superior to computed tomog-
raphy (CT) in the evaluation of this region because it pro-
vides excellent anatomic detail, sagittal views, and better 
soft-tissue imaging. The only disadvantage of MRI in this 
regard is its inability to demonstrate small amounts of cal-
cification 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 
scanning can still be useful, especially if contrast images  
and coronal views (thin 1.5 mm sections) can be obtained. 
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Table	7–3 Sellar and suprasellar processes which can affect the chiasm, according to age group, 
etiology, and frequency. Adapted from Liu GT. In: Samuels MA, Feske S (eds): The Office Practice 
of Neurology, pp 40–74. New York, Churchill Livingston, 1995, with permission

Age	group More	common Less	common

Pediatric–young 
adult

Chiasmal–hypothalamic glioma
Craniopharyngioma

Arteriovenous malformation
Dermoid
Germ cell tumors

Germinoma
Teratoma
Nongerminoma

Lymphocytic hypophysitis
Pituitary adenoma
Suprasellar arachnoid cyst

Middle age–elderly Pituitary adenoma
Meningioma
Craniopharyngioma
Aneurysm (internal carotid)

Choristomas
Empty sella syndrome
Epidermoids
Infarction
Malignant optic glioma
Metastases to chiasm, sella, 

or suprasellar region
Pituitary apoplexy
Rathke’s cleft cyst
Sphenoid sinus mucocele

No particular age 
predilection

Histiocytosis
Meningitis

Bacterial
Tuberculous

Sarcoidosis

In some instances CT scanning is adjunctive to MRI by  
outlining bony landmarks and possibly their erosion by a 
sellar mass. CT scanning can also identify calcification within 
suspected sellar lesions. When aneurysms are suspected 
because of MRI or CT findings, an MRI angiogram or a con-
ventional 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 distor-
tion 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), insulin-like growth factor I (IGF-I), 
ACTH, and 24 hour urine free cortisol. Low values, and  
even normal ones in some instances, are consistent with 
hypopituitarism (Table 7–1). High values imply hyper-
secretion (Table 7–2). Some relevant details should be 
mentioned here:

1. As a rule, prolactin-secreting macroadenomas are 
associated with a serum prolactin level of greater than 
150–200 ng/ml (normal 2–15 ng/ml), and elevated 
levels correlate with tumor size.51 Microadenomas, 

hypothalamic dysfunction, pituitary stalk compression, 
or drugs such as neuroleptics and antidepressants  
lead to more modest elevations.52 Physiologic 
hyperprolactinemia, also modest, occurs during 
pregnancy and postpartum 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-I levels are also elevated, but are more 
stable and correlate better with the severity of the 
acromegaly.53

3. If neuroimaging suggests a pituitary adenoma, 
and clinical features are consistent with ACTH 
hypersecretion despite normal or equivocal ACTH and 
cortisol levels, adjunctive testing may be required. In 
the overnight dexamethasone suppression test, 1 mg 
dexamethasone is given orally at midnight, then at  
8 a.m. the following day the plasma cortisol level is 
measured, and should be less than 5 µg/dl. Elevated 
levels suggest pituitary ACTH hypersecretion. In a more 
definitive suppression test, 0.5 mg dexamethasone is 
administered every 6 hours for 2 days and urinary 
cortisol is measured for 24 hours. An unchanged  
urine cortisol level would be consistent with 
inappropriate cortisol secretion. Finally, petrosal 
venous54 or cavernous sinus55 ACTH sampling may be 
performed, but this is rarely necessary if an adenoma 
has already been demonstrated radiographically.
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A summary of evaluation of patients with suspected  
chiasmal disorders is outlined in Table 7–4. The discovery 
of a mass lesion requires neurosurgical consultation, while 
the presence of endocrine dysfunction, on either clinical or 
laboratory 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.44 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.56,57 About 70% of pituitary adenomas occur in individu-
als aged 30–50, and only 3–7% occur in patients less than 
20.58–60 Pituitary adenomas are uncommon but can occur in 
children.61,62

There is disagreement whether adenomas arise from 
somatic mutation of a single cell or from hyperstimulation 
due to hypothalamic or hormonal dysregulation, or both.60,63 
In general, they are benign epithelial neoplasms which rarely 
metastasize; primary pituitary carcinomas are rare. Micro-
adenomas are adenomas less than 10 mm in size, and these 
are rarely large enough to cause chiasmal compression, 
while macroadenomas are those larger than 10 mm. Pitui-

tary adenomas are usually isolated, but they can be associ-
ated with tumors of the parathyroid gland and pancreas, and 
less commonly with those of the thymus, in multiple endo-
crine neoplasia (MEN) type I syndrome.64,65

Pituitary adenomas can be classified functionally by their 
endocrine abnormality into two major groups: those with 
nonfunctional enlargement and those exhibiting hormone 
hypersecretion.56 Approximately one-quarter to one-third of 
patients with clinically apparent pituitary adenomas are 
nonfunctioning or nonsecreting.66,67 On the other hand, the 
two most common hypersecreting adenomas are prolactino-
mas and GH-secreting tumors,68 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.69

The presentation of pituitary adenomas varies according 
to tumor subtype. Nonfunctioning adenomas are often 
asymptomatic until after they have extended beyond the 
sella, causing signs related to tumor enlargement and com-
pression of surrounding structures: visual loss, headache, 
and hypopituitarism. Most (70%) of the large adenomas 
causing visual loss will be nonfunctioning.70 In contrast, 
hypersecreting tumors present more commonly with charac-
teristic endocrine symptoms, described in detail below. 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. Usually it 
is insidious and slowly progressive,44 and often there is a 
delay of months or years between the onset of visual loss 
and diagnosis of the pituitary tumor.71 Since the chiasm is 
located directly above the pituitary in most instances, the 
crossing inferonasal fibers are usually the first to be dis-
turbed by upward growing adenomas, causing superotem-
poral defects respecting the vertical meridian. Further tumor 
enlargement results in more complete interruption of cross-
ing fibers in the body of the chiasm, leading to a complete 
bitemporal hemianopia. Because of the distance between the 
diaphragm and the chiasm, only macroadenomas with sig-
nificant 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.72 Thirty 
percent of patients had no visual field abnormalities. Super-
otemporal field defects occurred in 10%, and bitemporal 
hemianopias in 30%. Junctional scotomas, central scoto-
mas, and homonymous hemianopias were less frequent, 
consistent with the lower incidence of post-fixed and pre-
fixed chiasms. Today, the percentage of patients presenting 
with field loss is probably lower, perhaps reflecting earlier 
tumor detection by more modern endocrinologic testing 
and neuroimaging.73

Acuity is affected less commonly (16%)74 than visual 
fields. Disc pallor occurs in about 30% of patients72 and 
correlates with the presence of decreased visual acuity better 
than with field loss or the severity of visual loss.5 Papilledema 
is unusual unless the adenoma is large enough to cause 

Table	7–4 Evaluation of patients with suspected 
chiasmal disorders

I.	Consideration	of	patient’s	age

Childhood and young adulthood
Middle age 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, AM cortisol, TSH, T4, LH, FSH, estradiol (in 

women), and testosterone (in men)
GH (after a 75 g oral glucose load) and IGF-I 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
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various types of adenomas usually cannot be distinguished 
by MRI, although prolactinomas and GH-secreting adeno-
mas 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 character-
ized 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 exten-
sion into the cavernous sinus.87 Approximately 20% of mac-
roadenomas may exhibit radiographic evidence of cystic 
changes, necrosis, or hemorrhage, but only 1% are associ-
ated with a history of sudden clinical deterioration85 (see 
Pituitary apoplexy, below). MRI should be sufficient to 
outline vascular structures and rule out coexisting aneu-
rysms,88–90 so routine angiography is unnecessary in most 
preoperative assessments. On CT scanning the pituitary ade-
nomas are hypodense compared with the normal gland on 
both enhanced and unenhanced images.8 Sellar erosion can 
be evident on CT with larger adenomas.

Although not part of the routine evaluation of patients 
with pituitary adenomas, those with thinning of the  
retinal nerve fiber layer demonstrated on optical coherence 
tomography (OCT) may have a relatively poorer visual 
prognosis.29,30

Diagnostic studies/laboratory tests
In addition to the MRI, endocrinologic studies are necessary 
to classify the tumor type and direct treatment (see Table 
7–4). 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 
symptomatic adenomas is transsphenoidal 

hydrocephalus75 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.76

Cavernous sinus invasion,77 following lateral erosion of 
the thin sellar wall, may lead to ocular motor palsies (in 
1–5% of patients17) or trigeminal dysfunction. However, 
motility disturbances are much more common with pitui-
tary apoplexy (see below). When ocular motor palsies occur, 
the IIIrd nerve is the most commonly affected.17,72 Rarely, a 
IIIrd, IVth, or VIth nerve palsy is the sole presenting feature 
of the pituitary adenoma.78,79 Orbital invasion80 and extrasel-
lar pituitary adenomas81 have been reported but are uncom-
mon growth patterns.

Traditionally headaches have been thought not to be 
caused by pituitary tumors. However, Levy et al.82,83 analyzed 
a large number of patients with pituitary adenomas and 
headaches, many of which improved following medical or 
surgical treatment of the tumor. Headache types included 
migraine, trigeminal autonomic cephalalgias such as cluster 
headache, short-lasting unilateral neuralgiform headache 
attacks with conjuctival 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 be84 but are not always82 associated with headache, 
suggesting dural stretching and trigeminal 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 MR 
images.85 A hyperintense region on T1-weighted images 
usually indicates a hemorrhagic component. Most of the 
time (75%) the hemorrhage is not associated with clinical 
apoplexy (see below).86 In about one-third to one-half of 
cases, the adenoma is hyperintense on T2 images. Contrast 
may be helpful if the unenhanced images are equivocal. The 

A B

Figure	7–18. Enhancing, nonsecreting pituitary macroadenoma (long arrow) seen on gadolinium enhanced MR images. A. Coronal view. The short arrow 
points to the compressed, elevated chiasm. B. Sagittal view.
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the primary treatment is medical (see below). However, 
if surgery or radiation becomes part of the management 
of a prolactinoma, the above 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 mecha-
nisms include chiasmal prolapse into an empty sella115 or 
tethering scar tissue. Some authors have advocated surgical 
removal of adhesions and repair of the sellar floor.116 Post-
operative pneumatoceles causing visual loss have also been 
reported.117

The clinical features and treatment of 
nonfunctioning and hypersecreting 
pituitary adenomas
Nonfunctioning (nonsecreting) pituitary tumors. These are 
usually macroadenomas without clinical evidence of pitui-
tary hormone hypersecretion.67 In one report, visual loss 
occurred in 72%, hypopituitarism in 61%, headache in 36%, 
and cranial neuropathies in 10%.92 Tumor 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.66,92

Although classically “nonfunctioning,” immunocyto-
chemical 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.66,67 In one surgical series,92 82% were null-cell adeno-
mas, while the rest were silent prolactinomas, gonadotropic 
adenomas, and corticotropic adenomas.

Transsphenoidal tumor removal is the treatment modal-
ity of choice. All patients with headache in the series of 
Ebersold et al.92 were relieved of this symptom. However, 
the prognosis for recovery of pituitary function following 
transsphenoidal surgery of nonfunctioning tumors is fair to 
good.118 Because these tumors are nonfunctioning, hormone 
levels are unhelpful in detecting residual tumor or recur-
rences. In younger patients with moderate residual tumor 
postoperatively, local irradiation should be considered.67,119 
Surgery is the preferred modality when tumors recur follow-
ing radiotherapy.

Medical options are available to patients with nonfunc-
tioning adenomas in whom surgery is contraindicated, or in 
whom postoperative recurrence is documented. Bromocrip-
tine (see Prolactinomas, below), when taken long term, has 
been shown to decrease tumor size in a small number (16%) 
of patients with nonsecreting adenomas.70,120 Octreotide (see 
GH-secreting tumors, below) may reduce the size of some 
nonsecreting tumors and improve visual symptoms, occa-
sionally within days or even hours.67,121,122 The effects are 
often transient, and only 30% of patients have long-lasting, 
stable visual improvement. Thus, Sassolas et al.67 suggested 
using octreotide as a temporary alternative to surgery in 
patients with severe visual impairment. The mechanism of 
action of these medications in this setting is unclear. Our 
group has little personal experience with bromocriptine and 
octreotide in the treatment of nonsecreting tumors, so we 
would still recommend surgery when possible.

neurosurgery. 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,91 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.92 Postoperative diabetes 
insipidus (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.92–94 At some institutions, the sella 
is exposed transnasally or transseptally using an 
endoscope, and the tumor removal is accomplished 
also endoscopically95 or with an operating 
microscope.96,97 A pterional or transfrontal approach via 
craniotomy should be considered when there is 
extensive extrasellar tumor.98

2. The prognosis for visual improvement is excellent 
following surgical or medical decompression. Recovery 
to some degree may occur within days or weeks of 
treatment (Fig. 7–19). In Trautmann and Laws’74 large 
series of patients who underwent transsphenoidal 
surgery, approximately half of those with reduced 
acuity experienced improvement in this parameter, 
while about three-quarters of those with field loss had 
restoration or improvement in visual fields. Slightly 
better results were reported in smaller studies.99,100 
Prognostic signs which are associated with lack of 
improvement included optic disc pallor, lengthy delay 
prior to diagnosis, and poor visual acuity.5,101 
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 effects 
are not seen for months or years.102–104 Patients should 
be informed of the possible late side-effects of 
radiation, such as chiasmal or optic neuropathy in up 
to 3%,105 hypopituitarism, brain parenchymal necrosis, 
and secondary neoplasms (meningiomas and 
sarcomatous transformation of the pituitary 
adenoma).102,103,106,107 Fortunately, radiation optic 
neuropathy is becoming less common in this setting.108 
Stereotactic radiosurgery109–114 allows more precise 
delivery of radiation to this area with less risk to 
surrounding tissues.

4. We recommend a neuro-ophthalmic examination, 
including visual field testing, within the first few weeks 
postoperatively, and Klibanski66 recommends a 
follow-up MRI at this time to check for residual tumor. 
Serial neuroimaging and neuro-ophthalmic 
examinations then can be performed at 6 and 12 
months postoperatively and, if stable, yearly intervals 
after that. Postradiation follow-up can be similar. 
Follow-up of prolactinomas is slightly different because 
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A

B

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.

Prolactinomas. Prolactin-secreting tumors are the most 
common hormone-secreting pituitary adenomas. In women, 
endocrine symptoms caused by prolactinomas include 
galactorrhea and evidence of gonadal dysfunction such as 
decreased libido, amenorrhea, oligomenorrhea, or infertility 
(Table 7–2). In men, diminished libido, gynecomastia, or 
impotence are the most common manifestations, and galac-
torrhea is less frequent.123 Prolactinomas have been reported 
in childhood and adolescence.124

Medical therapy with dopamine agonists, such as bro-
mocriptine and cabergoline, which inhibit the synthesis and 
secretion of prolactin, are the first-line treatment of prolac-
tinomas.70 These medications can afford tumor shrinkage 
and reduction in serum prolactin level in the majority  
of patients with prolactinomas.125 Common side-effects 
include nausea, vomiting, dizziness, and orthostatic hypo-
tension, but sometimes these can be avoided by starting 
with lower dosages.52 Cabergoline, now first-line treat-
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ment,126 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 nine out of 10 patients, and in 
general the salutary effect was sustained. Other dopamine 
agonists such as pergolide and quinagolide (CV 205-502) 
have also been tried in patients with prolactinomas and 
visual loss.129,130 Patients often noticed the visual improve-
ment within days of starting the drug, and subsequent 
studies131,132 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.133,134 
However, in many others the medication must be taken 
indefinitely. Chiasmal prolapse has been reported as a cause 
of visual loss following pergolide treatment.135

Transsphenoidal surgery of prolactinomas is less effec-
tive,136 as hyperprolactinemia often recurs postoperatively.125 
Radiotherapy alone may reduce tumor mass effect and 
prevent further growth,102 but it is generally an ineffective 
treatment of hyperprolactinemia.123 Surgery and radiother-
apy should be reserved for patients who do not tolerate or 
who fail medical therapy.

Besser52 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 per-
formed 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. During pregnancy, the normal pituitary gland 
increases in size by 50–70% due to lactotroph hyperplasia,70 
but chiasmal compression is rarely an issue. On the other 
hand, pregnant women with microprolactinomas have a  
1% chance of developing symptomatic pituitary enlarge-
ment, but those with macroprolactinomas have a 10–25% 
chance.123 Although bromocriptine is probably safe during 
pregnancy, Vance and Thorner123 suggest stopping the medi-
cation in women with prolactinomas who become pregnant, 
and then monitoring visual function carefully. If visual 
acuity or field abnormalities develop, either continued 
observation or restarting bromocriptine would be reasona-
ble approaches. Finally, transsphenoidal surgery can also be 
carried out successfully during pregnancy if absolutely 
necessary.

Growth hormone (GH, somatotropin)-secreting pituitary 
tumors. According to Molitch’s meta-analysis,137 the mean 
age of affected patients at diagnosis is 42 years, and approxi-
mately half are women. Endocrine manifestations are the 
most common symptom, while visual field defects occur in 
approximately 20% of patients with this type of tumor.138 
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-I. GH oversecretion in  

childhood is associated with pituitary gigantism, and in  
this disorder longitudinal bone growth is still possible.  
In acromegaly, typified by overgrowth of acral segments 
(hands, feet, nose, chin, and forehead),53 epiphyseal closure 
has already occurred, prohibiting bone elongation.53 The 
disfiguring frontal bossing and enlargement of the mandible 
and hands are characteristic (Fig. 7–20). Because the changes 
are insidious, patients may notice only a gradual increase in 
glove or hat size. Furthermore, 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.137

In addition, bony and soft-tissue overgrowth commonly 
results in carpal tunnel syndrome and other entrapment 
neuropathies.137 Myopathy, arthropathy, and depression are 
also seen in association with acromegaly. Patients with 
acromegaly have a higher mortality rate than the normal 
population, due in part to greater frequencies of hyperten-
sion, diabetes, cardiovascular disease, hypertrophic cardio-
myopathy, upper and lower airway restrictive pulmonary 
disease, and gastrointestinal malignancies (colon, especially) 
occurring in individuals with this endocrinopathy.137 GH 
hypersecretion can also cause ocular hypertension and 
exophthalmos.44 Hypogonadism occurs in 30–40%, likely as 
the result of stalk compression and hyperprolactinemia (by 
inhibiting gonadotropin-releasing hormone secretion).53 
Some GH-secreting adenomas cosecrete prolactin.

Definitive treatment of GH-secreting adenomas is impera-
tive because of their associated disfigurement and increased 
mortality. Transsphenoidal surgery is the primary treat-
ment,139 and successful surgery results in a rapid fall in the 
GH level, although usually not to normal levels.53,140 Unfor-
tunately, 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 analogue can 
normalize growth hormone levels and decreased tumor 
size.141,142 Octreotide alone can lead to marked improvement 
in chiasmal visual field defects.121,122 The major side-effects 
are transient diarrhea and nausea, and less frequent ones are 
gallbladder sludge and asymptomatic gallstones. Melmed’s 
treatment algorithm141 is a reasonable one and suggests 
octreotide prior to surgery to facilitate removal143 in patients 
with tumors >5 mm. A cure is considered a reduction in GH 
levels to <2 µg/l after an oral glucose challenge. Bromocrip-
tine and cabergoline may be used but are not as effective as 
octreotide.53,144 Cabergoline may be more efficacious than 
bromocriptine. Pegvisomant, a GH-receptor antagonist, can 
also be used.145 Patients with persistently high GH levels in 
spite of these measures can be retreated with octreotide or 
receive radiotherapy.102 Despite doses of 4000–5000 cGy, 
radiation can take years to lower GH levels.

Adrenocorticotropin (ACTH)-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 disease).54 Elevated ACTH levels result in adreno-
cortical hyperplasia and increased secretion of cortisol. 
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oped visual defects (types unspecified) due to pituitary 
enlargement and chiasmal compression. Reduction in pitui-
tary size and improvement in visual field deficits are often 
successful after thyroid replacement.153

In contrast, the second type, a thyrotropin-secreting 
adenoma (thyrotropinoma), is usually associated with thy-
rotoxicosis due to inappropriate TSH secretion. The diagno-
sis is established by demonstrating high circulating levels of 
T3 and T4, normal or elevated TSH, and a pituitary lesion. 
Fifty-four percent of affected individuals in Smallridge’s152 
literature review had abnormal visual fields (again, types 
unspecified). In general, patients do not develop thyroid-
associated ophthalmopathy. Transsphenoidal surgery, fol-
lowed by radiation if necessary, is the treatment of choice. 
Thyroidectomy or radioactive iodine controls the hyperthy-
roidism but not the pituitary enlargement. Octreotide, which 
can improve chiasmal field defects in this setting, may also 
be considered.121,154,155

Gonadotropin (LH, FSH)-secreting pituitary tumors. 
Patients with these adenomas are typically male and older 
than 40, have normal gonadal function, and typically present 
with visual impairment due to chiasmal compression.156 In 
Snyder’s156 series, 17% of 139 men with pituitary macroad-
enomas had this type of tumor. In a series of 100 patients 
from the Mayo Clinic,157 43% presented with visual loss, 
22% with symptoms of hypopituitarism, and 8% with head-

Common clinical features include obesity with moon  
facies and a buffalo hump, hypertension, hirsutism, striae, 
psychiatric symptoms, gonadal dysfunction, osteopenia,  
and glucose intolerance.146 Usually these tumors are micro-
adenomas without extrasellar involvement.

Transsphenoidal removal is the procedure of choice.147–149 
Radiotherapy can be used in patients with persistent or 
recurrent disease,102,150 but cortisol levels may not be control-
led until 1–2 years later. In the interim, drugs such as 
metyrapone, ketoconazole, and aminoglutethimide, which 
inhibit adrenal cortisol synthesis, or cyproheptadine, sodium 
valproate, bromocriptine, and octreotide, which can inhibit 
ACTH secretion, can be used short term to control symp-
toms.63 As a last resort, those individuals failing both surgery 
and radiation are candidates for bilateral adrenalectomy to 
suppress the hypercortisolism, but this procedure has no 
effect on pituitary size.54 Nelson syndrome, characterized by 
hyperpigmentation, elevated ACTH levels, and an enlarging 
pituitary gland, is the clinical progression of an ACTH- 
secreting pituitary adenoma following bilateral adrenalec-
tomy for Cushing disease.147

Thyrotropin (TSH)-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.151 In one review,152 one-third of affected patients devel-

A B

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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visual prognosis than those with hemorrhage.169 Almost all 
patients undergoing surgery within 1 week will experience 
some improvement in acuity, fields, and ocular motil-
ity.159,160 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 nonsecreting pitu-
itary 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 clinical 
course is seen.170–172 The most common primary sources are 
breast and lung.173 The pituitary lesion may be the first indi-
cation of malignancy, and in these instances patients may 
undergo transsphenoidal surgery with an incorrect preopera-
tive 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 
semi-annual 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.174–176

Craniopharyngiomas

Craniopharyngiomas are cystic, calcified sellar-region tumors 
which constitute 1.2–3% of all intracranial neoplasms.177 
They may present at any age, but, in various series,177–179 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.177 
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. Craniopharyngi-
omas can be found anywhere along the migratory path.180,181 
Others have suggested that craniopharyngiomas might origi-
nate from squamous metaplasia in cells of the adenohypo-
physis.181 Although benign in histology, craniopharyngiomas 
may act aggressively by invading local structures and by 
recurring despite apparent complete resection.182

Pathology
There are two major histologic subtypes, adamantinomatous 
and squamous papillary, each with different age predilec-
tions. Although seen in all age groups, adamantinomatous 
craniopharyngiomas most often occur in childhood.177 
The microscopic appearance is characterized by angulated 
columnar cells, and keratin nodules and calcification are 
common.181 Cysts are present in 90% and are mixed fre-
quently with solid components. The cyst fluid has the  

ache. Hypersecretion of FSH is the most common endo-
crinologic abnormality. Precocious puberty results when this 
tumor occurs in childhood. Transsphenoidal surgery usually 
results in some visual improvement,157 and octreotide may 
have a beneficial effect with this type of adenoma as well.121

Three other situations related to pituitary adenomas—
pituitary apoplexy, metastases to the pituitary, and inciden-
tal pituitary adenomas—deserve special mention.

Pituitary apoplexy. This clinical syndrome is characterized 
by sudden visual loss, headache, and ophthalmoplegia due 
to rapid expansion of a pituitary adenoma into the suprasel-
lar space and cavernous sinuses (Fig. 7–21).158,159 Defined in 
this way, pituitary apoplexy presents with headache in 95%, 
vomiting in 69%, ocular paresis in 78%, visual field deficits 
in 64%, and reduction in acuity in 52%.160 Third nerve 
palsies are more common than IV and VI nerve deficits. 
When visual loss and headache are the primary symptoms, 
the condition can be confused with retrobulbar optic neuri-
tis. Alteration in consciousness occurs in 30% of patients161 
due to diencephalic compression, and hypopituitarism, 
facial pain or numbness, and signs of meningeal irritation 
(blood or necrotic tumor tissue-induced) are common asso-
ciated features. Other rare but reported clinical manifesta-
tions include retraction nystagmus,162 presumably due to 
dorsal midbrain compression, and Horner syndrome caused 
by interference of the oculosympathic fibers surrounding the 
cavernous internal carotid artery.163 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.160

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 
may include sudden trauma, anticoagulation, alteration  
of pressure gradients (angiography, for example), cardiac 
surgery,164,165 diabetic ketoacidosis, and estrogen, bromoc-
riptine, radiotherapy, and postpartum hemorrhage (Sheehan 
syndrome).166

The clinical suspicion of pituitary apoplexy mandates MRI 
as routine CT scanning may miss the lesion. MRI usually 
demonstrates a macroadenoma with heterogeneous signal 
characteristics due to the presence of blood, while CT scan-
ning can reveals an unenhancing, hyperdense sellar mass. 
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 emer-
gent steroid and other hormonal replacement have facili-
tated the management of pituitary apoplexy. Some cases 
improve spontaneously.167 The prognosis for visual improve-
ment depends more upon early surgical decompression than 
upon the severity of the visual deficit.168 One study found 
that patients with tumor infarction had a slightly better 
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Figure	7–21. Pituitary apoplexy. Top 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: MRI demonstrated a 
heterogeneous sellar mass (large solid arrow) compressing the chiasm 
(open arrow) and invading the right cavernous sinus (curved solid arrow).
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quently in childhood and mental status changes more often 
in adult cases.178,179

Neuro-ophthalmic signs
In Repka et al.’s series,198 visual acuity was less than 20/40 
in 41% of eyes at presentation, and approximately 15% were 
worse than 20/400. Bitemporal hemianopias are commonly 
observed field abnormalities,178,196 and asymmetry and 
incomplete defects appear to be the rule.179,199 Homonymous 
hemianopias, due to optic tract compression,200 are less fre-
quent.178,196 Usually visual impairment occurs gradually, but 
sudden unilateral or bilateral visual loss, mimicking retrob-
ulbar optic neuritis, has been reported.179,201 The majority of 
patients with visual loss will have optic atrophy.178 Sixth 
nerve palsies are common, and are 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.178 See-saw nystagmus may also be an associated 
finding.36

Some authors181 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,178 the difference was not statistically significant. 
In another series,198 more children had subnormal acuities, 
but more adults had visual field deficits.

Endocrinologic manifestations
Kennedy and Smith’s study,178 in which 64% of patients had 
endocrine abnormalities, contains excellent data regarding 
the frequency of these symptoms. Twenty-seven percent had 
complaints consistent with diabetes insipidus, 22% experi-
enced weight gain, 20% had short stature, 36% developed 
various manifestations of hypogonadism, 16% had myxe-
dema, while 24% were somnolent. Other investigators have 
had similar results.190 Thomsett et al.202 found that 83% of 
children with craniopharyngioma had at least one hypotha-
lamic–pituitary hormone deficiency after careful laboratory 
evaluation. Growth retardation is, of course, a symptom pri-
marily of children and young adults. It is uncertain whether 
endocrinopathy is more frequent in adults or children, 
because different series give conflicting results.177,178,183 The 
syndrome of inappropriate secretion of antidiuretic hormone 
(SIADH) at presentation can occur but is uncommon.203

Diagnostic studies/neuroimaging
The MRI appearance of craniopharyngiomas is characteris-
tic.204 They are discrete intra- or suprasellar masses which can 
be hyperintense on T1-weighted images. Increased amounts 
of cholesterol, protein, and keratin cause these tumors to be 
markedly hyperintense on T2-weighted images. 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 component is completely 
calcified. After administration of gadolinium, the solid 
portion may exhibit modest enhancement (Fig. 7–22).85 

consistency of light machinery (“crank-case”) oil and  
contains suspended cholesterol crystals. Although usually 
well defined, adamantinomatous craniopharyngiomas may 
adhere to surrounding brain and vascular structures.181 Reac-
tive gliosis and tumor islets177 may be seen in adjacent brain 
tissue. These features may, in part, account for recurrences 
of adamantinomatous craniopharyngiomas despite “total” 
resection.177

Craniopharyngiomas in adulthood tend to be squamous 
papillary. Calcification, keratin nodule formation, and  
adamantinous epithelium are conspicuously absent in  
these tumors. Cysts occur in approximately 50% of cases.177 
Squamous papillary craniopharyngiomas tend to be well 
demarcated, and after complete resection they tend not  
to recur.177,183

Location and growth characteristics
Craniopharyngiomas may occur in the sella, suprasellar area, 
and third ventricle. Typically they traverse more than one of 
these spaces, and entirely intrasellar or intraventricular crani-
opharyngiomas are unusual.184 Prechiasmatic tumors, when 
large, can protrude between the optic nerves and lift the A1 
segments of the anterior cerebral arteries. Retrochiasmal 
tumors can extend posteriorly into the third ventricle and 
abut the basilar artery and midbrain.185 Their size may vary 
from a few millimeters to several centimeters,85 but the 
majority of tumors are 2–4 cm in greatest diameter.183 
Tumors may be densely adherent to the hypothalamus with 
small papillary projections.181 Hydrocephalus, due to third 
ventricular compression, occurs in approximately 38% of 
patients.183

Craniopharyngiomas typically disrupt the anterior visual 
pathways by external compression. However, unusual 
instances of intrachiasmatic craniopharyngiomas, causing 
chiasmal thickening, have been described.186–188 Tumor 
extension through the optic foramen and canal into the orbit 
is also rare, but has been reported.189,190 Other unusual 
growth patterns include spread beyond the sellar area into 
the anterior, middle, and posterior fossas.191 Midbrain,192 
hemispheric,193 and cerebellopontine angle194 involvement 
have also been reported.

Fluid leakage, from surgical or spontaneous cyst rupture, 
can result in a severe chemical arachnoiditis or meningitis.181 
Spontaneous hemorrhage with subarachnoid hemorrhage is 
a reported but unusual complication.195

Symptoms
Initial manifestations can be grouped into four major  
categories: visual, endocrinologic, and cognitive abnormali-
ties, and headaches.177,179,183 Visual symptoms are usually 
the most common manifestation, occurring in 61–77% of 
patients.177,179,183,196,197 These and endocrinologic abnormali-
ties are discussed in more detail below. Cognitive deficits 
include personality changes, memory loss, depression, 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 fre-
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Figure	7–22. Large suprasellar multicystic craniopharyngioma. A. Sagittal 
T1-weighted 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 compression. C. Axial T1-weighted MRI with gadolinium 
highlights the enhancing mass (large arrow), splaying of the midbrain 
cerebral peduncles (small arrows), and hydrocephalus.

High signal within the optic tracts and posterior limbs of the 
internal capsules has been observed with MRI, producing a 
“moustache” appearance,205 but resolution of this finding 
following tumor resection suggests perifocal edema rather 
than tumor invasion.206,207 In some instances MRI angiogra-
phy may be helpful in excluding an aneurysm88 and defining 
the tumor’s relationship to vascular structures within the 
circle of Willis, which can be either displaced or surrounded 
by the tumor.193 Conventional invasive angiography, which 
may demonstrate absence of neovascularity or tumor stain-
ing,208 is rarely necessary.

CT scanning, especially with coronal views, is comple-
mentary and often diagnostic when calcification is evident 
(Fig. 7–23). 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 intra- or suprasellar mass 
on CT is highly characteristic of craniopharyngiomas and 
occurs in approximately 80% of cases.193 Thus, preopera-
tively many authorities would recommend MRI, with its 
sagittal views and emphasis on anatomic detail, as well as 
CT scanning.181

Treatment
The primary treatment of craniopharyngiomas is neuro-
surgical,209,210 utilizing microsurgical techniques. Tumors 
which are primarily intrasellar or subdiaphragmatic may be 
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and mortality associated with this method of treat-
ment.180,196,221 Postoperative radiotherapy decreases the rate 
of recurrence and improves patient survival compared with 
partial removal alone.222 Radiation doses usually range from 
5000 to 5500 cGy, given in 180 cGy fractions.197,223 Unfor-
tunately, dose-related radiation toxicity, manifesting as 
endocrinopathy, optic neuropathy, vascular events, and sec-
ondary malignancies,224 can occur in approximately 50% of 
patients treated in this fashion.216

In order to arrive at a sensible treatment approach,  
several investigators181–183,197,202,223,225–228 compared the 
various treatment regimens, using retrospective analysis of 
patients treated at their institutions. In the one study202 that 
specifically addressed endocrinologic issues, hypothalamic–
pituitary dysfunction occurred least commonly in patients 
treated with limited excision plus radiotherapy. Tumor 
recurrence rate was similar in children and adults.183 In all 
studies, subtotal resection alone had the highest rate of 
recurrence. Cyst aspiration plus radiation had reasonable 
outcomes, but was not included in most reviews. Except in 
one study,183 subtotal resection combined with radiation 
was associated with a lower recurrence rate than total  
resection. Meta-analyses,181,197,223 however, show that the 
recurrence rates for these two approaches are similar.  
Therefore, based upon these results, the most reasonable 
approach seems to be to attempt complete resection if  
possible, 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 indi-
cates residual tumor following surgery, external beam irra-
diation should be performed postoperatively.182,197,225,228,229 
This is the treatment algorithm currently practiced by  
the neurosurgery service at The Children’s Hospital of 
Philadelphia.230

Another recognized complication of surgery is fusiform 
enlargement of the supraclinoid internal carotid artery ipsi-
lateral to the surgical approach.231,232 The mechanism is 
thought to be related to surgical manipulation, but the 
abnormality has no clinical consequences.

Intracavitary brachytherapy, utilizing β-emitting radioac-
tive colloids, is an alternative to surgical excision when crani-
opharyngiomas are primarily cystic or when they recur.233 
Radiation destroys the epithelial lining, leading to cyst col-
lapse.234 Because the cystic components are frequently the 
largest part of the tumor, reduction in cyst size may result in 
improvement in symptoms. The most common isotopes 
injected stereotactically include phosphorus-32, yttrium-90, 
rhenium-186, and gold-198.199 Intratumoral bleomycin, 
an antineoplastic antibiotic, has also been used to reduce 
cyst size.235

Some craniopharyngiomas can be treated with either 
single dose (e.g., gamma-knife) or fractionated stereotactic 
radiosurgery, which deliver more concentrated radiation 
doses within narrower fields.236,237 However, these modali-
ties may not be suited for residual perichiasmal tumor. Ideal 
craniopharyngiomas 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.238

amenable to transsphenoidal surgery,74,211–213 which offers a 
lower surgical morbidity. However, the two most common 
approaches are unilateral pterional and subfrontal180 crani-
otomies, which can be combined with a transcallosal 
approach if the tumor involves the third ventricle,214 or 
transsphenoidal procedure when there is subdiaphragmatic 
extension.190 Multiple procedures may be required for com-
plete decompression of large and recurrent tumors.196,215 
Shunt placement may be necessary when hydrocephalus is 
present.190

Experts disagree whether the best treatment is complete 
excision or subtotal resection plus radiation.190,196,197 The 
controversy exists in part because many authors espouse  
just one treatment approach.196,216 Advocates of complete 
resection185,190,217,218 argue that modern neuroimaging, micro-
surgical techniques, and hormonal replacement therapy 
allow aggressive surgery, and patients are spared the side-
effects of radiation. However, extensive surgery can result in 
debilitating visual, endocrinologic, emotional, and cognitive 
deficits,219,220 and has an operative mortality of up to 11%.181 
Accidental tears in the carotid artery, leading to cerebral 
infarction, have been reported when complete excision was 
attempted.185 Furthermore, this approach does not guarantee 
a cure, as recurrence rates still range from 6% to 50% despite 
apparent complete removal.185,190,197,217,218

Proponents of subtotal resection plus external beam radi-
ation readily emphasize a lower rate of operative morbidity 

Figure	7–23. Craniopharyngioma exhibiting calcification (arrow) on axial, 
non-contrast CT scan.
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Although survival in craniopharyngioma is excellent, the 
visual and endocrinologic complications can be devastat-
ing.229,239 These are discussed separately.

Visual outcome. Dramatic visual recovery can occur,240 
but, in general, the prognosis for visual improvement fol-
lowing therapy for craniopharyngiomas is modest at 
best74,230,241 and less sanguine than that associated with pitui-
tary adenomas. Repka et al.198 retrospectively compared pre- 
and postoperative visual examinations in 30 patients, most 
of whom underwent transcranial surgery for their cranio-
pharyngiomas. The proportion of eyes with visual acuity 
worse than 20/40 fell from 41% preoperatively to 24% post-
operatively, and those with visual field abnormalities 
decreased from 80% to 44%. 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 com-
pared with children, and the authors attributed this differ-
ence to longer periods of undetected visual loss in younger 
patients. A poorer visual prognosis in children was con-
firmed in other series.230,242 Based on our personal experi-
ence, we agree with Repka and Miller243 that “one should not 
be optimistic regarding postoperative visual outcome after 
removal of craniopharyngioma, particularly in children … 
cautious optimism may be appropriate for some adults, par-
ticularly those without ophthalmoscopic evidence of optic 
atrophy.”

The visual outcome following intracavitary brachytherapy 
is similar. van den Berge et al.199 concluded that intracavitary 
brachytherapy with yttrium-90 offered good radiologic 
results, but was not as efficacious in preserving vision. 
Anderson et al.234 reported more encouraging results with 
phosphorus-32 although in some instances multiple injec-
tions were required.

Endocrine outcome. Post-treatment pituitary dysfunction 
is the rule, usually the result of surgery but occasionally due 
to radiation.202,244 In one series,245 74% of patients post-
treatment had diabetes insipidus, 100% were growth 
hormone deficient, 72% had ACTH deficiency, 65% TSH 
deficiency, and 93% 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 tran-
sient phase of SIADH. There may be slight improvement and 
a minority recover, but most affected patients develop per-
manent ADH deficiency.46,246 Interestingly, even without GH 
replacement some patients experience normal or accelerated 
growth post-treatment, sometimes accompanied by obesity 
and hyperphagia.245,247

Rathke’s	cleft	cysts

These lesions are similar to craniopharyngiomas in deriva-
tion, location, and symptoms, but there are some important 
differences. Although small incidental cysts are found com-
monly on neuroimaging and in the pars distalis or pars 
intermedia in 2–26% of routine autopsy cases, symptomatic 

Rathke’s cleft cysts are unusual.248,249 Patients are typically 
older; the average age at presentation is 38 years.248 Other 
dissimilarities, including a better visual prognosis, are high-
lighted below.

Pathology
Rathke’s cleft cysts also originate from Rathke’s pouch, but 
histopathologically are less complex than craniopharyngi-
omas. The cysts are lined by a single layer of cuboidal or 
ciliated columnar epithelium and contain a gold-colored or 
white serous or mucinous fluid.250,251 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 hypoth-
alamic dysfunction, and, in unusual situations, obstructive 
hydrocephalus.252 Rarely, symptomatic Rathke’s cleft cysts 
are entirely suprasellar.252,253

Symptoms
Voelker et al.248 reviewed the findings in 155 patients with 
symptomatic Rathke’s cleft cyst: eight from their institution 
and 147 other cases reported in the literature up to 1991. 
The most common presenting symptom was pituitary dys-
function, found in 69% of cases. Hypopituitarism, amenor-
rhea–galactorrhea, and diabetes insipidus occurred in 
decreasing order of frequency. Visual disturbances were 
present in 56% (see below), and headache in 49%. In 
another series,254 the cysts were found incidentally in 14% 
of the patients.

Neuro-ophthalmic signs
Approximately one-half of patients have visual field deficits, 
and about one-quarter will have visual acuity loss.248,255 Most 
visual field deficits indicate a chiasmal disturbance (i.e., 
bitemporal or monocular temporal field abnormalities).251

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).256 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 iso- or hypointense on T2-weighted images.257 
The cyst wall (rim) may enhance, and blood or hemosiderin 
can also be evident.258,259

Treatment
Neurosurgical decompression is curative and often affords 
symptomatic improvement.260 Because Rathke’s cleft cysts 
are primarily intrasellar, transsphenoidal drainage and 
biopsy of the cyst wall is the favored surgical 
approach.211,254,255,261 Associated morbidity and mortality is 
limited to diabetes insipidus. In one series,261 headache was 
cured in all cases in which it was present preoperatively, but 
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most effective technique.266 Removal or fenestration via sub-
frontal craniotomy or fenestration of the cyst into the lateral 
ventricle and shunt insertion are other options.264,266

Meningiomas	of	the	skull	base

Meningiomas can affect the chiasm when they arise from the 
tuberculum sellae, anterior clinoid processes, or diaphragma 
sellae (see Fig. 7–3). Dorsum sellae meningiomas are rare.269 
When they become large enough, juxta- and parasellar men-
ingiomas can also cause chiasmal compression, but these are 
discussed in the chapters dealing with their primary neuro-
ophthalmic disturbance: planum sphenoidale, olfactory 
groove, and optic sheath meningiomas in Chapter 5, and 
middle and lateral sphenoid wing and cavernous sinus men-
ingiomas in Chapter 15. This section will concentrate on the 
meningiomas that occur primarily in the suprasellar region, 
which account for approximately 8% of all intracranial 
meningiomas.270

Pathology
Meningiomas arise from the arachnoid mater,270 and in par-
ticular suprasellar meningiomas derive from the meninges 
covering the medial portion of the sphenoid bone, tubercu-
lum, and anterior clinoid processes. They tend to be vascular 
and firm in consistency.271 Histologically they are usually of 
the “classic” variety, characterized by whorls and psam-
moma bodies.272 “Classic” subtypes include meningotheli-
omatous, fibroblastic, transitional, psammomatous, and 
angiomatous.273 Other classes of meningiomas, such as 
angioblastic,273 are much less common in the sellar region. 
For the most part meningiomas grow slowly, are benign, and 
cause dysfunction by compressing adjacent structures. They 
generally do not invade brain. They can grow exclusively 

endocrine outcomes were variable. Hypopituitarism and 
diabetes insipidus frequently persist.248 Large suprasellar 
components may require removal via craniotomy.254 Recur-
rences requiring repeat drainage can occur262,263 but are 
uncommon, and adjunctive radiation or chemotherapy is 
unnecessary.

Visual outcome
In contrast to visual loss associated with craniopharyngi-
omas, the visual prognosis associated with Rathke’s pouch 
cysts is excellent following decompression, with over two-
thirds experiencing improvement in visual acuity or 
fields.248,251,255

Suprasellar	arachnoid	cysts

These are uncommon lesions, and they are thought to derive 
from an anomaly in Liliequist’s membrane, either as a diver-
ticulum or as a cleavage within the membrane and CSF 
secretion into the cavity.264 On CT and MRI, suprasellar 
arachnoid cysts contain fluid with neuroimaging character-
istics 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 intralumi-
nal hemorrhage may give a cyst a “blue-domed” appear-
ance.265 Half of cases present before 6 years of age.264 
Common clinical features include signs and symptoms of 
slowly progressive obstructive hydrocephalus, visual impair-
ment, endocrine dysfunction, spasticity, and gait distur-
bances.266 Approximately 10% of patients will have a peculiar 
to-and-fro head bobbing.266,267

Asymptomatic suprasellar arachnoid cysts can be observed, 
but in symptomatic cases the treatment is neurosurgical.268 
Endoscopic ventriculocystosomy seems to be the safest and 
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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 MR 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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Figure	7–25. Meningioma (arrow) arising from the anterior clinoid evident 
on CT, coronal view with contrast. (Courtesy of Lawrence Gray, OD.)

along a dural surface (en plaque meningioma) or a similar 
flat dural component 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 
receptors 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 carcinoma. They are found frequently in patients with 
neurofibromatosis type 2 and prior intracranial irradiation. 
They generally present in middle and older age. Metastases 
from distant systemic cancers are recognized to spread to 
meningiomas.274

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.271 The pattern of the visual deficit 
depends on the exact location of the meningioma in rela-
tionship to the optic nerve, chiasm, and tract (see below). 
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,270 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.271 
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.271

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).272 Surrounding 
cerebral edema may be evident.275 Hyperostosis, bony 
erosion, and calcification are best demonstrated by CT. On 
T1-weighted MR images, meningiomas are usually isoin-
tense 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).85 MR or conventional 

angiography may be necessary to outline the tumor’s rela-
tionship to vascular structures.276 Angiography may be neces-
sary in the preoperative evaluation of these meningiomas 
because large tumors commonly elevate and encase the 
proximal anterior cerebral arteries. Conventional angiogra-
phy also may add more information regarding arterial  
supply and venous drainage, especially if embolization is 
considered.277

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.278 Pterional or subfrontal craniotomies are 
the most popular surgical approaches.279 When the tumor 
is densely adherent to the internal carotid or anterior cer-
ebral arteries or the anterior visual pathway, a subtotal 
resection is recommended.277,280 Smaller less complicated 
sellar meningiomas may be removed transsphenoidally 
using endoscopic techniques.281 External beam radiation 
(5000 to 5500 cGy)282 or gamma-knife stereotactic radio-
surgery283,284 should be considered 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.285 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.286 Experience with suprasellar meningiomas, however, 
is limited,287 and some hormonal treatments such as RU-486 
are poorly tolerated because of a flu-like side-effect.

Outcome
The chance for visual improvement following neurosurgical 
decompression is good and only slightly less than that of 
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Figure	7–26. Tuberculum sella meningioma A. Enhanced T1-weighted sagittal MRI demonstrating an enhancing suprasellar mass (arrow). The mass extends 
anteriorly along the planum sphenoidale and posteroinferiorly into the sella turcica. B. Coronal enhanced view shows the meningioma (large arrow) and a 
characteristic dural tail (small arrow).

treated pituitary adenomas. However, this is tempered by the 
fact that suprasellar meningiomas have higher risk of recur-
rence, and their surgical removal is associated with much 
higher rates of visual loss, morbidity, and mortality. In a 
large series by Symon and Rosenstein,271,288 64% experienced 
some improvement in visual acuity or fields, while visual 
function remained unchanged in 12% and worsened in 
24%. Other authors279,289–292 have described similar results. 
Patients with large tumor size and long-standing or severe 
visual deficits tend to have the poorest visual prognosis,288 
but those factors do not preclude the chance for some visual 
recovery following surgery.279,290 Radiation alone in some 
instances can afford visual improvement as well.282 Symon 
and Rosenstein271 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 below, as they differ slightly in pres-
entation and treatment. They are named after the bony or 
meningeal structure from which they arise. There is consider-
able 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 prog-
nosis following surgical decompression. 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,279 and surgical morbidity.

Tuberculum sellae meningiomas. The tuberculum sellae 
lies midline in the sphenoid bone, and is anterior and infe-
rior to the chiasm (Fig. 7–26). Classically tuberculum sella 
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 

Hedges293 observed a characteristic pattern: the visual loss 
was “invariably asymmetric in its progression and accompa-
nied initially by central hemianopic temporal visual field 
defects. Slowly developing blindness in one eye with dimi-
nution of acuity is then accompanied by a temporal field 
defect in the opposite eye.” This temporal sequence of pro-
gressive monocular visual loss followed months later by 
fellow eye involvement was confirmed by Gregorius et al.290 
In some instances the visual loss may mimic retrobulbar 
optic neuritis or fluctuate.289,294 Ocular motor palsies and 
proptosis are very unusual, reflecting the midline origin of 
the tumor.293

Because of their location, sometimes radical resection of 
tumor, dura, and bone is possible.295 Smaller lesions may be 
amenable to transsphenoidal endoscopic removal.281 Surgi-
cal morbidity consists of further visual impairment and 
hypopituitarism, including diabetes insipidus. 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.294

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 towards 
the back of the head. On each side of the midline, the intra-
cranial 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 type, given 
its more lateral location.296 Complete neurosurgical removal 
may be impossible when the tumor encases either the optic 
nerve or the internal carotid artery, and adjuvant radiother-
apy is required in these instances. Surgical mortality, related 
to injury of the internal carotid or middle cerebral arteries, 
can be as high as 42%.296 Visual recovery in general is poor.

Diaghragma sella meningiomas. A less common type of 
meningioma in this area arises from the diaphragma sellae. 
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pattern.306 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.307

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 aneu-
rysmal visual loss, Shutter et al.308 emphasized that preg-
nancy 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.309 
Retro-orbital pain is also an occasional accompanying 
feature. Visual loss and endocrinopathy have already been 
alluded to, and will be discussed in more detail below. 
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 aneurysmal rupture and subarachnoid 
hemorrhage are discussed in the chapter on disc swelling 
(Chapter 6).

Neuro-ophthalmic signs
Their 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 alerted to 
the possibility of an aneurysm if the visual loss fluctuates. 
Sudden worsening or improvement can result from aneurys-
mal thrombosis or dilation, and acute visual loss might be 
the result of hemorrhage into the chiasm.302 In addition, 
aneurysmal chiasmal disturbances tend to produce very 
asymmetric field loss. A symmetric bitemporal hemianopia 
caused by an aneurysm would be unusual and more sugges-
tive of a pituitary adenoma.

Because of their varying location and growth patterns 
described above, the different aneurysmal subtypes are pur-
ported 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, beginning in the ipsilateral eye.310 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 temporal defect in the fellow 
eye.306 Uncommonly the aneurysms compress the 
chiasm from above rather than from the side. In these 
cases the patients can develop an asymmetric 
bitemporal hemianopia.

2. Carotid–ophthalmic aneurysms. In Ferguson and Drake’s 
series309 of 100 patients with carotid–ophthalmic 

Kinjo et al.297 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.298 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 (Fig. 7–2), large saccular aneurysms 
in this area can cause chiasmal visual loss and endo-
crinopathy.299,300 In some instances, their presentation may 
be clinically indistinguishable from a pituitary adenoma or 
craniopharyngioma.301

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.302 Arterial 
bifurcations which are either sharp or give rise to a hypo-
plastic branch may predispose to development of an aneu-
rysm.303 In addition, hypertension, hemodynamic stress, 
smoking, heavy alcohol use, cocaine abuse, and atheroscle-
rosis are modifiable risk factors for their development.304,305 
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 diam-
eter) with upward and medial growth, resulting in compres-
sion of the anterolateral portion of the chiasm.

Carotid–ophthalmic artery aneurysms are also frequently 
associated with chiasmal disturbances. This type of aneu-
rysm arises in the first 2 mm of the internal carotid artery 
above the cavernous sinus. The overwhelming majority of 
individuals presenting with visual loss are women. There is 
up to a 20% incidence of bilateral carotid–ophthalmic aneu-
rysms and many affected individuals have multiple aneu-
rysms elsewhere.302 When they enlarge superiorly, they can 
erode the ipsilateral anterior clinoid process, then grow 
upwards towards the chiasm. Anterior chiasmal compres-
sion is the likely cause of visual loss in these instances, and 
these aneuryms are similar to anterior clinoidal meningi-
omas in location and associated field defects.

When cavernous or anterior communicating artery aneu-
rysms cause visual loss, the mechanism is usually optic nerve 
compression.306 However, less commonly these two types 
can cause chiasmal disturbances, depending on their growth 
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Figure	7–27. Internal carotid artery aneurysm that presented with an incomplete bitemporal hemianopia. A. T2-weighted MRI revealed a round flow-void 
(arrow). B. MR angiography confirmed a large internal carotid aneurysm (arrow).

aneurysms, which arise from the origin of the 
ophthalmic artery, 32 (25 of 61 with intact aneurysms, 
seven of 39 with ruptured aneurysms) had visual 
abnormalities. Twenty-eight of the 32 patients harbored 
giant aneurysms (greater than 2.5 cm in diameter). 
Sixteen of the 32 patients had evidence of chiasmal 
compression, based upon the pattern of field loss 
(three of the 16 had bilateral aneurysms). The chiasmal 
field defects fell roughly into two groups: asymmetric 
bitemporal hemianopias and junctional field loss 
characterized by severe visual loss in the ipsilateral eye 
and a temporal field defect in the fellow eye. Carotid–
ophthalmic aneurysms are discussed further in the 
chapter on optic neuropathies (Chapter 5).

3. Cavernous carotid aneurysms. The diagnosis is suggested 
by signs of cavernous sinus involvement: IIIrd, IVth, or 
VIth nerve palsies, ipsilateral facial pain or dysesthesias, 
or Horner syndrome. In the late stages of aneurysmal 
expansion, 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 
apparatus.306 When visual loss occurs, monocular or 
binocular inferior altitudinal defects can be observed 
because of the aneurysm’s location above the anterior 
visual pathway. 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 upwards 
and backwards.306,307,311

5. Posterior communicating aneurysms. The most common 
neuro-ophthalmic presentation associated with an 
aneurysm at the junction of the internal carotid and 
posterior communicating artery is a pupil-involving 
IIIrd 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.312 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.313 Following treatment, it is interest-
ing that few patients require endocrine replacement, in con-
trast to those with other types of sellar lesions.302

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.314 Aneurysmal blood flow can 
also cause a characteristic phase-encoded artifact which runs 
through the aneurysm and across the image.85 Partially 
thrombosed aneurysms contain clot which can appear lami-
nated and bright on T1- and T2-weighted images, mixed 
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Figure	7–28. Cavernous hemangioma of the chiasm demonstrated on 
T1-weighted enhanced coronal MR image. Note heterogeneous signal 
characteristics with surrounding low signal (arrow), consistent with 
hemosiderin. The patient presented with a sudden headache and visual loss.

with areas of signal void. Hemosiderin, evident as dark  
areas on T2-weighted images, may be visible outside of  
the aneurysm in adjacent tissues. Gradient-echo images  
may be helpful in demonstrating intraluminal flow in  
equivocal cases.315

On CT scanning aneurysmal calcification may be evident, 
and aneurysms 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, MRI or CT angiography 
should be performed. Since most of the suprasellar aneu-
rysms which cause visual loss are giant ones, MRI angiogra-
phy should provide a reasonable screening tool (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.302

Treatment
In general, aneurysms which cause compressive chiasmal 
syndromes should be treated.316 A nonruptured aneurysm 
needs to be occluded to prevent symptom progression or 
subarachnoid hemorrhage, which is associated with an 
8–60% mortality rate even before an affected individual 
reaches the hospital.304 Even after admission to the hospital, 
the mortality rate following subarachnoid hemorrhage is 
37%.304 Patients whose aneurysms have ruptured, and who 
are salvageable, require definitive treatment to prevent 
rebleeding. On the other hand, two large studies317,318 sug-
gested 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 pre-
vious history of subarachnoid hemorrhage.319

Neurosurgical clipping of the aneurysm remains the most 
popular approach.320–322 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 undesir-
able. Percutaneous intra-arterial (endovascular) emboliza-
tion of the aneurysm with balloons or metallic coils, or 
balloon occlusion of the parent artery, are two alternatives 
in patients with inoperable aneurysms.323,324 A large study325 
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,309 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.

Vascular	malformations	intrinsic	to		
the	chiasm

Maitland et al.326 used the term “chiasmal apoplexy” to 
describe sudden visual loss due to an intrachiasmal 
hematoma. Vascular malformations are the usual cause 
although in one case the hemorrhage was associated with an 
optic glioma326 and in another a pituitary adenoma bled into 
the chiasm.327 Characteristically, acute visual loss is accom-
panied by headache.328 Because the hematomas distend but 
are usually confined to the chiasm, endocrine symptoms, 
meningismus, and focal neurologic signs are conspicuously 
absent. The various subtypes of vascular malformations 
intrinsic to the chiasm are discussed below.

Cavernous angiomas (cavernous 
hemangiomas, cavernomas)
Kupersmith329 describes these histologically as “irregular 
sinusoids of vascular channels” without interposed neuronal 
tissue and without a major arterial supply or venous drain-
age. Usually they are sporadic, but in rare instances familial 
cavernous hemangiomas can present in the chiasm.330 Symp-
toms are due to hemorrhage in the chiasm and are fre-
quently sudden.331 On MRI the chiasm is enlarged, and the 
cavernous angioma is usually heterogeneous on T1-weighted 
MR images (Fig. 7–28) and contains dark areas on gradient-
echo images indicative of hemosiderin.332,333 On CT scan-
ning 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 angi-
omas in the chiasm is unclear.334 Several authors328,335 have 
advocated microsurgical removal of these lesions to prevent 
further hemorrhages. On the other hand, we have managed 
several patients with recurrent hemorrhages and visual loss 
which have resolved spontaneously over weeks following 
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Compression by atherosclerotic anterior 
cerebral and internal carotid arteries
In our opinion, this is even more uncommon. Dolichoec-
tatic sclerotic anterior cerebral arteries may cause bitemporal 
field loss either by direct chiasmal compression339–341 or by 
impairing the blood supply of the chiasm.342 MRI and MRI 
angiography can confirm the diagnosis. It is unclear whether 
surgical decompression is the best treatment approach. In 
one case report,343 atherosclerotic internal carotid artery 
compression of the optic nerves mimicked a sellar mass. The 
patient presented with a bitemporal hemianopia, and 
unroofing of the optic canals resulted in improvement 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.344

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.345 
described two patients with large, angiographically evident 
AVMs affecting the chiasm. One was suprasellar and fed by 
the right ophthalmic 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.346 
Endocrine disturbances, mimicking those associated with a 
pituitary macroadenoma, may occur when the AVM is 
intrasellar.347

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, sometimes hamartoma-like tumors of the ante-
rior visual pathways (optic nerve, chiasm, and tracts) and 
hypothalamus. These tumors are rare, but they constitute 5% 
of all childhood brain tumors and 30% of all brain tumors 
in children less than 5 years old at The Children’s Hospital 
of Philadelphia.348 Between 59% and 70% present before age 
10, and another 20–22% by age 20.349,350

Optic nerve gliomas, which involve only the optic nerve, 
are reviewed in the chapter on optic neuropathies (Chapter 
5). In general the greatest morbidity of optic nerve gliomas 
is visual loss, and the mortality rate is extremely low.349 
On the other hand, optic pathway tumors involving the 
chiasm and/or hypothalamus, given their location, often 
present with endocrine dysfunction and are associated  
with higher morbidity and mortality rates. Therefore, they 
must be managed differently. Chiasmal/hypothalamic 
gliomas constitute approximately 75% of all optic pathway 
gliomas.350

the ictus. It would seem unwise to subject all individuals 
with a chiasmal cavernous angioma to a craniotomy and 
unnecessary surgery involving the optic apparatus when 
some display a benign course.

Arteriovenous malformations (AVMs)
Rarely, AVMs, consisting of direct arterial communication 
with veins, occur in the chiasm and cause a bitemporal 
hemianopia when they bleed. Lavin et al.336 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 spon-
taneously or following surgical decompression of the 
hematomas. The second patient had just one acute episode 
of visual loss prior to 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 below. AVMs of the cerebral 
hemispheres, which are much more common, are discussed 
in Chapter 8.

Venous angiomas
These represent developmental anomalies of the venous 
system and are usually asymptomatic.329 One rare case of a 
chiasmal venous angioma presenting apoplectically has 
been described.337

Others
Balcer et al.338 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.339 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 
develops a sudden bitemporal hemianopia or bilateral visual 
loss. 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.339 MRI may reveal chiasmal T2 high 
signal or enhancement. When vasculitis is suspected, appro-
priate 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.
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sis type 2 (bilateral acoustic neuromas) and optic pathway 
tumors,352 an association has not been confirmed.

In one study by Lewis et al.,353 15% of patients with NF-1 
were found to have optic pathway gliomas when screened 
with brain CT. Listernick et al.354 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.355 Bilateral optic nerve 
gliomas without chiasmal involvement is highly suggestive 
of NF-1 and unusual in its absence.

Only a portion of patients with NF-1 develop visual loss, 
usually at a young age. Lewis et al.353 found that only one-

Association with neurofibromatosis  
type 1 (NF-1)
The incidence of neurofibromatosis 1 (NF-1, von Reckling-
hausen’s disease) among patients with optic gliomas is 10–
70% (average 29%).350 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 
dysplasia, and (7) family history of NF-1.351 Thus, in a 
patient 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 neurofibromato-

A B
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Figure	7–29. Systemic manifestations of neurofibromatosis type 1. 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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third of their patients with radiographically demonstrated 
gliomas were symptomatic with either subnormal vision or 
optic atrophy. In Balcer et al.’s study,356 approximately one-
half of patients with NF-1 and optic gliomas developed 
vision loss, most often before age 10. All symptomatic optic 
pathway tumors in Listernick et al.’s354 study were diagnosed 
before 6 years of age. New vision loss or visual progression 
can occur in adolescence but is less common.356–358 A newly 
symptomatic optic pathway glioma would be very unusual 
in adulthood.359

There is considerable debate whether all children with 
NF-1 should undergo routine neuroimaging360–363 or 
VEPs364,365 to screen for optic pathway tumors.366 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 or learning disability, attentional deficit,  
endocrinopathy, or developmental delay or in those not 
cooperative for a visual assessment. Every patient with NF-1 
receives at least an annual neuro-ophthalmologic examina-
tion, and unexplained acuity, color, or field loss, afferent 
pupillary defect, proptosis, or optic atrophy would also 
mandate neuroimaging.367 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.368,369 
Some authors370–374 have suggested screening for and follow-
ing gliomas in NF-1 with VEPs. However, our NF-1 patients 
do not undergo VEPs because the testing is associated with 
unacceptable false-positive365 and false-negative rates375 
regarding tumor detection.376 The neuro-ophthalmic exami-
nation in our opinion is a more reliable screen, even in 
young children.366,377

Pathology
Optic gliomas, like cystic cerebellar astrocytomas, are juve-
nile pilocytic astrocytomas.378 In general, these are benign, 
low-grade glial tumors, which are grade 1 in the World 
Health Organization classification of gliomas.379 Other 
pathologic features include eosinophilic Rosenthal fibers 
and the absence of mitotic figures. Extracellular accumula-
tion of acid mucopolysaccharide may account for some 
instances of tumor enlargement,380,381 and resorption of this 
mucosubstance may explain spontaneous shrinkage of some 
optic nerve and chiasmal gliomas. Other possible mecha-
nisms for tumor growth include proliferation of neoplastic 
cells and reactive arachnoidal proliferation.350 Optic gliomas 
should be distinguished from cerebral gliomas and malig-
nant optic gliomas of adulthood, which are discussed in the 
subsequent section.

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 poste-
rior chiasmal gliomas.

For decades, the growth potential of these optic gliomas 
has been a controversial issue.382 Hoyt and Baghdassarian383 
advocated the notion that they are benign hamartomas: 
“optic gliomata are clinically indolent tumours 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 degeneration. They have features of congenital 
hamartomata.” On the other hand, more recent histopatho-
logic studies have suggested that optic gliomas are true 
neoplasms.384,385

It has been our personal experience that chiasmal/hypoth-
alamic gliomas behave unpredictably, and their growth rates 
span a wide spectrum. Some do behave like hamartomas,386 
but some grow over years, then stop, while others continue 
to enlarge and cause progressive symptoms despite all inter-
ventions. In rare instances, spontaneous improvement in 
vision and radiographic appearance can also occur.387–395 
Central nervous system (CNS) and abdominal (via ventricu-
loperitoneal shunting) metastases also have been docu-
mented.396–400 In general, the morbidity and mortality of 
anterior chiasmal gliomas is much less than those with pos-
terior extension.349,401,402

Extension of an optic nerve glioma into a previously unin-
volved chiasm is extremely rare.403 Therefore we are not rou-
tinely recommending removal of a posteriorly situated optic 
nerve glioma to prevent “spread” into the chiasm.

In neurofibromatosis, there is a relatively high rate of 
second intracranial tumors such as cerebral gliomas.404

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.350 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.386 In general, 
it is difficult to correlate an optic glioma’s location with the 
field defect, as dysfunction of anatomically involved struc-
tures does not always occur. Despite diffuse infiltration of 
the anterior visual pathway, an optic glioma may present 
solely with a bitemporal hemianopia or a unilateral central 
scotoma. In the extreme case of some patients with neurofi-
bromatosis 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.405

Visual loss rarely can occur apoplectically,406 and in some 
instances this behavior may reflect sudden cyst enlargement 
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rather than tumor growth per se. Young children, who might 
not complain of visual loss, may present with strabismus 
owing to poor vision in one eye. Other presentations include 
monocular407 or asymmetric nystagmus or the full triad of 
head nodding, head tilt, and nystagmus, mimicking spasmus 
nutans.40,408 Optic atrophy is the rule, but optic nerve infiltra-
tion or third ventricular obstruction with hydrocephalus 
may be associated with optic disc swelling (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 the 
hypothalamus.409,410 Russell’s diencephalic syndrome and 
precocious puberty are the two most common endocrinopa-
thies at presentation (see Fig. 7–17),47,400 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 the availability of coronal images and its superior 
ability in imaging the optic tract/hypothalamic extent of the 
lesion.411,412 Chiasmal gliomas are seen best on coronal 
images, and they appear as intrinsic enlargement of the 
chiasm (Fig. 7–31),413 occasionally with a cystic compo-
nent.414 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 

Figure	7–30. Axial CT scan showing contrast-enhancing globular chiasmal/
hypothalamic glioma (arrow) obstructing the third ventricle and causing 
hydrocephalus and papilledema.

A B

Figure	7–31. Chiasmal glioma. Intrinsic enlargement of the chiasm (arrow) demonstrated on T2-weighted MR images. A. Axial view. B. Coronal view.
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A B

Figure	7–32. Chiasmal/hypothalamic glioma, depicted in enhanced T1-weighted MR images. The large enhancing mass (arrow) obliterates the chiasm, 
hypothalamus, and third ventricle. A. Sagittal view. B. Coronal view.

Figure	7–33. Optic tract involvement (arrow) by a chiasmal/hypothalamic 
glioma. T2-weighted axial MRI.

round suprasellar masses, and often it is difficult to tell 
whether the growth arises from the chiasm or hypothalamus 
(Fig. 7–32). The lesions are isointense or hypointense on 
T1-weighted images, hyperintense on T2-weighted images, 
and may enhance with gadolinium.85 Optic tract involve-
ment can be evident when the tracts are bright on T2 and 
enhanced images (Fig. 7–33).415 Involvement of the optic 
radiations is rare but has been reported.416

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  
clinically by rapidly progressive visual loss and onset in 
adulthood.

Fletcher et al.405 outlined three characteristics of chiasmal 
gliomas evident on CT scanning: tubular thickening of the 
optic nerve and chiasm, a suprasellar tumor with contiguous 
optic nerve expansion, and a suprasellar tumor with optic 
tract involvement. The diagnosis cannot be made with cer-
tainty in the case of a globular suprasellar mass without optic 
nerve or tract extension.

Treatment
Despite the myriad of retrospective series and reviews by 
authorities on the subject,349,350,366,383,386,401,402,417–438 the best 
treatment of chiasmal/hypothalamic gliomas is unfortu-
nately 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 prior to the availability of MRIs, 
which have greatly improved tumor localization. Several 
studies analyzed the efficacy of radiation, previously a 
popular treatment, but today rarely used because of side-

effects. A prospective, 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 slowly, and in some instances many 
years may pass following treatment before they progress 
again.

Combined, the neuro-oncology and neuro-ophthalmol-
ogy services at The Children’s Hospital of Philadelphia433,434,437 
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 
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those with solely optic nerve or chiasmal involvement.356 
Chemotherapy may halt or reverse visual and radiographic 
progression in the majority of cases, but many patients  
continue to lose vision despite chemotherapy.438,455 Outcome 
analyses of patients treated with radiation are no longer 
relevant.350,402,444

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. While some authors 
have agreed with our observations,423,431 analyses of larger 
numbers of patients have not arrived at the same conclu-
sions regarding the protective effect of NF-1.349,350,436

Malignant	optic	chiasmal	gliomas		
of	adulthood

These uncommon tumors also primarily involve the anterior 
visual pathway, and occur primarily in middle-aged and 
elderly individuals. In contrast to the aforementioned pedi-
atric optic gliomas, however, malignant optic chiasmal 
gliomas of adulthood cause rapidly progressive bilateral 
visual loss, and are uniformly lethal. Some cases have been 
associated with prior intracranial irradiation.456 Only a 
handful of unusual cases in children have been reported.457

Pathology, location and growth 
characteristics
These tumors should be considered glioblastomas of the 
anterior visual pathway, although some would also include 
anaplastic astrocytomas in this location. Hoyt et al.458 called 
these lesions a “common type of brain tumour 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 
swelling.458 They may also complain of ocular pain exacer-
bated 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. Cer-
ebral extension is manifested 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).459,460 On CT scan-
ning, adult chiasmal gliomas may appear cystic with ring 

a biopsy, and without evidence of radiographic or clinical 
(visual or endocrine) progression, can be observed.401 The 
MRI and neuro-ophthalmic examination, including visual 
fields, should be repeated in 6–18 weeks, then semiannually 
if stable. 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 in such 
instances.

Evidence of progression on two successive neuro- 
ophthalmologic or radiologic examinations would be an 
indication for chemotherapy.348,439,440 Currently vincristine 
and carboplatin (preferred now over actinomycin D) are 
first-line agents;441 topotecan and oral etoposide (VP-16), 
procarbazine, vinblastine, N-(2-chloroethyl)-N-cyclohexyl-
N-nitrosurea (CCNU), and thioguanine are other alterna-
tives, especially when the tumors recur.438,442 Furthermore, 
in the case of a very young child with a chiasmal/hypotha-
lamic glioma and profound visual loss, it is reasonable  
to initiate chemotherapy without evidence of progression, 
as the child’s age may preclude detection of small changes 
in vision.

External beam radiation (approximately 4500–5000 cGy 
in divided doses443) can halt tumor growth and the pro-
gression of visual loss.426,427,444–447 Less commonly, vision 
improves.448 However, major side-effects of cranial irradia-
tion for optic gliomas include mental retardation, endocrin-
opathies, and cerebrovascular disease including moya-moya 
syndrome,449–451 particularly in smaller children who are 
most vulnerable to these complications. Radionecrosis  
of the chiasm452 and secondary tumors453 have also 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, Optic nerve gliomas).

Posterior chiasmal gliomas in patients with NF-1 may be 
observed, particularly when their neuro-ophthalmic exami-
nation is normal. In those without NF-1 and with hypotha-
lamic 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 chemother-
apy right away, without requiring documentation of radio-
graphic 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.429,431,432,434 Large 
tumors, obstruction of the foramina of Monro, and cysts 
associated with visual progression are other reasonable indi-
cations for neurosurgical intervention.454 However, it is 
unclear whether aggressive surgery, which can be associated 
with vascular occlusion, endocrinopathy, and further visual 
loss, is necessary in every instance.

Outcome
In patients with NF-1, those with gliomas involving the  
tract or hypothalamus have a worse visual prognosis than 
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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).

enhancement and mimic other suprasellar masses.461 Since 
the neuroimaging features are nonspecific, the diagnosis 
relies more on the patient’s age and rapidly progressive 
symptoms.

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.462

Hypothalamic	(tuber	cinereum)	
hamartomas

These lesions present primarily with precocious puberty 
because they release luteinizing hormone-releasing hormone 
(LHRH), and other common clinical features can include 
gelastic seizures, mental retardation, and behavioral distur-
bances. However, when they grow large enough, they can 
compress the chiasm. Hypothalamic hamartomas are non-
invasive, rarely grow in size, and microscopically are com-
posed of neurons and glia. Radiographically, they appear as 
round sessile or pedunculated masses (“collar-buttons”) 
attached to the posterior hypothalamus between the 
infundibulum and mamillary bodies.463 They are isointense 
relative to gray matter on T1-weighted MR images 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 neu-
roimaging and examinations may be sufficient. Treatment of 
the precocious puberty consists of hormonal suppression 
therapy. Surgical management should be reserved for chias-

mal compression, atypical lesions, progressive enlargement, 
and instances where medical management fails to control 
endocrine dysfunction.463,464

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.465 Patients usually present with intellectual 
and behavioral abnormalities, seizures, or focal neurologic 
deficits.466

Gangliogliomas involving the anterior visual pathways 
are uncommon but have been reported.467–470 Mechanisms 
include medial extension of a temporal lobe ganglioglioma 
into the suprasellar area and tumor intrinsic to the hypotha-
lamus and chiasm. Since the optic nerve and chiasm do not 
contain neuronal 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 enlargement, gangliogliomas intrinsic to 
the anterior visual pathway may mimic optic gliomas clini-
cally and radiologically.471

Gangliogliomas are usually slowly growing neoplasms, 
and occasionally behave like hamartomas. When surgically 
accessible, complete resection is usually curative, with radia-
tion and chemotherapy reserved for cases with progression 
or recurrence.472,473 However, when the chiasm and hypotha-
lamus are involved, complete surgical resection is impossi-
ble. In these instances, patients should undergo subtotal 
removal followed by radiotherapy, but the visual prognosis 
is varied.
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Figure	7–35. Enhanced axial MRI scan demonstrating multicentric 
germinoma involving the sella (large arrow) and pineal region (small arrow).

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 ontog-
eny.474 Most are diagnosed between 10 and 21 years of 
age,464 and there is no sex preponderance for suprasellar 
lesions.475 Actually, extracranial sites are more common and 
include the gonads (e.g., testicular seminomas and ovarian 
dysgerminomas), retroperitoneum, and mediastinum.464

There are three major groups of intracranial germ cell 
neoplasms: germinomas, teratomas, and nongerminoma 
germ cell tumors.474 Suprasellar germinomas include tumors 
previously termed ectopic pinealomas,476 atypical terato-
mas,477 or dysgerminomas. They are composed of primor-
dial, polygonal germ cells with lymphocytic infiltration, and 
these tend to have the best prognosis because of their radio-
sensitivity. Teratomas, on the other hand, consist of differ-
entiated tissue of all three germ layers. Pure teratomas are 
benign and also have a good prognosis.478 The nongermi-
noma germ cell tumors include embryonal carcinomas, yolk 
sac or endodermal sinus tumors, choriocarcinomas, and 
immature teratomas.464 As these are radio-insensitive, 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 
hypothalamus, infundibulum, and optic nerves. Subarach-
noid, intra-axial, and subependymal (ventricular) seeding 
unfortunately is not uncommon.477 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 “mul-
tiple midline germinomas”443 (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.475,476 Of these, diabetes 
insipidus is the most common, occurring in almost all 
patients.477,479 It is usually the initial symptom and can be 
present for years prior to diagnosis. Visual deficits result 
either from tumor compression or from infiltration of the 
chiasm.479 Thus bitemporal hemianopias as well as nonde-
script field loss can be observed,477,480 and optic atrophy is 
very common. Papilledema due to elevated intracranial pres-
sure and ocular motor palsies occur in only a very small 
minority.481 Hypothalamic and pituitary dysfunction mani-
fests as, in decreasing order of frequency, hypogonadism, 
panhypopituitarism, hypothyroidism, dwarfism, hypocorti-
solism, central hyperthermia, cachexia, and precocious 
puberty.476 Tumor β-HCG 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.85 On CT the 
lesions are iso- or high density, and they also contrast 
enhance.480

Diagnostic studies/laboratory tests
Along with the standard endocrinologic screening, serum 
and CSF β-HCG and α-fetoprotein levels should be evalu-
ated. 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.480 However, 
modern neurosurgical techniques, a preference for histologic 
confirmation,474 and the observation that decompression 
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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 lesions highly related to sellar granular 
cell tumors include choristomas, gangliocytomas, myo-
blastomas, infundibulomas, pituicytomas, and posterior 
pituitary astrocytoma.489–493 Technically, choristomas are 
composed of histologically normal tissue in an abnormal 
location (heterotopias). In one report of a patient with 
slowly progressive visual loss owing to a chiasmal choris-
toma, fibrous tissue and smooth muscle were found in the 
optic nerve and chiasm.494 Pituicytomas arise from pitui-
cytes, the parenchymal 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 so are discussed in more detail in Chapter 15. 
However, rarely chordomas and chondrosarcomas involving 
the central skull base can present with chiasmal interference 
and bitemporal hemianopias.495,496

Chiasmal	neuritis

Autopsy studies of patients with multiple sclerosis com-
monly reveal demyelinating lesions in the chiasm. In addi-
tion, occasionally patients with optic neuritis with complaints 
in just one eye are found to have bitemporal field defects on 
formal perimetry.497,498 However, clinically evident chiasmal 
neuritis occurs much less frequently than ordinary optic neu-
ritis. Newman et al.499 described five such patients and 
reviewed the reported cases with clinical correlation up to 
1991. Most affected individuals were young adult or middle-
aged females. The rate of onset of the visual loss was varia-
ble, and chiasmal field defects were often accompanied by 
evidence of optic nerve involvement. MRI typically showed 
chiasmal enlargement and enhancement, along with intrin-
sic bright T2 signal. Although most individuals improved 
with or without corticosteroids, for unclear reasons patients 
took longer (months) to recover than those with ordinary 
optic neuritis.

In an individual with a history of multiple sclerosis, no 
further workup is required. In other cases, systemic lupus 
erythematosus,500 sarcoidosis, and other systemic disorders 
should be excluded by appropriate testing (antinuclear anti-
bodies (ANA), angiotensin converting enzyme (ACE), eryth-
rocyte sedimentation rate (ESR), and chest radiograph and/
or gallium scan). Optic gliomas appear similar radiographi-
cally, but they can be distinguished clinically by their more 
insidious visual loss.

In the Optic Neuritis Treatment Trial,501 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 

of the anterior visual pathways can result in visual  
improvement have made subtotal resection the preferable 
approach.481 Benign teratomas require no further therapy, 
and pure germinomas respond well to postoperative radia-
tion. Younger children may undergo chemotherapy to delay 
radiation. Recurrent disease may necessitate chemother-
apy.482 The more aggressive nongerminoma germ cell 
tumors require both craniospinal irradiation and adjuvant 
chemotherapy.443

Outcome
Recurrence and survival rates depend heavily on tumor 
histology. In one series,481 intracranial germinomas had 
an 85% long-term survival rate, while those with intrac-
ranial nongerminoma 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.483 
Epidermoids consist of ectodermal germ cells, while der-
moids contain both ectodermal and mesodermal germ 
layers. Visual disturbances, and less commonly hypopituitar-
ism, diabetes insipidus, and cranial neuropathies, can  
occur when these lesions are in the suprasellar region.85 
On MRI suprasellar epidermoids and dermoids appear as 
round homogeneous masses which are hyperintense on  
T1- and T2 weighted images. Their signal characteristics  
are similar to subcutaneous fat, reflecting the presence of 
glandular tissue from hair follicles and sebaceous and  
apocrine glands.

Chiasmal metastases
Cohen and Lessell484 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 was found. Dexam-
ethasone 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 individ-
ual, especially one with acquired immunodeficiency syn-
drome (AIDS).485 In addition, cases in immunocompetent 
individuals have been described.486–488 In one, lymphoma 
intrinsic to the chiasm was discovered, and the lesion was 
steroid responsive.486 Another reported patient presented 
with visual loss, impotence, decreased libido, diabetes insip-
idus, and hearing loss.487 MRI revealed an enhancing supra-
sellar mass involving the infundibulum, mamillary bodies, 
chiasm, and fornix. Biopsy revealed lymphoma, and the 
patient was treated with high-dose methotrexate followed by 
radiation.
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series of chiasmal sarcoid,510 four out of four patients had 
elevated CSF protein. Gelwan et al.511 treated four patients 
with chiasmal sarcoid and visual loss with high-dose intra-
venous corticosteroids. Visual improvement was usually 
temporary, and subsequent deteriorations necessitated radi-
ation, then immunosuppressive medications such as aza-
thioprine or chlorambucil. Other steroid-sparing agents such 
as cyclophosphamide, methotrexate,512 cyclosporine,503 and 
cladribine513 have been used in sarcoidosis in this region.

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, this disorder is typified by distinctive granu-
lomas resulting from idiopathic proliferation of histiocytes, 
plasma cells, and eosinophilic inflammatory cells.514 Other 
terms for Langerhans cell histiocytosis have been used, 
depending upon its focality and severity. Eosinophilic gran-
uloma is the preferred designation when the process is uni-
focal. 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 aggressive 
form characterized by poorly differentiated histiocytes and 
multiorgan involvement.

Intracranial Langerhans cell histiocytosis has a predilec-
tion for the hypothalamic–pituitary axis.514–516 Endocrine 
disturbances are the most common manifestation, and the 
most frequent of these are diabetes insipidus, GH deficiency, 
and delayed puberty.464 Histiocytosis should always be con-
sidered in an individual with diabetes insipidus and an 
enhancing mass involving the pituitary stalk.517 Visual loss 
due to compression of the anterior visual pathway can 
occur.518,519 Previous or concurrent skin, bone, or reticuloen-
dothelial 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.520

Lymphocytic adenohypophysitis
This entity occurs predominantly in younger women and is 
most common during pregnancy or in the postpartum 
period.521,522 It is a presumed autoimmune disease,44 as other 
associated conditions include Sjögren’s disease, thyroiditis, 
pernicious anemia, rheumatoid arthritis, and insulin-
dependent diabetes.523 The disorder is characterized his-
topathologically by plasma cell and lymphocyte infiltration 
of the pituitary, and clinically by headaches and hyperprol-
actinemia or hypopituitarism out of proportion to the degree 
of radiographic pituitary enlargement.524 Bitemporal field 
defects may occur when extrasellar extension involves the 
chiasm.524–526 On MRI, lymphocytic adenohypophysitis 
appears as a symmetric, solid sellar mass which is isotense 
with gray matter on T1- and T2-weighted images and which 
gadolinium enhances.524,527 The lesions are homogeneous 
and contrast enhancing on CT. Because the clinical and 
radiographic features can be confused with those of a pitui-

Figure	7–36. Coronal T1-weighted, gadolinism-enhanced MRI 
demonstrating sarcoidosis involving the sella and infundibulum (arrow), 
contiguous to the inferior chiasm.

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 methylpred-
nisolone, followed by a short taper of oral prednisone over 
5–10 days.

Inflammatory	masses

Inflammatory suprasellar masses include sarcoidosis, histio-
cytosis X, lymphocytic adenohypophysitis, idiopathic granu-
lomatous hypophysitis, and optochiasmatic arachnoiditis. 
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, hypoth-
alamus, or pituitary gland.502,503 The typical scenario is a 
bitemporal hemianopia or some other pattern of bilateral 
visual loss, diabetes insipidus, obesity, and hypopituitar-
ism—with or without systemic involvement.504–506 Chronic 
cases usually present with optic atrophy, but concomitant 
optic nerve involvement may be associated with disc swell-
ing. 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 and see Fig. 
17–14).507 On CT scanning the suprasellar lesions contrast 
enhance.508 Sarcoid can also be intrinsic to the chiasm and 
optic nerves, causing radiographic enlargement and gadolin-
ium enhancement of the anterior visual pathway.509 In one 
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tary adenoma,528 a definitive diagnosis requires a biopsy. 
Chiasmal compression is an indication for partial resection, 
but complete removal, often resulting in unwarranted pan-
hypopituitarism, should be avoided.526 Adjunctive cortico-
steroid treatment is usually extremely effective.

Idiopathic granulomatous hypophysitis 
(giant cell granuloma)
This related disorder can involve the pituitary, infundibu-
lum, and potentially the chiasm.529–531 Granulomatous 
hypophysitis typically presents in middle-aged or older 
women with hypopituitarism and diabetes insipidus. The 
older age predilection, diabetes insipidus, MRI evidence of 
infundibular thickening, and granulomatous inflammation 
distinguish this disorder from lymphocytic adenohypo-
physitis. Lack of systemic involvement separates it from the 
aforementioned granulomatous processes. Transsphenoidal 
biopsy is usually necessary to establish the diagnosis, and 
corticosteroids are the treatment of choice. Rarely, granulo-
matous hypophysitis caused by a ruptured intrasellar 
Rathke’s cleft cyst can be identified.532

Optochiasmatic arachnoiditis
An inflammatory response in the suprasellar space may 
occur idiopathically or in association with head trauma or 
infections such as tuberculosis and cysticercosis (see below). 
In addition, optochiasmatic arachnoiditis may be induced 
by muslin wrapping of intracranial aneurysms in this 
region.533,534

Infections

Because the chiasm is surrounded by cerebrospinal fluid, it 
is particularly vulnerable to any of the infectious menin-
gitides. In addition to tuberculous meningitis, which is dis-
cussed in more detail below, purulent meningitis due to 
Streptococcus pneumoniae, Staphylococcus, Pseudomonas aerugi-
nosa, cryptococcus, and syphilis infrequently can involve the 
chiasm. Other types of infections in this area are discussed 
below as well.

Tuberculosis
Pathologically, tuberculous meningitis is characterized by a 
thick grayish, gelatinous exudate at the base of the brain and 
cisterns,535 consisting of polymorphonuclear cell infiltration, 
fibrin, endarteritis, and caseous necrosis.536 With modern 
multidrug therapy, anterior visual pathway involvement in 
tuberculous meningitis has become exceedingly rare in 
developed nations.537 However, we treated a previously 
healthy, immunocompetent 11-year-old boy who developed 
blindness, optic atrophy, and bilateral partial IIIrd nerve 
palsies as early sequelae of tuberculous meningitis. MRI 
revealed perichiasmal and basal cistern enhancement (Fig. 
7–37).538 Some authors have termed this process tuberculous 
optochiasmatic arachnoiditis.539 When this occurs, visual 
field defects may be scotomatous or hemianopic, but more 
typically concentric contraction is present.539 The diagnosis 

Figure	7–37. This patient with tuberculous meningitis presented with 
blindness, IIIrd nerve palsies, and altered mental status. The coronal MRI 
scan 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.)

is supported by MRI evidence of perichiasmal enhancement. 
CSF analysis should be consistent with tuberculous menin-
gitis (low glucose, lymphocytic or polymorphonuclear pleo-
cytosis, and elevated protein).540 Unfortunately, CSF acid-fast 
bacilli smears are often negative, and tubercle bacilli cultures 
takes days or weeks. For those reasons, polymerase chain 
reaction (PCR) for rapid detection of Mycobacterium tubercu-
losis in the CSF can be used as a diagnostic tool.541,542 Chest 
radiographs will reveal evidence of pulmonary tuberculosis 
in a majority of cases.535 Antituberculous medication is the 
primary therapy in this disorder, at times in combination 
with neurosurgical lysis of adhesions.539 Tuberculomas of 
the chiasm have also been described,543 but are even more 
uncommon.

Pituitary abscesses
These are rare. Typically patients present with visual field 
loss and meningitis, or they appear as if they have a pituitary 
tumor: headache, bitemporal hemianopia, and hypopitui-
tarism.544,545 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.489 Pituitary abscess are typically iso- or hypointense 
on T1-weighted MRI and rim enhance.546 Antibiotics should 
be administered, and, if there is no response, the abscess can 
be drained transsphenoidally.545

Cysticercosis
In unusual instances cysticerci may infect the suprasellar 
cistern or sella and imitate a pituitary tumor.547,548 On MRI 
or CT, calcified cysts may be evident, and if large enough the 
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The pathophysiology and relative merits of treatment 
with corticosteroids, hyperbaric oxygen, and anticoagulation 
are discussed under radiation optic neuropathy in the 
chapter on optic neuropathies (Chapter 5).

Secondary tumors
Radiation-induced tumors of the chiasm are unusual but 
have been reported. Hufnagel et al.555 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 ventricu-
lar enlargement are described in an excellent review by 
Osher et al.556 Rarely, third ventricle dilation causes down-
ward chiasmal compression and a bitemporal hemianopia, 
owing to the intimate relationship of those two structures.557 
Optic tract and optic nerve disturbances can also occur if the 
chiasm is pre- or post-fixed, respectively. Proptosis, ocular 
motor palsies due to cavernous sinus compression, and Pari-
naud syndrome can be other complications. Posterior fossa 
tumors are the most common cause of the hydrocephalus  
in these instances, while aqueductal stenosis and post-
meningitic adhesions are less frequent etiologies. Shunting 
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 downwards and laterally against the carotid arteries. 
We agree with Osher et al.556 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 to the optic nerve. 
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.558 Common associated findings 
include ocular motility deficits, anosmia, deafness, CSF rhi-
norrhea and otorrhea, and diabetes insipidus due to trauma 
to the pituitary stalk.559 In a few instances see-saw nystagmus 
is related to chiasmal trauma.35 Neuroimaging may reveal 
longitudinal disruption of the chiasm (Fig. 7–38).560,561 The 
mechanism of the bitemporal hemianopia is unclear, and 
proposed theories include stretching of the body of the 
chiasm,559 a vascular insult, or contusion hemorrhage, necro-
sis, or tears.562 Two patients with traumatic chiasmal syn-
drome were found to have midline basilar skull fractures 
through the midclivus, sella turcica floor, dorsum sellae, and 
sphenoid sinus, suggesting the chiasm was torn.558 One case 
following autoenucleation and removal of the optic nerve 
and half of the chiasm has also been reported.563

cysts can cause hydrocephalus due to third ventricular com-
pression. 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 albenda-
zole should be administered, and the presence of hydro-
cephalus may require a shunting procedure. Surgical removal 
is sometimes necessary for large lesions. Cisternal cysticer-
cosis may have a poor prognosis despite treatment. Chronic 
inflammation of cysts and meninges can cause fibrosis and 
adhesions, leading to impairment of CSF flow and vasculitis 
with subsequent brain infarction.547

Side-effects	of	radiation

In the previous sections on pituitary adenomas and cranio-
pharyngiomas, we alluded to the hazards of radiotherapy 
near the sellar area. This section will discuss 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
This complication has been most frequently reported follow-
ing radiation treatment of pituitary adenomas, cranio-
pharyngiomas, meningiomas, and other tumors near the 
skull base. Risk factors include radiation dose exceeding 
4800 cGy, fractional dosage greater than 200 cGy, overlap-
ping treatment fields, and concurrent chemotherapy.549 In 
one study, the time between completion of radiation therapy 
and onset of visual symptoms ranged from 4 to 35 months.550 
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, radionecro-
sis of the chiasm causes intrinsic enlargement and gadolin-
ium enhancement on MRI.551,552 Involvement of surrounding 
structures, such as the hypothalamus, frontal lobes, or pons, 
is often evident due to contrast enhancement or T2 signal 
abnormalities.553 With a history of previous radiation, the 
MRI findings are virtually diagnostic and obviate the need 
for further testing or biopsy.554 CT scanning, with or without 
enhancement, can be insensitive to subtle changes. In equiv-
ocal 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.
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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-weighed MR images. 
C. Inferior frontal lobe contusions were also found (arrows). The patient had multiple base of skull fractures, including one through the sellar floor (arrow) 
shown on axial CT scan (D).

Empty	sella	syndrome

In this condition, the sella is enlarged and the pituitary flat-
tened against the sellar floor because of arachnoid hernia-
tion through a defect in the diaphragm (see Fig. 6–16).43 In 
primary empty sella, the defect is presumably 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 suprasellar portions of the 
optic nerves, chiasm, and tracts and anteroinferior third ven-
tricle herniate into the space.564 Bitemporal field deficits can 
occur in primary empty sellae,565 but they are uncommon 
and seem unrelated to the amount of herniation.564 Visual 
loss is usually nonprogressive, so surgical intervention is for 
the most part unnecessary. Endocrine function is usually 
preserved, but uncommonly hormone abnormalities are 
found. Visual acuity and field loss in 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,566 but generally does not contrib-

ute to visual loss or endocrine dysfunction because hernia-
tion of suprasellar structures does not occur.

Sphenoid	sinus	mucoceles

These can be considered retention cysts of the sinus, in many 
instances owing to inflammatory blockage of the draining 
ostium.567 They consist of a sterile creamy fluid which is 
sometimes purulent.489 Enlargement usually causes head-
ache and orbital apex interference; however, chiasmal syn-
dromes have been reported.568 Surgical drainage of these 
mucoceles is best achieved via transnasal or transoral routes 
by an otolaryngologist.

Developmental	anomalies	of	the	chiasm

These are rare and include chiasms which either malformed 
or miswired.569 Transsphenoidal encephaloceles, for instance, 
are characterized by congenital downward herniation of the 
optic nerves, chiasm, tract, and hypothalamus through the 
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sphenoid bone.570 Hypopituitarism, agenesis of the corpus 
callosum, and other cranial midline defects, such as hyper-
telorism, cleft lip, and cleft palate, are frequent accompany-
ing features. Bitemporal hemianopias are the most common 
visual field defect. Disc atrophy is the usual fundus finding, 
but many patients instead have optic nerve colobomas or 
Morning glory disc anomalies (see Fig. 5–23). Indications 
for surgical intervention include progressive visual loss 
(uncommon), epipharyngeal respiratory obstruction, and 
CSF rhinorrhea. The surgeon is always careful to reduce 
rather than amputate the sac containing neural and endo-
crine structures.

Chiasmal aplasia or asymmetry can be associated with 
anophthalmia, which results from faulty development of 
one or both optic vesicles.571 Chiasmal dysplasia can accom-
pany optic nerve hypoplasia, absence of the septum pelluci-
dum, and pituitary ectopia (de Morsier’s septo-optic 
dysplasia).10 A hereditary chiasmal optic neuropathy, without 
any major abnormalities on neuroimaging, has also been 
described.572

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 genic-
ulate nucleus. Greater activation of the contralateral occipital 
lobe following monocular stimulation has been demon-
strated using VEPs573 and functional MRI.574 The appearance 
of the chiasm on MRI seems to be unaffected.575

Nonalbino patients without chiasms have been 
reported.576–579 These individuals had optic nerves which 
projected solely ipsilaterally to the optic tracts. In typical 
examples, Apkarian and colleagues576,577 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 vertical and torsional planes. Their MRIs demon-
strated complete absence of the chiasm.
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Retrochiasmal disorders

The retrochiasmal afferent visual pathways include the optic tract, lateral 
geniculate nucleus, optic radiations, and striate cortex. The most common 
neuro-ophthalmic presentation of a unilateral retrochiasmal disturbance is 
a homonymous hemianopic field defect with normal acuity.

Important concepts in retrochiasmal disorders will be discussed first. The 
second part of this chapter will be subdivided by localization and progress 
from anterior to posterior structures, with neuroanatomy, clinical presenta-
tion, 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 will be placed on cerebrovascular 
disease, since it is seen most frequently.

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 Zhang et al.’s4 study of isolated and non-
isolated hemianopias in adults, all of whom had undergone CT or MR 
imaging, 63% were caused by ischemic stroke, 12% by trauma, and 11% by 
hemorrhages.5 The responsible lesion in adults is most commonly in the 
occipital lobe (47%).5

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). The difference between 
the two studies likely reflects referral bias. Injury to the optic radiations is 
the most common localization 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 homony-
mous visual field defects. Congruity can be assessed only in incomplete 
homonymous hemianopias not involving the whole half of the visual field. 
Isolated complete homonymous hemianopias are non-localizing.

In general, incongruous hemianopias localize to more anterior retrochi-
asmal lesions, for instance in the optic tract. More congruous hemianopias 
suggest more posterior disturbances, i.e., the occipital lobe. The explanation 
offered for the incongruity observed in more anterior lesions is anatomical. 
Uncrossed and crossed axons combine first in the optic tract, where fibers 
carrying information from corresponding areas within the contralateral 
homonymous hemifield may still be widely separated.7,8 More posteriorly, 
the corresponding areas are subserved by fibers which are closer together or 
in the case of striate cortex in the occipital lobe, by single binocular neurons. 

 Part 2  Visual loss and other disorders of the afferent visual pathway
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Table 8–1 Frequency of etiologies (by category and primary location) of hemifield loss in inpatient and outpatient adults seen by one of 
the authors (G.T.L.) from July 1993 to October 1996. All patients had CT or MRI confirmation of the lesion and localization

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%) Pre-operative 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

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 1997 (reprinted with permission from Liu GT and Galetta SL. Neurology 1997;49:1748–1749).

Optic tract Optic radiations Occipital lobe Total

Neoplasm (39%) Pre-operative 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

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, these 
are guidelines rather than rules. Incongruous homonymous 
hemianopias may also 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 
(8/36 (22%), Table 8–2)6 may in part owe to the higher 
incidence of sellar masses and the lower incidence of strokes 
in the 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 temporal 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 
superomedially to the uncal gyri (see Figs 7–2 and 7–5). 
They then turn posterolaterally to the interpenduncular 
cistern, just ventral to the rostral midbrain and cerebral 
peduncles.
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magnitude of an optic tract RAPD was related to this asym-
metry of visual field loss rather than the classic explanation 
of a disturbance of more crossed then uncrossed fibers. 
Other described pupillary abnormalities include contralat-
eral mydriasis (Behr’s pupil), and hemianopic pupillary 
reactivity (Wernicke’s pupil). However, both of these pupil-
lary abnormalities are of uncertain clinical significance, and 
their existence is debated.12

Because presynaptic ganglion cell axons are interrupted, 
patients with isolated tract lesions may have bilateral optic 
atrophy with ipsilateral temporal pallor and contralateral 
“bow-tie” or “band” atrophy (Fig. 8–3). Larger lesions also 
affecting the chiasm or optic nerves may produce diffuse 
bilateral optic atrophy. A homonymous hemianopia  
accompanied by optic atrophy would be consistent with a 
disturbance of either the optic tract or lateral geniculate 
nucleus.

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 hemipare-
sis on the same side as the hemianopia. Endocrine distur-
bances, owing to involvement of the pituitary, stalk, or 
hypothalamus, may also be seen. In Bender and Bodis- 
Wollner’s13 series of patients with optic tract lesions, five of 
their 12 patients had memory problems, and three of these 
had visual hallucinations, and the authors attributed these 
symptoms to temporal lobe involvement.

Etiology
Because of the anatomic relationship between the two, any 
process which can involve the optic chiasm (Table 7–3) may 
also affect the optic tract, and therefore the differential diag-
nosis is similar. If the chiasm is prefixed (short intracranial 
optic nerves, see Fig. 7–4), an enlarging sellar mass is likely 
to cause a posterior chiasmal or optic tract interference. 
Sellar disturbances are discussed in detail in Chapter 7.  

Most of the tract fibers synapse within the ipsilateral 
lateral geniculate nucleus; however, some axons depart from 
the optic tract to complete the afferent limb of the pupillary 
light reflex. These pupillary fibers pass ventral to the medial 
geniculate nucleus, and then continue through the brachium 
of the superior colliculi before reaching the pretectal nuclei, 
where they synapse. In turn, these 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 anastamotic 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 any other retrochiasmal localization.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.

Other neuro-ophthalmic signs. Acuity is preserved in an 
isolated tract lesion, but a relative afferent pupillary defect 
in the contralateral eye may be observed. In fact, a homony-
mous hemianopia accompanied by normal visual acuities 
but a relative afferent pupillary defect (RAPD) ipsilateral to 
the field defect is highly suggestive of an optic tract distur-
bance. If the chiasm or optic nerves are also involved, by a 
large sellar mass for instance, acuity may be 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 contral-
ateral to the optic tract lesion as the temporal field loss is 
usually larger than the nasal field loss (also see Chapter 13, 
Pupillary disorders). One study11 suggested the presence and 

Video 8.1
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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 craniopharyngi-
oma (8/21 (38%)), aneurysms (3/21 (14%)) (Fig. 8–4a), and 
pituitary adenomas (3/21 (14%)). Other less frequent causes 
seen 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 anastamotic blood 
supply from the anterior choroidal and posterior cerebral 
arteries, ischemic tract lesions were not seen in either study 
and are therefore considered unusual.14 With the use of 
modern neuroimaging, more patients with demyelination of 
the optic tract have been recognized (Fig. 8–4b), often in 
the setting of multiple sclerosis.15 In addition, individuals 
with homonymous hemianopias due to arteriovenous mal-
formations,16 basilar artery dolichoectasia,17 and metastases18 
(Fig. 8–4c) involving the optic tract and congenital absence 
of the optic tract19 have been described. Overall, these studies 
together serve to emphasize that an optic tract lesion is most 
often caused by a mass lesion.

Lateral geniculate nucleus

Ganglion cell axons traveling in the optic tract end in the 
lateral geniculate nucleus (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 some-

times recognized by the characteristic patterns of sectoral 
hemianopic field loss.

Neuroanatomy
The LGN, situated within the lateral recess of the choroidal 
fissure, above the ambient cistern,20–22 is considered part of 
the thalamus (Fig. 8–5). Coronally, the LGN has six neuronal 
layers, and the input into each is monocular and retinotopi-
cally organized (Fig. 8–6). Visual information from the ipsi-
lateral 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. 8–7).

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 preferen-
tially to each group, and that each layer may have distinct 
projections within the striate cortex as well. 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 posterior 
choroidal arteries, consisting of one medial and two lateral 
arteries, are branches of the posterior cerebral artery 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 by the posterior choroidal 

Figure 8–2. Incongruous homonymous hemianopia due to a hypothalamic glioma involving the optic tract. Computerized perimetry grayscale output.
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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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A B

C

Figure 8–4. Examples of optic tract lesions. A. Supraclinoid aneurysm 
(solid arrow) compressing the optic tract (open arrow). B. Optic tract 
demyelination versus idiopathic inflammation (arrow) demonstrated on 
T2-weighted 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 
examination 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.

artery and its branches (Fig. 8–1 and Fig. 8–7).24 In about 
50% of cases, small portions of the LGN receive blood from 
other small posterior cerebral artery branches. Ischemic 
lesions to the posterior portion of the optic tract and the 
LGN are considered rare due to their rich anastomotic  
blood supply.10,25

Symptoms and signs
Visual field defects. Compressive or infiltrative lesions of the 
LGN typically cause an incongruous contralateral homony-
mous hemianopia. When the disturbance involves the LGN 
completely, the result is a complete hemianopia.
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A

B

Figure 8–5. Location of lateral geniculate nucleus. A. Axial view at the level 
of the midbrain; B. coronal view through the pulvinar and basilar pons.

Figure 8–6. 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 
representation 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 (borrowed with 
permission from Mason C, Kandel ER. Central visual pathways, p. 425, 
Appleton & Lange, Norwalk, 1991).

Two patterns of field loss, although rare, are highly sug-
gestive of LGN involvement and relate to its blood supply 
pattern and retinotopic organization:26

1. A horizontal homonymous sectoranopia is the hallmark 
of posterior choroidal artery territory infarction  
(Fig. 8–8).24 The field defect, which characteristically 
points inward towards and involves fixation, results 
from involvement of the central hilum of the LGN.27 
Several authors, however, have cautioned that 
horizontal homonymous sectoranopias are nonspecific, 
and similar visual field abnormalities 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 

sectoranopia (Fig. 8–9). 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 However, because ganglion cell axons subserv-
ing the pupillary light reflex leave the anterior visual pathway 
prior to the LGN (see Fig. 13–2), lesions of the LGN only 
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Figure 8–7. Coronal view of the lateral geniculate nucleus: layers, 
retinotopic 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 posterior 
choroidal artery. The medial and lateral horns carry information from the 
inferior and superior quadrants, respectively, and are fed by anterior 
choroidal artery.

Figure 8–8. Wedge-shaped sectoranopia typical of left posterior choroidal infarction and involvement of the hilum of the left lateral geniculate nucleus. 
Goldmann visual field.

involvement of the motor and sensory pathways in the pos-
terior 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 disturbances (Fig. 8–10).36 Recognizing these visual 
field defects not only suggests the etiology of the lesion,  
but also predicts the circulation involved. Vascular accidents 
in these distributions have also been reported following 
intentional and inadvertent neurosurgical ligation.32,34 
In addition, LGN damage due to trauma37,38 and bilateral 
quadruple sectoranopias from bilateral LGN involvement in 
central myelinolysis39,40 have been described.

Optic radiations

Postsynaptic fibers from the LGN form the optic radiations, 
which are destined for the calcarine cortex.

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 supe-
rior quadrant visual information (inferior fascicle) curves in 
an anteroinferior direction into the anterior pole of the tem-
poral lobe, forming Meyer’s loop.41 Since the fibers dedi-
cated to the macula do not extend anteriorly, they may be 
spared in anterior temporal lobe lesions that involve the 
optic radiations. The anterior fibers of Meyer’s loop subserve 
the superior visual field just lateral to the vertical meridian, 

should have no influence on pupillary reactivity or size and 
should not cause a relative afferent pupillary defect.

Other signs and symptoms. Thalamic involvement due to 
posterior choroidal artery territory infarction may lead to 
contralateral sensory loss and language and memory distur-
bances.24 Anterior choroidal artery infarction is typically also 
associated with hemiparesis and hemisensory loss ipsilateral 
to the hemianopia, and these symptoms are likely due to 
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Figure 8–9. Upper and lower (quadruple) sectoranopia, characteristic of anterior choroidal infarction and involvement of the medial and lateral portions of 
the right lateral geniculate nucleus. Goldmann visual field.

Figure 8–10. Axial fluid level attenuated inversion recovery (FLAIR) 
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.

while the more posteriorly situated fibers carry visual field 
information 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 cal-
carine cortex, respectively.

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. 8–11), including the lenticulostriate and inferior 
temporo-occipital 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 
temporo-occipital sylvian artery branch of the MCA, and  
the anterior temporal and calcarine arteries of the posterior 
cerebral artery (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 denser superiorly (“pie in the sky defect”)  
(Fig. 8–12).42,43,45 In contrast, lesions of the parietal lobe 
characteristically will lead to incongruous defects more 
prominent inferiorly (Fig. 8–13), and rarely quadrantanopias 
respecting the horizontal meridian can be seen.46,47 In clini-
cal practice, there is significant variation in these findings, 
especially with regards to congruity. Complete interruption 
of the optic radiations will cause a dense homonymous 
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Figure 8–11. Branches of the middle cerebral artery (MCA). Lateral view of the left cerebral hemisphere showing the location and general branching 
pattern of the middle cerebral artery. The middle cerebral artery branches in the depths of the lateral sulcus.

A

Figure 8–12. A. Upper right visual field (“pie 
in the sky”) defect (computerized perimetry 
grayscale output) following

hemianopia (Fig. 8–14). Bilateral lesions of the optic radia-
tions 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 obstruction of the ventricular system and lead to papille-
dema. In addition, optic radiation lesions which 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 towards the 

side of the lesion (see Chapter 17, Nystagmus). Similarly, 
slow pursuit will be defective in the direction ipsilateral to 
the lesion (see Chapter 16, Gaze disorders). The combina-
tion of the hemianopia, defective optokinetic response, and 
poor tracking result from co-involvement of the optic radia-
tions and adjacent descending corticobulbar fibers from the 
parieto-occipitotemporal pursuit area. In contrast, normal 
optokinetic responses would be expected in a hemianopia 
due to a lesion solely within the occipital lobe. 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 

Video 9.1
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B

Figure 8–13. Incomplete left homonymous hemianopia, densest inferiorly, due to traumatic brain injury affecting primarily the right parietal lobe. 
Computerized perimetry grayscale output. The patient also had a left hemiparesis and defective optokinetic response when the targets were drawn to  
his right.

(B) resection (arrow) of a left temporal lobe Figure 8–12. cont’d 
ganglioglioma; T2-weighted axial MRI.

phenomena, known as Cogan’s spasticity of conjugate gaze,48,49 
has been attributed to an increased tone in contralateral gaze 
deviation or a decreased ability to suppress attention to the 
contralateral hemispace.50 Overall, we find this sign to be 
relatively unreliable since such lateral gaze deviations with 
eye closure may be seen with normal patients. Furthermore, 
patients with established parietal optic radiation lesions may 
have a normal Bell’s phenomenon.

Other cortical signs and symptoms. Hemianopias that 
result from lesions of the optic radiations are often associ-
ated with other “cortically based” neurologic findings. Tem-
poral 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, hyperorality, visual and 
auditory agnosia, and apathy) with involvement of the  
anterior temporal lobes bilaterally. A conduction aphasia, 
Gerstmann syndrome (finger agnosia, agraphia, acalculia, 
and right–left disorientation), and tactile agnosia, all suggest 
a dominant parietal lobe process. Left-sided neglect, topo-
graphic memory loss, constructional and dressing apraxias, 
in association with a left hemianopia suggest a nondomi-
nant, parietal lesion.

Other signs and symptoms. Hemispheric lesions may 
produce a homonymous field defect and ipsilateral hemi-
paresis and hyperreflexia when the optic radiations and 
motor strip or descending motor fibers are disrupted. A 
homonymous field defect in combination with ipsilateral 
sensory loss, astereognosis, decreased two-point discrimina-
tion, or graphesthesia suggests a parietal lesion. A process 
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Etiology
Strokes in the MCA distribution (Fig. 8–14) and neoplasms 
are the most common causes of optic radiation hemianopias 
in adults (Table 8–1). Hemorrhages, trauma, infections, and 
degenerative diseases are also seen but are less common.

within the nondominant (usually right) parietal lobe can 
also produce a contralateral neglect syndrome or hemiano-
pia, accompanied by contralateral sensory inattention. Pain, 
hemianesthesia, or choreoathetoid movements and an ipsi-
lateral homonymous field deficit imply co-involvement of 
the thalamus and optic radiations.

A

B C

Figure 8–14. A. Complete, macular splitting right homonymous hemianopia (computerized perimetry grayscale output) due to large left middle cerebral 
artery infarction depicted in the axial CT scans 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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A B

Figure 8–15. A. Medial and B lateral views of the occipital lobe in relationship to the rest of the brain. Areas 17, 18, and 19 are highlighted.

An occlusion of the proximal MCA would cause a con-
tralateral hemianopia, a contralateral hemiparesis due to 
disturbance 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 
(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 
recalcitrant seizures due to mesial temporal sclerosis.42,43,51,52

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 following occipital lobe-related field loss, since there 
is considerable overlap.

Occipital lobe/striate cortex

Brodmann area 17 (or V1, primary, calcarine, or striate 
cortex) is the end organ of the afferent visual system and is 
situated in the occipital lobe on both sides of the brain.

Neuroanatomy
The upper bank of striate cortex lies superior to the calcarine 
fissure, and the lower bank below the fissure (see Fig. 3–1 
and Fig. 8–15). 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 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.53 Fibers from the 
medial aspect of the LGN, carrying information from supe-
rior 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 infe-
rior 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.54–57 The occipital tip is 
devoted to foveal vision. The anterior striate cortex, compris-
ing approximately 8–10% of striate cortex,58 is monocularly 
innervated59 and subserves the temporal 30 degrees of the 
visual field of the contralateral eye (Fig. 8–16). The represen-
tation 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. 8–17).60

The majority of the blood supply to striate cortex derives 
from branches of the PCA (Fig. 8–18): the calcarine artery, 
mostly, with lesser contributions from the posterior tempo-
ral and parieto-occipital arteries.61 In most cases, small pene-
trating branches from the calcarine artery supply both the 
upper and lower banks of calcarine cortex. In up to one-third 
of cases, one major branch to each bank may be seen. At the 
occipital pole, there is an anastomosis between PCA vessels 
and the superior temporo-occipital sylvian artery from the 
MCA. This dual blood supply to the area responsible for 
central vision is one vascular explanation for macular sparing 
in the setting of PCA occlusion.

The PCAs are normally considered part of the posterior 
circulation of the brain, as usually both PCAs arise from the 
distal bifurcation of the basilar artery (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) a persistent trigeminal artery,62 and 
(2) persistence of the fetal origin of the PCA from the  
internal carotid artery.63,64
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Figure 8–16. 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.

A B

Figure 8–17. Occipital lobe representation of the vertical 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. (Reprinted with permission from Gray LG, 
Galetta SL, Schatz NJ. Neurology 1998;50:1170–1173).

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, are specific to occipital lobe distur-
bances. These features are often more easily identified with 
Goldmann or tangent screen perimetry than with automated 
perimetry.65

1. Macular sparing. Posterior cerebral artery infarction may 
produce a hemianopia with macular sparing (Fig. 8–19) 
(as opposed to macular splitting), and this feature is 
characteristic of but not specific to occipital lobe-
related hemianopias.4 Proposed mechanisms include 
the dual vascular supply of the occipital poles, bilateral 
representation of the maculae, and test artifact due to 
poor central fixation by the patient.66,67 However, a 
clinicoradiologic study68 provided evidence for 
unilateral macular representation. In addition, a study 
using a scanning laser ophthalmoscope to stimulate the 
retina directly confirmed macular sparing in occipital 
lobe-related hemianopias.69

2. Homonymous hemianopic central scotomas are also a 
telltale sign of a unilateral occipital lobe tip disturbance 
(Fig. 8–20). In rare occasions these scotomas are 
paracentral.70

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 contralateral eye may be spared  
(Fig. 8–21).71,72 On the other hand, lesions restricted to 
the anterior striate cortex may selectively affect the 
temporal 30 degrees of vision of the contralateral 
eye.73,74
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Figure 8–18. Posterior cerebral artery. A. Ventral view of the cerebral hemispheres with brain stem removed showing the branching pattern of the posterior 
cerebral artery (PCA) and some branches of the anterior (ACA) and middle cerebral arteries (MCA). B. Mid-sagittal view of the cerebral hemisphere showing 
the locations and branching patterns of the ACA and PCA.

Bilateral PCA infarction may lead to bilateral macular 
sparing hemianopias, with a “keyhole” residual visual field 
(Fig. 8–22). 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 distinguish this field defect 
from ocular causes of field constriction.

Restricted lesions of the upper or lower banks of the cal-
carine cortex may cause quadrantic field defects (Fig. 8–23).47 

It has been suggested that occipital lobe quadrantanopias 
with strict horizontal meridian sparing are more likely the 
result of an extrastriate lesion involving V2 (area 18) and V3 
(area 19) (see Fig. 8–15 and Chapter 9).75 However, either 
a striate or extrastriate lesion can be responsible.76 Crossed 
quadrantanopias may result from a lesion of one lower bank 
and the contralateral upper bank. This has been called the 
checkerboard visual field.77
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Figure 8–19. Macular sparing left homonymous hemianopia due to a right posterior cerebral artery stroke. Goldmann visual field.

Figure 8–20. Left homonymous inferior quadrantic central scotomas due to a neoplasm of the right occipital tip. Goldmann visual field.

Bilateral upper or lower bank disturbances produce alti-
tudinal hemianopias respecting the horizontal meridian 
(Fig. 8–24).78 This pattern may be mistaken for similar visual 
field deficits caused by bilateral optic neuropathies. The ver-
tical meridian can be spared if the calcarine lips are not 
involved, while horizontal meridian sparing may be seen if 
the base of the calcarine banks deep within the calcarine 
fissure is uninvolved.60

Cerebral blindness. This condition, characterized by blind-
ness, absent blink to threat79 and optokinetic responses, 
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 blind-
ness may be applied (Fig. 8–25). Clinically, patients with 
cerebral blindness can be distinguished from those with 
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Figure 8–21. 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.

Figure 8–22. “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.

pregeniculate lesions by the presence of intact pupillary light 
responses. Cerebral blind patients may confabulate visual 
perceptions or deny their blindness (Anton’s syndrome). Some 
of these patients have additional, contributory frontal or 
temporal lobe lesions that alter recognition, memory, and 
behavior.

The Riddoch phenomenon and blindsight. Riddoch80 
and Holmes81 observed that individuals recovering from 

occipital lobe injuries first 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. More recently it has 
been shown that rare patients with uni- or bilateral occipital 
lesions lose object recognition but in some instances may 
have “blindsight,” an unconscious ability to locate light 
sources and detect moving targets in affected fields.82–90 Some 
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Figure 8–23. Right homonymous inferior quadrantanopia from left upper bank infarction of the occipital lobe. Note there is a suggestion of macular 
sparing. Goldmann visual field.

Figure 8–24. Bilateral inferior altitudinal hemianopia from bilateral parietal-occipital hemorrhages. The patient also had Balint’s syndrome (see Chapter 9). 
Goldmann visual field.

have argued that patients with blindsight have some residual 
visual function in this apparent blind field, and it is merely 
conscious vision that is impaired. Extrageniculo striate vision 
resulting from a “second” more primitive, secondary visual 
pathway consisting of retino–tectal–pulvinar connections 
with parietal lobe91 and with V5, the putative motion detec-
tion area (see Chapter 9 for further discussion of the role of 

V5), have been invoked to explain the Riddoch phenome-
non and blindsight.83–87,92–97 Tractography has confirmed the 
existence of such alternative visual pathways in patients with 
blindsight.98,99 Other evidence, however, has suggested that 
residual subcortical connections with V5 are not necessary 
for100,101 and may not entirely explain102 these phenomena. 
Alternative mechanisms103 include residual functioning areas 
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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. As alluded to above, a proximal 
PCA occlusion may cause a midbrain and occipital lobe 
infarction.110,111 Resulting signs might include an ipsilateral 
third-nerve palsy, contralateral ataxia or hemiparesis, and 
contralateral hemianopia.112 PCA occlusion may also lead to 
memory or personality changes from mesial–temporal or 
thalamic involvement.113 Thalamic lesions may also lead to 
sensory loss.114 The “top of the basilar syndrome”115 (dis-
cussed in more detail in Chapters 15 and 16) often includes 
signs and symptoms of unilateral or bilateral PCA occlusion. 
Hemianopias related to occipital lobe infarction also may be 
associated with brain stem signs and other types of ocular 
motor dysfunction such as nystagmus, skew deviation, or 
gaze palsies, if the etiology is vertebrobasilar occlusion. 
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  
hemianopia is a PCA stroke (Table 8–1) (Fig. 8–26). 
A homonymous hemianopia, with or without macular 

of visual cortex,104,105 direct connections from the lateral 
geniculate nucleus to extrastriate areas V2 and V4106 (see 
Chapter 9) or, less likely, light scatter in the retina.107 
It should be noted that the Riddoch phenomenon is not 
specific for lesions of the striate cortex and may be observed 
with lesions of the anterior visual pathway as well.108

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 
third-nerve palsy. We have also seen several individuals with 
acute PCA strokes who complained of pain in the distribu-
tion of the ophthalmic division of the trigeminal nerve, 
ipsilateral to the vascular occlusion. One proposed mecha-
nism is referred pain due to trigeminal innervation of the 
circle of Willis or the tentorium.109

A patient with a unilateral hemianopia due to occipital 
lobe infarction will have a normal optokinetic response. In 
contrast, one with a hemianopia due to an occipital lobe 
mass with edema extending into 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’s syndrome. Lower bank lesions may be accompanied 

Figure 8–25. CT-demonstrated bilateral occipital lobe hemorrhagic lesions 
and edema, presumably due to aspergillus, in a patient with leukemia and 
cortical blindness. Hypodense lesions in the subcortical white matter of the 
frontal lobes indicate widespread, multifocal involvement.

Figure 8–26. 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.
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Table 8–3 Important causes of cortical blindness

Acquired
Vascular

Bilateral posterior cerebral artery infarction
Cardiac surgery
Cerebral angiography

Hypoxia
Reversible leukoencephalopathies

Hypertensive encephalopathy
Peripartum state
FK-501
Cyclosporine

Carbon monoxide poisoning
Creutzfeldt–Jacob disease
Progressive multifocal leukoencephalopathy
Alzheimer’s disease
Congenital
Hypoxemic-ischemic encephalopathy
Periventricular leukomalacia

sparing, unaccompanied by any other neurologic signs or 
symptoms, would be the most common presentation of a 
PCA stroke.116

In elderly patients, the differential diagnosis of occipi-
tal lobe dysfunction also includes lobar hemorrhage  
due to amyloid angiopathy. Infectious causes include 
abscesses, progressive multifocal leukoencephalopathy,  
and Creutzfeldt–Jakob disease (CJD). In children, adreno-
leukodystrophy and MELAS (mitochondrial myopathy, 
encephalopathy, lactic acidosis, and stroke-like episodes) 
may be responsible for hemianopias. Ictal or postictal  
hemianopias, and complicated migraine leading to occipital 
lobe infarction are uncommon.

Important acquired and congenital causes of cortical 
blindness117 are listed in Table 8–3.

DIAGNOSIS AND MANAGEMENT OF 
DISTURBANCES OF THE OPTIC 
RADIATIONS AND OCCIPITAL LOBE

Because processes which affect these locations are very 
similar, they are discussed together in the following section.

Cerebrovascular disease  
(ischemic stroke)

Occlusion of the MCA or PCA is suggested by the sudden 
onset of neurologic symptoms in an elderly individual  
with cerebrovascular risk factors such as atrial fibrillation, 
hypertension, diabetes, smoking, hypercholesterolemia, or 
sleep apnea. 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 defi-
nitions of TIAs recognize that some transient neurological 
events as brief as 30–60 minutes may lead to cerebral infarc-

tion visible on magnetic resonance imaging (MRI) and 
therefore should be labeled a stroke.118,119 TIAs are discussed 
in more detail in Chapter 10, Transient visual loss.

MCA strokes are associated with cardiogenic emboli, inter-
nal carotid occlusion, and internal carotid artery dissection. 
Common causes of PCA infarction include embolism from 
the heart and a more proximal vascular lesion in the vertebral 
or basilar arteries. Posterior division MCA strokes, leading 
to Wernicke’s aphasia and hemianopia, and isolated PCA 
infarcts are frequently cardioembolic.120 Less commonly, 
MCA and PCA infarction can result from local atherosteno-
sis, migraine, or hypercoagulable state, and vertebral artery 
dissection can be associated with PCA strokes.121,122

Neuroimaging. Computed tomography (CT) scanning, 
which is fast and readily available, can be performed in the 
emergency setting to differentiate between an ischemic or 
hemorrhagic stroke. Small strokes may be more visible with 
MRI, especially on T2-weighted and fluid level attenuated 
inversion recovery (FLAIR) images. Neither CT nor conven-
tional MR may show any abnormality within the first 6 
hours after the stroke ictus. MRI techniques such as  
diffusion-weighted imaging (Fig. 8–27), which detects 
changes in the random motion of water molecules, and 
perfusion-weighted imaging, which may identify ischemic 
areas with low blood volume, may delineate brain ischemia 
before CT or routine MRI are able. Magnetic resonance  
angiography (MRA) of the carotid system and circle of  
Willis is frequently helpful when establishing the stroke 
mechanism.

Treatment. The best treatment for stroke is primary pre-
vention according to the underlying medical or vascular  
condition.123,124 Control of hypertension, lowering serum 
cholesterol, cessation of smoking, and exercise may  
reduce the risk of stroke.125,126 The use of statin drugs 
(hydroxymethylglutaryl-coenzyme A reductase inhibitors), 
by mechanisms beyond reduction of cholesterol such as an 
anti-inflammatory effect, may also be protective.127 Reducing 
glucose, dietary modification, and avoidance of obesity are 
also recommended, but these measures have not been 
proven to reduce the risk of cerebrovascular events.125 
Considerations regarding asymptomatic carotid stenosis  
are reviewed in Chapter 10. Treatment of underlying cardiac 
and hypercoagulable states and secondary prevention are 
discussed separately in more detail below.

While the 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 re-establishing 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.128,129

At many centers, thrombolytic therapy in selected patients 
with acute ischemic stroke is given to allow reperfusion by 
rapid recanalization of occluded vessels.130–132 Two large ran-
domized studies133,134 evaluated intravenous recombinant 
tissue plasminogen activator (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.135 They had to 
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Figure 8–27. Right posterior division middle cerebral artery stroke 
(arrow), causing a left homonymous hemianopia, demonstrated on 
routine and diffusion weighted MR 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).

have been evaluated within 3 hours of onset of symptoms, 
and CT scanning had to demonstrate the absence of early 
infarction or hemorrhage.135,136 Functional neurologic out-
comes were improved and disability reduced in treated 
patients.137 More recently, t-PA administered between 3 and 
4.5 hours after stroke onset was also shown to improve clini-

cal outcome.138 Nevertheless, more frequent use of t-PA is 
limited by this narrow window of opportunity. In addition, 
enthusiasm for thrombolytic agents is always weighed 
against the high risk of associated cerebral hemorrhage.  
In patients for whom t-PA is contraindicated, aspirin can  
be used.139
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subcutaneous unfractionated heparin instead of intravenous 
(IV) heparin before initiating long term warfarin is gaining 
in popularity.

Hypokinetic wall motion abnormalities. Especially within 
the first 2 weeks following a myocardial infarction, focal 
areas of left ventricular akinesia or dyskinesia may predis-
pose to the development of mural thrombi with resultant 
cerebral and systemic emboli. The risk may extend for several 
years following myocardial infarction, and a decreased ejec-
tion fraction and older age were found to be independent 
predictors of an increased risk of stroke in one study.163 
Long-term anticoagulation, usually warfarin, is generally 
given to at-risk patients without contraindications. Treat-
ment is similar in patients with low ejection fraction from 
dilated cardiomyopathy from myocarditis and amyloid, for 
example. In patients with acute ischemic events (see atrial 
fibrillation above) who are not already anticoagulated, 
emergent heparin followed by warfarin is recommended.

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.164 Asymptomatic 
deep venous thromboses may result in paradoxic emboli if 
clot material passes through a patent foramen ovale. The 
diagnosis may be established with a transesophageal 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 overrepresented 
in patients with cerebral infarcts of uncertain cause,165 it is 
often difficult to correlate them with cerebrovascular events. 
Therefore, treatment, consisting of anticoagulation with  
warfarin or antiplatelet agents, or transcatheter or surgical 
closure of the defect,166 should be determined on a case by 
case basis.167–169

Valvular disease. Mitral valve prolapse and mitral annulus 
calcification are also associated with higher risk of TIA and 
stroke.170 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.171 Nevertheless, antiplatelet 
therapy is frequently recommended. Prosthetic heart valves, 
because of their inherent thrombogenicity, require long-
term warfarin anticoagulation.172

Atrial myxoma. Although histologically benign, these 
primary tumors of the heart may produce devastating effects 
when pieces detach and embolize to the brain or systemic-
ally. They are usually located within the left atrium, and are 
generally polypoid, pedunculated, round or oval, with a 
smooth or lobulated surface.173 Myxomas typically present 
either with embolism or intracardiac obstruction. Trans-
esophageal echocardiography, CT, or MRI of the chest may 
demonstrate these lesions, and surgical removal is the treat-
ment of choice.

Endocarditis. Stroke due to septic emboli may complicate 
infective endocarditis in approximately 21% of cases (Fig. 
8–28).174 Typical organisms include Staphylococcus aureus and 
Streptococcus. Intracranial hemorrhages may also develop, 
some related to mycotic aneurysms.175 The diagnosis of 

Alternatively, selective intra-arterial catheter-based throm-
bolysis with prourokinase has been shown to improve reper-
fusion and patient outcomes in those with MCA occlusion.140 
Intra-arterial t-PA also can be used, and mechanically remov-
ing the clot in so-called thrombectomy or embolectomy has 
been employed.141 The use of heparin and antiplatelet agents 
such as aspirin are discussed in more detail below in the 
sections on cardioembolic stroke and 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.142 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.

In addition to the treatments individualized according the 
various causes of stroke listed below, statins are generally 
advised for all patients with ischemic stroke to reduce the 
risk of recurrence.143–146 Blood pressure management is 
another secondary preventative measure, and a diuretic or 
combination of a diuretic and angiotensin-converting 
enzyme (ACE) inhibitor is also recommended.147

Cardioembolism
Frequent cardioembolic causes of cerebral infarction include 
atrial fibrillation, regional or global wall hypokinesis, valvu-
lar 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.148 In nonrheumatic 
atrial fibrillation, the risk of stroke is approximately five 
times that of the normal population, and in atrial fibrillation 
associated with rheumatic valvular disease, there is a 17-fold 
increase in risk.149

Although treatment should be individualized under the 
direction of a cardiologist, in general patients with atrial 
fibrillation should receive prophylaxis for thromboembo-
lism. Warfarin, adjusted to maintain an international nor-
malized ratio (INR) of 2.0–3.0,150 has been proven to reduce 
the risk of stroke and secondary cerebrovascular events.151–156 
Cerebral hemorrhage is the most feared complication, but 
the risk is low at the aforementioned INRs. In patients with 
contraindications such as poorly controlled hypertension, 
inability to comply, gait instability, and history of bleeding, 
aspirin157 or aspirin plus clopidogrel158 may be used. Cardiac 
rate can be controlled by digoxin, beta-blockers, or calcium 
channel blockers.148

In acute stroke due to atrial fibrillation, when the infarct 
is non-hemorrhagic and mild to moderate in size, emergent 
anticoagulation with heparin,159 followed by warfarin, 
should be considered to reduce the risk of re-embolus. Larger 
embolic infarctions have a greater tendency for spontaneous 
hemorrhagic transformation.160 Nevertheless, some authors 
suggest heparin even in large161 and hemorrhagic162 embolic 
infarcts if the patient is relatively intact neurologically and 
at continued high risk for recurrent cardiac source emboli. 
Because of the greater ease of administration, treatment with 
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Figure 8–28. Axial CT scan 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.

carotid atheromatous plaques, may produce basilar or PCA 
strokes by intracranial intra-arterial embolism.180 Not readily 
surgical amenable, in situ vertebrobasilar disease generally 
is best treated with antiplatelet agents, but vertebral artery 
dissection, stroke in evolution, and crescendo TIAs may 
require more aggressive anticoagulation with heparin and 
warfarin. Some authors have also used thrombolysis success-
fully in basilar artery stroke.181,182

Thrombosis in the circle of Willis (in situ thrombosis). 
Atherosclerosis of the MCA and PCA may be detected non-
invasively using MRA, and symptomatic stenosis is usually 
treated medically with antiplatelet agents. Options to reduce 
the risk of recurrent stroke include aspirin (81–325 mg per 
day), the combination of extended-release dipyridamole and 
aspirin, and clopidogrel alone. Extended-release dipyrida-
mole and aspirin was shown to be more protective than 
aspirin alone.183 Another study showed no difference in effi-
cacy between the combination of extended-release dipyrida-
mole and aspirin versus clopidogrel alone.184 Clopidrogrel, 
in one study, was slightly more effective than aspirin in 
reducing vascular events.185,186 In patients failing antiplatelet 
agents, warfarin can be an alternative.187 Intracranial angi-
oplasty or arterial stenting can be also be considered in those 
failing medical therapy,141 but perforator stroke, in lenticu-
lostriate artery distributions associated with MCA angi-
oplasty for instance, can be a complication.147

Hypercoagulable states. These conditions account for 
approximately 1% of ischemic strokes but up to 4% of 
strokes in young adults.188 These include hematologic disor-
ders such as protein C or S, factor V, or antithrombin III 
deficiency,189 which are treated with chronic warfarin antico-
agulation, and abnormalities of formed blood elements such 
as polycythemia vera, sickle cell anemia, sickle-C disease  
and essential thrombocythemia.190 Prothombotic states such 
as oral contraceptive use,191,192 pregnancy,193 and cancer 
(Trousseau’s syndrome) should also be considered.194

Autoantibody syndromes, due to antiphospholipid  
(e.g., anticardiolipin) antibodies and lupus anticoagulants, 
are also associated with hypercoagulability.190 Several 
reports195,196 have described the presence of these antibodies 
in patients with cerebral ischemia, even in those without 
systemic lupus erythematosus. However, their exact relation-
ship with stroke is uncertain,197,198 and the mechanism for 
the predisposition to thrombosis is unclear.199 Furthermore, 
the best treatment, either aspirin or warfarin, is controver-
sial,200,201 but warfarin is preferred in patients with recurrent 
ischemic events.

Cardiac surgery. Open heart surgery remains the most 
common iatrogenic cause of stroke.202 Perioperative mecha-
nisms include (1) macroemboli from trauma to diseased 
brittle, atherosclerotic blood vessels or from intracardiac 
entrapment of air or particles; (2) microemboli produced by 
the cardiopulmonary bypass machinery; (3) alterations in 
blood pressure and oxygenation, and (4) pre-existing cere-
brovascular or carotid disease.203–205

Aortic arch emboli. This is likely an underrecognized 
source of cerebral embolism.206,207 In patients studied with 
transesophageal echocardiography, atherosclerotic plaques 
greater than 4 mm thick in the aortic arch were found to be 
associated with ischemic stroke208 and to be predictors of 

infective endocarditis is established on the basis of a valvular 
vegetation seen on transthoracic or transesophageal echo-
cardiography and positive blood cultures. Other systemic 
emboli, such as ocular Roth spots, often aid in the diagnosis. 
Other neurologic complications of infective endocarditis 
include encephalopathy, meningitis, brain abscess, seizures, 
and headache.176,177 Most cerebral embolic phenomena 
occur early in the patient’s course before the control of infec-
tion, so treatment is primarily antibiotics without anticoagu-
lation.174 Valve replacement may take place once the infection 
is controlled.

Other causes of ischemic stroke
Carotid artery disease. In the absence of cardioembolic 
phenomena, signs and symptoms of retinal or hemispheric 
ischemia demand exclusion of carotid artery stenosis. Infarc-
tion may result from carotid artery occlusion or emboli from 
an ulcerated atheromatous plaque. The evaluation and man-
agement of carotid stenosis is discussed in more detail in 
Chapter 10, Transient visual loss. Carotid artery dissection, 
which can produce ipsilateral Horner’s syndrome, caroti-
dynia (pain), dysgeusia (abnormal taste), and cortical isch-
emia or stroke, is discussed in more detail in Chapter 13, 
Pupillary disorders.

Vertebrobasilar disease. Ischemia in the PCA distribution 
may result from vertebral or basilar artery stenosis. Usually 
field defects due vertebrobasilar insufficiency are accompa-
nied by other indications of brain stem or cerebellar ischemia 
such as diplopia, dysarthria, or ataxia.178 Vertebral artery dis-
section,179 due to trauma or chiropractic manipulation, for 
instance, may also result in upstream PCA ischemia. Alter-
natively, vertebral artery origin occlusive disease, similar to 
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Table 8–4 Important causes of intracerebral hemorrhage488

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

recurrent brain infarction and other vascular events.209 
Aspirin may be recommended when these lesions are 
detected; however, the best treatment of aortic arch athero-
sclerosis is currently uncertain.167

Transtentorial herniation. Large neoplastic or hemor-
rhagic lesions causing downward transtentorial herniation 
may cause compression of the posterior cerebral arteries at 
the edge of the tentorium. Both unilateral hemianopias and 
cortical blindness may be produced.210

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 Interna-
tional Headache Society diagnosis of “migrainous cerebral 
infarction” is suggested.211 The rest of the diagnostic criteria 
are (1) the patient has previously fulfilled the criteria for 
migraine with aura except that one or more aura symptoms 
persist for more than an hour, (2) the attack is typical of 
previous attacks, (3) other causes of infarction have been 
excluded.211,212

Epidemiologic studies have now confirmed migraine as 
an independent risk factor for stroke.213,214 We strongly dis-
courage our migraine patients from smoking or using oral 
contraception, in order to reduce the chance of stroke. Any 
combination of risk factors may be synergistic.

In patients with migraine-related occipital infarction, 
basilar artery or PCA stenosis or spasm may be evident on 
MRA. 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 insufficient to explain 
all migraine-related stroke phenomena. The exact pathogen-
esis of migraine-related stroke is unclear, but a combination 
of coagulation, hemodynamic, and neuronal factors is likely 
to be responsible.215

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.

Stroke in young adults and children
Strokes in patients less than 40 years old are relatively 
uncommon. In young adults, cardiogenic emboli and 
atherosclerotic occlusive disease are the two most common 
identifiable causes of stroke.216 Other etiologies which 
should be considered in this age group include hypercoagu-
lable states, nonatherosclerotic vascular disease (dissection 
or moya-moya vessels, for instance), illicit drug use, and 
migraine. One study found that a cause may not be found 
in approximately one-third of patients despite an exhaustive 
search.217 In children, cyanotic heart disease and sickle cell 
are seen more often as causes of stroke, and atherosclerosis 
is rarely considered.218

Hemorrhage

Table 8–4 highlights some of the more important causes of 
intracerebral hemorrhages.

Evaluation of patients with suspected intracerebral hem-
orrhage begins with an unenhanced CT scan. A CT scan is 
easily obtained and makes it possible to determine the size 
of the hemorrhage, the extent of mass effect, and whether 
the ventricular system is compromised. A follow-up MRI 
scan is often helpful to ensure that the hemorrhage is not 
from an underlying arteriovenous malformation or brain 
tumor. In addition, MRA provides a useful non-invasive way 
to screen for aneurysms. Because MRA may miss some aneu-
rysms, 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 neuro-intensive care unit setting, with 
attention directed towards managing blood pressure and 
intracranial pressure. Although many studies have failed to 
demonstrate a difference in outcome between patients with 
supratentorial hemorrhage treated medically versus surgi-
cally,219,220 neurosurgical evacuation is still often considered 
if the patient’s condition deteriorates or if shunting is 
required.221

Hypertensive hemorrhage
In order of decreasing frequency, hemorrhages associated 
with long-standing hypertension arise in the putamen, tha-
lamus, pons, cerebellum, and cerebral white matter. In con-
trast to hemorrhages associated with amyloid angiopathy, 
hypertensive hemorrhages are more likely to be subcorti-
cal.222 When large enough, thalamic hemorrhages may cause 
hemianopias by involving the lateral geniculate nucleus  
(Fig. 8–29), while putaminal and lobar hemorrhages may 
disrupt the optic radiations. When the hemorrhages are 
limited to brain parenchyma, treatment is usually support-
ive. Intraventricular blood may lead to hydrocephalus and 
thus may require shunting.

Amyloid angiopathy
This entity should be strongly considered in any elderly 
individual with posteriorly situated lobar hemorrhages. In 
contrast to hypertensive hemorrhages, cerebral amyloid 
angiopathy tends to produce one or more episodes of lobar 
hemorrhage (Fig. 8–30a), with a propensity to affect the 
parieto-occipital regions.223 The lobar distribution of hemor-
rhage in cerebral amyloid angiopathy reflects the preferential 
deposition of amyloid in the superficial and leptomeningeal 
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Figure 8–29. Hypertensive thalamic hemorrhage (arrow) on axial CT. 
The patient had a left homonymous hemianopia and left hemiplegia.

arteries.223 Pathologically, vessel walls contain congophilic 
material which exhibits apple-green birefringence when 
viewed with polarized light, and fibrinoid necrosis is often 
seen (Fig. 8–30B–D).224 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.225

Autopsy studies have found a greater frequency of cere-
bral amyloid angiopathy with increasing age. Approximately 
5% of individuals from 60 to 69 years of age have cerebral 
amyloid angiopathy, compared with more than 50% of 
patients in their 90s.226 Despite this high frequency of vessel 
involvement, the reason hemorrhage is still relatively infre-
quent in the affected population remains unclear. Predispo-
sition to hemorrhage may be related to the severity of 
amyloid deposition, the presence of fibrinoid necrosis,227 
and possession of the apolipoprotein E ∈2 and ∈4 
alleles.228–230

Although a definitive diagnosis requires a pathological 
analysis of brain tissue, biopsy of the brain is rarely per-
formed given the availability of neuroimaging to exclude 
other etiologies, the absence of effective therapy, and the 
advanced age of most patients with cerebral amyloid angio-
pathy. 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 hemorrhages with no other cause of bleeding.231,232 
Because of increased fragility of vessels affected by amyloid 
deposition, conservative management is preferred over sur-
gical evacuation of the hematoma.233 Antiplatelet agents or 
anticoagulants should be withdrawn.231

Arteriovenous malformations
Arteriovenous malformations (AVMs) are dysplastic vascular 
lesions in which the normal capillary bed is replaced by a 
convolution of abnormally connected arterial and venous 
channels.234 Intracranial AVMs are thought to form second-
arily to developmental arrest during cerebrovascular devel-
opment. 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 communications between the arteries that supply the 
dura mater and the intracranial venous sinuses. The afferent 
and efferent vessels of AVMs may 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. Neu-
rologic abnormalities and visual field defects are caused 
most commonly either by compression of local structures, 
ischemia, or hemorrhage.

The majority of AVMs are sporadic although familial cases 
have been documented.235 Men are affected slightly more 
often than women (1.4 : 1),236 and the majority of individu-
als do not present until their second or third decade.  
Malformations often become symptomatic during times of 
hormonal fluctuation, accelerating growth, or accentuated 
intravascular volume such as puberty or pregnancy.237 
Neurocutaneous syndromes linked with intracranial  
AVMs include Wyburn–Mason, Osler–Weber–Rendu, 
Sturge–Weber (see congenital conditions, below), and 
Klippel–Theraunay–Weber.237

The most common presentation of an intracranial  
AVM is an intraparenchymal or subarachnoid hemorrhage 
(Fig. 8.31A), 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. Dural AVMs can 
cause cortical disturbances but also present with venous 
sinus congestion from obstruction or arterialization. Many 
individuals with unruptured occipital lobe AVMs present 
with transient visual field defects or positive visual pheno-
mena (e.g., scintillating scotomas, fortification spectra, or 
spots) followed by headache, mimicking migraine.238 Usually 
in these cases the distinguishing feature is an overwhelming 
headache or a residual field deficit, but sometimes differen-
tiating 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.239 When patients present with large hemorrhages, 
AVMs may be masked and may not be evident on routine 
neuroimaging. 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. 8–31B).

Definitive treatment is neurosurgical removal of the AVM, 
especially when superficially located.240 In some instances 
endovascular embolization of feeding vessels may reduce 
the size of the lesion, making it more surgically amenable. 



318

PART 2 Visual loss and other disorders of the afferent visual pathway

A B

C D

Figure 8–30. 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 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.

When they involve the optic radiations or occipital lobe with 
partial hemifield loss, unfortunately following embolization 
or surgical extirpation the field defects can worsen or become 
complete.238,241 Stereotactic radiosurgery can be used to treat 
AVMs less than 3 cm in size, particularly those in eloquent 
areas.242,243

Cavernous angiomas (cavernomas)
Although these small vascular malformations often occur 
 in the cortex and cerebral white matter, associated retrochi-
asmal field defects are relatively uncommon. They may 
present with signs and symptoms of acute hemorrhage.244 
Alternatively, asymptomatic cavernous angiomas may be 
detected on neuroimaging done for other reasons. They 
consist of dilated spaces filled with blood without interven-
ing neural tissue, separated by fibrous collagenous bands.245 
Their histopathologic and radiographic features are dis-
cussed in more detail in the section on cavernous angiomas 
of the chiasm (Chapter 7). Cavernous angiomas may  
occur sporadically or as a familial autosomal dominant 
condition.246

Treatment of cavernous angiomas depends on their loca-
tion and symptomatology. For symptomatic superficial 

lesions, surgery is effective and safe, and should be consid-
ered to prevent rebleeding.247,248 Deeper symptomatic lesions 
may also be removed, but in such cases observation is often 
a better option because of the morbidity associated with 
such surgery. Unfortunately recurrent bleeding often man-
dates surgical removal. Asymptomatic cavernous angiomas 
should be treated conservatively.

Vasculitis

Vasculitis is the broad term used to characterize those disor-
ders associated with inflammation of blood vessels. Some of 
these conditions like giant cell arteritis purely affect vessels 
while others, like systemic lupus erthematosus, produce 
inflammation of connective tissue including blood vessels. 
It is helpful to divide central nervous system (CNS) vasculitis 
into two categories based on whether there is evidence of 
systemic disease. Primary CNS vasculitis is the term used to 
describe those entities in which the vasculitis process is 
limited to the CNS and eyes. Typically those patients with 
systemic vasculitis, such as temporal arteritis or systemic lupus 
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Figure 8–31. Arteriovenous malformation (AVM) of the left occipital lobe. A. CT scan 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.

erythematosus, will usually demonstrate signs and symp-
toms suggesting a more widespread angiitic process before 
the CNS is involved.

Primary CNS vasculitis (angiitis)
This idiopathic disorder is characterized by vasculitis 
restricted to the blood vessels of the brain and spinal 
cord.249–258 Typically, there are multiple bilateral infarcts 
involving the cortex and subcortical white matter,259,260 often 
in a young individual. Scattered punctate-enhancing lesions 
have also been observed.261 CSF examination 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.262 
Like conventional angiography,259,263 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. Biopsy of the leptome-
ninges or parenchyma is the only definitive method to 
establish the diagnosis of primary angiitis of the CNS.251,264 
Pathologically, this disorder affects small and medium-size 
vessels. The cellular 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 prednisone and cyclophosphamide may produced  
remission and even cure.251,252,254,256,265 Many patients require 
treatment for years. When repeat angiography shows normal 
findings, the immunosuppressive agent may be tapered.263

Other primary CNS vasculopathies, such as Susac and 
Cogan syndrome, and Eales disease, which are typified  

more by their retinal manifestations, are discussed in  
Chapter 4.

Systemic vasculitis
Giant cell (temporal) arteritis. The pathology, systemic asso-
ciations, diagnosis, and treatment of giant cell arteritis, espe-
cially with regard to arteritic ischemic optic neuropathy, are 
reviewed in greater detail in Chapter 5.

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 circula-
tion.266–271 Thus, from a neuro-ophthalmic perspective, 
hemifield defects and cortical blindness may ensue as the 
result of an occipital lobe infarction.266,272,273 The preponder-
ance of posterior circulation ischemia in giant cell arteritis 
reflects the predilection for arteritic involvement of the 
extracranial vertebral arteries.274 The pathologic changes of 
ischemic brain injury related to giant cell arteritis include (1) 
inflammatory obstruction of vessels with a striking propen-
sity for the arteritic involvement to cease as the vessel pen-
etrates the dura intracranially; (2) embolism distal from an 
inflamed artery; and (3) a propagating thrombosis.275,276 
Intracranial vasculitis due to giant cell arteritis is rare but has 
been reported.277

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.278 Since the mechanism of the brain 
ischemia may be inflammatory occlusive disease, considera-
tion should be given to administration of anti-platelet 
agents, heparin, and overhydration to help evolving low 
flow or thromboembolic states.
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Systemic lupus erythematosus (SLE). Permanent homony-
mous visual field defects may occur, evolving either acutely 
or over several days.279–282 Occasionally, a homonymous 
field defect may herald the diagnosis of SLE.283

Potential causes of cortical ischemia in SLE include emboli 
from Libman–Sachs endocarditis, thrombotic infarction 
associated with antiphospholipid antibodies, vasospasm, 
and true vasculitis. Most pathologic studies of patients with 
ischemic visual or neurologic deficits have not demonstrated 
inflammation of the intracranial arteries. In the classic clini-
copathologic study of 24 patients with SLE (18 with CNS 
manifestations), Johnson and Richardson284 found true vas-
culitis in only 12.5%. Vascular necrosis was noted in 23%, 
fibrin thrombi in 12.5%, and microinfarction in 70%.284 
Similar findings were confirmed in other subsequent  
neuropathologic studies.285,286

Pulse IV methylprednisolone for 3 days followed by  
oral prednisone 1–2 mg/kg/day for at least 1 month, along 
with IV heparin with plans to convert to coumadin, are rec-
ommended 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. Finding 
antiphospholipid antibodies in this setting usually requires 
the patient to take long-term anticoagulation.

The optic neuropathy associated with SLE is discussed in 
Chapter 5.

Reversible posterior 
leukoencephalopathies

Reversible posterior leukoencephalopathy syndrome (RPLS), 
characterized by transient headache, seizures, hemianopia or 
cortical blindness, visual neglect, and mental status changes, 
is well recognized.287,288 The condition occurs in adults as 
well as children.289,290 Causes of RPLS usually fall into two 
groups. In the first group, consisting of malignant hyperten-
sion and eclampsia, the common feature is elevation in 
blood pressure. The second group comprises the immuno-
suppressive agents cyclosporine and FK-506 (tacrolimus),291 
and blood pressure is abnormal in only some of these cases. 
The final common pathway in both groups is felt to be capil-
lary leak due to endothelial dysfunction.292 Neuroimaging in 
this syndrome typically demonstrates extensive bilateral 
white matter edema and lesions which are hypodense on  
CT and high-signal on T2-weighted and FLAIR MR images 
(Fig. 8–32).293 On diffusion-weighted MR images the lesions 
are usually isointense because the edema is vasogenic and 
not cytoxic, i.e., ischemia is not present. 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.294 Both the clinical symptoms and radiographic 
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. In some 
instances gray matter is involved, and the term posterior 
reversible encephalopathy syndrome (PRES) has been used 
in such cases.295–297

Figure 8–32. 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.

Malignant hypertension and eclampsia
The mechanism in these cases is likely defective autoregula-
tion of the brain vasculature caused by sudden elevations in 
blood pressure.287 Resulting vasodilation and vasoconstric-
tion cause breakdown of the blood–brain barrier with fluid 
transudation and petechial hemorrhages. Malignant hyper-
tension with reversible leukoencephalopathy typically occurs 
in patients with a history of renal insufficiency.298

Reversible leukoencephalopathy in preeclampsia has 
been reported as a cause of temporary cortical blindness.299,300 
RPLS in association with pregnancy typically develops before 
delivery but has been reported up to 9 days postpartum.301

Drugs
Cyclosporine produces the reversible posterior leukoen-
cephalopathy typically at toxic levels.302,303 Aggravating 
factors appear to be cranial irradiation, hypomagnesemia, 
hypercholesterolemia, high-dose steroids, hypertension, and 
uremia.303 The mechanism of this complication is unclear, 
but may reflect either direct neurotoxicity or a vascu-
lopathy.287 FK-501 (tacrolimus) is similar to cyclosporine 
in its action and toxic side-effects. Similar cortical blindness 
and white matter lesions have been observed.304,305

Neoplasms of the cerebral hemispheres

In adults, the cerebral hemispheres are the most common 
location of brain tumors. Patients with neoplastic mass 
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cytic ones (World Health Organization (WHO) grade I), 
fibrillary astrocytomas (WHO grade II), anaplastic astrocy-
tomas (WHO grade III), and glioblastoma multiformes 
(WHO grade IV).309,310 Generally, low-grade astrocytomas in 
the cerebral hemispheres are treated with complete resec-
tion, then observed without further treatment, but that is 
controversial. Anaplastic astrocytomas and glioblastomas 
are treated with surgery, followed by radiation and chemo-
therapy. The prognosis in glioblastomas is dismal, but age 
dependent: patients younger than 40 have an approximately 
64% chance of survival at 18 months, while those over 60 
have an 8% survival rate.311 Methylation of the promoter of 
the MGMT gene in the tumor specimen predicts a better 
response to temozolomide chemotherapy.312

Intraventricular tumors, such as choroid plexus papillo-
mas 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 immunocompro-
mised due to human immunodeficiency virus (HIV)  
infection or iatrogenic causes. Most such patients have a 
depressed CD4 count and evidence of Epstein–Barr virus 
(EBV) exposure. However, CNS lymphomas have become 
well recognized in immunocompetent individuals as well.313 
CSF cytology is only sometimes helpful, and often stereotac-
tic biopsy is necessary for a definitive diagnosis. A minority 
of individuals may develop intraocular spread and uveitis,314 
and in these patients intravitreal sampling may be helpful. 
Because the tumor is sensitive to corticosteroids, such  
treatment should be withheld prior to histopathological 
diagnosis. Except for biopsy, surgery is usually not recom-
mended because CNS lymphomas tend to be infiltrating  
and deep seated. Methotrexate chemotherapy is the most 
effective treatment. Since radiation combined with meth-
otrexate is associated with an unacceptably high risk of  
leukoencephalopathy, particularly in patients older than 60, 
the use of radiation in this disorder is diminishing.315

Metastatic tumors. The most common metastatic tumors 
to the brain originate from the lung and breast, but melano-
mas and genitourinary, gastrointestinal, and gynecological 
tumors should also be considered.316,317 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.

When metastases are suspected, but a systemic cancer is 
unknown, workup to detect a source would include at least 
a chest X-ray, chest, abdominal, and pelvis CT scan, carci-
noembryonic antigen, stool guaiac, bone scan, and mam-
mogram.317 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. Whole-brain radiation is usually 
given, but there is evidence to suggest that patients with  
a solitary metastasis benefit from surgical resection plus 
radiation rather than surgery or radiation alone.318 When 

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.306 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.307

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. 8–33) 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 MR or CT typically are heterogeneously 
enhancing masses with surrounding edema.

Gliomas are the most common primary intraparenchy-
mal brain tumors.308 They are subdivided into astrocytomas, 
oligodendrogliomas, gangliogliomas, and ependymomas. 
The astrocytomas are further categorized, in order of increas-
ing malignancy, into low-grade astrocytomas such as pilo-

Figure 8–33. Magnetic resonance imaging demonstrating gadolinium-
enhancing anaplastic astrocytoma of the right thalamus (arrow) and 
hydrocephalus in child who presented with headaches and a left 
homonymous hemianopia.
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the cerebral metastases are unresectable or multiple, stere-
otactic radiosurgery can be used instead of surgery prior to 
whole brain radiation.319 The overall prognosis for patients 
with brain metastasis is still poor, but they tend to die  
of their systemic disease rather than from neurologic 
complications.317

Childhood tumors
In contrast to adults, only 25–40% of childhood brain 
tumors arise in the cerebral hemispheres. The tumor types 
are similar, except meningiomas are less common, and 
supratentorial primitive neuroectodermal tumors, ganglio-
gliomas, and ependymomas are more frequently seen.

Effects of radiation
Altitudinal visual field loss has been reported in association 
with radionecrosis of the occipital lobes.320 In addition, 
stroke-like migraine attacks after radiation therapy (SMART 
syndrome) can occur several years following posterior fossa 
radiation and present with periods of days of encephalopa-
thy, focal sensory and motor deficits, and a hemianopia.321

Infections

Progressive multifocal leukoencephalopathy
This demyelinating viral infection is caused by reactivation 
of a human papovavirus, JC virus (the initials stand for the 
first patient in whom the virus was isolated).322 The virus, 
normally latent in 80–90% of the normal population,323 
causes demyelination by lysing oligodendrocytes.324 Progres-
sive multifocal leukoencephalopathy (PML) is characterized 
pathologically by a triad of multifocal demyelination, hyper-
chromatic, enlarged oligodendroglial nuclei, and enlarged 
bizarre astrocytes with lobulated hyperchromatic nuclei.325,326

PML occurs primarily in immunocompromised individu-
als. Although originally described in patients with leukemia 
and lymphoma,325 today most cases are seen in those infected 
with human immunodeficiency virus (HIV),327 in whom 5% 
are likely to develop PML.326 Other predisposing conditions 
include sarcoidosis, systemic lupus erythematosus,328 
macroglobulinemia, and immunosuppressive treatment  
following organ transplantation.329 Recently, PML has been 
associated with a number of monoclonal antibody therapies 
including natalizumab, rituximab, and efalizumab and 
immunosuppressive drugs such as mycophenolate mofetil. 
The risk of PML associated with natalizumab use has been 
estimated as 1 : 1000 patients treated over an 18-month 
timeframe.330

PML presents insidiously with homonymous hemiano-
pia, cortical blindness,331,332 language disturbances, motor 
weakness, sensory loss, incoordination and dementia.333 
Posterior fossa involvement, which is less common, can lead 
to ataxia, dysarthria, and cranial nerve palsies.331 While most 
patients suffer from an inexorably progressive decline fol-
lowed by death within months of their diagnosis, occasion-
ally some experience a spontaneously relapsing–remitting or 
static course.333,334

Figure 8–34. Progressive multifocal leukoencephalopathy in a patient with 
AIDS and a left homonymous hemianopia. The noncontrast CT scan 
demonstrates hypodensity of the optic radiations, affecting the right 
hemisphere (open arrow) more than the left (closed arrow).

CT scanning usually reveals diffuse white matter hypoden-
sities in the posterior optic radiations (Fig. 8–34). MRI is best 
at demonstrating the extent and confluence of white matter 
involvement (see Fig. 9–8). The lesions are hypointense on 
T1-weighted MR images and hyperintense on T2-weighted 
images, and mass effect is typically absent. The lack of gado-
linium enhancement usually distinguishes PML radiographi-
cally from CNS lymphoma.335 However, a small number of 
cases of PML exhibit gadolinium enhancement, particularly 
around the lesion border. Magnetization transfer imaging, 
which is sensitive to demyelination, may aid in the radio-
logic diagnosis.336 Routine cerebrospinal fluid examination 
is generally unhelpful although polymerase chain reaction 
testing for the JC virus in the CSF is highly sensitive and 
specific for PML.337,338 If necessary, the diagnosis may be 
confirmed by stereotactic biopsy.

No direct treatment has been proven to be effective. 
Despite supportive anectodal reports,339 larger studies have 
demonstrated that neither intravenous nor intrathecal 
cytarabine improve survival in patients with PML.340 Alpha-
interferon,323 cidofovir,328 and mirtazapine341 have also been 
used. However, the use of highly active antiretroviral therapy 
(HAART) aimed at reducing HIV load seems also to improve 
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head trauma. The most common setting is a motor vehicle 
accident,357 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 brain stem, results from shearing forces due to rota-
tional acceleration and deceleration.358,359 Radiographically, 
punctate hemorrhages and edema are frequently evident 
acutely, but later atrophy and encephalomalacia often 
supervene.

Occasionally, conventional neuroimaging studies may  
be normal despite the presence of traumatically induced 
homonymous hemianopia. In such situations functional 
neuroimaging such as positron emission tomography (PET) 
or single photon emission computerized tomography 
(SPECT) may confirm the localization of the suspected 
injury.360

If large enough, subdural and epidural hematomas over-
lying the cerebral convexities may compress the optic radia-
tions. Intra-axial 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.357 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.361

Alzheimer’s disease

Rarely, patients with Alzheimer’s disease may present with a 
hemianopia (Fig. 8–35).362–365 However, more commonly the 
visual deficits in Alzheimer’s disease are visuospatial due to 
involvement of the visual association cortices, and the genic-
ulocalcarine pathways are spared.366,367 Thus this disorder is 
discussed in more detail in Chapter 9 (Disorders of higher 
cortical visual function).

Demyelination

Small lesions in the optic radiations, which are very common 
radiographically in multiple sclerosis, are usually clinically 
silent.368 However, uncommonly a large demyelinating 
lesion in the optic radiations may cause a homonymous 
hemianopia.15,46,369 This may occur in the setting of idio-
pathic demyelination, multiple sclerosis, or acute dissemi-
nated 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. 
8–36).370–373 Unfortunately some affected patients may 
undergo biopsy or surgical resection of the mass, resulting 
in permanent visual field deficits, before the correct diagno-
sis of a more benign demyelinating disorder is made his-
topathologically. More destructive demyelinating lesions  

the prognosis of PML.342 This regimen is sometimes com-
bined with cidofovir, another antiviral agent.343 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.344,345 IRIS, characterized by clinical deterioration and 
contrast-enhancing lesions on MRI, is treated effectively with 
corticosteroids.346 In patients who develop PML while on 
natalizumab, plasma exchange may accelerate drug clear-
ance and restore lymphocyte function.347

Creutzfeldt–Jakob disease
Uncommonly, hemianopias or quadrantanopias may be the 
initial presentation of CJD in the Heidenhain (occipito-
parietal) variant,348–350 and the neuroimaging, neurological 
examination, and electroencephalography may be inconclu-
sive in the early stages of the disease. However, usually by 
the time 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 
cortical blindness.351 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. The differential diagnosis includes 
bacterial, fungal, and parasitic infections.352 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., Strepto-
coccus viridans and Staphylococcus aureus,), anaerobes (e.g., 
Peptostreptococcus), treponemes (syphilitic gummas), and 
mycobacteria (tuberculomas). The usual settings for bacte-
rial abscesses are endocarditis, dental procedures, sinus 
disease, trauma, and sepsis.353 Fungal infections include 
aspergillus, cryptococcomas, histoplasmosis, coccidioido-
mycosis, and blastomycosis (Fig. 8–25). These infections, 
especially aspergillus, are well recognized in immunocom-
promised patients following bone marrow or liver transplan-
tation.354 Common parasitic abscesses include toxoplasmosis, 
which should be considered in any patients infected with 
HIV,355,356 and cysticercosis, which should be suspected in 
individuals from endemic areas or with a travel history to 
central America or southeast Asia.

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 appro-
priate antibacterial, antifungal, or antiparasitic drug can then 
be administered.

Trauma

Hemianopias and other types of retrochiasmal field loss can 
result from intra-axial and extra-axial disturbances related to 
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A

B

Figure 8–35. Left homonymous hemianopia (A) associated with 
posterior cortical atrophy due to the visual variant of Alzheimer’s disease. 
Computerized perimetry grayscale output. B. This patient’s T1-weighted MRI 
exhibited cortical atrophy posteriorly (bottom of figure) more than anteriorly 
(top of figure).

in the optic radiations may be seen in acute hemorrhagic 
leukoencephalitis (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.374,375 On the other hand, if the 
visual loss is bilateral, children can present with poor fixa-
tion, nystagmus, or strabismus.376 Visual acuity may be 
severely affected in bilateral cases, sometimes as poor as no 
light perception in both eyes.377 The terms cortical blindness 
and cortical or cerebral visual impairment have been used 
to describe patients with visual loss due to retrogeniculate 

lesions without major ocular disease.378 We prefer the term 
central visual impairment because often both cortical and sub-
cortical 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 
hemianopic hypoplasia associated with unilateral hemi-
spheric injury (see Chapter 5),379 optic nerve hypoplasia, 
dysplasia, or atrophy, and enlarged cupping.380

Associated esotropia or exotropia is common in children 
with central visual impairment.381 Nystagmus may also be 
observed, but it is usually not a feature of isolated, congeni-
tal retrochiasmal lesions unless secondary optic disc abnor-
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Figure 8–36. Tumefactive demyelination. Axial FLAIR MRI 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.

malities are also present.382 Extrastriate lesions may result in 
optic ataxia and simultagnosia and other higher cortical 
visual perceptual disorders (see Chapter 9).383–385

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.386,387 Because these two disorders are 
usually bilateral, they are less common etiologies in children 
with unilateral 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 
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.388–390 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 MR images (Fig. 8–37),391 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 bilateral, but for unclear reasons occasionally one 
hemisphere can be involved much more than the other.392 
More severe cases, frequently resulting in central visual 
impairment,393 may be associated with cystic leukomalacia 
or a history of intraventricular hemorrhage and hydroceph-
alus. Congenital nystagmus with mixed pendular and jerk 

Figure 8–37. T2-weighted MRI showing periventricular leukomalacia in an 
infant born at 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.

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.382,387,394

Stroke in utero
Occasionally a child with a hemianopia is found to have a 
porencephalic (filled with CSF) lesion, which respects the 
MCA or PCA vascular territories.395 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.396 Often the etiology of the stroke is not found, and 
a placental embolus is a frequent presumed cause. Both the 
child and the mother should be evaluated for hypercoagu-
lable disorders.397

Hypoxic ischemic encephalopathy
In contrast to the aforementioned prenatal disorders, hypoxic 
ischemic encephalopathy is more typically associated with 
perinatal birth asphyxia.398,399 Neuroimaging typically 
demonstrates diffuse tissue loss involving white and gray 
matter structures with compensatory ventricular dilation 
(Fig. 8–38) The changes may be severe, resulting in cystic 
encephalomalacia. The children may exhibit microcephaly, 
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Figure 8–38. Hypoxemic–ischemic encephalopathy in a child with 
microcephaly, spasticity, developmental delay, and cortical blindness 
following perinatal asphyxia. The T1-weighted MRI shows severe 
encephalomalacia.

developmental delay, cortical visual loss, quadriparesis, 
spasticity, and seizures. Visual function may be as poor as 
“tunnel” vision, light perception only, and even no light 
perception.400 The severity of visual dysfunction typically 
correlates with the amount of radiographically evident 
damage to the optic radiations and striate and parastriate 
cortices.378,401,402

Cortical dysplasia
Congenital retrochiasmal field loss may also be caused by 
cerebral cortex which is malformed and dysfunctional.395,403 
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. General-
ized developmental disorders of cerebral cortex include  
lissencephaly (agyria), pachygyria, band heterotopia,  
subependymal heterotopias, and hemimegalencephaly.404 
In addition to focal cortical dysplasias, other focal processes 
include polymicrogyria, focal subcortical heterotopias,  
schizencephaly, which is characterized by cerebral clefts,405 
and tuberous sclerosis (see Chapter 4, Retinal disorders).404 
The most common presentation of a cortical dysplasia is 
epilepsy.406

Delayed visual maturation
This well-recognized condition is characterized by abnormal 
visual function in the first year of life despite apparently 
normal and intact visual pathways.407 Despite the absence of 

fixing or following, the child’s pupillary reactivity, fundus 
appearance, visual evoked potentials, electroretinograms, 
and neuroimaging are all normal. Uniformly, vision 
improves spontaneously over weeks or months. Nystagmus 
rarely may also be seen at presentation, but this also 
resolves.408 Delayed myelination of the posterior visual 
pathways, delayed dendrite and synapse formation in the 
striate cortex, and temporary visual inattention have been 
implicated.409 Most of the children are neurologically 
normal, but some have developmental delays that improve 
along with the vision or persist.409 Masqueraders, such as 
Leber’s congenital amaurosis and saccadic disorders such as 
congenital ocular motor apraxia (see Chapter 16),410 must 
be excluded.

Other childhood disorders

Mitochondrial myopathy, encephalopathy, 
lactic acidosis and stroke-like episodes
Mitochondrial myopathy, encephalopathy, lactic acidosis 
and stroke-like episodes (MELAS), first characterized by  
Pavlakis et al.,411 is a mitochondrial disorder typified 
clinically by recurrent migraine or stroke-like episodes in 
children and young adults. Attacks usually consist of  
headache, nausea, vomiting, and focal and generalized sei-
zures, followed by transient hemianopia, cortical blindness, 
or hemiparesis.412,413 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.414–416 
However, the ocular findings are usually absent.

Onset is usually in childhood, and cases after age 40 are 
exceptional.417–420 There is usually a history of normal early 
development, short stature, and exercise intolerance due to 
muscle weakness, and some patients may also have sen-
sorineural hearing loss, diabetes mellitus, or cardiomyopa-
thy.421,422 However, progressive neurologic decline, dementia, 
and eventually death is the typical course. An earlier onset 
of symptoms (<2 years) is associated with more rapid 
progression.423

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 
diagnosed in one.424

Diagnostic studies. Eighty to ninety percent of patients 
with MELAS have an associated point mutation in the mito-
chondrial DNA at nucleotide 3243 of tRNALeu(UUR).417 Less 
common mutations are seen at nucleotide 3271 of 
tRNALeu(UUR), in the subunits 4 and 5 of complex I (ND4 and 
ND5),417,425 and at nucleotide 1642 of tRNAVal.426 The defec-
tive translation of leucine codons due to the tRNA mutation 
results in decreased normal synthesis of a number of mito-
chondrial proteins. These patients therefore demonstrate  
a number of mitochondrial biochemical defects, which 
result in impaired energy metabolism, excessive free radical 
generation, and dysregulated apoptosis.
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stains which are bilateral or involve the eyelid or all three 
trigeminal distributions on one side are associated with a 
greater risk of eye or brain complications.448 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 attributed to hemangioma-associated elevated 
episcleral venous pressures.449

The intracranial vascular disturbance, leptomeningeal 
angiomatosis, is usually located in the posterior half of the 
brain. It can often cause a homonymous hemianopia, seiz-
ures, developmental delay, or hemiparesis.450–452 On neu-
roimaging, cortical atrophy, leptomeningeal enhancement, 
and gyriform cortical calcification are pathognomonic.449,453 
Transient field defects may be the result of seizures or 
ischemia. Seizures refractory to medications may require 
focal cortical resection454 or hemispherectomy.455

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 cortical 
blindness are well recognized but infrequent.456 In this 
setting decreased visual attention due to sedation caused by 
anticonvulsants such as phenobarbital or benzodiazepines 
should also be considered. Also, occipital lobe seizures due 
to nonketotic hyperglycemia should be considered in a 
patient with a homonymous hemianopia but normal neu-
roimaging.457–459 Postictal hemifield loss and cortical blind-
ness are even less common and suggest an underlying, 
irritative structural lesion. Visual loss associated with seiz-
ures is discussed in more detail in Chapter 10, Transient 
visual loss.

Functional
Functional homonymous hemifield loss is unusual and is 
discussed in Chapter 11, Functional visual loss.

Diagnostic evaluation in patients with 
suspected retrochiasmal lesions

Neuroimaging
All patients with homonymous hemianopias require neu-
roimaging, 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, 
due to claustrophobia, cardiac pacemaker, or aneurysm 

Serum and cerebrospinal fluid lactate are typically ele-
vated. MELAS, along with Kearn–Sayre syndrome, chronic 
external ophthalmoplegia (see Chapter 15), and MERRF 
(myoclonic epilepsy with ragged red fibers) are the mito-
chondrial myopathies associated with ragged red fibers on 
muscle biopsy. During stroke-like episodes, T2-weighted 
MRI can reveal hyperintensities in the temporal, parietal, 
and occipital cortices, not respecting the usual MCA or PCA 
vascular territories.427 Acutely the lesions may be hyperin-
tense on diffusion-weighted MRI with no or only a minor 
reduction in apparent diffusion coefficient.420,428 MR spec-
troscopy may reveal increased lactate in the occipital and 
temporal lobes,427,429 and on CT scanning basal ganglia cal-
cification may be seen.429

Pathology. Affected cortical areas are characterized patho-
logically 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.427 Muscle biopsies may 
reveal ragged red fibers and other evidence of defective mito-
chondria.420,430 The stroke-like episodes have been attributed 
to mitochondrial angiopathy or energy failure.431

Treatment. Vitamins, coenzymes (Q10 for example), ribo-
flavin, nicotinamide,432 dichloroacetate,426 and l-arginine433 
have been associated with either anectodal improvement in 
clinical symptoms and signs or decrease in serum lactate.421 
However, most current treatments are unable to alter the 
ultimate progression of the disease.

Adrenoleukodystrophy
In this rare X-linked childhood disorder of young boys, CNS 
demyelination is caused by defective peroxisomal very long-
chain fatty acid (VLCFA) metabolism.434,435 The responsible 
mutations on Xp28 cause aberrations in the adrenoleukody-
strophy (ALD) protein, which normally facilitates VLCFA-
CoA synthetase enzyme function.436 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 hypoadrenal-
ism.437 The neurologic and systemic abnormalities 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 typi-
cally relentlessly progressive in untreated cases.438,439 The 
diagnosis is suggested when elevated levels of serum VLCFAs 
are detected. MRI may reveal characteristic parieto-occipital 
white matter signal abnormalities (Fig. 8–39), and biochemi-
cal changes may be demonstrated on MR spectoscopy.440 
Treatments include Lorenzo oil or bone marrow transplanta-
tion.441 An adult form442,443 and an adrenomyeloneuropathic 
variant444,445 have also been described.

Sturge–Weber (encephalotrigeminal 
angiomatosis)
This phakomatosis is characterized by a facial capillary 
hemangioma accompanied by an ipsilateral leptomeningeal 
vascular malformation (Fig. 8–40).446 The inheritance pattern 
is sporadic.447 The facial lesion has a port wine color and is 
usually unilateral on the upper part of the face. Port wine 
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A B

C

Figure 8–39. Magnetic resonance imaging of a 7-year-old boy 
with decreased visual acuity, optic atrophy, and seizures due to 
adrenoleukodystophy (ALD). Extensive white matter abnormalities are 
seen on MR FLAIR 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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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 the 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 intracra-
nial stenosis, collateral flow, and vasospasm.

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 
evaluating the ANA, ACE, Lyme titer, and ESR for instance.

Visual evoked potentials (VEPs) may have a useful role in 
children with cortical visual impairment, as a normal study 
may be associated with a favorable visual outcome.407 
However, an abnormal VEP does not preclude visual 
improvement,466 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 retro-
chiasmal field loss.467

clips, for example, then CT with and without contrast can 
be performed.

Vascular anatomy may be assessed with MR 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 prior to 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  
unexplained visual field loss.360,460,461 Functional MRI can 
highlight areas of cortical activation by detecting small 
changes in local blood flow.462–465 This technique may be 
more helpful for localization of normally functioning areas 
of brain.

Other diagnostic studies
Blood studies are indicated when specific pathologic proc-
esses are suspected. Vascular events may require evaluation 
of the ESR, rapid plasmin reagin (RPR), anti-nuclear anti-
body (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 impor-
tant in the evaluation of transient or permanent visual loss 
in elderly people to rule out giant cell arteritis. In young 
individuals without an obvious risk factor for stroke, protein 
C, protein S, antithrombin III, factor V, antiphospholipid 

A B

Figure 8–40. Sturge–Weber. This teenage boy with a (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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Practical advice, hemianopic prisms, 
and visual rehabilitation

Initially, patients with acquired homonymous hemianopias 
may not notice their field defect, especially if a right  
hemispheric 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 
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 
independently. Furthermore, their defective vision makes 
driving problematic, and in many states and countries 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 source of difficulty. It can also be used 
horizontally and moved down the lines of the page. Other 
strategies 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.142

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.468

Hemianopic prisms
Patients with chronic, dense homonymous hemianopias can 
be offered optical assistance from prisms,469,470 but only a 
minority of them will find it beneficial. Base-out prism 
therapy should be attempted only in individuals who have 
normal mentation and in whom the hemianopia is isolated. 
A 15–45 (usually 30) diopter base out Fresnel press-on 
prism can be placed on the temporal half of an eyeglass 
ipsilateral to the hemianopia (Fig. 8–41). This optically dis-
places images in the blind half of vision toward the good 
hemifield. A central area can be trimmed from the Fresnel 
prism to reduce double vision. The patients who like the 
prism therapy are those who use the prism to notice novel 
objects in their blind field; they then turn their head in that 
direction to use their good field to see the objects more 
clearly. Unfortunately, most individuals find this too confus-
ing and suboptimal and only 20–30% continue to use it. It 
certainly does not improve their vision to the point they can 
drive or read normally. Other prism combinations have 
been tried with some purported success.471 Wide-angle lenses 

or mirror devices attached to the spectacle frame have also 
been used with limited improvement.

Visual rehabilitation
We have found that visual occupational therapy and reha-
bilitation can be marginally helpful. Compensatory oculo-
motor strategies, designed to enhance visual saccades into 
and exploration within the defective hemifield, may be 
tried.142,472 In one study of patients with homonymous hemi-
anopia, explorative saccade training was associated with 
improved saccadic behavior, natural search and scene explo-
ration.473 In another, optokinetic therapy improved text 
reading in patients with hemianopic alexia.474

Training of blindsight and recovering some lost visual 
field have also been attempted.142,475,476 One type, vision res-
toration therapy, is a costly home-based computerized treat-
ment with repetitive stimulation on both sides of a border 
of a visual field defect. Many patients seem to benefit from 
these types of therapies in terms of reading and watching TV, 
for instance.477 However, it is highly controversial whether 
this improvement is the result of learning to saccade or 
attend into blind fields, changes in cortical connections, or 
harnessing of extrastriate areas dedicated to vision such as 
those for color and motion.478–484 Some authors have pro-
posed that the recovery is mediated by different visual cir-
cuits outside of V1 such as those involving area V5. 
Nonetheless, the debate continues whether such improve-
ments are the result of testing parameters that do not ade-
quately control for fixation shifts or from small residual 
islands of residual V1 vision.485 Actual expansion of the 
intact visual field does not seem to occur,477,486 and some 
experts have argued that neuroplasticity is unlikely.487 There-
fore, 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 going 
to be a balance of the cost of the training versus the actual 
benefit.482

Figure 8–41. Hemianopic prism for an individual with a left homonymous 
visual field defect. A 30 diopter base out Fresnel prism is placed over the 
temporal half of the left lens. A notch was cut out over the optical center to 
reduce double vision.
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Disorders of higher cortical 
visual function

While the anterior visual and geniculocalcarine pathways deliver the ele-
mental visual data from the eyes to striate cortex, the higher cortical visual 
(or association) areas perform the more complex interpretation of this visual 
information.1 Deficits caused by damage to these areas are characterized by 
abnormalities in visual processing or attention often despite otherwise rela-
tively normal visual acuity and fields.2,3 This chapter will detail the impor-
tant higher cortical visual disorders (Table 9–1), then highlight some of the 
neurologic diseases which 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).4 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).5 The area V4 complex, situ-
ated in the fusiform and lingual gyri, is responsible for color perception 
within the contralateral hemifield.6 Bilateral mesial occipitotemporal regions 
are necessary for object and facial recognition.7–9 On the other hand, the 
dorsal stream carries out functions related to spatial orientation10 (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 will be discussed below by cer-
ebral localization. However, two concepts, disconnection and simultaneous 
occurrence, should be considered 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 areas. This disconnection concept was popularized by 
Geschwind.11–13 Examples would include a lesion involving white matter 
pathways connecting striate cortex and facial recognition centers or another 

 Part 2  Visual loss and other disorders of the afferent visual pathway
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Table 9–1 Important higher cortical visual disturbances, their main and associated clinical features, and their most common localization. 
Whether or not the condition is a disconnection syndrome is also indicated

Syndrome
Main clinical 
features

Commonly associated 
clinical features

Most common 
localization Disconnection?

Alexia without 
agraphia

Able to write but not 
read

Right homonymous 
hemianopia

Left occipital lobe and 
splenium of corpus 
callosum

Yes, usually

Hemi-achrom-
atopsia

Loss of color vision 
in one hemifield

Ipsilateral homonymous 
upper quadrantanopia

Contralateral occipito-
temporal lobe in the 
fusiform (and lingual) gyri 
(V4 complex)

No

Visual object 
agnosia

Inability to recognize 
visualized objects

Alexia without agraphia
Prosopagnosia

Bilateral occipito-temporal 
lobes involving the inferior 
longitudinal fasciculi

Yes

Prosopagnosia Inability to recognize 
faces

Alexia without agraphia
Visual object agnosia

Bilateral occipito-temporal 
lobes involving the 
midfusiform gyri, rarely 
associated with unilateral 
lesions

Sometimes

Akinetopsia Defective motion 
perception

None Bilateral lateral occipito-
temporal lobes (V5)

No

Visual hemi- 
inattention

Neglect of visual 
stimuli in left 
hemi-space

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 parieto-occipital 
lobes

Yes for some 
features

connecting to language areas. Table 9–1 indicates which 
higher cortical visual disorders are thought to be disconnec-
tion syndromes versus those which 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, and reading disorders often result from 
concomitant involvement of the occipital and occipito- 
temporal lobes (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 faces. 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 neurosur-
gical 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, dis-
orientation, 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. Visual fields in each quad-
rant and with double simultaneous stimulation 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 techniques helpful 
in patients with suspected higher cortical visual disorders, 
and these methods are reviewed in detail in Chapter 2.
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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.

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 upper or lower bank typically causes a homony-
mous quadrantic visual field defect.14

Another condition, alexia without agraphia, is a more 
commonly recognized occipital lobe syndrome and is 
detailed below:
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Table 9–2 Examination techniques helpful in patients with suspected higher cortical visual disorders. See Chapter 2 for 
detailed description of each test

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 Hemi-achromatopsia

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 
with verbal description

Visual object agnosia

Figure 9–2. Classic localization of the left occipital lesion (dotted area) in 
patients with alexia without agraphia and right homonymous hemianopia. 
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.

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 sple-
nium of the corpus callosum or adjacent periventricular 
white matter may develop alexia without agraphia (or pure 
alexia or “word-blindness”). First characterized by Dejerine,15 
this is a disconnection syndrome characterized by a right 
homonymous field deficit, sparing of key language areas, 
but an inability to access lexical visual information proc-
essed in the right occipital lobe (Fig. 9–2). Geschwind11,12 
emphasized that reading is impossible if the left angular 
gyrus, which is responsible for converting written to spoken 
language, is deprived of visual information. Affected patients 
are therefore unable to read words, but they are able to 
write, speak, comprehend, and repeat normally. Ironically, 
then, they are unable to read what they write. Patients have 
a common compensatory strategy, called letter-by-letter 
reading, during which they sequentially name each letter of 
a word.16–18

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.19

2. No hemianopia. Less commonly patients have been 
described with alexia without agraphia but with normal 
visual fields.20–24 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 
information from both ipsilateral and contralateral 
striate cortex to the language areas by undercutting the 
angular gyrus.25

In addition, recent evidence suggests the existence of 
a “visual word form area” (VWFA) in the posterior part 
of the left midfusiform gyrus in the occipitotemporal 
region.26–28 Although this area is contested,29,30 focal 
disturbances in this region theoretically could lead to 
an isolated inability to read the word as a whole: thus 
alexia alone without a hemianopia.31

3. Left hemiparalexia. Isolated lesions of the splenium of 
the corpus callosum may have intact visual fields, but 
inability to transfer visual information from the right 
occipital lobe to the left angular gyrus.32 This may 
cause an inability to read the left side of words despite 
the absence of a hemianopia.

4. Other associated higher cortical visual disturbances. Several 
cases have been reported where alexia without agraphia 
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occurs together with various combinations of 
apperceptive visual agnosia, prosopagnosia,33,34 
visuospatial disorientation, optic ataxia, optic aphasia,35 
hemiachromatopsia, and color naming deficits (these 
are all discussed below).25,36

While the most common cause of alexia without  
agraphia is a posterior cerebral artery distribution stroke,37 
it has also been reported in association with intracerebral 
hemorrhages,38 arteriovenous malformations,39 tumors 
(Fig. 9–3),40 abscesses, migraine, herpes encephalitis,41 and 
demyelination.42,43

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.44,45

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, showing 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 et al. Pediatr Neurol 2004;30:140–142, with permission  
from Elsevier).

Figure 9–4. Medial view of the brain demonstrating 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.

Occipitotemporal disturbances

Cerebral hemiachromatopsia
More than a century ago, Verrey46 described hemiachromat-
opsia, 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 three decades has the notion 
of a neuroanatomically distinct region for color vision been 
accepted.47 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.48,49 In humans 
the V4 homologue resides in the lingual and fusiform  
gyri, located in the ventromedial occipitotemporal cortex 
(Fig. 9–4).50 There is a similar area on both sides of the brain, 
and each mediates color vision in the opposite hemifield.

Functional neuroimaging has helped to confirm the spe-
cialization of V4 and has elucidated other adjacent areas 
responsible for mediating color vision in humans. Positron 
emission tomography (PET) studies of individuals viewing 
a multicolored abstract display show increased blood flow 
to V1/V2 and the lingual and fusiform gyri.51 Studies using 
functional magnetic resonance imaging (MRI), comparing 
brain activation during colored versus black and white stim-
ulus conditions, found the most significant changes in brain 
oxygenation occurred in the fusiform gyrus.52,53 Likewise, 
electrical cortical stimulation studies in epilepsy patients 
confirm the presence of a specialized color center in 
humans.54,55 A region in the fusiform gyrus anterior to V4, 
termed area V8, was found to mediate conscious perception 
of color and color afterimages56 and color synesthesia.57 In 
addition, other adjacent color-sensitive cortical regions 
termed VO58,59 and V4-α60 have been identified.61 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, 
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or defective color vision in both hemifields. Compared to 
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.62 The described effect is a “graying” or 
“washing-out” of vision.63 Some liken the impact to a switch 
from a color television to a black-and-white one.64

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 hemi-defect 
in color vision if the patient consistently misses the left 
sided digits, for instance. However, color plate identification 
may be normal as may be more formal color testing,  
such as D-15 or Farnsworth–Munsell 100-Hue tests (see 
Chapter 2), for example, 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 quadrantanopsia and 
defective color vision in the inferior quadrant is observed 
clinically (Fig. 9–5).50 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).14 Visual acuity is 
normal when the lesions are unilateral. Hemiachromatopsia 
may also be associated with alexia without agraphia (see 
above) when the lesion is left sided,65 or prosopagnosia 
(see below) because the areas responsible for color and face 
processing are in close proximity in the occipitotemporal 
cortices.6,66–68

When isolated cerebral full-field hemiachromatopsia 
occurs, it is often in the setting of a developing or receding 
hemianopia.67 Albert et al.69 described a monocular man 
who suffered cortical blindness only to recover with a partial 
right superior quadrantanopia yet complete left-sided color 
vision loss. In Kölmel’s two cases,70 a homonymous hemi-
anopia resolved eventually to an upper quadrant hemiachro-
matopsia, 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  
hemiachromatopsia. Other less common etiologies include 
removal of an arteriovenous malformation,71 trauma,72 
neoplasm,67 hemorrhage, multiple sclerosis,73 abscess, sub-
arachnoid hemorrhage, and carbon monoxide poisoning.74 
Transient full-field achromatopsia has been attributed to 
migraine,75 occipital epilepsy (after the recovery of form 
vision), and vertebrobasilar insufficiency.76

Other cortical color processing deficits. Patients with color 
anomia, or color name aphasia, have an inability to name 
colors despite normal color perception, as evidenced by 
their intact ability to match colors and identify pseudo-
isochromatic color plates.3 They also have difficulty point-
ing to named colors. This disorder can be associated with 
alexia without agraphia (see above),36 and patients com-
monly have a right homonymous hemianopia.64 The usual 
etiology is a left posterior cerebral artery stroke involving 
the mesial occipitotemporal region.77 Those with color 

agnosia, or color amnesia, have trouble naming the specific 
color of common objects, such as blood or a stop sign, 
despite normal color perception and language function. In 
one published case,78 color agnosia was acquired due to 
bilateral medial temporal and left inferotemporo-occipital 
infarctions, but in another the deficit was life-long without 
any obvious cortical lesions on MRI.79,80 Both color anomia 
and color agnosia are rare.81

Visual agnosias
A visual object agnosia is an inability to recognize visualized 
objects despite relatively normal vision, memory, language, 
and intellectual function.82,83 In this condition, naming func-
tion is intact, as patients are able to identify objects by 
touching and feeling them or by listening to a verbal descrip-
tion.84 Functional neuroimaging studies suggest lateral 
occipital (LO) regions are used to recognize objects (Fig. 
9–6).85 Classically, a distinction between associative and 
apperceptive agnosias is made.86–88

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.33 Upon request, they 
can also produce accurate drawings of objects they are 
unable to recognize visually, indicating intact visual memory 
and imagery.33

Associative visual object agnosia suggests bilateral medial 
inferior occipitotemporal lesions disrupting the inferior lon-
gitudinal fasculus,89,90 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.”91 Many cases of associative visual object agnosia 
also exhibit alexia without agraphia,33,92 likely reflecting 
concomitant involvement of the corpus callosum in such 
instances.89 Many are also associated with prosopagnosia 
(see below).33 Less commonly, isolated unilateral left or 
right hemispheric lesions can produce associative visual 
object agnosia.92

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.82,93 For instance, patients 
with apperceptive visual agnosia have difficulty copying  
geometric figures. In one study,94 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 temporo-occipital cortices.95–98 A 
number of cases of apperceptive visual agnosia have been 
reported following carbon monoxide toxicity,34,99,100 which 
has a predilection for causing occipital lobe damage.

Prosopagnosia
This section will review facial recognition and the related 
disorder, prosopagnosia, which is a dramatic visual agnosia 
for faces.101 The observation that there are individuals with 
prosopagnosia but without visual agnosia for other objects 
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lyzing its features, matching it to stored faces, and in many 
instances, retrieving its name.101

Functional studies have established that occipitotempo-
ral structures bilaterally are specialized, arguably specifi-
cally, for human facial perception and recognition (Fig. 
9–6). These areas include the fusiform and lingual gyri, in 
a region labeled as the fusiform face area (FFA),103–105 one 

suggests facial recognition is a modular specific task of the 
human brain.102

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 ana-

A

B C

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) MRI reveals an infarction involving the right 
occipitotemporal gyri (arrows) (Reprinted from Paulson HL, Galetta SL, Grossman M, et al. Hemiachromatopsia of unilateral occipitotemporal infarcts.  
Am J Ophthalmol 1994;118:518–523, with permission from Elsevier Science).
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more posteriorly in the inferior occipital cortex in an area 
called the occipital face area (OFA),27,106 and another in the 
superior temporal sulcus (STS).107 These areas activate more 
strongly during viewing of faces when compared with seeing 
scrambled faces, common objects, houses, and human 
hands.108 The FFA and OFA are likely more important for 
identification of faces, while the STS likely subserves 
processing of facial expression and gaze.107 Less specifically, 
limbic structures such as the amygdala and hippocampus, 
in addition to anterior temporal cortex and right parahip-
pocampal gyrus,109–111 and the frontal lobe112 also partici-
pate in facial recognition because of involvement of 
distributed emotional and memory networks necessary for 
this task.113–116

Signs and symptoms in prosopagnosia. Often very aware of 
their condition, patients with prosopagnosia commonly 
report the inability to recognize the faces of friends and 
family.117 Functioning in society is difficult without the 
ability to recognize faces. 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.118 Likewise, pro-
sopagnosics usually report knowing that they are looking at 
faces, and often they can identify the gender, race, and 
approximate age of the person.117 Often patients use contex-
tual clues such as posture, body movement,118 and especially 
voices to identify familiar faces.119 Most patients exhibit both 
a retrograde and anterograde defect, as they often cannot 
recognize old faces or learn new ones.64 Sometimes the dis-
order is so striking and odd that affected patients may be 
mistakenly diagnosed with a psychiatric disease.117

Associated signs. Prosopagnosia may be isolated but more 
commonly is associated with elemental visual or other 
higher cortical deficits.120 Unilateral homonymous hemiano-
pias are typically present, but because the responsible lesions 
are typically occipitotemporal (see below), superior altitudi-
nal or upper quadrantanopias are also seen.7 Occasionally 

Figure 9–6. Underside view of the brain, highlighting the cortical areas 
active specifically during tasks of facial (FFA, STS, and OFA) and object 
recognition (LO).105,116,168 Note 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.

bilateral visual field deficits and related visual acuity loss are 
observed. Associated higher cortical abnormalities include 
achromatopsia,68,121 alexia without agraphia,122,123 left hem-
ispatial neglect,124 visual memory deficits,9 visual object 
agnosia,125–127 visuospatial disorientation, impaired visual 
imagery,34 color agnosia,89 and anosognosia.128

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, above).129 Evidence for an 
associative component can be seen in patients with prosop-
agnosia but who can still correctly draw generic faces,130 scan 
faces,131,132 estimate a person’s age133 and gender,130 and 
interpret and imitate facial expressions.134,135 Patients with a 
more apperceptive type would be expected to have more 
difficulty with a face matching task, using for example a 
series of faces in the Benton–Van Allen facial recognition 
test,133 than those with an associative type.102,136,137 Further 
evidence of an apperceptive component can be seen in 
patients with prosopagnosia who have difficulty discerning 
curved stimuli138 and face-related features such as eye gaze,139 
gender,134 spatial relation of facial features,140 and facial 
configuration.141

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.106,142,143

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.144 Like-
wise, a farmer reported the inability to recognize his cattle, 
although he was able to do so before the onset of prosop-
agnosia.144 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.145

Etiology and associations. The most common cause of 
prosopagnosia is a posterior cerebral artery stroke, although 
any process which can damage the occipitotemporal lobes 
may be responsible. Thus other etiologies include carbon 
monoxide poisoning,34 temporal lobectomy, encephali-
tis,131,146,147 neoplasms,125 right temporal lobe atrophy,148 
trauma,9 and Alzheimer’s disease.149 More diffuse processes 
include alcohol intoxication,150 autism,151 and psychosis due 
to schizophrenia and mescaline.152 One epidemiological 
study found that prosopagnosia occurred significantly more 
frequently in men than in women,153 which might be either 
a reflection of a higher incidence of stroke or a different 
lateralization of facial recognition in men.

Congenital prosopagnosia due to central nervous system 
insults due to meningitis or stroke in infancy has also been 
described.119,143 In addition, there is a rare developmental 
variety of prosopagnosia in which individuals never acquire 
a normal ability to recognize faces.154,155 In pure develop-
mental cases there are no obvious visual abnormalities or 
lesions on neuroimaging,156 and familial cases of develop-
mental prosopagnosia have been reported.157,158

Localization and uni- versus bilaterality of the lesions. 
Most cases of prosopagnosia have bilateral lesions in the 
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Other types of visual agnosias
Landmark agnosia and topographagnosia. In this unusual 
syndrome, affected individuals are unable to recognize pre-
viously familiar landmarks to orient themselves.180 In fact, 
specialized occipitotemporal regions have been identified 
which are specific for building recognition.85 In a related 
disorder, topographagnosia, patients can not recognize 
familiar scenes.180 One reported patient had a right medial 
occipitotemporal stroke.181

Color agnosia is described above in the section on cere-
bral hemi-achromatopsia, while simultanagnosia is detailed 
in the section below on Balint syndrome.

Optic aphasia
In contrast, patients with optic aphasia, which is condition 
closely related to visual object agnosia, are unable to name 
visually presented material or point to named objects 
although they recognize it.182 They are able to name and 
recognize what they may hear or feel. The responsible lesion 
is usually unilateral and involves the left posterior cerebral 
hemisphere. This disorder likely is another visual–verbal  
disconnection syndrome.11 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.183

Visual memory disturbances
The ability to remember visual information requires storing 
then retrieving it.184 Functional MRI studies suggest that 
extrastriate cortical regions used for visual perception are 
also initially utilized in visual memory tasks.185 Subse-
quently, a network involving temporal lobe, hippocampal, 
and ventrolateral prefrontal cortex mediates human visual 
working memory, which is the process of retaining visual 
information for a brief period so that is available for imme-
diate use.186–189 Then visual information is stored using long-
term memory systems.

Clinical observations in brain damaged individuals 
support these notions. Ross190 reported two patients with 
bilateral posterior temporal lobe infarctions and loss of 
visual recent memory. Tactile, verbal, and nonverbal audi-
tory memory functions were normal, but they could not 
recognize faces. Attributing the visual memory deficit to a 
disconnection syndrome, he hypothesized the bilateral 
lesions disrupted tracts between primary visual cortex and 
structures important for memory, such as the medial tempo-
ral lobe. Other patients with similar bilateral temporal  
lobe lesions and prosopagnosia have been described,8,9 
suggesting recognition of faces and visual memory share 
similar mechanisms.

Evidence for lateralization and the role of the right  
temporal lobe in visual memory is provided by studies in 
right temporal lobectomy patients, who exhibit defective 
recognition of visual material;191 a patient with damage to 
the right frontotemporal region following middle cerebral 
artery aneurysm rupture who had defective memory of  
new visual objects and faces;192 and posterior cerebral artery 

occipitotemporal region demonstrated at autopsy,7,8,89,159 
CT,9,122,136,160 or MR imaging.124 However, multiple cases 
have been reported of prosopagnosics with only right- 
sided lesions as uncovered by autopsy,161 CT,162,163 or 
MRI.102,148,164–166 Prosopagnosia was also observed in a patient 
who had undergone a right hemispherectomy.167 Thus it 
appears that bilateral lesions are often seen in patients with 
prosopagnosia, but in several instances a unilateral right-
sided lesion was sufficient to cause the deficit.101,168

There is in fact evidence for a right-sided cerebral domi-
nance for facial recognition in humans. One study compared 
the performance of right-lesioned to left-lesioned patients 
(both groups classified using CT data) on a facial identifica-
tion task. Patients with right-sided lesions performed signifi-
cantly worse than left-lesioned patients and controls.169 
Cases of prosopagnosia due to isolated left-sided lesions are 
extraordinary, and in one instance occurred in a left-handed 
individual, suggesting anomalous lateralization.170

Critical lesion. Most of the reported disturbances are 
localized within the right occipitotemporal region.171 
However, the critical structure involved in this area can vary 
between the inferior occipitotemporal cortex, the fusiform 
gyrus, and the hippocampal region.172 A larger study corre-
lated two separate extrastriate lesion positions to two cogni-
tive deficits. Damage to the fusiform gyri, when accompanied 
with right-sided infarcts in the occipitotemporal or ventro-
medial regions, leads to problems in perceiving facial detail. 
Patients with damage to the right parahippocampal gyrus, 
and the accompanying occipitotemporal ventromedial 
damage in the right hemisphere, exhibited a deficit in con-
necting faces to memory stores.110 Using more recent termi-
nology, a meta-analysis68 of published cases of prosopagnosia 
and detailed studies of a single patient168,173,174 suggested 
damage to the occipital face area (OFA) was more critical 
than damage to the fusiform face area (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.136,175 
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 Bilat-
eral damage may be necessary in order for the prosopagnosic 
symptoms to endure past the acute period.64 Some affected 
patients may improve their facial recognition abilities with 
training to increase attention to specific facial features such 
as the eyes.156

Capgras and Frégoli syndromes. Prosopagnosia is similar 
in its presentation to Capgras syndrome, which is one of the 
delusional misidentification disorders.120 A patient with 
Capgras syndrome feels that a friend or relative has been 
replaced by an impostor.176,177 There are some authors who 
feel that some patients with Capgras syndrome have prosop-
agnosia.176 Etiologies include neurodegenerative and psychi-
atric illnesses178 and bilateral occipitotemporal lesions.179 In 
the Frégoli syndrome, another delusional misidentification 
disorder, the affected individual feels that a stranger is a 
familiar person.
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adjacent portion of the middle temporal gyri, with the main 
focus of damage in the upper banks of the anterior occipital 
sulcus. Subsequently, other patients with deficits in motion 
perception have been described in association with cortical 
disturbances, usually bilateral, in these regions due to 
strokes,202–204 traumatic brain injury, and Alzheimer’s 
disease.205 Patients with unilateral V5 lesions have been 
shown to have defective motion perception in the contral-
ateral but not the ipsilateral hemifield.206 Thus both the 
animal and clinical literature suggested the existence of a 
cortical area, separate from striate cortex, which mediates 
visual motion perception.

Other experimental evidence in normal humans has con-
tinued to support this notion. PET studies of individuals 
viewing moving black and white random-square patterns 
show increased blood flow to the occipito-temporal-parietal 
junction.51 Functional MRI studies demonstrate increased 
activation of lateral occipitotemporal cortex in association 
with viewing moving stimuli (Fig. 9–7).207–209 Likewise, 
electrical cortical stimulation in epilepsy patients54,55 and 
magnetoencephalography (MEG)210 and transmagnetic 
stimulation (TMS)211 in normal subjects have confirmed the 
presence of a specialized motion area in humans concen-
trated at the occipito-temporal-parietal junction.

Some drugs have been reported to cause akinetopsia. Two 
cases of akinetopsia related to use of nefazodone, an antide-
pressant that blocks serotonin (5-HT2) receptors and the 
reuptake of 5-HT, have been described.212 Other conditions 
which may be associated with decreased motion perception 
include Williams syndrome, lesions of the cerebellar vermis, 
amblyopia,209,213 and schizophrenia.214 V5 activity may be 

amobarbital tests, which suggest the right temporal lobe is 
important for remembering visual aspects of an object, while 
the left temporal lobe is more critical for recalling the object’s 
verbal representation.193

Other similar patients with impaired visual memory have 
been described following infarction of the right dorsomedial 
thalamic nucleus194 and damage to the anterior commissure 
and right fornix,195 structures also important in the forma-
tion and retrieval of visual information.

Akinetopsia
Lateral occipital-temporal lesions affecting area V5 (Fig. 
9–7), which lies in the posterior bank of the superior tem-
poral sulcus, may result in defective motion perception, or 
akinetopsia.196 Animal experiments first suggested that the 
comparable location in monkeys, area MT, contains cells 
which receive direct connections from striate cortex and are 
highly motion selective.197 Lesions to area MT impair motion 
perception in the contralateral hemifield.198 Zihl et al.199 
then described a seminal patient with defective motion per-
ception 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 studies200,201 
reported the patient’s MRI, which confirmed the bilateral 
lesions involving the upper part of the occipital gyri and the 

A B

Figure 9–7. Functional magnetic resonance imaging (fMRI) demonstration of 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/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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suppressed as an adaptive measure in patients with oscil-
lopsia due to unilateral vestibular failure.215

Riddoch phenomenon, blindsight, and V5. The preserva-
tion of parallel retinotectalpulvinar 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 (for further discussion of these phenomena see 
Chapter 8). In one study,216 a patient with a left occipital 
lesion who was able to perceive fast but not slow moving 
stimuli within an otherwise blind hemifield underwent 
visual evoked potential testing. This demonstrated that V5 
was activated despite the destruction of V1 (striate cortex), 
suggesting that in addition to the main pathway from V1 to 
V5, there existed another pathway to V5 which bypassed V1. 
Another study217 suggested that in patients with visual field 
loss due to cerebral hemispheric lesions, those with pre-
served motion detection tended to have sparing of lateral 
temporo-occipital cortex, while those without motion detec-
tion usually had involvement of this area. In PET and func-
tional MRI studies of patients with unilateral occipital lobe 
infarction, ipsilateral lateral temporo-occipital cortex is still 
activated during optokinetic stimulation218 and when 
moving stimuli are presented in the blind hemifield.219–221

Parietal disturbances

Right parietal lesions (Fig. 9–8) may result in sensory neglect 
of visual, tactile, and auditory stimuli in left hemispace.175 
Motor neglect, a defect in exploration of and responding to 
stimuli in contralateral hemispace, may also occur.222,223 
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 
their left.224–226 However, visual disorientation occurs more 
commonly in bilateral lesions (see Balint syndrome, below). 
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 impair-
ment (anosognosia). These deficits are unaccounted for by 
visual field loss, other primary sensory deficits, or motor 
weakness.227,228 Unilateral spatial and motor neglect may 
occur even in young children.229,230

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.231–233 According to 
one hypothesis, left neglect syndromes resulting from right-
sided lesions are more common because the right hemi-
sphere is dominant for the distribution of attention.234 In 
other words, the left hemisphere attends to the right side of 
space, while the right hemisphere attends to both sides. Thus 
a left-sided lesion tends not to cause neglect because the 
intact right hemisphere is still able to attend to the right side. 
Nevertheless, neglect of the right side due to a left hemi-
spheric lesion can occur,235,236 but it tends to be less severe 
and recover more quickly than left neglect.237

The majority of this section will review sensory neglect of 
visual stimuli.

Video 9.1

Figure 9–8. Axial T2-weighted MRI in an HIV-positive man with progressive 
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.

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 
phenomenon may be difficult to distinguish from those with 
a homonymous hemianopia, but unlike the latter, those 
with hemi-inattention will be more likely to detect the stim-
ulus if their attention is directed to the neglected side 
(assuming central fixation is maintained).238 In more subtle 
cases the visual fields will be normal to confrontation, but 
if 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).239 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 hemianopia are present.

Bedside tests for hemi-inattention, such as line or letter 
cancellation, line bisection, or 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 which is on the right side of the 
line. Copying of figures or the numbers of a clock may be 
drawn only on the right side (see Figs. 2–16 and 2–17). 
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ery. 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 
unsatisfactory or unproven when improvement in activities 
of daily living is the goal,242,270,273 or the effects are tempo-
rary. We have found hemianopic prisms274 (see Chapter 8) 
relatively unhelpful in patients with left-sided neglect, par-
ticularly 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 OS and base in OD prisms, thus shifting 
vision to the right, has been studied extensively and been 
shown to improve neglect in some individuals,275–279 albeit 
transiently.280 The positive effects of training with virtual 
reality are also only temporary.281 The use of hemispatial 
sunglasses, which shade the non-neglected side of each eye 
and force viewing into the neglected side, has been reported 
anecdotally as effective.282 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.283 An alternative strategy, which trains the patient 
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 awareness284 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.285 This maneuver may train patients how to orient 
towards the affected hemispatial field. Lastly, noradrenergic 
agents286 and dopamine agonists287 have been shown anec-
dotally to improve neglect. However, these therapies have 
not been evaluated in a controlled fashion, and in one study 
bromocriptine actually worsened some aspects of hemispa-
tial neglect.288

Parieto-occipital disturbances

Balint syndrome
Balint289–292 first analyzed this symptom complex, and 
Holmes291–293 later elaborated his description. It results most 
frequently from bilateral symmetric parieto-occipital cortical 
or white matter injury (Figs. 9–9, 9–10). In the minority of 
cases there is additional frontal lobe involvement.294 In its 
most severe form, patients with Balint syndrome appear 
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, 
but they become tremendously visually fixated on single 
objects.295,296 The full syndrome consists of simultanagnosia 
(or simultaneous agnosia), ocular apraxia (a deficit in shifting 
gaze), and optic ataxia (a defect in reaching under visual 
guidance).294,297 Each of these elements, which may be seen 
alone or in combination, will be briefly considered.

Simultanagnosia. A striking deficit in Balint syndrome, 
simultanagnosia is the element seen most often in isolation. 

Patients with both left hemi-inattention and hemianopia 
tend to do more poorly on these tests than those with hemi-
attention alone.240

Several theories have attempted to explain neglect.241–244 
Bisiach et al.245 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, below). Others238,246–248 have proposed 
that an interruption in the corticolimbic-reticular loop 
causes a defect in the orienting response towards stimuli 
in the contralateral hemispace. Mesulam249–252 hypothesized 
that a cortical network involving posterior parietal lobe, 
frontal lobe, and cingulate gyrus mediates directed atten-
tion. Damage to any one or more components could lead 
to a neglect syndrome (see frontal lobe lesions, below).253 
In Mesulam’s scheme, the posterior parietal component 
provides an internal sensory map of extrapersonal space, 
the frontal component a mechanism 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 disruption in a network 
involving right frontal regions and superior temporal 
gyrus.254,255 Because these proposed mechanisms are not 
mutually exclusive, a combination of them may also 
apply.244,256–258

Interhemispheric rivalry, a concept in which the intact 
hemisphere suppresses the injured hemisphere, has been 
used to explain visual extinction as a phenomenon separate 
from neglect.259 However, our clinical experience suggests 
visual extinction is simply a milder, more subtle form of 
visual hemi-attention or neglect.

Other cortical and subcortical lesions. Neglect may also 
occur in association with lesions affecting the frontal lobe 
(see below), right superior temporal gyrus,254,260 and para-
hippocampus.233 Unilateral neglect behavior less commonly 
may result from subcortical lesions.261 Examples include 
damage to the thalamus,262,263 striatum (putamen and head 
of caudate) and adjacent deep white matter,264–266 and corpus 
callosum.267,268 These lesions may cause neglect by indirect 
effects on the parietal lobe by, for example, disrupting  
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.269

Treatment. Patients with severe left-sided neglect can be 
some of the most difficult to rehabilitate, and their func-
tional disability and prognosis for recovery is often poorer 
than individuals with global aphasia or hemiplegia.270,271 
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 pre-existing 
cortical atrophy had a poorer prognosis for recovery.272

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 non-neglected 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 heavy machin-
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Figure 9–9. Location of lesions in Balint’s original patient.289 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 leukoencephalitis. 
Magnetic resonance MR fluid attenuated inversion recovery axial image 
demonstrates bilateral parieto-occipital lesions (arrows). In addition to 
simultanagnosia, optic ataxia, and ocular apraxia, the patient had a right 
homonymous hemianopia.

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.64 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 also have difficulty with 
Ishihara color plates (see Chapter 2),298 which requires them 
to identify colored numbers created by small dots. The 
Navon figure test (Fig. 2–14) is also an excellent method for 
assessing simultanagnosia, and attempts at drawing clocks 
(Fig. 9–11) and other figures299 will often reveal the indi-
vidual’s inability to appreciate an entire scene.

Simultanagnosia may reflect bilaterally defective visual 
attention,300–302 as the lesions in Balint syndrome typically 
involve Brodmann areas 7 (superior parietal lobule), 19 
(dorsorostral occipital lobe) and sometimes 39 (inferior 
parietal lobule).303 These are areas important for visual atten-
tion. Several authors have offered the absent blink to visual 
threat response as evidence for decreased visual attention in 
this disorder.304,305 One authority10 attributed the visual 
behavior 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 extrapersonal space, leading to deficits in visual scan-
ning,306–308 and an impairment in linking structural descrip-
tions and object location—a deficit of binding ventral and 
dorsal stream information, respectively,309–311 have also been 
implicated.

Ocular apraxia. Patients with ocular apraxia are unable to 
generate voluntary saccades, but their involuntary reflexive 
saccades are normal. The terms psychic gaze paralysis and 
spasm of fixation have also been used. Possible mechanisms 

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.
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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.328 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 
progressive dementing syndrome characterized primarily by 
higher cortical visual disorders.329 Typically patients exhibit 
some combination of visual field defects, alexia with or 
without agraphia, visual agnosia, components of Balint syn-
drome, prosopagnosia, Gerstmann syndrome (left–right 
confusion, finger agnosia, acalculia, and agraphia), and 
transcortical sensory aphasia (fluent aphasia with intact 
ability to repeat).330–335 Visual hallucinations can also 
occur.336 Memory and frontal lobe functions such as judg-
ment and insight are affected later in the course of the 
disease. Neuroimaging reveals cerebral atrophy, more severe 
posteriorly.

Etiologic considerations include Alzheimer’s, Pick’s, or 
Creutzfeldt–Jakob disease, corticobasal degeneration,337 or 
Lewy body dementia.332,333,338 Posterior cortical atrophy is 
felt to be a unique presentation of these conditions.339 The 
notion that a degenerative disease can produce focal cortical 
findings is not without precedent. Primary progressive 
aphasia with left perisylvian atrophy can occur in the absence 
of memory difficulty, yet many affected patients will eventu-
ally develop a dementing illness such as Alzheimer’s disease.

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 neuroimag-
ing 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.340–346 For 
instance, patients with occipital lobe lesions and a contral-
ateral hemianopia or quadrantanopia can have defective 
visual imagery on the side of the field defect.347 In addition, 
PET studies have demonstrated that patients with acquired 
blindness due to anterior visual pathway lesions activate 
visual cortex during mental imagery.348 Patients with prosop-
agnosia and achromatopsia may have an imagery disorder 
involving faces and colors of objects.349 Individuals with 
visual agnosias for particular objects, living versus non- 
living, for example, may have selective loss of visual imagery 
for the same types of items.350

Furthermore, imagining an object or scene requires the 
ability to generate an internal representation of objects and 
scenes in extrapersonal space. This is one of the tasks of the 
inferior parietal lobule. Thus patients with right parietal lobe 
lesions may neglect the left side during visual imagery (so-
called representational neglect).351 For instance, Bisiach and 
Luzzatti352 asked patients with left hemineglect to imagine 
they were looking at the Piazza del Duomo in Milan. When 
they were asked to describe the view from the side of the 

include a disconnection of the occipital lobe from the frontal 
eye fields or uncertainty about the target’s location.295 In its 
purest form, ocular apraxia is associated with normal pursuit 
eye movements, but in fact many patients have defective 
pursuit as well. Other clinical 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 may be 
able to see an object of regard, they may reach for it inac-
curately (Fig. 9–12). Optic ataxia, also known as visuomotor 
ataxia, is unassociated with any cerebellar dysfunction or 
motor weakness. Instead, optic ataxia may result from a 
disconnection of the occipital lobe from motor centers more 
anteriorly in the frontal lobe, where the reaching is pro-
grammed.10,303,312,313 A defect in the internal representation 
of extrapersonal space, or damage to areas responsible for 
integrating panoramic visual information with propriocep-
tive information relating to the upper extremity,303,314 or a 
specific impairment in visuomotor control without deficits 
in perception,315–317 are alternative explanations.

Other neuro-ophthalmic signs. As alluded to earlier, the 
blink to threat response may be absent even within intact 
visual fields.318 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.293,294,319 Although the visual fields may be normal,64 
often bilateral inferior altitudinal defects are present319,320 
owing to the frequent involvement 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,321 Creutzfeldt–Jakob disease,322 and progressive 
multifocal leukoencephalopathy323 (see Retrochiasmal dis-
orders, 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,324 central nervous system vasculitis,325 
adrenoleukodystrophy,326 and perinatal hypoxic ischemic 
encephalopathy.327 In addition, we have seen a case of Balint 
syndrome caused by acute hemorrhagic leukoencephalitis 
(Fig. 9–10).

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.
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the neurologic, neuro-ophthalmic, laboratory, and patho-
logic features, followed by treatment issues, will be 
discussed.

Alzheimer’s disease
This chronic degenerative condition is highlighted by gradu-
ally progressive dementia, which in turn is characterized by 
(i) a loss of intellect sufficient enough to interfere with social 
or occupational functions, (ii) memory loss, and (iii) a clear 
sensorium. The disease is considered probable if these fea-
tures are present, the age of onset is between 40 and 90 years, 
and other neurologic diseases which could account for the 
deficits are absent.364,365 The terms presenile and senile 
dementia refer to dementia which occurs either before or 
after age 65, respectively.

Alzheimer’s disease is the most common cause of demen-
tia in North America and Europe,366 accounting for at least 
half of cases.367 Its prevalence increases with age. In one 
population study,368 of individuals 65–74 years of age, 3.0% 
had probable Alzheimer’s disease, while 18.7% of persons 
75–84 years old and 47.2% of those over 85 had the disor-
der. Thus, as the general population ages, this disease is 
likely to become more prevalent.

Besides advanced age, other primary risk factors for the 
disease include family history, presence of the apolipopro-
tein E ∈4 allele, and trisomy 21.369 Much less common 
autosomal dominant forms of early-onset Alzheimer’s 
disease are associated with mutations in the amyloid precur-
sor protein gene on chromosome 21 and presenilin 1 and 2 
genes on chromosomes 14 and 1, respectively.369–372 Possible 
risk factors include a history of head trauma and low intel-
ligence.373 Commonly, patients with a diagnosis of mild 
cognitive impairment later develop Alzheimer’s disease.365

Neurologic symptoms and signs. Aside from the insidious 
memory loss which defines this condition,374 patients with 
Alzheimer’s disease may develop language deficits, particu-
larly word-finding difficulties. Personality changes, prob-
lems with concentration, and change in affect may also 
occur, and some patients become psychotic and agitated. In 
later stages deterioration in social skills and motor impair-
ment may also become evident. In general though, the 
cranial nerve, motor strength, sensation, gait, and reflexes 
are all normal. Extrapyramidal signs such as bradykinesia 
and tremor may be observed, as some patients have coexist-
ing Parkinson’s disease. Job loss, home care, nursing home 
placement, then eventual demise is an inevitable progres-
sion in most instances. Patient survival is usually between 5 
and 12 years following disease onset.366

Differential diagnosis. Depression, multi-infarct demen-
tia, extrapyramidal disorders, hypothyroidism, and toxic-
metabolic disorders, for instance drug toxicity and B12 
deficiency, are the most common conditions mistaken for 
Alzheimer’s disease. Neurosyphilis should also be excluded. 
The reader is referred to published reviews366,369,375,376 for 
lists and discussions of the less common disorders to be 
considered in the differential diagnosis of dementia.

Neuro-ophthalmic symptoms and signs. Occasionally visual 
deficits are the initial complaints and findings in the synony-
mous “visual,” “posterior,” or “posterior cortical atrophy” 

square opposite the cathedral, they described fewer land-
marks on the left side of their imagined scene. Then they 
were asked to recall the view of the square from the other 
side on the cathedral steps. Again they 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 disorientation and defective visual– 
spatial imagery have been reported.349

However, there are notable exceptions to this concept that 
perception, higher cortical function, and imagery are highly 
correlated. This implies the mechanism for imagery may be 
much more complicated. In fact, 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.345,346,353,354 Some 
patients with cerebral achromatopsia have preserved color 
imagery.355,356 In addition, a patient with a right parietal 
lesion and left-sided representational neglect without visual 
perceptual neglect,357 and others with visual agnosia but 
intact visual imagery,95,358 have been reported.

Frontal lobe disturbances

Frontal lobe neglect is well recognized in humans.359,360 It 
can be denser than parietal neglect and mimic a homony-
mous hemianopia.231 Cogan361 in fact used the term “pseu-
dohemianopsia” to refer to patients with this disorder. In 
contrast to those with a hemianopia from parietal or occipi-
tal injury, however, the frontal defect is usually transient. 
Furthermore, frontal neglect may preferentially affect  
exploratory-motor rather than perceptual-sensory tasks.222 
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 study362 of patients with frontal 
neglect of the left hemispace, all lesions involved the inferior 
frontal gyrus (Brodmann’s 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 distur-
bance is a vaso-occlusive stroke. Typically the posterior  
cerebral artery or one of its branches is involved unilaterally 
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 leukoencephalopa-
thy, and carbon monoxide poisoning. The differential diag-
nosis is similar to that of retrochiasmal disturbances (see 
Chapter 8).

However, two dementing illnesses, Alzheimer’s disease 
and Creutzfeldt–Jakob disease, have a predilection for visual 
association cortices (see Posterior cortical atrophy, above).363 
Thus each condition will be reviewed here. In each section, 
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neurofibrillary tangles, which are characterized by paired 
helical fibers composed of altered forms of the microtubule-
associated protein tau; senile plaques, consisting of insolu-
ble beta-amyloid protein; neuron degeneration; and loss of 
synapses.369,409–412 Also seen are granulovacuolar degenera-
tion, amyloid (congophilic) deposition in vessel walls, and 
Hirano bodies, which are eosinophilic filaments. Cell loss in 
the basal forebrain cholinergic complex and decreased 
choline acetyltranferase activity suggest defective cholinergic 
transmission may be associated with the disease.413

The visual deficits in Alzheimer’s disease are usually 
attributed to neurofibrillary tangles in visual association 
areas414–416 or striate cortex.417 Levine et al.418 described a 
patient with Alzheimer’s, visual object agnosia, visual field 
constriction, and impaired contrast sensitivity. The postmor-
tem examination revealed the density of tangles was highest 
in the occipitoparietal 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.419 
Alzheimer’s patients who are visually symptomatic are more 
likely to demonstrate tangles in the occipitoparietal regions 
than those who have normal visual function.420

Pathologic findings in the primary visual pathways have 
also been found,404 but like analogous clinical observations, 
the results are inconsistent. 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.421

Treatment. A detailed overview of the various pharmaco-
logic agents used in Alzheimer’s disease is beyond the scope 
of this section, so the reader is referred to reviews on this 
topic.369,422–427 However, some principles will be discussed 
here. In general, there is no cure and no method for halting 
disease progression, and these medications are only mildly 
effective, at best. Based upon notion that enhancing central 
cholinergic neurotransmission might improve the cognitive 
and behavioral aspects of Alzheimer’s disease, cholinesterase 
inhibitors such as donepezil, rivastigmine, and galantamine 
can be used.428 However, gastrointestinal side-effects such 
as nausea and diarrhea are common. Despite its proven 
efficacy, the use of another cholinesterase inhibitor, tacrine 
(tetrahydroaminoacridine) is limited because of the risk  
of hepatotoxicity.429 Memantine, an N-methyl-d-aspartate 
(NMDA) antagonist, may be effective in Alzheimer’s disease 
by interfering with glutamatergic excitotoxicity or its effect 
on hippocampal neurons.426

Medications or vitamins, such as selegiline or vitamin E 
(alpha-tocopherol), that increase the levels of brain catecho-
lamines and protect against oxidative damage to neurons, 
have also been used.430 Herbal supplements such as ginkgo 
biloba may have a small effect on cognition.431 However, 
purported treatments such as anti-inflammatory agents,  
hormone-replacement therapy, and statins have shown no 
benefit after careful study.426,432 Patients may also require 
medical treatment of agitation, depression, and psychosis, 
which may include visual hallucinations (see Chapter 12).

Creutzfeldt–Jakob disease
Creutzfeldt–Jakob disease, a relatively uncommon neurode-
generative disorder in adults, is characterized by rapidly pro-

variants of Alzheimer’s disease. The visual disturbances tend 
to be higher cortical in nature.363,377 In one study378 of com-
munity based patients with Alzheimer’s disease, approxi-
mately one-half had a visual object agnosia, while one-fifth 
had Balint syndrome. Prosopagnosia, visual hallucinations 
(see Chapter 12), defective visual motion perception,379–381 
abnormal form perception,382 decreased visual attention,383 
poor performance on visuospatial tasks,384,385 right-sided 
neglect, alexia without agraphia, poor visual memory,386 and 
diminished curiosity of novel or unusual visual stimuli387 
may also occur. Because patients with Alzheimer’s disease 
and higher cortical visual disturbances usually have normal 
visual acuity, relatively clear ocular media, and normal 
fundus appearance, many such patients have persistent 
visual complaints despite visits to several ophthalmologists 
and numerous changes in eyeglass prescriptions.

In addition, patients with Alzheimer’s disease may also 
have more elementary visual deficits involving the primary 
visual pathways. Deficits in visual acuity,388 visual fields 
including hemianopic field loss,377,389–391 contrast sensitiv-
ity,392 stereoacuity,393,394 and color vision395 have all been 
observed. However, some of these results are only inconsist-
ently observed, and some studies are hampered by limita-
tions in patient testing. For instance some authors396,397 
were unable to demonstrate any abnormalities in primary 
visual function that were not also observed in age-matched 
controls. In addition, in one study398 of patients with 
Alzheimer’s disease who underwent computerized perime-
try, many had nonspecific visual field constriction. However, 
the numbers of fixation losses and false-negative and  
-positive responses for each patient were very high, making 
any conclusions difficult.

Diagnostic studies. The results of neuroradiologic studies, 
both anatomic and functional, tend to be nonspecific in 
patients with Alzheimer’s disease. CT and MRI, although 
helpful in excluding a mass lesion, multiple infarcts, or 
normal pressure hydrocephalus, is usually either normal or 
reveals diffuse cortical atrophy. PET, single photon emission 
computed tomography (SPECT) and perfusion studies may 
demonstrate decreased rates of glucose metabolism and 
blood flow and in the posterior cingulate, parietal, parieto-
occipital, temporal, and prefrontal regions.399,400 When 
the symptoms are primarily visual, the abnormalities on 
anatomical and functional imaging tend to be more 
posterior.389,390,401

Lumbar puncture, which is often performed to exclude 
tertiary syphilis, for instance, is generally unremarkable. 
However, spinal fluid levels of tau may be elevated and those 
of beta-amyloid protein (see pathology, below) may be 
decreased in patients with Alzheimer’s disease.365,402,403 
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 potentials404 and electroretinograms405,406 and reduc-
tion in nerve fiber layer407 and optic nerve fibers408 demon-
strated by optic imaging have also been reported in patients 
with Alzheimer’s disease.

Pathology. The diagnosis of Alzheimer’s disease can be 
confirmed only histologically, either by biopsy or postmor-
tem examination. The diagnostic pathologic features include 
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Pathology. Creutzfeldt–Jakob disease is characterized neu-
ropathologically by neuronal loss, prominent gliosis, and 
spongiosis in cortex, thalamus, basal ganglia, and cerebel-
lum.433 Occasionally fine, radiating eosinophilic kuru 
amyloid plaques may be observed.454 Immunohistochemis-
try with antibodies against the prion protein can provide 
additional confirmation of the disease.455,456 In the Heiden-
hain variant, the neuropathologic abnormalities are most 
pronounced in the parietal and occipital lobes.457 Although 
tissue damage is usually confined to the central nervous 
system, some reports have documented involvement of the 
optic nerve head458 and retina.459

Diagnostic studies. The definitive diagnosis of Creutzfeldt–
Jakob disease can be made only with a biopsy or autopsy. 
However, spinal fluid analysis for the 14-3-3 brain protein 
is a sensitive (53–97%) and specific (87–96%) laboratory 
test for the sporadic form of this disorder.460–464 Caution in 
its use should be applied, because autopsy-proven false neg-
atives can occur,465 and false-positive 14-3-3 assay results 
have been reported in patients with herpes simplex encepha-
litis, hypoxic brain injury, intracerebral metastases, fronto-
temporal dementia, and Alzheimer’s disease.461,462,465 The 
14-3-3 spinal fluid analysis is therefore recommended for 
use only in patients for whom the clinical suspicion of 
Creutzfeldt–Jakob disease is high.

Conventional T1-weighted MR images are frequently 
normal in patients with Creutzfeldt–Jakob disease. However, 
diffusion-weighted MR sequences may demonstrate other-
wise undetectable high signal abnormalities in the cortex or 
basal ganglia (Fig. 9–13).466–472 This modality may be useful 
in the detection of brain abnormalities in patients with early 
signs and symptoms.473 Similarly, but with less sensitivity, 

gressive dementia and myoclonus. In contrast to patients 
with Alzheimer’s disease, who deteriorate slowly over years, 
individuals with Creutzfeldt–Jakob tend to worsen quickly 
over weeks to months. In one large study,433 the range of age 
of onset was wide, 16–82 years of age, but the most frequent 
age group affected was the 60–64 age bracket.

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.434 
Clinically, kuru and Gerstmann–Sträussler–Scheinker syn-
drome present primarily with cerebellar syndromes, and 
dementia occurs at later stages. Scrapie and bovine spongi-
form encephalopathy (mad cow disease) are related neuro-
degenerative diseases seen more commonly in animals. The 
likely responsible agents in these conditions are proteina-
ceous particles called prions (PrP = prion protein), which are 
devoid of nucleic acids.435 Disease results when the normal 
(cellular) prion protein PrPC misfolds into the pathologic 
(scrapie) form, PrPSc.436,437

Eighty-five percent of cases of Creutzfeldt–Jakob are spo-
radic, and different classification schemes have been pro-
posed based upon the molecular genetics of the PrP.438 Ten 
to 15% of cases are familial, caused by a mutation in the 
prion protein gene (PRNP). Mutations in this gene are also 
responsible for Gerstmann–Sträussler–Scheinker syndrome 
and fatal familial insomnia. Much less commonly,  
Creutzfeldt–Jakob is iatrogenic due to growth hormone 
derived from human cadaveric pituitary glands,439 reuse of 
stereotactic electroencephalography electrodes, and 
corneal440 or cadavaric dural transplantation.441–443 New-
variant Creutzfeldt–Jakob results from consumption of  
beef from bovines with spongiform encephalopathy.444

Neurologic symptoms and signs. The disorder usually starts 
with gradual memory loss and behavioral abnormalities. 
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 
function deteriorate rapidly. Global dementia, cerebellar 
incoordination, rigidity, akinetic mutism, and startle-
induced or spontaneous myoclonic jerks typify the later 
stages of the illness.433,444

Neuro-ophthalmic symptoms and signs. Patients with the 
Heidenhain (occipitoparietal) variant may have visual field 
defects such as homonymous hemianopia or quadran-
tanopia.445–447 Cortical blindness,448 visual hallucinations, 
visual agnosia, palinopsia,449 and Balint syndrome may 
also occur.322,450 Usually the fundus is normal, but rare 
patients with optic atrophy have been reported.451 Ocular 
motor disturbances, including supranuclear (e.g., Parinaud 
syndrome) and infranuclear gaze palsies,452 nystagmus, 
and slow saccades,453 and eyelid abnormalities such 
as ptosis and apraxia of eyelid opening, may also be 
observed.

Visual abnormalities may predate dementia or behavioral 
changes. However, frequently by the time visual signs and 
symptoms develop, patients with Creutzfeldt–Jakob disease 
are too confused and uncooperative for careful documenta-
tion and accurate testing of their visual function.

Figure 9–13. Diffusion-weighted MR imaging demonstrating signal 
abnormalities in the basal ganglia (arrows) in a patient with Creutzfeldt–
Jakob disease who presented with supranuclear gaze and gait 
abnormalities.452
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Figure 9–14. Fluorodeoxyglucose positron emission tomography 
(FDG-PET) scan demonstrating occipital lobe hypometabolism in a patient 
with the Heidenhain variant of Creutzfeldt–Jakob disease. Arrows point to 
green and yellow hypometabolic cortical regions in comparison to the 
anterior, blue relatively hypermetabolic regions. The patient had bilateral 
inferior visual defects, but the corresponding anatomical MRI scan of the 
brain was relatively normal.

T2-weighted474 and fluid attenuated inversion recovery 
(FLAIR)475 images may reveal similar changes. PET may dem-
onstrate hypometabolism (Fig. 9–14) and SPECT may show 
hypoperfusion in the occipital lobes in patients with the 
Heidenhain variant of Creutzfeldt–Jakob disease.476 Occa-
sionally, the abnormalities on PET and SPECT will precede 
those found on MR imaging.

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.477 Some patients may have an abnormal elec-
troretinogram (ERG) with a B1-wave decrease and relative 
preservation of the A wave.459,478

In practice, the combination of a clinical history of rapidly 
progressive dementia with myoclonus, pyramidal or extrapy-
ramidal dysfunction, or visual deficits, and tests revealing the 
presence of 14-3-3 CSF protein, diffusion-weighted MR 
abnormalities, and periodic complexes on EEG would be 
highly suggestive of the diagnosis of Creutzfeldt–Jakob 
disease.479–481 In contrast, a normal CSF, diffusion-weighted 
MRI, and EEG would make Creutzfeldt–Jakob disease 
extremely unlikely.482

Treatment. Unfortunately, Creutzfeldt–Jakob disease is 
uniformly fatal, usually within one year of onset.483 Pres-

ently, there is no effective treatment although pharmaco-
logic strategies are emerging based upon the current 
understanding of the molecular biology of disease.484,485
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Transient visual loss

Transient loss or blurring of vision lasting for seconds or minutes are 
common visual complaints. This chapter suggests one approach to patients 
with these symptoms: to distinguish (1) the more innocent nonischemic 
ocular conditions from (2) those premonitory events that may be harbingers 
of potentially catastrophic retinal or cerebral ischemia, (3) migraine,  
and (4) other unique causes. The diagnosis and treatment of the neuro-
ophthalmic causes of transient visual loss will be detailed, with particular 
emphasis on the presentation and management of carotid disease.

Approach: nonischemic, ischemic,  
and other causes

The distinction between nonischemic, ischemic, migraine, and other causes 
of transient visual loss can often be made on historical grounds.1

Nonischemic causes
Patients with nonischemic causes of transient visual loss may be recognized 
by their longstanding, vague, and often innocuous visual complaints. The 
term transient visual blurring is more accurate as these patients generally have 
only mild visual changes. Most often they 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 
will typically report problems under one specific set of circumstances such 
as with reading small print or seeing words on the television or computer 
screen. They rarely describe a visual field defect. Other neurologic com-
plaints or new headaches are absent.

Ischemic causes
Sudden, transient loss of central or peripheral vision with full or partial 
recovery would be more consistent with an ischemic cause. 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. When field 
deficits occur, they may respect the vertical or horizontal meridian (“shade 
coming down”), and when bilateral may be homonymous, consistent with 
a vascular cause. Bruno et al.2 found that patients with altitudinal or lateral-
ized transient monocular visual loss were likely to have identifiable ischemic 
causes. Pain, headache, scalp tenderness, jaw claudication, accompanying 
neurologic signs or symptoms, or the presence of cerebrovascular risk factors 
suggest an ischemic (embolic, thrombotic, or vasculitic) cause of the tran-
sient visual loss.

Migraine
Migrainous transient visual loss, suggested by accompanying symptoms  
of headache, nausea, or vomiting, should also be considered. Previous 
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migraines, a history of affected family members, or accom-
panying positive phenomena such as scintillations, prisms, 
or colored lights also support the diagnosis of migrainous 
visual loss. When numerous, recurrent, unexplained epi-
sodes of visual loss occur, particularly in young people,  
a migrainous cause should also be considered.

Other causes
A history of seizures, loss of consciousness, or abnormal 
motor activity would suggest ictal or postictal visual loss. The 
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 an 
underlying orbital mass. Patients with papilledema may 
have transient visual obscurations that are often elicited by 
changes in posture, such as standing up, or head position.

Examination of the patient with 
transient visual loss

In addition to documenting afferent visual function, partic-
ular attention should be paid to the slit-lamp examination 
to search for any tear film or corneal surface abnormalities 
and to the fundus examination for evidence of retinal 
emboli, cotton-wool spots, or disc swelling. Focal signs on 
the neurologic examination should also be excluded. On the 
general examination, palpation of the temporal arteries and 
auscultation of the carotid arteries and heart should be 
performed.

Nonischemic transient vision loss

Many patients who describe variable blurring of their vision 
have an ocular (nonischemic) cause (Table 10–1). While 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 nonischemic causes of transient visual loss. Patients 
with tear film abnormalities typically describe a pattern in 
which visual blurring occurs for hours many times per week, 
often at the end of the day, and often under one environ-
mental circumstance. For instance, symptoms occur in the 
afternoon at work, in the evening when sitting down to read, 
or after a walk on a windy day. Repeat blinking or lubrica-
tion of the eyes in this setting will often improve the vision. 
On slit-lamp biomicroscopy there may be abnormal tear 
film break up, blepharitis, or corneal and conjunctival fluo-
rescein staining. Patients with blepharitis may have the 
greatest problem in the morning with increased accumula-
tion of abnormal meibomian gland secretions overnight. 
Bathing the eyes usually leads to prompt improvement. If 
dryness or tear film abnormality leads to epithelial break-
down, there may be associated foreign body sensation, pain, 

Table 10–1 Nonischemic causes of transient visual loss

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

Afterimages

Optic disc anomalies (transient visual obscurations)

Optic nerve head drusen (transient visual obscurations)

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.

Other ocular causes
Subacute transient attacks of narrow-angle glaucoma may 
cause episodes of transient visual blurring accompanied by 
halos.3 During asymptomatic periods intraocular pressure 
may be normal, but slit-lamp examination and gonioscopy 
will reveal shallow or occluded anterior chamber angles. 
Recurrent spontaneous anterior chamber hemorrhages 
(hyphema) may also cause episodic visual blurring.4 Such 
recurrent hemorrhages can occur in patients with juvenile 
xanthogranuloma, those with a malpositioned intra-
ocular 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 diabe-
tes 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 alterations. 
Pinholes usually improve the visual acuities 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.
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Carotid disease
Extracranial internal carotid artery stenosis or occlusion is 
the most common cause of the ischemic form of 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 carotid artery at the bifurcation may be nar-
rowed by atherosclerotic plaque formation (Fig. 10–2) and 
related mural thrombi, plaque ulceration, and intraplaque 
hemorrhage.8,9 Nonatherosclerotic causes of carotid disease 
include carotid dissection (see Chapter 13), fibromuscular 
dysplasia, Takayasu’s arteritis, carotid trauma, and radiation 
arteritis.10

Carotid-related amaurosis fugax most frequently results 
from emboli from the diseased proximal internal carotid 
artery segment to the retinal artery circulation.11 Another 
mechanism for monocular visual loss due to occlusive 
carotid disease is low flow,12 particularly when collateral 
circulation to the eye from the circle of Willis and external 
carotid artery circulation are also compromised. In these 
cases symptoms may be induced when carotid blood  
flow is decreased because of changes in posture or  
eating,13 or when distal blood flow is insufficient, 
as in chronic ocular ischemia or bright-light amaurosis 
(see below).

S

Cv

P

Cx

Figure 10–1. Angiogram of a normal carotid artery. S, supraclinoid; Cv, 
cavernous; P, petrous; and Cx, cervical portions. (From Bennett J, Volpe NJ, 
Liu GT, Galetta SL. Neurovascular neuro-ophthalmology. In Albert D, 
Jakobiec FA (eds): Principles of Ophthalmology, pp 4238–4274. Philadelphia, 
WB Saunders, 2000, with permission.)

Ischemic transient visual loss

In these instances vision is lost due to temporary interrup-
tion of the blood supply of the retina, optic nerve, or retro-
chiasmal visual pathways (Table 10–2). In patients with 
transient monocular blindness (amaurosis fugax or “fleeting 
blindness”), carotid disease, cardiac emboli, and giant cell 
arteritis should be considered and distinguished from 
migraine or vasospasm. Bilateral visual loss may be due to 
involvement of both eyes, but hemianopic visual loss due to 
middle cerebral artery or vertebrobasilar ischemia should 
also be excluded. Since 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 to form the right subclavian and right common 
carotid arteries. The next branch off 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). The sympathetic pathway finds 
its way to the eye by following the carotid and its branches 
(see Chapter 13). 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. The ophthalmic artery provides the 
blood supply to the optic nerve, retina, and other structures 
of the eye. The muscular branches supply the extraocular 
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.

Table 10–2 Ischemic causes of transient vision loss

Carotid embolic disease

Cardiac embolic disease

 Valvular disease

 Mural thrombus (atrial fibrillation)

 Atrial myxoma

Aortic arch embolic disease

Vasospasm

Migraine (?)

Temporal arteritis

Vertebrobasilar insufficiency

Hematologic abnormalities

 Hypercoaguable state

 Polycythemia
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A B

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.)

The risk of stroke from carotid-related amaurosis fugax is 
lower than that associated with hemispheric TIAs. The risk 
of stroke from amaurosis fugax per annum had been previ-
ously estimated to be 2%, with a 1% risk of permanent 
visual loss.14 This compares with the 5–8% yearly risk of 
stroke associated with cerebral TIAs.15 More recent prospec-
tive data confirmed that the risk in retinal TIAs was approxi-
mately half.16 It is unclear why transient monocular visual 
loss has less of a stroke risk than those with hemispheric 
TIAs.17 Possible explanations include that (1) local ophthal-
mic disease (nonischemic disease) rather than carotid disease 
might have been the cause of some cases of transient vision 
loss18 and (2) mechanisms of transient visual loss other than 

arteriosclerotic disease such as vasospasm, (3) smaller 
emboli, and (4) the retina may be more vulnerable to 
reduced flow (highly energy dependent), making more 
patients likely to be symptomatic and presenting before a 
hemispheric event occurs.19

Symptoms. The characteristics of this type of vision loss 
are summarized in Table 10–3. Its onset is usually sudden 
and is often described as a shade or curtain that obscures 
vision in one eye. Visual loss may be altitudinal, peripheral, 
central, or even vertical.15 A nasal visual field defect may 
suggest an embolic mechanism because of the tendency of 
these particles to lodge in the temporal retinal circulation.20 
Most episodes last 5 minutes or less. Rarely, scintillating 
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posterior pole and they tend to be unilateral, corresponding 
to the side of the more obstructed carotid.27 Optic nerve 
head swelling is typically not seen until the very late stages 
of posterior segment ischemia. When vision is severely 
affected, the visual prognosis is poor.28

Rarely, signs of orbital ischemia may follow severe carotid 
disease, with proptosis, chemosis, conjunctival injection, 
ophthalmoparesis, and retinal ischemia heralding its 
onset.29,30 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 retinal artery occlusions (see Chapter 4) and 
Horner syndrome (see Chapter 13). Ocular motor palsies 
have been reported following carotid occlusion and dissec-
tion.29,31,32 Presumably, ischemia of the extraocular muscles 
or nerves is responsible for the ophthalmoparesis, which 
may be transient, usually resolving within days to weeks. 
These motility disturbances do not occur in isolation as 
patients typically have severe unilateral visual loss and hemi-
spheric signs of variable degree. Although anterior ischemic 
optic neuropathy (AION) has also been described in associa-
tion with carotid disease,33,34 a causative relationship is 
unlikely because AION is more likely the result of small 
vessel posterior ciliary artery occlusion rather than artery-to-
artery emboli or a low-flow state resulting from large vessel 
occlusive disease.

General examination. The presence or absence of a carotid 
bruit is generally not helpful for diagnosing significant 
carotid stenosis or predicting a carotid source of emboli. The 
incidence of carotid bruits increases with age. They may be 
predictive of future cardiac and cerebrovascular events,35,36 
especially when further evaluation reveals an underlying 
carotid stenosis.37 However, the accuracy of this physical 

Table 10–3 Typical features of embolic transient monocular 
blindness

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

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).

scotomas or tiny bright lights may be experienced.21 Pain is 
uncommon and its presence should raise the possibility of 
temporal arteritis (see below).

Rarely, patients may complain of transient monocular 
blindness after exposure to sunlight or even after viewing a 
white wall.22 This phenomenon of bright-light-induced 
amaurosis fugax in patients with carotid occlusive disease is 
well documented.23,24 Presumably, impaired blood flow to 
the outer retinal segment compromises the regeneration of 
retinal pigments required for visual perception. In one 
study,25 the visual evoked response was attenuated when the 
patients were exposed to a light source for 30 seconds or 
more.

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. Ischemia of the dominant hemisphere 
may cause language deficits.

Other history. A screening history for other evidence of 
arteriosclerotic vascular disease, hypertension, smoking, dia-
betes, and cardiac arrhythmias should be obtained. In addi-
tion, symptoms suggestive of temporal (giant cell) arteritis 
(see below) should be excluded.

Neuro-ophthalmic signs. Retinal emboli are the most 
common associated finding, 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;26 and (2) platelet–
fibrin emboli, which are creamy white/gray longitudinal 
intravascular opacifications that fill the entire lumen.20,26 
Platelet–fibrin emboli are likely a result of either carotid 
thrombosis or thrombosis associated with recent myocardial 
infarction. Retinal emboli and their 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. This is associated with a 
variety of signs involving the anterior and posterior seg-
ments of the eye. Anterior ischemia may lead to episcleral 
and conjunctival injection. Corneal edema may obscure 
vision, and 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 retinopathy 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 
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ultrasound or magnetic resonance imaging–angiography 
(MRA). Carotid ultrasound and Doppler (Fig. 10–4) are 
effective screening tools for identification and estimation of 
the degree of internal carotid artery stenosis.41 When athero-
sclerotic plaques are present, B-mode ultrasound can often 
provide morphologic details.42 Doppler waveforms allow 
analysis of blood flow velocity.43 Because of technical limita-
tions, one major drawback is the technique’s relative 

finding is low, and therefore the presence of a bruit cannot 
be used to diagnose carotid stenosis. Furthermore, in one 
study38 over one-third of patients with high-grade carotid 
stenosis did not have a bruit. Thus the absence of a bruit 
cannot be used to exclude operable carotid artery disease.39,40

Diagnostic tests. The laboratory evaluation of the patient 
with suspected ischemic monocular visual loss begins  
with noninvasive assessment of the carotid using either 

A

B

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; and ICA, internal carotid artery 
(courtesy of Maria Stierheim, RVT).
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Figure 10–5. Normal contrast-enhanced magnetic resonance imaging–
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).

inability to differentiate between 99% stenosis and total 
occlusion.44

Magnetic resonance imaging-angiography, either time of 
flight or contrast-enhanced methods,45 is another effective 
noninvasive test available to detect carotid disease. Results 
are generally reported within a range: mild (0–30% 
occluded), moderate (30–70% occluded), and severe (70–
99% occluded). Sometimes the occlusion is complete, and 
the source is presumed to be a stump embolus. MRA in 
particular is best at identifying ulcerative areas with stenotic 
plaques. Unlike carotid ultrasound, MRA also provides a 
view of the intracranial circulation. Its major limitation is 
that it tends to overestimate stenoses.46 However, a normal 
MRA (Fig. 10–5) is very helpful because it makes any clini-
cally important carotid disease very unlikely. Computed 
tomographic angiography (CTA) (Fig. 10–6) is a suitable 
alternative screening test and it may be used to confirm the 
MRA or carotid ultrasound findings.47,48

Conventional angiography still remains the most accurate 
method for the evaluation and quantification of carotid sten-
oses (Fig. 10–2).45,49–51 The specificity and sensitivity of angi-
ography exceed those of any noninvasive test. Disadvantages 
of angiography include potential allergy to intravenous con-
trast and risk of stroke and renal failure. In one study,52 the 
angiographic stroke rate was 1.2%. Many surgeons prefer 
formal angiography prior to endarterectomy, although some 
may operate on stenotic arteries when the ultrasound, CTA, 
or MRA examinations are in agreement.

Other useful studies in the evaluation of retinal ischemia 
include a complete blood count and cholesterol, triglyceride, 
and serum glucose levels. A careful historical review and 
erythrocyte sedimentation rate should always be obtained in 
an elderly patient with amaurosis, which may be the initial 
manifestation of giant cell arteritis (see below). A cardiac 
source embolus should be excluded (see below). In select 
patients, neuroimaging of the brain and transcranial Doppler 
studies may be obtained.

In many elderly patients the workup outlined above will 
be unrevealing. In this setting atheroma may be arising from 
the more proximal vessels such as the aorta, or acephalgic 
migraine should be considered. In younger patients vasos-
pasm and hypercoagulable states, due to abnormal antiphos-
pholipid antibodies, protein C, protein S, and antithrombin 
III levels, need to be excluded.

Treatment (medical). If not contraindicated, antiplatelet 
therapy with aspirin (81 or 325 mg) should be begun in all 
patients with amaurosis fugax to reduce the risk of stroke. If 
episodes continue to occur, then larger doses of aspirin 
(doses may vary between 40 and 1300 mg), clopidogrel 
(75 mg p.o. q.d.),  aspirin and extended release dipyrida-
mole, and warfarin can be considered as alternatives in 
patients without surgical carotid disease (see below).53 If 
crescendo TIAs are present or suspected, then heparinization 
and an inpatient workup and treatment should be consid-
ered.53 Medical treatment or stenting (see below) are alterna-
tives in patients with moderate to high-grade stenosis in 
which medical problems prohibit endarterectomy.

Treatment (surgical). Together the North American Symp-
tomatic Carotid Endarterectomy Trial (NASCET),54,55 the 
European Carotid Surgery Trial,56 and the Veterans Admin-
istration Cooperative Symptomatic Carotid Stenosis Trial57 
established a benefit for carotid surgery, during which occlu-
sive lesions are removed, for stenoses greater than 70% in 
individuals suffering a retinal or hemisphere TIA. The pro-
cedure should also be considered in selected symptomatic 
men with 50–70% stenosis, particularly those without 
underlying medical complications and with a life expectancy 
greater than 5 years.55 Patients with both symptomatic 
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In eyes with ocular ischemia, the intraocular pressure 
should be lowered if high. Carotid endarterectomy can be 
performed in surgical candidates with high-grade stenosis.88 
Extracranial–intracranial arterial bypass, external carotid 
endarterectomy, angioplasty, and stenting have been  
occasionally performed with anecdotal success.89 Panretinal 
photocoagulation to prevent iris neovascularization is  
controversial,28 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,90,91 
valvular disease, atrial myxomas,92 and mitral valve pro-
lapse,93 for instance, can reach the retinal circulation. Retinal 
calcific emboli are usually seen in patients with cardiac valvu-
lar disease. These emboli are gray-white and ovoid in appear-
ance and usually lodge near the optic nerve head (see 
Chapter 4). They usually result in retinal infarction. Less 
commonly they arise from a carotid source.

A careful cardiac examination should be directed at detec-
tion 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, transesopha-
geal echocardiography (TEE) may be useful in certain 
patients with unexplained ocular ischemia.94 TEE has par-
ticular advantages over conventional echocardiography in 
viewing the left atrial appendage, the aorta, and the intera-
trial septum and in detecting a patent foramen ovale.

Nonmigrainous retinal vasospasm
Vasospastic vision loss may also occur outside of the context 
of migraine. 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.95,96 
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. If a vasos-
pastic cause of the vision loss is suspected, symptoms may 
be improved with calcium channel blockers.97,98 We prefer 
using verapamil 120–360 mg per day, but amlodipine or 
propranolol 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 exercise99 and 
cocaine abuse.100

Amaurosis fugax in adolescents  
and young adults
In patients under age 45, the ischemic ocular causes of tran-
sient blurring are relatively uncommon. Most of these 
patients have migraine, and almost none of them will go on 

extracranial and mild to moderate intracranial internal 
carotid artery stenoses may still benefit from endarterec-
tomy.58,59 Technical details of the procedure are discussed 
elsewhere.60 Aspirin (81 or 325 mg) should be given before 
and after carotid endarterectomy to reduce the risk of stroke, 
myocardial infarction, and death.61

Compared with carotid endartectomy in patients with 
hemispheric TIAs, the procedure may be more beneficial in 
those with amaurosis fugax who are 75 years or older and 
male, and have a history of hemispheric TIA or stroke, a 
history of intermittent claudication, carotid stenosis of 80–
94%, and no collateral circulation.16 In patients in other 
categories, for instance a 60-year-old woman with transient 
monocular blindness and 65% ipsilateral internal carotid 
stenosis, medical therapy is probably best.19,62

The perioperative complication rate for major stroke and 
death was 2.1% in the NASCET study, emphasizing the 
importance of the skills of the angiographer, anesthetist, and 
vascular or neurosurgeon in patients requiring carotid endar-
terectomy.63 The low complication rate in the NASCET study 
likely reflects the exclusion of patients greater than 80 years 
of age and those with significant intracranial disease, cardiac 
emboli, and life-threatening disease.64 In addition to stroke65 
and TIA, other recognized complications of carotid endarter-
ectomy include seizures,66 intracerebral hemorrhage,67 and 
cerebral edema68 from hyperperfusion,69 hypertension,70 and 
lower cranial nerve palsies.71

In contrast, the surgical management of asymptomatic 
carotid stenosis is extremely controversial.72–76 Previous 
studies77,78 had produced conflicting results, but in two 
more definitive studies52,79 endarterectomy was shown to 
benefit patients with asymptomatic carotid stenosis of 
greater than 60% and 70%, respectively. A meta-analysis 
suggested that endarterectomy in patients with asympto-
matic stenosis reduced the incidence of ipsilateral stroke, 
but the absolute benefit was small.80 Individuals with 
asymptomatic retinal emboli or carotid bruits detected on a 
routine examination, or vascular disease elsewhere (cardiac 
or peripheral vascular disease), should probably undergo 
noninvasive examination of the carotids. Endarterectomy 
may be considered in those with greater than 60% stenosis, 
taking into account the age and general health of the patient 
(at least a 5-year life expectancy) as well as the operative 
statistics of the surgeon (the complication rate should be 
less than 3%).61

Also controversial, percutaneous transluminal angioplasty 
and stenting of the internal carotid artery are currently being 
considered as possible alternatives to carotid endarterectomy 
to prevent stroke.81–83 Neither requires general anesthesia or 
a surgical incision; therefore, these procedures may be ideal 
for patients with coexisting coronary disease, who may be 
poor surgical candidates. On the other hand, angioplasty is 
associated with the theoretical possibilities of dislodging a 
thrombus, which can embolize to the cerebral circulation, 
or causing a carotid dissection. Restenosis may also occur. 
The results of large studies of patients treated for sympto-
matic carotid disease with stenting and use of an emboli-
protection device compared with endarterectomy have been 
inconsistent,84 with some85,86 demonstrating similar efficacy 
and others87 showing surgery to be superior.
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to develop significant visual or neurologic deficits.101 That 
being said, important diagnoses to exclude in young patients 
with transient monocular blindness include atrial septal 
defect, cardiac valvular disease, carotid dissection, hyperco-
agulable states,102 and connective tissue disorders such as 
fibromuscular dysplasia.103

Giant cell arteritis
In patients over the age of 55 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 prior to the permanent event.104,105 In fact, 
repeated episodes of amaurosis make embolic causes less 
likely and temporal arteritis more likely. Transient visual loss 
may be positional in the setting of tenuous blood flow106 or 
as a result of viewing bright light (bright-light amaurosis, see 
above).107 A careful historical review with attention to head-
aches, 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 occasion a cotton-wool spot (nerve 
fiber infarct) may be seen.108 Fluorescein angiography may 
demonstrate abnormal choroidal perfusion in some cases.

Further details regarding the pathology, diagnosis,  
and management of giant cell arteritis are discussed in 
Chapter 5.

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.109 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 hemiano-
pias are uncommon and most cases of transient hemianopic 
vision loss are migrainous. Most are accompanied by evi-
dence of ischemia to neighboring structures in the same 
vascular distribution.

In addition to cardiogenic emboli and hypercoagulable 
states, other causes are discussed below by location.

Anterior circulation. Other responsible causes in this dis-
tribution 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 asso-
ciated 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 circula-
tion blood flow insufficiency such as ataxia, vertigo, slurred 

Table 10–4 Typical features of migraine-related transient vision loss

Gradual onset and duration of up to 1 hour

Positive visual phenomena

 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

speech, and double vision. However, in some instances the 
visual loss may be isolated.

In one large meta-analysis,110 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.53,111

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. Purely negative phenomena, while 
they can occur in the aura of migraine, are usually accom-
panied by positive phenomena (Table 10–4). The exact 
cause of transient visual loss associated with migraine is not 
known exactly, but likely mechanisms include spreading 
depression (nonischemic; see Chapter 18) 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 above. When 
positive visual phenomena and gradual build up of aura 
symptoms over 15–30 minutes occurs, migraine is more 
readily differentiated from an occipital lobe TIA.

Scotomas. The best example of combined negative and 
positive visual phenomena in migraine is an enlarging  
scintillating scotoma (see Fig. 12–1). An area of blurry, 
wavy, or absent vision surrounded by teichopsia is charac-
teristic. Scintillating scotomas and positive visual phenom-
ena associated 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, 
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Table 10–5 Other causes of transient visual loss

Type of vision loss Symptom Most common setting Alternative settings

Transient visual 
obscuration

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 
eye movement in one direction

Orbital intraconal mass Other orbital lesions

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 recog-
nize 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.112,113 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, it remains a diagnosis of exclusion. One feature of 
retinal migraine is its propensity to occur repetitively in a 
stereotyped fashion over years without residual vision loss. 
Such a pattern without visual or neurologic sequelae would 
be very atypical for embolic transient monocular blindness. 
The diagnosis of retinal migraine is best made in an indi-
vidual with repeated episodes of monocular visual loss asso-
ciated with headache, an otherwise typical history of migraine 
(headaches with nausea, vomiting, photophobia, and pho-
nophobia), and a normal examination.114

Experts disagree whether retinal migraine is a rare or 
common cause of transient monocular visual loss, and 
whether the mechanism is spreading depression or vasos-
pasm. In their literature review, Hill et al.115 concluded the 
condition was “exceedingly rare,” an opinion shared by 
others,116–118 and questioned whether spreading depression 
could occur in the retina. On the other hand, Grosberg 
et al.119,120 suggested that retinal migraine may be underdiag-
nosed and that many such patients may have permanent 
visual loss from retinovascular or optic nerve injury.

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 vasos-
pasm may account for some of the episodes of visual loss. 
Ophthalmoscopy may reveal the constricted retinal vessels, 
although usually it is very difficult to make such an observa-
tion. One such example is given in Chapter 19, where retinal 
migraine is also discussed.

Treatment. Migraine therapies are discussed in detail in 
Chapter 19.

Other causes of transient visual loss

Table 10–5 summarizes other causes of transient vision loss 
that may be confused with vascular amaurosis fugax. This 
last section will discuss these and other causes of transient 
visual loss.

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  
colobomas, for instance.121 The mechanism in papilledema 
and pseudopapilledema is likely transient ischemia or 
axonal compression at the elevated, crowded optic nerve 
head. Transient 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 is most 
common following optic neuritis, and is discussed in more 
detail in Chapter 5.

Gaze-evoked amaurosis
Eye movements may cause temporary visual loss due to 
intraorbital optic nerve or ophthalmic artery compression. 
Responsible lesions include optic nerve sheath meningi-
omas, optic gliomas, papilledema,122 orbital fractures,123 and 
intraconal masses such as cavernous hemangiomas124 and 
foreign bodies.123,125 Either horizontal or vertical eye move-
ments may induce visual loss,126 depending on the location 
of the culprit lesion. Vision typically decreases seconds after 
eccentric gaze and returns to normal seconds after returning 
to straight-ahead gaze.127 One report128 described reading-
induced visual dimming. Either transient axonal or vascular 
compression have been suggested as possible mechanisms,127 
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A B

Figure 10–7. Monocular transient visual obscurations due to highly asymmetric papilledema. Fundus photographs 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.

and one study demonstrated reduced central retinal artery 
blood flow on orbital color Doppler imaging in a patient 
with gaze-evoked amaurosis.129

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 homony-
mous 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 condi-
tion.130–132 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 19.133 Neuroimaging is typically normal.

Other varieties of ictal visual loss can also occur. Gilliam 
et al.134 reported ictal visual loss in children or young adults 
with seizures related to stroke, trauma, or neoplasm. Interic-
tal vision was normal, but interictal electroencephalography 
demonstrated posterior spike- and slow-wave complexes 
limited to the occipital, parieto-occipital, or temporo- 
occipital regions.134 Middle aged and elderly patients have 
been described with hemianopias or complete cortical blind-
ness lasting for minutes, hours, or days.135,136 Barry et al.135 
used the term status epilepticus amauroticus to describe the 
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 temporo-occipital 
discharges were recorded. Finally, occipital lobe seizures and 
transient cortical visual loss may be a manifestation of non-
ketotic hyperglycemia.137,138

Postictal visual loss. Similar to a Todd’s paralysis, visual 
loss may occur for hours or days following a seizure. In 
hemianopic 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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Functional visual loss

Functional (nonorganic) visual loss is frequently encountered in ophthal-
mic and neurologic practice, occurring in 0.5–5%1 of patients presenting 
with vision loss according to some estimates.2,3 Patients with functional 
visual loss may be misdiagnosed because of the paucity of objective findings 
on examination. Identifying such patients is extremely important in order 
to avoid unnecessary laboratory testing and secondary gain. Likewise, it is 
also imperative to be able to identify those patients with organic vision loss 
with superimposed functional vision loss. Although the characterization of 
the psychological profile of patients with functional vision loss is helpful, 
for the ophthalmologist or neurologist a familiarity with diagnostic strate-
gies used to identify functional vision loss is more important. In this chapter, 
terminology will be clarified, then patient types and their potential interac-
tions with the examiner will be described. The methods used to diagnose 
functional vision loss will be reviewed in detail, followed by a brief  
description of other neuro-ophthalmologic manifestations 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, Münchausen syndrome, and conversion disorder of vision. Ambiguity 
results for two different reasons. First, there has been no universal agreement 
about a term to describe nonorganic visual loss. The term functional visual 
loss denotes the symptomatic and measured loss of vision that is unassoci-
ated with an identifiable lesion of the visual pathways. Furthermore, in 
patients with functional visual loss there is no explanation for their com-
plaints on the basis of contemporary knowledge of the visual pathways. 
Thus the term functional visual loss is equivalent to factitious, nonorganic, 
and non physiologic visual loss.

The second level of confusion exists when the terminology attempts to 
identify the underlying cause or circumstance of the nonorganicity. 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 volitional alteration of the 
examination can be labeled as malingerers if the examiner chooses to begin 
a long and arduous confrontation between him- or herself, the patient, 
lawyers, and insurance companies. 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.

Other diagnoses, such as hysteria, conversion disorder, Münchausen syn-
drome, 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 
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the interview and examination attempt to determine if there 
is any secondary gain. It is important to understand the 
terminology used to identify each of the types of psycho-
genic illness associated with functional visual loss, but we 
prefer that ultimately others more expert in psychiatric 
illness apply the specific label. Although the techniques used 
to identify patients that are malingering versus those that are 
truly suffering from some psychogenic process are the same, 
the interventions or treatment required may differ immensely.

Clinical	presentation

Setting
Some insight into and understanding of 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 non-confrontational.

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 diag-
nose and treat a real problem, the examiner instead often 
becomes frustrated and confrontational as he or she becomes 
increasingly suspicious regarding the nature of the patient’s 
disorder. To paraphrase Thompson,5 what usually is an 
allied relationship between doctor and patient against the 
common enemy of vision loss becomes an adversarial rela-
tionship in which the patient complains of vision loss, and 
the physician is out to prove otherwise. Many times the 
physician fails to make the correct diagnosis because of this 
distortion in the doctor–patient relationship. More concern-
ing is the fact that as many as half of the patients with 
functional visual loss have this superimposed upon true or 
organic pathology. Any underlying problems may be unrec-
ognized because the examiner is so put off by the patient’s 
behavior.8

Patient characteristics
Patients with functional visual loss can come from any so -
cioeconomic group. There is no clear sex or race predilec-
tion. A large proportion of one series consisted of blue- 
collar workers.8 Another series found a high prevalence of 
functional visual loss in Cambodians living in California, 
and the authors postulated a relationship to previous stress 
during incarceration in prison camps.9 In adults there is a 
high prevalence of pre-existing psychiatric disorders.10 
Although it is to some extent linked to the above discussion 
of terminology, the types of patients encountered, along 
with the type of interaction they are likely to have with the 
examiner, have been characterized by Thompson5 under a 
slightly different scheme. He offered descriptive subgroups: 
the deliberate malingerer, worried impostor, impressionable exag-
gerator, and suggestible innocent. Characteristics of each of 
these patients are summarized in Table 11–1. This schema is 
useful in distinguishing 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.

psychiatric problems. For instance, Münchausen syndrome 
is a factitious disorder in which the patient intentionally 
produces physical signs and symptoms.4 When Münchausen 
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,” refer-
ring 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 symp-
toms” to a mental disorder, and he felt it was likely that a 
specific brain lesion was present in these patients.5 Babinski 
expanded on the notion that these symptoms were likely 
“caused by suggestion and cured by persuasion.” Freud pop-
ularized 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 conver-
sion disorder, implying that an emotional symptom led to 
a physical finding.5 These patients, although less deliberate 
than the malingerer, may realize both primary (reduction of 
stress from inner conflict) and secondary (more attention) 
gain.6,7

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, we 
prefer the umbrella term of functional visual loss and during 

Figure	11–1. Conjunctival injection and abrasion secondary to digital 
trauma in a patient with Münchausen syndrome and associated functional 
visual loss.
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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 charac-
terizing the nature of the vision loss. They less commonly 
describe the symptoms characteristic of true optic neuropa-
thy, such a loss of brightness, 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 finan-
cial, in the form of undeserved benefits paid for fraudulent 
claims, missed work, and unnecessary testing. Most of the 
patients in Keltner’s series8 were unemployed. Convincing 
the examiner of a visual defect could result in a lifetime dis-
ability check as opposed to either dependency on public 
assistance or ultimate need to secure employment. The exact 
monetary amount is difficult to estimate. Keltner8 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. 
Ophthalmologists and optometrists can declare a patient 
legally blind, and because of the financial impact are obli-
gated to be absolutely 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 
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 

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). However, 
we agree with other series11,12 that suggest this finding is 
present only in a minority of patients and is most likely to 
occur in those characterized by the “suggestible innocent” 
profile. These patients with more subtle manifestations of 
functional visual loss might improve simply by reducing the 
amount of stress in their lives. Keltner8 found that 51 of 59 
adults with functional vision loss were clearly seeking finan-
cial gain. They presumably fit best in the “deliberate malin-
gerer” subgroup, but some patients may have been “worried 
impostors,” afraid they might miss some deserved benefit. 
Many adults with functional visual loss are consciously 
aware of their alteration of their examination. In children, 
triggering factors are often related to social issues while 
adults have often suffered some traumatic event.10

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 insur-
ance company or lawyer, the examiner must depend on the 
history then the examination. With increasing experience, 
recognition 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 important 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 the 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 neuro-
pathy. In this setting, the examiner knows to be on guard.

Patients with functional visual loss often offer rather 
alarming chief complaints that frequently identify the poten-
tial for secondary gain; for instance, “I am blind in my eye 
since the accident” or “I cannot see since I got that chemical 

Table	11–1 Types of patients encountered with functional visual loss

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 
exam or behavior (“la belle 
indifference”)

Complacent; open to suggestions 
about improvement

From Thompson HS: Functional visual loss. Am J Ophthalmol 1985;100:209–213.
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prove, by some of the methods described below, that the 
patient has better vision than he or she claims. Although 
often tempting, the diagnosis of functional visual loss should 
not be made unless normal acuity and visual fields can be 
established, and the pupillary and ophthalmoscopic exami-
nations 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, flirta-
tious, 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 unco-
operative with testing.8,19

Patterns	of	functional	visual	loss

In most patients with nonorganic loss of vision, acuity and 
visual fields are both affected to some extent.1,7,20,21 However, 
several studies have suggested that the most common pattern 
is visual acuity loss with normal visual fields.8,17,19 Although 
it is somewhat artificial, the various techniques used to iden-
tify functional visual loss will be 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 tech-
niques that are used to identify functional visual loss. The 
testing should be performed 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 
techniques 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. Patient with func-
tional 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 they navigate the room. Most truly blind patients will 
look at the examiner in the direction of the examiner’s voice. 
The deliberate malingerer might not look at or even avoid 
eye contact with the examiner, assuming that without vision, 

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 approx-
imately one child per 1000 per year, and the most com-
monly encountered demographic group is pubescent girls 
(ages 9–11).1,8,13–16 There are often other accompanying 
symptoms, such as headache, eye pain and face pain.10,13,17 
As with adults, functional visual loss may accompany organic 
visual loss. Rada et al.18 reported that one-fourth of children 
with functional visual loss have some true underlying organic 
disease.

Causes
Mantyjarvi16 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.13 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 chil-
dren who want to have 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 poten-
tial secondary gain. Thus the functional visual loss allows 
the child to avoid a situation in which conflict occurs. Physi-
cians should be alerted to the possibility of childhood physi-
cal or sexual abuse in this setting.10,13 In unusual circumstances, 
a parent drives the complaint of functional visual loss, 
thereby indirectly assuming the sick role (Münchausen’s 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. 
The diagnosis is confirmed when the examiner is able to 
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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, 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. Electro-
physiologic testing has an important role in the evaluation 
of patients with functional visual loss. In a patient with 
purported complete blindness, the flash evoked visual 
potential can be used to document intact visual path-
ways.21,26–28 In cooperative but functional patients, a pattern-
reversal visual evoked potential can provide an estimate of 
the individual’s true visual acuity.29–31 McBain et al.29 found 
that in 88/100 patients with functional vision loss, normal 
Snellen acuity could be demonstrated with a short duration, 
pattern onset visual evoked potential. Massicotte et al.32 used 
multifocal visual evoked responses to demonstrate normal 
responses in patients with functional vision loss and abnor-
mal computerized perimetry. However, in patients with sus-
pected functional visual loss, an abnormal visual evoked 
potential is difficult to interpret.27 The patient can voluntar-
ily alter the amplitude and latency of the P100 peak by 
defocusing, not wearing corrective lenses, or looking away 
from the stimulus.33–35 Unfortunately, the opposite is also 
true, as normal responses have been documented in patients 
with organic visual loss.36

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 
differences in behavioral observations and tests of proprio-
ception when the examiner tests each eye separately are 
often the most compelling findings in this situation. The 
methods outlined below tend to emphasize the advantage 
the examiner has because of his or her understanding of 
binocularity and afferent visual pathway anatomy. It is most 
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 unilat-
eral 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 in many ways is a subjec-
tive observation and may be absent in asymmetric but bilat-
eral cases of optic neuropathy with very disparate levels of 
acuity. The absence of an RAPD should not be used to rule 
out an optic neuropathy, especially if there is a chance of 
pre- or coexisting optic neuropathy in the other eye.

Stereopsis. In cooperative but unsuspecting patients, 
measurement of stereopsis can be invaluable in testing for 

auditory 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.22,23 We have seen 
patients who took on the physical appearance, behavior, and 
head movements 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 patient who com-
plains 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 incom-
patible 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 stimulus 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 esti-
mate a level of acuity by reducing the size of the object or 
stripe or using neutral density filters,24 we do not recom-
mend this approach.23

Tests of proprioception. Truly blind patients have no dif-
ficulty 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.7 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  
signature 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 fixa-
tion on the image in the mirror is produced.25 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 sur-
prise and elicit a response from a patient can be quite 
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Visual acuity
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Figure	11–2. Correlation of level of stereoacuity with visual acuity. 
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.)

functional visual loss because the results may prove the 
patient has better vision than he or she claims.25 Levy and 
Glick37 have 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). Therefore, a patient with a claim 
of reduced acuity to the 20/400 level in one eye but who 
sees eight or nine circles in stereo on the Titmus test 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 below, it is often 
effective to begin the stereoacuity testing with the most dif-
ficult circles (the ninth) and act somewhat surprised if the 
patient denies appreciation of elevation of the circle. The 
great advantages of the stereoacuity testing are its widespread 
availability and the fact that a specific level of acuity can be 
proven.

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 advan-
tage 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, the examiner should 
check what the normal patient should see on their setup 
before administering the test to the patient.

A “poor man’s” version of the duochrome test can be  
performed by simply writing letters in red or with a pink 
highlighter. These letters cannot be seen with the eye that has 
the red lens and therefore the green lens is placed over the 
bad eye. If the patient reads the letters, then they were seen 
with the “affected” eye. This technique, using a somewhat 
objectionable series or words, is a powerful combination.

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.38 These plates cannot be seen 
through a green lens, therefore if the red lens is put on 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 demonstrate that each eye is reading the  
letters.39 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.

Prism shift test. A normal prism shift test depends on the 
presence of binocular vision. To perform this test the exam-
iner 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 disso-
ciation test have been described.40,41 This test uses a vertical 
prism to separate the images from the two eyes, and the goal 
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 
covering 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 bin-
ocular diplopia 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 
examiner has established the acuity of the bad eye at that 
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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. Through a red lens (B), only the right side 
of the chart is seen. Through a green lens (C), 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.

level. Golnik et al.40 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 if 
they see 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 31/35 with suspected 
nonorganic vision loss reported seeing two images. The 
other four were found to have occult organic pathology.

Magic drop test. “Suggestible innocent” patients5 (Table 
11–1) may believe that a magic drop placed in their eye is 
going to temporarily improve their vision. It is important 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 
that what the patient claims.

Moderate monocular vision loss
Each of the methods outlined above for more severe unilat-
eral 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 
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presence of nonphysiologic visual field loss must be relied 
upon to suggest nonorganicity.

Visual acuity testing. The relationship of the testing dis-
tance 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 demon-
strated. 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 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 “OK, 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. “Count-
ing” 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.42 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 para-
graph 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 
binocularly. 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 +6.00-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 
sophisticated 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.5,15 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 a 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 disad-
vantage of this test is that it cannot be performed with the 
phoropter, which usually aids in distracting the patient and 
confusing from which eye he or she is seeing.

Constricted visual fields. Although patients with func-
tional acuity loss may not complain of defective peripheral 
vision, visual field testing commonly reveals constricted 
visual fields. These are characterized on Goldmann perime-
try or automated visual field analysis by preserved small 
central islands of vision43 (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. The 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 performed 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 computerized 
Goldmann perimeter and a reverse telescope to 
simulate an increase in test distance, effectively 
distinguishes true central islands of vision in organic 
disease from functional fields.44 In nonorganic patients 
with only a central island of vision, the field, like with 
the tangent screen test, did not expand or even 
constricted when the reverse telescope was used. In 
contrast, patients with real field loss demonstrated 
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 
neurologic 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 
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hands” or “hold up two fingers on each hand.” At the 
same time the examiner 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 accurately, intact visual fields 
beyond the central 30 degrees are confirmed.

3. Nonphysiologic constriction. Some patients may 
demonstrate nonphysiologic constriction of isopters 
with a field associated with larger stimuli actually 
smaller than the field with smaller stimuli (Fig. 11–6). 
It is occasionally helpful to begin perimetry with the 
smallest isopter so the examiner 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 smallest, dimmest 
stimulus) field in the Goldmann perimeter is unlikely 
to be suffering from 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 functional visual loss. Nonphysiologic 
constriction of the visual field on computerized 
perimetry can take on a characteristic pattern called a 
“clover leaf” visual field defect (Fig. 11–7). Generally, 
rounded areas of visual field sparing with peripheral 
defects in all four quadrants resulting in a clover leaf 

Figure	11–4. Goldmann visual field demonstrating generalized constriction. Note that each stimulus is associated with approximately the same size 
visual field.

1m

2m

2m

A

B

C

Figure	11–5. Testing for tubular visual fields with the tangent screen. 
A. The field is tested at one 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 
doubled (18-mm white), the field expands to twice the size. C. The patient 
with functional visual loss demonstrates tubular fields as the field does not 
expand even though the testing distance is increased from 1–2 meters and 
the target size is doubled.
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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 to the larger V4e stimulus, and the 14e field is larger than the V4e field. This is nonphysiologic.

appearance on the gray scale are seen along with a  
high false positive rate. Visual field constriction which 
resolves with suggestion or varies over time is also 
suggestive of functional visual loss (Fig. 11–7).

4. Spiraling. A classic alteration of the visual field on 
Goldmann perimetry in patients with functional visual 
loss is called spiraling (Fig. 11–8). In this case the 
patient, often the “worried impostor” type5 (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.

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 
reduction 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 the patients are simply unwilling ever to 
report being able to see the smaller lines on the eye chart. 
Tests described above that depend on the tricking the patient 
with purported monocular visual loss into using the  
supposed bad eye cannot be used effectively. Except for  
the potential acuity meter technique, for the most part the 
examiner must depend largely on nonphysiologic responses 

during visual acuity and field testing as described above to 
make the diagnosis.

Potential acuity meter. The potential acuity meter can 
be used in this setting to demonstrate better vision.45 
This apparatus projects the Snellen acuity letters directly 
onto the retina and is more commonly used to establish the 
potential visual acuity in patients with cataracts. The func-
tional 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 above 
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 automated 
threshold perimetry as well as standard kinetic perimetry.46–53 
Visual field defects such as hemianopias (Fig. 11–7) 
and quadrantanopias can be fabricated on the automated 
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A

Figure	11–7. Examples of functional 
responses on computerized testing in three 
different patients with visual field constriction. 
A. Computerized visual fields demonstrating 
typical “cloverleaf” pattern of generalized 
constriction often seen in nonorganic vision 
loss. A high false positive 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.

B
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C

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.

C. Right eye visual field constriction. One month later there was a temporal field defect, and three months after that the field defect Figure	11–7.	cont’d	
spontaneously resolved.

perimeter, and in such cases the reliability parameters such 
as false positives and negatives are not helpful in identifying 
a voluntary alteration of the field.51 However, the presence 
of an inter-eye difference in the mean threshold light sensi-
tivity of 8.7 dB in patients with organic visual loss has been 
shown nearly always to produce an RAPD.54 Therefore if 
such a difference exists, and there is no RAPD, functional 
visual field loss is likely present.

Bitemporal hemianopia. Functional visual loss can 
present as a bitemporal hemianopia47,55 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 discrep-
ancy between visual field tests when performed monocularly 
versus binocularly.48,50,55 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.
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visual field loss. 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,17 but they have been 

Monocular temporal hemianopia. Similar strategies can be 
applied in patients complaining of only monocular tempo-
ral visual field defects, the so-called missing half defect.48,50,55,56 
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).57 A similar strategy 
may be employed using computerized perimetry as well.58 
Such nonphysiologic results confirm there is some nonorg-
anicity to the complaints. However, they do not prove neces-
sarily that the monocular field defect is not real.

Saccades. The presence of accurate saccadic movement by 
an eye into an allegedly blind hemifield suggests nonorganic 

A

B

Figure	11–9. Testing for 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 intact right-sided (nasal) visual field in 
the left eye.
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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  
lowering the brow toward the eye.61 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 limitation, 
accommodation (blurred distance vision), and miosis.62–64 
The condition is often associated with ocular discomfort and 
is always intermittent. Its differentiation from sixth nerve 
palsies and its differential diagnosis and management are 
reviewed in Chapter 15.

Factitious nystagmus. Voluntary “nystagmus” occurs when 
a patient willingly initiates rapid back-to-back saccadic eye 
movements.65 The movement, unlike true nystagmus, can be 
produced on command and can usually be sustained for 
only a few moments. The condition is recognized by its 
voluntary nature and by the frequently associated 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.17 
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 diagno-
sis is uncertain, magnetic resonance imaging with contrast 
should be performed. Electroretinography should then be 
considered in all patients to exclude retinal dysfunction. 
When unrevealing, neuroimaging with nuclear medicine 
techniques to assess brain function (single proton emission 
computed tomography (SPECT) or positron emission tom-
ography (PET)) can be performed. Moster et al.66 reported 
two cases of cortical visual loss that were initially thought to 
be functional because of normal conventional neuroimag-
ing. Ultimately the patients were determined to have cortical 
dysfunction based on occipital lobe hypoperfusion on 
SPECT. In addition, more occult forms of optic neuropathy, 
including hereditary conditions, inflammations associated 
with systemic illness, and nutritional causes, should be 
excluded. These can be screened for by examining family 

reported. Patients with functional visual loss for the most 
part lack the sophistication required to know that a pro-
found reduction of central acuity may occur despite intact 
peripheral fields. When a central scotoma is found, an exten-
sive search for a maculopathy or optic neuropathy must be 
undertaken. Finally, patients complaining only of paracen-
tral visual field defects can be tested using the red Amsler’s 
grid and the red/green glasses.59 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 above are 
also effective in children with functional visual loss. The 
technique described above 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 convincing, will often be quite effective. Stereo-
acuity 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. Commonly 
encountered problems are voluntary nystagmus and conver-
gence spasm.60 These topics will be mentioned briefly, as 
they are described in more detail in other chapters.

Factitious pupillary abnormalities. Nonorganic pupillary 
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 Adie’s 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 pharma-
cologically dilated pupils are due to a chemical (often  
never identified) getting into an eye inadvertently. This is  
in contradistinction to a patient who knowingly places 
something in the eye in an attempt to create concern. These 

Video 15.3

Video 17.16
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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 the child 
with functional visual loss and the examiner occurs when 
the latter demonstrates empathetic, optimistic, and encour-
aging behavior. Once the diagnosis of functional visual loss 
without organicity in child has been made, 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 dragging them to 
unnecessary doctor’s visits and tests. Then we talk to the 
child in front of the parents, and explain to the child in an 
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 diagnostically. Lack of any visual improvement or wors-
ening 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, and an electroretin-
ogram should be considered.

In general, the prognosis for “visual recovery” in children 
with functional visual loss is excellent.10,70 In Mantyjarvi’s 
series of children,16 one-third improved spontaneously. Cat-
alano et al13 found that one third of their patients were better 
within 1 day, and three-quarters were better by 2 months.
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members, careful systemic evaluation by an internist, and 
appropriate blood tests.

Management of functional visual loss in adults. The suc-
cessful 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 exam-
iner 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 improve 
with time as the “brain” once again realizes the visual poten-
tial 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 rest25 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 seems ideal. Hypnosis 
and psychoanalysis have also been reported to be successful 
treatments of functional visual loss.67,68 In Kathol et al.’s 
series,69 22 of the 42 patients had a diagnosable psychiatric 
condition or personality disorder. In contrast, in our experi-
ence (given the high prevalence of deliberate malingerers) 
and that of others,5,15,18 the vast majority 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.15 found that most of 
the patients that were seen in follow-up were less bothered 
by their “vision loss” although they continued to demon-
strate 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 Egan17 found that 71/133 (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 al10 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 
difficult. 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-
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Visual hallucinations  
and illusions

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 stimu-
lus.2 Visual hallucinations and illusions 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, psychi-
atric disease, and narcolepsy. These are summarized in Table 12–1, which 
also describes distinguishing features of each. This chapter will detail the 
various categories, but first theories on the pathogenesis of hallucinations 
and the history, examination, and diagnostic and therapeutic considerations 
in patients with hallucinations and illusions will be reviewed.

Hallucinations: theories on pathogenesis

Hughlings Jackson proposed that the central nervous system is organized 
into three levels: the higher cortical level; the middle structures (e.g., the 
basal ganglia), and the lowest level, of which the spinal cord is one part.1 
In this scheme, hallucinations were thought to occur when damage to the 
cortical level disinhibited activity of the middle level.

Subsequent authorities refined this notion that hallucinations can be 
release phenomena. West3 theorized that in the normal waking state, the 
constant bombardment of external and internal stimuli inhibits the emer-
gence of “previous perceptions.” However, “impairment of information 
(sensory) input then permits the emergence or release of previously recorded 
percepts which can be woven into hallucinations.” Cogan4 presented patients 
with various ocular, optic nerve, chiasmal, tract, and occipital lesions who 
developed formed and complex visual sensations, and, like West, concluded 
that “a major factor in releasing the hallucinations is loss of the normally 
inhibiting visual control through blindness, hemianopia, or loss of cognitive 
functions.” Similarly, in Fischer’s “sensory/motor ratio” theory, an imbal-
ance between internal and external sensory input is a necessary and suffi-
cient condition for hallucinations.5 ffytche and Howard6 suggested that the 
quality of the release hallucinations is often reflective of dysfunction (and 
sometimes normal function) of striate and extrastriate cortex. For instance, 
color hallucinations may originate from area V4.

All hallucinations are not necessarily release phenomena, however. 
Clearly, some are due to abnormal biochemical states in the setting of 
alcohol, drugs, hallucinogens, or metabolic disturbances.7 Dysfunction 
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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 vision Other evidence of a vestibular lesion

Psychiatric Auditory hallucinations

Delusions

History of psychiatric disease

Narcolepsy Sleep attacks

Daytime somnolence

of the centrally acting neurotransmitters norepinephrine, 
dopamine, and serotonin has been implicated in the patho-
genesis of visual hallucinations.7 In Marrazzi’s “neurophysi-
ological dissociation” theory, it is proposed that 
hallucinogenic drugs have their effect by producing a func-
tional dissociation between primary sensory cortex and cor-
tical association areas.5

Other mechanisms for hallucinations include irritation of 
cortical neurons, as in epilepsy, and cognitive deficits, which 
can cause confusion between real stimuli and imagination.2 
Visual hallucinations related to migraine are thought to 
result from neuronal depression, without frank visual loss. 
Entoptic visual phenomena are images produced by normal 
physiologic events in the eye. For instance, some individuals 
become aware of the normal pulsation of their retinal vessels 
or are able to see white blood cells passing through retinal 
vasculature. Brainstem lesions causing visual hallucinations 
may affect ascending cholinergic and serotonergic pathways, 
resulting in associated sleep disturbances.8 In the psychody-
namic approach, hallucinations are thought to be similar to 

dreams, and Freud thought impairment of the ego allowed 
unconscious or preconscious material to enter consciousness 
and be misinterpreted as an external stimulus.1,2

More recent theories now account for the varied causes 
for visual hallucinations. ffytche9 has proposed a classifica-
tion scheme based upon three visual pathways in which the 
defect may occur: deafferentation (Charles Bonnet—see 
below), acetylcholine, or serotonin. Celesia10 divided the 
etiologies into three other cateories: excitatory phenomena, 
release phenomena, and spreading depression.

History and examination in patients 
with visual hallucinations or illusions

The history is paramount in these patients because the diag-
nosis 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 
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tion, a crescent of pulsating zig-zag lines seen in visual 
periphery, followed by a headache with nausea and vomit-
ing, 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.

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.13 These include enlarging scintillating scotomas 
and fortification spectra, or stars, sparks, flashes, or simple 
geometric forms. Visual illusions, experienced less com-
monly by migraineurs than hallucinations, include palinop-
sia (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). 
These are summarized in Table 12–2.

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.14 The IHS 
defines a typical migraine aura as one that develops over 
more than 5 minutes, lasts less than 1 hour, and precedes 
(within 1 hour) or accompanies the headache (see Chapter 
19, Table 19–2).14 Usually the migraine headache occurs 
contralateral to the hemifield containing the visual aura.15 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.14 When auras persist longer than 1 week, 
the term persistent aura without infarction is used.14 If an aura 
occurs with a radiographically demonstrated infarction,  
a diagnosis of migrainous infarction is satisfied.14

Aura occurs in approximately one-third of adult patients 
with migraine.16 It is our impression and that of some 
experienced pediatric neurologists17 that auras are relatively 
less common in children with migraine.

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.18,19 More recent theories, 

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.11,12 One 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 estab-
lished. 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 fol-
lowed by limb twitching and then loss of consciousness is 
suspicious of a seizure. The patient should be asked whether 
he or she knows if the perception is a hallucination or not. 
Insight is characteristic of release visual hallucinations (see 
below), for instance, while a schizophrenic with psychotic 
hallucinations might not be able to differentiate the hal-
lucination from reality. Investigation into predisposing 
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 exclud-
ing afferent pathway disease or another responsible lesion 
of the nervous system. Particular attention should be paid 
to visual acuity, color vision, pupillary reactivity, and the 
ophthalmoscopic 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 hallucination or illusion to exclude a field 
deficit. The neurologic examination, for example, should 
exclude an altered sensorium due to a mass lesion or toxic/
metabolic disturbance; a hemiparesis or hemisensory loss 
suggestive of a hemispheric mass lesion; ataxia, third nerve 
palsy, or vertical gaze paresis consistent with a mesen-
cephalic process (see peduncular hallucinations, below); 
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 the patient with visual hallucinations 
and illusions, the general categories (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 examina-
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In addition to the typical appearance, the “buildup” or 
“march” of the fortification spectra is also highly character-
istic (Fig. 12–1).12 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 fortification spectra or scintillating scotoma frequently 
crosses the vertical and horizontal meridians. The entire 
sequence may take 15–20 minutes, after which the fortifica-
tion spectra or scintillating scotoma breaks up and disap-
pears. The phenomenon is usually homonymous but also 
can be monocular. However, often it is difficult for even the 
best observers to describe whether the phenomenon is per-
ceived in one or both eyes.

Although highly suggestive of migraine, fortification 
spectra and scintillating scotomas may also be triggered by 
cerebral lesions such as arteriovascular malformations 
(AVMs), neoplasms, or abcesses,22 with or without seizure 
activity. In some instances, after the hallucination resolves, 
the patient with an underlying mass lesion will have a resid-
ual visual field defect. Rarely, scintillations without “buildup” 
also can be associated with posterior cerebral artery 
ischemia.13 There should be a low threshold for neuroimag-
ing to rule out a structural cause in any patient with an 
accelerated frequency, intensity, or duration of homony-
mous positive visual phenomenon (particularly if they are 
always on the same side), and if these present late in life 
without a previous history of migraine.

Simple positive visual phenomena  
in migraine
Many patients with migraine report seeing less complex phe-
nomena, some of which are listed in Table 12–2. 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.”13 
In some, the 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 not be confused  
with those with photopsias and phosphenes associated  
with disorders of the anterior visual pathway (see entoptic 
phenomena, below).

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.23 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 accom-
panying migraine headache lasted 3 hours. Out-of-body 

Table 12–2 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

however, attribute migraine aura to neuronal dysfunction 
resulting from cortical spreading depression.20 The patho-
physiology of migraine and aura is discussed in more detail 
in Chapter 19.

The remainder of this section will first detail the various 
visual hallucinations and illusions associated with migraine. 
For the most part, the hallucinations and illusions in 
migraine are positive visual phenomena. Negative visual 
phenomena associated with migraine, such as transient 
monocular blindness or hemifield loss, are detailed in 
Chapter 10. The treatment 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).21 Patients often 
relate that the lines, also termed teichopsia, shimmer, scintil-
late, vibrate, flicker, or pulse at 3–30 Hz. The term fortifica-
tion refers to the similarity of the visual phenomena with 
early European military fortifications.13 The term spectra is 
used because many patients will describe colored jagged 
edges. The shimmering aspect gives the appearance of light 
reflecting off of small prisms and produces the various colors 
of a rainbow.
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A B

C D

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. Towards the center, there was an area of blurry, but not absent, vision (as if looking through water).  
C. Ten minutes later the visual disturbance continue 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 disintegrated at its borders and 
within the blurry center (not shown). Its resolution was followed one hour later by a holocephalic headache accompanied by nausea.

A B

Figure 12–2. Migration of characteristic simple visual phenomena drawn and described by a migraineur. He wrote that in one episode (A), “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.” In another episode (B), “when looking down 
on the floor, eight-pointed colorful star-like figures appeared (one at a time), flickering and bright. One of the star-like 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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between original illustrations in Dodgson’s book (Figs. 12–3 
and 12–4) and some of the descriptions catalogued by 
Lippman.27

For unclear reasons, metamorphopsia, micropsia/mac-
ropsia, and this syndrome occur much more commonly in 

experiences, including those in which the individual views 
his or her own body (autoscopy), although more common in 
seizures (see below), have also been reported in migraine.24

When complex visual hallucinations occur in migraine, 
they are usually unaccompanied by auditory and abnormal 
thought content;15 however, Fuller et al.25 reported an 
exceptional 69-year-old man with migraine and complex 
visual and auditory hallucinations as well as paranoid delu-
sions. 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 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.26 
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/macropsia. In a variation of metamorphopsia, 
patients with migraine may complain that objects appear 
too small (micropsia) or too large (macropsia). We have seen 
a patient who described one episode in which a telephone, 
which was located across the room, appeared as if it were 
right next to her because is looked much larger than normal. 
In teleopsia, objects seem too far away. People may appear 
too small in lilliputianism. These symptoms can also be 
caused by seizures.

Alice in Wonderland syndrome. Lippman27 described seven 
patients with classic migraine who experienced episodes of 
distorted body image. Each had fascinating hallucinations 
characterized by enlargement, diminution, or distortion of 
part of or the whole body, and each patient knew the sensa-
tions 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 accom-
panied 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.”

Lippman27 recalled that Lewis Carroll (Charles Lutwidge 
Dodgson), also a migraineur, had described similar halluci-
nations in his book Alice in Wonderland. It has been specu-
lated that Dodgson had experienced distortions in body 
image during his migraine events, and incorporated the hal-
lucinations into the fictional story about the young girl who, 
during her adventures in Wonderland, shrinks and grows 
numerous times. Todd28 then coined the condition Alice in 
Wonderland syndrome. Rolak29 pointed out the similarity 

Figure 12–3. This original illustration from Lewis Carroll’s “Alice in 
Wonderland” matches the descriptions of two of Lippman’s27 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.)
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Figure 12–4. This original illustration from Lewis Carroll’s “Alice in 
Wonderland” matches the descriptions of one of Lippmann’s27 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.

ena without visual loss lasting months to years were the 
subject of the original report.39 None had major psychiatric 
disease. The visual complaints were similar in their simplic-
ity 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 (Table 12–3 and 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 palinopsia, micropsia, and formed  
hallucinations were exceptional. Some characterized these 
unformed visual hallucinations as bothersome, uncomfort-
able, or emotionally 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. Magnetic resonance imaging 
(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.

Persistent positive visual phenomena may result from 
spontaneous cortical discharges. Alternatively, selective  
dysfunction of inhibitory and modulating neurons in extra-
striate areas, as evidenced by occipital hypoperfusion  
demonstrated by SPECT imaging,40 may have allowed 
spontaneous discharges from the lateral geniculate or visual 
cortex. This could result in release visual hallucinations  

children than adults with migraine.15,23,30 Hachinski et al.23 
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.”

Metamorphopsia, micropsia/macropsia, and Alice in 
Wonderland syndrome have been attributed to migrainous 
cortical dysfunction in the nondominant posterior parietal 
lobule.31 In contrast, SPECT (single photon emission com-
puted tomography) imaging in one report32 demonstrated 
occipital and temporal lobe abnormalities. Almost all cases 
of Alice in Wonderland syndrome have been associated with 
migraine, but frontal lobe epilepsy,33 encephalopathy due to 
infectious mononucleosis,34 topiramate use,35 and varicella 
infection have also been reported causes.

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 Kosmor-
sky,37 in a report of his own acephalgic migraine, described 
the duplication 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 below), 
the persistence of visual images. However, palinopsia is 
more characteristically a symptom of parieto-occipital 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 these uncommon prolonged migraine aura conditions, 
the visual phenomena is either (1) continuous, full-field, 
unaccompanied by visual loss, and not visually disabling 
(persistent positive visual phenomena), or (2) similar to a more 
classic visual aura but is continuous or recurrent (migraine 
aura status).38 The visual phenomena in each type are tem-
porally unrelated to headaches and standard neuroimaging 
is negative without cerebral infarction.

Persistent positive visual phenomena. Ten patients with 
migraine who developed persistent positive visual phenom-
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Table 12–3 Persistent positive visual phenomena in migraine

Simple, unformed

A million dots

Black cracks and lines

Blobs of white and gray

Blue squares

Bubbles

Carpet background

Circles

Clouds

Comets

Dots

 Black and white

 Colored

Grainy vision

Heat waves

Lights

 Flashing

 Flickering

Lines of ants

Photopsias

Rainlike pattern

Snow

Squiggles

TV static

Complex

Micropsia

Palinopsia

People’s heads

From Liu GT et al: Neurology 1995;45:664–668, with permission.

(see below), as suggested by West3 and Cogan.4 Normal 
diffusion- and perfusion-weighted MRIs suggest 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. Haas41 reported two individuals with 
“prolonged migraine aura status”; the first 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 clum-
siness. The episode lasted 5 weeks, and resolved with aspirin 
and cyproheptadine. The second patient was an 18-year-old 
boy with a history of migraine with aura who experienced 7 
months of “concentric gray circles like ripples in a pond” 
and “clustered sets of concentric circles in the right visual 

field,” unaccompanied by headache. Both patients had 
normal neurologic and ophthalmologic examinations, but 
only the first had computed tomography of the brain and 
encephalography (EEG), both of which were normal. Luda 
et al.42 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, flunarizine, 
nimodipine, and citicoline were unhelpful. Examination, 
EEG, and brain MRI were normal.

In our experience treatment of patients with either persist-
ent positive visual phenomena of migraine or migraine aura 
status is usually ineffective with most migraine medications, 
anticonvulsants, and antidepressants. However, Rothrock43 
and Chen et al.40 reported the successful management of 
patients with each type with divalproex sodium and lamot-
rigine, respectively. In addition, acetazolamide effectively 
treated three reported patients with migraine aura status,44 
while others were treated successfully with intravenous  
furosemide45 and nimodipine.46

Acephalgic migraine
In patients with acephalgic migraine, the aura is unaccompa-
nied by headache. In Alvarez’s study,47 12% of men and 
0.7% of women had “scotomas without a headache.” 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 hallucina-
tions and illusions as well as transient monocular and bin-
ocular visual loss can occur.48 We have observed a common 
pattern in lifelong migraineurs of typical headaches without 
aura in adolescence and early adulthood then predomi-
nantly acephalgic migraines in middle age and afterwards. 
Fisher49 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.50 Fisher51 described a group of patients 
over 40 years of age who experienced visual symptoms ini-
tially thought to be transient ischemic attacks. However, 
50% had headache, the visual symptoms were more consist-
ent with migraine, and angiography was unrevealing. He 
emphasized that in adults with positive and negative visual 
phenomena seemingly consistent with a vascular event, 
migraine can be considered but must be a diagnosis of exclu-
sion. 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.52

The workup and treatment of acephalgic migraine are 
discussed in Chapter 19.

Visual loss (release hallucinations and 
the Charles Bonnet syndrome)

Cogan4 re-emphasized the notion that visual hallucinations 
may be associated with loss of vision. In his report entitled 
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A B

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 phenomena. 
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.”

Table 12–4 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

Absence of delusions

No hallucinations in any other sensory modality

“Visual hallucinations as release phenomena,” he presented 
patients with blindness of varying degree and cause, includ-
ing monocular blindness due to optic neuropathy, chiasmal 
visual loss affecting both eyes, and homonymous hemi-
anopia due to retrochiasmal lesions. Each had formed or 
unformed visual hallucinations, typically within the defec-
tive 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 (Table 12–4). He 
contrasted these from the episodic stereotyped visual hal-
lucinations 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.”

Lepore53 studied 104 patients with retinal or neural affer-
ent pathway disease, and found 57% reported spontaneous 
visual phenomena. Elementary disturbances such as photop-
sias and geometric forms, as well as complex ones such as 
people, animals, or vehicles were described. Like Cogan,4 
Lepore found their complexity did not correlate with lesion 
site. Furthermore, hallucinations occurred even in individu-
als with only minor amounts of visual loss. For example, 
spontaneous visual phenomena were described by three of 
Lepore’s patients with pseudotumor cerebri, 20/20 vision, 
and only minimal enlargement of the physiologic blind 
spot. Many patients in his series were relieved when informed 
that the visual phenomena were common sequelae of visual 
loss and not reflective of any psychiatric disturbance.

The suggestions that vision loss of any degree due to 
lesions anywhere along the visual axis can lead to release 
hallucinations has been confirmed by several others. For 
instance, detailed descriptions of simple54 and complex55 
visual hallucinations within homonymous hemianopias 

have been reported. Patients with complex visual hallucina-
tions and illusions associated with visual loss due to  
ocular diseases were described in another study.6 Normal 
visual acuity but glaucomatous visual field loss may cause 
hallucinations.56 Visual hallucinations of all types were 
found in 15% of patients seen in a retina clinic,57 and have 
been described in association with retinal vascular occlu-
sions,58 macular photocoagulation,59 and macular transloca-
tion surgery.60 Visual hallucinations can also occur after 
enucleation.61 Release visual hallucinations usually occur 
within the blind scotoma but occasionally can be full-field 
(Fig. 12–7).62

The concept that spontaneous visual phenomena may be 
released by a lack of inhibitory input may also explain visual 
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A B

Figure 12–7. 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.”

Figure 12–8. Artist’s rendition of a patient’s “picture within a picture” 
release hallucination due to a right parieto-occipital infarction. She 
complained of seeing “people milling about” and malfunctioning “vertical 
hold” in the lower left quadrant of vision. (From Benegas NM et al. 
Neurology 1996;47:1347–1348, with permission.)

hallucinations associated with severe sensory deprivation in 
prisoners of war or in normal volunteers blindfolded for 
extended periods of time,61 for instance. In addition, patients 
with dense, bilateral cataracts, despite being alert and lucid, 
may experience vivid, pleasurable visual hallucinations.63 
Many of the cataract-associated hallucinations seem to occur 
when the patient is not receiving 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 hal-
lucinations often resolve following cataract extraction.

Release visual hallucinations rarely can occur in children 
as well. A 3 and a half-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.64

In some cases the release hallucinations are the presenting 
symptom of new visual loss.65,66 We examined a 51-year-old 
woman who complained of seeing “a picture within a pic-
ture—like the new kind of television sets” in her lower left 
visual field (Fig. 12–8) as a presentation of a new incomplete 
left inferior quadrantanopia due to a right parieto-occipital 
infarction.67 She described a rectangular scene with a red 
background 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.62 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.68 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.69,70 Most patients with 
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Entoptic (ocular) phenomena

Entoptic phenomena, visual images produced by the struc-
tures of the eye,81 can be divided into those which are normal 
physiologic events and those that are pathologic (Table 12–5). 
Then they can be further subdivided into those that are real 
visual images versus those that are truly hallucinogenic, 
where 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.82 
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 blue sky,83 
and is thought to be the result of leukocytes traveling in  
the retinal capillaries.84 Purkinje figures are images of the 
vessels of the eye, best seen when a bright light is pressed 
and moved against a closed eyelid, casting shadows of  
the retinal circulation on the photoreceptors. These images 
are seen only when retinal and optic nerve function are 
normal, and therefore can be used as a gross screening test 
for visual potential in the setting of 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 individuals looking at light through 
polarized lenses.

Charles Bonnet syndrome are elderly and have visual deficits 
of varying degree due to age-related macular degeneration, 
diabetic retinopathy, glaucoma, cataracts, and corneal 
disease.71,72 However, visual loss has not been a consistent 
criterion for the diagnosis,6,62 and patients with homony-
mous hemianopias73 and children74,75 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 the Charles Bonnet 
syndrome.

The exact pathophysiology of release visual hallucina-
tions is unclear, but one functional MRI study76 of affected 
patients demonstrated cortical activity in ventral extrastriate 
areas. In addition, the hallucinations corresponded with 
activity in the region’s functional specialization, e.g., visions 
of faces was 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 electroencephalo-
gram to rule out seizure activity. Neuroimaging is unneces-
sary if the cause of visual loss is ocular. However, if the cause 
of the visual loss is not ocular in origin, we would recom-
mend neuroimaging to ensure there was no change in the 
original lesion, such as a hemorrhage, new stroke, or tumor 
growth. Neuroimaging would also be indicated if the elec-
troencephalogram 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 under-
taken if a new visual deficit is detected.

Treatment
Many affected patients, particularly if they are elderly, find 
the hallucinations frightening or embarrassing, and are con-
cerned about a diagnosis of insanity or dementia.77 There-
fore the best treatment of release visual hallucinations is 
physician recognition, patient education, and reassurance, 
which most patients find extremely comforting.62,78 Vision 
loss should be corrected, if possible. Patients with depressive 
symptoms may benefit from appropriate pharmacologic 
therapy. Psychotherapy and medications in general are 
unhelpful in this disorder, but antipsychotic medications in 
some instances may diminished the hallucinations.79,80

Ironically, in some patients with hallucinations associ-
ated 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.

Table 12–5 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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beta-adrenergic receptor antagonists, or alpha-2-adrenergic 
receptor agonists are effective means of suppressing the 
tremor and hallucinations.85

Hallucinogens
Cocaine, LSD, psilocybin, psilocin, and PCP are drugs clas-
sified as a “hallucinogens,” “illusionogens,” or “psyche-
delics” because, in addition to mood alteration, their 
ingestion often produces hallucinations and distortion of 
sensory stimuli.86 The effects occur at nontoxic doses and 
without alteration in consciousness. Synesthetic hallucina-
tions are also associated 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.87 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 Miller88 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-light-like images. We have also 
seen such patients, and neuro-ophthalmic examinations, 
neuroimaging, EEG, and single photon emission tomogra-
phy were all unrevealing. It is not uncommon for this  
syndrome to be provoked by a prescribed medication with 
central nervous system side effects. Hallucinogen persisting 
perception disorder has been treated successfully with clon-
azepam,89 clonidine, anticonvulsants, and neuroleptics.87

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).90 
However, other purely visual hallucinations and illusions 
can occur with cocaine, and these were experienced by 15% 
of cocaine users in Siegel’s study.91 “Snow lights” refers to 
the sensation of sunlight reflecting off of snow crystals. This 
phenomenon, and others such as vibrating or pulsating geo-
metric shapes, and polyopia and dysmorphia, have an 
uncanny resemblance to migraine visual aura (see above). 
Cocaine use is also associated with olfactory, tactile, and 
gustatory hallucinations. One possible mechanism for the 
hallucinations and illusions in cocaine use implicates 
cocaine’s excitatory affect on cortical structures.91 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 sympa-
thetic tone.

LSD. Common visual hallucinations associated with LSD 
use include moving patterns of bright color92 and pulsating 
geometric shapes. Individuals may experience complex  
hallucinations consisting of people and scenes against a 
background of geometric forms. About one-fifth of LSD 
users report having seen Satan’s face floating freely or over 

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.83 One possible mechanism is deformation of the 
posterior face of the vitreous and mechanical stimulation of 
the retina.81 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 retina81

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 
hair-like 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  
worrisome etiologies would include inflammatory cells  
(vitritis) and hemorrhages. 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), and optic neuropathy (particularly optic neuritis 
and papilledema).63 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 shrinkage.81 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 illu-
sions. The discussion below is not intended to be exhaustive, 
but instead the goal is to highlight substances that are com-
monly responsible for these visual disturbances.

Alcohol withdrawal
Following prolonged or heavy ethanol consumption, periods 
of abstinence may be characterized by alcohol withdrawal. 
Symptoms include generalized tremor, hallucinosis, delir-
ium tremens, and withdrawal seizures. Tremor and halluci-
nations tend to be the earliest withdrawal symptoms, 
typically occurring within hours of withdrawal and becom-
ing most pronounced at 24–36 hours.85 Hallucinations may 
be auditory or visual and usually occur with a clear senso-
rium, in contrast to the confusion associated with delirium 
tremens, which is a later withdrawal symptom. Zoopsia (see 
above), e.g., pink elephants, is commonly depicted in 
popular culture as a manifestation of alcohol related hallu-
cinations, but is certainly not specific for them. Resumption 
of alcohol intake, and administration of benzodiazepines, 
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them to hallucinations. Patients often report seeing people 
in the room who are not really there, and animals may be 
described.108 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.109 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 citrate110 and cyclosporine111 have been reported 
to cause visual hallucinations. Sildenafil can cause subjective 
halos, blue tinge to vision, blurry vision, and increased 
brightness of lights.112 Mild phosphodiesterase-6 inhibition 
by sildenafil in the retina at the level of the rod and cone 
photoreceptors may be responsible.113 In addition, visual 
hallucinations and schizophrenia-like psychoses may occur 
in patients taking lamotrigine.114

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 phenom-
ena.63 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 associated 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 occipi-
tal 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.33,115 The following discussion will be sub-
divided by cerebral localization, with particular emphasis  
on hallucinations associated with occipital lobe epilepsy.

Occipital lobe epilepsy
Simple visual hallucinations were the most common pres-
entation (60%) in patients with occipital lobe epilepsy in 
Williamson et al.’s study.116 These individuals reported flash-
ing colored lights, white phosphenes, and steady white or 
colored lights. In the series of patients with occipital lobe 
epilepsy by Salanova et al.,117 simple visual hallucinations 
such as flashes, colored lights, stars, wheels, or triangles were 
frequently reported, and they were usually seen contralateral 
to the epileptogenic focus. Complex hallucinations, thought 
to represent seizure spread to the temporal lobe, were 
reported by less than 10% in this study, and these consisted 
of familiar faces, pictures, and people. Other reports have 
subsequently confirmed the predominance of simple versus 

someone else’s body, while about one-tenth report having 
seen rapid aging of their friend’s or a stranger’s face.93 Flash-
backs occurred in 64% of LSD users in one study,93 and halos 
of light around objects, light following moving objects, geo-
metric designs within familiar objects, and distortion in the 
sizes and shapes of faces and images were reported. In addi-
tion, Kawasaki and Purvin94 described three patients with 
persistent palinopsia 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,86 
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.95 Faces of friends 
or strangers can be reported to change shape or color or age 
dramatically.96 Kaleidoscopic images or flashes of colors may 
be seen, but fully formed visual hallucinations consisting of 
people and Martians have also been described.97

PCP. A toxic psychosis, characterized by auditory or visual 
hallucinations, delusions, abnormal behavior, and some-
times disorientation, may occur with PCP use.98 The visual 
hallucinations often consist of brightly colored objects. 
Although PCP-induced psychosis resembles acute schizo-
phrenia, PCP use can often be recognized by the accompany-
ing hypertension and nystagmus.99

Others. Mescaline,100 amphetamines, cannabinoids, 
opiate agonists, and synthetic opioids may also be associated 
with visual hallucinations.86 Cannabinoid, the active ingre-
dient in marijuana and hashish, typically causes hallucina-
tions only when there is excessive intoxication.

Digoxin
Toxic and sometimes even normal levels of the cardiac gly-
coside digoxin are characteristically associated with xanthop-
sia, 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 photopsias,101 
and their visual symptoms are typically worse in brighter 
lighting conditions. On examination, patients with digoxin 
toxicity may actually have decreased acuity, central scoto-
mas, generalized visual field depression, color vision defects, 
and pupillary mydriasis.102 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.103 Symptoms and ERG abnormalities 
usually improve following lowering of the digoxin dose. 
Several elderly patients have been described with visual 
symptoms consistent with digoxin toxicity, despite serum 
concentrations of digoxin which were below or within the 
usual therapeutic range.104,105

Levodopa
Levodopa is the mainstay of treatment for Parkinson’s 
disease; however, its use may be complicated by visual hal-
lucinations in 5–30% of patients.106 In some instances indi-
viduals taking levodopa can develop a pure psychosis.107 
Their underlying Parkinson’s disease, elderly age, and use of 
other potentially psychotropic medications likely predispose 
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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.119,135 Visual hallucinations consisting of recently 
or distantly remembered scenes can occur.136 Auras consist-
ing of bad smells or tastes, visceral sensations, or feelings of 
déjà vu are frequent accompaniments. Temporal lobe seiz-
ures are also characterized by focal motor activity (e.g., eye 
deviation, head turning, limb movements) in 80%, automa-
tisms (e.g., lip pursing, chewing, swallowing, finger move-
ments, gesturing, verbalizations) in 95%, and autonomic 
changes (e.g., pupillary dilation, salivation, blushing, pallor, 
urinary incontinence) in 83%.134

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);137 (2) ictal hemimacropsia, the illusory enlargement 
of half of the visual field, due to discharges from temporal138 
and occipito-temporal139 regions; and (3) ictal illusory per-
ception of motion (epileptic kinetopsia), presumably from 

complex visual hallucinations in occipital lobe epilepsy.118,119 
Although typically lasting just for seconds or minutes, occip-
ital lobe seizures with hallucinations can also last for hours 
or days.120,121

In these large series,116–118 the visual phenomena were 
often accompanied by other manifestations of seizures, such 
as rapid bilateral blinking or eye flutter or eye deviation with 
or without head deviation. When automatisms or motor 
manifestations appeared, seizure spread to the temporal 
lobe or motor cortex, respectively, was thought to have 
occurred. Visual field defects were detected in approximately 
60%, but patients were often unaware of their visual field 
deficits. The majority of patients in these series had an iden-
tifiable lesion in the occipital lobe, usually a neoplasm, but 
scarring related to old trauma, cysts, old strokes, and cortical 
dysplasia were also found. Non-ketotic hyperglycemia  
may cause occipital-region partial seizures and prolonged 
hemianopias.122 Children with occipital seizures may have 
cerebral dysgenesis, a genetic disorder, hypoxic ischemic 
encephalopathy,123 or neonatal hypoglycemia124 as underly-
ing causes, often accompanied by some visual field loss.125,126

Since occipital lobe seizures may present solely with 
visual hallucinations, without other neurologic manifesta-
tions, the hallucination may be very difficult to distinguish 
clinically from those seen in acephalgic migraine or release 
phenomena.121 Panayiotopoulos127 compared the visual hal-
lucinations of 50 migraine patients with those of 20 patients 
with occipital epilepsy. He concluded the following: (1) the 
hallucinations produced by seizures tended to be more mul-
ticolored with circular or spherical patterns; (2) in contrast, 
the hallucinations 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 scintillat-
ing scotomas or fortification spectra. The author believed 
these observations could be helpful in distinguishing hal-
lucinations between the two groups. However, we would use 
these as only general guidelines, as we have seen several 
exceptions to these observations. In cases such as these, 
formal visual field testing may also be useful, as a hemiano-
pic 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 
pediatric age group.128–130 This subtype made up 4.2% of all 
epilepsies with onset before age 13 in one study.131 Noctur-
nal seizures with tonic deviation of the eyes and vomiting 
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 
diminish with open eyelids.131 Overall, the prognosis for 
spontaneous remission is good. The visual hallucinations 
are typically unformed, but Gastaut and Zifkin132 described 
three unusual children who experienced ictal visualization 
of numbers.

Temporal lobe epilepsy
Visual hallucinations in temporal lobe epilepsy are less 
common (Fig. 12–9). In two large reviews133,134 of patients 

Figure 12–9. T2-weighted FLAIR magnetic resonance axial image from a 
man with presumed epileptic, simple positive visual phenomena in his left 
visual field as presentation of a right temporal lobe glioma (arrow). He 
described black and white jagged lines, television “fuzz,” 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 encephalography was normal, but the visual phenomena 
resolved with anticonvulsant medication. He had no visual field defect.
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Neurodegenerative disease

Parkinson’s disease and dementia  
with Lewy bodies
As many as one-quarter to one-third of patients with Parkin-
son’s disease may complain of visual hallucinations.149–151 
Typically they describe complex images of familiar or strange 
people,152 and the hallucinations are usually non-threaten-
ing and recognized as not real. Although the use of levodopa 
is the most common cause of visual hallucinations in 
patients with Parkinson’s disease, other contributory factors 
include the disease itself,150 vision and visual perception 
impairments,153 anticholinergic medications, advancing age, 
sleep disturbances,154,155 psychoses, and dementia.149,156,157 
Hallucinations in this group of patients can be severely dis-
abling,158 and are often predictive of the need for nursing 
home placement.159

Recurrent, complex visual hallucinations, along with fluc-
tuating cognitive impairment and parkinsonism, are clinical 
hallmarks of dementia with Lewy bodies. This uncommon 
condition is characterized pathologically by Lewy bodies, 
which are pathologic aggregations of alpha-synuclein, 
throughout the cortex and limbic system.160

Alzheimer’s disease
Visual hallucinations occur in 3–33% of patients with Alz-
heimer’s disease, and they are the most common type (up 
to 85%) of hallucination (others include auditory and tactile) 
associated with the disorder.161,162 The visual hallucinations 
in Alzheimer’s disease tend to be complex, as in one report163 
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 hallucinations are 
associated with cognitive and functional decline, and predict 
a greater risk for institutionalization and mortality.164 This 
association with poorer cognition may explain why the 
patients with Alzheimer’s disease and visual hallucinations 
also frequently display delusional and paranoid ideation, 
auditory hallucinations, and verbal outbursts.161 Alzheimer’s 
disease is discussed in more detail in Chapter 9.

Low doses of neuroleptics, such as haloperidol, fluphena-
zine, risperidone, and aripiprazole can be used to treat  
hallucinations in patients with Alzheimer’s disease.  
Anticholinergic 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 ventral 
midbrain injury. Affected patients often report seeing 
animals, and the hallucinations are frequently accompanied 
by signs of third nerve dysfunction, ataxia, and sleep and 

activation of area V5, the cortical region subserving motion 
perception (see Chapter 9).140

Parietal lobe epilepsy
Visual hallucinations due to parietal lobe seizure foci are 
very uncommon,141 but illusions of change or distortion in 
body shape, similar to Alice in Wonderland syndrome of 
migraine, can be associated with parietal lobe discharges. 
Elongation, shortening, swelling, or shrinking of a body part 
or the whole body may be experienced. The phenomenon is 
thought to arise from epileptic involvement of the nondomi-
nant inferior parietal lobule and superior part of the post-
central gyrus.142

Rousseaux et al.143 described a teenager with left parietal 
epileptiform discharges who complained of visual hallucina-
tions containing written words. He had a fluent aphasia due 
to head trauma 6 months earlier, and neuroimaging had 
demonstrated a porencephalic cavity area resulting from a 
hemorrhage in the left temporoparietal area.

Other unusual ictal visual hallucinations
Seizures rarely may also cause macropsia, micropsia, and 
palinopsia,144 visual illusions described elsewhere in this 
chapter.

Autoscopic phenomena. Devinsky et al.145 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 
expression, 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. 
Post-ictal autoscopy has also been described.146 Autoscopic 
phenomena are also associated with cocaine or alcohol 
addiction; schizophrenia; migraine; focal lesions of the pari-
etal, temporal, and occipital lobes; near-death experiences; 
and release phenomena.147

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,148 epileptogenic activity was 
implicated. The patient had a right parieto-occipital AVM 
and an incomplete left homonymous hemianopia, and 
intermittently saw images in the defective left field trans-
posed from the good right field. Sometimes the images were 
palinopic, persisting in the left field up to 15 minutes after 
the real objects were no longer visible. A right parieto- 
occipital 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 parieto-occipital 
lobe. We have seen a patient with a left occipital lobe men-
ingioma who experienced visual allesthesia while reading. 
The right page of her book would often shift to the left.
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cognitive disturbances. The usual cause is infarction in the 
distribution of the paramedian penetrating arteries arising 
from the proximal posterior cerebral arteries. However, 
peduncular hallucinations due to extrinsic masses compress-
ing the midbrain have also been reported.165,166 The term 
peduncular refers to the French “pédonculaire,” meaning the 
midbrain,167 rather than the cerebral peduncles, per se.

The original description is attributed to Lhermitte,168 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 
Bogaert described the clinical169 and pathologic170 findings 
in a similar patient who developed bilateral ptosis, a com-
plete right third nerve palsy, a sluggish left pupil, left dys-
metria, 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 perceptions, 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 perceptions to the midbrain damage, 
van Bogaert coined the term peduncular hallucinations 
(translation of van Bogaert’s papers169,170 courtesy of 
Dr. François-Xavier Borruat). Others165,167,171–173 have 
subsequently reported similar patients.

The mechanism, other than the association with a ventral 
midbrain lesion, is unclear. van Bogaert’s169,170 and Geller 
and Bellur’s171 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.172 
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 REM sleep, and via connections with the 
striatum and limbic structures, may also participate in cogni-
tive functions. McKee et al.172 hypothesized disruption of 
these connections may be responsible for the sleep and cog-
nitive disturbances sometimes seen in association with 
peduncular hallucinations. Other authors have considered 
peduncular hallucinations as release phenomena,4,165 but 
afferent vision is usually unaffected.

The best treatment for peduncular hallucinations is  
uncertain, but in one report173 agitation was treated with “a 
moderate dose of neuroleptic agent.”

Palinopsia
Palinopsia (or palinopia) is an illusory visual phenomenon 
that Bender et al.174 defined as “the persistence or recurrence 
of visual images after the exciting stimulus object has been 

Figure 12–10. A patient’s depiction of her palinopsia, which she describes 
as “a trailing effect behind moving objects” (the person and cat, for example).

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). The persistent image 
may be incorporated appropriately into the scene being  
perceived, as in Meadows and Munro’s175 patient who saw 
a Santa Claus beard superimposed upon people’s faces at  
a party. Illusory visual spread is an associated phenomenon 
in which objects or patterns enlarge to involve adjacent 
structures. Palinopic images should be distinguished from 
common afterimages produced by retinal over stimulation 
by a bright light, for example.

The most common cause of palinopsia is parieto-occipital 
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 resolved.174 The right hemisphere is most com-
monly affected, and the damage may be caused by vascular 
insults, trauma, and neoplasms.176 Palinopsia rarely occurs 
during migraine aura, and it may also be associated with 
drugs such as trazodone,177 clomiphene,110 topiramate,35 
mescaline, or LSD (see above).94 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.178

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.179 The predilection 

Video 12.1
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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.184 Affected 
patients with posterior fossa lesions also usually have telltale 
ocular motor evidence of otolith dysfunction, such as skew 
deviation, ocular tilt, or ocular torsion (see Chapter 15). 
Their subjective visual vertical may be misaligned when 
compared with the true vertical defined by the earth’s gravi-
tational force.

Lesions causing the illusion that the room is tilted or 
upside-down are usually in the brain stem and are vascular 
in nature. Reported causes include transient vertebrobasilar 
ischemia,185–188 compression of the lateral medulla by a doli-
choectatic vertebral artery,189 midbrain cavernoma,190 basilar 
migraine,184 and infarctions involving the lateral medulla 
(Wallenberg syndrome),191 the territory of the medial branch 
of the posterior inferior cerebellar artery,192 and the 
pons.185,190

Cortical and subcortical processes may also be responsi-
ble 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,193 parieto-
occipital,194 and thalamic195 disturbances. In addition, Brandt 
et al.196 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 
parietoinsular vestibular cortex in monkeys.

Psychiatric disease

When hallucinations or illusions occur with delusions (false 
beliefs), primary psychiatric illnesses are the most likely 
diagnosis.197 Of all psychiatric disorders with psychotic fea-
tures, schizophrenia is the one most commonly associated 
with visual hallucinations. Psychosis in schizophrenia is sug-
gested when complex visual hallucinations are accompanied 
by auditory hallucinations, particularly voices.83 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.198 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 

Figure 12–11. From a woman with palinopsia, a T2-weighted MR axial 
image demonstrates a left occipital–temporal post-surgical 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. Her examination was remarkable 
for a central right homonymous upper quadrantanopia and right 
hemidyschromatopsia. Encephalography was normal.

for responsible parieto-occipital lesions to be right-sided 
may be artifactual because similar left-sided lesions may 
render patients too aphasic to communicate the abnormal 
visual phenomenon.

Cerebral diplopia and polyopia
Occipital lesions may rarely cause multiplicity of visual 
images, in either monocular or binocular viewing condi-
tions. The visual disturbance is unrelated to ocular misalign-
ment and does not resolve with use of a pinhole occluder. 
Specifically, the term cerebral diplopia refers to the duplica-
tion of images on a cortical basis, while cerebral polyopia 
describes the perception of multiple images.180 In the outpa-
tient setting, we have found organic polyopia to be a rare 
isolated phenomenon without other neurologic dysfunc-
tion. Homonymous field defects are frequently associated 
findings because the etiology is typically an occipital distur-
bance.181,182 However, cerebral diplopia and polyopia may 
also be described by migraineurs and patients with epilepsy. 
The exact mechanism is uncertain. Although this phenom-
enon and palinopsia are similar and likely share common 
mechanisms,183 technically cerebral diplopia and polyopia 
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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  
threatening 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.199

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.199,200

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).201

Metabolic

In unexplained cases, and in hospitalized patients with 
altered mental status, electrolyte imbalance, hypoxemia, and 
fevers should be considered as causes of visual hallucina-
tions. 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 hypnop-
ompic phenomena associated with sleep/wake states, other 
visual hallucinations can occur in normal people. In a grief 
reaction, individuals may perceive the image of the spouse 
or close friend who recently died.202 Life-threatening stress 
and fatigue may be other causes.1
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Pupillary disorders

Pupillary disorders usually fall into one of three major categories: (1) abnor-
mally shaped pupils, (2) abnormal pupillary reaction to light, or (3) une-
qually 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 will be reviewed here, and then the various 
pupillary disorders, grouped roughly into one of the three categories listed 
above, will be discussed.

Neuroanatomy and physiology

The major functions of the pupil are to vary the quantity of light reaching 
the retina, to minimize the spherical aberrations of the peripheral cornea 
and lens, and to increase the depth of field (the depth within which objects 
will appear sharp).1 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. Con-
traction 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 peripherally 
located.

Normally, light directed at either eye leads to bilateral pupillary constric-
tion, and this pupillary light reflex is mediated by a parasympathetic pathway 
(see Fig. 13–2 for details). Light entering the eye causes retinal photorecep-
tors to hyperpolarize, in turn causing activation of retinal interneurons and 
ultimately the retinal ganglion cells, the axons of which 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 contralateral 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 cortex generally do not affect pupillary size or reactivity. Efferent para-
sympathetic 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 
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neuron releases the neurotransmitter norepinephrine at the 
iris dilator muscle.

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 
disrupting the corneal epithelium, corneal reflex evaluation 
and applanation tonometry may alter corneal permeability 
of the drug (especially cocaine) and therefore should not be 

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 outnum-
ber those to the iris sphincter muscle by 30 : 1.

The near response consists of pupillary constriction, 
accommodation (change in the shape of the lens), and con-
vergence 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 reponse,2 but more recent evidence suggests 
the lateral suprasylvian area is also related to the control of 
lens accommodation.3 The signals converge in the rostral 
superior colliculus, near which a group of midbrain  
near-response neurons coordinates the pretectum for accom-
modation and miosis, the mesencephalic reticular forma-
tion for accommodation and vergence, and the raphe 
interpositus for visual fixation.3,4 The final signal for pupil-
lary miosis at near 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 posterola-
teral hypothalmus and ending at the iris and eyelids (see Fig. 
13–4 for details). The first-order neuron projects from the 
hypothalamus through ill-defined brain stem 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 naso-
ciliary nerve (a branch of the first division of the trigeminal 
nerve), then the long ciliary nerve into the orbit.5 This 

Figure 13–1. A normal left eye. Note the pupil is slightly nasal to the 
center of the cornea and iris.

PTN
SC

E–W

III

CHI

CG

ON
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LGN

Figure 13–2. Pupillary light reflex–parasympathetic pathway. Light 
entering one eye (straight black 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. Note light in one eye 
causes bilaterally pupillary constriction. (From Liu GT: Disorders of the eyes 
and eyelids: Disorders of the pupil. In Samuels MA, Feske S (eds): The Office 
Practice of Neurology, p 61. New York, Churchill Livingstone, 1996, with 
permission. Adapted from Slamovits TL, Glaser JS. The pupils and 
accommodation. In: Glaser JS (ed): Neuro-ophthalmology, 2nd edition,  
p 460. Philadelphia, JB Lippincott, 1990, with permission.)
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by chorioretinal or optic nerve colobomas, which like 
the iris abnormality are defects in closure of the 
embryonic fissure.10 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 

performed 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 administration 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 
photographic documentation can be helpful.

Abnormally shaped pupils

Irregularly shaped pupils may be congenital or acquired 
(Table 13–1). Congenital conditions include:

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, genitourinary anomalies, mental retardation, 
and a defect in the PAX6 gene on chromosome 11p13 
are predisposed to Wilms’ tumor.6–8

2. Ectopia lentis et pupillae, a rare heritable condition 
limited to the eyes in which lens dislocations may be 
associated with oval, ellipsoid, or slit-like displaced 
pupils.6,9

3. An iris coloboma is a notch inferiorly or infranasally in 
the iris (Fig. 13–5). This anomaly may be accompanied 

Optic nerve sheath

Frontal nerve

Lacrimal nerve

Lacrimal gland

Conjunctival sac and ductules

Nasociliary nerve

Foramen rotundum

Maxillary nerve and artery

Infraorbital nerve and artery

Inferior oblique nerve
and muscle

CN VI

CN III
inferior branch

Ciliary nerves

Ciliary ganglion

Superior rectus muscle

Levator palpebrae
superioris muscle

Lateral rectus
muscle

Figure 13–3. Ciliary ganglion depicted in a lateral view of a dissection of the orbit. Note the ciliary ganglion lies between the optic nerve and the lateral 
rectus muscle, receives fibers from the inferior branch of the third nerve, and issues short ciliary nerves to the orbit, orbital muscles, and lacrimal gland.

Table 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

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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Sympathetics to the eye

Nasociliary
nerve

Carotid plexus

Internal carotid artery

External carotid artery

Superior cervical ganglion

Superior cervical ganglion

Sudomotor fibers

Cervical spinal cord

Medulla

Pons

Hypothalamus

Long ciliary
nerve

Sympathetics to the eyelids

Ophthalmic division (V1),
trigeminal nerve

C8
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Figure 13–4. Sympathetic innervation of the pupil and eyelids. First-order hypothalamic (central) neurons descend through the brain stem (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 sympathetic 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 (Redrawn from Liu GT: Disorders of the eyes and eyelids: Disorders of the pupil. In Samuels MA, Feske S (eds): The Office Practice of Neurology, 
p 62. New York, Churchill Livingstone, 1996, with permission.)

development or central nervous system anomalies;  
G, genital hypoplasia; and E, ear anomalies or 
deafness).11,12

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.13

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 
structure tethers the pupillary margin to the peripheral 
cornea and causes a misplaced pupil, has also been 
described.14

6. Persistent pupillary membranes may cause spoke-like 
opacities across the pupil. These derive from persistence 
of the tunica vasculosa lentis, which supplies blood to 
the developing crystalline lens and normally disappears 
by the 34th week of gestation.15

Acquired causes of abnormally shaped pupils include:

1. Iritis. Inflammation of the iris (iritis) 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.
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Figure 13–5. Iris coloboma, characterized by the inferior iris defect. 
(Photo courtesy of Dr. David Kozart. From Liu GT: Pupillary abnormalities in 
childhood. Contemp Pediatr 1995;12 (Nov):83–98, with permission.)

A B

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). (Photo courtesy of Dr. Stephen Orlin. 
From Liu GT: Pupillary abnormalities in childhood. Contemp Pediatr 1995;12 (Nov):83–98, with permission.) B. Ocular trauma resulted in this oval, misshapen 
pupil in a patient’s right eye.

3. Neurologic causes such as tonic pupils, neurosyphilis, 
severe damage to the midbrain, which can rarely cause 
pupillary corectopia (Fig. 13–7), tadpole-shaped pupils, 
and other conditions (e.g., herniation) associated with 
coma. These entities are all described in more detail 
below.

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 relative afferent pupillary defects (RAPDs) are discussed 
in Chapter 2. Abnormal visual acuity and color vision, a 
central scotoma, and an RAPD collectively are highly sug-
gestive of an optic neuropathy, although a large macular 
lesion could produce similar 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.16 An RAPD is not associ-
ated with visual loss due to corneal, lens, and vitreous 
opacities and refractive errors, but an amblyopic eye may 
have a mild RAPD.17 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 overcalling an RAPD.18 
In this setting, the 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, 
despite normal visual acuities, because the defective tem-
poral field in the contralateral eye is 61–71% larger than 
the nasal field of the ipsilateral eye, the nasal retina has a 
greater photoreceptor density, and the ratio of crossed to 
uncrossed fibers in the chiasm is 53 : 47.19 The magnitude 
of the RAPD in this setting may reflect the relative light 
sensitivity of the intact temporal versus nasal field.20 Less 
commonly, when an optic tract lesion is associated with 
an incongruous homonymous hemianopia with greater 
involvement of the nasal field, the RAPD will be in the 
ipsilateral eye. Behr’s pupil (a large contralateral pupil) and 
Wernicke’s hemianopic pupil, one which reacts more briskly 
to light projected from within the intact hemifield than to 
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Figure 13–8. Thalamic and midbrain glioma responsible for a relative afferent pupillary defect with normal vision. T1-weighted gadolinium-enhanced axial 
magnetic resonance imaging (MRI) scan, and (A) sagittal T1-weighted gadolinium enhanced MRI scan (B) showing tumor (arrows) and edema involving the 
dorsal midbrain, thalamus, and anterior medullary velum. (From King JT, Galetta SL, Flamm ES: Relative afferent pupillary defect with normal vision in a glial 
brain stem tumor. Neurology 1991;41:945–946, with permission.)

A B

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 scan from the same patient shows enhancement (arrow) in the Sylvian aqueduct.

light within the abnormal field, have been associated with 
optic tract syndromes. However, in clinical practice they are 
rarely identified, and the reliability of both signs has been 
questioned.21 RAPDs in patients with hemianopias due to 
retrogeniculate lesions have been reported,22 but in those 
cases concomitant optic tract involvement was not convinc-
ingly excluded.

Exceptional cases of RAPDs without visual loss can be 
associated with lesions in the midbrain pretectum,23–26 which 
contains afferent pupillary fibers and the pretectal nuclei, 
but no visual fibers (Fig. 13–8). The RAPD is usually contral-
ateral to the lesion.27 Most of these patients have other signs 
of dorsal midbrain involvement, such as upgaze paresis, 
ataxia, or fourth nerve dysfunction.
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Pupillometry studies have demonstrated that some indi-
viduals with normal visual function can have subtle RAPDs28 
which may fluctuate (up to 0.3 log units) when tested over 
years.29 Whether the RAPDs were due to test artifact or reflec-
tive of asymmetry in the visual pathways was unclear.28

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)). The pupil is 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 
anything 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. Bilateral deafferentiation will result in 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  
gaze at near targets, and thus exhibit light-near dissociation 
(Table 13–2). 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 
owes to dysfunction within the efferent arc of the pupillary 
light reflex, a so-called motor pupil. Lesions in the midbrain 
pretectum may also cause similar dysfunction. The major 
causes of this pupillary abnormality are highlighted in Table 
13–3. A dilated pupil accompanied 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 
entering 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 supra-
nuclear influences upon midbrain accommodative centers 
(Fig. 13–9). Usually both pupils are involved, although size 
and light reactivity may be asymmetric. Occasionally the 
near response may also be defective, as accommodative and 
convergence insufficiency can be observed. The diagnosis is 
suggested when other features of Parinaud syndrome, such 
as upgaze paresis, convergence retraction nystagmus, and 
eyelid retraction, are evident. Common causes include pineal 
region tumors and hydrocephalus, so abnormal pupils sug-
gestive of a tectal lesion mandate neuroimaging.

Argyll Robertson pupils
Argyll Robertson pupils30,31 also exhibit light-near dissociation 
with a brisk near response, but typically are miotic, are 
slightly irregular, and dilate poorly in the dark (Fig. 13–10). 
The pupil does not react to light regardless 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 trepone-
mal 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.32

Video 13.1

Table 13–2 Important causes of pupillary light-near dissociation

Cause Distinguishing feature(s)

Deafferention Associated visual loss

Tonic pupil Tonic redilation; denervation 
hypersensitivity (see Table 13–4)

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

Table 13–3 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 (Adie syndrome, for 
example)

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).
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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 (B) reactive to near stimuli (light-near dissociation). C. Sagittal and D. axial gadolinium-enhanced magnetic resonance images 
demonstrated hydrocephalus and a large enhancing pineal region mass (arrows) compressing the dorsal midbrain.

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 near stimuli (internal ophthal-
moplegia) (Fig. 13–11). Usually either ptosis or a deficit in 
adduction, depression, or elevation of the eye, or a combina-
tion 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 infe-
rior 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.

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 may resolve 
the visual symptom. This simple maneuver helps exclude 
other causes of visual loss associated with common scenarios 
causing third nerve palsies, such as vitreous hemorrhage 
(Terson syndrome) with a subarachnoid hemorrhage after 
aneurysm rupture or an or optic neuropathy from a lesion 
around the orbital apex or intracranial optic nerve.

Abnormal miosis during attempted ocular adduction or 
depression may be a sign of aberrant regeneration (synkinesis 
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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), poorly reactive to 
light (B), but constrict to near stimuli (C). (The patient was seen courtesy 
of Dr. J. Lawton Smith.) (From Liu GT. Disorders of the eyes and eyelids: 
Disorders of the pupil. In Samuels MA, Feske S (eds): The Office Practice of 
Neurology, p 66. New York, Churchill Livingstone, 1996, with permission.)

A B

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 hypotropic 
left eye and dilated left pupil. The right eyelid is also being elevated for photographic purposes. The left pupil is fixed, i.e., it does not react to direct light (B). 
Notice the intact right pupil constricts to light shone in the left eye (consensual response).

or misdirection) following a third nerve palsy (Fig. 13–12).33 
The phenomenon results when fibers that had previously 
supplied the medial rectus or inferior rectus regenerate and 
accidentally reach the ciliary ganglion, then connect with 
post-ganglionic 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 contraction of the iris sphincter 
during eye movements (Czarnecki’s sign34) may also be 
observed in these instances. Furthermore, because postgan-
glionic accommodative fibers far outnumber those dedi-

cated to the pupillary light reflex (see tonic pupil, below), 
pupillary miosis during accommodation is more likely to 
recover than constriction to direct light (light-near dissocia-
tion). 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 



424

PART 3 Efferent neuro-ophthalmic disorders

A B

C D

E F

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 Chapter 7 for MRI of 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 viewing a near target.

to compression and infiltration in subarachnoid processes 
such as meningitis, aneurysmal compression (posterior 
communicating or internal carotid), and uncal herniation 
(Hutchinson’s pupil). Pupil-sparing third nerve palsies in 
middle-aged to elderly patients are usually related to diabe-
tes or hypertension, but occasionally can be seen even in 
fascicular 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.35

Aberrant regeneration most commonly occurs in trau-
matic 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 below). Although the latter redilates slowly 
after constriction, both may exhibit light-near dissociation, 
segmental paresis of the iris sphincter, and denervation 
hypersensitivity.36–38 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., pre- or postganglionic), or whether 
there is aberrant regeneration. Jacobson39–41 has offered the 
following explanations for denervation hypersensitivity in 
preganglionic third nerve lesions: (1) transsynaptic degen-
eration of post-ganglionic axons; (2) the greater sensitivity 
of larger pupils than smaller ones to dilute pilocarpine; 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.42

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 angiogra-
phy as well as routine brain imaging should be performed 
first. Either an emergent computed tomography (CT) and CT 
angiography or magnetic resonance imaging (MRI) scan 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, or whether MRI is contrain-
dicated because of a pacemaker or metal in the body. If the 
scans are negative, conventional angiography is still neces-
sary as small symptomatic aneurysms can still be missed by 
CT or MRI angiography.43

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 
pupil-sparing third nerve palsies as well as aberrant regenera-
tion in Chapter 15.

Tonic pupils
Clinical symptoms and signs. (See Table 13–4) Patients with 
a tonic pupil often discover that they have a unilateral, par-
tially dilated pupil while looking in the mirror, or a friend 
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Table 13–4 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 at near response 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

occasionally patients will complain of a cramping sensation 
in the affected eye resulting from ciliary body spasm.

Characteristically the pupil is initially large, exhibits light-
near dissociation (Fig. 13–13), and redilates slowly after con-
striction (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” accommodation). Corneal 
sensation may be depressed. On a slit-lamp examination, the 
pupil may be irregular, with sectoral paralysis (immobility 
of parts of the pupil during light stimulation),44 vermiform 
movements, and loss of pupillary ruff (the normal border  
of the pupil).45 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.46

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 
toward them. Accommodation paresis accounts for the  
difficulty with near vision, and the photophobia results  
from the poor pupillary constriction to light. The light-near 
dissociation can be explained by the 30 : 1 ratio of accom-
modative fibers arising from the ciliary ganglion relative  
to those responsible for pupillary constriction.46 Hence 
damage to the ciliary ganglion or short ciliary nerves would 
have a greater chance of disabling pupillary constriction to 
light than disrupting miosis associated with accommoda-
tion. Furthermore, as neuronal cell bodies in the ciliary  

A B

C

Figure 13–13. Idiopathic right tonic pupil. The right pupil is mid-position 
and larger than the left (A), poorly reactive to light, but reactive to near 
stimulus (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. (From Liu GT. Disorders of the 
eyes and eyelids: Disorders of the pupil. In Samuels MA, Feske S (eds): The 
Office Practice of Neurology, p 65. New York, Churchill Livingstone, 1996, 
with permission.)

notices the pupillary inequality. Affected individuals are 
usually otherwise healthy and more commonly female. They 
may be symptomatic with photophobia or difficulty reading 
with that eye. In general, the disorder is painless although 
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A B

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) scan (TR = 600, TE 
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 scan (TR = 700, TE = 15) reveals the mass (white 
arrow) in the inferolateral 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.)

ganglion sprout new axons following injury, postganglionic 
accommodative fibers may mistakenly reinnervate the iris 
sphincter. This misdirection results in excess pupillary con-
striction during accommodation.

Etiology. The causes of tonic pupils fall into three major 
groups:

1. Adie (or Holmes Adie) syndrome, which is a symptom 
complex consisting of tonic pupil(s) and absent deep 
tendon reflexes.47 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. This is the most common cause of a 
tonic pupil.

2. Local ocular processes that affect the ciliary ganglion or 
short ciliary nerves, such as eye or orbital trauma, 
sarcoidosis,48 or viral illnesses (e.g., varicella), or 
ischemia (e.g., giant cell arteritis,49,50 other vasculitides51 
or strabismus surgery). Orbital tumors have also been 
reported in association with tonic pupils (Fig. 13–
14).52,53 Panretinal photocoagulation (laser) in patients 
with proliferative diabetic retinopathy may damage the 
ciliary nerves underlying the retina.54 The resultant 
pupil is typically irregularly shaped and poorly reactive 
to light (Fig. 13–15). Other 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,46,55 Lambert–Eaton 
myasthenic syndrome,56,57 and paraneoplastic anti-Hu 

Figure 13–15. Irregularly shaped pupil in a diabetic patient who had 
undergone panretinal photocoagulation and whose diabetes was 
complicated by peripheral and autonomic neuropathy.

syndrome.58,59 Two patients with congenital 
neuroblastoma, Hirschsprung disease, and  
central hypoventilation syndrome have also been 
described.60

Ross and harlequin syndromes are two rare focal dysau-
tonomias frequently associated with pupillary abnormali-
ties. Ross syndrome is characterized by the triad of tonic 
pupil, hyporeflexia, and segmental anhidrosis. It is probably 
related to injury to sympathetic and parasympathetic gan-
glion cells or their postganglionic projections61,62 and rarely 
can be associated with Horner syndrome.63 In contrast, har-
lequin syndrome, in which only half the face flushes or 
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sweats,64 is more frequently characterized by either normal 
pupils or oculosympathetic paresis. However, in some 
instances tonic pupils and areflexia can occur.65

Pharmacologic testing. Because of iris sphincter denerva-
tion cholinergic hypersensitivity, chronically tonic pupils 
will constrict following administration of dilute (0.125%) 
pilocarpine (see Fig. 13–13).66 Pilocarpine is a cholinergic 
substance 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 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.67

Some caution is also necessary in interpreting the dilute 
pilocarpine test since some patients with preganglionic para-
sympathetic dysfunction (see above) will also respond to 
dilute pilocarpine.41

Management. The presence or absence of deep tendon 
reflexes should be noted. The ocular motility and orhital 
exam should be done carefully to exclude any evidence of a 
third nerve palsy or orhital tumor.

Since tonic pupils may be a manifestation of neurosyphi-
lis, 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.68 In the 
elderly patient with a new onset tonic pupil we would 
suggest obtaining 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 
accommodative insufficiency, for instance. Rarely, some 
patients find the anisocoria bothersome cosmetically, and 
these individuals might find pupil-forming contact lenses or 
dilute pilocarpine helpful. Dilute pilocarpine may also aid 
accommodation, and in addition may relieve photophobia. 
However, some patients find the induced pupillary miosis 
intolerably painful.

Pharmacologically dilated pupils
Pupils dilated surreptitiously or as part of an ophthalmic 
evaluation with anticholinergic agents such as atropine, 
tropicamide, or cyclopentolate or sympathomimetic agents 
such as phenylephrine or neosynephrine, are generally large 
(>7–8 mm) and unreactive to light or near stimulation.69 
Pharmacologically dilated pupils can also occur accidentally 
in an individual who has contact with atropine-like drugs, a 
scopolamine patch, ipratropium,70 or plants such as jimson 
weed (“corn picker’s pupil”), blue nightshade, or Angel’s 
Trumpet,71 who then touches his eye or if nasal vasoconstric-
tor sprays get into the eye. Other patients may consciously 
place mydriatic solutions in their eye as part of a functional 

illness (Münchausen syndrome, for example). In many cases 
the actual cause of the pharmacological dilation cannot be 
identified despite careful review of the patient’s history. 
Pupils that are overly generous and unreactive but appear 
normal on slit-lamp examination should suggest pharmaco-
logic dilation, because third nerve-related and tonic pupils 
tend to be smaller. In addition, unlike tonic pupils, pharma-
cologically dilated pupils do not react to near targets. 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 (examined 
after 30 minutes) because the postsynaptic receptors have 
been blocked.72 However, 1% pilocarpine would be effective 
in normal pupils, as well as third nerve-related mydriasis, 
tonic pupils, and other pre- and postganglionic parasympa-
thetic 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 dilated pupils 
due to traumatic iridoplegia and acute narrow-angle glau-
coma would also fail to constrict with 1% pilocarpine  
(see below).69 The 1% pilocarpine test should also be 
interpreted carefully if it is performed near the termination 
of pharmacologic blockade, since the affected pupil may 
constrict.

Neuromuscular junction blockade
Patients with botulism, who have defective release of acetyl-
choline, 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.73,74 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 pupillary 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, or 
compression of the ciliary nerves or ganglion by blunt 
trauma or a retrobulbar hemorrhage.

2. Angle-closure glaucoma. This disorder, an ophthalmic 
emergency, should be considered when the pupil is 
mid-dilated 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 mm Hg), 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 
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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, poorly reactive (see Fig. 13–6A) or 
demonstrate 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. Two children with congenital mydriasis 
in association with patent ductus arteriosus have been 
reported,75 and we have also seen such a case. The 
cause is unknown.

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 popula-
tion,76,77 and is characterized by normal pupillary constric-
tion and dilation as well as little change in the net amount 
of anisocoria under light and dark conditions.1 The pupillary 
inequality in some cases may be larger in the dark (see 
below).78 Also, the difference is rarely more than 1 mm.79 
Often the simple anisocoria will be evident on old photo-
graphs 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 condition80 (also see idio-
pathic alternating anisocoria, below). The cause of simple 
anisocoria is thought to be asymmetric supranuclear inhibi-
tion of the Edinger–Westphal nuclei.78

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 pupillary light reactions and measurements of the 
anisocoria in light and dark.79 If the pupillary inequality is 

Video 13.2

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 pharmacologic blockade or iris damage. 
These pupillary abnormalities are discussed above in the 
sections on pupils with defective reactions to light, and  
the differential diagnosis includes those entities listed in 
Table 13–3.

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 
mechanical limitations of the iris.81

Figure 13–17 outlines an algorithm for evaluating aniso-
coria when only one pupil is abnormal.

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. 13–18),82 is the most important neuro-
ophthalmic cause of a small pupil that dilates poorly in the 
dark. Table 13–5 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 oculo-
sympathetic 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 syn-
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Figure 13–16. Physiologic anisocoria. The amount of pupillary inequality 
is roughly the same in (A) bright light, (B) in ambient light, and (C) in the 
dark.

Table 13–5 Differential diagnosis of a small pupil that 
dilates poorly

Oculosympathetic paresis (Horner syndrome)

Iritis

Pharmacologic miosis

Tonic pupil (chronic)

Argyll Robertson pupil
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The small pupil

Pupil normoreactive;
anisocoria greater

in the dark

Check for dilation lag
Ptosis?

10% cocaine or
1% apraclonidine   

Negative Positive

Hyroxyamphetamine
not available

or

Localize
clinically

Brain MRI for cavernous sinus lesion
Neck MRI and MRI-A
for carotid dissection

Preganglionic
or central Postganglionic

Anisocoria
decreases

Anisocoria
increases

Psychologic
anisocoria

Horner
syndrome

Wait 24 hours

Hyroxyamphetamine
test

Examine light reaction

Anisocoria greater
in light or dark?

Pupil sluggish;
anisocoria greater

in the light

Normal
ocular motility

Abormal
ocular motility

Slit lamp
exam

Third nerve
palsy

Segmental
constriction

Abnormal
iris structure

Pilocarpine
(0.125%)

Iris
damage

Pupil constricts No constriction

Pupil constricts No constriction

Tonic or
postganglionic

lesion

Pilocarpine
(1.0%)

Third nerve
palsy or

acute tonic

Pharmacologic
blockade

Anisocoria The dilated pupil

Chest CT or MRI for lung apex lesion
Neck MRI for mass

Brain MRI for CNS lesion

or

Figure 13–17. A diagnostic approach to anisocoria. The chart guides the workup of an abnormal pupil and assumes the other pupil is normal. See text for 
details, particularly “Management of Horner Syndrome” for issues regarding hydroxyamphetamine testing. (Adapted from Galetta SL, Liu GT, Volpe NJ. 
Neuro-ophthalmology. In: Evans R (ed): Diagnostic Testing in Neurology, Neurol Clinics, Vol. 14, 1996, p 212, with permission. Adapted from Thompson HS, 
Pilley SF: Unequal pupils: a flow chart for sorting out the anisocorias. Surv Ophthalmol 1976;21:45, with permission.)

A B

Figure 13–18. 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 checked 
45 minutes later, the normal right pupil dilated and the left did not, and the difference in sizes was greater than 1 mm, confirming oculosympathetic paresis 
on the left. (From Liu GT. Disorders of the eyes and eyelids: Disorders of the pupil. In Samuels MA, Feske S (eds): The Office Practice of Neurology, p 67.  
New York, Churchill Livingstone, 1996, with permission.)

drome, affecting appearance but not visual function, some-
times belies the seriousness of the underlying etiology. The 
causes and management will be discussed according to 
which neuron has been affected, and the management of 
Horner syndrome in childhood also will be 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 13–19. Iris heterochromia in idiopathic congenital Horner 
syndrome. 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 13–20. 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 13–6 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

Greater than 1 mm of relative anisocoria following instillation of 
10% cocaine eye drops into both eyes

In postganglionic lesions, increase in the relative anisocoria by at 
least 1 mm following instillation of 1% hydroxyamphetamine 
drops into both eyes

anisocoria increases in the dark or if dilation lag of the 
miotic pupil is observed (Table 13–6). 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.83 Typically, measurements of pupil 
size are made at 5 and 15 seconds to document this dila-
tion disparity in darkness, and there is usually more ani-
socoria at the earlier measurement. However, the absence 
of dilation lag does not exclude Horner syndrome.84 The 
pupil in Horner syndrome reacts normally to light and near 
stimuli.

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 symp-
toms. However, disruption in sympathetic input to the eye 
may produce several other ocular signs. There may be con-
junctival congestion or transient ocular hypotony. Because 
iris melanocytes require oculosympathetic input during 
development in early infancy, congenital Horner syndromes 
can be associated with an ipsilateral lighter colored iris (iris 
heterochromia) (Fig. 13–19).85 In rare instances, heterochro-
mia may also result from acquired instances of Horner syn-
drome (Fig. 13–18).86 Also, neurotrophic corneal endothelial 
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failure has been reported in association with Horner 
syndrome.87

Theoretically, lesions of the third-order neuron distal to 
the carotid bifurcation result in loss of sweating or flushing 
on 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 flushing  
in the whole half of the face (Fig. 13–20).88,89 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. If desired, the exact pattern of sweating may be 
outlined with alizarin powder, which turns dark purple 
when it comes in contact with perspiration.62

Etiology and localization of  
Horner syndrome
Table 13–7 outlines the differential diagnosis of Horner syn-
drome according to localization and frequency. The various 
causes have been analyzed in large series, and the most 
common localization varies, most likely due to selection 
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Table 13–7 Causes of oculosympathetic paresis (Horner syndrome) 
according to affected neuron and frequency

Common Uncommon

First-order 
(central) neuron

Lateral medullary 
stroke

Hypothalmic, 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

referred to is the superior cervical ganglion, thus “pregangli-
onic” refers to the second-order neuron, “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. Brain stem or spinal cord signs 
suggest involvement of the first-order neuron. Arm pain, or 
a history of neck or shoulder trauma, surgery, or catheteriza-
tion point to injury of the second-order neuron. Horner 
syndrome accompanied by ipsilateral facial pain or head-
ache is characteristic 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 Posner94 
showed that when there is a lesion of the first-order oculo-
sympathetic 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 hypotha-
lamus, brain stem, 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. 13–21). Less commonly, a Horner 
syndrome is the result of hypothalamic infarction,95,96 occa-
sionally combined with contralateral ataxic hemiparesis.97 

bias. In a study of inpatients with acquired oculosympathetic 
palsy,90 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,91,92 while the third-order 
neuron (post-ganglionic) was most frequent in another, 
reflecting the authors’ interest in headaches.93 The ganglion 

A B

Figure 13–21. A. Right Horner syndrome due to T-cell lymphoma involving the right thalamus and hypothalamus. B. Ring-enhancement (arrow) and 
edema are seen on the axial CT scan.
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A B
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Figure 13–22. 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 hypertropia is worse in rightward gaze (B) than in leftward gaze (C). 
(Photos courtesy of Lawrence Gray, O.D.)

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 thalam-
operforating 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.95,96 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 contral-
ateral 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. 13–22).98 In a large 
series of isolated pontine infarcts,99 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 uni- or bilateral pinpoint 
pupils.

Wallenberg syndrome. The most common central cause of 
a Horner syndrome is a lateral medullary stroke (Wallenberg 

syndrome), due to either the infarction in lateral medullary 
(Fig. 13–23) or posterior inferior cerebellar artery (PICA) 
distributions. Horner syndrome, ipsilateral to the lesion, 
occurs in at least three-quarters of cases.100,101 Ocular motor 
abnormalities are very frequent and are reviewed in detail in 
other chapters. These include skew deviation (Chapter 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 ambig-
uus.102 Not infrequently the infarct extends rostrally into the 
lower pons, producing abducens and facial weakness, due to 
involvement of the sixth and seventh cranial nerves, respec-
tively. Motor and tongue weakness and corticospinal tract 
signs are uncommon and would reflect medial medullary 
involvement.

Typically in patients with Wallenberg syndrome, MRI 
reveals a wedge-shaped defect in the lateral medulla  
(Fig. 13–23), and in a minority of cases (approximately 
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Figure 13–23. Wallenberg stroke. Axial T2-weighted MRI scan 
demonstrating a lateral medullary infarction (arrow) on the right. The patient 
had an ipsilateral Horner syndrome, skew deviation, lateropulsion to the 
right, left-beating nystagmus in left gaze, right face hypesthesia, and 
diminished pain and temperature sensation on the left side of the body. 
(From Galetta SL, et al. Cyclodeviation in skew deviation. Am J Ophthalmol 
1994;118:509–514, with permission from Elsevier Science.)

with Pancoast syndrome may exhibit ipsilateral facial flush-
ing and hyperhydrosis of the face before developing Horner 
syndrome.110

Iatrogenic causes of second-order Horner syndrome 
include radical neck dissection, lung or mediastinal 
surgery,111 coronary artery bypass surgery,112,113 chest tube 
placement,111,114–116 internal jugular,117 Swan–Ganz,118 or 
central venous catheterization,119,120 and lumbar epidural 
anesthesia.121

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 
headache, and this combination has been loosely termed 
Raeder’s paratrigeminal syndrome or neuralgia.122 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 consid-
ered in the setting of Horner syndrome associated with ipsi-
lateral headache or pain, carotidynia, and dysgeusia, as well 
as signs and symptoms consistent with ipsilateral ocular or 
cerebral ischemia.123–126 Dissection of the carotid artery 
results when intraluminal blood enters the arterial wall and 
separates its component layers.127 Accumulation of blood in 
the resulting dissecting aneurysm may compromise the true 
arterial lumen (Fig. 13–25). Ischemic symptoms result either 
from carotid stenosis or from embolism of thrombotic frag-
ments; the latter is probably more common.128 About 5–10% 
of cases are bilateral,129 and dissection is the cause of at least 

20%) there is also a cerebellar infarction in the distal PICA  
territory.100 Most cases result from occlusion of the intracra-
nial vertebral artery or one of its branches due to local 
atheromatous disease.103,104 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 ciliospi-
nal center of Budge at C8 through T2 can cause a Horner 
syndrome ipsilateral to the lesion (Figs. 13–18). The most 
common causes are syringomyelia105,106 and trauma to the 
cord, but other recognized causes include myelitis, tumors, 
multiple sclerosis, and infarction.107 Quadra- or paraparesis, 
a sensory level, bladder and bowel difficulty, hyperreflexia, 
and extensory 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 tempera-
ture sense loss.108 In cases with cervical injury associated with 
a cyst, very rarely the Horner syndrome may alternate when 
the patient turns from side to side107 (see also oculosympa-
thetic spasm, below).

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.92 emphasized the association of Horner syndrome and 
ipsilateral arm pain as a presentation of a tumor in the supe-
rior pulmonary sulcus (Pancoast syndrome109) (Fig. 13–24). 
Owing to irritation of the sympathetic chain, some patients 

A

B

Figure 13–24. 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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Figure 13–25. Dissection depicted in lateral (left) and cross-
sectional (right) schematic 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 13–8 Neuro-ophthalmic complications of carotid dissection, 
according to frequency127

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

5% of cerebral ischemic episodes in young adults.130 Cases 
in children are uncommon but have been reported.131

Arterial dissections may be spontaneous or secondary to 
minor trauma such as chiropractic manipulation.132–134 Pro-
longed periods of neck extension during cycling,135 or paint-
ing a ceiling136 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.137 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.129,138 Other pre-
disposing conditions include collagen disorders such as 
Marfan syndrome or Ehlers–Danlos syndrome.139

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.

The neuro-ophthalmic manifestations of carotid dissec-
tion are listed in Table 13–8.127,140–149 Of these, Horner syn-
drome is most common, occurring in approximately 50% of 

patients.125,129,138 In some instances Horner syndrome with 
ipsilateral headache is the only manifestation.123,150 Cranial 
nerve palsies are not uncommon, and in one large series146 
occurred in 12% of patients. Lower cranial nerve (IX through 
XII) involvement can be explained by the geographic prox-
imity of these structures to the carotid artery in the neck (see 
Fig 13–29). For example, tongue weakness and dysgeusia 
may result from ischemia, stretching, or compression of the 
hypoglossal nerve (XII) and chorda tympani, respec-
tively.151,152 On the other hand, ocular motor (III, IV, and 
VI)145,153 and trigeminal (V)154 nerve palsies are likely 
ischemic due to emboli into nutrient vessels.146 Some authors 
have attributed cases of ischemic optic neuropathy155 and 
other cranial neuropathies156 associated with carotid dissec-
tion to a low-flow state. This mechanism, however, seems 
less likely in the absence of concomitant cerebral hemi-
spheric signs.

Conventional (Fig. 13–26B) or MRI angiogram (Fig. 13–
27) 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.129 The most common finding is a long narrow 
irregular lumen (“string sign”157), but other patterns are 
highlighted in Figure 13–28. 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. 
13–26B).158 CT angiography and Doppler ultrasound can 
also detect the arterial dissection. However, both are inferior 
to MRI-a combined with MRI,159 which can show both the 
dissection and the mural hematoma, often making conven-
tional angiography unnecessary.160 Spontaneous intracranial 
dissection of the supraclinoid ICA has been reported,161 but 
Horner syndrome is not typically one of the associated 
features.

Management options for carotid dissection include anti-
coagulation with heparin, antiplatelet agents, superficial 
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Figure 13–26. 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 MRI (TR = 2700, TE = 17) 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).

Figure 13–27. MRI angiogram of the neck in a patient with Horner 
syndrome due to carotid dissection. There is no flow in the internal carotid 
artery distal to the occlusion (asterisk). For comparison, see normal MRI 
angiogram of neck in Fig. 10–5.
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Figure 13–28. Diagrams of angiographic profiles in carotid dissection. 
(From Fisher CM, Ojemann RG, Robinson GH. Spontaneous dissection of 
cervico-cerebral arteries. Can J Neurol Sci 1978;5:9–19, with permission.)

temporal artery to middle cerebral artery anastomosis, direct 
exploration of the dissected internal carotid artery, carotid 
stenting, and observation.125,138,162,163 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.129,164 In individuals in whom long-term antico-
agulation is contraindicated, heparin therapy can be fol-
lowed by an antiplatelet agent such as aspirin. In otherwise 
asymptomatic patients whose dissection is several weeks old, 
aspirin alone can be given. However, the effectiveness of 
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and from the ascending pharyngeal and superior thyroid 
arteries, both of which arise from the external carotid artery. 
The sympathetic 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 contralaterally, 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 above). Further details regarding thrombotic 
carotid disease are discussed 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 adja-
cent to the peritonsillar area (Fig. 13–29).172 In an adult, the 
superior cervical ganglion, which is often 2–3 cm longitudi-
nally, lies approximately 30–40 degrees lateral and only 
1.5 cm behind the palatine tonsil.173 At this level the internal 
carotid artery, surrounded by the sympathetic plexus, is situ-
ated immediately lateral to the superior cervical ganglion 
(Fig. 13–29). Other neighboring structures include the inter-

these medical therapies has not been established in any 
randomized clinical trials.165 In fact, we have had several 
patients with acute symptomatic carotid dissections, treated 
successfully with aspirin alone. In general, surgical and 
endovascular options are risky and probably unneces-
sary.125,166 Acute hemispheric strokes related to dissection 
can be treated with tissue plasminogen activator (t-PA).164

Mokri et al.138 found excellent or complete clinical recov-
ery in 85% of their patients, regardless of the treatment 
modality chosen, and overall mortality is less than 5%.125 
Angiographically demonstrated stenosis also completely 
resolved or markedly 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,167 and the risk of recurrent stroke is also 
extremely low.166,168

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.169–171 The superior cervical ganglion derives 
its blood supply from small branches of the carotid artery 
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Figure 13–29. A. Horner syndrome, characterized by right upper eyelid ptosis, lower lid inverse ptosis (lower lid elevated), and miosis, due to intraoral 
trauma. B. After two drops of 1% hydroxyamphetamine in each eye, the right pupil dilates relatively more than the left, implying a preganglionic 
oculosympathetic lesion. C. View of the oral cavity. The arrow points to the area where a stick punctured this boy’s right peritonsillar soft palate after he 
slipped on the ice. D. Vascular and nervous structures posterior and lateral to the palatine tonsil (axial view). a, Artery; CN, cranial nerve; ICA, internal carotid 
artery; v, vein. (From Liu GT, Deskin RW, Bienfang DC. Horner’s syndrome due to intraoral trauma. J Clin Neuro-ophthalmol 1992;12:110–115, with permission.)
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nal jugular vein, external carotid artery, and the glossopha-
ryngeal (IX), vagus (X), and hypoglossal (XII) nerves. 
Alternatively, trauma to the internal carotid artery with 
intimal disruption could subsequently lead to thrombus for-
mation or dissection, then sympathetic plexus ischemia. 
Accidental injury usually results from penetration by 
pencils,174 sticks, or other sharp objects.175 Iatrogenic causes 
include tonsillectomy176 or other intraoral surgery, and peri-
tonsillar anesthesia.177,178 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.179–181 The Horner syndrome may be intermittent or 
chronic.182 Imaging should be performed to exclude mimick-
ers such as carotid dissection.183 More details regarding the 
clinical features, pathophysiology, and treatment of this dis-
order 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 vasorium. Horner syndrome can also 
occur in the setting of giant cell arteritis.184,185

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.186,187 Alternating anisocoria in light 
and dark is unique to this localization.188 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.189

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 syndrome, and visual loss due to optic nerve 
involvement.190 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 
underlying systemic disorders would include diabetes191 and 
amyloidosis, for instance. Oculosympathetic autonomic 
neuropathy may be a feature of Ross62 or harlequin65,192 
syndromes (see above), hereditary sensory and autonomic 
neuropathy (HSAN) type II, Anderson–Fabry disease, famil-
ial dysautonomia, multiple-system atrophy, pure autonomic 
failure, and dopamine-beta-hydroxylase deficiency.193

Others. Neck masses and trauma may also affect the 
postganglionic sympathetic fibers. Horner syndrome in  
association with middle ear infection has also been 
reported.194

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 neu-
roblastoma. While birth trauma should always be consid-
ered, this is a relatively uncommon cause of Horner 
syndrome in an infant. Iris heterochromia, although an 
excellent sign of congenital oculosympathetic paresis,85 is 
not always present. In many cases of Horner syndrome in 
infants, no cause can be found despite extensive history 
taking and investigation.195,196 Weinstein et al.197 speculated 
that these idiopathic cases might result from a congenital 
malformation or vascular insult of the superior cervical gan-
glion or some other structure in the oculosympathetic 
pathway. Spontaneous regression of a congenital neuroblas-
toma is another possibility in idiopathic cases.196 Like 
others,198–200 we have found idiopathic cases to be the most 
common group in childhood (Table 13–9).196 Congenital 
malformations of the carotid artery may also be 
responsible.201,202

Neuroblastoma. Horner syndrome was found in 3.5% of 
neuroblastomas in one large series.203 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. 13–30), 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.204,205 In 
some instances, they may grow large enough to present as a 
visible neck mass.206 There have been rare cases with Horner 
syndrome associated with neuroblastomas arising from the 
adrenal glands and in the lower thoracic sympathetic 
chain.207 How distant tumors affect the oculosympathetic 
pathway is uncertain, but a more generalized disorder of 
sympathetic neuronal maturation has been proposed.207,208 
Alternatively, a small cervical metastasis may have been 
missed without MRI. A more differentiated, benign form of 
the tumor, termed ganglioneuroma208 or ganglioneuroblast-
oma,209 may also be associated with Horner syndrome when 
it occurs in the neck and upper thorax.

The adrenal glands are the most common location, being 
the site of tumor in about one-half of cases.210 Approxi-
mately one-quarter of neuroblastomas present in the cervical 
region or mediastinum, and these tumors may have a better 
prognosis.211 Thus Musarella et al.203 found patients with 
neuroblastoma associated with Horner syndrome to have an 
excellent survival rate of 78.6% at 3 years, due to the pre-
dominance 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 chemo- or radiation therapy.212 The treatment and 
prognosis of neuroblastoma is discussed in more detail in 
the discussion of opsoclonus/myoclonus in Chapter 17.
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Table 13–9 Horner syndrome in childhood: differential diagnosis according to location, cause, and frequency as seen in various series

Series

Localization Cause
Cleveland 
(1976)215

lowa 
(1980)197

Toronto 
(1988)198

USCF 
(1998)200

Toronto/
Hopkins 
(1998)199

Philadelphia 
CHOP 
(2006)196

Idiopathic 4 (36%) 4 (40%) 16 (70%) 31 (42%) 21 (36%)

First-order 
(central) neuron

Neoplasm involving: 
hypothalmus brain 
stem, 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,215 the presenting age was 10 years or younger. The Iowa197 and University of California, San Francisco (UCSF), series200 included only those 
patients with onset of Horner syndrome in the first year of life, while in the Toronto (1988) series,198 all patients were 8 years of age or less. The Philadelphia series196 
consists of all cases in patients less than 18 years of age seen by one of us (GTL) at the Children’s Hospital of Philadelphia (CHOP) from July 1993 through July 2005. 
The Toronto/Hopkins series,199 which was also made up of patients less 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.
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Figure 13–30. A. Right Horner syndrome in an infant due to a neuroblastoma (B) (arrow) of the lung apex demonstrated in a coronal gadolinium-enhanced 
chest magnetic resonance image.

Figure 13–31. Infant with birth-related right brachial plexus injury resulting 
in right Horner syndrome and right arm weakness.

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).213 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,214 and in some instances 
Horner syndrome in the setting of more diffuse brachial 
plexus injury is seen (Fig. 13–31). Traction on the carotid 
plexus during difficult forceps delivery is another  

birth-related injury that may cause Horner syndrome.197 
Importantly, a history of birth trauma does not preclude  
the possibility of an underlying neoplasm such as 
neuroblastoma.196

Acquired Horner syndrome in childhood. The differential 
diagnosis of acquired causes of Horner syndrome in children 
is different than that in adults (Table 13–9).196,215 Brain stem 
infarction, spontaneous carotid dissection, pulmonary 
tumors, and cluster headache are much less frequent in this 
age group. A child with Horner syndrome following implan-
tation of a vagus nerve stimulator has been reported.216

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 accompanying 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 syndrome217), may require pharmaco-
logic 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 intact-
ness of each neuron in the oculosympathetic pathway. 
Normally, cocaine will dilate the pupil and widen the palpe-
bral fissure, and the pupillary dilation is more pronounced 
in individuals with light irises than in those with dark ones. 
However, interruption 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 
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Figure 13–32. 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 suprasensitive, upregulated receptors.

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 rela-
tively 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 nor-
mally (see Fig. 13–18). Kardon and colleagues218 and Van 
der Wiel and Van Gijn219 suggest the most accurate way to 
interpret the cocaine test is to measure the postcocaine ani-
socoria. 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 posi-
tive 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.220

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.221 Apraclonidine is commer-
cially and widely available. After topical administration of 
1% or 0.5% apraclonidine eye drops, the smaller Horner 
pupil will dilate, but a normal pupil will not (reversal of 
anisocoria) (Fig. 13–32).222–224 The test’s effectiveness requires 
the Horner syndrome to have been present long enough for 
receptor upregulation to have occurred.225 False negatives 
can occur if the test is administered in acute Horner syn-
drome or even in long-standing cases if strict adherence to 
“reversal of anisocoria” as an endpoint is employed.226 As 
cocaine is a controlled substance, has strict regulations 
regarding locked storage, and is becoming more difficult to 
acquire, apraclonidine’s popularity will likely increase. 
However, at this time cocaine testing in Horner syndrome is 
still the gold standard, and more experience with apracloni-
dine is needed before cocaine is replaced (particularly in 
children, see below).227

Hydroxyamphetamine localization. Because many postgan-
glionic Horner syndromes tend to be benign, while pregan-
glionic (first and second order) Horner syndromes may 
reflect an underlying neoplasm, the distinction between  
pre- and postganglionic lesions may have important  
management implications. If the cocaine test indicates ocu-
losympathetic paresis, 24–48 hours later 1% hydroxyam-

phetamine drops can be applied topically to both eyes to aid 
in localization. Drop administration is repeated after 1 
minute, and the pupillary sizes 45 minutes later are com-
pared with baseline measurements. Hydroxyamphetamine 
enhances the release of presynaptic norepinephrine, and this 
property depends only on the intactness of the third-order 
neuron.228 In normal individuals, hydroxyamphetamine 
produces a symmetric 2-mm mean increase in the size of 
pupils,229 and the drug dilates lighter irises faster and more 
effectively than dark ones.230 Hydroxyamphetamine also 
normally widens the palpebral fissure.

As a rule, in first or second-order Horner syndrome, both 
pupils will also dilate with hydroxyamphetamine, and 
sometimes the involved pupil actually dilates more than the 
normal one (see Fig. 13–29A,B).231 In contrast, in third-
order sympathetic interruption, the involved pupil theoreti-
cally should not dilate. However, in order to establish a 
Horner syndrome as third order, in practice it is probably 
more helpful to determine if the relative anisocoria increases 
by more than 1 mm following administration of hydroxyam-
phetamine.231,232 Unfortunately, the hydroxyamphetamine 
test is imperfect, as evidenced by the false-negative and posi-
tive results seen in several studies.92,231,232

Management of Horner syndrome
The diagnosis of Horner syndrome is usually a clinical one 
based upon examination findings, with cocaine used only to 
confirm equivocal cases. Hydroxyamphetamine is becoming 
more difficult to acquire because of decreasing commercial 
availability. This, coupled with the high false-negative and 
positive rate of the hydroxyamphetamine test, will encour-
age clinicians in most instances to localize the Horner syn-
drome and make management decisions clinically, based 
upon clues in the history or examination (Fig. 13–17). 
Imaging of some type typically will be pursued next, and the 
localization and clinical setting will dictate the modality and 
region to be evaluated.233,234

In adults with Horner syndrome, there are two situations 
that mandate radiologic investigation regardless of clinical 
or pharmacologic localization (because neither is perfect). 
First, in any middle-aged or elderly patient, especially  
one with a history of smoking, with an isolated, unex-
plained Horner syndrome, chest CT or MRI should be  
performed to rule out an apical lung tumor. Second, Horner 
syndrome accompanied by ipsilateral headache or eye pain, 
with or without ipsilateral cerebral or ocular ischemic  
symptoms, requires MRI and MRA of the neck to exclude 
a carotid dissection or thrombosis. Axial T1-weighted MR 
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Figure 13–33. Pupils in comatose patients. (From Plum F, Posner JB. Pupils: 
In: The Diagnosis of Stupor and Coma, 3rd edition, p 46. New York, Oxford 
University Press, 1980, with permission.)

images through the neck are especially important in this 
setting.

Other situations can be governed by suspected 
localization:

1. First-order neuron. If the process is thought to be first 
order because of the presence of cerebral, posterior 
fossa, or spinal cord signs, then the neurologic findings 
should guide the investigation. For instance, 
accompanying hemianesthesia or ataxia mandate brain 
MRI to exclude a brain stem lesion. On the other hand, 
a sensory level or paraparesis accompanying a Horner 
syndrome should be evaluated with spine MRI.

2. Second-order neuron. If a presumed preganglionic 
Horner syndrome is isolated or associated with brachial 
plexopathy, screening chest roentgenography or chest 
CT or MRI with attention to the lung apex and neck is 
indicated.

3. Third-order neuron. If the lesion can be localized to the 
postganglionic neuron, in addition to an MRI and MRA 
of the neck to exclude a carotid dissection or 
thrombosis, we recommend an MRI of the brain to 
exclude a cavernous sinus lesion. The additional 
presence of a third, fourth, or sixth nerve palsy or 
trigeminal neuropathy ipsilateral to the Horner 
syndrome would be highly suggestive of such a 
localization. However, the evaluation of postganglionic 
Horner syndromes is often unrevealing as many have a 
benign cause (e.g., small vessel vasculopathy). Because 
of the proximity between sympathetic and vascular 
structures in the lateral and parapharyngeal space, 
Horner syndrome in the setting of intraoral trauma 
should also prompt evaluation of the neck and internal 
carotid artery.

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 and axillary regions 
should be palpated for masses or lymphadenopathy. To 
decide upon further management, cocaine 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 respon-
sible mass lesions.196 Even children with a history of birth 
trauma or those with Horners at birth (“congenital”) should 
be evaluated, as these patients may still harbor an underlying 
neoplasm.235,236 MRI with and without gadolinium of the 
head, neck, and upper chest, as well as urinary catecho-
lamine metabolite screening (vanillylmandelic acid (VMA) 
and homovanillic acid (HVA)) is one recommended proto-
col.196 Only “spot” urine samples, rather than large collec-
tions, are needed. In one study of children with Horner 
syndrome of unknown etiology,196 responsible mass lesions, 
such as neuroblastoma, Ewing sarcoma, and juvenile xan-
thogranuloma, 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.196 

Although excess production 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 Children with cocaine-confirmed oculosym-
pathetic paresis with no obvious cause and normal imaging 
and urine testing are given the diagnosis of idiopathic 
Horner syndrome.

Testing with apraclonidine has been suggested in chil-
dren with Horner syndrome,239,240 but reports of drowsiness 
and unresponsiveness in infants tested with this agent,241 
and in those treated for glaucoma with the similar drug 
brimonidine,242 have discouraged us from using it in this 
population. In our experience dry eye and mild irritability 
are the only side effects from the use of cocaine eye drops 
in children.

Caution also should be applied when hydroxyampheta-
mine is used in children with Horner syndrome. The normal 
development of the third-order oculosympathetic neuron 
and its synaptic connections depends on the integrity of the 
first and second neuron. In congenital preganglionic lesions, 
therefore, it is possible that hydroxyamphetamine will com-
pletely or partially fail to dilate the involved pupil because 
of transsynaptic degeneration of postganglionic fibers.197

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. 13–33). 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, below).243
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As stated above, 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 midbrain dysfunction and dilated  
pupils. Initially in brain death, the pupils can be midposi-
tion or dilated and unreactive to light. With more time  
after death, however, all pupils become midposition,  
reflecting the equal parasympathetic and sympathetic 
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.244 Further clinical 
progression may be monitored by examining the opposite 
pupil, which initially may be midposition with a depressed 
light reaction, then slightly miotic, and finally dilated.245 
Transiently the pupils may acquire an oval shape.246 Uncom-
monly in transtentorial herniation, the opposite pupil is 
paradoxically the first to dilate.247

In metabolic encephalopathies, the pupils may be small 
but remain reactive to light until midbrain dysfunction 
ensues. In hepatic encephalopathy, for example, oculo-
cephalic eye movements and pupillary reactivity are normal 
despite severe alteration in consciousness. However, in stage 
IV hepatic encephalopathy, cerebral edema and downward 
herniation can cause coma, fixed and dilated pupils, and 
ophthalmoplegia.248,249

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.243

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 
mydriasis, with normal vision and pupillary reactivity to 
light, may occasionally accompany migraine headaches  
(Fig. 13–34).250 Eyelid or motility disturbances, which might 
otherwise suggest ophthalmoplegic migraine, are absent. 
The dilated pupil is due either to parasympathetic insuffi-
ciency of the iris sphincter or sympathetic hyperactivity of 

Figure 13–34. 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.

the iris dilator.251 In unusual cases, the mydriasis can have 
the clinical and pharmacologic characteristics of a tonic 
pupil,252,253 or be tadpole shaped (see below).254

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 correla-
tion with the side of miotic pupil and of the headache.255,256 
Oculosympathetic defects were suggested by observations 
that migraineurs had smaller pupils than controls,257 that 
their pupils exhibit dilation lag,255 an inability to dilate after 
instillation of cocaine255 or tyramine eye drops,258 and den-
ervation hypersensitivity.258 Drummond255 hypothesized 
that vasodilation or swelling of the arterial wall in the  
carotid canal could lead to minor oculosympathetic  
deficits in patients with frequent or severe migraine attacks. 
Slower velocities and lower amplitudes of constriction, 
implying parasympathetic dysfunction, have also been 
demonstrated.256,257

The neuro-ophthalmic complications of migraine are dis-
cussed in more detail in Chapters 11 and 19.

Seizures
Presumably because of diffuse stimulation of the sympa-
thetic system, generalized tonic–clonic seizures may be asso-
ciated with bilateral mydriasis. Ictal unilateral mydriasis may 
be observed ipsilateral or contralateral to a cortical epileptic 
focus.259–261 Rarely, unilateral pupillary dilation (without 
other signs of third nerve palsy) may persist for a few hours 
postictally.262 Ictal miosis has also been described, both 
bilaterally and unilaterally, contralateral to the seizure 
focus.263,264 Proposed explanations implicate stimulation or 
inhibition of cortical centers with parasympathetic or sym-
pathetic connections to the eye.263,264

Other neuromuscular diseases
Pupillary abnormalities in neuromuscular junction disor-
ders have been described above in the section on unreactive 
pupils.

Guillain–Barré syndrome and the Miller Fisher variant. 
Pupillary dysfunction is purportedly uncommon in  
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Oculosympathetic spasm
Irritation of the oculosympathetic pathway may result in 
unilateral pupillary mydriasis, occasionally accompanied by 
ipsilateral facial flushing, lid retraction, and hyperhydrosis. 
Oculosympathetic spasm is typically a delayed phenomenon 
associated with chronic cervical cord lesions such as syrin-
gomyelia or infarction, and the cause is unknown.283 Cysts 
in this area may cause alternating anisocoria characterized 
by the presence of a Horner syndrome when the patient lies 
on the side of the lesion. The anisocoria reverses, presuma-
bly because of oculosympathetic spasm, when the patient 
lies on the other side.107

Cyclic oculomotor spasms
This disorder, which is also discussed in Chapter 15, is char-
acterized by a complete or partial third nerve palsy that 
alternates with lid elevation, miosis, and a downward and 
inward movement of the eye.284 Most cases are seen in con-
genital third nerve palsies, and a cause is found only 
infrequently.285

Idiopathic alternating anisocoria
In this rare condition, one pupil dilates, then several hours 
later the pupil returns to normal size, but the other pupil 
dilates.80,286 The cycle can occur several times in one day. The 
eyelids and ocular motility remain normal, and there are no 
other neurologic abnormalities. The mechanism is unclear.

Tadpole-shaped pupils
Thompson et al.254 described an unusual group of patients 
who exhibited episodic mydriasis with segmental pupillary 
distortion but intact constriction to light. This phenomenon 
occurred over minutes and was frequently accompanied by 
an ache or other abnormal sensations in the affected eye. 
The authors 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,287,288 tonic pupils, and migraine.

Spasm of the near reflex
In this condition, miosis is associated with convergence, 
accommodation, and pseudo-(induced) myopia.289 It is 
usually indicative of a functional disorder,290 but can occur 
following head trauma.291 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.292 Spasm of the 
near reflex is discussed in more detail in Chapter 15.
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Guillain–Barré syndrome, but this may reflect insufficient 
attention to the pupils in patients with this syndrome 
without ophthalmoplegia.265 Reported patients have had 
either completely unreactive266 or tonic267 pupils, and 
postganglionic parasympathetic as well as sympathetic  
disturbances were felt to be responsible.

In contrast, pupillary abnormalities occur in approxi-
mately 40%268 of patients with the Miller Fisher variant 
(ophthalmoplegia, ataxia, and areflexia). Two of Fisher’s  
first three patients had pupils that were poorly reactive to 
light.269 The abnormal pupils are most commonly either 
dilated and fixed or exhibit light-near dissociation.270–274 
Sympathetic and parasympathetic abnormalities have been 
described.270,271,274 Some patients272,273 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 reflex). This phenomenon is thought to be secondary 
to decreased inhibition of the oculomotor complex.

Paradoxic pupillary constriction in the dark
Pupillary miosis followed by slow redilation when the lights 
are turned off may suggest a retinal dystrophy such as in 
congenital stationary night blindness or congenital achro-
matopsia.275,276 The mechanism is uncertain, but a transient 
delay or “noise” in the rod bleaching signal, allowing the 
small but normal cone bleaching signal to constrict the 
pupils when the lights are turned off, has been proposed.277 
A child with paradoxic pupillary constriction, poor vision, 
nystagmus, or a family history of retinal disorders should 
undergo electroretinography.

Tournay’s pupillary phenomenon
Anisocoria induced by lateral gaze, which occurs in no more 
than 10% of the normal population, is referred to as Tour-
nay’s pupillary phenomenon.278,279 The pupil of the abducting 
eye is larger, and either that pupil has dilated or the pupil 
of the adducting eye has constricted. The mechanism is 
unclear, but an anomalous connection between the medial 
rectus subnucleus and the Edinger–Westphal nucleus may 
be responsible.280

Abduction miosis
In this rare phenomenon, the pupil constricts during ocular 
abduction. The finding may be congenital, perhaps due to 
an anastomosis between the sixth nerve and ciliary ganglion, 
or acquired following concurrent injury to the third and 
sixth nerves with aberrant regeneration of abducens fibers 
into the parasympathetic pupillary pathway.281,282 Miosis is 
also an important feature of abduction limitation associated 
with convergence spasm (see below).
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Eyelid and facial  
nerve disorders

The eyelids protect the eye and help maintain the corneal tear film. Ptosis 
(drooping), retraction (abnormal elevation), facial weakness (causing insuf-
ficient 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 will review the rele-
vant neuroanatomy, examination of the eyelids and facial nerve, and dif-
ferential diagnosis of these and other eyelid abnormalities. At the end of the 
chapter, diseases which are commonly associated with ptosis or facial weak-
ness will be discussed.

Neuroanatomy

Upper eyelid
Upper eyelid muscles and their innervations. The levator palpebrae superioris 
muscle, with minor contributions from Müller’s and the frontalis muscles, 
maintains the normal position of the upper eyelid. The aponeurosis of the 
levator muscle attaches to the anterior surface and the superior edge of 
the superior tarsal plate (Fig. 14–1). Both levator muscles are controlled 
by the central caudal nucleus (CCN) of the oculomotor nuclear complex 
(cranial nerve III) (see Chapter 15), while the frontalis is innervated by 
the facial nerve (see below). 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), while the fron-
talis receives fibers from the facial nerve. Eyelid position depends mainly 
on the resting tone of the levator muscles, which varies according to the 
patient’s state of arousal, with individuals 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 occipi-
tal 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 
ptosis, below).

Coordination with vertical eye movements. With only some minor differ-
ences in speed and conjugacy, the eyelids move with the eyes during both 
slow and rapid vertical eye movements.2 The major nonpathological excep-
tion to this occurs while the eyelids blink, at which time the levator is 
temporarily inhibited and the orbicularis oculi contracts. Recent evidence 
suggests that vertical eye movements and lid position are coordinated 
through the M-group (supraoculomotor area or supra III) in the midbrain 
(Fig. 14–2).3–5 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. 
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Figure	14–1. Drawing of sagittal section of the upper eyelid. The levator 
palpebrae superioris muscle attaches to the anterior surface and superior 
edge of the superior tarsal plate.446

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 fasciculus 
(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 n.). 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 downgaze, resulting in 
relaxation of the eyelids. The nucleus of the posterior commissure (nPC) 
may also be important in control of lid–eye coordination. Note that 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. 
Thus lesions of the posterior commissure may cause both vertical gaze 
paresis and eyelid retraction.

Figure	14–3. Cortical 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. 
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.

The nuclei of the posterior commissure (nPC), which lie 
dorsolaterally to the IIIrd nerve nuclei, may also be impor-
tant 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 destined 
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 
supranuclear 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.6
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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 below).

Cerebellopontine angle. At the ventrolateral angle of the 
pons, the facial motor root and the vestibuloacoustic nerve 
exit the brain stem together. Between these two nerves lies 
the nervus intermedius carrying sensory and parasympa-
thetic information. In the cerebellopontine angle, the ante-
rior inferior cerebellar artery (AICA) courses between the 
VIIth and VIIIth nerves in its course to supply the lateral 
pons and anterior cerebellum.10 The close proximity of the 
Vth, VIIth, and VIIIth nerves in the cerebellopontine angle 
helps predict 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 supe-
rior and 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 canal11 (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.12 This 
nerve travels forward along the floor of the middle cranial 

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 major-
ity of individuals, at the level of the facial nerve nucleus in the 
pons, most of the supranuclear fibers cross over to the oppo-
site side to innervate the facial nucleus.7 However, in some 
individuals, the supranuclear fibers descend into the ventral 
medulla before looping rostrally, then crossing to innervate 
the contralateral facial nucleus.7,8 In either case, other corti-
cobulbar fibers medicating ipsilateral upper facial function 
synapse on the ipsilateral facial nerve nucleus, providing the 
upper face with innervation from both cerebral hemispheres. 
This unusual anatomic feature explains why supranuclear 
lesions involving the descending motor pathways result in 
weakness of the contralateral lower face only (Fig. 14–3).

Nuclear and infranuclear. The motor nucleus of the facial 
nerve resides in the lateral midpons.9 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 nerve 
nucleus the motor fibers extend laterally to exit the pons 
(Fig. 14–4). 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 intermedius (Fig. 14–5). 
The other component of the nervus intermedius is sensory, 

Figure	14–4. Cross-section of the lower pons, highlighting the proximity of the VIth, VIIth, and VIIIth cranial nerve nuclei; the pyramidal or corticospinal 
tracts should also be noted. 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 separated into motor fibers and nervus intermedius. The nervus intermedius contains both parasympathetic and sensory fibers. 
(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, p 467. Philadelphia, WB Saunders, 1996, with permission.)

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 
Reconstructive Surgery, p 468. Philadelphia, WB Saunders, 1996, with permission.)
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fossa to synapse in the sphenopalatine ganglion. Postgangli-
onic parasympathetic fibers continue forward to innervate 
the lacrimal gland and nasopalatine glands.13

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.11 The chorda tympani nerve is a mixed nerve carry-
ing 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 exter-
nal auditory meatus.13

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 pene-
trate 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, mandibular, and cervical branches (Fig. 14–7).14 The 

Figure	14–7. Branches of 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 (T), zygomatic (Z), buccal (B), mandibular (M), and cervical (C) branches. The facial nerve divides into six common patterns.  
The frequency of each pattern is listed.14 (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, p. 468. Philadelphia, WB Saunders, 1996, with permission.)

vast interconnections amongst these branches provide the 
substrate for aberrant regeneration to ensue after facial palsy 
(see below).12

Vascular supply. From the brain stem to the internal audi-
tory meatus, the facial nerve derives its blood supply from 
the AICA. The labyrinthine 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 
(Fig. 14–6). Anastomotic connections are made to the tym-
panic 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. 14–8).15 
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 
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Figure	14–8. Muscles of the face, all of which are innervated by the facial nerve except*.

zygomaticus major, which lifts the angle of the mouth upward. 
The orbicularis oculi acts as a sphincter muscle around the 
eye, as it 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 closure; (2) the thin palpebral part, for 
closing the eyelids lightly, and (3) the lacrimal part, which 
pulls the eyelids and lacrimal puncta medially to aid  
tear flow.15

History	and	examination

When a patient complains of ptosis, historical details such 
as duration, acuteness of symptoms, presence of eye pain, or 
diplopia are important considerations in making the diag-
nosis. Qualities such as fatiguability and associated dysar-
thria, and 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 excluded. Individuals with facial palsy 
should be asked about medical conditions, such as diabetes, 

hypertension, sarcoidosis, Lyme disease, or pregnancy, 
which may predispose them to acquired VIIth nerve injury. 
In those with abnormal blinking or facial movements, his-
torical 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 
corneal damage may suggest an ocular cause of excessive 
eyelid closure.

The techniques of the eyelid and facial nerve examination 
are detailed in Chapter 2. However, some important guide-
lines will be discussed here. The eyelids and facial nerve 
should first be observed at rest. Eyelid position in relation-
ship to the limbus and corneal light reflex should be noted, 
and the palpebral fissures measured. The position of the 
nasolabial fold and the nostrils should be evaluated  
because the nasolabial fold may disappear or be displaced 
in facial palsy, and the nostril may be ptotic or decreased 
circumferentially.

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.16 
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 tonus required to keep the ptotic lid 

Video 14.1
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A B

C

Figure	14–9. 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.

A B

Figure	14–10. 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.

open (Fig. 14–9A). 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. 14–9B). Similarly, when the 
ptosis is bilateral, if either eyelid is manually elevated,  
the ptosis on the other side worsens (enhanced ptosis)  
(Fig. 14–10). Hering’s Law applies to ptosis caused by neu-
romuscular junction deficits as well as to ptosis resulting 
from oculomotor and other more proximal lesions.17,18 
Conversely, there may be pseudo-ptosis associated with  
contralateral pathologic eyelid retraction (Fig. 14–11).

The pupils and eye movements should also be observed. 
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. In facial palsies, 
the ear should be examined for the presence of vesicles 

Figure	14–11. 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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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 above, corneal abrasion or ulcera-
tion, iritis with photophobia, blepharitis, dry eye, or eyelid 
follicles should be ruled out in patients with excessive blink-
ing. The tarsal conjunctiva should be examined for follicles 
in all patients with ptosis and ocular irritation.

When the width of a palpebral fissure is reduced, either 
upper eyelid ptosis or orbicularis spasm can be considered. 
The position of the involved eye’s eyebrow compared with 
the other eye’s may help differentiate between ptosis or 
spasm. For instance, 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, the ipsilateral eyebrow is typically lower, 
because the frontalis is relaxed and the orbicularis oculi is 
contracted.

Physiologic blink reflexes. In the corneal blink reflex, bilat-
eral eyelid closure is elicited by touching one cornea with 
cotton, for instance. The ophthalmic division of the trigemi-
nal 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. Tactile stimulation of the eyelids or eyelashes 
or tapping the forehead (glabellar reflex), which also elicit 
bilateral eyelid closure, are likely mediated by the same 
pathway.19 These reflexes normally habituate with repetitive 
stimulation.20 In the corneomandibular reflex, corneal stimula-
tion elicits a bilateral eyelid blink and a brisk anterolateral 
jaw movement (palpebromandibular synkinesia).21

The reflex blink to visual threat, useful for evaluating visual 
fields in young children or uncooperative adults, can be 
elicited 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.22 The reflex is likely a learned one,23 
as infants younger than 2–4 months of age may not exhibit 
it.24 Patients in a vegetative state may have an intact blink to 
visual threat,25 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 brain stem medi-
ated.26–28 In the stapedius 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 size, and accompanying neurologic signs.29 
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 dis-
order. Non-neurologic 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 diagno-
sis (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 
Table 14–1,30 but this section will concentrate on the most 
common causes.

Congenital
Isolated and with elevator palsy. Isolated, nonprogressive 
ptosis in the neonate or child is usually due to congenital 
maldevelopment of the levator palpebrae or its tendon. This 
also causes incomplete lowering of the eyelid in downgaze, 
resulting in lid lag (Fig. 14–12). 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 fre-
quent association between the eyelid and motility deficit has 
been attributed to a common embryological origin of and 
insult to the levator palpebrae and superior rectus muscles.31 
Some studies have demonstrated myopathic or dysgenetic 
features in the levator muscle.32 Alternatively, a neurogenic 
cause has been proposed.33 Familial cases have been 
reported.34

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). Cases are usually unilateral, but rarely patients 
are bilaterally affected. We have seen bilateral involvement 
where one eyelid was retracted and the other ptotic, and this 
pattern alternated when the child sucked a pacifier (Fig. 
14–13). Associated ophthalmologic abnormalities include 
amblyopia, superior rectus weakness, double elevator palsy, 
and anisometropia.35,36 Eyelid surgery can be considered 
when the jaw-winking or ptosis creates a functional or cos-
metic problem.37

Other congenital causes. Neurofibromas (Fig. 14–14) 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 

Video 14.2
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Table	14–1 Differential diagnosis of ptosis30

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’s 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
Topical steroid eyedrops

Disorder of neuromuscular transmission
Myasthenia gravis
Lambert–Eaton syndrome
Botulism

Neurogenic
Horner’s 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, post-cataract)
Trauma
Contact lens use

Pseudo-ptosis
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

only manifestation of a myopathic condition. However, 
many patients have other neurologic signs. These patients 
often have levator function between 5 and 11 mm. Impor-
tant myogenic causes of ptosis include the mitochondrial 
disorders chronic progressive external ophthalmoplegia and 
Kearns–Sayre syndrome, myotonic dystrophy, and oculo-
pharyngeal dystrophy. These entities are discussed in detail 
at the end of this chapter.

Neuromuscular junction. Fatiguable or variable unilateral 
or bilateral ptosis suggests a disorder of neuromuscular 
transmission, such as myasthenia gravis, Lambert–Eaton 
myasthenic syndrome, and botulism. These are also dis-
cussed in detail at the end of this chapter.

Neuropathic. IIIrd nerve palsy. Prominent unilateral ptosis 
with adduction, elevation, and depression deficits, with or 
without pupillary mydriasis, suggests an infranuclear IIIrd 
nerve palsy (see Chapter 15). A posterior communicating 
aneurysm manifesting as unilateral ptosis in isolation is 
rare.38 A unilateral nuclear oculomotor lesion causes bilat-
eral ptosis (nuclear ptosis), worse ipsilaterally, ipsilateral 
IIIrd nerve dysfunction, and contralateral superior rectus 
weakness (see Chapter 15).39

In the setting of a resolved IIIrd nerve palsy, a ptotic  
eyelid which elevates (retracts) when the eye infraducts or 
adducts implies aberrant regeneration of the eyelid. This 
levator synkinesis phenomenon is discussed in more detail 
in Chapter 15.

Horner syndrome. Mild unilateral ptosis 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 pseudoenophthalmic 
appearance.

Cerebral (or cortical) ptosis. A unilateral cerebral hemi-
spheric lesion may uncommonly cause unilateral or bilateral 
ptosis without IIIrd nerve or sympathetic involvement or 
apraxia (see below).1,40 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  
frontotemporoparietal lobe lesion and conjugate gaze devia-
tion to the right.41 Three other patients with right-sided 
lesions were reported who had bilateral ptosis and upgaze 
palsy.42 These and other similar observations43,44 suggest 
some supranuclear 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.45 Patients contract their 
frontalis muscles while attempting to open their eyes. No 
ocular myopathy or sympathetic dysfunction is present.46 
This disorder should be distinguished from blepharospasm, 
which often accompanies it.47,48 In blepharospasm (see 
Facial nerve section) 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 

congenital fibrosis syndromes (see Chapter 15) should also 
be considered in this age group.

Acquired
Myopathic. Patients with myopathic ptosis often give a long 
history of droopy lids. Occasionally the ptosis will be the 
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Figure	14–12. Congenital left ptosis characterized by a droopy eyelid (A), which incompletely lowers in downgaze (B).

A B

Figure	14–13. 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	14–14. S-shaped left ptosis due to an eyelid neurofibroma in 
neurofibromatosis type 1.

eyelid opening, there may be electromyographically demon-
strable (but not visible) orbicularis oculi contractions of the 
pretarsal portion during attempted eyelid opening.49,50

Apraxia of eyelid opening occurs insidiously in associa-
tion with extrapyramidal disorders such as progressive 
supranuclear palsy (PSP),51,52 Parkinson disease (PD), 
Shy–Drager syndrome,46 Huntington disease,45 and Wilson 
disease. Rarely this disorder can be seen in association with 
subthalamic nucleus deep brain stimulation for Parkinson 
disease53 and paraneoplastic encephalitis,54 acutely with 
dominant55 and nondominant56,57 hemispheric lesions, 
bifrontal lobe disease,58 and chronically with amyotrophic 
lateral sclerosis.59 The exact lesions responsible for apraxia 
of eyelid opening are uncertain.47
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A B

Figure	14–15. Levator dehiscence–disinsertion syndrome (aponeurotic ptosis). A. Ptosis of the right upper eyelid with a high upper eyelid crease. 
B. Relative preservation of right levator function.

Table	14–2 Differential diagnosis of eyelid retraction70

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
Hypo- and hyperkalemic periodic paralysis

Myogenic
Thyroid associated ophthalmopathy (Grave’s)
Congenital

Mechanical
Proptosis
Axial myopia
Ocular or orbital surgery
Eyelid scarring

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.46 Others have termed it an eyelid dysto-
nia,60 particularly if abnormal orbicularis oculi contraction 
is implicated.61

Botulinum injections of the pretarsal portion of the orbic-
ularis oculi are sometimes recommended,62,63 based upon 
the motor persistence of this muscle alluded to above.49,50 
Levodopa has been used in some isolated cases.64,65 Upper 
eyelid myectomy has been performed in patients with 
blepharospasm with associated apraxia of eyelid opening 
refractory to botulinum toxin treatment.66

Levator dehiscence–disinsertion syndrome (aponeurotic 
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. 14–1). The upper 
eyelid crease is often high or indistinct, and levator function 
is relatively preserved (Fig. 14–15). In younger and middle-
aged patients, the most common etiology of levator dehis-
cence is contact lens wear.67 Eyelid manipulation during lens 
removal is thought to cause or exacerbate the disinsertion, 
but pathologic studies have also shown fibrosis of Müller’s 
muscle.68 Other important causes of levator dehiscence 
include trauma, ocular surgery (such as cataract or orbital 
surgery), allergies, and eyelid edema.

Pseudo-ptosis. Disorders in this group are characterized by 
an eyelid which falsely appears to be drooping and therefore 
mimics ptosis. The various causes are listed in Table 14–1, 
but the most important ones include contralateral lid retrac-
tion and ipsilateral eyelid relaxation secondary to Hering’s 
Law (see Fig. 14–11), enophthalmos, hypotropia, and der-
matochalasis, 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 
with taping the eyelids open or with eyelid “crutches” 

attached to eyeglasses. Most patients find the latter uncom-
fortable. Surgical management of ptosis is more effective in 
chronic cases, and popular procedures include shortening  
of the levator muscle or aponeurosis, or Müller’s muscle 
resection.

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 eyelid 
and the limbus. Table 14–2 lists a differential diagnosis of 
eyelid retraction.69,70 The three most important neuro-
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Figure	14–16. Eyelid retraction (A) and lid lag (B)—the lids fail to relax in downgaze—related to thyroid-associated ophthalmopathy. Note the 
characteristic upper and lower eyelid swelling and conjunctival injection.

Figure	14–17. Eyelid retraction due to dorsal midbrain astrocytoma 
(Collier’s sign).

ophthalmic causes of eyelid retraction are thyroid-associated 
ophthalmopathy, dorsal midbrain lesions, and contralateral 
ptosis. This section will discuss the first two. Eyelid retraction 
due to contralateral ptosis is a consequence of Hering’s Law 
and has already been discussed above. Based on this rela-
tively small differential diagnosis, we recommend that any 
patient with acquired eyelid retraction without contralateral 
ptosis or known thyroid disease to undergo thyroid function 
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 neuroimag-
ing 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 uni- or bilateral 
(Fig. 14–16A). The eyelid tends to be more retracted tempo-
rally than medially. The exact mechanism of the eyelid 
retraction is unclear, but (1) fibrous contraction, thickening, 
shortening, or hyperactivity of the levator palpebrae muscle; 
(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.71,72 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. 14–16B).73 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 exci-
sion of Müller’s muscle.71

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 the pretectal 
(or Parinaud’s or dorsal midbrain) syndrome. The patients 
have a characteristic stare (Fig. 14–17), often accompanied 
by upgaze paresis. The lid retraction is typically symmetric, 

except in the plus–minus lid syndrome (see below). 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 below).

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.74 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 
posterior 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 verti-
cal eye movements so that in upgaze the eyelids elevate, and 
in downgaze the eyelids typically relax and fall. In dorsal 
midbrain lesions, this relationship can be disrupted, causing 
the eyelids to remain elevated while the eyes infraduct.75 
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Figure	14–18. Child with pineal region germinoma and supranuclear upgaze paresis with normal lid position in primary gaze (A) but lid lag in downgaze 
(B).

Dramatic examples include the setting-sun sign (tonic down-
ward eye deviation with lid retraction) in infants with hydro-
cephalus, thalamic hemorrhage (see Chapter 16), and rare 
comatose patients with phasic vertical eye movements and 
persistent eyelid elevation.76 Lid lag in some instances may 
be difficult to detect because patients with pretectal dysfunc-
tion 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. 14–18).77 This suggests that there may 
be separate central mechanisms for these eyelid abnormali-
ties. One possible lesion for lid lag without retraction 
involves the inhibitory connections from the supranuclear 
downgaze centers to the CCN (see Fig. 14–2).

Plus–minus eyelid syndrome. A unilateral lesion involving 
nPC and the oculomotor fascicle would produce an ipsi-
lateral IIIrd nerve palsy with ptosis and contralateral lid 
retraction (plus–minus lid syndrome) (Fig. 14–19).78 The ipsi-
lateral 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  
innervation 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 non-ptotic eye and increasing the 
innervation to the levator/superior rectus complex. This 
possibility can be investigated by covering the fixating non-
ptotic 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 
extrapyramidal diseases, neuromyotonia, and oculomotor 
paresis with cyclic spasm79 (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.80

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 May,81 
in which only 53% of patients who were referred to one 
practice with a diagnosis of Bell’s palsy had the disorder. 
Approximately 10% had a treatable, progressive, or life-
threatening lesion. Bell’s palsy is a diagnosis of exclusion, 
and other supranuclear, nuclear, infranuclear, and neuro-
muscular causes of facial weakness must be considered.

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 
(see Figs 14–3 and 14–20).

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 syn-
drome (GBS), and myasthenia gravis.82 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.

Central
Supranuclear. Supranuclear cortex and internal capsule 
lesions that produce lower facial weakness are usually  
associated with weakness of the ipsilateral arm. Since the 

Video 14.3
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Figure	14–19. 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 MRI scans showing high 
signal abnormality involving the region of left IIIrd nerve fascicle (arrow) 
(B) and, more rostrally, the region of the nucleus of posterior commissure 
(arrow) (C).

facial nucleus also receives input from the basal ganglia 
region there may be a dissociation of voluntary and sponta-
neous facial movements. Thus, patients with lower facial 
weakness resulting from corticobulbar tract dysfunction 
typically show better facial movement when told a joke 
rather than simply asking them to smile.83 On the other 
hand, pontine, thalamic, basal ganglia, dorsal midbrain, and 
supplementary motor area lesions may lead to normal vol-
untary smiling, but defective contralateral facial nerve func-
tion during reflex (emotional) smiling.84–86

A supranuclear paralysis of voluntary eyelid closure has 
been described. Lessell87 reported a patient with presumed 
amyotrophic lateral sclerosis, with evidence of bilateral 
pyramidal tract involvement, who could not close his eyelids 
voluntarily but blinked to visual threat. Ross Russell88 
described three individuals with Creutzfeldt–Jakob disease 
with pyramidal tract degeneration documented on postmor-

tem who similarly could not blink on command but blinked 
to threat. In both reports, the patients also continued to 
blink spontaneously 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.89 Lessell87 and Ross Russell88 argued that 
the deficiency in voluntary eyelid closure resulted from  
bilateral damage to cortical motor neurons and not from  
a facial dyspraxia (i.e., difficulty with motor planning or 
initiation).

Nuclear. Möbius syndrome. Congenital facial diplegia is the 
hallmark of this syndrome (Fig. 14–21). Abducens palsy is 
the most commonly associated feature, occurring in 82% of 
cases in the series reported by Henderson.90 In addition, total 
external ophthalmoplegia was present in 25% of the cases 
in this series, oculomotor palsy in 21%, and bilateral ptosis 
in 10%. The abducens weakness is almost always bilateral, 
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Figure	14–20. 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.

C D
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Figure	14–21. 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.93

but of varying degree. When the lateral rectus palsy is severe, 
there is usually complete conjugate gaze paresis.

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—stra-
bismus 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, arrhythmias, and aspiration 
for instance.91 In such cases the disorder can be associated 
with much higher morbidity and mortality rates.92,93 
Pectoralis muscle defects and limb malformations (e.g., 
Poland anomaly) are also frequently associated with Möbius 
syndrome.94

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.95–97 In 

one subset of patients, electrophysiologic studies98 have 
suggested, and pathologic studies93,99,100 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. In a second group, 
abnormal peripheral portions of the cranial nerves are sus-
pected.97 In the third subset, more widespread destruction of 
the brain stem, perhaps due to a prenatal vascular insult, has 
been suggested radiologically and neuropathologically.101,102 
Neuroimaging in this group can demonstrate brain stem 
hypoplasia103 and calcification,104 and brain stem atrophy 
and mineralized necrotic foci have been found histopatho-
logically.105 These studies support the notion that Möbius 
syndrome in some cases could be the result of in utero brain 
stem vascular insufficiency. In one hypothesis, during the 
development of the posterior circulation, a potential tran-
sient watershed area within the brain stem exists while the 
blood flow in the basilar artery changes from a rostrocaudal 
to a caudal-to-rostral pattern. Brain stem ischemia may result 
if the blood flow during this transition is disrupted.105 Alter-
natively, a more widespread syndrome of rhombencephalic 
maldevelopment has been theorized.106–108

Uncommonly the disorder is inherited, and one family 
harbored a defective gene in chromosome 3q.109 Also, 
attempted abortion with misoprostol, a synthetic prostaglan-
din analogue also used to prevent and treat gastrointestinal 
ulcers, is associated with an increased risk of Möbius syn-
drome in infants.110–113

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.114 Facial weakness in 
combination with ipsilateral deafness, facial numbness, 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).115 More lateral pontine lesions may result in 
“peripheral” facial nerve palsies without other brain stem 
signs (Fig. 14–22).

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 magnetic resonance 
imaging (MRI), the mass is hypointense on T1-weighted 
images, hyperintense on T2-weighted images, and diffusely 
enhances. Treatment consists of neurosurgical excision.

Subarachnoid. Lyme disease. Lyme disease, caused by the 
tick-borne spirochete Borrelia burgdorferi, may cause unilat-
eral or bilateral facial palsy at some point in its course in 
approximately 10% of patients.116 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 erythema chronicum migrans lesion, an erythema-
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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. Serial lumbar punctures may be necessary for the cyto-
logic diagnosis of meningeal carcinomatosis.

Transtemporal bone. Trauma. The facial nerve is vulnera-
ble 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 par-
allel to the long aspect of the petrous portion of the temporal 
bone (Fig. 14–23) 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. Dia-
betes may be a risk factor, as is pregnancy.118 Fortunately, the 
prognosis is excellent in most cases of Bell’s palsy, with full 
recovery of function occurring in approximately 84% of 
patients.119,120 Most patients begin to recover within 3 weeks 
of onset. Prognostically, the sooner the palsy begins to 
recover, the better the outcome. As the palsy becomes more 
complete, the likelihood of aberrant regeneration increases.81 

tous raised area that spreads centripetally, leaving a central 
clear zone and lasting several weeks if left untreated. Flu-like 
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 immunosorbent assay titer and may be confirmed by 
the results of a western blot. A spinal tap can direct treatment 
in one suggested approach to patients with facial palsy and 
a positive Lyme titer: those with normal spinal fluid can be 
treated with oral doxycycline, while those with pleocytosis 
have meningitis and can be given either oral doxycycline or 
a course of intravenous ceftriaxone. 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.117 MRI 
may demonstrate meningeal enhancement, and cerebrospi-
nal fluid examination may reveal elevated protein or lym-
phocytosis, or both. A serum angiotensin-converting enzyme 
(ACE) level and chest radiograph may be helpful in estab-
lishing 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 

A B

Figure	14–22. Left “peripheral” facial palsy (A), characterized by upper and lower facial weakness, caused by a lateral pontine infarction (arrow) seen on 
(B) T2 weighted axial MRI scan.
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Figure	14–23. CT-demonstrated temporal bone traumatic fractures 
(arrows) causing the facial nerve palsy in the patient depicted in Fig. 2–25.

The prognosis for recovery in Bell’s palsy is worse in patients 
with hyperacusis, decreased tearing, age greater than 60 
years, diabetes, hypertension, and psychiatric disease.121 
Bell’s palsy may recur in 10–20% of affected people.

The treatment of idiopathic Bell’s palsy remains contro-
versial. Most improve spontaneously, but experts disagree 
as to whether corticosteroids result in better facial out-
comes122 or whether corticosteroids have any proven effect 
on the natural course of the disorder.119,123 Because of the 
purported viral etiology of Bell’s palsy, in some patients 
acyclovir has also been used. However, one large study 
failed to show any benefit from acyclovir alone or acyclovir 
added to corticosteroids.124 Facial nerve surgical decom-
pression is not widely used and there is currently insuffi-
cient evidence to advocate its widespread use.122,123 Until 
definitive data are available, in our practice we tend to use 
prednisone (60 mg p.o. per day for 5 days, then tapered 
over the next 5 days) when the patient is seen early in his 
or her course.125 Treatment may be particularly effective if 
initiated within several days of symptom onset. If there is 
any concern regarding the possibility of Lyme disease, we 
would use acyclovir alone pending further studies (see 
below).

Neuroimaging is not necessary in typical cases, but when 
performed an MRI may show enhancement of peripheral 
portions of the facial nerve.125

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.126 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.127

Otitis media. Acute otitis media with or without mastoidi-
tis may occur and, when chronic, may affect the facial nerve 
as it courses through the temporal bone. In elderly diabetic 
patients, malignant external otitis is usually caused by a 
necrotizing Pseudomonas infection that progresses fulmi-
nantly. Both intravenous antibiotics and surgery, with wide 
debridement 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 facial palsy in petrous apex infection 
(Gradenigo syndrome128) is well described and usually 
responds to antibiotic treatment.

Congenital facial palsy. Most instances of isolated congeni-
tal facial palsies are related to birth trauma to the peripheral 
VIIth nerve, often associated with forceps delivery. However, 
some cases are familial,129 and the cause may be neuronal 
maldevelopment in the brain stem.130

Neuromuscular junction, myopathic, and 
neuropathic causes of facial weakness
Patients with myasthenia gravis and botulism may present 
with bilateral facial weakness (Fig. 14–24). 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 14–3. A central 
facial palsy always requires neuroimaging in the workup. 
The evaluation of peripheral palsies, on the other hand, is 
usually directed towards 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 facial paralysis is poor eyelid closure and expo-
sure keratitis.131 The cornea may become compromised, and 
corneal pathology may extend from mild drying to ulcera-
tion and the potential for visual loss. Many of the functional 
abnormalities seen with facial nerve palsy are age related. It 
is not unusual to have a young child with a mild congenital 
facial nerve palsy or a young individual with a mild acquired 
palsy completely adapt to their paralysis and require no 
medical or surgical intervention. On the other hand, reduc-
tion of the quality and quantity of the tear film with aging 
makes the older patient much more susceptible to exposure 
keratitis. Additionally, there are various degrees of facial 
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Figure	14–24. Bilateral facial weakness and ptosis in myasthenia gravis. 
Note the smooth lower face and lack of facial expression.

palsy from partial to complete. Obviously a partial facial 
palsy may not present any functional or aesthetic problems 
for the patient other than occasional drying, whereas a com-
plete loss of facial function would make the individual more 
susceptible to exposure and its related complications. Kera-
titis is more severe in patients who have neurotrophic kera-
titis (caused by trigeminal dysfunction, see Chapter 19), and 
such patients should be observed even more closely. In this 
section we review 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. Some patients 
will want to try several different tear film products as their 
comfort level varies widely between each type of drop. Also, 
the dosage schedule will need to be tailored to the individ-
ual’s needs. Patients can start with a four times a day regimen, 
but the unpreserved drops can be used as frequently as every 
1/2 hour to 1 hour based on the patient’s need for lubrica-
tion. Initial bedtime coverage would include a petroleum 
based ointment. Individuals who have severe keratitis may 
need day- and night-time applications of the ointment. Once 

Table	14–3 Diagnostic considerations in facial nerve palsy 
(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, with 
permission)

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)

 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)

 Chronic palsy Chest radiograph (exclude sarcoid, 
tumor), brain MRI

AchRAb, acetylcholine receptor antibody; CBC, complete blood count; EMG, 
electromyography; MRI, magnetic resonance imaging.

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. Certain envi-
ronmental aberrations such as windy weather and dry air 
may prompt the patient to switch ointments for short periods 
of time in order to maintain corneal comfort.

The next level of management involves additional cover-
age to the eye at bedtime. As mentioned above, these indi-
viduals 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 swimming 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 day-time protection as well.

Surgical. When medical therapies are ineffective or not 
tolerated or when corneal damage makes more definitive 
measures imperative, surgical intervention may be indicated. 
Initial surgical therapy is usually with a temporary  
tarsorrhaphy, in which the eyelids are temporarily sewn 
together either partially or completely.132 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 
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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, regardless of 
which cornea or forehead is stimulated.

In a well-studied phenomenon,140,141 patients with acute 
unilateral hemispheric lesions may have a diminished blink 
reflex when the contralateral cornea or forehead is stimu-
lated. The responsible lesions tend to be large strokes. The 
defective blink reflex is usually temporary, lasting only 1 or 
2 weeks following 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.22

Excessive blinking
Increased blink rates are associated with schizophrenia and 
Tourette syndrome (see below). In addition, reflex blinking 
can be increased in parkinsonism. In this setting, the glabel-
lar or Myerson’s sign, elicited by tapping on the forehead, is 
characterized by persistent blinks with each tap.142 Excessive 
blinking in childhood is typically benign when the history 
and examination are unremarkable.143

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 only one eye may be affected, but eventually both 
orbicularis oculi are involved within weeks to months. 
Wind, sunlight, or stress may exacerbate the spasms,144 but 
more chronic cases are characterized by spontaneous eyelid 
closure. Some more severely affected patients complain of 
functional blindness. Women are affected more than men, 
and blepharospasm usually begins in the fourth to sixth 
decades of life.145 The cause is unclear, but enhanced blink 
reflex excitability, perhaps due to a loss of supranuclear inhi-
bition, has been proposed.146 In one functional imaging 
study, striatal activation was demonstrated;147 however, acti-
vation of other cortical and basal ganglia regions has also 
been shown.148–150 Usually the patient has no underlying 
cause for the disorder, but blepharospasm may occur in 
parkinsonism (e.g., PD and PSP),52 months or years follow-
ing an episode of Bell’s palsy,151 and in association with a 
lower pontine lesion.152 Blepharospasm accompanied by 
dystonic movements of the lower face or neck (oromandibu-
lar dystonia) is termed Meige syndrome.

Hemifacial spasm. In hemifacial spasm, the whole face on 
one side contracts, with eyelid closure and elevation of the 
corner of the mouth. 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 

Video 14.4

Video 14.5

consideration can be given to permanent lateral tarsor-
rhaphy, medial tarsorrhaphy, lateral canthoplasty, or ectro-
pion repair. These may produce scarring and reduced 
peripheral vision. Another group of procedures have been 
developed using various prosthetic devices to improve eyelid 
function and closure. These include silicone bands, eyelid 
springs, and eyelid gold weight implants.133 Silicone bands 
have been abandoned because of difficulty in assessing the 
balance between eyelid closing and opening forces. Eyelid 
springs work well but are often complicated by infection, 
extrusion, local granuloma formation, and need for 
readjustment.

Implantation of a gold or platinum eyelid weight is a 
commonly performed procedure for or platinium eyelid  
animation, and it is our preferred procedure.134 During this 
procedure a small weight (usually around 1 g) is sutured to 
the orbital septum or upper eyelid tarsus to aid passively in 
gravity-assisted eyelid closure. Preoperatively, test weights 
can be taped to the upper eyelid to determine the effects of 
various sized gold weights. The key is to have adequate 
weight to close the eye but not enough to cause severe ptosis. 
Implantation is accomplished through a small upper eyelid 
incision and the implant is sutured directly to the tarsus135 
or orbital septum through preplaced holes in the implant. 
Gold is the ideal material because it is heavy, and the color 
matches the color of fat, rendering it difficult to see through 
the skin. As well, gold weight implants are compatible with 
MRI since they are non-magnetic. This is particularly impor-
tant in patients with VIIth nerve palsy secondary to an intrac-
ranial tumor that will require serial neuroimaging studies. 
Low-profile, thinner gold and platinum weights are also 
available. Success rates for this procedure are reported to be 
as high as 90%133,135–137 with failures generally falling into 
two groups: unacceptable ptosis or inadequate closure. More 
rare complications include infections, eyelid contour changes 
and ectropion.138 Gold weights rarely spontaneously 
extrude.134 They can, however, be surgically removed rela-
tively easily.

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 will be subdivided into two 
opposite parts: absent or decreased blinking and excessive 
blinking.

Absent or decreased blinking
Spontaneous blinking. Decreased spontaneous blink rates 
may be characteristic of thyroid-associated ophthalmopathy 
or parkinsonism (e.g., PD and PSP).52,139 In patients with 
parkinsonism, however, reflex blink rates may be increased 
(see below).

Corneal and supraorbital blink reflexes. If the left ophthal-
mic division is defective, neither eye will blink to left corneal 
or forehead stimulation; if the right cornea or forehead is 
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Figure	14–25. 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.

mass lesion in the pons, or (2) compression of the facial 
nerve near its exit from the brain stem, causing myelin 
sheath injury and ephaptic transmission between individual 
nerve fibers.153 A tortuous AICA or dolichoectatic artery of 
the posterior circulation is believed to be responsible for the 
majority of patients with hemifacial spasm.154 MRI and mag-
netic resonance (MR) angiography are helpful in demon-
strating vascular compression of the pons or facial nerve.155,156

Treatment. The treatment of choice in patients with debili-
tating blepharospasm or hemifacial spasm is localized sub-
cutaneous injections of botulinum-A toxin around the 
eyelids to weaken the orbicularis oculi, other muscles 
involved in eyelid closure, and facial movements.62,152,157–160 
Botulinum-A is produced by Clostridium botulinum and 
causes temporary paralysis of injected muscles by interfering 
with acetylcholine release from nerve terminals. Injection of 
botulinum 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 hemi-
facial 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 botuli-
num per injection site (Fig. 14–25) and agree that avoidance 
of the middle portion of the upper eyelid reduces 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. One study evaluated these standard 
injection sites and compared them with injection sites 

further from the eyelid margin and in the brow.161 This study 
found that, for blepharospasm patients, standard injections 
had the longest duration but were associated with increased 
transient ocular side-effects including irritation and epi-
phora. In the hemifacial spasm patients, brow treatment was 
as effective as standard treatment.

Clinical experience has traditionally been that initial treat-
ments 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 non-active large protein chain, or a resprout-
ing of motor end plates.162,163 In this setting a larger amount 
of botulinum can be given with each injection (5 units). 
Other studies, however, have failed to demonstrate a reduced 
effectiveness or shorter duration of treatment with time.164,165 
Greater than 90% of patients report a marked decrease in 
the squeezing action of the eyelids and twitching in lower 
part of the face.157,166–171 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.

Complications of botulinum injections include lagoph-
thalmos 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  
penetration and include ptosis and double vision.161 Ptosis 
develops in about 8% of patients.172 Double vision occurs in 
2% of patients and the inferior oblique muscle is the most 
commonly affected muscle.173 Systemic complications do 
not occur, although systemic antibody production has been 
reported in patients receiving botulinum injections for 
hemifacial spasm or blepharospasm.174

If botulinum toxin fails, medications such as benzo-
diazepines, anticholinergic agents, dopamine agonists,  
anticonvulsants, and presynaptic dopamine-depleting agents 
may help some patients,175 but their use is usually limited 
by side-effects. In patients with refractory hemifacial spasm, 
a Teflon sponge can be placed between the AICA and facial 
nerve. Other more drastic measures include myectomy, 
during which the orbicularis oculi and other muscles used 
in eyelid closure are excised (either surgically171 or chemi-
cally176), or neurectomy, a procedure in which branches of 
the facial nerve are cut.169

The importance of support groups for these patients has 
recently been emphasized in a report by Anderson and asso-
ciates,171 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 pharmacotherapy, surgery, or psychotherapy.170 Tinted 
lenses to ameliorate photophobia in patients with blepha-
rospasm have also been recommended.144,177

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. 14–26) are caused by incorrect 



470

PART	3 Efferent neuro-ophthalmic disorders

A B

Figure	14–26. Facial synkinesis (aberrant regeneration). A. Patient with old left facial palsy following removal of left acoustic neuroma. B. Upon attempted 
eyelid closure, the orbicularis oris on the left (arrow) also contracts.

reinnervation by orbicularis oculi and zygomaticus motor 
neurons.178 Tearing in anticipation of eating food (crocodile 
tears) occurs when nerve fibers destined to supply the sali-
vary 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 discussion of oculomotor synki-
nesis, Chapter 15).

Eyelid tics. These are brief, stereotyped, repetitive, and 
involuntary eyelid blinks, winks, or blepharospasm.175 
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 associ-
ated with encephalitis, drugs, toxins, stroke, head trauma, 
and static encephalopathies. Usually they do not require 
treatment. 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 can be associated with tics in the limbs or body.179 
Characteristic behavioral manifestations of Tourette syn-
drome include obsessive–compulsive disorder, grunting, 
throat clearing, barking, copralalia, and echolalia.180,181

Myokymia and neuromyotonia. Small unilateral contrac-
tions 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 brain stem tumors are the typical etiolo-
gies.182,183 Other causes of facial myokymia include stroke, 
syringobulbia, 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 caffeine. Most patients require only reas-
surance, as eyelid myokymia usually abates spontaneously. 
Occasionally it persists and in such instances can be treated 
with ben zodiazepines or botulinum.184 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.185

Abnormal facial movements in other movement disorders. 
Blepharospasm and other involuntary movements of the 
face may be seen in Parkinson disease, progressive supranu-
clear palsy, Huntington disease, and Wilson disease.

Drug-induced facial dyskinesias. Use of antiemetics such as 
metoclopramide, neuroleptics including haloperidol, as well 
as antihistamines may lead to tardive dyskinesia, which may 
involve the face and eyes.186 In such cases, patients develop 
a stereotyped, writhing unilateral or bilateral eyelid closure. 
The diagnosis is usually evident after eliciting the medication 
history. Treatment consists of withdrawing the offending 
agent, sometimes combined with the use of botulinum 
injections in refractory cases.
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Diseases	commonly	associated	with	
ptosis	and/or	facial	weakness

Diseases to be discussed here include three neuromuscular 
junction disorders: myasthenia gravis, Lambert–Eaton 
myasthenic syndrome, and botulism; several myopathic  
disorders: chronic external ophthalmoplegia and Kearns–
Sayre syndrome, myotonic dystrophy, and oculopharyngeal 
dystrophy; and polyneuropathies such as GBS, Miller  
Fisher syndrome, and chronic inflammatory demyelinating 
polyneuropathy. These are all neuromuscular conditions 
whose neuro-ophthalmic presentation can be predomi-
nantly ptosis and/or facial weakness.

Myasthenia gravis
This neurotransmission disorder is characterized by fatigu-
able muscular weakness. The eyelids and extraocular muscles 
are involved in over 90% of patients. Fifty percent present 
with ptosis or ocular motility abnormalities only,191 and, of 
this group, approximately half will remain “ocular myasthen-
ics,” while the other half will develop generalized symptoms, 
usually within 2 years.192 There is an approximately 22% 
spontaneous remission rate.193

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.194 The incidence of later onset 
myasthenia may be increasing.195 One study196 suggested 
younger patients had a better prognosis than those who 
presented when older than 50. 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. 14–27) 
results in a defect in neuromuscular transmission and  
weakness. A humorally mediated autoimmune attack 
directed against acetylcholine receptors causes their  

Focal motor seizures. Unilateral facial movements or eyelid 
closure which is repetitive, brief, and followed by weakness 
(Todd’s paralysis) would suggest a focal motor seizure 
involving the face. Spread to the hands or limbs, or generali-
zation to involve the other side of the face or body with loss 
of consciousness, would make this diagnosis obvious. Evalu-
ation would consist of an electroencephalogram (EEG) and 
neuroimaging to detect a structural seizure focus, followed 
by treatment with anticonvulsants.

Palpebromandibular synkinesia. Spontaneous eyelid blink-
ing associated with anterolateral jaw movements may be 
seen in bilateral cortical disease or upper brain stem lesions 
sparing the pons.21

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. 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 brain stem lesions, particularly 
mesencephalic ones.187 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 mecha-
nism is unclear, but typically eyelid nystagmus is evoked by 
convergence188 or horizontal gaze.3

Others. Paroxysmal eyelid movements such as fluttering 
can occur during seizures.189 Seesaw-like eyelid movements 
have also been reported in a child with trisomy 2p.190

Video 17.13
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Figure	14–27. Drawing of the neuromuscular junction (Ach, acetylcholine). A. Normally, presynaptic nerve depolarization causes calcium influx then release 
of vesicles containing acetylcholine into the synaptic cleft. Acetylcholine binds to acetylcholine receptors at the junctional folds of the postsynaptic muscle 
membrane. This triggers ion channel opening and generation of an endplate potential, which in turn creates a muscle membrane action potential. 
Acetylcholinesterase (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 neuromuscular 
transmission and muscle weakness.
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Figure	14–28. Severe bilateral ptosis in myasthenia gravis with chin-up 
position. In an attempt to lift the eyelids, the frontalis muscle is contracted 
and the brow is elevated.

blockade, accelerated degradation, and complement-medi-
ated damage.194,197,198 Both production of high-affinity IgG 
antibodies and sensitization of anti-acetylcholine receptor 
antibody CD4+ T-helper cells are observed.199

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. 
Anti-acetylcholine receptor antibodies may be produced, 
and, when the d-penicillamine is removed, often symptoms 
and receptor antibody levels normalize.200 Drug-induced, 
antibody-positive myasthenia has also been reported in 
association with atorvastatin.201 Several drugs, such as 
aminoglycosides, nitrofurantoin, beta-blockers, and quini-
dine, may exacerbate myasthenia gravis by their direct  
effects on the neuromuscular junction and neuromuscular 
blockade.202–205

Thymus hyperplasia and thymoma, the latter in approxi-
mately 15% of adult patients, are related findings. Myasthe-
nia gravis also occurs frequently in association with other 
autoimmune disturbances such as hyperthyroidism (3–8% 
of patients with myasthenia194) and systemic lupus 
erythematosus.

Preferential involvement of extraocular muscles. Kaminski 
and colleagues206,207 have reviewed the possible reasons why 
the eye muscles are frequently involved and sometimes 
solely affected in myasthenia gravis. These include (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. 
Although the fetal gamma subunit of the acetylcholine 
receptor in extraocular muscles was proposed as one such 
antigen,208 in one study209 the frequency of this subunit was 
found to be as common in eye as in other muscles. Alterna-
tively, it is possible that there is another, yet unidentified, 
autoantibody in myasthenia gravis which preferentially 
affects the extraocular muscles.210

Symptoms and signs. Symptoms. Variable and fatiguable 
ptosis, diplopia, chewing difficulties, dysarthria, dysphagia, 
dyspnea, and systemic weakness are the hallmarks of 
myasthenia gravis. Most patients’ symptoms exhibit diurnal 
variation, 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 (Table 14–4). None of these are pathogno-
monic of myasthenia,211,212 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 
asymmetric. 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. 14–28). When asymmetric, the eyelid which is 

Video 14.1

Table	14–4 Common eyelid signs in ocular myasthenia gravis

Ptosis—asymmetric or symmetric
Cogan’s lid twitch
Curtaining (enhanced ptosis)
Fatigue
Weakness of eyelid closure

affected more may alternate over time (so-called 
“alternating ptosis”) (Fig. 14–29). The pattern of ptosis 
and contralateral pseudo-retraction reflects Hering’s 
Law and the patient’s increased effort to elevate both 
levator muscles.

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.213 Documentation 
of a change in levator function is one objective method 
to assess an improvement of ptosis.

2. Fatiguability. If the patient is asked to maintain upgaze, 
the eyelids may tire and droop because of levator 
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A B

Figure	14–29. 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).

fatigue. Although characteristic of myasthenia, 
fatiguable ptosis may sometimes also be seen in other 
causes of ptosis.214

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 upwards, then quickly falls.212,215 One 
purported mechanism for the overshoot is a build-up 
of acetylcholine in the neuromuscular 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. 14–9). 
This sign is nonspecific, and can be seen in many  
other situations with asymmetric ptosis such as IIIrd 
nerve palsy. When the ptosis is symmetric, elevation  
of one eyelid will worsen the other eyelid (enhanced 
ptosis) (see Fig. 14–10). As discussed earlier, these 
eyelid signs are consequences 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. 14–30). In the related lid peak sign, if a patient 
with 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.216

The pupils are normal, and this should distinguish 
myasthenic ptosis from that of Horner syndrome or a IIIrd 
nerve palsy.

Ophthalmoparesis. Myasthenic ocular motility abnormali-
ties, which are very common, are reviewed in Chapter 15. 
These can mimic any pupil-sparing IIIrd nerve palsy, or  
IVth or VIth nerve palsy, or supranuclear or nuclear gaze 
paresis.

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.217 Chewing difficulties may occur 
secondary to masseter weakness. When the oropharnyngeal 
muscles are affected, speech may be nasal, and tongue pro-
trusion 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 neuromuscular system, mental status  
and sensation are normal. Myasthenic crisis refers to life-
threatening impairment of respiration.194

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.218 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. Anti-acetylcholine receptor antibodies are 
detected in 50–75% of ocular myasthenic patients and in 
80–90% with generalized disease.219–221 These antibodies are 
entirely specific for myasthenia gravis,219 but their levels do 
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Figure	14–30. Orbicularis weakness in ocular myasthenia gravis. 
A. Myasthenic right eyelid ptosis. B and C. The eyelids are easily opened 
despite attempted eyelid closure. Note Bell’s phenomenon, left eye more 
than right eye, indicating effort made to close the eyelids.

not necessarily correlate with the presence or severity of the 
disease. Antibody tests that measure the accelerated degrada-
tion or blockage of acetylcholine receptors may occasionally 
be positive in seronegative individuals.194 Also, antibodies 
against components of striated muscle may be detected in 
myasthenia gravis. They have a low sensitivity but high  
specificity for myasthenia gravis,198 and they also suggest 
the presence of thymoma. In addition, some presumably 
seronegative patients may in fact have low-affinity anti- 
acetylcholine receptor antibodies.222

Other patients without demonstrable anti-acetylcholine 
receptor antibodies may be found to have antibodies to 
muscle-specific kinase (MuSK). The exact mechanism by 
which MuSK antibodies cause myasthenic symptoms is 
unclear.223,224 In contrast to those with anti-acetylcholine 
receptor antibodies, myasthenic patients positive for MuSK 
have more bulbar symptoms and facial and tongue muscle 
weakness and atrophy,225,226 their disease may be more 
severe, more difficult to treat,227,228 and may correlate with 
antibody levels.229 Ocular manifestations are less common, 
and solely ocular myasthenia is very rare in those positive 
for MuSK antibodies.230

Electromyography. A decrement of the compound muscle 
action potential during repetitive nerve stimulation (2–5 Hz) 
of limb or facial muscles is diagnostic in many cases of 
myasthenia gravis.231 Additional single fiber electromyo-
graphic (EMG) studies may be helpful in ocular myasthenia 
if the repetitive stimulation, edrophonium test, and anti-
body 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 electromyography, 
can be increased in myasthenia gravis and other disorders of 
neuromuscular transmission.232 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 evalu-
ated. Patients who have only ocular symptoms but have an 
abnormal EMG when a limb muscle is tested are still con-
sidered to have only ocular myasthenia. By testing the orbic-
ularis oculi muscles, one study found abnormal findings in 
13 out of 14 (93%) myasthenic patients.233 However, caution 
should be used when using single fiber electromyography to 
distinguish between ocular myasthenia gravis and chronic 
progressive external ophthalmoparesis (CPEO). One study234 
found that patients with CPEO may have abnormal jitter, 
while none of the patients with CPEO had an abnormal 
single fiber EMG in another study.233 Although extraocular 
muscles and the levator muscle can be evaluated using single 
fiber electromyography,235 they are not normally investi-
gated by this technique in most neurophysiology laborato-
ries. In patients with mild myasthenia, the combination of 
single fiber electromyography, anti-acetylcholine receptor 
antibody studies, and the edrophonium test should provide 
the laboratory confirmation of myasthenia gravis in at least 
95% of patients.236

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. 
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with myasthenia, confirmed by other test parameters (see 
below), may have an equivocal or no response to edropho-
nium. In contrast, clinical improvement with edrophonium 
may be observed in other disorders of neuromuscular trans-
mission such as Lambert–Eaton myasthenic syndrome (see 
below), botulism, and organophosphate toxicity. In addi-
tion, patients whose ptosis and eye movements unequivo-
cally improved with edrophonium, who later were found to 
have skull base tumors, have been described.211 Therefore, a 
positive edrophonium test should not be the sole basis for 
making a diagnosis of myasthenia gravis.

Intramuscular neostigmine may be used instead of edro-
phonium in children who may be uncooperative for an 
intravenous infusion or too agitated to monitor over a short 
period of time or in adults whose signs are subtle and a 
longer period of observation is desired.239,240 For adults, 
1.5 mg of neostigmine and 0.6 mg of atropine sulfate are 
drawn up into a syringe and injected intramuscularly. The 
dose for children of neostigmine is 0.04 mg/kg, not to exceed 
a total of 1.5 mg.241 The effect of intramuscular neostigmine 
usually begins by 15 minutes and is maximal by 30 
minutes.241

Ice pack, rest, and sleep tests. If the patient has a cardiac 
history, one could try the noninvasive ice pack or sleep 
tests.242,243 In the ice pack test, a bag of ice is placed over the 
affected lid for 1 minute and then whether there is improve-
ment in ptosis or not is noted. The ice test has a relatively 
high (80%) sensitivity and specificity (100%) for myasthe-
nia gravis, and even patients with a negative edrophonium 
test may have a positive ice pack test, demonstrating its 
added benefit as a diagnostic test.242,244 The precise mecha-
nism by which cooling improves myasthenic weakness is 
unclear. Enhanced transmitter release, reduced acety-
cholinesterase activity, and increased receptor sensitization 
with lower temperature are possible mechanisms.242 
However, similar improvement of ptosis may occur with 
warm packs as well,245 suggesting it is the resting, rather than 
the temperature, which is important. Nevertheless, one 
study showed that the ice test resulted in greater improve-
ment in myasthenic ptosis than rest alone.246 In the rest or 
sleep tests, the patient is allowed to rest, relax, or sleep for 
approximately 30 minutes to see if rest improves the ptosis 
(Fig. 14–31).243

Imaging. If there is any concern that the eyelid and ocular 
motility abnormalities are suggestive of more central rather 
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In patients with myasthenia gravis, many of the eyelid, 
ocular motor, or systemic signs may objectively improve, 
thereby verifying the diagnosis (see Fig. 14–9).237 The edro-
phonium test is positive in 80–90% of patients with myasthe-
nia gravis.233,236 The test should be performed only in those 
with obvious ptosis or ophthalmoparesis, in whom improve-
ment can easily be observed.238

Edrophonium may be drawn up in a 1 ml tuberculin 
syringe and administered intravenously in 2 mg increments 
separated by 30–60 seconds up to a total of 10 mg. The 
advantage of the incremental method of edrophonium 
administration is that the full 10 mg dose may not be 
required to produce a positive response. Furthermore, over-
medicating the patient and occasionally missing the point 
of ocular recovery can be avoided. The test can be terminated 
at any point or after the patient has received the full 10 mg 
dose if no response has occurred. If an intravenous line is 
used instead of a tuberculin syringe, flushing the line with 
normal saline is necessary to ensure that the edrophonium 
has been delivered to the bloodstream.

Optimally, an edrophonium test requires a team effort 
with one individual administering the drug, another docu-
menting the clinical findings, and a third monitoring the 
blood pressure and pulse. Occasionally patients develop 
salivation and mild gastrointestinal discomfort. Atropine 
0.4 mg should be ready in a separate syringe and adminis-
tered 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 popu-
larity of the more simple ice and rest tests (see below), and 
the increasing difficulty in obtaining edrophonium, many 
clinicians 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. Paradoxical worsening of ptosis should 
not be considered a positive test. The edrophonium test in 
patients with ocular dysmotility is discussed in more detail 
in Chapter 15. Eyelid twitching, tearing, and abdominal 
cramping are signs that the edrophonium has taken effect.239 
The edrophonium lasts for just a few minutes. Placebo injec-
tions are not necessary in patients with ptosis, which is 
almost never functional.

The edrophonium test unfortunately has many false nega-
tives and positives. For unclear reasons, some individuals 
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Figure	14–31. Positive rest test in myasthenia gravis. A. This girl with ocular myasthenia gravis exhibited ptosis in both eyes, left more than right. B. After 
resting in a dimly lit room with the eyelids gently closed for 20 minutes, both eyelids elevated and returned to normal.
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Figure	14–32. 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.

Table	14–5 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

4. Potential cure
Thymectomy

than neuromuscular origin, then an MRI of the brain is 
mandatory. Computed tomography (CT)or MRI of the chest 
should be performed to exclude a thymoma in all cases.

Treatment. Patients with myasthenia gravis are treated 
with acetylcholinesterase inhibitors, plasmapheresis, intra-
venous gammaglobulin, immunodulators, or thymectomy, 
either alone or in combination (Table 14–5).247 Treatment 
decisions are based upon the presence of bulbar or general-
ized symptoms, age, and disease severity. Unfortunately the 
treatment of ocular myasthenia has not been studied with 
rigorous randomized, controlled, clinical trials.248,249

Medical treatment. Although corticosteroids are more 
effective in ocular myasthenia than pyridostigmine,250 the 
latter is typically used first in patients with ocular or mild 
generalized myasthenia because of its milder side-effect 
profile. 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 a timespan 
preparation can be given at night-time to aid breathing, 
bulbar function, and weakness overnight and upon awaken-
ing. The response to pyridostigmine is variable, and it seems 
most effective at alleviating many of the bulbar and systemic 

symptoms, somewhat effective at improving ptosis, but rela-
tively ineffective for diplopia. Tachyphylaxis and overmedi-
cation, inducing cholinergic crisis, rarely occur.251 The most 
common side-effects are diarrhea and cramping, which 
resolves with lowering the dosage or can be alleviated with 
loperamide, glycopyrrolate, or diphenoxylate with atropine. 
The last two drugs decrease respiratory secretions.

In patients who fail or who cannot tolerate pyridostig-
mine, corticosteroids, the most effective immunosuppressive 
agent for myasthenia gravis,252 can be tried next. Their use, 
however, must be weighed against the possible short- and 
long-term steroid-related side-effects. 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.198 H2-blockers for ulcer prophylaxis are often added. 
The prednisone dose can be tapered once therapeutic efficacy 
is reached, typically after a few months (Fig. 14–32). Starting 
with lower doses decreases the potential for steroid-induced 
worsening of symptoms in moderate to severe generalized 
myasthenia, but this complication rarely occurs in patients 
with predominantly ocular findings.253 Therefore, in patients 
with purely ocular myasthenia, another alternative is to start 
patients at higher initial doses at 40–80 mg q.d.254 Symp-
toms 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 alternate day dosing. A critical dose where  
worsening may occur is usually around 20 mg every other 
day. Failed attempts at dose reduction can be followed by 
slower dose reduction rates, an increased ending dose, the 
addition of another immunosuppressive, or thymectomy 
(see below).255

Some authorities have argued that lid crutches for ptosis 
or patching for diplopia are better conservative measures 
than corticosteroids in patients with ocular myasthenia,256 
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or that the benefits (proven or otherwise) do not outweigh 
the risks of treatment.257 However, we have found that many 
patients find these alternatives unacceptable, especially those 
who require stereoscopic vision for their occupation and for 
whom external appearance is an issue, and prefer using cor-
ticosteroids as long as side-effects are monitored and kept to 
a minimum.258 Corticosteroids might also reduce the risk of 
conversion to generalized myasthenia (see below).259 Surgi-
cal correction of ptosis in general is not recommended 
because of the variability of the eyelid drooping. However, 
select patients with ptosis stable for years may benefit from 
ptosis surgery.260

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. 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.194,261 Bone 
marrow and liver function should be monitored for possible 
side-effects. Cyclosporine can be given at 2.5 mg/kg b.i.d., 
with a time to onset of effect of 4–12 weeks262 and a time to 
maximal effect of 3–6 months. For this drug, blood pressure, 
renal function, and drug levels should be monitored.263 
Some authors264 have advocated their judicious use with 
corticosteroids in patients with difficult-to-manage ocular 
myasthenia. The use of mycophenolate mofetil at doses of 
1–2 g per day has been recommended,265–268 but the medica-
tion’s effectiveness in myasthenia recently has been ques-
tioned.269 One report suggested treatment of severely 
refractory myasthenia with high-dose cyclophosphamide 
followed by granulocyte colony-stimulating factor to 
“reboot” the bone marrow.270

Because of the cost, requirement of an inpatient stay, and 
frequent need for repeated treatments, we have not used 
plasmapheresis or intravenous gamma globulin271,272 in 
patients with solely ocular myasthenia. These modalities are 
more appropriate for patients whose generalized symptoms 
of dyspnea, dysphagia, and systemic weakness are debilitat-
ing enough to require hospitalization.273

Preliminary studies suggest that myasthenia may also  
be successfully treated with oral antisense suppression  
of acetylcholinesterase activity by limiting the enzyme’s 
synthesis.274

Surgical. Besides spontaneous remission, thymectomy 
represents the only potential cure for myasthenia gravis.275 
Possible mechanisms for improvement include: eliminating 
a source of continued antigenic stimulation,276 removing a 
possible reservoir of B cells which secrete acetylcholine 
receptor antibodies, and correcting a disturbance of immune 
regulation.194 The procedure traditionally is performed via a 
trans-sternal approach.277,278 The transcervical approach, 
which requires only a incision at the base of the neck, has 
become popular because of less associated discomfort and 
quicker recovery.279,280 Pathologically the thymus typically 
exhibits lymphoid hyperplasia.

Patients without thymoma less than 60 years of age who 
have generalized symptoms are ideal candidates for thymec-
tomy. Those with bulbar or respiratory weakness may require 
preoperative plasmapheresis to reduce the postoperative 

recovery period. Sixty percent of patients will experience 
complete remission without symptoms or need for medica-
tion over several years.232,281 Another 30% are able to reduce 
their dose of pyridostigmine or immunosuppressive agent. 
Surgery earlier in the disease course and less severe disease 
appear to be associated with better outcomes.282 As the mor-
bidity associated with thymectomy, especially via the trans-
cervical route, decreases with improvement in surgical 
techniques, we have lowered our threshold for recommend-
ing this procedure in patients with solely ocular myasthenia 
to aid medical therapy and possibly reduce the risk of gen-
eralization.280,283–285 In addition, it has recently been sug-
gested that patients older than 60 may safely undergo and 
benefit from the procedure.286

Thymoma associated with myasthenia is another indica-
tion for thymectomy, which is usually performed trans- 
sternally to insure complete removal of the tumor. Post-
operatively 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 study287 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 retrospective 
studies have suggested that treatment of patients with ocular 
myasthenia gravis with corticosteroids,288,289 azathioprine,290 
or thymectomy280 may reduce the risk of conversion to gen-
eralized myasthenia. This topic is highly controversial.249,257,259 
In our experience, patients with ocular myasthenia who have 
undergone thymectomy do appear to have a lower incidence 
of generalization.280 On the other hand, we have seen 
patients with ocular myasthenia gravis treated with corticos-
teroids or azathioprine who had no generalized symptoms 
at presentation or during treatment. However, when treat-
ment was withdrawn, either accidentally or at the patient’s 
request, the patients exhibited generalized symptoms. There-
fore, it is unclear, at least in some instances, whether chronic 
immunosuppression simply masked the conversion to gen-
eralized myasthenia.

Myasthenia gravis in children. Juvenile (or infantile) 
myasthenia gravis has the same pathophysiology as the adult 
type, with idiopathic production of acetylcholine receptor 
antibodies.291 In one study 14–30% of children experienced 
spontaneous remission,292 and in another study293 this 
always occurred within 40 months of disease onset in pre-
pubertal patients. In one small exceptional series,294 all of 
four children with solely ocular myasthenia had a spontane-
ous remission. As in adults, about one-third295 to one-half296 
of children presenting with ocular myasthenia will eventu-
ally generalize (Fig. 14–33). Forty percent of children with 
ocular myasthenia have detectable acetylcholine receptor 
antibodies, whereas 70% of children with generalized symp-
toms are seropositive.296 Younger prepubertal children have 
a higher incidence of seronegativity.297 MuSK antibodies 
may be seen in children with myasthenia.298,299 When an 
edrophonium test is performed, a total of 0.2 mg/kg can be 
infused intravenously in divided doses, not exceeding 10 mg.

Pyridostigmine is first-line therapy in ocular or generalized 
juvenile myasthenia, but, like with adults, the results are  
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sucking, a weak cry, and hypotonia due to passive transfer 
of acetylcholine receptor antibodies. As the antibody titer 
declines over the first days or weeks of life, the child spon-
taneously improves.

Congenital myasthenic syndromes. These conditions share 
a different mechanism from antibody-mediated myasthenia 
gravis, although children present similarly with weakness 
evident shortly after birth.309 These syndromes have been 
traced to genetic abnormalities of the presynaptic, synaptic, 
or postsynaptic portions of the neuromuscular junction.310 
Neither circulating autoantibodies nor abnormal thymus 
glands are found. Engel and colleagues311–317 and others318 
have characterized several congenital myasthenic syndromes, 
and examples include: (1) a defect in acetylcholine resynthe-
sis and packaging (presynaptic), (2) a congenital endplate 
acetylcholinesterase deficiency (synaptic), (3) a slow-chan-
nel syndrome (postsynaptic), (4) a congenital endplate ace-
tylcholine receptor deficiency (postsynaptic), and (5) high 
conductance and fast closure of the acetylcholine receptor 
channel (postsynaptic). Except for the slow-channel syn-
drome, which is autosomal dominant, the congenital 
myasthenic syndromes have autosomal recessive inherit-
ance.319 Treatment options include low-dose pyridostigmine, 
fluoxetine,320 and ephedrine.321

Lambert–Eaton myasthenic syndrome
Lambert–Eaton myasthenic syndrome (LEMS), which is 
much rarer than myasthenia gravis, is a presynaptic neuro-
transmission disorder. The syndrome has two major forms: 
paraneoplastic and primary autoimmune, but their presenta-
tions and pathophysiology are similar. Most patients are 
elderly, but individuals in all age groups can be affected. 
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.322 Most of these patients harbor a small cell carci-
noma of the lung, but LEMS is also associated with large cell 
neuroendocrine carcinomas and adenocarcinomas of the 
lung, lymphoproliferative disorders, renal cell carcinoma, 
and parotid tumors. As in many paraneoplastic disorders, 
the presentation of LEMS may precede or follow the cancer 
diagnosis. Rare individuals with LEMS and paraneoplastic 
cerebellar degeneration323–325 and others with LEMS and 
antibody-positive myasthenia gravis326 have been reported. 
LEMS can also be seen in association with other auto-
immune diseases such as systemic lupus erythematosus, per-
nicious anemia, diabetes mellitus, and thyroid disease.327 
LEMS due to diltiazem, a calcium channel blocker, has also 
been described.328

Pathophysiology. In both the paraneoplastic or primary 
autoimmune types, LEMS is caused by antibodies directed 
against voltage-gated calcium channels on the presynaptic 
portion of the neuromuscular junction.329,330 Various sub-
types of these antibodies, designated P/Q, L, N, T, and MysB, 
have been described.331 Acetylcholine release, which is 

Figure	14–33. Two-year-old girl with generalized myasthenia gravis 
symptomatic with right eyelid ptosis, swallowing difficulty, and limb 
weakness.

often unsatisfactory. Long-term corticosteroids are often 
added when pyridostigmine is insufficient,300 but the doses 
must be kept small because of steroid’s possible effect on 
bone growth. Prevention of strabismic or deprivational (from 
ptosis) amblyopia is the reason for aggressive treatment of 
children with ocular myasthenia.301 Chronic immunosup-
pression 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.

Trans-sternal thymectomy has been performed in chil-
dren with generalized myasthenia gravis with a remission 
rate of approximately 67%,302–305 but controversy exists 
because some authors have opined that the thymus may be 
important for proper development of the immune system,306 
especially within the first year of life. However, Herrmann 
et al.307 cite numerous 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 trans-thorascopically, a procedure which leaves 
only small scars on the lateral chest wall.308 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 
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in LEMS.322,342,343 Guanidine, which has a similar mechanism 
of action, and acetylcholinesterase inhibitors also may be 
used to enhance neurotransmission. Immunomodulation 
may be achieved with plasmapheresis, intravenous immu-
noglobulin,344,345 or immunosuppression with prednisone or 
azathioprine.346 Neurologic improvement can be observed 
in many cases, with survival over 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 -bottled products which 
have not been sterilized,347 or wounds,348 can result in 
clostridia infection.

The time from onset of symptoms to medical presenta-
tion is usually days to a week. Infants usually present with 
generalized 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.349–351

Neuro-ophthalmic complications such as bifacial weak-
ness, ophthalmoplegia, ptosis, blurry vision, and diplopia 
are very common.348,352–355 Poorly reactive pupils are also 
frequently seen, and this finding and constipation often help 
differentiate patients with botulism in the emergency setting 
from myasthenia gravis or Guillain-Barré syndrome, the two 
major other disorders in the differential diagnosis of acute 
paralysis. High-frequency repetitive stimulation studies 
demonstrating post-tetanic 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 accompa-
nied by bilateral ophthalmoparesis and orbicularis oculi 
weakness. Patients with Kearns–Sayre syndrome (KSS) have 
the combination of (1) CPEO, (2) onset before age 20, (3) 
pigmentary retinopathy, and (4) at least one of the follow-
ing: heart block, ataxia, or cerebrospinal fluid (CSF) protein 
above 100 mg/dl. CPEO and KSS are both mitochondrial 
myopathies.

Pathophysiology. These disorders are caused by mitochon-
drial DNA deletions.356,357 Most cases are sporadic, and these 
are associated with single, large deletions which vary in size 
from 1.3 to 9.1 kilobases. The most common deletion is 
4.9 kb from positions 8470–13460.358

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), C10ORF (Twinkle), and polymerase 
gamma (POLG), have been associated with autosomal  

Video 14.8

dependent upon the influx of calcium into the nerve termi-
nal, is therefore impaired. Exercise or high rates of stimula-
tion increase the intracellular calcium concentration, thereby 
enhancing acetylcholine release.

Symptoms. Most patients present with progressive fatigu-
able 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 dys-
phagia and dysarthria 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.332 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.333,334 In various 
series,327,335 about one-half of patients had ptosis, and half 
had diplopia, although obvious eye movement abnormali-
ties were usually not found. Two studies of patients with 
LEMS, with normal eye movements on neuro-ophthalmic 
examination, had improvement in saccadic velocity after 
exercise documented with oculography.336,337 Autonomic 
dysfunction may be reflected in dry eye and sluggish pupil-
lary reactivity. Isolated ocular involvement is rare but has 
been reported.338

Diagnosis. Although the characteristic combination of 
clinical signs and symptoms may suggest LEMS, the diagno-
sis must be confirmed by EMG. A decreased resting com-
pound 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 ampli-
tude in myasthenia gravis, may also show a decremental 
response in LEMS. However, repetitive stimulation at 50 Hz 
may produce an incremental response. Single fiber electro-
myography may demonstrate jitter (see above) and neu-
romuscular blockade. Immunoassay for the antibodies 
directed against voltage-gated calcium channels may also be 
performed and is sensitive but not specific for LEMS.330 Edro-
phonium testing, which is also nonspecific, may lead to 
some improvement in weakness. CT and MRI of the chest 
and abdomen, followed by bronchoscopy in smokers, is 
recommended to exclude cancer.339

Treatment. Management of patients with LEMS typically 
has three forms: identification and treatment of the underly-
ing malignancy, enhancement of neurotransmission, and 
immunomodulation.332,339,340 Treatment of the cancer, via 
chemotherapy, surgery, or radiation, is the most important 
step.341 Although not widely available, 3,4-diaminopyridine, 
which prolongs the activation of voltage-gated calcium 
channels at the nerve terminal, thereby enhancing the release 
of acetylcholine, has been reported as an effective treatment 
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short stature and hypoparathyroidism have also been 
observed.364,365

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 
histological and ultrastructural abnormalities of skeletal 
muscle mitochondria.366 Ragged-red fibers, which are red-
staining granules in the subsarcolemmal zones and within 
the muscle fibers,365 can be seen on modified Gomori tri-
chrome staining (Fig. 14–36). Electron microscopy may 
reveal excessive proliferation of normal-looking mitochon-
dria, giant mitochondria with disoriented cristae, intramito-
chondrial paracrystalline inclusions (“parking lots”), and 
electron-dense osmiophilic inclusions.367

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 electromyog-
raphy in CPEO may also show increased jitter.234 This high-
lights the difficulty in using single fiber electromyography to 
differentiate CPEO from myasthenia gravis.

In KSS, nonspecific MR findings such as atrophy and 
white matter and basal ganglia hyperintensities on 

dominant progressive external ophthalmoplegia.359 POLG 
mutations may also lead to autosomal recessive progressive 
external ophthalmoplegia.360,361 Uncommonly, these mito-
chondrial DNA deletions may be responsible for sporadic 
cases as well.362,363

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 but mild when 
it occurs. Historical evidence of longstanding muscle weak-
ness, such as difficulty with running, jumping, or climbing, 
may be present.

Signs. In CPEO, symmetric ptosis with levator dysfunc-
tion and diffuse ophthalmoparesis are the most common 
features (Fig. 14–34). The pupils are spared. Patients often 
have asymptomatic orbicularis, neck, and limb weakness.358 
The pigmentary retinopathy in KSS (Fig. 14–35), which has 
been described as salt-and-pepper in appearance, is dis-
cussed 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 complication in KSS is heart block, but  

A

B

C

Figure	14–34. Chronic progressive external ophthalmoplegia 
characterized by symmetric bilateral ptosis (A), facial weakness, and 
limited ductions (B, C).
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A B

Figure	14–35. 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).

Figure	14–36. Muscle biopsy (modified Gomori trichrome) demonstrating 
ragged red fibers (arrow) in Kearns–Sayre syndrome.

T2-weighted images may be seen.368,369 MR spectroscopy 
may reveal elevated brain lactate levels, which have been 
attributed to the impairment in oxidative metabolism.370–372 
CT may demonstrate basal ganglia hypointensities365 or 
calcification.

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 bio-
chemical. Ptosis surgery is often helpful.373 However, over-
widening 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.374 Strabismus surgery can be performed in the 
rare individual with chronic strabismus and diplopia.375 
Vitamins and coenzyme Q can be given but often are of little 
benefit.

Mitochondrial neurogastrointestinal encephalopathy 
syndrome (MNGIE)
A familial mitochondrial neurogastrointestinal encephalo-
myopathy (MNGIE) syndrome, caused by multiple mito-
chondrial DNA deletions, is now well recognized.376–382 It 
is an autosomal recessive disorder caused by mutations  
in the nuclear gene for thymidine phosphorylase.383 
Other acronyms, such as POLIP (for polyneuropathy, oph-
thalmoplegia, leukoencephalopathy, and intestinal pseudo-
obstruction), had also been used previously.384 Affected 
patients are usually young to middle-aged adults. Character-
istic clinical features are symmetric ptosis, ophthalmopare-
sis, intestinal pseudo-obstruction, 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.381,382

Myotonic dystrophy
Myotonic dystrophy 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 relaxa-
tion, and multiorgan involvement.

Pathophysiology. Myotonic dystrophy is inherited in an 
autosomally dominant fashion, typically from the mother. 
It is caused by an unstable cytosine–thymine–guanine trinu-
cleotide (CTG triplet) repeat on chromosome 19q13.3. 
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 AMP-dependent 
protein kinase enzyme. A defect in phosphorylation of skel-
etal muscle ion channels may affect the excitability of the 
muscle membranes and result in myotonia.385
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Guillain-Barré syndrome and  
related polyneuropathies
Guillain-Barré syndrome
Today GBS is the most common cause of acute flaccid  
paralysis in the USA. Facial paresis occurs in approximately 
50%.397

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.398,399 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 below) are well recognized.400–402 
Central nervous system involvement is uncommon.403

Up to three-quarters of patients with GBS have a preced-
ing infection, which is usually gastrointestinal or respira-
tory.402 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 peripheral 
nerve,404 having AMAN or secondary axonal degeneration in 
association with AIDP,405 as well as exhibiting slower recov-
ery and greater residual neurologic disability.406,407 Other 
common antecedent infections include human immunode-
ficiency virus (HIV), cytomegalovirus, Epstein–Barr virus, 
and Mycoplasma pneumoniae.408 Associated diseases include 
Hodgkin’s lymphoma409 and systemic lupus erythematosus. 
A history of recent surgery is also a risk factor for GBS, 
although infrequent.

Symptoms. Patients usually present with motor weakness, 
often ascending, which progresses over days to weeks.  
Paresthesias in affected limbs occur frequently, but are 
usually a less prominent complaint. Pain in the thighs or 
back may occur.

Signs. GBS is highlighted by areflexia and symmetric 
motor weakness affecting the limbs and trunk. Bulbar and 
respiratory muscles are often involved. Sensory loss is 
mild.410 Uni- 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%.397 Ptosis, 
when it occurs, is usually a result of IIIrd nerve palsy. 
However, in one series411 8% of patients with GBS had ptosis 
without ophthalmoparesis or pupillary abnormalities. When 
the spinal fluid protein level is very high, elevated intracra-
nial pressure and papilledema may develop (see discussion 
in Chapter 6). Rare cases of optic neuritis have been 
reported.412 Pupillary abnormalities, due most often to para-
sympathetic dysfunction, can be seen (see discussion in 
Chapter 13).

Respiratory failure may require mechanical ventilatory 
support in about one-third of cases.397 Medical complica-
tions include pneumonia, urinary tract infections, sepsis, 
cardiac arrhythmias, blood pressure fluctuations, cardiac 
arrest from autonomic instability,413 and deep vein throm-
boses and pulmonary emboli from immobility.

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 defi-
cits. Patients may present in the neonatal period with weak-
ness 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.”386 Ocular motor abnormalities 
have been described, including external ophthalmoplegia.387 
Subclinical saccadic slowing has been demonstrated oculo-
graphically, but it is controversial whether this phenomenon 
is a peripheral or central one.388–392 A characteristic Christ-
mas 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, pig-
mentary retinal degeneration, and hypotony may occur.393

Patients with myotonic dystrophy are diffusely weak. 
Action myotonia is elicited by having the patient grasp an 
object then have difficulty relaxing. Percussion myotonia can 
be observed following mechanical depression of the tongue 
or thenar eminence, for example. Many have cognitive delay, 
decreased IQ, or other mental status abnormalities. Typical 
systemic findings in males include temporal balding and 
testicular atrophy. Patients also may have cardiac abnormali-
ties such as arrhythmias, conduction defects, and congestive 
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.

The disorder should be distinguished from other myotonic 
neuromuscular disorders such as hyperkalemic period paraly-
sis, paramyotonia congenita, and myotonia congenita.385 
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.

Other muscular dystrophies
Oculopharyngeal muscular dystrophy. Patients with this dis-
order usually present in middle age with progressive bilateral 
ptosis and dysphagia. Several subtypes have been described, 
including:

1. An autosomal dominant oculopharyngeal muscular 
dystrophy is recognized among French Canadian and 
Bukhara Jewish families. Ptosis and mild to moderate 
ophthalmoplegia may be presenting features,394 and 
facial weakness and proximal limb weakness may also 
develop. The pathologic hallmark is a filamentous 
intranuclear inclusion in affected muscles. The genetic 
defect has been mapped to chromosome 14q11.2–13, 
and a guanine–cytosine–guanine (GCG) triplet repeat 
has been demonstrated.395

2. In another type, ophthalmoplegia is more 
prominent, and affected patients display clinical, 
electrophysiologic, and pathologic evidence of 
myopathy and neuropathy.396
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There is considerable debate whether the lesions respon-
sible for Miller Fisher syndrome are entirely peripheral or if 
the central nervous system is also affected.431 Extra-axial 
enhancement of the ocular motor nerves on MRI suggests 
that in some cases the external ophthalmoplegia is caused 
by a peripheral process.432,433 GQ1b gangliosides are found in 
the paranodal regions of the extramedullary portions of the 
ocular motor nerves,416 suggesting a basis for attack at this 
site. However, other MRI studies434 have showed white 
matter lesions in the brain stem, implying that the process 
may be both central and peripheral in some cases. Further-
more, one report demonstrated that GQ1b and GT1b antibod-
ies from sera of patients with Miller Fisher syndrome binds 
to cells in the molecular layer of human cerebellum.435 This 
may be the mechanism for the ataxia seen in these patients. 
Cases with brain stem 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 brain stem encephalitis (see Chapter 15).436

Patients with Miller Fisher syndrome are treated with the 
same modalities such as IVIG and plasmapheresis, as those 
with AIDP.437 The prognosis for full recovery after weeks to 
months is excellent.426,438

Chronic inflammatory demyelinating  
polyneuropathy (CIDP)
Patients with CIDP 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%,439,440 and rarely the ocular motor 
nerves are affected.441 Progression occurs over several months, 
and approximately half have a monophasic course while the 
other half experience relapses and remissions.440 Rarely there 
is clinical evidence of central nervous system demyelination 
and optic atrophy.442 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.439 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, plas-
mapheresis, and intravenous immunoglobulin.443–445
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which could be the immunogens for their synthesis.429,430
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Eye movement disorders:
third, fourth, and sixth nerve 
palsies and other causes of 
diplopia and ocular 
misalignment

This chapter will cover the diagnosis and management of the causes of 
double vision and ocular misalignment. Although the bulk of the discussion 
will concentrate on third, fourth, and sixth nerve palsies, other supranuclear, 
nuclear, neuromuscular junction, myopathic, and restrictive disorders will 
be detailed or alluded to. The relevant anatomy of the ocular motor system 
will be discussed first, followed by signs and symptoms in patients with 
diplopia, then the diagnosis and management. The differential diagnosis of 
the major entities that cause diplopia or ocular misalignment will then be 
reviewed.

Note: the following terms will be interchanged throughout this 
chapter: oculomotor = third = IIIrd nerve; trochlear = fourth = IVth nerve; 
abducens = sixth = 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 (adduction), inferior rectus (depression), superior rectus, and inferior 
oblique (elevation) muscles as well as the pupillary sphincter muscle (con-
striction) 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, hierarchical 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 omnipause 
neurons (OPNs), thereby disinhibiting the paramedian pontine reticular 
formation (PPRF). Neurons of the PPRF, in turn, excite the adjacent VIth 
nerve nucleus, which, via the ascending medial longitudinal fasciculus 
(MLF), innervates the contralateral medial rectus subnucleus in the mesen-
cephalon. Supranuclear centers for pursuit lie in the ipsilateral frontal and 
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Figure	15–2. Diagram of right eye (examiner’s view) showing direction 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.

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	15–3. Diagram of axial section of the midbrain through the 
superior colliculus. CA, cerebral aqueduct; CCN, central caudal nucleus; CP, 
cerebral peduncle; SN, substantia nigra; f, oculomotor nerve fascicle; IIIrd nn., 
oculomotor nerve nucleus; IIIrd n., oculomotor nerve; IF, interpeduncular 
fossa; PAG, periaqueductal gray; SC, superior colliculus; and RN, red nucleus.

interstitial nucleus of Cajal (INC), areas which exert supra-
nuclear 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 IIIrd 

supplementary eye fields and V5 (see Fig. 16–3). Upgaze and 
downgaze saccades, also under voluntary control by the 
frontal and cortical eye fields, are initiated by neurons in the 
mesencephalic rostral interstitial nucleus of the medial lon-
gitudinal fasciculus (riMLF) and regulated by cells in the 
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Figure	15–4. Cross-sectional diagram of topographic organization of the 
IIIrd nerve fascicle.159,162 Labeled fiber distributions: P, pupillary; IR, inferior 
rectus; MR, medial rectus; LP, levator palpebrae; SR, superior rectus; IO, 
inferior oblique.

Figure	15–5. Axial section through the IVth nerve nuclei at the level of 
the pontomesencephalic junction. A, aqueduct; PAG, periaqueductal gray 
matter; IVth n., fourth nerve; IVth nn., fourth nerve nucleus; MLF, medial 
longitudinal fasciculus; CS + CB, corticospinal and corticobulbar tracts; DSCP, 
decussation of the superior cerebellar peduncle (brachium conjunctivum).

Figure	15–6. Axial section through the pons at the level of the VIth nerve 
nuclei. VI, sixth nerve nucleus; VII, seventh nerve nucleus; C, central 
tegmental tract; CS, corticospinal tract; VN, vestibular nuclei; ML, medial 
lemniscus; MLF, medial longitudinal fasciculus; PPRF, paramedian pontine 
reticular formation; STT (V), spinal trigeminal tract of the Vth nerve; STN (V), 
spinal trigeminal nucleus of the Vth nerve.

nerve is subserved by individual subnuclei.2,3 Unique fea-
tures, however, include the central caudal subnucleus, which 
subserves both levator muscles; the superior rectus subnu-
clei, 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 func-
tion 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 interpenduncular fossa (Fig. 15–3). 
The neurons of each IIIrd nerve-innervated muscle are topo-
graphically 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 
interneurons which will climb within the MLF to innervate 
the contralateral medial rectus subnucleus (see Fig. 16–2). 
The fascicles travel ventrally, passing through the cortical 
spinal tracts, before exiting anterolaterally at the pontomed-
ullary junction.

It should be emphasized that, except for the superior 
rectus subnucleus and the trochlear nuclei, the ocular motor 
nuclei innervate ipsilateral eye muscles.

Extra-axial 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 
brainstem, running under the free edge of the tentorium 
before piercing the dura to lie immediately inferior to the 
IIIrd 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.
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Internal carotid artery
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of sphenoid bone
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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 IIIrd, IVth, and VIth nerves exit the 
brainstem (left), traverse the subarachnoid space, then enter the cavernous sinus along with V1 and V2.

Figure	15–8. Diagram of the coronal view of the cavernous sinus (orange 
area). The IIIrd, IVth, and V1 and V2 cranial nerves line up vertically in the 
lateral wall of the cavernous sinus, whereas the VIth nerve lies freely closer 
to the carotid artery.

The cavernous sinuses are triangular-shaped interconnect-
ing 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 proximity to the 
sphenoid and maxillary sinuses while the optic chiasm lies 
superomedially (see Fig. 7–5). Each cavernous sinus con-
tains a plexus of veins that drains the inferior and superior 
ophthalmic veins of the orbit and funnel posteriorly to the 
inferior and superior petrosal sinuses.6 Communications are 
established to the opposite cavernous sinus by channels 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.7,8

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;9 and (3) the superior 
hypophyseal artery that provides blood to the rostral portion 
of the pituitary gland.10

The IIIrd and IVth 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 VIth nerve, and third-order oculosympathetic fibers from 
the superior cervical ganglion lie more medially (Fig. 15–8).11 
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 IIIrd nerve just before both 
nerves enter the superior orbital fissure. Within the cavern-
ous sinus network, the VIth nerve lies freely just lateral to 
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tion. Pupilloconstrictor fibers from the IIIrd nerve synapse 
in the ciliary ganglion, which lies within the lateral muscle 
cone (see Fig. 13–3) and issues postsynaptic fibers that 
innervate the pupil. Other details regarding orbital anatomy, 
including that of the extraocular muscles, are discussed in 
Chapter 18. Readers interested in detailed reviews of the 
anatomy and physiology of the extraocular muscles are 
referred to the reviews and articles by Porter, Baker, and their 
colleagues.13–15

Blood supply of the extra-axial ocular motor nerves. The 
nutrient circulation to the IIIrd nerve16,17 arises from (1) 
small thalamomesencephalic perforators arising from the 
basilar and posterior cerebral arteries and the posterior circle 
of Willis, in the proximal subarachnoid space;18 (2) as 
alluded to earlier, microscopic branches of the inferior 
lateral trunk of the intracavernous carotid within the cavern-
ous sinus;19 and (3) recurrent branches of the ophthalmic 
artery intraorbitally. A watershed region of the IIIrd nerve 
may exist between the proximal and intracavernous por-
tions.20 The cavernous and orbital blood supply of the IVth 
and VIth nerves is likely similar. The subarachnoid segment 
of the IVth nerve derives its blood supply from branches of 
the superior cerebellar artery.21 The subarachnoid segment 
of the VIth nerve is likely supplied by branches from the 
posterior 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-, right-, up-, or downgaze, or distance or near.

1. Binocular vs. monocular double vision. This can be 
assessed by inquiring, “Does the double vision go away 
when you cover either eye?” Neurologic ocular 
misalignment causes binocular diplopia which 
disappears with either eye covered, whereas ocular 
causes such as refractive 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 
dysfunction of the medial or lateral rectus muscles. 
Vertical diplopia implies an abnormality of the 
vertically acting muscles such as the inferior 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 
extraocular 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 

the cavernous carotid artery and enters the superior orbital 
fissure as it courses anteriorly. The postganglionic sympa-
thetic fibers travel up the carotid artery and briefly join the 
VIth nerve within the cavernous sinus. This anatomical rela-
tionship accounts for the occasional case of an abducens 
palsy and Horner syndrome associated with lesions of the 
cavernous sinus.12

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 this 
branch indicates a process posterior to cavernous sinus. 
More anteriorly, the maxillary division leaves the skull base 
at the level of the cavernous sinus via the foramen rotun-
dum. The ophthalmic branch of the trigeminal, along with 
the IIIth, IVth, VIth nerves and the oculosympathetic fibers, 
leave the anterior cavernous sinus and enter the orbit through 
the superior orbital fissure (Figs 15–1 and 15–9).

Orbit. Once in the orbit (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 (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 
nerve, IIIrd, IVth, VIth, and V1 dysfunction. In contrast to 
the more direct orientation and attachments of the lateral, 
inferior, 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 (Fig. 15–1). This 
arrangement accounts for the down and in movement and 
intorsion of the eye produced by superior oblique contrac-

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.
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1. Whether the diplopia or misalignment is a neurologic, 
ocular, or a childhood strabismus problem. If it is 
neurologic, 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 
typically cause horizontal22 or vertical diplopia23,24 
(Table 15–1).

Often the ophthalmoparesis and abnormal motility 
pattern is characteristic, and other historical features or 
accompanying neurologic findings aid in localization and 
diagnosis. A complete, isolated infranuclear IIIrd nerve palsy 
causes ipsilateral elevation, adduction, and depression weak-
ness accompanied by abduction, hypodeviation, pupillary 
mydriasis, and ptosis. Patients with superior oblique paresis 
complain of vertical diplopia, often with a torsional compo-
nent, and they have an ipsilateral hypertropia worse on  
contraversive (contralateral conjugate) horizontal gaze and 
ipsilateral head tilt. Patients with a lateral rectus palsy com-
plain of binocular horizontal double vision worse on ipsiver-
sive gaze and at distance. In many cases the limitation of 
abduction is evident, but, in more subtle instances, alternate 
cover or Maddox rod testing would confirm an esotropia 
largest on ipsiversive gaze. Small vertical deviations, consist-
ent with normal hyperphorias, can be seen in VIth nerve 
palsies.25 Restrictive diplopia, due to orbital processes such 
as thyroid-associated ophthalmopathy, are associated with 
limited movements with normal saccadic velocity but posi-
tive forced duction testing. Proptosis and periorbital swell-
ing are also usually present in such cases.

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 15–2).26–28 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.29

fusion. Asking if the blurry vision resolves with one eye 
covered is helpful in this regard.

Individuals with ocular misalignment who have no diplo-
pia usually have either (1) defective vision in one or both 
eyes due to refractive error, cataract, optic neuropathy, or 
maculopathy, for instance, (2) long-standing childhood stra-
bismus 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, fatigabil-
ity, other neurologic symptoms such as dysphagia or weak-
ness, underlying illnesses such as hypertension, diabetes, 
cerebrovascular 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:

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 

quantitatively 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 a neurologic problem, while comitant 
deviations (same in every direction) are typically 
long-standing, often dating to childhood.

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, 
but psychogenic disturbances should also be considered.

Approach

Using the clues from the history and examination, the exam-
iner’s goals are to decide:

Table	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
Third nerve palsy
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Table	15–2 Causes of acquired IIIrd, IVth, and VIth nerve palsies in adults. “Vascular” refers to associated diabetes mellitus, hypertension, or 
atherosclerosis. * = most common group; # = most common group with an identifiable cause. Data from Richards et al.28

Etiology IIIrd	(%) IVth	(%) VIth	(%)
Multiple	(any	combination	of	IIIrd,	

IVth,	or	VIth)	(%)

Undetermined 24* 32* 26* 12

Vascular 20# 18 13 4

Head trauma 15 29# 15 17

Aneurysm 16 1 3 9

Neoplasm 12 5 22# 35*#

Other 13 15 22 23

Treatment	overview

The ophthalmoparesis in some of the disorders described, 
such as ischemic and traumatic ocular motor palsies, will 
often resolve spontaneously. Other cases, such as those due 
to myasthenia gravis or bacterial meningitis, will improve 
as the underlying cause is treated. In the meantime, patients 
with diplopia can wear an eyepatch over one eye to resolve 
the double vision, or one lens of a pair of eyeglasses can 
be taped over. Some authors have advocated botulinum 
toxin injections into the antagonist muscle of a paretic one, 
even in supranuclear ocular motility disorders.30 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 comitant deviations. Tem-
porary Fresnel paste-on prisms can be used initially, fol-
lowed by ground-in prisms in chronic cases. 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 compli-
cating feature of ptosis with the potential for deprivational 
amblyopia. These children, when able, should be referred to 
a pediatric ophthalmologist 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 non-organic 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 and a “ghost image” or extra line 
to things they are viewing. They 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 disappears when the 
same object is viewed through a pinhole. Common causes 
of this type of double vision include cataracts, irregular astig-
matism (particularly keratoconus), corneal scars, and tear 
film irregularities. If refraction with a rigid contact lens 
improves the double vision then the cause is likely to be an 
irregular corneal surface. Treatment of this type of double 
vision is etiology specific, i.e., refraction, 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 binocu-
lar diplopia can result from macular disease as well. In one 
mechanism, macular disease leads to significant image  
distortion or difference in image size compared with the 
other eye (aniseikonia). This image size or shape discrepancy 
prevents fusion of images despite normal alignment.31,32 
Alternatively, double vision may result from macular  
displacement by vitreoretinal traction or epiretinal mem-
brane, for instance.33,34

Finally, patients with non-organic or functional vision 
loss often complain of monocular double vision. In our 
experience 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 character-
ize a complaint of “blurred vision.” In this setting, patients 
may also complain of triple or quadruple vision. The 
symptom does not improve with pinhole or any other 
maneuver on the part of the examiner. Non-organic vision 
loss is discussed further in Chapter 11.
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Neurologic causes of monocular  
double vision
Rarely, acquired occipital lobe lesions or drugs may cause 
multiple images, akin to palinopsia. These types of visual 
hallucinations are discussed in Chapter 12.

Supranuclear	causes	of	diplopia,	
including	vergence	disorders

This section will review diplopia caused by supranuclear 
lesions: internuclear ophthalmoplegia and the major  
vergence disorders (abnormalities of moving the eyes in 
opposite directions): convergence spasm, convergence and 
divergence insufficiency, and pseudoabducens palsy, which 
cause horizontal diplopia; and skew deviation and monocu-
lar elevator palsy, which lead to vertical diplopia.

Internuclear ophthalmoplegia
Disruption of the MLF in the pons or midbrain results in an 
internuclear ophthalmoplegia (INO) typified by an ipsilateral 
adduction deficit and contralateral abducting nystagmus 
(Figs 15–10 and 15–11). The side of the adduction deficit 
determines the side of the INO.

Symptoms. Patients with internuclear ophthalmoplegia 
(INO) may complain of horizontal diplopia, particularly 
when the adduction weakness is profound. Those patients 
with subtle paresis may have no symptoms or complain 
of blurred vision with eccentric gaze or quick shifts in 
horizontal gaze only. Since a skew deviation (see below) 

Video 15.1

A B

C

Figure	15–10. Bilateral internuclear ophthalmoplegia (INO) with intact 
convergence. Adduction deficits in attempted right gaze (A) and left gaze 
(B) with nystagmus of the abducting eyes. C. Adduction is intact during 
converging (and accommodating) during viewing of a near target.

Figure	15–11. Diagram of the pathways and lesion for an internuclear 
ophthalmoplegia (INO). Interneurons from the VIth 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, medial 
rectus muscle; MR, medial rectus muscle; PPRF, paramedian pontine reticular 
formation; RE, right eye.
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vergence. One should carefully 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 strabismus can be distin-
guished 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 exo-
tropia may develop adduction weakness, perhaps on a 
restrictive basis, which may mimic an INO. Myasthenia 
gravis can rarely mimic an internuclear ophthalmoplegia 
(see Myasthenia gravis, below). In such patients there are 
often eyelid signs to suggest this diagnosis.

Differential diagnosis. A unilateral INO in an older patient 
usually results from a brainstem infarction, while bilateral 
internuclear ophthalmoplegia in a young patient typically 
signifies a demyelinating process such as multiple sclerosis 
(Fig. 15–12). INOs due to infarcts may result from small 
vessel (penetrator) occlusion or large vessel disease involv-
ing the posterior cerebral artery, superior cerebellar artery, 
or even the basilar artery.43 In both ischemic44,45 and demy-
elinating causes, the prognosis for spontaneous improve-
ment over weeks is excellent.

However, a variety of lesions may be associated with 
INOs including vascular malformations, tumors, head 
trauma,46,47 infections, vasculitis such as systemic lupus ery-
thematosus,48 Behçet disease,49 and giant cell arteritis,50 
nutritional disorders including Wernicke disease, metabolic 
disorders such hepatic encephalopathy, structural abnor-
malities (Arnold–Chiari malformation),51 drug intoxications 
such as toluene abuse,52 and degenerative conditions, par-
ticularly progressive supranuclear palsy. We have seen tran-
sient internuclear ophthalmoplegia in a variety of other 
metabolic disorders causing coma.

In many patients with an INO, a lesion of the MLF in the 
midbrain or pons can be demonstrated on MRI,53 but for 
unclear reasons often the brainstem appears normal.

Variations. The combination of an INO with an ipsiver-
sive 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 the Raymond–Cestan syndrome, 
characterized by an internuclear ophthalmoplegia and con-
tralateral hemiparesis.54 Rarely patients with impaired 
abduction will have adducting nystagmus. This has been 
sometimes referred to as a posterior INO of Lutz.55 This 
combination of eye signs most likely results from an  
abducens palsy with the adducting nystagmus representing 
an adaptive response. A lesion of the medial longitudinal 
fasciculus seems unlikely with this combination of eye 
signs.35

Convergence spasm
This condition, characterized by convergence, accommoda-
tion, bilateral pupillary miosis, and pseudomyopia, may 

is frequently associated with lesions of the medial longi-
tudinal fasciculus (MLF), vertical diplopia may be another 
complaint.35 Oscillopsia may result from either the abduc-
tion nystagmus or an impaired vertical vestibular ocular 
reflex.35

Signs. The hallmark finding of INO is impaired adduction 
of the eye (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.36 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. In 
contrast, patients with MLF lesions close to the IIIrd nerve 
nucleus may have impaired convergence. However, some 
patients with INO have poor convergence because of the 
vertical misalignment produced by the associated skew devi-
ation.35 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 end gaze. Evidence sug-
gests that this abducting nystagmus is an adaptive phenom-
enon in an attempt to increase the innervation to the weak 
adducting eye.35,37

Since the otolith pathways project through the MLF, a 
skew deviation and ocular tilt reaction is commonly observed 
with an INO (see below).38 Typically, the hypertropic eye is 
on the same side as the adduction weakness. A dissociated 
form of vertical torsional nystagmus may also be observed 
because of disrupted connections from the posterior semi-
circular canal. This results in a downbeating nystagmus in 
the eye ipsilateral to the MLF lesion and torsional nystagmus 
in the contralateral eye.39,40 Bilateral lesions of the 
MLF often produce additional eye findings including 
impaired vertical pursuit and upbeat nystagmus in both eyes 
in upgaze.41 Severe bilateral INOs may also result in a large 
angle exotropia in primary gaze in so-called “WEBINO” 
(wall-eyed bilateral INO).42

Pathophysiology. Axons for the MLF arise from interneu-
rons intermingled within the abducens nucleus (Fig. 15–
11). These axons immediately cross the midline and ascend 
in the medial longitudinal fasciculus. Lesions of the medial 
longitudinal fasciculus 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 vestibular 
nucleus ascends in the MLF. Interruption of these vestibular 
connections results in an ipsilateral hypertropia. Vestibular 
information also travels to and from the interstitial nucleus 
of Cajal.35,37,41 Interruption of these connections in the MLF, 
particularly when bilateral, will impair (1) vertical pursuit; 
(2) the vertical vestibular ocular reflex; and (3) vertical gaze-
holding mechanisms.

Diagnosis. The diagnosis of internuclear ophthalmoplegia 
is usually straightforward, especially when there is impaired 
medial rectus dysfunction in lateral gaze with normal con-

Video 15.2
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nose, affected patients are unable to converge. Medial rectus 
function is normal when ocular ductions are tested, but 
patients typically have an exodeviation worse at near. A 
common sequela of head trauma,63 the condition may 
also be seen in association with dorsal midbrain lesions 
(Parinaud syndrome; see Chapter 16),64 may be a decom-
pensation of a long-standing exophoria, or may be idio-
pathic. The exact anatomical lesion which causes convergence 
insufficiency is unknown.

Convergence exercises such as “pencil push-ups,” in 
which the patient is asked to focus on the pencil eraser as it 
is repeatedly brought close to the eyes, and base-out prisms, 
which forces convergence, can be tried. One randomized 
clinical trial in children demonstrated that office-based com-
puterized vergence accommodative therapy with home rein-
forcement was superior to pencil push-ups.65 However, these 
measures may be inadequate for many individuals, who may 
require either base in prisms for near tasks or strabismus 
surgery.

Divergence insufficiency
This ocular motility deficit is characterized by acquired hori-
zontal diplopia at distance but not near, a comitant esopho-
ria or esotropia at distance, motor fusion at near, and full 
ocular ductions without evidence of a VIth 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,66 and affected 
patients are usually neurologically normal otherwise. Diver-
gence insufficiency is seen most commonly in elderly indi-
viduals with vasculopathic risk factors. Nonspecific small 
vessel ischemic disease is a relatively common finding on 

mimic bilateral VIth nerve palsies. The distinction is impor-
tant because convergence spasm (or spasm of the near 
reflex) is almost always indicative of a functional disor-
der.56,57 Patients usually complain of double or blurry 
vision, and they often have other behaviors and symptoms 
which suggest a non-organic etiology. The hallmarks are 
pupillary constriction on attempted abduction and a vari-
able esotropia (reflecting variable patient effort). Other fea-
tures include normal abducting saccades, intact abduction 
during the oculocephalic maneuver or testing of monocular 
ductions, and resolution of the myopia following cyclople-
gia.58 The miosis may resolve upon occlusion of the fellow 
eye by disrupting the binocular input necessary for 
convergence.59

Rarely, spasm of the near reflex may be seen in disease 
states such as metabolic encephalopathy,60 Arnold–Chiari 
malformation, pituitary tumors, and trauma.61 Treatment of 
the condition consists of cycloplegic eye drops (e.g., atro-
pine) to inhibit accommodation, or weak minus lenses.58 
Other possible treatments, however, include opacification of 
the medial third of the lenses.62 However, patient reassur-
ance that no organic disease exists is often the best approach.56 
Convergence spasm should be distinguished from conver-
gence retraction nystagmus 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 
practical 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 

Video 15.3

A B

Figure	15–12. Axial FLAIR MR images in a woman with bilateral internuclear ophthalmoplegia (INO) 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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oblique. Remember that the superior rectus subnucleus and 
trochlear nucleus control the contralateral superior rectus 
and superior oblique muscles, respectively. Thus, a right 
utricular nerve lesion 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 medial longitudinal fasciculus, the hypertropia will be 
ipsilateral unless lateral pontomedullary structures are also 
affected; in such a case, the hypertropia may be contralateral 
to the internuclear ophthalmoplegia.85

Skew deviation may also ensue following selective damage 
to the posterior or the anterior semicircular canal pathways.85 
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 towards the hypotropic 
eye, the lower eye is usually more excyclorotated than the 
higher eye is incyclorotated; hence, the term relative excy-
clorotation.83 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).86,87 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.88,89

Diagnosis. The hypertropia of a skew deviation may be 
comitant (deviation is the same in all positions of gaze) or 

magnetic resonance imaging (MRI) studies in such instances 
and is of uncertain significance.

However, since small bilateral VIth nerve palsies may 
mimic divergence insufficiency,67 elevated intracranial pres-
sure, and brainstem and skull-based lesions masses must  
be excluded with neuroimaging. Patients with pontine 
lesions associated with divergence insufficiency have been 
reported,68–70 and in two of these discrete lesions in the uni-
lateral tegmentum of the caudal pons were demonstrated,70 
suggesting that involvement of the nucleus reticularis teg-
menti pontis might be responsible for this ocular motor 
disorder. Divergence insufficiency may also be a decompen-
sation of an esophoria or alternatively result from an  
age-related loss of lateral rectus function from inferior  
displacement due to loss of orbital connective tissue.71

Patients can be treated extremely effectively with base out 
prisms or strabismus surgery.72

Pseudoabducens palsy
This entity is reviewed in detail in Chapter 16 because it 
often accompanies the dorsal midbrain syndrome or tha-
lamic lesions.73 Although the lateral rectus appears to be 
weak, oculocephalic maneuvers demonstrate full horizontal 
ductions. The esotropia is usually variable, and may repre-
sent 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 IIIrd and IVth 
nerve nuclei.74–76 Occasionally, skew deviation may also 
result from peripheral vestibular or cerebellar lesions.77–82

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 IIIrd and IVth nerve palsies.83 
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).75 This triad of signs is typi-
cally observed with lesions of the lateral pontomedullary 
junction (Fig. 15–14) or the paramedian thalamic–mesen-
cephalic region, and results from dysfunction of the utricular 
pathways that begin in the labyrinths and terminate in the 
rostral brainstem.75,84,85 Although the exact neuroanatomic 
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 experi-
mental observation (Table 15–3).

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 medial longitudinal fasciculus (Fig. 15–
15).75,84,85 There, the utricular pathway connects to the nuclei 
that activate the four vertically acting muscles, namely the 
superior rectus, superior oblique, inferior rectus, and inferior 

Figure	15–13. Diagram demonstrating the three components of the 
ocular tilt reaction (OTR): (1) right head tilt, (2) ocular counter-roll, and (3) 
skew deviation. Note that the eyes roll toward the hypotropic eye.
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Figure	15–14. Pontomedullary lesion causing ocular tilt reaction. A. Axial T2-weighted MRI scan showing right lateral pontomedullary 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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Table	15–3 Localizing value of skew deviation

Lesion	location Type	of	skew Associated	signs

Lateral pontomedullary Contralateral hypertropia Ipsilateral excyclotorsion; ipsilateral facial 
numbness; ipsilateral Horner syndrome; 
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

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 MLF to the subnuclei of the four 
vertically acting extraocular muscles. These 
subnuclei include the IVth nerve nucleus and 
the IIIrd nerve subnuclei controlling the 
superior rectus (SR), inferior rectus (IR), and 
inferior oblique (IO) and superior oblique (SO) 
muscles. Note that the IVth 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 counter-roll 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.

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 IVth 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-tilt83 or three-step test (see Fourth nerve palsies, 
below).90 However, patients with skew deviation typically 
have binocular torsion as opposed to the excyclotorsion of 
one just eye seen in a IVth nerve palsy.85,91 Furthermore, in 
skew deviation the hypertropic eye is usually incyclorotated 
and the hypotropic eye excyclorotated, while the affected 
hypertropic eye in a IVth nerve palsy is excyclorotated, and 
in an inferior oblique palsy the affected hypotropic eye is 
incyclorotated.92 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.85,93 In addition, the supranu-
clear nature of the hyperdeviation associated with skew 
deviation may be evident during oculocephalic testing or 

forced eyelid closure (Bell’s phenomenon).83 Finally, the ver-
tical deviation and torsion seen in skew deviation decreases 
when patients are supine compared with trochlear nerve 
palsy, which remains the same.94

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).95–97 The head tilt will 
be contralateral to the lesion as well. Alternating skew  
with lateral gaze may also be associated with midbrain 
lesions.87

Variations. Occasionally, irritative lesions of the midbrain 
will produce a paroxysmal skew deviation.98–101 These 
patients have a contralateral hypertropia, ipsilateral head tilt, 
and a conjugate counter-roll of the eyes towards the ipsilat-
eral shoulder. This triad replicates the eye findings observed 
with the electrical stimulation of the INC in animals.98 One 
patient has been documented with skew deviation from ictal 
activity of the vestibular cortex.102
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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° 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 incyclotorsion 
of approximately 10° OD and excyclotorsion of approximately 15° OS.

A B

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 counter-rolling of the eyes toward the left shoulder on fundus examination.

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.103,104 

Periodic alternating deviation may also coexist with periodic 
alternating nystagmus.

Acquired supranuclear monocular  
elevator palsy
This “double elevator palsy” is caused by a pretectal, supra-
nuclear lesion.105–108 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 rostral interstitial nucleus 
of medial longitudinal fasciculus (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 move-
ments are not preserved with a monocular elevator palsy, 
one should consider a fascicular IIIrd nerve palsy or a lesion 
along the distal path of the IIIrd nerve including the orbit.

Third	nerve	palsies

As indicated earlier, a complete, isolated infranuclear IIIrd 
nerve palsy causes ipsilateral elevation, adduction, and 
depression weakness accompanied by abduction, hypode-
viation, pupillary mydriasis, and ptosis (Fig. 15–18). The 
most feared cause of a IIIrd nerve palsy in adulthood is a 
posterior communicating artery aneurysm, which may com-
press the IIIrd nerve within the subarachnoid space. In 
adults, the most common identifiable cause of acquired IIIrd 
nerve palsy is vascular insufficiency due to diabetes, hyper-
tension, or atherosclerosis.26 Less common causes of isolated 

Video 15.4
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cicular109,110 and subarachnoid111,112 lesions causing involve-
ment of IIIrd nerve inferior (Fig. 15–19) or superior division 
innervated muscles have been described.

Aberrant regeneration. Patients with traumatic or chronic 
compressive IIIrd nerve palsies may develop aberrant regen-
eration, misdirection, or synkinesis. Common abnormal pat-
terns include lid elevation during adduction or depression 
of the eye (pseudo-Graefe phenomenon) (Fig. 15–20) or 
depression and miosis of a pupil unreactive to light during 
adduction (see Fig. 13–12).113,114 Pupillary findings are dis-
cussed in more detail in Chapter 13. Less common patterns 
include defective vertical eye movements with retraction of 
the globe upon attempted vertical deviations, adduction of 
the eye during attempted vertical movement,115 and tran-
sient synkinesis.116,117

Primary (spontaneous) and secondary (acquired) aber-
rant regeneration are usually considered separately because 
of their etiologic implications. The synkinesis is the first 
manifestation of IIIrd 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,118–121 

Video 15.5

IIIrd nerve palsies include trauma, meningitis, stroke, and 
mass lesion at the base of the skull. In children the most 
common cause of acquired IIIrd nerve palsy is trauma. This 
section will discuss other clinical features of IIIrd nerve 
palsies, then detail 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 alluded to earlier, the IIIrd 
nerve divides into two divisions in the anterior cavernous 
sinus, so divisional ocular paresis classically localizes to this 
region or to the posterior orbit. However, examples of fas-

A B

C D

E F

Figure	15–18. Complete pupil-involving left IIIrd nerve palsy due to a chondrosarcoma. The left eye has complete ptosis (A), defective elevation (B), absent 
adduction (C), a down and out position in primary gaze with a large unreactive pupil (D), intact abduction (E), and deficient downgaze (F).
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A B
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Figure	15–19. Inferior division left IIIrd nerve palsy. The left eye has an enlarged pupil but no ptosis (A) and intact upgaze (B), but defective adduction (C), 
and depression (D).

A B

C

Figure	15–20. Aberrant regeneration of eyelid innervation in a left IIIrd 
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).

aneurysms,121–123 pituitary tumors,115 and other extracavern-
ous masses.124,125 On the other hand, secondary aberrant 
regeneration occurs in the recovery phase several weeks after 
an acute IIIrd nerve palsy due to trauma,126 ophthalmoplegic 
migraine,121,127 pituitary apoplexy117 (see Fig. 13–12), or 
inflammation,116,128 for instance. Because aberrant regenera-
tion after microvascular ischemic nerve palsies129 or mid-
brain infarction130 is rare, in the absence of a history of 
trauma its presence should heighten suspicion for a com-
pressive lesion.

In one purported mechanism, damaged, regenerating 
axons follow alternate pathways within the nerve sheath  
to innervate targets distinct from their original destination. 
Lid elevation in adduction would then be explained by 
misdirection of IIIrd nerve fibers for the medial rectus 
muscle incorrectly innervating the levator muscle. Similarly, 
miosis during adduction could be attributed to medial 
rectus fibers mistakenly innervating the pupillary sphincter. 
However, cases of spontaneous and transient synkinesis 
might argue against hardwired misdirection. Alternative 
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explanations include (1) ephaptic transmission, a cross-talk 
between adjacent injured and intact nerve fibers, and (2) 
central synaptic reorganization within the oculomotor 
subnuclei.121,131

Cyclic oculomotor spasms. In this eye movement disorder, 
a complete or IIIrd nerve palsy alternates with brief spasms 
of the IIIrd nerve innervated structures.132 Often heralded by 
eyelid twitches,133 the spastic phase is characterized by pupil-
lary miosis, lid elevation, adduction, and depression but 
limited abduction of the eye (Fig. 15–21). The condition is 
usually unilateral, persists during sleep, and continues for 
the lifetime of the patient.133 Most cases are seen in congeni-
tal IIIrd nerve palsies, but rarely they may be acquired.134,135 
Alternating phases of aberrant regeneration of the IIIrd nerve 
with an intermittent conduction block has been a proposed 
mechanism.134

Etiologies of IIIrd nerve palsies and their accompanying 
clinical features are discussed by location in the following 
sections:

Intra-axial lesions
Nuclear third nerve palsy. The classical unilateral lesion of 
the IIIrd nerve nucleus results in bilateral ptosis, worse ipsi-
laterally, ipsilateral mydriasis, ipsilateral palsy of the medial 

Video 15.6

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.136–143 Other cases 
of nuclear IIIrd nerve palsies have been described without 
levator involvement,144,145 with isolated inferior rectus 
palsy,146–148 and with isolated contralateral superior rectus 
palsy.149 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” 
neurologic signs.150 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 syndrome) (Fig. 15–22).151 A 
lesion of the cerebral peduncle results in ipsilateral oculo-
motor palsy and contralateral hemiparesis (Weber syndrome), 
and a larger process also involving the red nucleus can cause 
the same findings plus contralateral involuntary limb move-
ments or tremor (Benedikt syndrome). Third nerve palsy 
accompanied by vertical gaze paresis, lid retraction, skew 
deviation, and convergence retraction saccades would be 
suggestive of dorsal midbrain process, as in the top of the 

A B

Figure	15–21. Cyclic spasms in a boy with a congenital right IIIrd nerve palsy. Periods of right eye ptosis, hypotropia, exotropia, and pupillary mydriasis (A), 
alternated with periods of right eyelid elevation, adduction, and pupillary miosis (B).

A B

Figure	15–22. Fascicular right IIIrd nerve palsy (A) and contralateral ataxia (Claude syndrome) due to paramedian midbrain infarction (arrow) seen on 
T2-weighted axial MRI (B).
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A

B

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 IIIrd 
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. Neurosurg Clin North Am 1999;10:579–586, 
with permission.)

basilar syndrome (see Chapter 16).152 In this setting, emboli 
to the posterior cerebral arteries may also result in a  
homonymous hemianopsia and visual hallucinations.  
Secondary diencephalic lesions may cause additional 
memory disturbances, behavioral changes, and altered 
consciousness.

Fascicular oculomotor palsies may also be isolated,153,154 
and either pupil involvement or sparing may occur.155–157 In 
incomplete oculomotor palsies, the pattern of ophthalmo-
plegia often reflects the topographical arrangement of the 
fibers to each extraocular muscle within the fascicle (see Fig. 
15–4).158–160 Divisional pareses may occur,110,161 and, uncom-
monly, individual muscles may be affected.162–164

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 poste-
rior cerebral artery,165 but other etiologies include metastatic 
tumors,166 vascular malformations,167,168 abscesses,169 cysts,161 
and multiple sclerosis.148,170,171

Subarachnoid processes
Uncal herniation. A IIIrd nerve palsy accompanied by altered 
mental status should suggest uncal herniation.172 Ipsilateral 
pupillary dilation may be the first sign of transtentorial uncal 
herniation before other signs of IIIrd nerve paresis develop. 
In this setting, mechanisms for IIIrd 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, compression of the 
oculomotor complex in the midbrain, or displacement and 
kinking of the nerve over the clivus.173 As the syndrome 
progresses with a decrease in level of consciousness, the  
IIIrd 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).174 Further clinical progression 
may be monitored by examining the opposite pupil, which 
initially may be midposition with a depressed light reaction, 
then slightly miotic, then finally dilated.175 Transiently the 
pupils may acquire an oval shape.176 Uncommonly in tran-
stentorial herniation, the opposite pupil is paradoxically the 
first to dilate.177

Posterior communicating artery aneurysms. Within the 
subarachnoid space, posterior communicating artery (PCoA) 
aneurysms may compress the IIIrd nerve (Fig. 15–24), almost 
always causing pupillary dilatation. Aneurysms arising from 
the base of the PCoA as it emerges from the ICA are the 
second most common aneurysm in the anterior circle of 
Willis. In one study,178 34% of patients with a PCoA devel-
oped a IIIrd nerve palsy. However, greater than 90% of 
patients with PCoA aneurysms and subarachnoid hemor-
rhage present with symptoms of a IIIrd nerve palsy prior to 
rupture.179 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).

The IIIrd nerve palsy resulting from aneurysmal compres-
sion is usually painful and complete. Owing to the dorso-
medial location of the pupillomotor fibers in the oculomotor 
nerve bundle, aneurysmal compression often involves  
the pupil early, even before complete ophthalmoparesis. 
However, pupil sparing may occur,180 and, in one study,181 
14% of IIIrd nerve palsies due to posterior communicating 
aneurysms presented with normal pupils and partial motil-
ity deficits, but pupillary mydriasis developed within days in 
most of those cases. Rare oculomotor presentations of PCoA 
aneurysms include isolated ptosis,182 ptosis and mydriasis,183 
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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 IIIrd nerve palsy.

Figure	15–25. Drawing of the 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 IIIrd nerve (III)). D. Basilar 
artery tip aneurysm. A1, A2, anterior cerebral 
artery segments; ACh, anterior choroidal artery; 
Bas, basilar artery; C4, internal carotid artery, 
supraclinoid portion; Ch, chiasm; MCA, middle 
cerebral artery; Olf, olfactory nerve; Pit, pituitary 
stalk; and P1, P2, posterior cerebral artery 
segments; SCA, superior cerebellar artery. 
(Courtesy of Dr. Jeffrey Bennett.)

pupillary light-near dissociation,184 dorsal midbrain syn-
drome,185 pupil sparing and aberrant regeneration,186 and 
transient IIIrd nerve palsies.187,188 Visual loss189,190 may occur, 
and the pattern observed with PCoA aneurysms depends 
upon the anterior pathway structure which is compressed: 
optic nerve, chiasm, or tract.189

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 
consists of surgical clipping, endovascular embolization, 
and less often carotid occlusion. The most significant com-
plication of aneurysm surgery is ischemic stroke, due to 
either compromise of a dominant PCoA artery or interrup-
tion of circulation through adjacent vessels. Third nerve 
palsies can worsen after surgical repair due to aneurysm 
thrombosis or iatrogenic manipulation. Advances in 
endovascular approaches, particularly coil embolization, 
have resulted in a higher success rate and lower frequency of 
acute bleeding in the treatment of ruptured and un  ruptured 
aneurysms.191,192

After treatment of PCoA aneurysms, the recovery of the 
IIIrd nerve palsy is inconsistent and often slow.193 Diplopia, 
residual ptosis, and occasionally photophobia are the main 
complaints, and aberrant regeneration is often seen.194 
Factors predicting a better prognosis for recovery of IIIrd 
nerve function include early treatment,178 incomplete 
palsies,195 younger age, and absence of diabetes.196 Treatment 
with clipping and coiling have the same chance for 
recovery.196

Basilar artery aneurysms. Aneurysms of the basilar artery, 
trunk, and bifurcation are the most common aneurysm in 
the posterior fossa (Fig. 15–25).197 The most frequent pres-
entation is subarachnoid hemorrhage, but cranial nerve 
pareses are frequent, IIIrd and VIth nerve palsies being most 
common.183,198 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.199,200

Other neurologic and neuro-ophthalmic signs may 
develop from basilar aneurysms due to brainstem  
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palsy is most common, occurring in more than 60% of 
patients.197 Despite the significant risk, surgical treatment is 
often warranted due to the even greater morbidity and mor-
tality 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 (vasculopathic) 
IIIrd nerve palsies, associated with hypertension, diabetes, 
advanced age, atherosclerosis, smoking, and hypercholes-
terolemia,201 are often preceded by orbital ache or pain and 
are characterized by pupillary sparing (Fig. 15–26).202 In our 
experience, the pain can be rather severe, especially in 
younger patients. In fact, the presence or absence of pain 
cannot be used to distinguish aneurysmal from vasculo-
pathic IIIrd nerve palsies. The symptoms and signs may 
progress over several days.203

Most cases are thought to have a peripheral lesion.204 
Presumably the IIIrd nerves develop ischemia and demyeli-
nation within the subarachnoid space205 or cavernous sinus,16 
but there may also be a small infarction of the nerve within 
the mesencephalon.206 The pupil sparing in peripheral cases 
is attributed to the location of the pupillary fibers on the 

compression or concurrent thromboembolic disease. Giant 
saccular or fusiform 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 compression. Thrombus within the basilar aneurysm 
may obstruct flow or embolize to nearby perforating vessels, 
particularly at the basilar bifurcation.152 Basilar artery insuf-
ficiency 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 hemianopsia.

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.179 For 
instance, clipping of basilar tip aneurysms may cause infarc-
tion in paramedian mesencephalic–thalamic perforating ter-
ritories. Surgical therapy is additionally complicated by 
cranial nerve palsies secondary to traction. The IIIrd nerve 
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Figure	15–26. Left diabetic IIIrd nerve palsy with complete 
ophthalmoplegia 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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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.235,236 However, in our experience conser-
vative observation may miss an underlying responsible  
vascular process or mass lesion.237 Even isolated, complete 
pupil-sparing IIIrd nerve palsies can be caused by small inf-
arcts 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 IIIrd nerve palsies, par-
ticularly those which are pupil involving, a posterior com-
municating artery aneurysm should be excluded emergently. 
In this situation it is often useful to obtain an emergent 
computed tomography (CT) or MRI scan before proceeding 
with angiography since other compressive or infiltrative 
lesions may be found, eliminating the need for an invasive 
procedure. However, if the scan cannot be obtained imme-
diately, we would proceed directly to angiography. If the 
scan is negative, even if it includes MR- or CT-angiography, 
conventional angiography may still be necessary to exclude 
an aneurysm.238 Patients with IIIrd nerve palsy and posterior 
communicating artery aneurysms measuring 5–6 mm have 
been missed by MR-angiography.239 Although MR-236 and 
CT-angiographic techniques240–243 continue to improve in 
their ability to detect small aneurysms, we are still reluctant 
to depend entirely on these noninvasive modalities. This is 
particularly true when the clinical suspicion remains high 
for the presence of an aneurysm. We still see patients with 
aneurysms missed either by poor resolution of noninvasive 
techniques or because the radiologist fails to detect the  
aneurysm on the scan.

In patients with normal neuroimaging and presumed  
vasculopathic IIIrd nerve palsies, those without identified 
vascular risk factors should have their blood pressure and 
fasting glucose, lipids, and cholesterol measured.

Processes which may mimic isolated pupil-sparing IIIrd 
nerve palsies in adults include myasthenia gravis, thyroid eye 
disease, and giant cell arteritis (due to muscle ischemia). 
When these disorders are considered, an edrophonium test, 
thyroid function tests, orbital neuroimaging, 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 poster-
iorly draining cavernous sinus fistula (see below). In the 
setting of minor trauma, an underlying aneurysm or mass 
lesion should be excluded.221 Extraocular muscle entrapment 
resulting from orbital wall fracture may mimic an oculomo-
tor palsy.

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, sarcoidosis, 
and carcinomatous or lymphomatous meningitis. In oculo-
motor palsies due to Guillain–Barré syndrome, the Fisher 

outside of the IIIrd nerve in areas less vulnerable to vascular 
insufficiency. However, some studies have suggested that 
minor pupillary involvement (less than 2 mm of anisocoria) 
may occur in as many as 38% of patients.207 The pupil is 
rarely dilated and unreactive. The pain may be due to 
ischemia of trigeminal fibers within or around the oculomo-
tor nerve,208 but this has not been confirmed. Most patients 
with vasculopathic oculomotor palsies recover spontane-
ously within 8–12 weeks.209 Rarely, vasculopathic IIIrd nerve 
palsies may be seen in combination with IVth, VIth, and 
VIIth nerve palsies.210 Other responsible etiologies include 
vasculitis due to giant cell arteritis,211–213 systemic lupus 
erythematosus,214 and herpes zoster. There is no evidence 
that antiplatelet agents prevent ischemic oculomotor 
palsies.215

Trauma. Third nerve palsies due to trauma are typically 
caused by severe blows to the head,63 often due to a motor 
vehicle accident.216 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.217,218 Alternative causes include penetrating 
orbital or intracranial trauma or iatrogenic trauma during 
removal of suprasellar or posterior fossa masses.219 Some 
oculomotor palsies from minor trauma are harbingers of an 
underlying aneurysm or mass lesion.220,221 The prognosis for 
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 extra-axial portion of the 
IIIrd nerve.222,223 Tumor types include neurinomas, neurofi-
bromas, neurilemmomas, and schwannomas.224 Neuroim-
aging typically reveals an enhancing, thickened IIIrd nerve 
in the subarachnoid space or cavernous sinus,225 but enlarge-
ment to several centimeters with mass effect can occur.226,227 
The best management of these cases is not certain. Because 
of their benign histology, complete removal is not necessary 
(though it has been done228) unless the lesions become large 
enough to compress surrounding structures. It is unclear 
whether radiation therapy is useful.

Others neoplasms. Uncommon considerations include 
primary neoplasms of the oculomotor nerve such as  
malignant meningioma229 and primary glioblastoma 
multiforme.230

Other causes of third nerve palsies. Base of skull neo-
plasms, infectious disorders, and inflammatory disorders are 
discussed below in the section on combined ocular motor 
palsies. Less common causes include sinus mucoceles,231 
carotid insufficiency,17,232,233 and intraneural cavernous 
hemangioma.234

Diagnostic evaluation of adults with 
acquired third nerve palsies
Although controversial, we believe that all patients with 
acute IIIrd nerve palsies should have neuroimaging and 
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larly 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 palsies245

Third nerve palsies in childhood may be congenital or 
acquired (Table 15–4). Almost every pediatric series has 
shown that the most common cause of an acquired IIIrd 
nerve palsy in this age group is trauma.29,245–251 Neoplasms, 
inflammatory disorders, and ophthalmoplegic migraine 
should also be considered. Isolated IIIrd nerve palsies due 
to posterior communicating aneurysms and vasculopathic 
causes are rare in children.252

Congenital third nerve palsies. In Miller’s series246 of iso-
lated IIIrd nerve palsies in pediatric patients, 43% were con-
genital in origin (Fig. 15–27). Most had pupillary involvement, 
aberrant regeneration, and amblyopia, and some went on to 
develop the phenomenon of oculomotor paresis with cyclic 
spasms. Forty percent of IIIrd nerve palsies in Harley’s 
series247 were also congenital, but in other studies248,249 and 
in the Children’s Hospital of Philadelphia (CHOP) series, 
they were seen less frequently. Monocular elevator palsies 
were grouped as congenital IIIrd nerve palsies in some 
series.247

Prior to 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 IIIrd nerve palsy and the high 

variant, or chronic inflammatory demyelinating polyneu-
ropathy, the CSF protein should be elevated.

Management of third nerve palsy
The management of patients with IIIrd nerve dysfunction is 
the most complicated of all forms of paretic strabismus. This 
results from the potential involvement of four muscles and 
a complex pattern of extraocular muscle dysfunction. All 
decisions concerning the management of patients with IIIrd 
nerve palsy are divided into those which are recommended 
acutely and those recommended chronically when there is a 
fixed deficit.

As with other patients with the acute onset of double 
vision, after a diagnosis has been established, monocular 
occlusion and prisms can be used. In certain cases botuli-
num toxin can be injected into the lateral rectus muscle 
thereby eliminating the horizontal deviation and alleviating 
diplopia (occasionally with the aid of vertical prisms). Pho-
tophobia 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.244 In 
the setting of complete IIIrd 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 
extraocular muscle alignment is not indicated. Furthermore, 
if eyelid elevation is defective and ptosis correction is 
attempted, the risk of corneal exposure is significant, particu-

Table	15–4 Etiologies of IIIrd nerve palsies in children. 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.†

Miller246	
1977	
(1951–76)

Harley247	
1980	
(1968–79)

Keith248	
1987	
(1974–85)

Ing249	
1992	
(1970–91)

Kodsi250	
1992	
(1966–88)

Schumacher-
Feero251	
1999	
(1981–96)

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)*

Total 32 32 28 38/(16) 35 49 91/(30)

*Mesencephalic arteriovenous malformation, hydrocephalus, e.g.
†Tabulated by N. Mahoney, MD.
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Figure	15–27. Pupil-sparing congenital right IIIrd nerve palsy. A. Primary gaze with right ptosis and head turn. Upgaze (B), downgaze (C), and adduction (D) 
were defective.

frequency of aberrant regeneration.253 However, Balkan and 
Hoyt254 reported 10 patients with congenital IIIrd nerve 
palsies, of whom four had focal neurologic abnormalities 
(e.g., hemiparesis) and two developmental delay. They and 
subsequent authors255–257 suggested that, in some instances, 
congenital IIIrd nerve palsies may result from brainstem 
injury or reflect more widespread neurologic damage. 
Indeed, various autopsy studies have demonstrated aplasia 
of the ocular motor nuclei258 or malformation of the mid-
brain,259 reflective of an in utero insult to the central nervous 
system. MRIs can readily confirm midbrain damage in some 
cases.256,260,261

Miscellaneous common acquired etiologies
Inflammatory (including infections). Pneumococcal and 
Haemophilus influenzae meningitis have been associated with 
IIIrd nerve palsies in children.246,249 In addition, in the CHOP 
series an isolated IIIrd nerve palsy was caused by tuberculous 
meningitis, and combined palsies were seen in association 
with Lyme meningitis262 and Miller Fisher syndrome. A 
para-infectious IIIrd nerve palsy in a young child with  
cisternal nerve enhancement on MRI has been reported.263 
Rarely Tolosa–Hunt syndrome occurs in childhood264,265 and 
can mimic ophthalmoplegic migraine (see below).266

Neoplasms. Posterior fossa tumors occur more frequently 
in children than in adults. However, these neoplasms tend 
to affect the pons and medulla, causing VIth nerve palsies 
more commonly (see below). When tumor-related IIIrd 

nerve palsies occur, lesions affecting the midbrain (e.g., 
astrocytomas or higher grade gliomas),267 orbit, orbital 
apex (e.g., rhabdomyosarcomas268,269), and leptomeninges 
may be implicated.246,247 Schwannomas, neurinomas, and 
meningiomas of the oculomotor nerve may also be seen in 
childhood, especially in patients with neurofibromatosis 
type 2270,271 (Fig. 15–28).

Ophthalmoplegic migraine. In children, IIIrd nerve palsies 
can accompany headaches in so-called ophthalmoplegic 
migraine (Fig. 15–29). Any ocular motor nerve can be 
involved, but isolated IIIrd nerve paresis is by far the most 
common, occurring in approximately 95% of cases. Sixth 
nerve palsies are the next most common, but IVth nerve 
palsies are hardly ever seen.272 The IIIrd nerve palsy in oph-
thalmoplegic migraine is usually pupil involving, and com-
plete resolution over weeks is the rule. However, aberrant 
regeneration can occur in some instances,127 and, after mul-
tiple attacks, the motility deficits may heal only incom-
pletely. We have a seen a child who became progressively 
more exotropic with each attack, which occurred yearly for 
3 years.

Ophthalmoplegic migraine is an uncommon condition. 
The disorder was found in only 0.1% of children with 
migraine seen over an 18 year period in one institution,273 
and in only 8 of 5000 migraineurs in another study.274 The 
first attack usually occurs before the child is 10 years of age, 
sometimes in infancy,275,276 and uncommonly after age 20. 
Ipsilateral headache or periorbital pain usually precedes the 
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Figure	15–29. Recurrent IIIrd nerve palsy due to ophthalmoplegic 
migraine. A,B. This child presented for a second time with headache and 
a IIIrd nerve palsy on the left. Neuroimaging and lumbar puncture were 
normal, and the palsy resolved spontaneously. C. The IIIrd 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.)

ophthalmoparesis, sometimes by days, and young children 
often exhibit irritability and pallor in addition to nausea and 
vomiting.277 Attacks, usually separated by months or years, 
are almost always in the same eye and involve the same 
ocular motor nerve each time.

The diagnosis is one of exclusion, following neuroimag-
ing, lumbar puncture (LP), and blood studies, but is sug-
gested by a personal or family history of migraine. Once the 
individual has had several recurrent, self-limited IIIrd nerve 
palsies over a period of years, with normal investigations 
and normal health between events, the diagnosis is more 
obvious. There have been reports of patients with migraine, 
a painful IIIrd nerve palsy, and gadolinium enhancement of 
the proximal portion of the nerve in the subarachnoid space 
(Fig. 15–30).278–283 Whether these cases might also be consid-
ered a variant of Tolosa–Hunt syndrome is unclear. Never-
theless, the International Headache Society (IHS) now 
classifies ophthalmoplegic migraine under “cranial neuropa-
thies” rather than migraine.284

Etiology. Compression of the ocular motor nerves against 
the lateral wall of the cavernous sinus by an edematous  
or dilated cavernous carotid and IIIrd nerve ischemia  
has been proposed as a mechanism. However, given the 
associated enhancement of the IIIrd nerve found frequently 
on MRI, ophthalmoplegic migraine is now thought to  
be a recurrent peripheral inflammatory demyelinating 
disorder.285,286

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 
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.

Figure	15–28. Gadolinium-enhanced coronal T1-weighted MRI in a child 
with neurofibromatosis type 2 and schwannomas of the oculomotor nerve 
(short, thick arrow) and trigeminal nerve (thin arrow) and a convexity 
meningioma (curved arrow).
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Diabetes. For unclear reasons, diabetic cranial monone-
uropathies are very rare in children. Grunt et al.298 reported 
three such patients, but each had features which were atypi-
cal. A 12-year-old boy had a purported VIth nerve palsy, but 
an ophthalmologist diagnosed hyperopia with accommoda-
tive esotropia, and this coincided with temporary hypergly-
cemia. The “left internal 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 IIIrd nerve palsy, which did not resolve fully 
after 21 months of follow-up. The third patient was an 
11-year-old child with a partial, pupil-involving IIIrd 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 Table 15–5. In 
children with congenital IIIrd 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 IIIrd nerve palsy is acquired, a history of trauma 
or migraine should be excluded. In all acquired cases, MRI 
and CT- or MR-angiography should be performed, looking 
for mesencephalic, cavernous sinus, or orbital lesions, and 
to exclude an aneurysm. We disagree that some children 
with acquired, isolated IIIrd nerve palsies can be watched 
conservatively.299 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 diagnosis of ophthalmoplegic migraine can be 
entertained. Finally, if the MRI and LP are negative in a 
patient 10 years of age or above, practitioners should con-
sider conventional angiography to exclude a posterior com-
municating aneurysm.245

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’ three-step test, best demonstrated with alternate Video 15.7

Figure	15–30. Axial T1-weighted MRI with gadolinium in a child with 
ophthalmoplegic migraine, demonstrating enhancement of the right IIIrd 
nerve (arrow).

Miscellaneous uncommon acquired etiologies
Aneurysms. Intracranial aneurysms are uncommon in child-
hood, thus isolated IIIrd nerve palsies due to posterior com-
municating aneurysms are extraordinarily infrequent in this 
age group as well. In the pediatric series246–250 only two such 
patients, one aged 16 and one aged 17, were reported by 
Miller.246 Younger patients have been the subject of single 
case reports by Gabianelli et al. (14 years old),287 Wolin and 
Saunders (11 years old),288 Mehkri et al. (10 years old),289 
Branley et al. (7 years old),290 and Ebner (6 years old).291 
The first two had CT scans 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. Fox,292 in his editorial accompanying the 
article by Gabianelli et al.,287 mentioned a 6-year-old child 
with a IIIrd nerve palsy due to a giant cavernous carotid 
aneurysm. A 4-year-old child with bilateral IIIrd nerve palsies 
owing to bilateral giant saccular cavernous carotid artery 
aneurysms has been reported.293 We have seen a 5-year-old 
boy who presented with a sudden IIIrd, IVth, and VIth nerve 
palsy and optic neuropathy (orbital apex syndrome) due to 
a similar aneurysm, which was embolized. A 10-month-old 
child developed an isolated adduction deficit 7 days prior to 
fatal rupture of a congenital distal basilar artery aneurysm.294 
A IIIrd nerve palsy in a child due to a superior cerebellar 
artery aneurysm has been reported.295 A 2-year-old child 
developed a IIIrd nerve palsy in association with a posterior 
cerebral artery aneurysm.296 We have seen an 8-month-old 
infant with an acquired IIIrd nerve palsy due to a partially 
thrombosed aneurysm of the left internal carotid artery.297 A 
brain MRI and MR-angiography were sufficient to detect the 
aneurysm.

Table	15–5 Pediatric IIIrd nerve palsies: suggested workup

1. Congenital
a Careful neurological examination
b MRI of the brain

2. Acquired
a Exclude history of trauma or migraine
b MRI and MR-angiography
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 above, 

consider conventional angiography

MRI, magnetic resonance imaging; MR-angiography, magnetic resonance 
angiography; LP, lumbar puncture.
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Figure	15–31. Traumatic left IVth 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: which eye is hypertropic (left; see B); Step 2: is the 
hypertropia worse in left or right gaze (right; see A vs. C); Step 3: is the hypertropia 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.)

cover or Maddox rod testing) (Fig. 15–31). 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.300 Head tilt towards 
the contralateral shoulder is usually seen (Fig. 15–32). 
One can occasionally elicit which IVth 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 IVth nerve palsy will see a horizon-

tal line and a tilted line below it, intersecting on the side of 
the abnormal eye (“the arrow points to the affected IVth 
nerve”).

Trauma is one of the most common causes of acquired 
IVth nerve palsies (Table 15–2).26,301–303 Traumatic IVth 
nerve palsies have been attributed to damage to the posterior 
decussation (anterior medullary vellum) due to its close 
anatomic relationship with the tentorium. Contusions in 
this area may be seen on neuroimaging. This is the likely 
explanation for the high incidence of bilateral IVth nerve 
palsies in trauma. Alternatively, hemorrhages of the IVth 
nerve more laterally at the tentorial edge have been docu-



517

Chapter	15	Eye movement disorders: third, fourth, and sixth nerve palsies and other causes of diplopia and ocular misalignment

A B

C

Figure	15–32. Congenital left IVth nerve palsy causing (A) spontaneous 
head tilt and turn to the right. B. The left eye had defective ductions 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 IVth nerve palsy.

Figure	15–33. Axial FLAIR MRI demonstrating an infarction of the left 
posterior mesencephalon (long arrow) and cerebellum (short arrow) in a 
patient with a right “nuclear” IVth nerve palsy.

mented.304 In addition, skull base fractures may be respon-
sible for traumatic IVth nerve palsies.

Decompensated congenital IVth nerve palsies are also 
common, and are discussed in more detail below. Ischemic 
IVth nerve palsies should be considered when an individual 
over 50 with vasculopathic risk factors develops vertical 
diplopia and periorbital ache. In such cases the prognosis 
for spontaneous recovery is excellent. Aneurysmal causes of 
IVth nerve palsies305 are much less common than in IIIrd 
nerve weakness. Other less frequent causes of IVth nerve 
palsies include compressive306 and infiltrative307 neoplasms, 
meningitis, multiple sclerosis,171,308 posterior midbrain 
hemorrhages309,310 and strokes311,312 (Fig. 15–33), vascular 
malformation,313 giant cell arteritis,314 schwannomas and 
neurinomas,224,226,315–317 and anterior temporal lobectomy 
for epilepsy.318

Occasionally IVth nerve palsies are accompanied by other 
neurologic signs that aid in localization. For instance, a IVth 
nerve palsy accompanied by a contralateral Horner syn-
drome would localize to the dorsal pontomesencephalic 
junction (see Fig. 13–22).319 A IVth nerve palsy with contral-
ateral dysmetria suggests a lesion involving the superior cer-
ebellar peduncle,320 while one accompanied by contralateral 
internuclear ophthalmoplegia localizes to the proximal fas-
cicle and MLF.321

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 IVth nerve 
palsies. Additionally overaction of the ipsilateral inferior 
oblique muscle in adduction is usually evident on examina-
tion (Fig. 15–32). Some authors302 prefer to call these palsies 
“cryptogenic” or “idiopathic” because the etiology is unclear. 
The congenital nature of the lesion is presumed, based upon 

the often long-standing head tilt, as evidenced by review of 
old photographs and a family member’s report, and the 
absence of an inciting event. Evidence of chronicity includes 
overaction of the ipsilateral inferior oblique muscle and a 
large vertical fusional amplitude. The latter refers to the 
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Figure	15–34. Facial asymmetry in a patient with a decompensated right 
congenital IVth nerve palsy. In addition to the right hypertropia (see the 
corneal light reflex in the bottom of the right pupil), note the right eye is set 
higher in the skull than the left.

patient’s ability to fuse vertically separated images despite 
the placement of progressively large amounts of vertical 
prism over one eye. Facial asymmetries are also frequently 
associated with the long-standing head tilt (Fig. 15–34).322

Proposed etiologies for congenital IVth nerve palsies 
include hypoplasia or aplasia of the IVth nerve nucleus, birth 
trauma to the IVth nerve or superior oblique muscle, anoma-
lous insertion of the muscle, muscle fibrosis, fibrous adhe-
sions,302 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. Decompen-
sated congenital IVth nerve palsies are likely the result of 
progressive breakdown in vertical fusional capability rather 
than progression of IVth nerve weakness.302

Diagnostic evaluation of adults with 
acquired fourth nerve palsies
Without a history or clinical features of a long-standing 
decompensated congenital palsy, patients with IVth nerve 
palsies should undergo neuroimaging to exclude an intra-

cranial process. In addition, mimickers such as myasthenia 
gravis, thyroid-associated ophthalmopathy, and skew devia-
tion should be excluded.

Management of fourth nerve palsy
Some patients can be treated with base down prism over the 
affected eye, and usually press-on Fresnel prisms are used 
before permanent ones are ground into the lenses. However 
the excyclotorsion and incomitancy of the deviation leave 
many patients unsatisfied with prisms. Others, particularly 
those with ischemic palsies, in whom recovery is expected, 
can occlude (with opaque or black tape, for instance) the 
lower half of the lens over the affected eye. This provides 
occlusion of the affected eye in the direction of action of the 
superior oblique muscle.

Patients with persistent IVth nerve palsies who are  
unsatisfied 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 measurements over a several month 
period.

Fourth nerve palsies in children
Fourth nerve palsies are less common in childhood than 
IIIrd and VIth nerve palsies. This is perhaps in part due to 
the fact that minor superior oblique paresis is harder to 
detect in younger children, especially when the IIIrd nerve 
is already involved. In Harley’s247 and Kodsi and Younge’s250 
series, trauma was the most common cause of an acquired 
IVth nerve palsy (Table 15–6). However, in Harley’s247 and 
the CHOP series, congenital or decompensated congenital 
IVth nerve palsies were the most common of all cases.

Diagnostic evaluation in children with fourth nerve palsies. 
If the IVth nerve palsy is consistent with an isolated, decom-
pensated congenital one, then no workup is necessary. Oth-
erwise, head trauma and evidence for a posterior fossa mass 
should be excluded. If the etiology is unclear, an MRI can be 
performed, with attention to the posterior midbrain, cavern-
ous sinus, and orbit. In children with a normal MRI but with 
a fever or stiff neck, a LP should be performed to exclude 
meningitis.

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. 15–35), but, in more subtle instances, alternate cover or 
Maddox rod testing would confirm an esotropia largest on 
ipsiversive gaze.

Nuclear/fascicular. A lesion in the region of the VIth 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).328,329 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, iso-
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Table	15–6 Etiologies of IVth nerve palsies in children. 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.†

Harley247	
1980	
(1968–79)

Kodsi250	
1992	
(1966–88)

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)*

Total 18 19 37/(11)

*Elevated intracranial pressure, cavernous–carotid aneurysm.
†Tabulated by N. Mahoney, MD.

A B

Figure	15–35. A. Idiopathic left VIth nerve palsy causing left lateral rectus weakness and limitation of abduction in a young adult. B. Conjugate gaze to the 
right is normal. MRI and acetylcholine receptor antibody testing were normal, and the eye movement abnormality spontaneously resolved.

lated VIth nerve palsies due to pontine lesions may be seen 
in hypertension330 or diabetes.331 Embolic or thrombotic 
occlusion of paramedian penetrating branches of the basilar 
artery is the usual cause for disturbances in these areas, but 
multiple sclerosis,171,332,333 vascular malformations, and 
metastases should also be considered.

Subarachnoid/base of skull. The VIth 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. 15–36), or hydrocephalus (intrac-
ranial hypertension) or after LP,334 myelography,335 or CSF 
leak336 (intracranial hypotension) may also cause VIth nerve 
palsies. These tend to resolve within days or weeks after the 
intracranial pressure is normalized.

Skull base neoplasms such as meningiomas and chordo-
mas (see below) are common causes of chronic isolated VIth 
nerve palsies.337,338 Sixth nerve palsies in this setting may 
sometimes improve spontaneously and therefore mimic 

Figure	15–36. Axial T1-weighted MRI with gadolinium demonstrating a 
large left frontal glioblastoma with severe mass effect. The patient had 
papilledema and a VIth nerve palsy resulting from elevated intracranial 
pressure.

inflammatory and ischemic palsies.339 A patient with an iso-
lated acute VIth nerve palsy has been reported in association 
with pituitary apoplexy.340 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 VIth nerve palsy and ipsilateral dry eye may 
be harboring a mass in this region.

Otherwise, the same infectious and inflammatory proc-
esses in the subarachnoid space which affect the IIIrd nerve 
can also cause a VIth nerve palsy. Similarly, trauma and 
ischemia can lead to VIth nerve palsies. As with other trau-
matic ocular motor palsies, the trauma tends to be severe 
and accompanied by skull fractures (Fig. 15–37). The prog-
nosis for spontaneous improvement within weeks or months 
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A

B

C

Figure	15–37. A. Traumatic right VIth nerve palsy following a motor vehicle accident and severe head injury. B. By 3 months later the VIth nerve palsy had 
spontaneously resolved. C. CT scan, bone windows, demonstrating multiple skull base fractures (arrows).

is excellent,341 but patients with complete palsies at presenta-
tion have a poorer chance for recovery.342 Ischemic VIth 
nerve palsies are typically painful, of relatively sudden onset, 
and resolve within three months. Benign, idiopathic VIth 
nerve palsies which spontaneously resolve in young adults 
are also well recognized (see Fig. 15–35).343,344 Guillain–
Barré syndrome, Miller Fisher syndrome, and Gradenigo 
syndrome345 should also be in the differential diagnosis of 
VIth nerve palsies. Other less common causes include 
schwannomas,346 giant cell arteritis,314 and compression of 
the VIth nerve by dolichoectatic basilar,347 vertebral,348 or 
carotid349 arteries.

Diagnostic evaluation in adults with 
acquired sixth nerve palsies
As in adults with other acquired ocular motor palsies, we 
prefer to image those with acquired VIth nerve palsies to 
exclude intracranial processes.237 In younger adults, neuro-
imaging is particularly important because of the relatively 
higher risk for neoplasms in this age group.343,350 Serologies, 
including those for syphilis and Lyme disease, as well as a 
sedimentation rate to exclude giant cell arteritis, may be per-
formed. LP may be necessary when infectious, carcinoma-
tous, 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 

Video 15.8

significantly reduce the head turn while the patient is being 
followed for recovery. Alternatively, opaque tape can be 
placed 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 
ipsilateral medial rectus muscle can be very helpful in restor-
ing a field of single binocular vision and potentially reducing 
the risk of medial rectus contracture. However, botulinum 
toxin injections may be limited by the side-effect of ptosis 
and the need for repeated injections. Once the VIth nerve 
palsy has been followed for 6–12 months without recovery, 
then patients can be offered strabismus surgery.

Sixth nerve palsies in children (acquired)
In three pediatric series,247,250,351 trauma was the most 
common cause of an acquired VIth nerve palsy. In Robertson 
et al.’s,352 Aroichane and Repka’s,353 and the CHOP series,354 
neoplasms were the most frequent cause. Thus, accounting 
for the results from all series, the most common cause of 
acquired, nontraumatic VIth nerve palsy is a tumor (Table 
15–7). Separating VIth nerve palsies by etiology is often 
difficult because of the considerable overlap: trauma, neo-
plasms, and meningitis can be associated with elevated 
intracranial pressure or hydrocephalus, which by themselves 
are independent causes of VIth nerve palsies.

Neoplasms. In contrast to adult brain tumors, the majority 
of which are supratentorial, 45–60% of childhood brain 
neoplasms occur in the posterior fossa.355 These lesions, such 
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as medulloblastomas, ependymomas, and pontine gliomas 
(Fig. 15–38), tend to compromise midline structures in the 
dorsal pons and pontine tegmentum, resulting not infre-
quently with gaze palsies and VIth nerve palsies. Fourth 
ventricular compression, resulting in noncommunicating 
hydrocephalus, is also common and is another cause of VIth 
nerve palsies. Ataxia and nystagmus, due to cerebellar or 
cerebellar pathway interference, are also frequently seen.

Inflammatory. Several reports356–362 have described a 
benign isolated VIth nerve palsy in childhood (Fig. 15–39). 
The patients tend to be otherwise healthy with an antecedent 
viral or febrile illness, or recent history of immunization. 
The VIth nerve palsy lasts for weeks or months, sponta-
neously resolves, and can recur. Many of these patients,356,357 
however, were seen prior to the widespread use of MRI, 
which might have detected demyelination (in acute dissemi-
nated encephalomyelitis (ADEM) or multiple sclerosis, for 
example). In addition, many reported patients did not  
have LPs to exclude meningitis.356,360,362 Benign VIth nerve 
palsy in childhood is a diagnosis of exclusion following 
normal neuroimaging and CSF examination. Recurrences, 
sometimes multiple, may occur in as many as one-third of 
affected children.363,364

Acquired comitant esotropia. Comitant esotropia does not 
exclude a neurologic process. In comitant esotropias the angle 
of ocular misalignment is unchanged regardless of the direc-
tion of gaze.365 Comitant esotropias may be mistaken for 
bilateral VIth nerve palsies. Some authors366 suggested that 
comitant esotropias, in contrast to incomitant esodeviations, 
are benign and do not warrant further neurologic investiga-
tion. However, several other reports367–370 have established 
that brain tumors and other intracranial processes in pedi-
atric patients may in fact present with comitant esotropias. 

Table	15–7 Etiologies of VIth nerve palsies in children. 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.†

Robertson352	
1970
(1952–64)

Harley247	
1980
(1968–79)

Afifi351	
1992
(1966–88)

Kodsi250	
1992
(1966–88)

Aroichane353	
1995
(1985–93)
(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)*

Total 133 62 132 88 64 210/(30)

*For example, basilar artery thrombosis, vertebral artery dissection, and cavernous–carotid aneurysm.
†Tabulated by N. Mahoney, MD.
ICP, intracranial pressure.

Figure	15–38. Pontine fibrillary astrocytoma associated with a right VIth 
nerve palsy. Axial MRI shows an enhancing mass (arrow) involving the right 
pons.
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A B

Figure	15–39. Benign VIth 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.

Table	15–8 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

MRI, magnetic resonance imaging; LP, lumbar puncture, CSF, cerebrospinal 
fluid.

The topic has been discussed in reviews by experts.371,372 
Acquired comitant esotropias in childhood have been 
reported in association with cerebellar astrocytomas,368,369,373 
medulloblastomas,368 pontine gliomas,368,374 and Chiari I 
malformation.367,375–377 In cases due to Chiari I malforma-
tion, suboccipital decompression often leads to resolution 
of the esotropia.378,379

This finding appears to be primarily a pediatric phenom-
enon, and may not be as uncommon as previously sug-
gested.368 Of 30 children seen at CHOP with an acquired 
esodeviation associated with a neurologic insult, 12 (40%) 
had comitant measurements.380 However, rarely is comitant 
esotropia the sole manifestation of an intracranial abnor-
mality. Most patients will still have accompanying signs and 
symptoms of either elevated intracranial pressure (papille-
dema, headache, nausea or vomiting, or enlarging head  
size) or brainstem or cerebellar involvement (nystagmus, 
ataxia, hemiparesis, gait imbalance, dysarthria, or Parinaud 
syndrome).

Several authors have reviewed the possible mechanisms 
for comitant esotropia in the setting of neurologic disease. 
Lennerstrand,381 Hoyt and Good,372 and Ciancia371 reasoned 
that comitant strabismus might result from injury to supra-
nuclear mesencephalic structures which control vergence  
eye movements. Others have ascribed infranuclear insults. 
Flynn382 described a child who presented with an acute onset 
comitant esotropia who weeks later developed VIth and 
VIIth nerve palsies as a manifestation of a pontine glioma. 
Jampolsky383 and Kirkham et al.67 suggested that acquired 
esotropia and divergence paralysis may result from varying 
degrees of bilateral VIth nerve paresis. Spread of comitance 
is another proposed mechanism.357

Cyclic esotropia. This rare ocular motility disorder is char-
acterized by 48–96 hour cycles of esotropia and orthophoria 
or microstrabismus.384 Usually idiopathic, cyclic esotropia 
may also be associated with intracranial tumors and epi-
lepsy.385 The cause is uncertain.

Suggested workup in pediatric acquired sixth nerve palsies. 
One suggested approach is given in Table 15–8. Because of 
the risk of an underlying neoplasm, even in isolated cases, 
in the absence of trauma an MRI with and without gadolin-
ium, looking particularly for a posterior fossa lesion, is rec-
ommended. The diagnosis of a benign childhood VIth nerve 
palsy is one of exclusion.

Sixth nerve palsies in children (congenital)
The vast majority of children born with defective VIth nerve 
function have Duane’s retraction syndrome. Less likely 
causes are Möbius syndrome or a nonsyndromic isolated 
congenital VIth nerve palsy.

Duane’s retraction syndrome. This condition is character-
ized by the paradoxical co-contraction of the ipsilateral 
medial and lateral rectus muscles, which are normally antag-
onistic and customarily innervated by the IIIrd and VIth 
nerves, respectively.386 Based on electromyographic record-
ings from the extraocular muscles of affected patients, 
Huber387 classified cases into three types. Narrowing of the 
palpebral fissure and retraction of the globe in attempted adduc-
tion 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 adduction, thus producing the globe retraction 
(Fig. 15–40). 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 
syndrome from those with acquired VIth nerve palsies, 
who are characteristically esotropic.

2. Type II. Abduction is normal, but adduction is impaired. 
Lateral rectus contraction in abduction is normal, but 

Video 15.9

Video 15.10
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A B

Figure	15–40. 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.

A B

Figure	15–41. 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.

the muscle also inappropriately contracts in attempted 
adduction, producing defective adduction and globe 
retraction (Fig. 15–41).

3. Type III. Both abduction and adduction are defective. The 
lateral and medial rectus muscles both contract in 
abduction and adduction, thus limiting motion of the 
eye in either direction. Clinically this pattern may be 
hard to distinguish from type I.

Other common features include upshoot or downshoot 
of the eye in adduction, and A-, V-, or X-pattern ocular 
deviations. Most patients preserve binocularity because they 
are orthotropic in primary gaze, but a minority of individu-
als adapt a compensatory head turn to achieve binocularity. 
In one meta-analysis,388 there was a female preponderance 
(58%) and left eye (59%) predilection. Twenty-three 
percent of patients had just the right eye affected, while 
18% had bilateral involvement. Other anomalous innerva-
tion phenomena, such as Marcus–Gunn jaw wink and 
paradoxical–gustatory–lacrimal reflex (“crocodile tears”), 
have been reported in association with Duane’s retraction 
syndrome.388

Pathologic studies published by Miller and colleagues389,390 
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,390 the VIth nerve was absent, the VIth nerve nucleus was 
hypoplastic, and branches of the inferior division of the 
oculomotor (IIIrd) nerve supplied the lateral rectus muscle. 
Within the hypoplastic nucleus, the VIth nerve interneurons, 

Video 15.11

which connect with the contralateral medial rectus subnu-
cleus via the medial longitudinal fasciculus to mediate con-
jugate gaze, were presumably spared. In a patient with 
Duane’s type III,389 both VIth 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 demon-
strated absence of the ipsilateral VIth nerve.391–393 In addi-
tion, orbital imaging may show a normal ipsilateral lateral 
rectus muscle,394 in contrast to a denervated atrophic muscle 
seen in a chronic VIth nerve palsy. Families with linkage at 
chromosome 2q31 have been identified,395 and mutations 
on this chromosome have been discovered in CHN1, a gene 
that encodes for α2-chimaerin, a signaling protein which 
may have a role in ocular motor axon pathfinding.396

Duane’s retraction syndrome usually occurs sporadically, 
but rarely cases are familial as just alluded to.397 Occasionally 
Duane syndrome is also associated with systemic anoma-
lies.388 Wildervanck (cervico-oculo-acoustic) syndrome con-
sists of Duane syndrome, Klippel–Feil spinal anomaly, and 
sensorineural deafness.398 Duane syndrome and congenital 
thenar hypoplasia comprise Okihiro syndrome. Duane syn-
drome may also be seen together with Goldenhar syndrome, 
which consists of epibulbar dermoids, conjunctival lipoder-
moids, upper lid colobomas, inner and external ear malfor-
mations (preauricular skin tags), facial hypoplasia, and 
cervical spine anomalies. Unusual associations with chro-
mosomal abnormalities,399 thalidomide embryopathy,400 
and intracranial lesions have also been reported.401,402 Orbital 
blow-out fractures with medial rectus entrapment or orbital 
metastases may mimic Duane syndrome.403
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Treatment. Since most patients with Duane 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 abnor-
mal head turn, cosmetically unacceptable globe retraction, 
or vertical deviation on adduction.388,404,405

Möbius syndrome. In addition to congenital facial diple-
gia, abducens palsy is the feature most commonly associated 
with Möbius syndrome, occurring in 82% of cases in the 
series reported by Henderson.406 In addition, total external 
ophthalmoplegia was present in 25% of the cases in this 
series, oculomotor palsy in 21%, and bilateral ptosis in 10%. 
The abducens weakness is almost always bilateral, but of 
varying degree. When the lateral rectus palsy is severe,  
there is usually complete conjugate gaze paresis. 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 IIIrd, IVth, 
and VIth 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 its 
etiology.

Brainstem
Motor neuron diseases. Amyotrophic lateral sclerosis (Lou 
Gehrig disease) is a degenerative disorder of 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 easily 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. However, patho-
logically minor changes in the ocular motor nuclei may be 
seen.407 Rarely, supranuclear eye movement disorders may 
be observed, and in late-stage patients whose course is arti-
ficially prolonged by long-term respiratory support, some 
may develop complete external ophthalmoplegia (see also 
Chapter 16).

In other motor neuron diseases and spinal muscular  
atrophies, the eye movements and ocular motor nuclei are 
also usually spared. However, rare exceptions have been 
reported.408–411

Wernicke’s encephalopathy. Wernicke disease may present 
with ophthalmoplegia, nystagmus, altered mental status, 
and ataxia. These findings result from localized hemorrhagic 
necrosis of the midbrain and thalamus. This diagnosis 
should be considered in all ocular motor palsies as admin-
istration of thiamine may rapidly reverse the ophthalmople-

gia and be life-saving. There is a more detailed discussion of 
this entity in Chapter 16.

Leigh syndrome. Also termed subacute necrotizing enceph-
alopathy, 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.412 Leigh syndrome is discussed in more detail 
in Chapter 16.

Bickerstaff’s encephalitis. Bickerstaff’s brainstem encepha-
litis is a monophasic disease process typically proceeded by 
an infection or immunization. The disorder is characterized 
by stupor, ophthalmoparesis, ataxia, and brisk reflexes, and 
CSF pleocytosis and anti-GQ1b antibodies (see below) may 
be observed. Brainstem lesions on MRI are seen only in a 
minority of patients.413

Subarachnoid disturbances
Acute bacterial and chronic fungal, tuberculous, spirochetal 
(syphilitic and Lyme Borrelia),414 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. Carcinomatous415,416 
or lymphomatous417–419 meningitis may produce a similar 
clinical picture, sometimes accompanied by radicular signs 
and symptoms indicating more widespread meningeal 
involvement. Lymphoma may also directly invade the 
endoneurium of the cranial nerves.420,421 The ocular motor 
nerves can be involved in Guillain–Barré syndrome, Miller 
Fisher syndrome (ophthalmoparesis, ataxia, and areflexia), 
and chronic inflammatory demyelinating polyneuropa-
thy,422–424 usually in the setting of systemic weakness. These 
conditions are discussed in detail in Chapter 14. Cerebros-
pinal fluid examination with cytology is essential for diag-
nosing and sorting out these infectious, neoplastic, and 
inflammatory disorders.

Anti-GQ1b antibody syndrome. In addition to Bickerstaff’s 
brainstem encephalitis, elevated anti-GQ1b antibody titers 
may also be found in patients with isolated acute ophthal-
moparesis,425,426 Miller Fisher syndrome, and in patients with 
Gullain–Barré syndrome and ophthalmoparesis.427 These 
antibodies may also be observed in some patients with 
chronic428 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.429,430 There is a consensus that Miller 
Fisher syndrome and Bickerstaff’s brainstem encephalitis 
represent a spectrum of a similar disease process.431 Both of 
these entities share the anti-GQ1b antibodies and are self-
limited disorders.

Base of skull lesions
A combination of ocular motor nerve palsies may be due to 
skull base metastases432 or primary skull base tumors such 
as sphenoid wing or clival meningiomas, chordomas, and 
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evidence of bone erosion and destruction seen on CT or MRI 
is characteristic.439 Biopsy can confirm the diagnosis. Some 
authors have recommended radical resection.440 After tumor 
removal, most patients are treated with radiation therapy, 
but recurrences are common.440,441

Chondrosarcomas. Chondrosarcomas, which are also rela-
tively rare tumors, arise from cartilage in bone. These gener-
ally are adult tumors and can occur in both 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. 15–42). 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.438 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 sur-
rounded by cartilage of varying levels of maturity with foci 
of immature chondrocytes. The most effective treatment is 
widespread surgical excision followed by radiation therapy.442 
Many of these tumors can demonstrate cellular atypia and 
behave aggressively with recurrence and local invasion. 
Patients with Ollier disease (multiple skeletal enchondro-
mas) and Maffucci syndrome (multiple enchondromas asso-
ciated with subcutaneous hemangiomas) may develop skull 
base chondrosarcomas as a delayed consequence of these 
disorders. We have seen three such patients who presented 
with VIth nerve palsies.443

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 syn-
drome, owing to oculosympathetic disruption. Complete 
interruption of all three ocular motor nerves would result in 
total ophthalmoplegia, ptosis, and mydriasis. Most cavern-
ous sinus disturbances are due to mass lesions.

Symptoms of cavernous sinus disease. Patients with cavern-
ous sinus lesions may present with double vision, pupillary 
abnormalities, facial sensory loss, or orbital signs and symp-
toms. Pain may be referred to the orbit or supraorbital 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. Less prominent characteristics 
of incomplete lesions are:

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, the 
pupil on the affected side is larger than its fellow normal 

chondrosarcomas. Metastatic tumors in this area typically 
derive from lung, breast, or prostate primary neoplasms.

Sphenoid wing meningiomas. The typical clinical presenta-
tion of a sphenoid wing meningioma is ipsilateral ophthal-
moplegia, 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.433

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 symp-
toms depending on whether their initial involvement is of 
the cranial nerves entering the cavernous sinus or compres-
sion 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.434 
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 above. Meningiomas need to be differ-
entiated radiographically from chordomas and chondrosar-
comas also occurring in this region. The absence of extensive 
bony destruction (common in chordoma and chondrosar-
coma) and diffuse and smooth gadolinium enhancement 
(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.435 
Depending on the clinical situation and the presence of 
residual tumor, adjunctive radiation therapy can be used.436

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. 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 sac-
rococcygeal region and about 35% develop in the base of 
the skull, usually near the clivus.437 Intracranial chordomas 
can become symptomatic at any age. Although the tumors 
grow very slowly, they are locally invasive and destroy bone 
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 VIth 
nerve palsies.438 Other associated findings may include ipsi-
lateral facial weakness and trigeminal nerve dysfunction. 
Patients also complain of headache. Rarely they extend supe-
riorly to affect the anterior visual pathways and cause optic 
neuropathy.438 Chordomas should be considered in the dif-
ferential diagnosis of any patient with chronic unilateral or 
bilateral VIth nerve palsy with or without remitting symp-
toms.338,438 Radiographically, a cystic, lobulated mass with 
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Figure	15–42. Axial (A), coronal (B), and sagittal (C) T1-weighed MR 
images showing enhancing skull base mass (arrows) consistent with a 
chondrosarcoma, which caused a left VIth nerve palsy.

eye, but in the dark the affected pupil may actually 
become smaller 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 IIIrd 
nerve dysfunction are masked by a concurrent Horner 
syndrome or aberrant regeneration of the IIIrd nerve.

4. Divisional third nerve paresis. Because the IIIrd nerve 
anatomically separates into superior and inferior 
divisions in the anterior cavernous sinus, a divisional 
paresis suggests a lesion in this region or anterior to it. 
However, this guideline has frequent exceptions, as a 
divisional IIIrd nerve palsy may occur anywhere 
posterior to this region, including the brainstem.110

5. Aberrant regeneration of the third nerve. Misdirection 
phenomena (see Third nerve palsies, above) may occur 
with cavernous sinus masses such as a meningioma 
(Fig. 15–43).118

6. Ipsilateral Horner syndrome and abducens palsy. This 
combination of findings results from a lesion involving 
both the VIth nerve and oculosympathetic fibers, where 
they co-mingle within the cavernous sinus.444

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 CT- or MR-angiogram 
should also be ordered.

Differential diagnosis. Pathologic processes in this region 
may arise from surrounding dural walls, contiguous sites,  
or remote foci.445 The differential diagnosis of cavernous 
sinus lesions includes neoplasms, trauma, Tolosa–Hunt  
syndrome, infection, septic cavernous sinus thrombosis, 
carotid–cavernous sinus fistulas, and intracavernous aneu-
rysms. In one large series,446 neoplasms were the most 
common cause of a cavernous sinus syndrome.
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Figure	15–43. Cavernous sinus meningioma. This axial MRI scan 
demonstrates 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 IIIrd nerve palsy. Two years later she developed aberrant 
regeneration of the eyelid.

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 ophthal-
moplegia should suggest pituitary apoplexy. The nerves 
within the cavernous sinus rarely give rise to primary tumors 
such as a neuroma of the Vth nerve. The trigeminal nerve 
may also serve as a conduit to the cavernous sinus for basal 
cell and squamous cell tumors arising from the face, head, 
and neck.447 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 will discuss some of the common 
entities in this region.

Neoplasms. A variety of neoplasms may involve the 
cavernous sinus including meningiomas, neuromas,  
chordomas, chondrosarcomas, nasopharyngeal carcinomas, 
lymphoma, plasmacytoma, pituitary adenoma, and meta-
static disease. A complete discussion of these tumors is 
beyond the scope of this chapter, but some of the more 
important and common tumors will be reviewed. Some were 
discussed above.

Nasopharyngeal tumors. Nasopharyngeal tumors may 
present as serous otitis media, nasal obstruction, atypical 

facial pain, recurrent epistaxis, or as a chronic isolated VIth 
nerve palsy.448 The tumors either erode the skull base or 
enter the cavernous sinus through the foramen ovale or 
lacerum.449 Approximately 20% of nasopharyngeal tumors 
may present as a cavernous sinus syndrome. Fifth nerve 
dysfunction followed closely by impairment of the ocular 
motor nerves are the major ophthalmic findings.

Pituitary tumors. Although there is frequent radiographic 
involvement of the cavernous sinus in pituitary adenomas, 
only rarely is there resultant chronic ocular motor dysfunc-
tion.450,451 Importantly, the rapid onset of bilateral complete 
ophthalmoplegia and headache should suggest the possibil-
ity of pituitary apoplexy and neuroimaging studies should 
be obtained emergently. The clinical presentation of  
pituitary apoplexy may be confused with subarachnoid  
hemorrhage and bacterial meningitis. The administration of 
corticosteroids in this situation may be life-saving in order 
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.452 Rarely, these tumors 
may present as a chronic isolated VIth nerve palsy without 
signs of Vth nerve dysfunction.453

Occasionally, tumors of the skin such as basal cell carci-
noma and squamous cell carcinoma travel perineurally 
along branches of the Vth nerve to gain access to the cavern-
ous sinus and orbital apex, causing ophthalmoplegia.447,454 
Facial nerve palsies are also frequent.455 Remote tumor 
spread may present clinically years after the original skin 
lesion was removed.456 Palliative radiation may be used, but 
the prognosis is poor.457

Cavernous sinus meningiomas. Meningiomas arising from 
the dural walls of the cavernous sinus represent one of the 
most frequent tumors of this area (Fig. 15–43). Cavernous 
sinus meningiomas typically present with painless, slowly 
progressive ocular motor palsies or a IIIrd nerve palsy  
with aberrant regeneration. Rarely, spontaneously resolving 
ocular motor palsies may occur.458 Their MRI appearance is 
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.459 Since these tumors may grow slowly, 
surgery or radiotherapy is usually not indicated until vital 
structures such as the brainstem or visual pathways are com-
promised. Many patients with stable diplopia that can be 
treated with prisms may be followed clinically and radio-
graphically.460 Alternatively, some authors have recom-
mended total461,462 or subtotal459,463,464 resection, but the 
morbidity, including internal carotid or middle cerebral 
artery infarction, ocular motor palsies, and trigeminal nerve 
dysfunction associated with neurosurgery of these tumors 
can be high. Perioperative deaths can also occur.461,465 
Partial resection may be followed by adjunctive 
radiotherapy.466–468

Lymphoma. Lymphomatous involvement of the cavernous 
sinus may cause painful or painless ophthalmoplegia.469,470

Metastases. Breast, lung, and prostate cancer are well-
recognized primary neoplasms which can metastasize to the 
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nerve is frequently affected first, but complete ophthalmo-
plegia may rapidly ensue.479 Vision may be impaired as a 
result of arterial occlusion or emboli, venous congestion, 
increased intraocular pressure, or corneal exposure.480,481 
Staphylococcal and streptococcal organisms are the most 
frequent pathogens.479 These organisms may gain entry 
through several routes, but most often invade the cavernous 
sinus by traversing the valveless veins of the face, teeth, 
middle ear, and neck. Direct spread of infection from the 
maxillary and sphenoid sinuses are alternative routes in 
patients with sinusitis.479 Within several days of onset, the 
infection may reach the contralateral cavernous sinus and 
further dispersal may lead to meningitis or cerebral infarc-
tion by compromising the cavernous carotid artery. Uncom-
monly, extension to other venous sinuses, such as the lateral, 
sigmoid, and inferior sagittal sinuses, may occur.482

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).479 MRI is the preferred study to demon-
strate thrombosis of the cavernous sinus (Fig. 15–44).483

After cultures have been collected, intravenous antibiotics 
should be administered at once. Antibiotic coverage is 
dependent upon the source of the infection but therapy 
against penicillinase-resistant Staphylococcus and anaerobes 
is essential.479 Anticoagulation of patients with septic cavern-
ous sinus thrombosis remains controversial,484 but is still 
often recommended.485,486 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,487 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.488 
Visual loss from central retinal or ophthalmic artery occlu-
sion is not uncommon. Spread of infection to the cavernous 

cavernous sinus.471 The ophthalmoplegia is frequently 
rapidly progressive.

Inflammatory disorders. Idiopathic granulomatous inflam-
mation of the superior orbital fissure or cavernous sinus is 
known as the Tolosa–Hunt syndrome. Steroid-responsive 
painful ophthalmoplegia is the hallmark of this condition. 
The IIIrd nerve is the most commonly affected cranial nerve 
followed by the VIth, Vth, and IVth nerves.472 Proptosis and 
optic nerve dysfunction is seen in approximately 20–30%  
of cases.472 Based on limited anatomic studies, idiopathic 
orbital inflammatory syndrome and the Tolosa–Hunt syn-
drome appear to represent a similar pathologic process.

Since there are many causes of painful ophthalmoplegia, 
diagnosis of this syndrome should be one of exclusion. MRI 
in Tolosa–Hunt syndrome typically demonstrates enlarge-
ment and enhancement of the cavernous sinus, sometimes 
with extension into the orbital apex.473 Imaging is also 
helpful in delineating other parasellar disease processes such 
as neoplasms and infections although oftentimes the dis-
tinction is difficult to make.474 A rapid response to corticos-
teroids is characteristic but recurrence is not uncommon as 
steroids are tapered. Corticosteroids may have to be tapered 
over months, but steroid dependence should raise the sus-
picion of an alternative diagnosis such as lymphoma and a 
biopsy should be considered. Systemic lupus erythematosus 
should also be excluded with serologic testing.475,476 Further-
more, a human immunodeficiency virus-positive patient 
with painful ophthalmoplegia was found to have an eosi-
nophilic granuloma in the superior orbital fissure region.477

Herpes zoster ophthalmicus may also be associated with 
complete ophthalmoplegia or isolated ocular motor palsy 
resulting from a secondary vasculitis or direct inflammatory 
infiltration of the nerves and extraocular muscles. Although 
antiviral agents may be given to affected patients, most have 
resolution of the ocular motor palsy within 1 year.478

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, swelling, and proptosis.479 The abducens 

A B

Figure	15–44. T1-weighted MR images (A, axial, B, coronal) show widening and enhancement of the right cavernous sinus (thick arrows) and dural 
enhancement (thin arrow), consistent with cavernous sinus thrombosis related to ethmoid sinusitis (asterisk).
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carotid is heralded by the acute onset of a contralateral 
hemiparesis. Magnetic resonance studies are most useful in 
delineating the extent of the pathologic process. The diagno-
sis may be established by biopsy and drainage of infected 
areas. Treatment usually consists of intravenous amphoter-
icin and surgical debridement. The amount of debridement 
is often dependent on the degree of visual loss and the extent 
of the infectious process.488 Those patients with preserved 
visual acuity and disease limited to the orbital structures and 
sinuses may be spared an exenteration without altering 
outcome.489

High-flow (direct) carotid–cavernous fistulas. Carotid–
cavernous fistulas (CCFs) are communications between the 
intracavernous carotid artery and the surrounding cavernous 
sinus. Several different classification schemes have been pro-
posed and generally divide these CCFs based on their etiol-
ogy, rate of flow, and source of feeder vessels.

The most important of these is the high-flow, direct CCF. 
In the majority of cases (80%) direct CCFs result from 
trauma and much less commonly arise spontaneously.179,490 
The neuro-ophthalmic presentation of these direct CCFs is 
generally dramatic and results from the reversal of blood 
flow in the orbital and ocular venous drainage. Usually there 
is an endothelized, single tear in the carotid wall.491 These 
direct, high-flow fistulas are termed type A.492

Types B, C, and D fistulas are all low-flow, indirect com-
munications between branches of the internal or external 
carotid artery within the dura of the cavernous sinus. These 
have also been grouped as dural CCFs or dural arteriovenous 
malformations (DAVMs). They generally arise spontane-
ously and have a lower flow and more insidious presentation 
than the direct CCFs. Type B fistulas are supplied by small 
branches of the cavernous carotid artery, type C by dural 
branches of the external carotid, and type D by a combina-
tion of external and internal carotid artery branches.  
The diagnosis of CCFs (and DAVMs) is suggested by the 
typical constellation of symptoms and signs (Table 15–9). 
Neuroradiologic confirmation of the diagnosis is based  
on orbital ultrasound, MRI, MR-angiography, and conven-
tional angiographic findings. Treatment generally involves 
embolization.

This section will detail the diagnosis and management of 
high-flow CCFs, while a review of low-flow CCFs follows in 
the next section.

Traumatic direct CCFs. The majority of direct CCFs result 
from head trauma, which is usually severe following motor 
vehicle accidents, sports injuries, and falls.179,490,493 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 cavernous sinus through the superior 
orbital fissure can result in CCFs.493 “Traumatic” CCFs can 
also result from iatrogenic injury to the carotid artery. This 
has been seen in the setting of carotid endarterectomy 
surgery, endovascular procedures, and as a complication of 
transsphenoidal pituitary surgery, otolaryngologic surgery, 
and in procedures directed at the gasserian ganglion for the 
treatment of trigeminal neuralgia.494–496

Spontaneous direct CCFs. Spontaneous, high-flow, direct 
CCFs arise in two different settings: (1) rupture of a preexist-
ing cavernous sinus aneurysm (see below) or (2) a defective 

Table	15–9 Ocular signs and symptoms in carotid–cavernous 
fistulas and dural arteriovenous malformations of the cavernous 
sinus. (Reproduced with permission from Bennett J, Volpe NJ, Liu GT, 
Galetta SL. Neurovascular neuro-ophthalmology. In: Jakobiec FA, 
Albert D (eds.): Principles of Ophthalmology, pp 4238–74. 
Philadelphia, W.B. Saunders, 1999.)

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

vessel wall that may complicate a connective tissue disorder 
such as fibromuscular dysplasia,497 Ehlers–Danlos syn-
drome,498 and pseudoxanthoma elasticum.499 However, in 
many instances an underlying cause cannot be found.500

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 (Table 15–9). Usually this involves the eye and 
orbit ipsilateral to the fistula. However, the presentation can 
vary significantly and can include a silent orbital presenta-
tion particularly when the CCF drains posteriorly. Bilateral 
orbital signs can also develop depending upon the patency 
of the venous connections between the two cavernous 
sinuses.

Symptoms. Symptom onset is usually abrupt and may be 
rapidly progressive. Occasionally, the symptoms and signs 
that resulted 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%).179,493 
Patients may describe a whooshing or swishing that is syn-
chronous with the pulse. Headache may result from disten-
sion 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 conjuncti-
val vessels, eyelid swelling, conjunctival chemosis, elevated 
(often pulsatile) intraocular pressure, restrictive ocular 
motility disturbances and cranial neuropathies, optic disc 
swelling, and venous stasis retinopathy. The bruit that is 
audible to the 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 
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posterior draining fistulas the bruit may be detected over the 
area of the mastoid. The bruit is classically described as dis-
appearing with ipsilateral carotid compression although this 
is neither a commonly performed nor recommended diag-
nostic maneuver.

Proptosis results from congestion of orbital tissues and 
displacement of the globe by the dilated superior ophthal-
mic 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 forced into the orbital veins and subse-
quently 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 this 
tortuosity and dilation extends all the way to the limbus  
(Fig. 15–45). 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 ulceration if adequate lubrication is not 
used. This may be aggravated by corneal hypesthesia, which 
can occur secondary to trigeminal nerve dysfunction.

Increased intraocular pressure and glaucoma result from 
arterialization of episcleral vessels with elevation of episcle-
ral venous pressure and blood forced into Schlemm’s canal. 
This blood can be seen on gonioscopy. Ultimately intraocu-
lar pressure rises with this increase in episcleral venous pres-
sure. Optic nerve damage ensues and glaucomatous optic 
neuropathy can occur in 20% of patients with untreated 
CCFs.179 Rarely intraocular pressure rise is precipitous and 
may result in central retinal artery occlusion.179 Other mech-
anisms responsible for the development of glaucoma include 
elevation of orbital pressure secondary to venous stasis and 
edema, anterior segment neovascularization and secondary 
rubeotic glaucoma,501 and secondary angle closure from con-
gestion of the choroid and a forward shift of the lens iris 
diaphragm.

A B

Figure	15–45. External appearance of a woman with a traumatic, high-flow, direct carotid–cavernous fistulas 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.

Double vision from ocular misalignment occurs fre-
quently. Isolated abduction deficits are quite common and 
presumably result from VIth nerve dysfunction in the major-
ity of patients (50–85% of all patients with CCFs).496 The 
VIth nerve is the most vulnerable because it floats freely 
adjacent to the lateral aspect of the carotid artery, while the 
IIIrd and IVth nerves are enveloped by dura in the lateral 
wall of the sinus. However, ocular motor dysfunction from 
the initial head trauma may be difficult to distinguish from 
the deficit acquired with the CCF. The oculomotor palsies 
may result from compression by the fistula or from ischemia 
due to altered blood flow in the vasa nervorum. These cranial 
nerve palsies can develop at any time after the fistula forms. 
Many patients describe pain in the first or even second divi-
sion of the trigeminal nerve, resulting from compression of 
the ophthalmic or maxillary divisions of the Vth 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 dysfunc-
tion occurs. Forced duction testing with forceps should not 
be used because of the risk of bleeding from arterialized 
conjunctival and episcleral vessels.

Vision loss can result from a variety of trauma- or fistula-
related causes (Table 15–10). In Kupersmith’s series179 of 95 
cases of traumatic CCFs the most common causes of vision 

Table	15–10 Etiologies of visual loss due to carotid–cavernous 
fistulas (CCFs)

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
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loss included traumatic optic neuropathy (five patients), 
postsurgical optic neuropathy (two patients), venous hypoxic 
retinopathy (three patients), globe injury (three patients), 
corneal ulceration and perforation (one patient), and central 
retinal artery occlusion secondary to elevated intraocular 
pressure (one patient). In four patients he also recognized a 
reversible retrobulbar optic neuropathy which was believed 
to result from either compression by the superior ophthal-
mic vein or a vascular steal phenomenon. Other causes of 
vision loss include anterior ischemic optic neuropathy, com-
pressive optic neuropathy from an extended cavernous sinus, 
and retrobulbar ischemia.501,502 Ophthalmoscopically, most 
patients show nonspecific findings of venous stasis retin-
opathy with distended retinal veins and intraretinal hemor-
rhages. Many patients have mild disc swelling as well. 
Choroidal detachment as an initial manifestation of direct 
CCF has also been noted.503

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, prop-
tosis, and a red eye. The clinical suspicion can be confirmed 
by diagnostic testing, which can include pneumotonometry, 
orbital ultrasound, color Doppler ultrasound, and neuroim-
aging with MRI, MR-angiography, and conventional angiog-
raphy. Pneumotonometry may be used to document wide 
pulse pressures.504 Orbital ultrasound can be used to docu-
ment enlarged superior ophthalmic veins and extraocular 
muscles. A-scan ultrasound can also demonstrate rapid echo 
spikes within the superior ophthalmic vein when done in 
real time.505 Color Doppler ultrasound can document 
reversal of flow in the superior ophthalmic vein with high 
flow. CT and MRI can similarly document enlargement of 
the orbital veins, eye muscles, and cavernous sinus.

Formal cerebral angiography is usually required to docu-
ment the extent and location of feeding vessels. Selected 
injections of both internal and external carotid arteries are 
necessary.179,493,506 Angiography will also help to define the 
other characteristics of the CCF including the presence of 
pseudoaneurysms, venous drainage pattern, and whether 
cavernous sinus thrombosis is present.179,507

Course and treatment. Nearly all high-flow direct CCFs 
require treatment. This is in contrast to the low-flow dural 
fistulas (types B–D, DAVMs), which can often be followed 
and may close spontaneously (see below). In direct CCFs 
which 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. Prior to definitive therapy of 
the CCF, its secondary manifestations such as glaucoma and 
exposure should be treated.

Approximately 20% of CCFs require emergency endo-
vascular treatment because of vision compromise, rapid 
elevation of intraocular pressure, or bleeding (epistaxis or 
intracranial bleeding).179 Surgical therapy of CCFs, such as 
ligating the common or internal carotid arteries, has been 
replaced by transvenous or transarterial endovascular oblit-
eration. Transarterial occlusion with platinum coils or liquid 
embolic material such as cyanoacrylate is the treatment of 
choice.508 The technique entails introducing a flow-directed 
catheter through the femoral artery then floating it into the 

venous side of the CCF. Detachable balloons are no longer 
used in the USA, but are still used elsewhere. Endovascular 
treatment preserves carotid artery patency and is successful 
in 59–88% of patients.179,493,509,510 The remainder of the 
patients in these series were for the most part treated suc-
cessfully with carotid occlusion.

Transvenous embolization can be performed through  
the femoral vein or through the orbit or venous sinuses. The 
latter approach is generally reserved for cases in which the 
transarterial approach failed or is not possible because of 
carotid anatomy or occlusion from the previous trauma.511,512

Complications of treatment. Complications include pseu-
doaneurysm formation from cavernous sinus filling and 
ocular motor palsies. Stroke from errant embolic material  
is rare.

Prognosis. With successful closure of a direct CCF, progno-
sis for virtually full recovery is excellent. The closure of the 
shunt is associated with immediate resolution of the bruit. 
Intraocular pressure elevation generally resolves within 2 
days. Recurrence of the bruit or persistent elevated intraocu-
lar pressure strongly suggest that the fistula has recurred or 
was inadequately treated. Visual field defects that resulted 
from persistent elevated intraocular pressure tend not to 
improve. Orbital congestion and ophthalmoparesis gener-
ally take 1–4 weeks to resolve.179,513

Low-flow carotid–cavernous fistulas (dural arteriovenous 
malformations). DAVMs are abnormal communications 
between the arteries that supply the dura mater and the 
intracranial venous sinuses (Fig. 15–46). Although most 
DAVMs are acquired arteriovenous shunts, some may  
represent congenital lesions. They most likely develop from 
pre-existing microscopic communications between arteries 
and veins in the dura in the area near the venous sinuses. A 
second insult such as trauma or thrombosis then leads to 
conversion to a DAVM.

In Kupersmith’s series,179 68% of the patients seen with 
shunts in the area of the cavernous sinus had low-flow 
DAVMs. There is considerable overlap in the symptomatol-
ogy of DAVMs in the cavernous sinus region and direct CCFs 
since they both result in arterialization of the orbital venous 
drainage system (Table 15–9). 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.492 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 
off 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, ascending 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 cavern-
ous sinus are most often seen in woman over age 50  
or in association with pregnancy, systemic hypertension, 
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Figure	15–46. 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 
IIIrd and VIth 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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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 including IIIrd, IVth, Vth, VIth, and VIIth nerve 
palsies.514–519

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 
defect, pain, chemosis and lid swelling (Table 15–9).520 
Because the onset of all of these symptoms is not explosive, 
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 DAVMs as opposed to direct 
CCFs. Pain is infrequent and usually mild. The arterialized 
loops of episcleral and conjunctival vessels have a character-
istic appearance called “limbal loops” in which vessels have 
an acute angulation near the limbus.521 Like CCFs, patients 
often develop intraocular pressure elevation and glaucoma-
tous visual field defects as a result of episcleral venous pres-
sure elevation.522–525 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.525

Proptosis, chemosis, and lid swelling are manifestations 
of elevated orbital venous pressure. These findings are more 
mild 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 orbit-
opathy (see Chapter 18). Orbital congestion can paradoxi-
cally worsen (sometimes with treatment), as a result of 
thrombosis of the orbital veins with increased orbital 
venous stasis.526 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.179,526–530 Venous stasis retinopathy 
occurs in about 15% of patients and results most commonly 
in cases with ophthalmic vein thrombosis rather than from 
arterialization of the orbital vessels.531 Vision loss occurs in 
about 20–30% of patients and is usually a sequela of venous 
stasis retinopathy, ischemic optic neuropathy, or uncon-
trolled glaucoma (Table 15–10).500,532 Choroidal effusions 
may occur as well but are often small and peripheral. They 
can be recognized by ophthalmoscopy and by ultrasound. 
Larger choroidal 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.179,500,525,532–534

Eye movement abnormalities result from either conges-
tion and hypoxia of the eye muscles or cranial nerve palsies. 
The VIth nerve is the most commonly affected, but IIIrd515 
and IVth nerve palsies535 have been reported. After closure 
of the shunt, the prognosis for recovery of the eye movement 
abnormalities is good whether they are the result of myo-
pathic or neuropathic processes. Patients rarely can develop 
cerebral dysfunction including seizures, infarct, or hemor-
rhages 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.179

Diagnostic evaluation. The diagnostic modalities utilized in 
this setting are similar to those used in direct CCFs. If symp-
toms are mild, the diagnosis may be established by clinical 
findings, ultrasonography, and neuroimaging. MRI scanning 
can show thrombosis of the cavernous sinus and superior 
ophthalmic vein. This thrombosis usually appears as a white 
hyperintensity on T1-weighted images.179 MRI scan can also 
demonstrate signal decrease in the cavernous sinus on spin 
echo imaging due to rapid blood flow.536 If treatment is 
planned then angiography should be performed as it may 
be therapeutic and feeder vessels must be identified. Angi-
ography must be performed on both the internal and exter-
nal carotid arteries bilaterally.

Treatment. The morbidity of these DAVMs is primarily 
ocular, as hemorrhage and life-threatening complications 
are quite rare. Some of these lesions will close either spon-
taneously, after air travel, or after angiography or manual 
compression of the carotid artery.179,500,510,522,537,538 These con-
servative measures can be used in asymptomatic patients. 
However, treatment by embolization with liquid agents or 
coils is recommended for patients who have ophthalmic 
symptoms.539 Ideally this is accomplished transvenously 
through the inferior petrosal sinus, pterygoid venous plexus, 
superior petrosal sinus, facial vein, or the superior ophthal-
mic vein.508,540 Alternatively, particularly after transvenous 
attempts have failed, a trans-internal carotid procedure is 
necessary.541 Rarely, direct surgery on the cavernous sinus 
with DAVM removal can be performed. Others have used 
radiation to treat extensive lesions not amenable to emboli-
zation or surgery.500,542,543 Complications of treatment are 
uncommon and include incomplete closure, venous throm-
bosis, cranial nerve palsies from nutrient vessel thrombosis, 
and cerebral infarctions. Ocular symptoms generally begin 
to improve within days of treatment and are usually com-
pletely resolved within 6 months. Pneumotonometry can be 
used prior to and after embolization to follow patients and 
be certain closure is complete without recanalization.

Intracavernous aneurysm. Aneurysms of the cavernous–
carotid artery predominately present with orbital pain and 
diplopia due to ocular motor palsies. Cavernous–carotid 
aneurysms are uncommon, accounting for only 2% of all 
intracranial aneurysms.544 Among symptomatic, unruptured 
aneurysms, the proportion of cavernous–carotid lesions 
increases to 15%.544 Cavernous–carotid aneurysms are rarely 
life-threatening because their rupture is contained by rigid 
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Diagnostic imaging. The lesion is usually detected using 
MRI (Fig. 15–47). MR- or CT-angiography can be used to 
assess aneurysmal anatomy, luminal patency, and thrombus 
age. Cerebral angiography should be performed prior to 
treatment planning.

Treatment. Cavernous aneurysms in most patients, espe-
cially elderly ones, are not treated because of their relatively 
benign nature. However, treatment can be considered when 
ocular motor palsies or vision loss are progressive and debili-
tating or the orbital pain is intractable. With conservative 
therapy alone, 25–40% of patients will stabilize or 
improve.179,547 Treatment options include ipsilateral carotid 
occlusion, surgical clipping, or endovascular embolization. 
Owing to the high morbidity and mortality of a surgical 
approach, treatment generally entails either carotid occlu-
sion or endovascular therapy. A functional tolerance test can 
be performed prior to occlusion to test whether the patient 
can withstand permanent occlusion.548 If neurologic 
symptoms result during a functional occlusion test, an 
extracranial–intracranial bypass may be indicated prior to 
definitive treatment.

Reconstructive endovascular procedures of cavernous 
aneurysms are often difficult.549 Recently, excellent results 
were reported in a series of patients with cavernous lesions 
treated with electrolytically detachable coils.550 Since cavern-
ous aneurysms often lack a definitive neck, successful 
endovascular therapy often requires deconstructive emboli-
zation of the parent carotid artery.551

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 

dural walls. Furthermore, owing to their extradural location, 
cavernous–carotid aneurysms rarely result in SAH, as aneu-
rysmal rupture instead produces a cavernous–carotid fistula 
(see above).

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. Cavernous aneurysms frequently involve the abdu-
cens nerve early due to its position lateral to the carotid 
artery within the cavernous sinus.545 Oculomotor and 
ophthalmic (V1) involvement may also occur, but isolated 
IVth nerve palsies are rare.179 Unlike posterior communicat-
ing aneurysms in which the pupil is usually dilated, a  
cavernous–carotid aneurysm may be associated with a pupil-
sparing IIIrd nerve palsy. Pain in the distribution of V1 is 
the most common manifestation of early trigeminal nerve 
involvement,546 as complete anesthesia arises only after 
chronic compression. Neurotrophic keratopathy is a signifi-
cant complication of V1 compression, and patients com-
plaining of visual blurring should receive a complete anterior 
segment examination. Additional causes of visual blurring 
include paralysis of accommodation from IIIrd nerve 
involvement and visual pathway impingement.

Visual loss secondary to anterior 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. Proptosis, another  
late sequela of a cavernous aneurysm, occurs only after  
the enlarging mass has compromised venous drainage or 
compressed the globe by eroding through the posterior 
orbital wall.

A B

Figure	15–47. Cavernous carotid aneurysm. A. Coronal MRI demonstrates flow void (arrow) within left cavernous sinus. B. Angiography (coronal view) 
confirming large round aneurysm (arrow).



535

Chapter	15	Eye movement disorders: third, fourth, and sixth nerve palsies and other causes of diplopia and ocular misalignment

A B

C D

E F

Figure	15–48. 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 ptosis and complete ophthalmoplegia of the right eye from IIIrd, IVth, and VIth nerve palsies (C–F). The ocular motor palsies resolved, but 
vision failed to recover.

rarely improves. In some cases, there is temporary worsening 
of symptoms after therapy due to sudden thrombosis and 
expansion of the aneurysm sac. If signs of aberrant regenera-
tion are present prior to treatment, abnormalities in oculo-
motor 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. 15–48).

Congenital fibrosis syndromes
Patients with congenital fibrosis syndromes are born  
with nonprogressive ptosis and ophthalmoparesis. Because 
of severe strabismus or ptosis, binocular vision is usually 
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Figure	15–49. 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.

compromised, and amblyopia is common. Typically, affected 
patients are otherwise neurologically normal. Previously 
thought to result from primary fibrosis of the extraocular 
muscles, now they are considered congenital cranial dysin-
nervation disorders. Engle and colleagues552–554 have mapped 
the genetic defect in the three major forms (congenital  
fibrosis of the extraocular muscles type 1 (CFEOM1), 
CFEOM2, 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 
dominant CFEOM, typically have bilateral ptosis, downward 
pointed eyes, and supraduction deficits, often accompanied 
by convergence or divergence or other misinnervation phe-
nomena in attempted upgaze (Fig. 15–49).555,556 In a clinico-
pathologic 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, analo-
gous to Duane’s retraction syndrome.557 The syndrome 
results from mutations in the KIF21A gene, which encodes 
a kinesin motor protein responsible for anterograde axonal 
transport in neurons.558 CFEOM1 can be associated with 
Marcus Gunn jaw winking.559

CFEOM2, an autosomal recessive syndrome, is character-
ized by bilateral ptosis, exotropia, and deficits in adduction, 
supraduction, and infraduction due to congenital bilateral 
absence of the IIIrd and IVth nerves.560 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.561,562

CFEOM3 is also autosomal dominant and caused by 
mutations in the KIF21A gene. Affected patients have bilat-
eral, sometimes asymmetric ptosis, exotropia, downward 
pointing eyes, and severe ophthalmoplegia.

Neuroimaging in the CFEOMs may demonstrate atrophy 
or increased width of the extraocular muscles.560 Treatment, 
consisting of strabismus and ptosis surgery, is aimed  
at improving cosmesis, ocular alignment, and head 
position.

Childhood	strabismus	patterns

This section will briefly review childhood strabismus pat-
terns, which may be mistaken for acquired ocular motility 
deficits. Long-standing eso- and exophorias can decompen-
sate 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, and the lack of diplopia. 
Other childhood strabismus patterns, such as congenital 
ocular motor nerve palsies and Duane syndrome, are dis-
cussed above, and Möbius syndrome is reviewed above 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.563 The major categories of childhood esotropia 
include accommodative, infantile (congenital), acquired 
nonaccommodative, and esotropia associated with impaired 
sight (sensory esotropia).365 Patients with these disturbances 
usually exhibit comitant esodeviations with full ductions.

Patients with accommodative esotropia, the most 
common cause of esotropia in childhood,564 have moderate 
to severe hyperopia. They attempt to focus by accommodat-
ing, which is coupled with excessive convergence, so their 
esotropia improves with hyperopic correction (Fig. 15–50).565 
Accommodative esotropia usually presents insidiously 
although unusual cases following head or ocular trauma 
have been described.566

Nonaccommodative comitant esotropia may also be 
acquired suddenly in older children. Neuroimaging, while 
required in such cases, is usually normal.567 In such children, 
if the esotropia persists, strabismus surgery is usually highly 
successful.568

Exotropia
Children with nonparalytic exotropia have a divergence of 
the eyes. Like in childhood esotropia, the deviation may be 
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Figure	15–50. Accommodative esotropia. Large-angle esotropia (A) resolves with hyperopic spectacles (B).

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, intermit-
tent exotropia with relatively good stereopsis is more com-
monly seen. When intermittent, fatigue or illness may 
worsen the exotropia.569 Exotropia in childhood is associated 
with an increased prevalence of neurologic, ocular, and 
craniofacial abnormalities.570

Brown syndrome
This motility abnormality, also 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. 15–51). The dis-
order can be distinguished clinically from an inferior oblique 
palsy by the presence of positive forced duction testing, the 
absence of superior oblique overaction, and, typically, 
normal alignment in primary gaze. Brown syndrome is 
attributed to a disturbance of free tendon movement through 
the trochlear pulley.571 Patients may report an audible click 
or pop, discomfort, or pain upon attempted upgaze.

Although usually congenital, acquired cases of Brown 
syndrome may occur if the trochlea is affected by trauma, 
paranasal sinusitis, systemic inflammatory disease such as 
rheumatoid arthritis causing tenosynovitis,572 or orbital 
lesions.573,574 Some of the acquired cases may respond to 
anti-inflammatory agents such as corticosteroids. Congenital 
cases are usually observed, and oftentimes there is spontane-
ous resolution.575 Strabismus surgery can be considered 
when there is a primary position hypotropia or abnormal 
head posture.

Dissociated vertical deviation (DVD)
During cover testing, in DVD the covered eye deviates 
upward and excyclorotates, then refixates when the occlu-

Video 15.12

sion is removed. The fellow eye maintains fixation the entire 
time. The monocular upward drift may also occur spontane-
ously during periods of inattention. This dysmotility pattern 
contrasts to the vertical misalignment in skew or IVth nerve 
palsies, which is characterized by vertical drift and refixation 
movements of both eyes during cover testing.

DVD is usually associated with eso- or exotropias and 
nystagmus.576–578 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.579,580

Synergistic divergence
In this miswiring phenomenon, both lateral rectus muscles 
contract when one eye is abducted.581 This leads to a wall-
eyed appearance. The exact anatomic substrate is unknown.

Trigemino-abducens synkinesis
This condition is also a congenital miswiring phenomenon 
and is characterized by ocular abduction leading to ipsilat-
eral jaw deviation. Presumably fibers from the VIth nerve 
nucleus misinnervate masseter and pterygoid muscles,582 
which are normally supplied by the motor branch of the 
trigeminal nerve.

Orbital	processes	causing	diplopia

Thyroid-associated ophthalmopathy
Restrictive thyroid myopathy due to thyroid-associated oph-
thalmopathy is one of the most common cause of diplopia 
in adults. The double vision is typically insidious and  
painless, often accompanied by complaints of eye irritation 
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Figure	15–51. 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 pharmacologically dilated.

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. More occult presentations, particularly with iso-
lated involvement of the inferior rectus, can closely mimic a 
contralateral IVth nerve palsy. Affected patients have either 
primary hyperthyroidism (Graves disease), primary hypothy-
roidism (e.g., Hashimoto’s thyroiditis), or hypothyroidism 
due to treated hyperthyroidism. For unknown reasons, the 
extraocular muscles develop lymphocytic and plasmacytic 
infiltration with secondary production of acid mucopolysac-
charides and fibrosis. Orbital echography or CT and MRI 
scanning of the orbits may demonstrate thickening of the 
extraocular muscles. The pathophysiology, diagnosis, and 
management of thyroid-associated ophthalmopathy are dis-
cussed 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 erythemato-
sus or Crohn disease, they probably represent the orbital 
versions of the Tolosa–Hunt syndrome. The pain and diplo-
pia are usually responsive to oral corticosteroids. This condi-
tion is also discussed in more detail in Chapter 18.

Muscle infiltration
Isolated metastases to extraocular muscles are uncommon, 
but orbital metastasis from lung or breast carcinoma or  
lymphoma can involve the extraocular muscles.583 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 generalized 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 IIIrd, 
IVth, or VIth nerve palsy, as well as supranuclear distur-
bances (see Chapter 16) such as a conjugate gaze palsy, 
internuclear ophthalmoplegia (Fig. 15–52), or one-and-a-
half syndrome.584–587 As a rule, the pupil is uninvolved. Reso-
lution of appreciable ptosis or motility deficits following 
administration of intravenous edrophonium (Tensilon test) 
helps establish the diagnosis, but interpretation is more  
difficult with subtle ocular abnormalities. Acetylcholine 
receptor antibody levels, abnormal in half of patients  
with solely ocular myasthenia, and electromyography with 
repetitive stimulation and single-fiber studies are important 
complementary tests. Acetylcholinesterases 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 
myasthenic syndrome, although rarely patients may develop 
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may remit following the administration of high-dose 
corticosteroids.

Other	miscellaneous	causes	of	diplopia

Diplopia after cataract surgery
Patients with diplopia after cataract surgery represent a het-
erogeneous group of patients with symptoms arising for  
a variety of reasons (Table 15–11).594 One study estimated 
the incidence to be as high as 2% of patients undergoing 
cataract surgery.595 In our experience it occurs less frequently. 
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 keratometry and careful inspection of 
the lens and capsule through the dilated pupil.

Several etiologies of binocular diplopia following surgery, 
including optical, breakdown in fusion, neuropathic, and 

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.

Primary	ocular	myopathies

Chronic progressive external 
ophthalmoplegia and Kearns–Sayre 
syndrome
Insidious, symmetric loss of eye movements, lack of diplo-
pia, bilateral ptosis, and weakness of orbicularis oculi char-
acterize “chronic progressive external ophthalmoplegia” 
(CPEO) due to mitochondrial dysfunction (external refers 
to extraocular muscles; internal refers to the pupillary sphinc-
ter). The Kearns–Sayre syndrome, typified by CPEO, pig-
mentary retinopathy, and cardiac conduction defects, is 
associated with mitochondrial DNA deletions. These condi-
tions are reviewed in Chapter 14.

Other ocular myopathies
Patients with oculopharyngeal dystrophy and myotonic  
dystrophy, which are also discussed in Chapter 14, and  
myotubular myopathy, congenital fiber type disproportion, 
Bassen–Kornzweig syndrome (abetalipoproteinemia), 
Refsum disease, and multicore myopathy588 may develop 
slowly progressive ptosis and ophthalmoparesis. Abnormal 
eye movements in Duchenne, Becker, and nemaline muscu-
lar dystrophies are exceptional.589,590

Extraocular muscle ischemia
Although uncommon, extraocular muscle ischemia due to 
giant cell arteritis (see Chapter 5) should be considered in 
any patient over 60 years of age with diplopia.591 Ten to 
fifteen percent of patients with giant cell arteritis may have 
diplopia and unilateral ophthalmoplegia resulting from 
either ischemia of the extraocular muscles or ocular motor 
nerves.592,593 In elderly individuals, symptoms of jaw claudi-
cation, 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  
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Figure	15–52. 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.

Table	15–11 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 anisokonia 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 prior to 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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been reported.603 The most vulnerable muscle is the inferior 
rectus muscle, which can develop contracture after cataract 
surgery.594,604,605 The resulting strabismus is very similar 
to that seen in patients with inferior rectus fibrosis from 
thyroid-associated ophthalmopathy. Patients develop a 
hypotropia with restriction of elevation in the affected eye. 
There may also be a “spring-like” overaction in downgaze.
Similar contractures of the inferior oblique muscle have 
been described.606 If the patient is seen acutely, a pattern of 
primary dysfunction or paresis may be evident before the 
muscle undergoes contractures.

Other patients may manifest with primary overaction of 
an extraocular muscle. This may result from myotoxicity of 
the antagonist muscle or may represent a component of the 
contracture phase of an injured muscle. A common scenario 
here again is primary inferior rectus dysfunction with supe-
rior rectus607–609 or superior oblique610 overaction. Most of 
these patients with overaction have patterns that simulate a 
mild contracture. The final group of patients have a primary 
paresis (usually of the inferior rectus muscle). These patients 
are recognized by the inability to depress the affected eye.611 
Patients with overaction or paresis should be able to benefit 
from strabismus surgery.

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 
association with altitudinal visual field deficits.612 This diag-
nosis 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 
last was discussed above in the section on IIIrd nerve palsies.

Superior oblique myokymia. Intermittent, fine amplitude 
oscillatory contractions of a superior oblique muscle charac-
terize this unusual eye movement disorder.613,614 Patients are 
typically young adults, and they complain of monocular 
oscillopsia, often with vertical or torsional diplopia. The 
downward, intorting ocular oscillations are best seen with 
the slit lamp. Cover testing may reveal overaction of the 
affected superior oblique muscle. In the long-term follow-up 
in two series of patients,615,616 recurrent spontaneous remis-
sions and relapses were observed.

Usually unprovoked, superior oblique myokymia occa-
sionally is associated with recovered IVth nerve palsies,617 
head trauma, and posterior fossa tumors.618 As a result, some 
authors have attributed the myokymia to mild, usually sub-
clinical IVth nerve injury, followed by axonal regeneration 
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myopathic causes, can be considered. The position of the 
intraocular lens should be noted through the dilated pupil. 
Decentration of smaller intraocular lenses (optical zone less 
than 6 mm) and the presence of positioning holes can lead 
to optical aberrations.596 Usually patients have to have at 
least 2 mm of decentration (usually vertically) to induce 
significant prismatic effect and resultant diplopia. The group 
of patients with optical causes of double vision after cataract 
surgery can be hard to recognize and characterize. The 
changes, which may be subtle such as induced anisometropia 
or altered brightness sense between the eyes, may still be 
sufficient to hinder fusion and induce diplopia.

Another set of patients with binocular diplopia lost their 
ability to fuse when binocular function was 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.597,598 Affected patients 
often resort to occlusion of one eye by either optical or 
mechanical means.

Most patients either have double vision from iatrogenic 
trauma (direct or secondary to anesthetic) to an extraocular 
muscle or nerve or had a pre-existing misalignment that was 
asymptomatic prior to cataract surgery because of reduced 
acuity in one eye or is now accentuated 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 congeni-
tal IVth nerve palsy, divergence insufficiency, and thyroid-
associated ophthalmopathy. Some patients with poor vision 
from their cataract will develop a sensory exotropia. When 
the vision is cleared surgically the exotropia may persist  
and cause diplopia. This diplopia and sensory exotropia  
may spontaneously resolve over 6 months. Hence, we  
defer strabismus surgery for a least 6 months after cataract 
removal.

Other patients with pre-existing problems, such as  
thyroid-associated ophthalmopathy, will be recognized 
based on the characteristic examination findings such as 
proptosis and lid retraction and eye muscle enlargement  
on neuroimaging studies.599 However, it often difficult to 
convince patients that their problem pre-existed the cataract 
surgery.

Patients with iatrogenic trauma to the extraocular muscles 
may have several different patterns of motility deficits and 
misalignment. Typically, the injury is produced by the peri-
ocular anesthetic injection.600 This type of strabismus 
appears to result from a toxic effect of the local anesthetic 
or from direct trauma to the extraocular muscle.601 Occa-
sionally, the injection traumatizes the orbital nerves, ulti-
mately producing strabismus. Previously it was thought that 
the bridle-suture used to hold the superior rectus muscle 
during cataract surgery was the culprit, but this seems to be 
less likely. Carlson and associates602 were able to demon-
strate that anesthetic injected directly into monkey extraocu-
lar muscles is capable of causing widespread damage to 
muscle fibers. This type of muscle injury can result in con-
tracture, overaction, or paretic dysfunction, and therefore a 
variety of extraocular muscle dysfunction patterns have  
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Table	15–12 Common causes of acute bilateral ophthalmoparesis. (From Laskowitz D, Liu GT, Galetta SL. Acute visual loss and other disorders 
of the eyes. Neurol Clin N Am 1998:16:323–353, with permission).

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

MR imaging
Lumbar puncture

Myasthenia gravis Painless, fluctuates with 
fatigue, dysarthria

Pupil sparing, ptosis, with 
or without bulbar and 
generalized weakness

Edrophonium test, 
electrodiagnostic studies, 
anti-acetylcholine 
receptor antibody level

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

and spontaneous discharging of trochlear motor neurons.619,620 
Defective supranuclear input to the IVth nerve nucleus has 
also been proposed.616

Frequently the symptoms are bothersome and uncom-
fortable enough to justify medical or surgical intervention. 
Medical therapy consists of carbamazepine,621,622 pro-
pranolol,623 or gabapentin.624 Patients refractory to medical 
treatment may undergo superior oblique tenotomy, some-
times combined with inferior oblique tenectomy.616 Some 
patients may benefit from microvascular decompression of 
the IVth nerve at the root exit zone.625,626 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. 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 tumor627–629 or some other intracra-
nial neoplasm.630–632 Cases without antecedent radiation 
have also been reported in patients with spontaneous  
ocular neuromyotonia633,634 and also in individuals with 
thyroid-associated orbitopathy,635 carotid artery aneurysm,636 
cavernous sinus meningioma,637 infectious cavernous sinus 
thrombosis,638 midbrain–thalamic stroke,639 and myelogra-
phy with thorium dioxide.632 The mechanism is thought to 
be related to unstable axonal membranes, ephaptic neural 
transmission, reorganization of the ocular motor nuclei  
following peripheral injury, or changes in neural activity 
following denervation.633 Treatment usually consists of 
carbamazepine, which is thought to have membrane- 
stabilizing properties.

Video 15.14

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, tight-
ness 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.640–642

Fixation switch diplopia
In adults with a history of childhood strabismus (e.g., eso- or 
exotropia), a change in refractive error of the dominant  
eye may lead to fixation with the nondominant eye. This  
may produce diplopia, but is managed by correcting the 
refractive error.643

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.644–647 Distinguishing his-
torical, examination, and diagnostic features of each are 
listed in Table 15–12. Less common causes, such as menin-
gitis, phenytoin toxicity, and bilateral cavernous sinus 
masses or infection, should also be considered.645
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Eye movement disorders: 
conjugate gaze abnormalities

This chapter will cover eye movement disorders that are characterized by 
intact alignment, but the eyes have either 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 oculocephalic and oculovestibular reflexes, are 
intact except in the situations noted. In contrast, the reader will find disor-
ders in which the eyes tend to be misaligned are covered in Chapters 15 and 
18. In Chapter 17, conditions characterized by excessive or inaccurate sac-
cades are reviewed.

Types of conjugate eye movements

Definitions
The four major types of conjugate eye movements include saccades, pursuit, 
the vestibulo-ocular reflex, and optokinetic nystagmus (Table 16–1).1 Because 
saccadic and pursuit abnormalities constitute the majority of the voluntary 
conjugate gaze abnormalities, they will be emphasized in this chapter,  
and their anatomy and physiology will be discussed in great detail. The 
vestibulo-ocular reflex and optokinetic nystagmus, deficits of which are  
typically not considered conjugate gaze abnormalities, will be alluded to 
throughout this chapter because of their close relationship with saccadic and 
pursuit function. However, they are discussed in more detail elsewhere 
(Chapter 17).

Saccades. Saccades are fast conjugate eye movements designed to refixate 
both foveas on a novel target (see Fig. 2–27). They have a peak velocity of 
up to 700 degrees per second.2 There are several subtypes of saccades.3 Vol-
untary saccades are intended eye movements toward a remembered target or 
during a search. Reflexive saccades occur in response to the sudden appear-
ance of a new target in the retinal periphery or to a sudden noise. Spontaneous 
saccades, which may occur during speech or at rest during the darkness, have 
no particular goal. The saccadic system also supplements smooth pursuit by 
compensating for differences in target and foveal positions.4

Pursuit. On the other hand, smooth pursuit eye movements maintain 
both foveas conjugately on a slowly moving visual target (see Fig. 2–26). 
The goal of the pursuit system is to generate eye velocities which are similar 
to the target speed. Accurate pursuit can be achieved if the target is moving 
at less than 50 degrees per second.2

Vestibulo-ocular reflex. These eye movements stabilize a retinal image 
during head movement. The oculocephalic maneuver (see Fig. 2–28), elic-
ited by moving the patient’s head while asking him or her to maintain fixa-
tion, utilizes this reflex. Ice water irrigation of the ears (cold caloric testing) 
directly tests the vestibulo-ocular reflex (see Fig. 2–41).

 Part 3  Efferent neuro-ophthalmic disorders
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2 also reviews these examination techniques, with figures, 
for testing conjugate gaze.

When pursuit is defective, it can either be slow, inter-
rupted by catch-up saccades as in “saccadic pursuit,” or 
limited. In such patients, pursuit of optokinetic targets  
may be slow and refixation saccades are absent. Failure of 
suppressing the vestibulo-ocular response may be evident 
when slippage of the eyes with corrective saccades occurs 
(Fig. 2–29).

Defective saccades are often characterized by slow veloci-
ties which cannot be mimicked 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 Ocular motor apraxia, below). When saccades are 
completely absent, a conjugate gaze palsy results. Sometimes 
the fast phase of optokinetic nystagmus is noted to be defec-
tive. The supranuclear nature of some pursuit and saccadic 
deficits can be proven by enhancing the ocular excursions 
with oculocephalic and vestibulo-ocular maneuvers.

The remainder of the neuro-ophthalmic and neurologic 
examinations should be used to screen for cortical deficits 
such as aphasia or hemianopia, and brain stem and cerebel-
lar abnormalities such as facial palsies or incoordination. 
Finally, evidence of a degenerative process such as bradyki-
nesia, tremor, or chorea, should be excluded.

Approach
One method for distinguishing supranuclear conjugate gaze 
disorders is to divide them into those that cause primarily 
horizontal versus vertical defects although there is consider-
able overlap (Tables 16–2 to 16–5). Those that are in the 

Optokinetic nystagmus. A slow pursuit eye movement fol-
lowed by a fast corrective saccade occurs when the surround-
ing visual field moves over the retina. Optokinetic nystagmus 
is readily seen at the bedside when small targets are moved 
in front of the patient’s eyes (see Fig. 2–30).

Symptoms
Most patients with conjugate gaze abnormalities offer only 
vague visual complaints such as blurriness or dizziness.5 
Those with downgaze palsies may complain that they are 
unable to read or go down steps, 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 bookshelves or other 
objects above eye level. We have seen a patient whose hydro-
cephalus manifested with difficulty playing basketball 
because he had trouble looking at the basket. 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. Optoki-
netic testing and suppression of the vestibulo-ocular reflex 
by visual fixation are two other ocular motor functions 
related to smooth pursuit eye movements. The relative speed 
and accuracy of saccades can be evaluated during refixation 
from eccentric gaze to a central target. Spontaneous saccades 
during the history-taking should also be observed. Chapter 

Table 16–1 The five different types of eye movements and their supranuclear control. Saccades, pursuit, the vestibulo-ocular reflex, and 
optokinetic nystagmus are conjugate eye movements, while vergences are dysconjugate (e.g., convergence and divergence). All five types have 
as their final common output signals to the extraocular muscles from the third, fourth, and sixth nerve nuclei

Eye movement 
type Purpose

Important 
supranuclear 
structure(s)

Important supranuclear 
structure receives major 
input from

1. Saccades Rapid gaze shift Omnipause neurons;
Parapontine reticular formation 

(PPRF)
Rostral interstitial nucleus of the 

medial longitudinal fasciculus 
(riMLF)

Interstitial nucleus of Cajal (inC)

Cortical eye fields
Superior colliculus

2. Pursuit Follow a slowly moving 
object

Vestibular nuclei
inC

Frontal and supplementary eye 
fields

Occipito-temporal-parietal area (v5)
Pontine nuclei
Cerebellum

3. Vestibulo-ocular reflex Coordinate eye position 
during head movements

Vestibular nuclei
inC

Semicircular canals

4. Optokinetic nystagmus Coordinate eye movements 
when environment moves

Vestibular nuclei Occipito-parietal pursuit area and 
accessory optic nuclei

5. Vergence Foveation Pretectum; pons ? Cortex
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Table 16–2 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
One-and-a-half syndrome

Other brain stem lesions
Congenital ocular motor apraxia
Other neurologic diseases

Ataxia-telangiectasia*
Inherited spinocerebellar ataxias*
Multisystem atrophy
Huntington disease
Parkinson disease
Corticobasal ganglionic degeneration
Gaucher disease*
Wernicke’s encephalopathy and Leigh disease

Drugs

*Disorders whose ocular motility abnormality may mimic congenital ocular 
motor apraxia.

Table 16–3 Etiologies of abnormal horizontal conjugate 
gaze deviations

Hemispheric lesions
Frontal eye field
Neglect, hemianopia

Seizures
Thalamic lesions
Brain stem lesions

Pontine
Medullary

Periodic alternating gaze deviation
“Ping-pong” gaze

Table 16–4 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 disease*
Whipple disease
Amyotrophic lateral sclerosis

*Disorders whose ocular motility abnormality may mimic congenital ocular 
motor apraxia.

Table 16–5 Etiologies of abnormal vertical conjugate 
gaze deviations

Oculogyric crises
Ocular tics
Benign, tonic form in infancy

Upward
Downward

Pretectal syndrome

horizontal plane tend to localize to cerebral cortex or pontine 
lesions, while those that are in the vertical plane usually 
localize to midbrain disturbances. Then the type of disorder, 
such as a conjugate gaze limitation, smooth pursuit and sac-
cadic deficit, or conjugate gaze deviation, should be deter-
mined. Since conjugate gaze limitations and smooth pursuit 

Figure 16–1. Drawing of the brain, lateral view of the left hemisphere, 
depicting the cortical areas which may generate saccades. These include 
the frontal, supplementary, and parietal eye fields.

and saccadic abnormalities are related, they are discussed 
below (Gaze deficits). When supranuclear gaze defects in all 
directions are present, the cause is often a degenerative neu-
rologic 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).6 Each hemisphere has a frontal 
eye field 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 study7 of awake patients evalu-
ated with subdural electrodes for epilepsy surgery, electrical 
stimulation 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 (Fig. 16–1) are 
capable of triggering other types of saccades: (1) the sup-
plementary eye field in the supplementary motor area of the 
frontal lobe is important for generating saccades coordi-
nated with head or body movements or motor programs 
involving several successive saccades8,9 and (2) the parietal 
eye field, located in the posterior parietal cortex, is instru-
mental in producing reflexive saccades to visual targets.3,10,11 
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in the midbrain (riMLF).18,19 In one model, saccades are 
generated when signals from the supranuclear cortical and 
brain stem neurons inhibit the pontine omnipause neurons, 
allowing the burst neurons in the PPRF and riMLF to fire 
(Fig. 16–2).17,20,21

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 to reach the contralateral 
medial rectus subnucleus within the oculomotor complex in 
the midbrain (Fig. 16–2). The PPRF also sends fibers to the 
riMLF (see Vertical gaze, below). Thus, the PPRF primarily 
coordinates horizontal but also has an influence upon verti-
cal eye movements.5

Information regarding eye position and maintenance of 
eccentric gaze is mediated by a neural integrator, consisting 
of neurons in the cerebellar flocculus, the perihypoglossal 
complex, and medial vestibular nuclei (also see Chapter 17). 
Following 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.22 The posterior vermis and the fastigial nuclei of the 
cerebellum are involved in the calibration of saccadic 
amplitude.23

Popular in detailed eye movement evaluations and as 
non-specific biomarkers (see below) in schizophrenia, for 
example,24 anti-saccades are conjugate eye movements 
directed away from a visual stimulus. Individuals are shown 
a target in the periphery and instructed to look in the oppo-
site direction. Anti-saccades require the suppression of 
reflexive saccades towards the target, and this inhibition is 
felt to be mediated by the dorsolateral prefrontal cortex.10

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 supe-
rior temporal).25,26 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 detec-
tion and spatial attention.27 The other pursuit pathway origi-
nates in the frontal lobes in the frontal and supplementary 
eye fields (see Fig. 16–1).28–30

These descending pathways for smooth pursuit then 
connect ipsilaterally with regions in the pons, the dorsola-
teral pontine nucleus (DLPN), and nucleus reticularis teg-
menti pontis (NRTP). From these areas, a double decussation 
occurs, these regions innervating 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  
(Fig. 16–3).31 Note the smooth pursuit system is independ-
ent of the PPRF.32–35

Saccades are likely controlled by a neural network connect-
ing these areas.12,13

These cortical areas mediating saccades send supranu-
clear fibers which decussate at the level of the oculomotor 
and trochlear nuclei before reaching the contralateral para-
median pontine reticular formation (PPRF) (Fig. 16–2).14 
Each PPRF also receives connections from the deep layer  
of the contralateral superior colliculus,15 which may be 
involved in the selection of targets for foveation in retino-
topic coordinates.16,17 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. Between saccades, omnipause 
neurons in the nucleus raphe interpositus of the pons toni-
cally inhibit the burst neurons in the PPRF and the rostral 
interstitial nucleus of the medial longitudinal fasciculus  

Figure 16–2. Generation of horizontal saccades. In this schematic drawing 
(ventral view), 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 sixth nerve and between 
saccades tonically inhibits 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 sixth nerve nucleus cross the midline then ascend within the 
left medial longitudinal 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).
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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).37,38 Patients with lesions large enough to involve 
the adjoining motor cortex have a hemiparesis on the same 
side as the direction of the gaze paresis. Acutely, the eyes 
may be deviated ipsilaterally towards the lesion (see Gaze 
deviations, below), but this is usually only temporary.

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 towards the 
lesion is affected.4,35,39 Directional deficits are independent 
of target position in space.40 Less commonly, unilateral 
lesions in the occipito-temporal-parietal junction and in 
striate cortex may also cause retinotopic pursuit abnormalities 
of targets in the contralateral hemifield.41,42 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 contralaterally directed pursuit eye move-
ments past the midline of the head.43 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.

Vestibulo-ocular reflex and  
optokinetic nystagmus
Fibers mediating the vestibulo-ocular reflex arise from the 
vestibular nuclei, travel rostrally via the medial longitudinal 
fasiculus, pass through but do not synapse in the caudal 
portion of the PPRF, then finally arrive and synapse at the 
sixth nerve nucleus. The cerebellum is involved in the sup-
pression of the vestibulo-ocular reflex. The generation of 
optokinetic nystagmus relies first upon cortical and subcorti-
cal areas which mediate smooth pursuit, then upon struc-
tures responsible for the generation of saccades as described 
above.36

The pathways for the vestibulo-ocular reflex and optoki-
netic nystagmus are discussed in more detail in Chapter 17.

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 brain stem 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 sends 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).32–35

Figure 16–4. Axial CT scan of right frontal lobe hemorrhage (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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often accompanied by ipsilateral facial weakness, as in 
the facial colliculus syndrome (Fig. 16–5).51 All 
voluntary and reflexive ipsilateral conjugate eye 
movements are eliminated.52,53

Any combination of bilateral lesions affecting either the 
PPRF or sixth nerve nuclei will cause a bilateral conjugate 
gaze palsy (Fig. 16–6).

In patients with pontine horizontal gaze palsies who 
attempt to look in the direction of the palsy, an upward 
vertical or oblique movements of both eyes is often seen 
(Fig. 16–5). The misdirection or substitution movement 
may be explained by compensatory contraction or overac-
tion of the obliquely acting extraocular muscles, but this 
is uncertain. In addition, some observers have documented 
abnormal oblique misdirection and slowing of vertical  
saccades in patients with lesions of the PPRF.54,55 
This finding, which is an inconsistent one,49 has been 
attributed to disruption of the caudal PPRF’s influence on 
the riMLF.56

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  
ophthalmoplegia when the patient looks to the other side 
(Fig. 16–7). The name of the syndrome derives from the 
absence of conjugate eye movements in one direction and 
only preservation of abduction in the other direction.57 
In primary gaze the eyes may be exotropic, with lateral  
deviation of the eye with intact abduction. The association 
of one-and-a-half syndrome and exotropia has been  
termed paralytic pontine exotropia.58 Convergence is often 
preserved.59

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 medial longitudinal fasciculus (MLF) (Fig. 16–8), 
which causes the internuclear ophthalmoplegia (see Chapter 
15).60,61 A lesion of the PPRF can be distinguished from 
one affecting the sixth nerve nucleus by the preservation  
of the oculocephalic or vestibulo-ocular responses in the 
former.62

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 
VIIth nerve, the PPRF or VIth nerve nucleus, and the corti-
cospinal tract, respectively. This localizing combination of 
findings, described by Foville,63 is one of the crossed brain 
stem syndromes (see Chapter 15).64

Locked-in syndrome. Large bilateral lesions almost transect-
ing 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. The area of the pons 
most commonly affected is the basis pontis, at the level of 
the sixth nerve nuclei.65

Defective smooth pursuit. Unilateral lesions of the dorso-
lateral pons have been associated with ipsilateral smooth 
pursuit deficits, without considerable abnormalities in  

Video 16.1

Video 16.2

In practice, cortical ipsilateral directional 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 contralateral hemianopia.44 When the optoki-
netic targets are moved towards the side of the lesion, either 
the pursuit component is broken up, 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, char-
acterized by an absence or severe impairment of smooth 
pursuit, optokinetic responses, and visually guided sac-
cades.38 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).

The combination of bilateral parieto-occipital 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.45 Voluntary 
saccades and pursuit in all directions may be completely 
paralyzed. The ocular motility deficit mimics the congenital 
type (see below), as patients may use a head thrust to aid 
refixation. In some cases reflexive saccades are also affected,46 
and in such instances the term ocular motor “paresis” may 
be preferred over “apraxia.”47

Acquired ocular motor apraxia may also be seen in a 
number of progressive and inherited neurologic diseases 
(see Table 16–2 and discussion below).

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, 
ipsilateral facial paresis, contralateral hemiparesis, or skew 
deviation and when convergence and vertical eye move-
ments are preserved.48

Conjugate gaze paresis. Two types of pontine lesions may 
result in a conjugate gaze paresis:

1. Paramedian pontine reticular formation (PPRF). Lesions 
restricted to the PPRF cause loss of all ipsilateral 
horizontal rapid eye movements such as voluntary and 
involuntary saccades and quick phases of nystagmus. 
Smooth pursuit and vestibulo-ocular reflexes may be 
spared in selective lesions of the rostral portion of the 
PPRF.49

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.50 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 

Video 9.1
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Figure 16–5. Left facial colliculus syndrome (peripheral VIIth n. palsy and nuclear VIth n. palsy causing ipsilateral facial and gaze paresis) due to radiation 
necrosis following treatment of a brain stem 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 mid-pons 
(n., nerve; v., ventricle).
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A

B

C

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). Courtesy of Dr. Clyde Markowitz.

A B

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.

saccades or the vestibulo-ocular reflex.32,35,66 These findings 
confirm the importance of pontine structures in the path-
ways for smooth pursuit described above (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.67 Atherosclerosis is by far 
the most common cause, but vasculitis due to giant cell 
arteritis,68,69 for example, may be responsible. In younger 
adults, demyelinating processes such as multiple sclerosis 
are the most common etiology (see Fig. 16–6).70 Other con-
siderations in adults include hemorrhages due to hyperten-
sion, cavernous angiomas (Fig. 16–9), or trauma, for 
instance, as well as opportunistic infections.71 Alcoholism 

and overly rapid correction of hyponatremia may result in 
central pontine myelinolysis.72,73

In contrast, mid- and lower brain stem 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 conjugate gaze palsies.

Caution should be applied when diagnosing pontine 
lesions in this setting, because pontine horizontal gaze 
palsies can be mimicked by the Fisher variant of Guillain–
Barré, myasthenia gravis, and thyroid eye disease. Thus, if 
neuroimaging is normal, these peripheral nerve, neuromus-
cular junction, and myopathic disorders should be excluded 
(see Chapters 14 and 18).
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Figure 16–8. Schematic drawing of the lesion responsible for a left 
one-and-a-half syndrome (as in Fig. 16–7). This 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 MRI  
(TR = 5000, TE = 30, FOV = 22 cm, matrix = 512 × 256).

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.74 Presumably the lesions affect descending hori-
zontal gaze fibers destined for the PPRF. Zackon and Sharpe75 
reported two such patients, each with adduction paresis of 
the eye ipsilateral to the lesion accompanied by paresis of 
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.76

Medullary. Lateropulsion of saccades, characterized by 
overshoot of ipsilaterally directed saccades, undershoot of 
contralaterally directed saccades, and ipsilateral oblique tra-
jectories during vertical refixation, is often a prominent 
ocular finding in lateral medullary lesions (see discussion of 
other neuro-ophthalmic complications of Wallenberg syn-
drome in Chapter 13).77–80 Such patients also complain of 
body ipsipulsion, a sensation of the entire body being pulled 
towards the side of the lesion. Ipsilateral horizontal conju-
gate eye deviation may also occur, and is usually most 
obvious upon removal of visual fixation.81–83 In other words, 
if the patient is asked to fixate straight ahead and close the 
eyes momentarily, the eyes may drift ipsilaterally.84 As a 
result of this, upon eyelid opening a contralaterally directed 
refixation movement back to midline will then be seen  
(Fig. 16–10). Less commonly, an ipsilateral conjugate eye 
deviation is seen with eyelids open.85,86

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: (1) ipsipulsion of saccades 
from increased inhibition of the ipsilateral fastigial nucleus 
in the cerebellum and ultimately the contralateral PPRF and 
(2) conjugate gaze deviation either from increased inhibi-
tion of the ipsilateral vestibular nucleus or possibly from 
decreased tonic excitation of the contralateral PPRF.86

Lateral medullary lesions are also infrequently associated 
with difficulty pursuing contralaterally moving targets.87 This 
deficit likely reflects damage to the vestibular nucleus. Ocular 
contrapulsion has been described in association with rostral 
medial medullary infarction.88

Cerebellar. Lesions in the cerebellum can cause saccadic 
overshoot and undershoot (dysmetria) as well as unsus-
tained eccentric gaze with gaze-evoked nystagmus.89 This 
results from damage to structures in the cerebellum respon-
sible for the calibration of saccadic amplitude and gaze-
holding, respectively (see above). Cerebellar hemispheric 
lesions tend to cause ipsilateral saccadic hypermetria (over-
shoot) and contralateral saccadic hypometria (undershoot). 
During attempted vertical saccades, there may be a contral-
aterally directed oblique drift (contrapulsion).90 This is par-
ticularly true of lesions in the region of the superior cerebellar 
peduncle. Cerebellopontine angle tumors may cause an ipsi-
lateral smooth pursuit defect if the vestibular nucleus, floc-
culus, or inferior cerebellar peduncle is involved.87,91

Familial horizontal gaze palsy and scoliosis. A rare 
autosomal recessive syndrome of horizontal gaze palsy and 

Video 16.3

Video 16.4
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A B

C

D

E

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 towards 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 FLAIR MRI 
demonstrating lateral medullary infarction (arrow).

progressive scolosis has also been described, and in most 
cases brain stem hypoplasia has been found on neuroimag-
ing.92,93 A responsible mutation of the ROBO3 gene on chro-
mosome 11 has been identified, and congenital miswiring 
of the brain stem and spinal cord are suspected.94,95

Other horizontal gaze deficits
Saccadic palsy after cardiac surgery. Several patients with 
horizontal and vertical saccadic palsies have been reported 
as a complication of cardiac surgery, especially aortic valve 
replacement.96–99 In most cases neuroimaging failed to dis-
close a responsible lesion in the cortex, brain stem, or cer-
ebellum. Some authors have likened the ocular findings to 
those of progressive supranuclear palsy (see below).100,101 
Selective damage to the omnipause or excitatory burst 
neurons, superior colliculus, or cerebellum have been impli-
cated,97,102 but the exact cause is unknown.

Video 16.5

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 absence of horizontal saccades to novel visual 
stimuli. Quick phases of optokinetic nystagmus and the 
vestibulo-ocular reflex 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 hori-
zontal head thrusts to shift fixation (Fig. 16–11).103 Often 
initiating the sequence with an eyelid blink, patients move 
their heads rapidly towards a new visual target.104 Then the 
eyes slowly refixate. A final correction in head position 
sometimes then occurs, as the eyes are maintained on target 
using the vestibulo-ocular reflex.105 Congenital ocular motor 
apraxia is almost always symmetric and bidirectional in  
the horizontal plane, but there have been exceptional  
asymmetric and vertical cases.106,107 In many instances the 

Video 16.6
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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) and (E) show similar head 
thrusting and head and eye repositioning in attempted left gaze to view 
another stimulus.
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motor apraxia at 6–12 months of age, at which time mild 
“congenital” and early “acquired” neurologic diseases may 
be confused.126 However, some diagnostic guidelines include: 
(1) the voluntary ophthalmoparesis 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; (3) they are primarily in the vertical 
plane in Niemann–Pick type C.

Other neurologic disorders associated with 
horizontal gaze deficits
Ataxia-telangiectasia (Louis-Bar syndrome). The cardinal 
clinical features of this childhood autosomal recessive  
phakomatosis are oculocutaneous nonhemorrhagic tel-
angiectasias, cerebellar ataxia and dysarthria, multidirec-
tional supranuclear ophthalmoparesis, and recurrent 
sinopulmonary infections.127 The telangiectasias are seen 
most commonly in the bulbar conjunctiva. These can 
become more prominent with age and can also be observed 
on the earlobes, limbs, and trunk. Other skin lesions in this 
condition include follicular keratosis, seborrheic dermatitis, 
pigmentary disturbances, and secondary skin infections. 
Additionally, there is often dry coarse hair, vitiligo, and café 
au lait spots.128

head thrusting and defective saccades spontaneously improve 
as the child gets older,108 but the ocular motility disturbance 
may persist.109 Because there are many causes (see below), 
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 made:

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”110 and “intermittent horizontal saccade 
failure”111 have been proposed. However, the term that 
Cogan112 originally coined is unlikely to be supplanted, 
having already been heavily imbedded in the neuro-
ophthalmic vernacular.

2. Although some authors108,113 have applied the term 
“congenital” ocular motor apraxia in children of any 
age, we feel the term should be reserved only in those 
instances when 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 
disorder. Although the neurologic examination and 
intellect are usually normal, occasionally associated 
neurologic defects include hypotonia, motor and 
speech delay, and ataxia.111,114 Many have infantile 
esotropia.103 Familial cases have also been 
reported.108,115,116 Parents should be informed that 
the afferent visual function of the affected child in 
this category is normal.117

b. Some patients with congenital ocular motor apraxia 
have a nonprogressive, noninherited structural 
abnormality of the brain, caused either by a 
developmental anomaly or by prenatal or perinatal 
insult.118 These include: dysgenesis of the cerebellar 
vermis119 or corpus callosum,120,121 inferior vermian 
hypoplasia,122 Dandy–Walker malformation 
(Fig. 16–12), gray matter heterotopias,111 and 
perinatal ischemia.106,107

c. A variety of genetic disorders with multisystem 
involvement may present in infancy with congenital 
ocular motor apraxia.105 These include Joubert 
syndrome (see Chapter 17),123 Jeune syndrome 
(nephronophthisis, asphyxiating thoracic dystrophy, 
retinal degeneration, and ataxia),124 and a subset of 
patients with Leber’s congenital amaurosis, a retinal 
dystrophy.125

In contrast, we think 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 progressive, degenerative, or inherited metabolic neu-
rologic diseases (see next section), for instance. The distinc-
tion may be difficult when children present with ocular 

Figure 16–12. Dandy–Walker malformation associated with ocular motor 
apraxia. This T2-weighted axial MRI demonstrates the absence of the 
cerebellar vermis and cystic dilation of the fourth ventricle (asterisk).
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evoked nystagmus, saccadic dysmetria, square-wave jerks, 
abnormal smooth pursuit, and inability to suppress the 
vestibulo-ocular response.143,155,156 Saccades may be slow, 
and in severe cases patients lack voluntary saccades, use head 
thrusts, and have only preserved reflexive eye move-
ments.157,158 The slow eye movements and defective saccades 
have been attributed to degeneration of neurons in the 
PPRF159,160 and the nucleus reticularis tegmenti pontis 
(NRTP).161 Some subtypes (Table 16–6) have optic atrophy 
associated with progressive acuity, field, and color vision loss 
(see Chapter 5),162 while others have macular or pigmentary 
retinal degeneration (see Chapter 4).148,163 Magnetic reso-
nance imaging typically shows some combination of cere-
bellar, pontine, and spinal cord atrophy.164,165

Multiple system atrophy. Diseases in this category are spo-
radic and nonhereditary. They are characterized clinically  
by parkinsonism, which is usually levodopa-unresponsive, 
autonomic failure, ataxia, and pyramidal signs. Three sub-
types can be identified. First, noninherited olivopontocere-
bellar atrophy (OPCA), in which cerebellar signs predominate. 
Patients with this disorder may also have slow eye move-
ments or an inability to initiate saccades in any direction.166 
Second, striatonigral degeneration, which is highlighted by 
parkinsonism, and sometimes by slow saccades and oph-
thalmoplegia. The pathologic hallmarks are loss of neurons 
and degeneration of the caudate nucleus and putamen, cer-
ebellum, dentate nucleus, substantia nigra, inferior olivary 
nucleus, and intermediolateral columns of the spinal cord.167 
Third, Shy–Drager syndrome, which has no prominent eye 
movement features and has autonomic insufficiency as the 
primary abnormality.

Huntington disease. The principal 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 chromo-
some 4p16.3.

Defective saccades in both horizontal and vertical direc-
tions have been documented in Huntington disease.168 Slow 
saccades and difficulty in initiating saccades appear to be the 
most prominent eye movement deficits.169–172 Patients also 
have increased distractability and unwanted saccades during 
attempted fixation as well as square-wave jerks (see Chapter 
17).173,174 Smooth pursuit can also be affected, but to a lesser 
extent.175

Parkinson disease. Parkinson disease is the second-most 
common neurodegenerative disorder following Alzheimer 
disease. It is characterized by parkinsonism—tremor, brady-
kinesia, rigidity, and postural instability—and is due to 
dopamine deficiency in striato-nigral pathways. Clinically, 
some patients exhibit saccadic pursuit in all directions of 
gaze. However, most patients with Parkinson disease do not 
exhibit any prominent eye movement abnormalities, distin-
guishing them from those with progressive supranuclear 
palsy. Abnormalities in saccades and pursuits may be found 
under experimental conditions.176–178 Some of the ocular 
motility abnormalities are thought to reflect basal ganglia 
dysfunction and dopamine deficiency, as many179,180 but not 
all181 of these deficits have been shown to improve with 
levodopa therapy.

Other neurologic features such as mental retardation, 
impassive facies, chorea, dystonia, and peripheral neuropa-
thy can be observed.129 Additional features include growth 
retardation, lymphoid hyperplasia, abnormally high rates of 
malignancy such as leukemia or breast cancer,130,131 and 
elevated alpha-fetoprotein levels. The predisposition to 
infections and malignancy has been attributed to a high 
frequency of breaks in the loci on chromosome 11 contain-
ing a gene necessary for proper T- and B-cell function.132,133 
The gene codes for a putative DNA binding protein kinase 
called ATM,134 which normally screens for DNA damage and 
activates DNA repair mechanisms.135

Most patients also have a supranuclear deficit in horizon-
tal and vertical voluntary saccades and pursuit.136,137 Reflex-
ive saccades and the optokinetic quick phases may also be 
defective.138 However, the oculocephalic and the slow phase 
of the vestibulo-ocular reflex are often preserved, so patients 
often exhibit head thrusts during attempted shifts of gaze 
similar to that seen in congenital ocular motor apraxia.139 
Fixation is sometimes also affected, as patients with ataxia-
telangiectasia may exhibit abnormal saccadic intrusions 
such as square wave jerks or ocular flutter (see Chapter 
17).138,140 Strabismus, pursuit abnormalities, nystagmus, and 
accommodative insufficiency also may be seen.141

Imaging studies reveal diffuse cerebellar atrophy with 
marked involvement of the vermis and atrophy of the supe-
rior aspect of the cerebellar hemispheres.142 The neuropa-
thology of ataxia-telangiectasia consists of atrophy of the 
cerebellar cortex, particularly of the Purkinje cells. This is 
associated with the reduction in various neurotransmitters 
including glutamate and gamma-aminobutyric acid (GABA).

Treatment of patients with ataxia-telangiectasia is diffi-
cult. The prognosis for both quality and length of life past 
the late teens or twenties is poor. Because of the risk of infec-
tions and lymphoreticular malignancies, patients must be 
aware of the need for careful periodic examinations and the 
potential consequences of even minor infections.

Inherited spinocerebellar ataxias. These inherited diseases 
are divided into those which are autosomal dominant or 
recessive. Diseases with slow saccades or ophthalmoparesis 
in the dominantly inherited category include the spinocer-
ebellar ataxias (SCA) types 1 (inherited olivopontocerebellar 
atrophy), 2, and 3 (Machado–Joseph disease), and 7.143 A 
CAG trinucleotide repeat is responsible for each. Recessively 
inherited diseases with mild slowing of saccades include 
Friedreich ataxia144 and the recently identified ataxia with 
oculomotor apraxia types 1 and 2.145–147 The identification 
of the molecular basis of many of these disorders has allowed 
a genetic148–151 rather than a phenomenologic152 or patho-
logic classification. Disease severity, including degree of sac-
cadic abnormality, in many cases is related to the number 
of trinucleotide repeats.153,154 Table 16–6 highlights the inher-
ited spinocerebellar ataxias with prominent slow saccades, 
including the localization of their genetic defects.

Patients with spinocerebellar ataxia usually exhibit dys-
metria and gait ataxia, with some combination of absent 
tendon reflexes, defective proprioception, pyramidal (e.g., 
spasticity, hyperreflexia, and extensor plantar responses), 
and extrapyramidal (e.g., dystonia, parkinsonism) signs. Eye 
movement abnormalities are frequent and include gaze-
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Corticobasal ganglionic degeneration. Corticobasal gangli-
onic degeneration is a rare, sporadic progressive neurode-
generative disease of the middle-aged or elderly.182 It is 
characterized by clinical features which suggest both cortical 
and basal ganglionic dysfunction. These include dementia, 
levodopa-unresponsive parkinsonism, limb dystonia, ideo-
motor apraxia, hyperrreflexia, cortical sensory loss, focal 
reflex myoclonus, and “alien limb” phenomena.183,184 In the 
late stages of this disease, a supranuclear gaze paresis in all 
directions and eyelid opening apraxia (see Chapter 14) can 
be seen.183,185,186 Although the clinical presentation may be 
confused with progressive supranuclear palsy (PSP), cortico-
basal ganglionic degeneration more commonly has asym-
metric frontoparietal atrophy on neuroimaging, whereas 
patients with PSP more typically have midbrain atrophy.187

Pharmacologic therapies are largely ineffective.188 The 
diagnosis can be confirmed only at autopsy, which typically 
demonstrates swollen, poorly staining (achromatic) neurons 
and degeneration of the cortex and substantia nigra.183

Gaucher disease. A lysosomal storage disorder, Gaucher 
disease is caused by decreased enzyme activity of glucocer-
ebrosidase with resulting accumulation of a glycolipid,  
glucocerebroside, in macrophages. The glucocerebrosidase 
gene has been mapped to chromosome 1q21–31.189 Anemia, 
thrombocytopenia, hepatosplenomegaly, infiltration of 
bone marrow with abnormal histiocytes, and fracture or 
aseptic necrosis of bone are common systemic features.  
In the infantile acute GD2 and later onset subacute GD3 
forms, neurologic involvement is also seen, with a supranu-
clear horizontal gaze paresis as the most predominant 
feature.190–192 Vertical eye movements are typically spared. 
Eye movements and head thrusts can mimic congenital 
ocular motor apraxia, but lateral movements of the eyes  
may be accompanied by an upward arcuate or looping 
excursion.139

Others. Horizontal saccadic failure has also been docu-
mented in association with other childhood neurodegenera-
tive diseases such as Krabbe leukodystrophy, Pelizaeus 
Merzbacher disease, GM1 gangliosidosis, Refsum disease, 
and propionic acidemia.193

Ocular motor abnormalities as biologic markers. Interest 
has grown in the detection of abnormal eye movements, 
which are often subtle, as biologic markers in neuropsychi-
atric diseases in which abnormal ocular motility is not 
usually a prominent clinical finding.22,171,172,194,195 For 
instance, patients with Alzheimer disease196,197 and schizo-
phrenia22 may have abnormal anti-saccades. Smooth pursuit 
may also be abnormal in these patients198,199 and their rela-
tives.200 These ocular motor abnormalities can offer insight 
into the abnormal neuronal circuitry and pharmacology of 
these disorders. However, their detection often requires eye 
movement recordings, they are rarely tested at the bedside, 
and are frequently too nonspecific to offer any diagnostic 
utility. Furthermore, in some cases they may be the result of 
neuropsychotropic medications.

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 encepha-
lopathy. The full triad is present in only a minority of 
cases.201

Figure 16–13. Wernicke’s encephalopathy. This T1-weighted MRI 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.

In a large series of patients with Wernicke’s encephalopa-
thy,202 44% had conjugate gaze palsies. Typically the gaze 
palsy was horizontal, but sometimes vertical gaze was also 
affected. Vertical gaze abnormalities, which were usually 
upward, were rarely seen alone. Other prominent neuro-
ophthalmic findings included nystagmus in 85%, lateral 
rectus palsies in 54%, and pupillary abnormalities in  
19%.202 Less frequent neuro-ophthalmic abnormalities 
include retinal hemorrhages, ptosis, and optic neuropathy.

Wernicke’s encephalopathy is seen primarily in alcoholics 
and other malnourished individuals such as prisoners of war 
or women with hyperemesis gravidarum. Forced or involun-
tary starvation, cancer, gastric plication, and chronic renal 
dialysis are other associated conditions. Because thiamine is 
required for carbohydrate metabolism, Wernicke’s encepha-
lopathy can also be caused inadvertently in individuals with 
marginal thiamine stores who are given a carbohydrate (e.g., 
intravenous glucose) load.203

Characteristic neuropathologic findings include necrosis 
of nerves and myelin, hypertrophy and hyperplasia of small 
blood vessels, and pinpoint hemorrhages. These are typically 
located symmetrically in the mammillary bodies, superior 
cerebellar vermis, hypothalamus, thalamus, midbrain, and 
the ocular motor and vestibular nuclei.203 The gaze abnor-
malities may be attributed to pathologic lesions affecting the 
sixth nerve nuclei, pretectal area, and periaqueductal gray 
matter. The nystagmus can be related to the damage to cer-
ebellar and vestibular structures.204 Neuroimaging typically 
reveals mamillary body and midline cerebellar signal changes 
or atrophy (Fig. 16–13).205,206

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.202 By 1 month these deficits usually resolve. 
However, many require several weeks for nystagmus, ataxia, 
and confusion to resolve. Improvement in the cognitive 
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tatic liver disease with resultant failure to secrete bile,  
cystic fibrosis, or bowel resection; and (3) familial isolated 
(autosomal recessive) vitamin E deficiency.213 Slow saccades 
may be a feature of the first two causes, but not usually of 
the familial type.214 Some exhibit dissociated eye move-
ments, with slow but full abduction of one eye and fast but 
limited adduction of the other in attempted lateral gaze. 
Ocular motor palsies may occur, and we have seen aberrant 
regeneration of the third nerve in this condition. A pigmen-
tary retinopathy may also be observed. Neurologically, 
patients with vitamin E deficiency may develop ataxia, long 
tract signs, proprioceptive loss, and areflexia, mimicking 
Friedreich ataxia.215

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 neuro-
logic symptoms.

Drugs. A number of drugs may impair smooth pursuit. 
These include phenytoin, barbiturates, carbamazepine, and 
lithium. Most drugs in toxic doses may cause a variety of 
ocular motor abnormalities when consciousness is decreased. 
At toxic levels the drugs mentioned above may cause com-
plete ophthalmoplegia.

Abnormal horizontal conjugate  
gaze deviations

Stroke
Supratentorial. Acutely following a supratentorial infarction 
or hemorrhage, the eyes may be conjugately deviated ipsi-
laterally towards the lesion (Figs 16–14 and 16–15).216 The 

changes and ataxia is predictable. In addition, some patients 
develop Korsakoff’s psychosis, characterized by retrograde 
and anterograde amnesia and confabulation, as long-term 
sequela.

Leigh syndrome (subacute necrotizing encephalomyelopa-
thy). Abnormal conjugate and dysconjugate eye movements 
may be seen in this rare, invariably fatal disorder of young 
children. Psychomotor delay and hypotonia are typically the 
first manifestations, usually in the first year of life. Subse-
quent symptoms include abnormal eye movements, vision 
loss related to optic atrophy, ataxia, peripheral neuropathy, 
somnolence, deafness, movement disorders, spasticity, and 
respiratory difficulties.207 Spasmus nutans has also been 
reported in association with Leigh syndrome.208

MRI characteristically demonstrates high-signal lesions  
in the basal ganglia. Pathologically, bilaterally symmetric 
necrotic lesions extend from the thalamus to the pons, but 
they also involve the inferior olives and posterior columns.209 
These abnormalities resemble those in Wernicke’s encepha-
lopathy and infantile beriberi.

Several biochemical and genetic defects affecting energy 
metabolism can lead to Leigh syndrome.209 The more com-
monly identified ones are: a defect involving the pyruvate 
dehydrogenase complex, cytochrome oxidase deficiency, a 
T-to-G mutation at nucleotide 8993 in the mtDNA gene 
encoding ATPase 6 (the same mutation as in NARP syn-
drome; see Chapter 4),210,211 and complex I deficiency.212 
Treatment in most cases is unsatisfactory.

Vitamin E deficiency. There are three major causes of 
vitamin E (alpha-tocopherol) deficiency: (1) abetalipopro-
teinemia (Bassen–Kornzweig disease), in which patients lack 
apolipoprotein B, which is essential for transporting fat-
soluble vitamins; (2) malabsorption, due either to choles-

Figure 16–14. Common ipsilateral gaze deviations due to cerebral and pontine lesions and seizures. The eyes may deviate horizontally towards a cortical 
lesion, away from a pontine lesion, and away from a cortical seizure focus.
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Seizures
Ictal head and eye deviation are usually contralateral to a 
cortical seizure focus (Figs 16–14 and 16–16).223 The diag-
nosis is usually obvious when there is hemibody twitching 
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 
towards midline.

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 hemipare-
sis.224 Large hemorrhages may cause a contralateral hemi-
anopia (see Fig. 8–29). Depressed consciousness to the 
point of stupor or coma can occur, particularly when there 

eye deviation is often evident on neuroimaging,217 and is 
more frequent and persistent with right hemispheric 
lesions.218 This gaze deviation usually results either from 
impairment or neglect of the contralateral visual field219 or 
from damage to ipsilateral fronto-pontine fibers descending 
from the FEF to the pons. The oculocephalic response is 
typically normal, but in the first few days it may be difficult 
to elicit.

Rarely, thalamic (see below) or frontoparietal hemor-
rhages may result in contralateral conjugate eye devia-
tions.220,221 Possible mechanisms include involvement or 
mass effect in the mesencephalon upon fronto-pontine 
fibers after they have crossed, irritative effects on the descend-
ing fibers (see below), or an interhemispheric smooth 
pursuit imbalance.222

Infratentorial. Unilateral pontine disturbances affecting 
the PPRF or sixth nerve nucleus may result in a contralateral 
gaze preference and ipsilateral gaze paresis (Fig. 16–14). As 
alluded to earlier, lateral medullary lesions may produce an 
ipsilateral gaze deviation. However, patients with lateral 
medullary lesions usually have full contralateral gaze but 
with hypometric saccadic eye movements.

Figure 16–15. Right gaze preference in a patient with a right middle 
cerebral artery stroke, left homonymous hemianopia, left neglect, and left 
hemiparesis.

A

B

Figure 16–16. A. Right gaze deviation in a patient with seizures. B. CT scan 
reveals an old left middle cerebral infarction (arrow), which acted as a 
seizure focus.
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is intraventricular extension. Stupor or coma at presentation 
is associated with a high mortality.225

Large hemorrhages in this area can cause both horizontal 
and vertical eye deviations (see below). Patients with severe 
hemianopia or neglect may exhibit an ipsilateral gaze prefer-
ence. Contralateral saccades may be hypometric, and ipsilat-
eral pursuit may be defective.226 Occasionally the eyes may 
deviate away from the hemorrhage and towards the hemi-
paresis in so-called “wrong-way eyes.”57,227,228 This pattern 
mimics that of a paramedian pontine hemorrhage. Possible 
mechanisms were discussed above in the section on supraten-
torial lesions.

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 transi-
tion period with the eyes and head straight ahead, then 
subsequent gaze deviation to the opposite side with com-
pensatory head turning for another 1–2 minutes. The eye 
deviation may be overcome by oculocephalic maneuvers. 
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.229

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 tonsil-
lar herniation), occipital encephalocele, and spinocerebellar 
degeneration.230 Acquired etiologies such as pontine damage, 
a medulloblastoma, and hepatic encephalopathy have been 
described.229

Like periodic alternating nystagmus, period alternating 
gaze may reflect damage to the cerebellar inferior vermis, 
including the uvula and nodulus.230

Ping-pong gaze. Also called short cycle periodic alternat-
ing gaze deviation, this ocular motility pattern has horizon-
tal oscillation cycles of only 2.5–8 seconds.231 The patient 
appears to be watching a ping-pong match. The side-to-side 
movements are usually smooth and sinusoidal, but a sac-
cadic form has also been described.232

Ping-pong gaze is almost always seen in comatose or 
stuporous patients but implies the brain stem, especially the 
pons, is relatively intact. The responsible lesions are thought 
to disconnect the brain stem from cortical influences, which 
may hypothetically release oculovestibular generators.  
They are typically rostral midbrain-thalamic, bilateral basal 
ganglia, or bilateral hemispheric.233–236 Cases associated with 
a cerebellar vermis hemorrhage237 and bilateral cerebral 
peduncle infarctions have been reported.238

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 mid-

brain immediately rostral to the tectum, another designation 
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 inter-
stitial nucleus of Cajal (inC).

Rostral interstitial nuclei of the medial longitudinal fas-
ciculus (riMLF). At the pretectal level, in an area of the 
midbrain termed the mesencephalic reticular formation, up- 
and downward saccades are mediated by burst neurons 
within the paired paramedian riMLF (Figs 16–17 and 16–
18).239–242 These lie immediately above the rostral–medial 
portions of the red nuclei. The topographic separation of 
upgaze and downgaze burst and tonic neurons within each 
riMLF is uncertain in man.243

In the current view of vertical gaze control,244,245 saccadic 
innervation is bilateral to the elevator muscles (the superior 
rectus and inferior oblique) (Fig. 16–18A), but only ipsilat-
eral for downgaze (inferior rectus subnucleus and fourth 
nerve nucleus) (Fig. 16–18B). Projections for upgaze arising 
from the riMLF are no longer thought to cross in the poste-
rior commissure, but rather bifurcate at the level of the third 
nerve nucleus. Each riMLF also contains neurons for ipsilat-
eral torsional saccades. In addition, ascending projections to 
the riMLF arise from omnipause neurons 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 unilateral lesions. 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 
projections (from the vestibular nuclei via the MLF), and 
descending pursuit fibers, the paired inC act as the neural 
integrator for vertical gaze and torsion.244,245 They lie adja-
cent but dorsal and caudal to the riMLF (Fig. 16–17).246 For 
upgaze, fibers from the inC cross via the posterior commis-
sure, then connect to the contralateral superior rectus and 
inferior oblique subnuclei. For downgaze, fibers again travel 
across the posterior commissure, then innervate the contral-
ateral inferior rectus subnucleus and fourth nerve nucleus 
(Fig. 16–18).

The major clinicoanatomical implications of this arrange-
ment are:

1. Since the inC is considered a vertical and torsional 
integrator, lesions may produce vertical and torsional 
gaze-holding deficits.
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Figure 16–17. A schematic sagittal view of the upper brain stem, 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.)

A B

Figure 16–18. Major pathways subserving vertical eye movements.244,245 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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Table 16–7 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

2. Lesions to the inC or the afferents projecting to this 
nucleus may abolish the vertical vestibulo-ocular 
response,1 while in contrast lesions solely of the riMLF 
tend not to affect it.

3. Destructive lesions of the inC are thought to be 
responsible for the ocular torsion and skew deviation 
seen in midbrain lesions. For instance, a lesion of the 
left inC may produce a left hypertropia, counter-roll of 
each eye toward the 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 abnormalities for all classes of eye movements. 
This is particularly true for upgaze.

5. Interestingly, the vertical saccades may be limited in 
their range of movement but their velocities will be 
normal with inC lesions.

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 verti-
cal eye position (see Chapter 14) and also may play an 
important role in mediating upgaze. The role of the nucleus 
of Darkschewitsch in vertical eye movements is unclear.

There is considerable evidence in animals that the supe-
rior colliculus has a role in rapid gaze shifts, such as facilitat-
ing and inhibiting reflexive visually guided saccades. The 
function of the superior colliculus with regard to eye move-
ments in man is probably similar but is less well understood, 
as isolated lesions of the superior colliculus are only rarely 
reported in humans.76

The cortical control of vertical eye movements is incom-
pletely understood. Fibers from the frontal and supplemen-
tary eye fields mediating voluntary vertical saccades may pass 
through the thalamus before reaching the pretectum.247 
Reflexive vertical saccades may be mediated by axons arising 
from the parietal lobe.248

Vertical gaze limitations

Pretectal (Parinaud, dorsal midbrain) 
syndrome
This syndrome, the elements of which are listed in Table 
16–7, is highlighted by supranuclear vertical upgaze paresis 
due to a dorsal midbrain disturbance (Fig. 16–19). The 
eponym is attributed to Henri Parinaud, an ophthalmologist 
who worked under Charcot at the Salpêtrière in Paris in the 
late 19th century249 and wrote two landmark articles describ-
ing various types of conjugate gaze palsies and paralyses of 
convergence.250,251

More modern definitions of the syndrome have included 
pupillary and eyelid abnormalities, as well as convergence 
retraction nystagmus. For this reason, some authors such as 
Keane252 have recommended using the anatomical term 
pretectal syndrome, but the term dorsal midbrain syndrome is 
also popular. Other names, such as Koeber–Salus–Elschnig 
sylvian aqueduct syndrome253 and Nothnagel syndrome,254,255 
have been used but are less familiar.

A lesion in the posterior commissure appears to be 
the one critical to producing the pretectal syndrome and 
all of the major elements.256 The following sections 
describe the major and minor elements and some of the 
important disorders which commonly cause the pretectal 
syndrome.

Symptoms. Common neuro-ophthalmic complaints asso-
ciated with the pretectal syndrome are difficulty looking up, 
diplopia, and blurred vision at near. Accompanying neuro-
logic symptoms such as headache, nausea, and vomiting  
are suggestive of obstructive hydrocephalus. Acute pretectal 
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 verti-
cal gaze restriction in this syndrome results from involve-
ment of the posterior commissure, inC, or the riMLF (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 combi-
nation 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.240 Oculocephalic and oculovestibular 
maneuvers and attempted eye closure usually improve the 
vertical gaze limitation.257 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 re
active to light but more reactive to near (Fig. 16–19D,E). 
The pathophysiology is discussed in Chapter 13.

2. Eyelid retraction (Collier’s sign). The eyelids may be 
elevated above the limbus in primary gaze (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. Especially in attempted 
upward saccades, the eyes may jerk inward and into the 
globe (Fig. 16–19C). This type of nystagmus, which is 

Video 13.1

Video 17.14
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A B

C D

E

Figure 16–19. Parinaud syndrome due to pineal region tumor. This 
patient exhibited (A) left eyelid retraction (Collier’s sign), (B) supranuclear 
upward gaze palsy, (C) convergence retraction nystagmus, and (D) pupils 
which reacted sluggishly to light (E) but normally reacted to a near 
stimulus (pupillary light–near dissociation).

reviewed in Chapter 17, is highly localizing to the 
pretectum.

Minor elements of the pretectal syndrome

1. Pseudo-sixth nerve palsy. Although the pons and sixth 
nerve may be spared, the eyes in patients with pretectal 
lesions may be esotropic (Fig. 16–20B).258,259 One or 
both eyes may have an abduction deficit which is 
variable and easily overcome by horizontal 
oculocephalic movements. The “thalamic 
esotropia,”260,261 associated with thalamic strokes and 
hemorrhages, is likely explained by pretectal 
involvement.262 Like convergence retraction nystagmus, 
this ocular motility finding may in part reflect excess 
convergence tone as the pupils can be miotic. Other 
explanations include disruption in supranuclear fibers 
governing horizontal gaze, and fixation with the 
contralateral eye, which may have an adduction deficit 
due to an oculomotor palsy.263

2. Convergence and accommodative insufficiency. The critical 
structures for convergence (bilateral adduction) and 
accommodation 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 deviation, see-saw nystagmus, third nerve palsy, and 

internuclear ophthalmoplegia. These ocular motility deficits 
may occur when the inC, the oculomotor nerve nucleus or 
fascicle, or medial longitudinal fasciculus, respectively, are 
disrupted by dorsal midbrain lesions which are large enough 
to affect the midbrain tegmentum. The skew may alternate 
sides,264 or be part of an ocular tilt reaction.265 They are dis-
cussed in great detail in Chapter 15. See-saw nystagmus, 
which may also be seen in this setting, is reviewed in  
Chapter 17.

Etiologies of the pretectal syndrome. Diagnostic considera-
tions 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.
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A B
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E

Figure 16–20. Parinaud syndrome with a right pseudo-sixth nerve 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-sixth nerve palsy. Axial T2-weighted 
MRI 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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Hydrocephalus. Pretectal signs and symptoms are fre-
quently the first manifestations of obstructive (noncommu-
nicating) 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 
structures.266 Aqueductal dilation may also increase periaq-
ueductal tissue water, which may decrease blood flow to 
structures in this area.267 Ocular motor deficits usually resolve 
within days or weeks following ventricular decompression, 
but some patients are left with subtle permanent findings. 
Typical etiologies include congenital aqueductal stenosis or 
posterior fossa tumors causing fourth ventricular or aque-
ductal compression.

Pineal region tumors. Neoplasms in this region, when large 
enough, may compress the superior colliculi posteriorly and 
present with the pretectal syndrome. In most series,268,269 
about 90% of pineal region tumors presented with signs and 
symptoms due to increased intracranial pressure, such as 
papilledema, while about half presented with the pretectal 
syndrome (Fig. 16–21, and see Fig. 13–9).

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, 
choriocarcinoma, and mature and immature teratomas.270

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), 
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 

Figure 16–21. Pineal region tumor (arrow) associated with Parinaud 
syndrome. Note compression of the posterior portion of the midbrain 
(asterisk).

in older individuals and are usually more benign. Occasion-
ally, aggressive atypical rhabdoid tumors are seen in this 
region as well.

Following surgical or radiotherapeutic decompression of 
pineal region tumors, most of the elements of Parinaud 
syndrome tend to resolve. The vertical gaze paresis usually 
resolves first, followed by improvement in the pupillary and 
eyelid abnormalities. Subtle convergence retraction nystag-
mus, provoked only by upward saccades, may be evident 
chronically in some patients. More prominent and persistent 
findings are typically the result of peritumoral radiation 
necrosis.

Pineal region cysts. Fluid-filled structures abutting the supe-
rior colliculi are usually asymptomatic.271 They are often 
discovered incidentally in patients undergoing neuroimag-
ing 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 CT, the cyst rim may contrast-enhance. They usually can 
be followed conservatively with serial examinations and 
neuroimaging. In only unusual instances the cysts are large 
enough to cause aqueductal compression and hydrocepha-
lus. A case of hemorrhage into a pineal cyst associated with 
anticoagulation has been reported as a cause of “pineal 
apoplexy.”272

Tectal gliomas. These relatively benign tumors usually sur-
round the sylvian aqueduct and involve the superior collicu-
lar plate.273 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 
aqueductal compression and noncommunicating hydro-
cephalus occur. Consequently, the pretectal syndrome and 
signs and symptoms of elevated intracranial pressure such 
as headache, nausea, vomiting, and papilledema may be 
seen. The pretectal syndrome tends to be the result of the 
hydrocephalus and not of the tumor itself. Symptomatic 
tectal gliomas are usually treated with ventriculoperitoneal 
shunting to relieve the hydrocephalus, then serial examina-
tions and radiographic observation of the neoplasm.274 
Surgery is usually not performed unless the lesions are exo-
phytic, progressive, or appear to be higher grade,275 when 
radiation or chemotherapy are also considered.

Paramedian midbrain/thalamic infarction. “Top of the 
basilar” strokes are associated with various combinations of 
oculomotor, behavioral, and motor findings.258,276 The inf-
arctions 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 arteries277) (see Fig. 8–1). The strokes can 
be unilateral, but because one paramedian artery may  
bifurcate and supply both sides of the mesencephalon and 
both thalami, often bilateral infarction at the two levels is 
seen (Fig. 16–22).278 The infarctions sometimes take on a 
“butterfly” shape when viewed coronally. The etiology is 
typically vertebrobasilar atherosclerosis,279 but emboli to the 
basilar bifurcation and proximal posterior cerebral arteries 
may also be responsible.280

When the lesions are ventral in the mesencephalon, fas-
cicular third nerve palsies accompanied by contralateral 
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A B

Figure 16–22. Top of the basilar infarction presenting with upgaze paresis and lethargy. A. Axial 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).

Figure 16–23. Severe downgaze deviation and stupor due to thalamic 
hemorrhage with intraventricular extension and hydrocephalus.

weakness or ataxia are seen (see Chapter 15). Rarely, pedun-
cular hallucinations (Chapter 12) may also develop in 
ventral lesions. More dorsal infarction may affect the mid-
brain tegmentum and pretectum (Fig. 16–22).281 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.282,283 Sensory deficits, aphasia, akinetic 
mutism, amnesia, and coma may also result from thalamic 
involvement.284 If the proximal posterior cerebral artery is 
occluded, occipital lobe infarction leading to visual field 
defects (Chapter 8) and higher cortical visual disturbances 
(Chapter 9) may be seen.258

Thalamic hemorrhages. These lesions were discussed above 
in the section on horizontal gaze deviation. However, down-
ward extension or hydrocephalus due to intraventricular 
extension of a thalamic hemorrhage may cause a pretectal 
syndrome.226 In more severe cases the eyes may be esotropic 
and pointed downward, as if they were peering at the nose 
(Fig. 16–23).285 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.286 Third ventricu-
lar compression may also lead to hydrocephalus and pretec-
tal 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).287,288 In 
Keane’s series,252 cysticercosis was one of the most frequent 
causes of dorsal midbrain syndrome. However, this likely 
reflected the prevalence of this infection in his patient 
population.
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between 45 and 54 years averaged 30.4 degrees, and those 
aged 85–94 averaged 16.1 degrees. Downward rotations did 
not vary between age groups. The mechanism is unclear, but 
the deficits in many instances appear to be supranuclear.

Progressive supranuclear palsy. In 1963 and 1964, Steele, 
Richardson, and Olszewski310–312 reported the clinical and 
pathologic findings of a neurodegenerative disorder to which 
there had previously been only vague reference in the litera-
ture. Clinically, their patients had progressive supranuclear 
ophthalmoparesis, pseudobulbar palsy, dysarthria, and 
rigidity of the neck and upper trunk. Pathologically, there 
were globose neurofibrillary tangles, neuronal loss, granulo-
vacular degeneration, and gliosis in the basal ganglia, cere-
bellum, and mesencephalon. Richardson called the disorder 
progressive supranuclear palsy (PSP), although it is often 
referred to as the Steele–Richardson–Olszewski syndrome in 
honor of the individuals who crystallized the current under-
standing of its distinctive clinical and pathologic features.313 
Previous cases with similar clinical findings had been 
reported before their seminal reports, but in retrospect many 
of these had other diseases.314,315 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 disor-
der in more detail.

Demographics. PSP is more common in elderly men than 
in women and uncommon before age 50.316,317 Patients with 
PSP are less likely to have completed at least 12 years of 
school, suggesting that either poor early-life nutrition or 
occupational or residential toxic exposure are partly respon-
sible.318 Familial cases have been reported but are 
uncommon.319,320

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.321 Because of their ina-
bility to look downward, patients with PSP can be “messy 
eaters.”322

The clinical hallmark of PSP is a supranuclear vertical gaze 
paresis (Fig. 16–24), typically downward more than upward, 
which is usually evident within 3 years of symptom onset.322 
Often the oculocephalic maneuver is difficult to perform 
because of the nuchal rigidity. At first volitional vertical sac-
cades are hypometric or slow,323 but later they may become 
absent. In contrast to other saccadic disorders, head thrust-
ing is generally not observed. Convergence is often impaired, 
and pursuit may be saccadic or “cogwheel.”324 As the disease 
progresses, horizontal gaze may become affected. The ampli-
tude of quick phases of vestibular and optokinetic nystag-
mus may be diminished. In late, severe cases, some patients 
with PSP may develop an internuclear325,326 or complete 
nuclear ophthalmoparesis.327 However, autopsy-proven 
cases without eye movement deficits are well recognized.328

Other neuro-ophthalmic findings include horizontal 
square-wave jerks,324 nystagmus, inability to suppress the 
vestibulo-ocular response (especially vertically), blepharos-
pasm, and eyelid-opening apraxia.321,328–330 Many have a 
characteristic facies with eyelid retraction, slow blink rate, 
and staring (Fig. 16–24).331–333

Video 16.7

Video 17.17

Other etiologies. A large variety of vascular, inflammatory, 
and compressive lesions have also been reported in associa-
tion with the pretectal syndrome. These include transtento-
rial herniation,289 arteriovenous malformations,252 cavernous 
hemangiomas,290,291 multiple sclerosis,292–295 and posterior 
fossa aneurysms.296

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 up- 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.240,297,298 Such lesions disrupt 
the efferents which emerge from the caudal–medial portions 
of the riMLF and head caudally towards the third and  
fourth nerve nuclei (see Fig. 16–18). As alluded to earlier, 
lesions producing prominent downgaze palsy are almost 
always bilateral,286,297,299–301 but exceptional cases have been 
reported.302

The most common cause is a vascular insult involving a 
paramedian artery of the mesencephalon and thalamus.303 
However, degenerative disorders such as progressive supra-
nuclear palsy (see below), and less commonly Huntington 
disease and pantothenate kinase-associated neurodege-
neration (formerly Hallervorden–Spatz disease), should be 
considered.304,305

Vertical “one-and-a-half” syndrome. There are two varia-
tions 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 uni-
lateral thalamo-mesencephalic lesion.306 The monocular 
downgaze deficit results either from disruption of the ipsi-
lateral inferior rectus portion of the oculomotor fascicle or 
from an inferior rectus skew deviation (see Chapter 15). The 
upgaze paresis is due to involvement of either the (1) pos-
terior commissure, 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, Chapter 
15), by a superior rectus skew deviation, or by involvement 
of the fascicular fibers for the superior rectus and inferior 
oblique.307

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.308 Chamberlain309 measured eye elevation in 367 normal 
volunteers aged 5–94. Those who were 5–14 years of age 
averaged 40.1 degrees of upward rotation, while those 
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Figure 16–24. Patient with progressive supranuclear palsy. A. Characteristic stare. Defective (B) upgaze and (C) downgaze were also present.

Neurologic features. The most common initial neurologic 
complaints are postural instability and falling (often  
backwards), gait difficulty, dysarthria, and memory  
problems. Common behavioral features include apathy,  
disinhibition, depression, or withdrawal, but not irritability 
or agitation.334

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 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 disease, 
who often have a flexed posture. In PSP, limb dystonia335 or 
apraxia336 may also be observed. Cognitive impairment is 
most evident in tests sensitive to frontal lobe dysfunction, 
such as verbal fluency and motor sequencing.337,338

Table 16–8 summarizes criteria for the clinical diagnosis 
of PSP.339,340 The combination of a supranuclear vertical gaze 
paresis plus postural instability and falling is highly sugges-
tive of the diagnosis of PSP.331,341 The ophthalmoplegia and 
gait, speech, and swallowing difficulty inexorably 
progress.342,343 The median survival time in PSP is approxi-
mately 6 years following symptom onset, but it can range 
from 1 to 17 years.344

Pathologic features. The diagnosis of PSP can be established 
with certainty only at autopsy. PSP is characterized patho-
logically by atrophy predominantly of the subthalamic 
nucleus, the substantia nigra, and the globus pallidus.345 
Microscopically, gliosis, neuronal loss, and globose neurofi-
brillary tangles or neuropil threads are seen in these areas.346 
Other regions also involved include the striatum, periaque-
ductal gray, superior colliculi, oculomotor nuclei, red nuclei, 
locus ceruleus, pontine tegmentum, pontine nuclei, medulla, 
and cerebellar dentate nuclei.331,346,347 Although the cerebral 
cortex may also be involved, the damage is typically less 
prominent.348

Within the neurofibrillary tangles, intraneuronal inclu-
sions formed by aggregated tau protein are observed. Abnor-
mal tau, a microtubule-associated protein, also accumulates 
in other neurodegenerative disorders such as Alzheimer and 
Pick diseases. PSP has been associated with the inheritance 
of a specific genotypes (A0/A0 and H1/H1) of the tau 
gene.349–351 However, the tau genotype has no effect on onset, 
symptom severity, or survival.352 In one study, truncated 
tau production in the CSF was found to be a reliable marker 
for PSP.

The supranuclear vertical gaze paresis can be explained by 
the presence of neurofibrillary tangles and neuronal damage 
to saccadic burst neurons in the riMLF.332,353 The inC may 
also be involved.354 Defective horizontal saccades may result 
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unhelpful, a minority of patients may experience a transient 
mild to moderate benefit with these drugs.327,368 However, 
the improvement is usually seen in the parkinsonism and 
bulbar signs, but not in ocular motility. Idazoxan, which 
increases norepinephrine transmission, was shown in a  
double-blind study to improve some aspects of motor 
function.369

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. Instruct-
ing 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.321 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 visceromeg-
aly.370 The disorder has been mapped to chromosome 
18q11–12 in most studied families. It is caused by a defect 
in intracellular mobilization and esterification of low- 
density lipoprotein (LDL)-derived cholesterol. Three sub-
types of Niemann–Pick type C can be identified: (1) a rapidly 
progressive infantile form, (2) a juvenile form which occurs 
in previously healthy children, and (3) a slowly progressive 
form in adolescents and adults.371,372 The bone marrow typi-
cally exhibits sea-blue histiocytes and foam cells. Cytochem-
ical staining of cultured fibroblasts with filipine, which 
fluoresces after binding with unesterified cholesterol, may 
also be performed. Treatment, which is usually aimed at 
reducing cholesterol intake and administering cholesterol-
lowering agents, is relatively ineffective.

The ocular motor disturbance, which occurs in about two-
thirds of cases,373 typically presents as a supranuclear down-
gaze saccadic paresis. This is followed by upgaze involvement, 
then results in extreme cases in a total vertical saccadic 
palsy.374 Vertical pursuit movements as well as horizontal 
eye movements are usually preserved. Because of the char-
acteristic phenotype, the designation DAF syndrome, for 
downgaze paresis, ataxia, and foam cells, has also been 
used.139 A macular cherry-red spot, secondary to opacifica-
tion 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.375

A supranuclear vertical gaze paresis, in either up- or 
downgaze, is observed in approximately one-third of 
patients with CNS involvement.376 When the vertical supra-
nuclear gaze palsy is accompanied by dementia and a gait 

Table 16–8 Criteria for a clinical diagnosis of progressive 
supranuclear palsy339,340

Mandatory inclusionary criteria
Onset at age 40 or later
Progressive disease course
Vertical supranuclear gaze palsy with downward gaze 

abnormalities
Severe postural instability with unexplained falls

Supportive criteria
Symmetric akinesia or rigidity, proximal more than distal
Abnormal neck posture, especially retrocollis
Poor or absent response of parkinsonism to levodopa therapy
Early dysphagia and dysarthria
Early onset of cognitive impairment including at least two of the 

following: apathy, impairment in abstract thought, decreased 
verbal fluency, utilization or imitation behavior, or frontal 
release signs

Mandatory exclusionary criteria (and the disease for which the 
feature is more typical)
History of encephalitis (postencephalitic parkinsonism)
Hallucinations (dementia with Lewy bodies)
Early or prominent cerebellar signs (multisystem atrophy)
Noniatrogenic dysautonomia (multisystem atrophy)
Alien hand syndrome (corticobasal ganglionic degeneration)
Early cortical dementia characterized by amnesia, aphasia, or 

agnosia (Alzheimer disease)
Focal lesion on neurologic examination or neuroimaging 

(multi-infarct state)

Note these criteria are specific but not sensitive; they have a high positive 
predictive value. The diagnosis can be established with certainty only at 
autopsy, and even in retrospect some cases diagnosed post mortem will not 
have satisfied these criteria.

from cell loss in the PPRF,355 while horizontal smooth 
pursuit impairment may be caused by damage in the nuclei 
of the basis pontis.356 In one study, gaze palsy was associated 
pathologically with a decrease in neurons in the substantia 
nigra pars reticulata.357 Damage to omnipause neurons in 
the nucleus raphe interpositus in the pons, leading to disin-
hibition of saccadic burst neurons, may be responsible for 
square-wave jerks and other saccadic intrusions.358

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 brain stem 
atrophy.359,360 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.187,361,362 When the midbrain is atrophied in PSP, 
on sagittal views on MR the brain stem is said to appear like 
the silhouette of a penguin (midbrain = head and beak; pons 
= body).363,364 Diffusion-weighted MRI may demonstrate 
abnormal elevation in regional apparent diffusion coeffi-
cients (rADCs) in the basal ganglia.365 MRI is also helpful in 
distinguishing patients with true PSP from those with PSP-
like states due to multiple infarcts.366,367

Treatment. Although dopaminergic drugs such as levo-
dopa, amantadine, bromocriptine or pergolide are generally 
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Saccades may also be defective in myasthenia gravis. These 
disorders are discussed in more detail in Chapter 14. Rare 
patients with mitochondrial disorders such as MELAS (mito-
chondrial encephalomyopathy, lactic acidosis, and stroke-
like episodes; see Chapter 8) have been reported with slow 
horizontal saccades.396

Other basal ganglia disorders. Slow or limited saccades, 
particularly in upgaze, have been reported in Wilson 
disease.397 We have also seen a patient with idiopathic calci-
fication of the basal ganglia and dentate nuclei (Fahr disease) 
presenting with supranuclear ophthalmoparesis and parkin-
sonism, mimicking progressive supranuclear palsy.398

Paraneoplastic brain stem encephalitis. Ophthalmoparesis, 
of both nuclear and supranuclear origin, may be a manifesta-
tion of a paraneoplastic brain stem encephalitis. The anti-Hu 
antibody is the most commonly associated antibody and 
lung cancer is the most frequently found tumor.399 An anti-
body known as anti-Ta has been associated with testicular 
cancer and ophthalmoparesis.400,401

Abnormal vertical conjugate  
gaze deviations

Oculogyric crises
Oculogyric crises are a dystonia of ocular muscles402 charac-
terized by dramatic involuntary conjugate deviation of the 
eyes.403 The eyes usually inadvertently move straight upwards 
or up and to the left or right, and the position can change 
from crisis to crisis. Oculogyric crises are often associated 
with thought or emotional disturbances, are preceded  
by a brief stare, and last for hours.404 However, they can 
occur without these features and last only a few seconds. 
Frequently they are accompanied by other dystonic or  
dyskinetic movements such as tongue protrusion, lip  
smacking, blepharospasm, choreoathetosis, anterocollis, 
and retrocollis.405–407

In the 1920s the French described crises (crises oculogyres) 
as complications of postencephalitic Parkinsonism,403,408 but 
today they are usually acute or tardive extrapyramidal reac-
tions to neuroleptics.404–407,409–411 We have also seen oculogy-
ric crisis with some of the newer agents such as aripiprazole. 
In addition to postencephalitic parkinsonism, oculogyric 
crises have been associated with other neurologic disorders 
such as Parkinson disease,412 familial Parkinson–dementia 
syndrome,413 dopa-responsive dystonia,414 parkinsonism 
with basal ganglia calcifications (Fahr disease),415 neu-
rosyphilis, multiple sclerosis, ataxia-telangiectasia,416 Rett 
syndrome,417 Wilson disease,418 cerebellar disease, trauma,419 
acute herpetic brain stem encephalitis,420 a third ventricular 
cystic glioma,421 paraneoplastic disease,400 and striatocapsu-
lar infarction.422,423 Besides neuroleptics, carbemazepine,424,425 
tetrabenazine,426 gabapentin,427 cetirazine,428 and several 
other drugs419 can also cause oculogyric crises.

The etiology of oculogyric crises is not certain. In posten-
cephalitic 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.403 Onuaguluchi408 hypothesized they were due to 

disturbance, Whipple disease may mimic progressive supra-
nuclear palsy.377 In a smaller proportion of patients, the 
supranuclear gaze paresis is both vertical and horizontal.314 
An isolated horizontal gaze paresis is usually not seen.

Oculomasticatory myorhythmia, characterized by pendu-
lar convergent–divergent nystagmus associated with rhyth-
mic movements of the muscles of mastication, face, and 
extremities, is considered virtually pathognomonic (see also 
Chapter 17).375,378 In a large meta-analysis of reported 
patients with Whipple’s disease,376 oculomasticatory myo-
rhythmia was found always to occur with a supranuclear 
gaze paresis. Hypothalamic involvement may result in  
the syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH), insomnia, hypersomnia, and hyperphagia. 
Cognitive and psychiatric symptoms are also observed 
frequently.376

The most common symptoms in Whipple disease are 
gastrointestinal and include malabsorption, abdominal 
pain, weight loss, and diarrhea. Other systemic symptoms, 
such as pleuritis, lymphadenopathy, cardiac valvular lesions, 
fever, and arthritis, are often present.379 CNS complications 
usually occur in association with systemic symptoms, but 
the latter may be absent in up to one-fifth of cases of CNS 
Whipple disease.376 Rarely ocular involvement can occur and 
is characterized by uveitis, keratitis, vitreous hemorrhage, 
retinitis, or optic disc edema.380,381

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.352,379,382 Staining 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 performed. T. whippelii is difficult to 
culture. Midbrain, hypothalamic, and temporal lobe hyper-
intensities may be seen on MRI,383 and the spinal fluid analy-
sis may reveal a pleocytosis and elevated protein. However, 
both neuroimaging and spinal fluid may also be normal.

Treatment with antibiotics such as intravenous trimetho-
prim–sulfamethoxazole or ceftriaxone384 for 2 weeks fol-
lowed by oral trimethoprim–sulfamethoxazole twice daily 
for 1 year is often effective.385 Tetracycline and chloram-
phenicol have also been used.

Miscellaneous
Amyotrophic lateral sclerosis. Some reports386–390 have sug-

gested that supranuclear conjugate gaze rarely may be 
affected in amyotrophic lateral sclerosis (Lou Gehrig disease), 
even very early in its course. Slow saccades and pursuit in all 
directions, as well as vertical gaze palsies, were documented 
in one study.388 In another,390 neuropathologic examination 
in two patients with supranuclear upgaze paresis confirmed 
neuronal loss in the riMLF and periaqueductal gray and 
sparing of the third and fourth nerve nuclei. Amyotrophic 
lateral sclerosis, including third, fourth, and sixth cranial 
nerve involvement in this disorder, is also discussed in 
Chapter 15.

Other neuromuscular conditions. Subclinical defective sac-
cades have been documented in myotonic dystrophy. It has 
been controversial whether the saccadic abnormalities in 
myotonic dystrophy are peripheral or central in origin.391–395 

Video 17.13
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with dopamine antagonists. Eyelid tics are discussed in 
Chapter 14.

Benign tonic vertical gaze in infancy
Tonic up- or downward gaze in infants, lasting weeks to 
months, is well-recognized (Fig. 16–26).434–438 The finding 
was seen in five of 242 healthy neonates in one study.439 The 
gaze deviation is typically intermittent, lasting minutes, 
hours, or days.440 Children can appear to have either a supra-
nuclear gaze deficit or jerk nystagmus in the direction oppo-
site to the gaze preference.441 The eyes can easily be moved 
into a normal position by the oculocephalic maneuver. 
There are usually no central nervous system abnormalities. 
The course is usually benign with a gradual decrease in the 
frequency and duration of the episodes, and ultimately the 
children are normal within the first few months of age.442,443 
The mechanism is usually attributed to immaturity of either 
an ocular motor or a visual pathway: the vertical gaze centers 
in the midbrain, the vestibulo-ocular reflexes, or the afferent 
visual system.436

All patients should undergo a careful pediatric neurologic 
examination and neuroimaging. This is particularly impor-
tant in those with tonic downgaze, in whom a pretectal 
syndrome due to hydrocephalus or a pineal region mass 
needs to be considered. An EEG should be performed to 
exclude seizure activity. Improvement with levodopa/carbi-
dopa preparations has been reported. However, in most 
instances pharmacologic manipulations are not helpful and 
are usually unnecessary because of the self-limited nature of 
the disorder.

Acquired cases. A variation of this condition has been 
described in which some patients are normal at birth but 
develop the ocular motility disorder later in infancy.444 The 
onset of the tonic gaze in some instances follows an intercur-
rent illness or vaccination. Some patients have similarly 
affected family members. The outcome in these acquired 
cases may be less sanguine, with some patients later exhibit-
ing developmental delay, intellectual disability, language 
delay, and either persistent tonic vertical gaze or other eye 

an abnormal vestibulo-ocular reflex in the setting of brain 
stem lesions involving vestibular pathways. Leigh et al.404 
attributed the deviations 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 mesencephalic vertical gaze-holding mechanisms 
normally dependent on balanced cholinergic and dopamin-
ergic systems.404 Another hypothesis explains oculogyric 
crises as a limbic–motor disorder.419

Treatment. Severe or painful oculogyric crises can be 
treated acutely with benztropine, 2 mg intramuscularly or 
intravenously, or diphenhydramine, 50 mg intramuscularly 
or intravenously.419 A dose can be repeated in 30 minutes if 
there is no response. If these are unsuccessful, then diazepam, 
5–10 mg intravenously, or lorazepam, 1 mg intramuscularly 
or intravenously, can be used. The underlying condition 
should be treated, or the offending drug removed or dosage 
lowered. Some patients with oculogyric crises owing to neu-
roleptic use may require short-term treatment with oral ben-
ztropine, 2–6 mg q.d., or oral trihexyphenidyl, 4–15 mg q.d., 
for 2 weeks following the acute episode.419 One reported 
patient improved with vagus nerve stimulation.429 Seizures 
should be excluded with an electroencephalogram (EEG).

Ocular tics
Brief dystonic eye rolling and torticollis, mimicking unsus-
tained oculogyric crises, have also been described in tic dis-
orders.430,431 Benign ocular tics manifested by eye rolling, 
usually upward, are not infrequently seen in otherwise 
healthy children (Fig. 16–25). In these instances they are idi-
opathic and usually resolve spontaneously. Tourette syn-
drome is a tic disorder which is inherited, and children with 
this disorder have vocal tics and behavioral disturbances in 
addition to motor tics.432 Typically an irresistible urge and 
an ability to suppress the eye movements precedes them. 
Ninety percent of patients with Tourette syndrome develop 
their first motor tic by age 10.433 Isolated motor tics can also 
be secondary to drugs or basal ganglia injury (“acquired 
tourettism”).432 When bothersome, the tics may be treated 

A B

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).
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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.

movement disorder.445 The guarded prognosis may reflect 
the presence of a more widespread neurologic disorder.

Complete ophthalmoplegia

Most of the disorders which cause complete absence of eye 
movements are nuclear or infranuclear, affecting the oculo-
motor nerves, neuromuscular junction, or extraocular 
muscles. However, some supranuclear disorders discussed in 
this chapter, when severe or in their end stages, may affect 
the ocular motor nuclei and therefore disrupt all voluntary 
and involuntary eye movements. These include Wernicke’s 
encephalopathy, spinocerebellar ataxias, and progressive 
supranuclear palsy, for example. A list of disorders that cause 
complete ophthalmoplegia is in Chapter 15.

Coma

Conjugate gaze deviations and paresis during oculocephalic 
or vestibulo-ocular testing may be highly localizing in 
patients with coma.

Conjugate gaze deviations. The guidelines for considering 
etiologies according to those that cause horizontal versus 

vertical gaze deviations apply here as well. For instance, a 
horizontal conjugate gaze deviation may be caused by an 
ipsilateral hemispheric lesion (Figs 16–14 and 16–15), 
contralateral pontine lesion, or contralateral hemispheric 
epileptic focus (Figs 16–14 and 16–16). Occasionally 
“wrong-way” eyes due to a contralateral hemispheric or tha-
lamic hemorrhage should be considered. Fast cycle horizon-
tal periodic alternating gaze, or “ping-pong” gaze, indicates 
an intact pons which is disconnected from bilateral hemi-
spheric influences.

Eyes that are deviated downward suggest a dorsal mid-
brain 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.446,447 
Tonic upgaze may be observed in anoxia, presumably due 
to diffuse injury to the cortex and cerebellum.447,448 Inhibi-
tory fibers from the cerebellum to the anterior semicircular 
canal projections 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 by the oculocephalic maneuver or by cold 
caloric stimulation (see Chapter 2) is highly suggestive of an 
ipsilateral sixth nerve nucleus lesion in the pons, but a ves-
tibular nerve or nucleus lesion should also be excluded. 
Defective vertical gaze during reflex testing implies a mid-
brain lesion involving the inC or oculomotor nuclei, fasci-
cles, or nerves. Voluntary saccadic and pursuit function is 
obviously untestable in comatose patients.

Localization in coma is discussed further in Chapter 2.
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Eye movement disorders: 
nystagmus and nystagmoid 
eye movements

Nystagmus is a rhythmic biphasic oscillation of the eyes. Since nystagmus 
results from a defect in the slow eye movement system, nystagmus always 
has a slow phase that initiates the ocular oscillation. Nystagmus should also 
be distinguished from other ocular oscillations or nystagmoid eye move-
ments. These other ocular oscillations usually do not have a slow phase and 
often represent disorders of saccades. Characteristically, they interrupt foveal 
fixation, and although they can be distinguished clinically, some may be 
best characterized by eye movement recordings.1

This chapter will review the symptoms and examination of patients  
with nystagmus, and detail each of the important types of nystagmus and 
nystagmoid eye movements and their pathophysiology and management.

Nystagmus

Nystagmus may occur physiologically in response to environmental stimuli 
or from rotation of the body. More importantly, it may be a sign of central 
nervous system (CNS) dysfunction, peripheral vestibular disease, or visual 
loss. One method to organize the different types of nystagmus is to distin-
guish 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 saccades. Jerk nystagmus has a slow phase followed by a rapid 
corrective phase in the opposite direction. Entities such as congenital nys-
tagmus and spasmus nutans will more likely present in childhood.

By convention, the direction of jerk nystagmus is defined by its 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 will 
have a torsional or rotary component. This type of nystagmus is best 
described by whether it beats towards the patient’s right or left shoulder  
(Fig. 17–1). Pendular nystagmus has no fast phase, so it is described as either 
vertical or horizontal. 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 slow phases of 
nystagmus and define its underlying pathophysiologic substrate. For 
example, the slow phase velocity of vestibular nystagmus is linear, while 
congenital nystagmus displays an increasing slow phase velocity. Gaze 
paretic nystagmus usually has a declining slow phase velocity.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 
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Table	17–1 Grouping of nystagmus types by waveform and typical 
age at presentation

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 demonstrated 
in this figure is described as beating toward the patient’s right shoulder.

Figure	17–2. Testing of the vestibulo-ocular reflex. The patient’s head is 
rotated quickly over short distances while the patient fixates on the 
examiner’s nose. Patients with a decreased vestibulo-ocular reflex will show 
a catch-up saccade to maintain fixation.

a jumping of the visual environment called oscillopsia. A 
patient with acquired nystagmus often sees the visual envi-
ronment moving in the direction of the fast phase. In con-
trast, patients with congenital nystagmus typically have a 
reduction in visual acuity without oscillopsia. Nausea and 
vomiting may accompany nystagmus and can be a promi-
nent complaint of patients with peripheral vestibular disease. 
Symptoms such as diplopia, dysarthria, facial numbness, 
and dysphagia suggest a brain stem origin for the nystagmus. 
In contrast, hearing loss and tinnitus are more consistent 
with a peripheral vestibular cause.

Examination
The examination begins by observing the patient’s eyes while 
they look straight ahead. Then the eyes are viewed in all 
positions of gaze. Smooth pursuit and saccadic eye move-
ments are then evaluated (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. The vestibulo-ocular reflex may be tested by having 

the patient focus on a distant object as the head is moved 
from side to side at 2 Hz. Alternatively, the patient focuses 
on the examiner’s nose or finger as the examiner moves the 
patient’s head quickly over very short distances (Fig. 17–2).2 
The appearance of nystagmus or a corrective saccade with 
this maneuver suggests a vestibular disorder.

Another useful bedside test is cancellation of the vestibulo- 
ocular reflex (see Fig. 2–29). In this test, patients focus on 
their outstretched thumb as they are rotated in a chair at low 
frequency. Normally, the eyes do not move during this 
maneuver. If the reflex is defective, fixation on the thumb is 
not maintained, the eyes drift, and nystagmus is generated. 
This is usually a sign of cerebellar or central vestibular 
dysfunction.

Occasionally, nystagmus is difficult to discern or is sup-
pressed by fixation. Under these conditions, one eye is 
viewed with an ophthalmoscope. Simultaneously, the other 
eye is covered manually (Fig. 17–3). This procedure removes 
fixation, and the eye being viewed by the ophthalmoscope 
can be checked for nystagmus. It is helpful to remember that 
the disc moves in the direction opposite from the movement 
generated by the front of the eye. Therefore, if the disc is 
moving rapidly upward, the nystagmus direction is down-
beat. Frenzel goggles, which contain high-plus lenses, also 
eliminate fixation and may provide magnification to help 
detect subtle forms of nystagmus (Fig. 17–4). Patients with 
perilymph fistulas may have nystagmus induced by a Val-
salva maneuver or by replicating nose blowing.

In some patients, nystagmus may be evident only with 
provocative maneuvers. In the Dix–Hallpike maneuver  
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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. (Figure courtesy of Mark Moster, M.D.)

(Fig. 17–5 A,B), which is used to diagnose patients with posi-
tional vertigo, the patient sits on a table lengthwise. The 
patient is then brought backward, and the head is rotated 45 
degrees to one side. The characteristics of the nystagmus, if 
present, may be helpful in differentiating central and periph-
eral forms of positional nystagmus. The examiner is inter-
ested in the nature of the nystagmus, its direction, its latency, 
and whether or not it fatigues (Table 17–2).

The optokinetic flag (see Fig. 2–30) may be helpful in the 
diagnosis of congenital nystagmus and convergence retrac-
tion nystagmus. Patients with congenital nystagmus may 
have a reversal of the normal response. For instance, the eyes 
usually follow then beat away from the direction of the 
moving tape. In some patients with congenital nystagmus, 
the eyes beat in the direction of the moving tape. Patients 
with a dorsal midbrain syndrome often display a character-
istic eye movement abnormality, particularly in attempted 
upgaze, known as convergence retraction nystagmus. This 
nystagmus may be elicited by moving the optokinetic  
nystagmus (OKN) tape downward to induce upward 
saccades.

Caloric stimulation is another method for provoking nys-
tagmus. The test procedure itself is discussed in detail in 
Chapter 2 (see Fig. 2–41). Cold water injected into one ear 
produces a slow movement of the eyes toward the irrigated 
ear. There is a corrective phase toward the opposite direction 
in the awake and normal patient. By convention, nystagmus 
is named by its fast phase. Therefore, the consequence of 
canal irrigation with cold water may be remembered by the 
term “cows,” which stands for cold–opposite and warm–
same. This means when the right ear is irrigated with cold 
water, the fast phase of nystagmus should be to the left in a 
normal patient. In a comatose patient, just a slow phase or 
no response at all may be seen. Vertical eye movements in 
the comatose patient may be assessed by bilateral caloric 
stimulation. Cold water simultaneously injected into both 
ears produces a slow down phase and a corrective up phase. 
This might be remembered by the term “cuwd,” which 
stands for cold–up and warm–down.

One can elicit some forms of nystagmus by asking patients 
to shake their head from side to side for 15 seconds. The 
appearance of nystagmus with this maneuver may aid locali-
zation. In a peripheral vestibular process, typically, the hori-
zontal nystagmus will beat away from the injured ear. 
Nystagmus that beats vertically or ipsilaterally to the sus-
pected lesion suggests a central vestibular process.3

Other findings in the neuro-ophthalmic or neurologic 
examination may aid in the diagnosis of patients with nys-
tagmus or nystagmoid disorders. For instance, afferent visual 
function should be assessed carefully. Longstanding vision 
loss and pendular or jerk nystagmus suggests congenital 
sensory nystagmus. 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 latent nystagmus. The fundus exam might reveal 
a congenital optic disc abnormality, pigmentary retinopathy, 
or foveal hypoplasia (albinism) in congenital sensory nys-
tagmus. Abnormalities in the cranial nerve examination, 
including hearing, should be excluded. Finally, motor and 
cerebellar dysfunction such as dysdiadokinesia or gait ataxia 
will suggest a central cause of the nystagmus. In addition, 
patients with peripheral vestibular disease may march in the 
direction of the affected ear with their eyes closed (Fukuda 
stepping test).

Pathophysiology of nystagmus
Nystagmus usually results from a defect in the slow eye 
movement system, which includes visual fixation, the  
vestibular system, smooth pursuit, vergence, and the  

Table	17–2 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 Pure torsional
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A B

C D

E F

Figure	17–5. 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 a torsional upbeating nystagmus (not shown) when the 
affected ear is dependent. The nystagmus may be more torsional in the dependent eye and more vertical in the higher eye.

In a patient with BPV affecting the right posterior semicircular canal, for example, the Dix-Hallpike maneuver is combined with steps C-F in the so-called 
Epley maneuver. 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 
approximately 1–3 minutes. F. The patient is then rapidly brought upright again. The patient should remain upright for the next 48 hours, usually sleeping in 
a lounge chair.79 If the patient is unable to sleep upright, the patient should be instructed not sleep on the affected ear for the next 7 days.
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optokinetic and neural integrator pathways. Failure of visual 
fixation, imbalance in the vestibular system, or impairment 
of the gaze-holding mechanisms are the most common 
causes of nystagmus. Impaired visual fixation, due to disor-
ders of the visual pathways for instance, may cause the eyes 
to drift from an object of regard and cause nystagmus.

The vestibular system allows images to remain steady on 
the fovea while the head is moving. Under normal condi-
tions, the vestibulo-ocular reflex generates slow eye move-
ments that are equal and in the opposite direction of the 
head movement. The vestibulo-ocular reflex pathway origi-
nates in the semicircular canals and synapses in the vestibu-
lar nuclei, ultimately connecting to the ocular motor nuclei 
and cerebellum. Peripheral vestibular nystagmus results 
from an imbalance of input from the semicircular canals. 
Complete unilateral loss of labyrinth function produces a 
mixed horizontal torsional nystagmus that may be sup-
pressed by visual fixation. Central vestibular injury may 
produce downbeat, upbeat, or torsional nystagmus. This 
central vestibular nystagmus, typically results from injury to 
the vestibular nuclei or cerebellovestibular pathways.1 The 
otoliths respond to linear acceleration of the head. Imbal-
ance of the otoliths or their projections can cause any com-
bination of torsional eye movements, skew deviation, and 
vertical nystagmus.

The neural integrator is a network of cells responsible for 
maintaining the eyes in eccentric gaze. When the system is 
defective, the eyes will drift back to the midline with a cor-
rective fast phase. The cerebellar flocculus, the nucleus 
prepositus hypoglossi, and medial vestibular nucleus make 
up the neural integrator for horizontal gaze, for instance. A 
defect in this system is implicated in pathologic horizontal 
gaze-evoked nystagmus.

Types of nystagmus
In the following discussion of the various entities, those 
presenting predominantly in childhood will be reviewed 
first, then those without any particular age predilection will 

be detailed afterwards (Table 17–1). In a young child with 
nystagmus, the most important distinction is between con-
genital nystagmus and spasmus nutans (Table 17–3).

Congenital nystagmus
Congenital (or “infantile”) nystagmus is most frequently 
characterized by its early onset in life, symmetric and conju-
gate involvement of both eyes, 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 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.4,5 Conjugate 
oscillations with several types of waveforms can be seen. 
Classically, congenital nystagmus is a horizontal nystagmus 
with a pendular waveform, but it may be rotary 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. A mixed waveform 
consisting of pendular nystagmus in primary and upgaze but 
jerk nystagmus in horizontal endgaze, right beating in right 
gaze and left beating in left gaze, is commonly seen and is 
unique to 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. Then the eye movement 
disorder gradually converts to a smaller amplitude jerk nys-
tagmus or the mixed pendular and jerk nystagmus described 
above some time before 1 year of life. The waveform progres-
sion reflects the maturation of the visual system.

Congenital nystagmus also is one of the few types of 
nystagmus that remains horizontal in vertical gaze. It is this 

Video 17.1

Video 17.2

Table	17–3 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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property that helps distinguish congenital nystagmus from 
gaze-evoked nystagmus. Other forms of nystagmus that 
remain horizontal in vertical gaze include peripheral ves-
tibular nystagmus and periodic alternating nystagmus.

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 position of the eyes, the nystagmus is 
most diminished. In addition, convergence can dampen 
congenital nystagmus. In the most common example of the 
nystagmus blockage syndrome, an individual with congenital 
nystagmus, attempting to suppress it by converging, devel-
ops an esotropia with a head turn. Attempts at fixation may 
also exacerbate congenital nystagmus.

Despite the fact their eyes are almost constantly in motion, 
most patients with congenital nystagmus do not complain 
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 
the abnormal eye movement.6,7 Many also have only slightly 
reduced visual acuities, especially when their visual path-
ways are normal. Explanations for these observations have 
included a reduced sensitivity to retinal image motion, adap-
tation to retinal image motion, information sampled only 
when the eyes are moving relatively slowly during the short 
foveation periods mentioned above, and the use of extra 
retinal information to cancel the effects of eye movements 
for review.8 When oscillopia 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, or worsening of the 
underlying disorder of the visual pathways should be 
considered.9

A reverse optokinetic response may be seen in which the 
fast phase of the response abnormally moves in the same 
direction of the moving OKN tape.10 In infants with hori-
zontal nystagmus and apparent poor vision, the OKN tape 
can be moved vertically to elicit superimposed vertical eye 
movements. This would suggest potentially good vision.

Rarely patients with congenital nystagmus have alternat-
ing epochs of right then left beating nystagmus. This so-
called congenital periodic alternating nystagmus can be 
observed in patients with albinism, but other patients with 
or without sensory deficits may also display this type of 
nystagmus.11–13 In this form of congenital nystagmus, 
patients will adapt a slow back and forth head posture asso-
ciated 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 vision14 or may represent 
an effect of a common disordered neural mechanism is 
unclear. In addition, strabismus and high refractive error, 
including astigmatism, are frequently associated with con-
genital nystagmus.

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 
oversimplification discouraged by some experts,15 this dis-
tinction is nevertheless extremely helpful in the clinic16 for 

both the physician and the patient’s family for understand-
ing the mechanism, deciding upon the evaluation, and pre-
dicting the visual outcome of a child with congenital 
nystagmus. The waveforms of the two types are indistin-
guishable at the bedside.

Congenital nystagmus may occur in isolation with  
relatively normal vision but completely normal fundus and 
neurological exams. 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 spo-
radic, congenital motor nystagmus can be inherited in an 
autosomal-dominant, autosomal-recessive, or X-linked 
fashion.17–19 Most such patients have nearly normal visual 
acuities which remain relatively stable over their lifetime.

However, many patients with congenital nystagmus have 
a component 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 con-
genital stationary night blindness or Leber’s congenital 
amaurosis, or cataracts. Their visual prognosis depends on 
whether the underlying disorder is static or degenerative.

Multiple potential mechanisms of congenital nystagmus 
have been proposed. One theory posits 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. Recent theories also suggest that 
there are abnormalities of the extraocular muscle tendons 
enthesis (insertions) where they join the sclera. A decreased 
number and size of enthesial nerve endings, loss or fragmen-
tation of perineurium, and narrowed vascular lumen have 
been observed in patients with congenital nystagmus. Enthe-
sial nerve endings may be involved in monitoring eye posi-
tion, so congenital nystagmus may be attributed to the 
presence of anomalous endings and a disturbance in ocular 
proprioception.20,21

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 condi-
tion is sensory or motor. Paradoxic constriction of the pupils 
when the lights are turned off (see Chapter 13) suggests a 
retinal disorder. Transillumination of the iris, seen best with 
a slit lamp, or foveal hypoplasia would be consistent with 
ocular albinism. Children with congenital nystagmus require 
a careful refraction by a pediatric ophthalmologist.22

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 
conservatively. In those with congenital sensory nystagmus 
or when the examination alone is inconclusive, magnetic 
resonance imaging (MRI) of the brain, visual evoked 
responses, and electroretinography (ERG) are the laboratory 
tests that are most likely to provide useful diagnostic 
information.

Treatment. Treatment of congenital nystagmus first 
involves correction of any refractive error.22 A recent study 
of patients with myopia and congenital nystagmus suggested 
that some patients will have improved visual foveation after 
laser refractive surgery when compared to best spectacle 
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(2) congenital nystagmus, (3) dissociated vertical deviation, 
and (4) overaction of the inferior oblique muscle.34 Latent 
nystagmus has a declining slow-phase waveform in distinc-
tion to 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, may cause latent nystagmus.

Latent nystagmus may be a form of peripheral nystagmus 
that is evoked by monocular viewing conditions.33 In patients 
with congenital esotropia, there may be loss of binocularity 
in motion sensitive visual area V5 (see Chapter 9) and its 
connections to the pretectal area known as the nucleus of 
the optic tract (NOT).33 Under monocular viewing condi-
tions, the NOT is activated and latent nystagmus is gener-
ated. For example, covering the left eye of a patient with 
latent nystagmus will produce a stimulus from the right eye 
that activates the left nucleus of the optic tract. The NOT 
then activates the vestibular system to produce a leftward 
slow phase with corrective phase to the right. A similar ves-
tibular response could be elicited with rotation of visual 
environment to the left or the body of a person to the right.

In general, latent nystagmus does not indicate a structural 
or progressive abnormality of the central nervous system. 
Neuroimaging is not indicated in latent nystagmus if the 
clinical examination shows the typical change in the direc-
tion of the waveform with occlusion, and there is no history 
of prematurity.

Spasmus nutans
Spasmus nutans is characterized by the triad of (1) torticol-
lis, (2) head nodding (2–3 Hz), and (3) monocular or asym-
metric nystagmus (Table 17–3).35 The nystagmus is the 
hallmark, as both of the other features are not always present. 
The disorder usually starts between ages 4 and 14 months. 
The nystagmus may last between 1 and 2 years and typically 

Video 17.4

refraction.23 Contact lenses may also dampen congenital 
nystagmus, presumably by enhancing sensory feedback and 
reducing the abnormal eye movements.24,25

Prism therapy may be used to shift the null point to the 
primary position or to induce convergence. Prisms may help 
to direct the line of sight toward primary gaze and thereby 
minimize abnormal head postures. In this situation, the 
prisms are oriented with the apices in the direction of the 
preferred gaze. This will move visualized objects toward  
the null point so the individual does not have to adopt a 
head turn. Base-out prisms can be used to induce conver-
gence. 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 posi-
tion.26 In this procedure, for a patient with a face turn to the 
right (eyes shift to a null point in left gaze), the yoked 
muscles left lateral rectus and right medial rectus are weak-
ened (recession) and left medial rectus and right lateral 
rectus muscles are strengthened (resection). Tenotomy, in 
which all four horizontal recti muscles are detached and 
then re-attached at their original site, has been associated 
with improved foveation times and improved vision.27,28 
Tenotomy coupled with strabismus surgery may be a particu-
larly effective treatment to improve visual function in patients 
with congenital nystagmus and ocular misalignment.29

Recently, both memantine (40 mg/day) and gabapentin 
(2400 mg/day) were found to be effective in a randomized 
controlled trial of patients with congenital nystagmus. These 
agents improved visual acuity and foveation times in this 
type of nystagmus.30 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, but its effect remains limited by its 
side effects of ptosis, double vision, and the need for repeat 
injections.31,32

Latent nystagmus
Latent nystagmus is a form of congenital nystagmus pro-
duced by unequal visual input into both eyes.33 Most com-
monly observed when one eye is covered, in the uncovered 
eye the slow phase of this jerk nystagmus always beats 
toward the nose, while the fast phase beats in the direction 
of the uncovered eye (Fig. 17–6). The covered eye is moving 
conjugately. The alternating direction of this nystagmus with 
eye cover is characteristic of this entity. Latent nystagmus is 
also maximal in intensity when the uncovered eye is abducted 
and decreases when the eye is placed in adduction. These 
patients may fail routine eye tests because of the oscillopsia 
induced by the nystagmus during monocular testing. 
However, with both eyes open these patients may have 
much better vision. In the presence of latent nystagmus, 
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 
patients with periventricular leukomalacia (PVL) seem more 
prone to developing latent nystagmus. Associated ophthal-
mologic abnormalities may include (1) congenital esotropia, 

Video 17.3
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Figure	17–6. 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 towards the uncovered eye.
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Some adult patients with severe monocular visual loss 
can develop a similar slow (1–5 Hz) vertical pendular nys-
tagmus in the affected eye, but this is much less common in 
this age group. Although the waveform is classically vertical, 
we have seen horizontal and elliptical oscillations in this 
situation. Again, we would recommend neuroimaging in 
such patients.

One report suggested that the vertical oscillations of the 
Heimann–Bielschowsky phenomenon can be reduced by 
gabapentin.57

Most of the nystagmus types described below that occur 
at any age (Table 17–1) are acquired forms of nystagmus. 
The one exception is physiologic endgaze nystagmus. The 
acquired types of nystagmus are usually best classified on the 
basis of waveform, either jerk or pendular, and this section 
will incorporate this distinction.58 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 or central vestibular pathway. Conditions that 
involve the labyrinth, the vestibular nerve and its root entry 
zone may produce peripheral vestibular nystagmus. Unilat-
eral peripheral vestibular lesions are quite common and 
usually produce a horizontal rotary nystagmus with a linear 
slow phase. The horizontal direction of vestibular nystagmus 
does not change with gaze position. Alexander’s law describes 
the observation that the amplitude of the nystagmus usually 
increases when the eyes are moved in the direction of their 
fast phase.59 In a peripheral vestibular lesion, the fast phase 
of the nystagmus is usually directed away from the side of a 
destructive lesion. One can remember this by recalling that 
cold water in the ear, which causes ipsilateral 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. 
Patients with peripheral vestibular lesions typically fall 
toward the side of their lesion or opposite the direction of 
their nystagmus.

In most instances, the various peripheral vestibular lesions 
described below are usually distinguished by the duration of 
the vertigo, the eye movement examination, and the accom-
panying signs on physical examination.

Labyrinthitis causes vertigo associated with hearing loss that 
lasts for days. The vertigo may recur weeks or months later.

Vestibular neuronitis is a similar condition but without the 
hearing loss. Both vestibular neuronitis and labyrinthitis 
may be caused by a variety of viruses, including Epstein–
Barr, mumps, measles, and herpes. Treatment usually con-
sists of corticosteroids.60

Ménière syndrome is characterized by attacks of vertigo that 
last hours. Patients often describe a fullness in their ear, tin-
nitus, and hearing loss. This disorder usually begins between 
the ages of 30 and 50 and may lead to progressive hearing 
loss. Patients who have a severe attack may suddenly fall to 
the ground. This event occurs without loss of consciousness 
and is known as Tumarkin’s crisis.

resolves clinically by 5 years. Spasmus nutans shows a pen-
dular waveform of low amplitude and high frequency (up 
to 15 Hz).36 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.37 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  
nystagmus with parasellar and hypothalamic tumors38–42 
and retinal disorders. The nystagmus and head movements 
may be indistinguishable from idiopathic spasmus nutans, 
despite eye and head movement recordings.43 The most 
common associated neoplasm is an optic pathway glioma. 
Patients who harbor tumors usually have other signs of affer-
ent pathway dysfunction such as acuity loss, field defects or 
optic disc atrophy, or endocrinologic abnormalities includ-
ing poor feeding or diencephalic syndrome (see Chapter 7). 
Spasmus nutans-like nystagmus and head movements have 
also been described in association with retinal diseases such 
as congenital stationary night blindness,44,45 rod-cone or rod 
dystrophy,46,47 or those associated with Bardet–Biedl syn-
drome48 and spinocerebellar degenerations.49 For 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 Afro-American or Hispanic 
ethnicity.50

Evaluation and treatment. Patients with findings suggest-
ing spasmus nutans should have a brain MRI to exclude a 
mass lesion. Some authors have suggested a more conserva-
tive approach,51 but we believe that 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 to should be consid-
ered when subnormal vision, an abnormal fundus exam, 
paradoxic pupillary reaction, severe myopia, or photopho-
bia suggest a retinal disorder.

Idiopathic spasmus nutans requires no specific treatment 
as the disorder usually spontaneously remits. However, 
careful follow-up by a pediatric ophthalmologist is manda-
tory as many children with idiopathic spasmus nutans will 
have amblyopia or strabismus in the eye with the nystagmus 
of greater amplitude.52 Refractive errors are also common. In 
some patients, subclinical nystagmus may persist up to the 
age of 12.35

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.53,54 It 
may appear years after visual loss and can resolve if vision is 
restored in the affected eye. Monocular pendular nystagmus 
has been reported as result of visual loss associated with a 
chiasmal glioma.55 Therefore, acquired monocular pendular 
nystagmus in childhood should be evaluated with an MRI. 
Patients with the Heimann–Bielschowsky phenomenon 
usually have underlying optic nerve disease or amblyopia.56

Video 17.5
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the patient with acute vertigo and nystagmus. This may be 
best accomplished by recording the findings after placing the 
patient in the Dix–Hallpike or the head-hanging position 
(Table 17–2) (Fig. 17–5A,B).

Central causes. Occasionally, CNS vestibular dysfunction 
due to a brain stem lesion, for instance, will mimic the find-
ings observed with peripheral vestibular disease.72 Features 
that strongly suggest a central cause include (1) pure tor-
sional nystagmus, particularly when fixation is removed, (2) 
asymmetric nystagmus between the two eyes, (3) vertical 
nystagmus in the primary position, and (4) nystagmus that 
changes direction in different gaze positions.

Evaluation. When the diagnosis of vestibular disease 
remains poorly localized or defined, brain MRI, specialized 
recordings of eye movements (EOG, electro-oculography; or 
ENG, electronystagmography), with and without provoca-
tive maneuvers such as rotation and cold caloric irrigation, 
and audiograms to test hearing may be helpful.73

Treatment. If the cause of the vestibular nystagmus is BPV, 
a variety of therapeutic positioning techniques may be effec-
tive.74,75 The Dix–Hallpike maneuver may be extended in the 
Epley maneuver (Figs 17–5A–F).76–78 Alternatively, in the 
Semont maneuver, the patient moves from lying down on one 
side to lying down on the other. The Epley and the Semont 
maneuvers have a high degree of success, approximately 
80%.76,79 Treatment of the geotropic and apogeotropic forms 
of horizontal canal BPV involves rotating the patient 270 
degrees in rapid steps of 90 degrees in the so-called barbecue 
roll (Fig. 17–7, Table 17–4).80

Patients who have cupulolithisis (debris attached to the 
cupula) rather than canalolithisis (debris free floating) may 
be refractory to the Epley maneuver. Furthermore, if the 
torsional component reverses direction (beats toward the 
healthy ear) during the second phase of the Epley maneuver, 
the treatment is also unlikely to be successful.81 Patients with 
BPV who are refractory to the maneuver or have a recurrence 
may respond to self-treatment by doing the Epley maneuver 
at home.82,83

If the patient does not have BPV, then treatment depends 
on whether the patient suffers from acute or chronic 
vertigo. In patients with acute vertigo, it is reasonable to 
prescribe a vestibular suppressant such as diazepam for 
several days. Thereafter, vestibular adaptation exercises are 
prescribed for patients with chronic vertigo. Vestibular 
rehabilitation is the mainstay of therapy for those patients 
with chronic vertigo. Chronic use of vestibular suppressants 
is strongly discouraged, as they may delay adaptation and 
recovery.

Physiologic gaze-evoked nystagmus
Most normal individuals will have jerk nystagmus that 
fatigues with prolonged lateral gaze of about 30 degrees 
(Table 17–5). In extreme lateral gaze of 40 degrees, some 
normal patients will develop sustained physiologic nystag-
mus.84 However, the amplitude of this nystagmus is usually 
less than 3 degrees, and it is symmetric in right and left  
gaze. Occasionally, physiologic nystagmus may be asym-
metric between the two eyes. In this situation, it may be 
confused with the dissociated nystagmus that accompanies 
internuclear ophthalmoparesis.

Video 17.6

Tullio phenomenon. In this condition, sounds such as a 
ringing telephone induce peripheral vestibular nystagmus 
or an ocular tilt reaction.61 This phenomenon usually occurs 
in the setting of a superior semicircular canal dehiscence, 
perilymph fistula, or stapes footplate injury. These patients 
may also have vertigo and nystagmus that accompanies 
elevations in middle ear pressure (Hennebert sign) or intrac-
ranial pressure,61 the latter by Valsalva maneuver for 
instance. Torsional nystagmus synchronous with their  
pulse can also occur.62 CT scanning with 3D bone recon-
structions of the semicircular canals may demonstrate the 
bony defect, a communication between the canal and 
intracranial space.

Migraine is another common cause of vertigo, but it 
remains under-recognized63,64 (see Chapter 19 for additional 
discussion). The vertigo is typically episodic and can last 
minutes, hours, or days. During an attack of vertigo, many 
patients will have pathologic nystagmus, either spontaneous 
or positional or both, indicating both central and peripheral 
vestibular dysfunction.65 In almost all cases, the nystagmus 
resolves between attacks. Attacks of migraine-related vertigo 
may be difficult to distinguish from those of vestibular par-
oxysmia, in which the events last just seconds to minutes.66

Benign positional vertigo (BPV) produces symptoms with 
changes in body position. This vertigo is short lived and 
usually lasts no more that 30–60 seconds.67 It is very common 
for patients to experience this type of vertigo when they first 
lie down to go to bed or arise in the morning.

In BPV the nystagmus becomes mainly vertical when 
looking away from the affected ear and more rotatory when 
looking toward the involved ear. The pathophysiology of 
BPV is best explained by the canalolithiasis theory, which 
suggests that canal debris gravitates toward the cupula of the 
posterior semicircular canal to stimulate it.67,68 Typically, 
benign positional vertigo is caused by calcium carbonate 
crystals (otoconia) that stimulate the hair cells of the affected 
semicircular canal. Since the posterior semicircular canal is 
the most inferior of the three semicircular canals, it is the 
most commonly affected. For instance, stimulation of the 
right posterior semicircular canal produces contraction of 
the right superior oblique and left inferior rectus muscles. 
This produces a slow downward phase of both eyes with  
a corrective upward phase. The fast corrective phase has a 
torsional component beating toward the stimulated or 
dependent ear.

The next most common variant of BPV involves dysfunc-
tion of the horizontal canal.69,70 In these patients rotation to 
the affected ear produces an intense horizontal nystagmus 
beating toward the lower ear (geotropic, or gravity depend-
ent). Some patients with both horizontal canals involved 
experience direction-changing nystagmus, depending upon 
which ear is lower. In another horizontal canal involved 
subtype, the nystagmus will beat toward the higher ear  
(apogeotropic, or away from gravity).

Least commonly, patients can experience anterior semicir-
cular canal paroxysmal positional vertigo. These patients 
have a downbeat nystagmus with a torsional component 
toward the affected ear.71

It is important to distinguish peripheral causes of posi-
tional vertigo from those of central nervous system origin in 



596

PART	3 Efferent neuro-ophthalmic disorders
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Figure	17–7. One method of treatment of the geotropic form of horizontal canal-benign positional vertigo.80 In this example the right is the affected ear 
(AE). In contrast to the Dix–Hallpike and Epley maneuvers illustrated in Fig. 17–5, the patient starts in a supine position in this maneuver. The head positions 
should be held for 30 and 60 seconds. A. To start, the patient lies on his or her back with the head straight up. B. The patient turns the head towards the 
unaffected 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.

Pathologic gaze-evoked nystagmus
Defects in the neural integrator produce pathologic gaze-
evoked nystagmus, which should be considered a gaze-hold-
ing nystagmus (Table 17–5). 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 oculomotor neurons to overcome 
the elastic forces that drive the eyes back toward the primary 

Video 17.7

position. For horizontal eye movements, the medial vestibu-
lar nucleus, the nucleus prepositus hypoglossi, and cerebel-
lar flocculus serve as the neural integrator. The interstitial 
nucleus of Cajal and paramedian tracts are the neural inte-
grator for vertical eye movements. Gaze-evoked jerk nystag-
mus is 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.84
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Table	17–4 Diagnosis and treatment of benign positional vertigo

Affected	canal Type	of	nystagmus Treatment

Right posterior canal Upbeat, torsional to right shoulder Epley maneuver, right ear down first

Right anterior canal Downbeat, torsional to right shoulder Epley maneuver, right ear down first

Right horizontal canal Right-beating nystagmus with right ear 
down (geotropic), may have less intense 
left-beating nystagmus with left ear down

BBQ roll (90 degree rotations with 
left ear down first)

Right horizontal canal Horizontal nystagmus beats toward 
uppermost ear (apogeotropic), nystagmus 
intensity greatest with left ear down*

1. Patient brought down toward 
right ear for 2 minutes, then:

2. Head rotated 45 degrees upward 
for 2 minutes, then:

3. BBQ roll (90-degree rotations 
toward left ear first)264

BBQ, barbecue roll; see Fig. 17–7.
*In the apogeotropic form the nystagmus will beat towards the uppermost ear regardless of which ear is down. In this form, the particles lie in the anterior portion of 

the horizontal canal. When the affected right ear is down, there is an inhibitory effect on the right horizontal canal. This leads to relative stimulation of the left 
vestibular nerve. Thus, the eyes are driven slowly to the right (down toward the floor) with a corrective phase to left (up to toward the unaffected ear or toward the 
ceiling). When the patient is placed with the left ear down, the right horizontal canal is stimulated. This will drive the eyes slowly toward the floor and a corrective 
phase toward the ceiling. The intensity of the nystagmus is always greater with an excitatory stimulus than an inhibitory stimulus. Thus, the nystagmus is greatest 
with the left ear down. However, the nystagmus will always be toward the uppermost ear in the apogeotropic form.

Table	17–5 Most common types of nystagmus in endgaze

Nystagmus	features Physiologic	gaze	evoked Pathologic	gaze	evoked Peripheral	vestibular

Waveform Horizontal usually, sometimes 
torsional

Horizontal and/or vertical Horizontal rotary

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

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, gaze-
evoked nystagmus usually signifies a toxic metabolic 
process. For instance, this pattern is seen in patients  
taking benzodiazepines, barbituates, or anticonvulsants 
(phenytoin and carbemazepine, for example, see drug-
induced nystagmus, below).85 When gaze-evoked nystag-
mus is asymmetric or present in only one direction, a 
structural lesion is suggested (i.e., stroke, demyelinating 
disease). Unilateral gaze-evoked nystagmus may indicate 
ipsilateral cerebellar or brainstem disease. Gaze-evoked  
nystagmus may also be observed contralateral to peri-
pheral vestibular pathway damage. Gaze-evoked upbeat 
nystagmus commonly accompanies bilateral internuclear 
ophthalmoparesis.

A special form of gaze-evoked nystagmus known as Brun’s 
nystagmus may be seen with cerebellopontine angle lesions.86 
Pathologic horizontal gaze-evoked nystagmus is typically 
observed when the patient gazes toward the side of the 
lesion and is probably produced by impaired connections 
from the cerebellar flocculus. 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 internu-
clear 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 
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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 hypomet-
ric saccades of the weak medial rectus muscle.87 Demyelina-
tion and brain stem stroke, resulting in disruption of the 
ipsilateral medial longitudinal fasciculus (MLF), are the 
most common causes of an INO. A pseudo-INO may be seen 
with myasthenia gravis and the Miller Fisher variant of GBS.

As will be discussed below, dissociated nystagmus  
may also be observed with the pendular nystagmus that 
occasionally complicates brain stem infarction and multiple 
sclerosis.

Rebound nystagmus
In this pathologic nystagmus, after the patient gazes eccentri-
cally to the side for 10 seconds, then is asked to look straight 
ahead quickly, in primary gaze the eyes beat repeatedly in 
the direction of refixation. This finding usually indicates 
cerebellar pathway disease, and is usually accompanied by 
pathologic endgaze nystagmus. Rebound nystagmus usually 
beats away from the lesion. 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 right gaze.88 Rebound nystagmus may represent the 
consequences of the brain trying to compensate for the cen-
tripetal drift of pathologic endgaze nystagmus.

Periodic alternating nystagmus (PAN)
This rare type of nystagmus can be either acquired or con-
genital (as described above).12 It typically changes direction 
approximately every 90 seconds with a rest period of 5–10 
seconds. The hallmark of periodic alternating nystagmus is 
a shifting null point. PAN is sometimes seen with downbeat 
nystagmus, may remain horizontal even in vertical gaze, and 
may persist in sleep. PAN may be associated with a skew 
deviation similar to that seen with downbeat nystagmus. 
Even periodic skew deviation has been observed with PAN.89 
As an adaptive phenomenon, the patient may demonstrate 
alternating head turning and gaze deviation.90

Acquired PAN usually indicates a lesion of the cervicomed-
ullary junction, particularly of the cerebellar nodulus or 
uvula.91 Two reports documenting PAN in patients with iso-
lated lesions of the cerebellar nodulus support this notion.92,93 
One was due to surgical resection of a tumor and the other a 
stroke.92,93 PAN may also occur in multiple sclerosis,94 
trauma,95 enlarged cisterna magna with Ménière’s,96 anticon-
vulsant use, Chiari I malformation, lithium therapy,97 vision 
loss,98 and cerebellar and spinocerebellar degenerations.

PAN presumably results from instability of the vestibular 
networks and a prolonged vestibular response with periodic 
cycles created by a normal vestibular repair mechanism.93 
Simply put, PAN may represent a state of vestibular over-
activity related to the loss of cerebellar inhibition.

Baclofen, a GABA-B agonist, may ameliorate the acquired 
form of PAN (Table 17–6).99,100 For patients with congenital 
PAN, surgical therapy may be appropriate.13 Large horizontal 
recti resections have been effective.12,95 One patient with 
PAN and visual loss related to vitreous hemorrhage had reso-
lution of the nystagmus after vitrectomy.98 Presumably this 
improvement was related to enhanced visual fixation.

Video 17.8

Downbeat nystagmus
Downbeat nystagmus, a jerk nystagmus with an upward 
slow phase and downward fast phase, is often accentuated 
and therefore best seen in lateral gaze. Patients with down-
beat nystagmus usually demonstrate downward pursuit 
abnormalities and an alternating hypertropia in lateral 
gaze.101 With the latter, there will be a pattern that suggests 
bilateral inferior rectus skew deviation.

This type of nystagmus usually signifies a lesion of the 
cervicomedullary junction or cerebellar flocculus (Table 
17–7). Common identifiable causes are Chiari type I mal-
formations (Fig. 17–8), foramen magnum mass lesions, 

Video 17.9

Table	17–6 Pharmacologic treatment of nystagmus and 
nystagmoid eye movements

Nystagmus	type Effective	medications

Periodic alternating 
nystagmus

Baclofen

Downbeat 3,4-diaminopyridine,  
4-aminopyridine, clonazepam

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

Ceftriaxone

Congenital nystagmus Gabapentin, memantine

ACTH, adrenocorticotropic hormone; IVIG, intravenous immunoglobulin.

Figure	17–8. Chiari malformation type I. Sagittal T1-weighted MRI scan in a 
patient with downbeat nystagmus due to low-lying cerebellar tonsils 
(arrow).
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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 eyes by activating the contralateral superior rectus (SR) and inferior oblique nuclei. M and LVN, medial and lateral vestibular nuclei;  
MLF, medial longitudinal fasciculus. (Figure courtesy of Lawrence Gray, O.D.)

platybasia, and spinocerebellar degenerations.102 Occasion-
ally, downbeat nystagmus will be observed with midbrain 
lesions. Other causes to consider include hypomag-
nesemia,103,104 thiamine or B12 deficiency, West Nile virus 
encephalomyelitis,105 and phenytoin, carbamazepine, 
alcohol, lithium, and opiate toxicity.106–110 Downbeat nystag-
mus has been reported in patients with antibodies to 
glutamic acid decarboxylase associated with stiff person syn-
drome and cerebellar dysfunction.111,112 Congenital down-
beat nystagmus has also been reported, and these patients 
may experience a spontaneous remission.113

In 30–40% of cases of acquired downbeat nystagmus, no 
cause is found despite standard anatomic MRI of the cervi-
comedullary junction region.114 However, when more 
sophisticated neuroimaging techniques such as voxel-based 
morphometry are used,115 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 brain stem during downward eye movements.115 This 
observation suggests that some patients with idiopathic 
downbeat nystagmus may have a primary degenerative dis-
order involving the cerebellum.

The final common mechanism for downbeat nystagmus 
appears to be an imbalance of the vertical semicircular canal 
pathways favoring the anterior canal (Fig. 17–9).1 Unop-
posed input from the anterior semicircular canal will drive 

the eyes slowly upward. For instance, lesions of the cerebel-
lar flocculus damage inhibitory projections to the anterior 
semicircular canal pathways.116 In addition, lesions involv-
ing the dorsal medulla may selectively damage crossing 
information from the posterior semicircular canals or injure 
the gaze holding pathways traveling in the brain stem. Other 
proposed mechanisms of downbeat nystagmus include 
defects in the vertical smooth pursuit or neural integrator 
pathways or an imbalance in the otolith system.117,118

Treatment. Recent studies have suggested that the potas-
sium channel blockers 3,4-diaminopyridine and 4- 
aminopyridine may suppress downbeat nystagmus.119–122 
Both of these drugs increase the firing rate of the Purkinje 
cells and thus may restore the inhibitory influence of  
the cerebellar cortex upon the anterior semicircular canals. 
4-Aminopyridine may preferred over 3,4-diaminopyridine 
since the former crosses the blood–brain barrier more 
readily. Other drugs that may reduce downbeat nystagmus 
include clonazepam, gabapentin, baclofen, and intravenous 
scopolamine.123–125 Since 3,4-diaminopyridine and 4-
aminopyridine are not approved by the Food and Drug 
Administration (FDA) for nystagmus, clonazepam is  
often the first drug tried in the treatment of downbeat 
nystagmus.126

A small number of patients respond to prism therapy 
either to induce convergence or to deflect the perceived 
image upward.1,127 The latter technique keeps the eyes out of 
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Table	17–7 Localizing value of nystagmus patterns and 
nystagmoid eye movements

Type Localization

Downbeat Cervicomedullary junction, 
cerebellar flocculus

Periodic alternating Cervicomedullary junction, 
cerebellar nodulus

Upbeat Cerebellum, medulla, 
midbrain

Convergence retraction Dorsal midbrain

See-saw Parasellar, midbrain

Oculopalatal tremor (myoclonus) Central tegmental tract

Oculomasticatory myorhythmia Whipple’s disease

Rebound Cerebellum

Spasmus nutans Exclude chiasmal glioma 
and craniopharyngioma

Brun’s nystagmus* Cerebellopontine angle

*Refers to ipsilateral gaze-evoked nystagmus and contralateral high-frequency, 
low-amplitude nystagmus of vestibular origin.

Multiple sclerosis, infarction, cerebellar degeneration, 
and tumors are among the most common causes of upbeat 
nystagmus. Tobacco smoking has also been observed to 
produce upbeat nystagmus and horizontal square wave 
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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. M and LVN, medial and lateral vestibular nuclei;  
MLF, medial longitudinal fasciculus. (Figure courtesy of Lawrence Gray, O.D.)

downgaze, where downbeat nystagmus is usually maximal. 
Surgical decompression of a Chiari I malformation should 
be considered in selected patients with symptomatic down-
beat nystagmus or progressive neurologic deficits.

Upbeat nystagmus
Upbeat nystagmus, which can be caused by lesions in the 
cerebellum, medulla, and midbrain, does not localize as 
exquisitely as downbeat nystagmus (Table 17–7). However, 
Daroff and Troost128 have divided upbeat nystagmus into 
two types, each with characteristics providing some localiz-
ing value: (1) a coarse, large-amplitude nystagmus that 
increases in upgaze and that usually signifies a lesion in 
anterior vermis of the cerebellum; and (2) a small-amplitude 
(1–2 degrees) upbeat nystagmus in the primary position, 
which is usually caused by a medullary lesion. Upbeat nys-
tagmus which become oblique in prolonged upgaze or 
which increases in downgaze also signifies a medullary 
process. Intercalatus nuclei,129 medial,130–133 and dorsal para-
medial134,135 lesions in the medulla may be responsible for 
upbeat nystagmus.

Upbeat nystagmus may also result from damage to con-
nections from the anterior semicircular canal crossing in the 
ventral medulla and traveling through the brachium con-
junctivum, thereby favoring pathways from the posterior 
semicircular canal (Fig. 17–10).116,136–138 Finally, upbeat nys-
tagmus may also occur with lesions of the midbrain and 
pons and commonly accompanies bilateral internuclear 
ophthalmoplegia (see Chapter 15).

Video 17.10
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jerks.139 Presumably, nicotine acts as a CNS excitatory 
neurotransmitter in this situation,140 perhaps inducing an 
imbalance in the vestibulo-ocular reflex.139 Transient upbeat 
nystagmus may be observed in healthy infants in the first 
few months of life. Treatment of upbeat nystagmus is similar 
to downbeat nystagmus and can include 4-aminopyridine, 
3,4-diaminopyridine, or clonazepam.126,141

Pure torsional nystagmus
Nystagmus that is purely torsional is uncommon but 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. In midbrain lesions that involve the inter-
sititial nucleus of Cajal, but spare the rostral interstitial 
nucleus of the medial longitudinal fasciculus (riMLF), 
patients will demonstrate a torsional nystagmus that beats 
toward the ipsilateral shoulder.142

Pendular nystagmus/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 nys-
tagmus may also be dissociated, and this tends to occur 
when one eye has impaired visual function. One MRI study 
suggested that dysconjugate pendular nystagmus can also be 
produced by asymmetric brain stem damage.143

Acquired pendular nystagmus in adults is most often 
caused by multiple sclerosis and brain stem infarctions.  
It may be observed in patients with oculopalatal tremor 
(myoclonus) and as diagnostic feature of Whipple’s disease 
(see below). 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.

One explanation for the acquired pendular nystagmus 
seen in multiple sclerosis is an unstable neural integrator.144 
In one series of 37 patients with pendular nystagmus  
associated with multiple sclerosis, all patients had associated 
cerebellar dysfunction and optic neuropathy.145 The most 
consistent lesion on MRI involved the dorsal pontine  
region. Patients with dissociated nystagmus often had the 
greatest nystagmus on the side with the more severe optic 
neuropathy.

Oculopalatal tremor (myoclonus). When pendular nystag-
mus occurs in combination with palatal tremor, the term 
oculopalatal tremor is used. There may also be rhythmic move-
ments of the facial muscles, larynx, and diaphragm. The 
ocular oscillations are usually vertical or elliptical and may 
be dissociated. Oculopalatal tremor typically beats at a rate 
of 1–3 Hz. This nystagmus usually persists during sleep and 
exhibits a slower and more irregular waveform when com-
pared to the pendular nystagmus of multiple sclerosis.1 
Ocular bobbing, gaze palsies, and internuclear ophthalmo-
plegia are other common motility findings associated with 
this nystagmus.

Video 17.6
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Oculopalatal tremor often follows the neurologic injury 
by several months. However, infrequently the pendular nys-
tagmus may be apparent within 24 hours, and in rare cases 
there may be spontaneous remission.146 Brain stem infarc-
tion and hemorrhage are common causes, but this nystag-
mus may be produced by any lesion that produces focal 
brain stem or cerebellar damage. The pathologic hallmark is 
olivary hypertrophy. Classically, interruption 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, a pathway that 
connects the red nucleus and deep cerebellar nuclei projec-
tions to the inferior olive. Since the parapontine reticular 
formation lies near the central tegmental tract, oculopalatal 
myoclonus may subsequently develop in those patients who 
have a horizontal one-and-a-half syndrome (Fig. 17–11).147 
One proposed mechanism for the pendular nystagmus asso-
ciated with oculopalatal tremor is the instability of the verti-
cal neural integrator caused by injury to the descending 
paramedian tracts projecting to the dorsal part of the inferior 
olive.146 Deafferentation of the olive may lead to synchro-
nized firing of its neurons.1 On the other hand metabolic 
studies have demonstrated increased activity of the inferior 
cerebellar vermis.148 Valproic acid, gabapentin, and clon-
azepam may lessen the nystagmus.149

Rarely, oculopalatal tremor may also occur in the  
absence of an identifiable acute brain stem event.150 These 
spontaneous cases may also be associated with progressive 
ataxia.151–153

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’s disease (see Chapter 
16).154,155 This nystagmus almost always occurs in associa-
tion with a supranuclear ophthalmoparesis.

Other types. Pendular convergent divergent nystagmus at 
higher frequencies may be seen in patients with multiple 
sclerosis and brain stem stroke.156 Elliptical pendular nys-
tagmus together with upbeat nystagmus may also occur in 
Pelizaeus–Merzbacher disease,157 a rare X-linked recessive 
neurodegenerative condition in young children caused  
by a deficiency in the proteolipid apoprotein PLP.158 
The disease primarily affects the CNS white matter, and 
pendular nystagmus accompanied by vision loss and  
optic atrophy may be the initial manifestations. Other 
childhood white matter disorders with a similar presenta-
tion include adrenoleukodystrophy (see Chapter 8) and 
Cockayne syndrome.159

Joubert syndrome. Pendular torsional, see-saw, and gaze-
evoked nystagmus may be prominent features of Joubert 
syndrome.160 This congenital, structural disorder is character-
ized by the symptom complex of developmental delay, 
hypotonia, truncal ataxia, episodic hypernea, and apnea in 
infancy,161 and eye movement abnormalities such as nystag-
mus, impaired smooth pursuit and saccades, ocular motor 
apraxia, an inability to cancel the vestibulo-ocular reflex, and 
strabismus.162,163 Other neuro-ophthalmic abnormalities 
include retinal dystrophy, chorioretinal coloboma,164 

Video 17.13
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A

B

Figure	17–11. A. MRI scan 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 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). VI, sixth nerve; VII, seventh nerve; CT, central tegmental tract; CS, 
corticospinal tract; VN, vestibular nuclei; ML, medial lemniscus; MLF, medial 
longitudinal fasciculus; PPRF, parapontine reticular formation; STT (V), spinal 
trigeminal tract of the fifth nerve; STN (V), spinal trigeminal nucleus of the 
fifth nerve. Note the proximity of the central tegmental tract (CT) to the 
(PPRF).

ptosis,165 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 thickened cerebellar peduncles 
seen radiographically (Fig. 17–12). In addition to the vermis 
abnormalities, neuropathologically multiple brain stem 
areas are also involved.166 Mutations in the NPHP1, AHI1, 
and CEP290 genes have been found in some patients with 
Joubert syndrome, suggesting a disorder of the primary 
cilium.167,168

Treatment. No medicine or device can provide consistent, 
complete relief from pendular nystagmus.126,169 However, 
some alleviation of oscillopsia and improvement in vision 
can occur with either gabapentin or memantine.126,170–173 
Both drugs are well tolerated and have proven to be effective 
in small studies. The other drugs to treat pendular nystagmus 
include anticholinergics, baclofen, valproic acid, clon-
azepam, carbamazepine, and scopolomine.174 In one report, 
cannabis suppressed pendular nystagmus in a patient with 
multiple sclerosis.175

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.1,22,170 
More invasive procedures may include strabismus surgery 
and botulinum toxin injections. Supramaximal vertical 
rectus muscle recessions can sufficiently limit the eye move-

ment 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 reduc-
ing associated head turn. Injecting botulinum toxin into the 
extraocular muscles or retrobulbar space may help a small 
number of patients disabled by oscillopsia but it is limited 
by the ptosis and double vision it produces. Typically, 
patients will have to patch the worse-seeing eye for 
comfort.32,176 The need for repetitive injections is another 
detracting factor. Combined pharmacologic and surgical 
approaches may be used as well.177

Convergence retraction nystagmus (saccades)
This is a sign of pretectal dysfunction 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.178 
Retraction results from cofiring of horizontally and verti-
cally acting extraocular muscles. Convergence retraction 
saccades are elicited by having the patient look upward 
or by moving an OKN tape downward. Accompanying 
neurologic signs are usually present, including upgaze 
palsy, pupillary light-near dissociation, and eyelid retrac-
tion (see discussion on the Parinaud or pretectal syndrome 
in Chapter 16).

Video 17.14
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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 component, 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.181 It typically occurs from a unilateral 
mesodiencephalic lesion involving the interstitial nucleus 
of Cajal. The torsional nystagmus seen in midbrain lesions 
may beat either to the ipsilateral or contralateral shoul-
der.142 Lesions affecting the interstitial nucleus of Cajal, 
but sparing the riMLF, produce a torsional nystagmus that 
beats towards the ipsilateral shoulder. For example, injury 
to the left interstitial nucleus of Cajal will result in a left 
hypertropia and counter-roll of the eyes toward the right 
shoulder. Then, if the left riMLF is intact, the eyes will  
show a corrective torsional movement towards the left 
shoulder. If the riMLF is involved, the nystagmus may beat 
contralesionally.182

Pendular see-saw nystagmus is usually caused by a sellar 
mass lesion (e.g., pituitary tumor, craniopharyngioma) (Fig. 
17–14). It may abolished by removal of the offending mass. 
In addition, patients with visual loss alone may also have 
see-saw nystagmus,183 and it may also be observed in patients 
with achiasma. The relationship between see-saw nystagmus 
and chiasmal visual loss is also discussed in Chapter 7. 
Joubert syndrome (see above) is also a well-recognized cause 
of this eye movement disorder.160 Baclofen and clonazepam 
may help lessen see-saw nystagmus.123,127

Thyroid-associated ophthalmopathy may also produce 
eyelid retraction, and decreased upgaze. In rare instances, the 
globes may also retract, mimicking convergence retraction 
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 17–7), 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).179,180 To complete the see-saw cycle, the eye that was 
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Figure	17–12. Joubert syndrome. Axial MRI scans 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).

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.
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Figure	17–14. See-saw nystagmus. Gadolinium-enhanced T1-weighted 
sagittal MRI scan in a patient with see-saw nystagmus due to biopsy-proven 
granulomatous inflammation of the hypothalamus and chiasm (arrow), 
presumed to be sarcoidosis.

Voluntary nystagmus
Voluntary nystagmus is usually produced by individuals for 
amusement or by patients seeking secondary gain.184 
However, this nystagmus may also be seen in families.185 A 
survey of a college age population revealed that 8% of stu-
dents could produce voluntary nystagmus.186 Most patients 
complain of decreased vision and oscillopsia. The nystag-
mus is recognized as a high-frequency, low-amplitude pen-
dular 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.187 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 main-
tain the eye movements. The voluntary oscillations can be 
interrupted by having the patient pursue a target. Also, vol-
untary nystagmus disappears when the patient is distracted 
since significant concentration is required to generate it. By 
definition it can be “produced” by the patient, unlike all 
other nystagmoid movements which are involuntary.

Convergence-evoked nystagmus
Convergence usually dampens nystagmus. However, in  
rare instances it may precipitate it. Both congenital and 
acquired nystagmus may be enhanced by convergence.188 
The congenital form may have conjugate oscillations,  
while the acquired form has disjunctive eye movements. 
Occasionally, upbeat nystagmus changes to downbeat  
with convergence. The pendular convergent nystagmus of 
Whipple’s disease may be increased by convergence, and  
an acquired convergence-evoked pendular nystagmus in 
multiple sclerosis has been described.189

Lid nystagmus
The lids normally beat upward in patients with upbeat nys-
tagmus. However, in some patients the amplitude of the lid 
movements is greater than that of the eye movements. Con-
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vergence may also precipitate lid nystagmus.190 In general lid 
nystagmus has poor localizing value.84 However, lid nystag-
mus initiated by lateral gaze has been associated with lateral 
medullary lesions.191

Epileptic nystagmus
Nystagmus may be induced by epileptic activity. Occasion-
ally, nystagmus may be the only manifestation of a seizure, 
particularly in intensive care unit patients in whom noncon-
vulsive status epilepticus may be a concern. In most cases, 
the jerk horizontal nystagmus is directed away from the 
seizure focus.192 There is a tendency for the epileptic focus 
to be located in the temporoparietal–occipital junction.  
The discharge frequency tends to be high, with a rate of 
approximately 10 per second. Rare types of ictal nystagmus 
are vertical, ipsilateral to the seizure focus, monocular,193 
and periodic alternating.194 Clinicians should also be wary 
of voluntary nystagmus in patients with nonepileptic 
seizures.184

Drug- and alcohol-induced nystagmus
Drug-induced nystagmus is one of the most common forms 
of nystagmus. A variety of medications may produce nystag-
mus in the therapeutic range, including anticonvulsants, 
sedatives, barbiturates, and the phenothiazines.85 Typically 
the nystagmus is present in horizontal endgaze and  
upgaze, but not downgaze. The nystagmus is symmetrical 
and usually does not fatigue. Rarely, drug-induced nystag-
mus is present in downgaze. In contrast, some medications, 
such as carbamazepine, phenytoin, and lithium, may 
produce a pure downbeat nystagmus.

Acute alcohol intoxication may produce a horizontal 
endgaze nystagmus known as positional alcohol nystagmus. 
Peripheral vestibular dysfunction resulting from the  
alcohol entering the cupula, rendering it lighter than the 
endolymph, is the purported “buoyancy” mechanism.195 
However, we cannot advocate the presence of nystagmus 
alone as a method to assess intoxication.196 Clearly, the 
presence of physiologic nystagmus, congenital nystagmus, 
and the effects of other medications may fool the unwary 
observer.

Optokinetic nystagmus
When rotation of the head is sustained for more than a few 
seconds, the optokinetic system becomes active to permit 
fixation on stationary objects. It is an involuntary reflex, but 
may be suppressed 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 (see Fig. 2–30). 
OKN is generated by pursuit of an object and a corrective 
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.197 The cerebral 
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. Ultimately these projections 
will reach the medial vestibular nucleus and from this area 
to the ocular motor nuclei.1
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pathologic square wave jerks include cerebellar disease, 
schizophrenia, Parkinson’s disease, and progressive supra-
nuclear palsy.

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. In saccadic hypometria, the eyes 
undershoot the target.

Macrosaccadic oscillations
These are horizontal saccades separated by 200-msec  
intervals that occur across the intended fixation point in  
a crescendo–decrescendo pattern (Fig. 17–16). They may 
have a large amplitude of 15–50 degrees.202 They are felt to 
be an extreme form of saccadic dysmetria, characterized by 
eyes constantly overshooting the target.1 Again, this a cere-
bellar eye sign that is most commonly observed in patients 
with multiple sclerosis.84

Opsoclonus and ocular flutter
Opsoclonus describes the dramatic occurrence of involun-
tary conjugate multidirectional saccades (saccadomania) 
that occur without an intersaccadic interval. The eye move-
ment abnormality is often associated with eye blinking, 
facial twitching, myoclonus, and ataxia (Kinsbourne’s 
“dancing eyes and dancing feet”). Ocular flutter, a related 
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OKN may be helpful as a diagnostic tool to evaluate (1) 
visual function in infants with congenital nystagmus (using 
a 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 in the direction of a parietal 
lesion); (4) residual vision in a patient who claims complete 
blindness (an intact OKN response suggests vision is at  
least count fingers); (5) a subtle adduction weakness seen in 
internuclear ophthalmoparesis; (6) convergence retraction 
nystagmus (the OKN tape is taken downward to elicit  
this pretectal sign); (7) smooth pursuit and saccades; and 
(8) oculovestibular function.

As a research tool, OKN responses have been used as an 
objective estimation of visual acuity in patients with poor 
vision.198,199 In addition, optokinetic nystagmus has been 
used as rehabilitative strategy in patients with right hemi-
anopia and reading difficulty (hemianopic alexia), by 
improving their reading saccades towards the right.200

Nystagmoid	eye	movements

The eye movements discussed in this section are not pure 
forms of nystagmus. They are usually saccades that interrupt 
fixation. Alternatively, the ocular oscillations in this group 
have a fast phase followed by a slow phase. Ocular bobbing 
is an example of this type of eye movement.

Saccadic intrusions
Neurons in the pons and midbrain help generate the sac-
cadic eye movements that allow the eyes to overcome the 
viscoelastic 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 intersti-
tial nucleus of the medial longitudinal fasciculus for vertical 
saccades (see Chapter 16). The burst neurons are kept silent 
by a group of neurons called pause cells that reside in the 
paramedian pontine region. When a saccade is made, the 
pause cells are turned off by an inhibiting input from  
supranuclear structures. Many of the saccadic disorders 
described below are thought to be caused by pause cell  
dysfunction. However, pathologic confirmation of this 
theory is lacking. Inappropriate 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).84 There are intersaccadic intervals of 
200 msec each to help distinguish this saccadic disorder 
from ocular flutter. If the amplitude is greater than 5 degrees, 
the term macrosquare wave jerk is used. Square wave jerks may 
be seen in normal adults and children,201 but more than 9 
per minute is considered abnormal. Common causes of 

Video 9.1

Video 17.17

Ey
e 

po
si

tio
n

Time

ISI

ISI

SS

Figure	17–15. Square wave jerks. Eye movement recording (x-axis, time, 
y-axis, horizontal eye position) demonstrating back-to-back horizontal 
saccades separated by a 200-msec interval. S, saccade, ISI, intersaccadic 
interval.
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Figure	17–16. Macrosaccadic oscillations. Eye movement recording 
(x-axis, time, y-axis, horizontal eye position) demonstrating a crescendo–
decrescendo pattern of saccades after the eyes attempt to return to fixation 
from eccentric gaze.



606

PART	3 Efferent neuro-ophthalmic disorders

specimens have also either been normal or have shown 
Purkinje cell and granular cell loss with gliosis.211

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. Neuroblastomas 
associated with a poor prognosis often demonstrate ampli-
fication of the N-myc proto-oncogene, a feature almost 
always absent in patients with opsoclonus.218 Furthermore, 
hyperdiploid neuroblastomas tend to have a lower-stage 
disease and longer survival than diploid tumors.218

Relapses and corticosteroid dependence are common in 
opsoclonus associated with neuroblastoma, and some chil-
dren have long-term neurologic deficits.219

Other forms of opsoclonus in childhood. These include a 
benign, self-limited opsoclonus in neonates,220,221 and 
opsoclonus associated with severe visual disturbances,222 
parainfectious cerebellitis, and encephalitis.204 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 cognition.219 
Therefore, in a complete workup of a child with opsoclonus, 
a head MRI and spinal fluid examination should be per-
formed in addition to the neuroblastoma screen suggested 
above. In atypical cases, an electroencephalogram (EEG) is 
frequently considered to determine if the abnormal eye 
movement is epileptic in origin, but the yield is very low 
without other seizure-like symptoms such as change in 
mental status.223

Opsoclonus in adults. In adults, most commonly opso-
clonus and ocular flutter may (1) be postinfectious, (2) be 
drug induced (e.g., amitriptyline, lithium, phenytoin, 
cocaine, organophosphates),204,224,225 (3) occur as a remote 
effect of cancer,226 or (4) result from encephalitis due to 
Lyme,227 West Nile virus,105,228,229 or other infections.230–232 
Associated tumors include small-cell lung (some cases with 
anti-Hu antibodies233), breast (with anti-Ri antibodies234), 
and gynecologic neoplasms.235 Stroke, trauma, central 
nervous system tumors, or hyperosmolar nonketotic coma 
are other associations. Opsoclonus may also occur from cer-
ebellar, brain stem,236 or diffuse cerebral injury.

Postinfectious opsoclonus usually slowly improves, but 
recovery of paraneoplastic opsoclonus is more variable and 
depends upon whether the underlying tumor can be 
treated.237–239 Both may be dampened by clonazepam, gabap-
entin, corticosteroids, or other immunosuppression such as 
gammaglobulin. Plasma exchange to remove immunoglob-
ins may be effective in treating paraneoplastic opsoclonus.240

The exact etiology of opsoclonus remains uncertain, but 
impaired inhibition by the omnipause neurons or instability 
of the burst neurons have been proposed mechanisms. One 
leading hypothesis is that opsoclonus results from disinhibi-
tion of the cerebellar fastigial nucleus.232,241

Other nystagmoid eye movements
Superior oblique myokymia
Superior oblique myokymia, or microtremor, is a high- 
frequency monocular oscillation produced by spontaneous 
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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 (Fig. 17–15), there are no intersaccadic intervals.

disorder, refers to back-to-back horizontal saccades without 
an intersaccadic interval (Fig. 17–17). There is no vertical 
component in ocular flutter. The lack of an interval between 
the saccades distinguishes ocular flutter from square wave 
jerks. Ocular flutter has the same localizing value and dif-
ferential diagnosis as opsoclonus. Reflecting saccadic dys-
function, ocular dysmetria is a common associated finding 
of both opsoclonus and ocular flutter. Saccadic oscillations 
very similar to ocular flutter and opsoclonus can rarely occur 
on a nonorganic basis.203

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. Conversely, only 2% with 
neuroblastoma have opsoclonus.204 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  
neck, chest, abdomen, and pelvis, and (3) metaiodobenyzyl-
guanidine (MIBG) whole-body scintigraphy if the MRI is 
unrevealing. The combination of MRI and MIBG may be 
necessary because false negative and positive results can 
occur with each in this setting.205 There may also be cerebro-
spinal fluid pleocytosis. As in other paraneoplastic disorders, 
the underlying tumor may be found before, during, or  
after the eye abnormality occurs. In one report, the neuro-
blastoma was found 2 years after the presentation with 
opsoclonus.206

This condition can respond to tumor removal and  
adrenocorticotropic hormone (ACTH) or prednisone, some-
times in combination with immunomodulatory therapy 
such as intravenous gammaglobulin,207 azathioprine, or 
rituximab208 or plasmapheresis.209,210 The response to these 
modalities suggests an autoimmune pathogenesis of opso-
clonus associated with neuroblastoma.211 In addition, expan-
sion of certain B- and T-cell subsets in the CSF of affected 
patients have been found.212 However, the immune hypoth-
esis in this setting is unconfirmed, as no consistent antibody 
has been found,213,214 and only a few patients with circulat-
ing antibodies, such as anti-Hu,215 anti-neurofilament, and 
anti-Purkinje cell216 have been identified. One in vitro study 
suggested the majority of children with opsoclonus myo-
clonus syndrome have circulating antibodies against the 
surface of cerebellar granular neurons.217 Pathologic brain 
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firing of one superior oblique muscle.242–244 Patients often 
complain of intermittent episodes monocular vertical 
oscillopsia or vertical or torsional diplopia. The diagnosis is 
made 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.245 
Each episode is usually brief, lasting seconds, and occurs at 
irregular intervals.

This condition is usually idiopathic, but neuroimaging 
should be performed to exclude a midbrain lesion.246 The 
mechanism of superior oblique myokymia is thought to 
result from phasic activity of the fourth nerve fascicles with 
resultant periodic contraction of the superior oblique 
muscle.242 Recent evidence, however, suggests that the some 
cases may be produced by microvascular compression of the 
trunk (root exit zone) of the fourth nerve by branches of the 
superior cerebellar artery.247–249

Treatment. This disorder may spontaneously remit but 
gabapentin,250 carbamazepine, baclofen, memantine,251 or 
propranolol may be tried in resistant cases.245,252 If symp-
toms 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 supe-
rior oblique tendon may eliminate the superior oblique 
myokymia without affecting the vertical alignment of the 
eyes.253 Microvascular decompression of the fourth nerve has 
also been used to alleviate superior oblique myokymia, but 
this procedure may result in a superior oblique palsy.249,254

Ocular bobbing
Ocular bobbing signifies brain stem dysfunction, and in 
many instances it reflects a pontine process.255 It is an asyn-
chronous eye movement disorder that begins with a quick 
conjugate down movement followed by a slow drift back to 
the midline. This sequence of fast then slow phases and its 
asynchrony distinguish ocular bobbing from vertical nystag-
mus.256 Since ocular bobbing is commonly associated with 
pontine lesions, horizontal gaze palsies often coexist. A 
variety of lesions may produce ocular bobbing, including 
stroke, tumors, toxic-metabolic conditions, and inflamma-
tory processes.257,258 Ocular bobbing is usually associated 
with intra-axial brain stem disease; however, extra-axial 
brain stem compression may also produce this eye move-
ment disorder.259

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 correction (ocular dipping or inverse bobbing).260 
This eye movement disturbance may be seen in patients who 
suffered from status epilepticus, anoxic injury,261,262 or para-
neoplastic encephalitis.263 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 significance as a brain stem sign.
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Orbital disease in 
neuro-ophthalmology

Orbital disorders usually manifest with a unifying constellation of symp-
toms and signs that include proptosis, periocular swelling, blurred vision, 
and double vision. The presence of proptosis distinguishes diseases of the 
orbit from other neuro-ophthalmic conditions with similar symptomatol-
ogy. The discussion below describes the relevant orbital anatomy and the 
typical signs and symptoms encountered in orbital disease. A review of 
orbital imaging techniques follows and emphasizes the advantages and 
disadvantages of each modality. Finally, the orbital entities frequently 
encountered in neuro-ophthalmic practice are analyzed.

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 studies.4–7 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 finally 
cartilage in the trochlear of the superior oblique muscle. Although the orbit 
was traditionally thought not to contain lymphatics there is now consider-
able evidence to suggest that there are lymphatics in the orbital fat, lacrimal 
gland, and optic nerve sheath.8–11

A “functional” understanding of orbital anatomy and the interaction of 
all of these structures is grounded in the relationship of the various spaces 
within the 25–30 cc of the bony orbit.12 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 
involvement 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 have a 
predilection to develop in the superior and temporal orbit.

Bones of the orbit
The orbit is bound by portions of seven different bones (frontal, sphenoidal, 
zygomatic, lacrimal, maxillary, palatine, and ethmoidal), and they contrib-
ute variably to form the walls of the orbit (Fig. 18–2, Table 18–1). The eth-
moidal bone contains 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 peri-
orbita and blends into the connective tissue of the upper and lower eyelids.

 Part 3  Efferent neuro-ophthalmic disorders



612

PART 3 Efferent neuro-ophthalmic disorders

posterior 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 ethmoi-
dal 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 fifth cranial nerve is the reason why 
the tip of the nose is often involved in herpes zoster oph-
thalmicus (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 fifth 
nerve) similarly reaches the skin of the forehead and frontal 
sinus through the supraorbital foramen or notch.13 The 
trochlear fossa is located superomedially 5 mm from the 
anterior orbital rim. Here the cartilaginous trochlear  
(through which the tendon of the superior oblique passes) 
is attached. The lacrimal fossa is located superotemporally 
in the frontal bone.

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 found 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 

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 oph-
thalmic vein and the third, fourth, first (ophthalmic) divi-
sion of the fifth, and sixth 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 
fifth 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 
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Oculomotor nerve,
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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.

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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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.16 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 there is increasing evidence for a second insertion 
in the connective tissue surrounding the muscle, creating a 
“pulley” which functions as a secondary origin for the rectus 
muscle action.17–20 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 
trochlear before turning posterolateral to insert on the globe 
under and posterior to the insertion of the superior rectus. 
The inferior oblique originates from the bone just post-
erolateral to the nasolacrimal fossa and travels posterolater-
ally under the inferior rectus (attached to inferior rectus by 

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 zygomatico-
facial 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.14,15 The artery 
enters the orbit inferiorly through the optic canal and then 
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 
summarized in Table 18–2.

The orbital veins are valveless. The superior ophthalmic 
vein and central retinal vein drain into the cavernous sinus. 
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Supraorbital foramen
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Zygomaticofacial
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Optic strut
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Posterior ethmoidal
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Figure 18–2. The bones, formina, 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.
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Table 18–2 Branches of the ophthalmic artery, structures they supply, and important anastomoses15

Branch of ophthalmic 
artery Structure(s) supplied

Important anastomoses with 
external carotid artery

Central retinal a. Retina, optic nerve

Lateral posterior ciliary a. Choroid, optic nerve (20 short branches)
Ciliary muscle, iris, anterior choroid (two 

long branches)

Lacrimal a. Lacrimal gland With transverse facial, zygomatic, and 
frontal branches of superficial temporal aa.

With middle meningeal a. from maxillary a.

Lateral muscular a. Superior rectus, superior oblique, lateral 
rectus, and levator muscles

Rectus muscles give off anterior ciliary 
aa. to anterior segment of eye

With orbital branches of infraorbital a., a 
branch of maxillary a.

Posterior ethmoid a.
Supraorbital a. (together or 

separately)

Posterior ethmoid air cells
Eyebrow, forehead
Levator muscle

With lateral nasal a. from maxillary a.

Medial posterior ciliary a. See lateral posterior ciliary a. above

Muscular a. Inferior rectus inferior oblique, and 
medial rectus muscles

To areolar tissue Areolar tissue

Anterior ethmoid a. Anterior ethmoid cells
Frontal sinus
Dura in anterior fossa
Nose

With sphenopalatine a. from maxillary a.

Medial, inferior medial, and 
superior medial palpebral aa.

Eyelids

Dorsal nasal (terminal) a. Nose With angular branch of facial a.

Supratrochlear a. Superomedial orbit

a, artery; aa, arteries.

Lockwood’s ligament) to insert both into the connective 
tissue between it and the lateral rectus (its pulley or second-
ary origin21) 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.

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, 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 
intraconal space is defined by the extraocular muscles and 
the intermuscular septa which are denser anteriorly and may 
be absent posteriorly.22 Koornneef23 has demonstrated that 
the anatomic distinction of the intraconal and extraconal 
spaces is more complex and that this division results from 
radial fibrovascular connective tissue septae which also 
attach the muscles to the periorbita. 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 infe-
riorly with the capsulopalpebral fascia.

Tenon’s capsule is a layer of delicate connective tissue 
attached to the globe near the limbus. The capsule enve-
lopes 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 sleeve-like extension of the capsule. The 
muscles travel in the capsule for 7–10 mm, and the capsule 
gives off lateral extensions, forming the intermuscular mem-
brane between the rectus muscles. Important attachments 
between rectus muscles and the surrounding connective 
tissue may serve as the functional origin for the each 
muscle.18,19,21

Ciliary ganglion
The ciliary ganglion, which is 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 third nerve  



615

Chapter 18 Orbital disease in neuro-ophthalmology

between superior limbus and upper eyelid) is the hallmark 
of thyroid eye disease. Other causes of proptosis are gener-
ally not associated with lid retraction. In fact, superior orbital 
disease might also be associated with ptosis. Patients with 
orbital disease (particularly thyroid-associated ophthalmop-
athy (TAO) and idiopathic orbital inflammatory syndrome) 
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 discus-
sion below) can present with enophthalmos or sinking  
back of the globe (Fig. 18–3). Here there may also be 
exaggeration of the superior 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 misalign-
ment 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 
restricting the movement of the globe as in TAO. Lastly, 
diplopia can also result from cranial nerve (third, fourth, or 
sixth) dysfunction within the orbit or through invasion of 
the tumor into the cavernous sinus. Facial hypesthesia can 
result from involvement of the fifth cranial nerve or its 
branches in the orbit.

Slowly expanding benign orbital neoplasms may not 
cause any visual symptoms. However, optic nerve tumors 
(glioma and meningiomas) and large intraconal tumors fre-
quently present with proptosis and decreased vision. Patients 
may describe a blur or recognize 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.24–27 Vision darkens as the 
eye is moved and the optic nerve or central retinal artery 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, 

and provides the postganglionic neurons destined for the 
ciliary body and pupillary sphincter. These 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 trigeminal 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. Small 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 ophthalmic artery. Sensory innervation is 
from the ophthalmic division of the trigeminal nerve. Auto-
nomic innervation is from parasympathetic fibers which 
synapse in the pterygopalatine ganglion and travel with the 
zygomatic branches of the maxillary division of the trigemi-
nal 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, 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 non-axial 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 or a wid-
ening of the palpebral fissure, others may have unrecognized 
moderate to severe proptosis. Lid retraction (sclera visible 

A B

Figure 18–3. A. Patients with orbital disease 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 decrease the orbital volume such as fractures or those that cause scarring of orbital tissue (certain metastatic tumors).
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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.

Optic disc findings. Initially, the optic nerve usually 
appears normal in patients presenting with orbital disease. 
Subsequently chronic low-grade compression of the intraor-
bital 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. Swelling usually results 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 intrac-
ranial tumors unless there is associated mass effect, elevated 
intracranial pressure, and resulting papilledema. Disc swell-
ing secondary to a chronic compressive lesion is sometimes 
further characterized 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 gliomas 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 is very rare in patients with neoplastic or 
inflammatory disease of the orbit. The most common fundus 
abnormality in patients with orbital mass lesions is choroi-
dal (chorioretinal) folding. These have also been described 
in patients with TAO, inflammatory diseases of the sclera 
and orbit, and mucoceles.34 The folding (Fig. 18–5) is the 
result of extrinsic compression of the globe, leading to flat-
tening of the sclera and subsequent wrinkling or folding of 
the retina. The subsequent outer retinal folding follows cor-
rugations in the choroid, Bruch’s membrane, and retinal 
pigment epithelium.35 This creates a highly characteristic 
ophthalmoscopic finding of parallel, alternating lines or 
folds most often seen in the posterior pole. The finding is 
easily confirmed on ocular coherence tomography, and the 
fluorescein angiographic pattern, first described by Norton,36 
has a diagnostic appearance of alternating light and dark 

TAO, and elevated intracranial pressure.28–33 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 from an inflammatory perineuritis associated with 
idiopathic orbital inflammation. Rarely, individuals with 
shallow orbits or proptosis can develop spontaneous  
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, examina-
tion 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 unique and 
deserve review.

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 the 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 measure-
ments of proptosis can be accomplished with various devices. 
The Hertel exophthalmometer is the combination of a scale 
and mirror (see Fig. 2–36) and is placed on the lateral 
orbital rims of the patient. The examiner can then determine 
the relative position of each globe compared to the lateral 

A B

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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A B

C

Figure 18–5. A. Fundus photograph demonstrating choroidal folds in a 
patient with an orbital mass lesion. Choroidal folds are highlighted by a 
late phase fluorescein angiogram (B) where they are seen as alternating 
light and dark lines. They also can easily be demonstrated on ocular 
coherence tomography (C) where the outer retinal complex (arrows) is 
seen to be folded repeatedly. (Courtesy of Stuart Fine, MD).

lines (Fig. 18–5). The recognition of choroidal folds demands 
investigation for orbital disease and globe compression, 
although they may also be secondary to hyperopia, hypot-
ony, 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.37

Retinal arterial abnormalities are uncommon. Rarely, 
occlusions of the retinal arteries can occur in association 
with acute trauma and retrobulbar hemorrhage or secondary 
to angioinvasive forms of mucormycosis or aspergillus. Exu-
dative retinal detachments can be seen in patients with idi-
opathic orbital inflammatory syndrome.

Eye movement abnormalities. A mixed pattern of eye 
movement impairment is the hallmark of orbital disease and 
may reflect both muscle restriction and cranial nerve dys-
function. The speed of ocular ductions should be noted. For 
instance, if an eye moves quickly but abruptly stops, a restric-
tive process or mass lesion is suggested. When the movement 
is slow for the entire excursion it suggests a cranial nerve 
palsy rather than a restrictive process. Neurogenic and 
mechanical eye movement limitation may also be distin-
guished 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 limita-
tion 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-third and 
sixth nerve palsy.

Diagnostic orbital imaging

The diagnostic evaluation of orbital disease includes nonin-
vasive imaging of the orbit either by echography (orbital 
ultrasound), computed tomography (CT scan), or magnetic 
resonance imaging (MRI scan). Each modality has  
advantages and disadvantages (Table 18–3), but the tech-
niques are often complementary. Imaging studies may be 
non-diagnostic 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 made.

Echography
Two types of analysis are used in orbital echography: ampli-
tude mode (A-scan) and brightness mode (B-scan) (Fig. 
18–6). Many different orbital disorders can be diagnosed and 
followed echographically.38,39 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 
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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 (T) and scleral layer (S) with fluid 
(F) in the sub-Tenon space. Echography is also effectively used to 
characterize extraocular muscle enlargement.

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

Computed tomography (CT) scan 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

Magnetic resonance imaging 
(MRI) scan

Most machines surpass 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

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

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.40,41 One example is posterior scleritis, a form of idio-
pathic orbital inflammatory syndrome, where a very typical 
finding of fluid in Tenon’s space can be seen on echography 
(Fig. 18–6). Similarly, enlarged extraocular muscles of 
thyroid disease are easily demonstrated, and ultrasound can 
be also be used to quantify extraocular muscle thickness.42 

In children, echography along with color Doppler imaging 
may be particularly helpful in identifying hemangiomas and 
dermoids.43 In the evaluation of mass lesions, the nature of 
the mass lesion and its relation to the globe can be character-
ized. In addition, the internal reflectivity of a lesion, sugges-
tive of a vascular or cystic nature, may be ascertained. 
Echography has been combined with color Doppler imaging 
to assess blood flow in the eye and orbit, particularly with 
vascular lesions.44

Computed tomography scan
Since bone, calcification, fat, and blood all have unique 
X-ray absorption patterns, CT scanning is a very effective 
technique for orbital imaging (Fig. 18–7).4,7,45–47 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 scan. 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 done at 3 mm intervals. If neces-
sary, CT scans 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 compu-
ter reformatting. Coronal images are often not included in 
regular studies and should be requested whenever ordering 
orbital CT scans. Occasionally patients will be unable to 
position for coronal images and reformatted views are neces-
sary. 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 preferred, see below). Routine facial bone 
imaging is done with 5 mm axial and coronal cuts, and when 
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always be used when evaluating bony changes from tumors 
and in trauma. MRI scan times are considerably longer than 
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 contraindicated in patients with metallic objects in their 
eyes or head, cardiac pacemakers, or non-MR-compatible 
surgical clips.

Approach to the diagnosis of  
orbital disease

Clinical history
The time course over which pain, proptosis, blurred vision, 
and double vision develops often helps distinguish neoplas-
tic 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 malig-
nant tumors such as adenoid cystic carcinoma of the lac-
rimal 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, 
developmental, and infectious lesions predominate.  
Fortunately, the majority of children with orbital disease will 
have a benign process.48–53 Rhabdomyosarcoma is the most 
common malignant 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.54,55 Both 

Figure 18–7. Axial computed tomography (CT) scan of a patient with 
meningioma demonstrating proptosis and bony destruction (arrow).  
CT scan is excellent for demonstrating both soft tissue and bony changes.

Figure 18–8. Coronal T1-weighted, gadolinium-enhanced, magnetic 
resonance imaging scan 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.

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 refor-
matted to produce three-dimensional, reconstructed views 
of the bony surface or deeper soft-tissue areas. These three-
dimensional reconstructions are used for presurgical evalu-
ation of facial fractures and for evaluation of the skull in 
children with craniosynostoses and other skull deformities 
and are not necessary in routine orbital imaging.

Magnetic resonance imaging (MRI scan). MRI is considered 
noninvasive because it does not utilize radiation. Instead a 
powerful magnetic field and radiofrequency (RF) pulses are 
used to create images. The images are created when the 
nuclei of atoms found within the various tissues align with 
the magnetic field and a RF pulse is applied. 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.

Prior to 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. MRI provides excellent 
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 multipla-
nar imaging can be done without repositioning the patient 
(Fig. 18–8). As with CT, contrast agents are used (gadolin-
ium) to highlight normal anatomy, show breakdown of the 
normal blood–brain barrier, identify inflammatory and 
mass lesions, and demonstrate vascularity. MRI gives very 
little information about bones and fractures. CT should 
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present with acute swelling of the eyelid and periocular skin. 
The eyelid findings of lid retraction and lid lag are virtually 
diagnostic of TAO. Characteristic S-shaped deformity of the 
eyelid and non axial proptosis is present in patients with 
masses in and around the lacrimal gland (Fig. 18–9).

A mixed pattern eye movement abnormality, with posi-
tive forced ductions, is generally found on examination. 
Slowly expanding neoplasms can cause significant proptosis 
without motility restriction 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 inflammation 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 different terms have been used to label this con-
dition including Graves orbitopathy, Graves ophthalmopa-
thy, 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 con-
stituted 32–47% of orbital disorders.58,59 This percentage is 
different than the frequency of TAO in biopsy series,60,61 
since it rarely requires tissue confirmation to establish this 
clinical diagnosis. TAO should be considered in the neuro-
ophthalmic differential diagnosis of double vision, particu-
larly vertical double vision, and in any patient with orbital 
signs and symptoms.

Endocrine aspects of Graves disease
A negative feedback loop between the hypothalamus–ante-
rior pituitary gland and the thyroid gland modulates thyroid 
function (see Chapter 7). The thyroid gland is composed of 
numerous tightly packed follicles invested in a rich capillary 
network. These follicles contain a rich proteinaceous colloid 
whose major component is thyroglobulin, the matrix protein 
in which thyroid hormones are synthesized. The hypothala-
mus secretes thyrotropin-releasing hormone (TRH), which 
in turn releases thyroid-stimulating hormone (TSH), a glyco-

idiopathic inflammatory disease of the orbit and TAO may 
occur in children, but are relatively infrequent entities. In 
adults, orbital cellulitis is less common, and thyroid eye 
disease becomes the most frequent cause of orbital dysfunc-
tion. Tumors of several different types may occur, with lym-
phoma being the most common.56,57 In 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 examina-
tion might show vital signs suggesting hyperthyroidism or 
hypothyroidism. 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 adenopa-
thy 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 on clinical 
grounds, imaging is confirmatory and helps in staging and 
in determining 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 majority of patients with orbital tumors will undergo 
neuroimaging with either CT scan or MRI scan. 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 hyper-
ostosis (meningiomas or fibrous dysplasia) can be best dem-
onstrated on CT. MRI has the distinct advantage over CT in 
terms of the details of soft tissue anatomy and abnormalities 
around the orbital apex and cavernous sinus. Both CT scan 
and MRI scanning will 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 features for each 
of the various lesions are discussed below.

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 diagnos-
tic imaging studies, there are certain neuro-ophthalmologic 
examination features that help establish specific diagnoses 
(see examination section above). In general, the examiner 
must focus attention on identifying orbital disease. Exter-
nally 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 pseu-
doptosis. Idiopathic orbital inflammatory syndrome charac-
teristically causes redness and swelling. The swelling of TAO 
is usually less acute but can be significant. Rarely, metastatic 
tumors and vascular lesions (with recent bleeding) can 

Figure 18–9. Non-axial (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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Risk factors
The most potent risk factor for the development of TAO is 
hyperthyroidism, although there is a subset of patients  
who remain euthyroid. There may be other risk factors for 
the development of TAO, which include age, gender, 
smoking, and treatment of the hyperthyroid state with radio-
active iodine. In several studies, smoking was shown to be 
a risk factor for the development and progression of 
TAO.79,82,83,85–97 There is sufficient evidence to suggest that 
patients with hyperthyroidism or early TAO should be urged 
to stop smoking.98

TAO may also be more common and more severe in 
women with hyperthyroidism and in patients (particularly 
men) as they get older.99 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.86,100–102 This risk factor appears to 
be modified by the use of oral corticosteroids, which seem 
to reduce the risk of developing TAO and its progression to 
more severe stages in patients treated with radioactive iodine 
(see below).

Genetic predisposition
Graves disease and TAO occur in a population which is likely 
to be genetically at risk for an environmentally triggered 
autoimmune disease.63,71,103–108 An immunogenetic predispo-
sition is likely based on the increased incidence in certain 
human leukocyte antigen (HLA) (DR, B8, DQ3, and DW) 
types and recent genetic mapping of loci for Graves disease 
in some patients to chromosome 14.105–112 This genetic local-
ization to chromosome 14 is in the area of the gene for the 
TSH receptor, but to date there is significant genetic hetero-
geneity, and no mapping to the area of the HLA region  
has been found.107,113,114 In current genetic models, the 
predisposition to autoimmune thyroid disease is thought  
to be multilocus and related to HLA genes and the TSH 
receptor gene.115–118

Pathophysiology
There is an extensive literature concerning the autoimmune 
mechanism of Graves disease and TAO.119–126 It appears to 
be mediated by both humoral and cell-mediated immunity, 
although the cause, precise immunopathology, and the  
specific autoantigen that results in lymphocytic infiltration 
of the orbit are unknown.126,127 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 mediated by an autoimmune process directed 
against a portion of the thyrotropin receptor.128 These 
antibodies bind to the TSH receptor sites and increase the 
gland’s activity. These thyrotropin receptor antibodies may 
stimulate the development of intracellular matrix proteins 
(glycosaminoglycans) in orbital fat and eye muscles. This 
subsequently leads to swelling of the orbital tissue and 
inflammation, then results in scarring. Activation of orbital 
fibroblasts seems also to play a role.123,129

protein whose actions are mediated by cyclic adenosine 
monophosphate (cAMP). The TSH receptor on thyroid fol-
licles is the site of action of autoantibodies which cause 
hyperthyroidism in Graves disease.62–66 These antibodies are 
believed to be produced in the thyroid gland by clonally 
restricted B cells.67,68 As well there may be an alteration in 
the organ-specific T-suppressor cells.64–66 There is an exten-
sive literature describing various environmentally triggered, 
immunogenetic events that lead to the development of 
Graves disease.67,69–71

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 pre-albumin (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 is the term used 
to describe a number of different conditions associated with 
elevated levels of thyroid hormones and associated ophthal-
mopathy 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. Exami-
nation findings include tachycardia and a palpable goiter 
over which a thrill can often be felt. The laboratory abnor-
malities that accompany the presentation of Graves disease 
include elevated T3 and T4 levels, increased T3–T4 ratio, low 
TSH levels, thyrotropin receptor antibodies, antithyroid anti-
bodies and abnormal T3 suppression tests. A low TSH level 
is believed to be the most sensitive indicator of thyroid 
dysfunction.72–74

Incidence and relationship of TAO  
to thyroid disease
Bartley et al.75 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 
three cases per year per 100 000 people and for women  
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 occurring 5 years later than the peak in  
women. Endocrine dysfunction (most commonly Graves  
disease—autoimmune-induced hyperplasia of the thyroid 
gland associated with goiter and hyperthyroidism) devel-
oped in approximately 80–90% of patients found to have 
TAO. This endocrine dysfunction may manifest before, after, 
or concurrently with the ophthalmic findings.76–80 However, 
many patients (35%) are diagnosed with TAO greater than 
6 months after the diagnosis of hyperthyroidism. In the least 
common scenario, TAO precedes the endocrine dysfunction 
by more than 6 months (7%). Of all patients with hyperthy-
roidism, about 40% will develop clinical evidence of TAO 
at some time,81 and the percentage is likely higher for sub-
clinical disease found on orbital imaging. The disease is 
perhaps less common in Asian people82,83 and black people 
from South Africa.84
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mast cells are seen. In addition there is deposition of 
hydrophilic glycosaminoglycans and collagen that are part 
of the scarring process. In acute stages, the changes are  
largely inflammatory. 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 
classifications are artificial and do not reflect the step-wise 
progression 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 associates142 reviewed their 120 patients and noted that 
36 complained of pain, 20 patients had double vision, 25 
patients had tearing, 19 patients had photophobia, and nine 
had “blurred” vision. Only two patients complained of 
decreased vision attributed to optic nerve dysfunction at 
presentation.142 Thus, vision loss secondary to optic neu-
ropathy 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 pres-
ence of significant pain should point the examiner away 

Abnormal binding of the sera of patients with TAO to 
extraocular muscles in culture has been demonstrated.130 
However, the exact nature of the cross-reactive antigen in the 
orbital tissue is less clear and controversial, but it may be 
the thyrotropin receptor or a 64 kDa membrane antigen, 
tropomodulin.131,132 A novel protein G2s (a portion of mito-
chondrial succinate dehydrogenase) has been cloned and 
characterized and may be the best candidate for the cross-
reactive antigen in eye muscle.133 Other candidate antigens 
that have been characterized include the 67 kDa flavopro-
tein (Fp) subunit of the enzyme succinate dehydrogenase, 
calsequestrin, a 63 kDa calcium-binding protein, and colla-
gen XIII, a connective tissue antigen.134–136 Wall and associ-
ates137–140 have postulated a two-stage process in which there 
is first autoantibodies and CD4 (helper) T cells which cross-
react with eye muscle proteins leading to inflammation and 
swelling. The second stage involves a more cytotoxic stage 
in which there is inflammation and scarring of the muscles 
and orbital connective tissue secondary to released muscle 
membrane antigens during stage one. The antibodies to eye 
muscles may not be part of the pathogenesis but may develop 
subsequent to muscle damage by the cytotoxic T cells.124,141 
There may also be a direct effect of TSH receptor antibodies 
on orbital adipose cells stimulating adipogenesis and 
increased orbital fat volume. Alternatively antibodies to the 
insulin-like growth factor receptor may stimulate hyaluro-
nan production, thus playing a key role in the development 
of inflammation.124

Pathology
The pathology of TAO reflects the above autoimmune 
inflammation. Infiltrating plasma cells, lymphocytes, and 

A B

C D

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 insertions (long 
arrow) and in the area of the caruncle (short arrow). C. Lid retraction with visible sclera between limbus and upper eyelid position is observed. The right pupil 
was pharmacologically dilated. D. Lid lag is common in TAO. The patient’s right upper eyelid does not follow the globe in downgaze.



623

Chapter 18 Orbital disease in neuro-ophthalmology

from TAO and towards idiopathic orbital inflammation, 
infections, and tumors. 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 conditions, including 
infections and non-thyroid inflammatory conditions. The 
majority of patients with TAO will have bilateral signs and 
symptoms although asymmetric and even unilateral disease 
do occur.

Eyelid signs. The eyelid manifestations of TAO are virtu-
ally pathognomonic. Lid retraction, which is present if the 
upper eyelid rests above the superior corneal limbus, is 
evident in most patients with TAO (Fig. 18–10).142 This 
likely results from local adhesion of the levator muscle to 
fixed orbital tissue.143 Other postulated mechanisms include 
superior rectus overaction, secondary inferior rectus scarring, 
increased circulating sympathomimetics, and muscle hyper-
trophy. Although most patients with TAO have eyelid retrac-
tion, it is not always present (Fig. 18–11). Lid retraction can 
also be seen in patients with dorsal midbrain dysfunction, 
ptosis of the contralateral eyelid, use of sympathomimetic 

Figure 18–11. Thyroid-associated ophthalmopathy associated with left 
hypotropia and esotropia.

drugs, aberrant regeneration of the third nerve, previous 
retinal detachment surgery, and Guillain–Barré syndrome 
(see Chapter 14). Lid lag (persistent elevation of the upper 
eyelid in downgaze, Fig. 18–10) and lagophthalmos (infe-
rior corneal exposure) are other common eyelid manifesta-
tions of TAO. Swelling and edema of the eyelids and 
periocular skin, dermatochalasis, and orbital fat herniation 
are also common (Fig 18–10). Periorbital swelling is typi-
cally worse in the morning after the patient sleeps, during 
which the eye is in a gravity-dependent position. Conjunc-
tival chemosis and injection (particularly over the rectus 
muscle insertions) is often present (Fig. 18–10). Swelling 
and redness in the area of the caruncle is a particularly 
important sign of active TAO (Fig. 18–10). Occult TAO 
should be considered in the differential diagnosis of patients 
with dry eye.144

Proptosis. Axial proptosis is recognized in about two-
thirds of patients with TAO.142 The average normal measure-
ment for the exophthalmometer in each eye is 17 mm, and 
in most patients is less than 22 mm. Any interocular differ-
ence greater than 2 mm is considered abnormal. The base 
used should be the same from exam to exam so that meas-
urements from each visit can be compared.

Myopathy. The presentation of TAO-associated myopathy 
may be symptomatic (double vision or eye movement limi-
tation) 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 myop-
athy results in the characteristic hypertropia and esotropia, 
respectively (Fig. 18–12). Involvement of the superior rectus 
is less frequent while lateral rectus involvement is rare.

A B

C

Figure 18–12. Restrictive eye movements in thyroid-associated 
ophthalmopathy. A. Most patients demonstrate limitation of elevation and 
abduction. Large hyperdeviations (B) with lid retraction on attempted 
upgaze and may be present 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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A B

Figure 18–13. Diplopia visual fields are charted on the Goldmann perimeter and may be used to follow thyroid-associated ophthalmopathy (TAO) patients 
with 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 “skull” shaped and limited in down and lateral gazes by the nose. B. A patient with TAO demonstrating a reduced 
field of single monocular vision particularly in upgaze and lateral gaze.

Figure 18–14. Acute optic nerve swelling in TA (thyroid-associated) 
ophthalmopathy. Some patients with compression of the optic nerve can 
develop disc edema in association with optic neuropathy.

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 associates145 suggested using a hand perimeter to 
measure the extent of ocular ductions. Although their 
method proved to be precise and reproducible, it is not 
wildly available, and in our opinion does not aid in the 
management of TAO-associated myopathy. Our preference 
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. “Diplopia 
visual fields” are also an effective method that can be used  
to quantify and follow patients with TAO-associated ocular 
misalignments. To perform this test a Goldmann perimeter 
is used, both eyes are left uncovered, and the head posi-
tioned in the center. The patient is asked to follow the stimu-
lus and report when it becomes double. A field of single 
binocular vision is then charted (Fig. 18–13). Photographic 
documentation of the ocular ductions may also be helpful 
in following patients (Fig. 18–12).

Ocular cyclodeviations have also been described in TAO 
both spontaneously and as a complication of surgical  
treatment.146,147 Involvement of the inferior rectus (without 
obvious eye movement limitations) can closely mimic the 
appearance of a contralateral superior oblique palsy.148 Infil-
trative TAO with restrictive myopathy is also associated with 
elevation of intraocular pressure on upgaze.149,150 The signifi-
cance 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-
tonia151 and concurrent myasthenia gravis.142,152,153

Optic neuropathy. Optic neuropathy is the most feared 
complication from TAO. The incidence of visual loss is 
between 2% and 9% of all patients with TAO.142,154–156 
However, in patients with “severe” TAO requiring orbital 

decompression, optic neuropathy occurs in up to 50% of 
patients.157–159 Vision loss from optic nerve dysfunction 
requires immediate management.

Neigel et al.156 reported on the clinical profile of dysthy-
roid optic neuropathy in 58 (8.6%) patients out of 675 with 
TAO. About 20% of the patients present unilaterally. At the 
time of presentation roughly half the patients have normal 
appearing nerves, one-quarter showed pallor, and another 
quarter had swelling and hyperemia (Fig. 18–14).160 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.161,162 Visual field defects were measured in two-
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thirds of patients, and the most common defect types 
included paracentral scotomas, increased blind spots, nerve 
fiber defects, central or centrocecal defects, and generalized 
constriction.156 Many patients can have relatively quiet and 
inactive appearing disease at the time of their presentation 
with optic neuropathy.160 Persistent elevation of the intrao-
cular pressure in patients with TAO may be associated with 
glaucomatous optic neuropathy, and this should be consid-
ered in the differential diagnosis of visual field defects in 
these patients.163

Apical crowding of the optic nerve by the enlarged 
extraocular muscles is the main mechanism of vision loss 
(Fig. 18–15).158,161,162 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 a greater risk for the 
development of optic neuropathy. Advancing age, diabetes, 
the amount of restrictive strabismus as well as total volume 
of the extraocular muscles have all been reported as risk 
factors.156,164,165

A B
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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 CT or MRI 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 scan (B) there is no distinction 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.

Imaging in thyroid-associated 
ophthalmopathy
Noninvasive imaging of the orbit is the gold standard for the 
diagnosis of TAO. Echography, CT, and MRI may be used to 
confirm the diagnosis of TAO. The classic finding is enlarge-
ment 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.166 Proptosis may also be recognized without extrao-
cular muscle enlargement and presumably results from 
increased swelling and volume of the intraorbital fat. In 
addition, CT and MRI scans frequently demonstrate propto-
sis, enlargement of the lacrimal gland, and eyelid soft tissue 
swelling.167–175 As expected, enlargement is most commonly 
seen in the inferior rectus and medial rectus but the lateral 
rectus can be involved (Figs. 18–15, 18–16 and 18–17). The 
disease is usually symmetric but cases of isolated muscle 
involvement and primarily lateral rectus involvement are 
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A B

Figure 18–18. Atypical imaging findings (coronal CT scans) in thyroid-associated ophthalmopathy showing markedly asymmetric disease as in (A) which 
demonstrates primarily isolated involvement of the inferior rectus on the right side (arrow) and (B) enlargement of both lateral rectus muscles (arrows) in a 
patient presenting with an exotropia.

Figure 18–19. Coronal T1-weighted, fat suppressed, gadolinium-
enhanced, MRI scan of a patient with thyroid-associated ophthalmopathy 
demonstrating lucencies (open arrows) in the extraocular muscles 
consistent with fatty infiltration.

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 MRI scan of a 
patient with thyroid-associated ophthalmopathy. Note the fusiform 
enlargement of the extraocular muscles with sparing of the tendonous 
insertions (arrows) which appear normal.

seen (Fig. 18–18). CT and MRI scans, 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 (Fig. 18–
15). Low-density areas may be noted in the muscle bellies 
and may represent collections of lymphocytes or gly-
cosaminoglycan 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. CT scan 
can be used to monitor treatment.

MRI scanning of the orbit effectively images the orbital 
soft tissues, including enlarged extraocular muscles168–172,176,177 
and the orbital apex (Figs. 18–17 and 18–19), and may have 
a distinct advantage over CT scanning in assessing disease 
activity in addition to muscle size. The recommended MR 
sequence is STIR (short tau inversion recovery), which high-
lights the extraocular muscles, and peak signal intensity from 
the most inflamed muscle correlates well with clinical activ-
ity of the disease.168–172 High water content can be detected 
with this sequence, presumably reflecting disease activity. 
This may be a method for following patients for radiographic 

evidence of persistent inflammation.168–172,176,177 Studies 
measuring eye movements during cine MRI scanning have 
demonstrated normal movements early in the disease but 
confirmed the presence of restricted eye movements later in 
its course.176
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so-called NOSPECS classification system was initially 
described by Werner (Table 18–4).182,183 This classification 
system had been widely used in clinical research studies; 
however, not all patients progress through the seven classes 
as listed, and some have prominent features in the higher 
numbered classes without some of the milder signs. The 
NOSPECS classification system has been recently criticized 
because (a) its poor characterization of the condition with 
no indication of disease activity, marked underrepresenta-
tion of eyelid position, and overrepresentation of corneal 
problems; (b) it implies a continuous or stepladder progres-
sion of disease as a numbered classification system would 
suggest; (c) parts of it are subjective; and (d) the gradings 
within classes 3, 5, and 6 are poor.184–186 More recently, the 
European Group on Graves Orbitopathy (EUGOGO), has 
proposed a more simplified system.187 In this system 
patients are divided into three groups (Table 18–5), mild, 
moderate, and sight threatening. Along with clinical activity 
score these categories can used to guide the types and 
urgency of treatment.

Echography has proven valuable in the office diagnosis of 
TAO.38–40,42,169,178,179 Abnormal muscle size (A and B scan) 
and internal reflectivity (A scan) can be compared to  
normative data, and enlargement can be documented (Fig. 
18–20).180,181 The ability of echography to characterize muscle 
reflectivity in addition to enlargement is advantageous when 
trying to determine the etiology of an enlarged muscle. Ech-
ography was shown to be more sensitive than CT scan in 
detecting extraocular muscle enlargement and abnormal 
internal reflectivity secondary to separation of the muscle 
fibers,40,178,179 and by demonstrating abnormal muscle reflec-
tivity may be particularly useful in the evaluation of patients 
with double vision and minimal external signs of TAO.179 
However, echography may not be as efficacious as other 
imaging modalities for diagnosing orbital tumors.

Classification
Several different classification systems have been proposed 
for descriptive and clinical research studies of TAO. The 

A  , bottom

A  , top

B  , bottom

B  , top

Figure 18–20. Orbital echography in a normal orbit and 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). In a patient with TAO (B) on B scan (top), the muscle belly (arrows) is 
enlarged. Simultaneous A scan (bottom) confirms an enlarged width of the extraocular muscle (denoted by white bars and small arrows) compared to 
normal, with numerous areas of high internal reflectivity (long arrow).
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Table 18–6 Clinical Activity Score (CAS) in thyroid-associated 
ophthalmopathy.188–190 A CAS score of ≥3/7 following signs and 
symptoms generally indicates active disease

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

Table 18–5 EUGOGO severity classification in thyroid-associated 
ophthalmopathy (TAO)187

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 or proptosis
Diplopia

Sight threatening TAO associated optic neuropathy
Exposure keratitis warranting 

immediate intervention

Table 18–4 The NOSPECS classification of thyroid-associated 
ophthalmopathy182,183

Class Clinical features

0 No signs or symptoms

1 Only signs such as lid retraction

2 Soft tissue periorbital swelling
A–C: minimal to marked

3 Proptosis of the eyes
A = 3–4 mm, B = 5–7 mm, C ≥ 8 mm

4 Extraocular muscle involvement
A = limitation
B = evidence of restriction
C = fixation of globe

5 Corneal involvement with exposure
A = stippling
B = ulceration
C = clouding, necrosis, perforation

6 Sight loss secondary to optic neuropathy
A = disc pale or swollen, 20/20–20/60, field defect
B = same but vision 20/70–20/200,
C = same but vision less than 20/200

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 
(CAS)188–190 (Table 18–6) has been proposed to assess the 
degree of active inflammation, and accurate assessment of 
active disease will be critical when assessing different treat-
ments in clinical trials. Patients can be considered to have 
mild, moderate, or severe periorbital swelling, with or 
without extraocular muscle dysfunction, and/or visual dys-
function 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 TAO
The treatment of TAO is complex, often requiring a  
multidisciplinary approach which includes a neuro- 
ophthalmologist, orbital specialist and surgeon, radiation 
therapist, and endocrinologist. 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 neu-
ropathy.191 The disease usually runs a self-limited course of 
18–36 months, and up to two-thirds of patients with TAO 
will improve spontaneously.192

Appropriate management is dependent on accurate assess-
ment of the 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, and cessation 
of smoking are the only treatments recommended. Here 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. These patients tend to be young, 
and when the disease is quiescent may choose to have  
orbital decompression or eyelid surgery to improve their 
appearance.

Infiltrative disease with myopathy and increased orbital 
congestion are indications for more aggressive forms of 
therapy to reduce symptoms and the likelihood of develop-
ing permanent dysfunction. Patients with double vision and 
no congestive signs are often treated conservatively with 
prisms or patching as needed. The two major options  
for those patients requiring more aggressive therapy are  
systemic corticosteroids and orbital radiation. With this in 
mind, a meta-analysis of the literature has been recently 
performed.193

Steroids and other medical therapies. As signs and symp-
toms of severe congestive orbitopathy increase, treatment 
should first consist of oral194 (1–1.5 mg/kg prednisone daily) 
or intravenous corticosteroids (1 g methylprednisolone IV 
(intravenous) daily for 3–5 days). These doses are arbitrary 
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tion 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.193

The technique generally involves the use of 1500–
2000 cGy in divided fractions over 10 days. Care is taken to 
irradiate only the posterior two-thirds of the orbit, thereby 
avoiding the globe. Radiation may be more effective than 
steroids in the treatment of optic neuropathy. In one study, 
only one of 29 patients treated with radiation for optic neu-
ropathy required subsequent surgical decompression while 
six of 16 treated with steroids needed surgery.217 Improve-
ment in soft tissue swelling almost always occurs. MRI scan-
ning has been used to monitor the positive effects of radiation 
treatment, as reduced signal in the eye muscles presumably 
correlates with lower water content.213 Careful, quantitative 
measurements of eye movements often demonstrate some 
improvement, although this does not correlate with improve-
ment in double vision.218,219 Rootman194 found that only 
14% of his patients had recurrence of symptoms after radio-
therapy. Complications of radiation therapy are rare although 
radiation retinopathy has been reported,216,220 and a slight 
increase in the risk of secondary malignancy has been sug-
gested.221 The use of radiation therapy for TAO remains con-
troversial and will remain so until a prospective trial is 
performed on patients with active disease.193,216,222

Surgery. Surgical treatment of TAO is indicated in two 
separate situations. The first is orbital decompression for 
sight-threatening disease secondary to severe exposure or 
optic neuropathy from orbital apex crowding. The second is 
the use of orbital decompression, eye muscle surgery, and 
eyelid surgery in the 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 
myopathy155,157,223–244 Removal of the orbital floor and 
medial wall (Fig. 18–21) using various approaches is the 
most common surgery performed. Mourits238 and associates 
compared the coronal method to the inferomedial and  
the inferomedial plus lateral approach and found each  
to be equally effective in treating vision loss. Recently,  
endoscopic approaches have become popular as they  
appear to be equally effective and avoid external 
scarring.229,233,235,239,241,244–247

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 (Fig 18–21). Visual 
improvement 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 four of seven 
patients with less than 20/200 vision preoperatively attained 
visual acuity of 20/40 postoperatively in one series.248 Sig-
nificant improvement in nearly all parameters of the optic 
neuropathy including visual fields and optic disc swelling 

and not based on any prospective data. Review of various 
clinical case series would suggest that intravenous steroids 
are slightly more effective and may be associated with fewer 
side-effects.193 About two-thirds of patients will have reduc-
tion in their symptoms and swelling in about 1 week.193,195 
Although symptoms of congestion 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 then reinstituting the original successful dose and 
radiation therapy should be considered; however, the 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.88,196,197

Other medical therapies, including plasmapheresis,194,198 
intravenous immunoglobulin,199,200 intravenous somatosta-
tin,201 and rituximab202,203 have been shown to be effective 
but have not assumed primary roles in the medical manage-
ment of TAO. While not effective on its own, cyclosporine 
has been shown to be effective as a combined therapy with 
prednisone in patients who do not respond to either drug 
alone,204 and octreotride long-acting repeatable (LAR), which 
initially was thought to be an effective treatment,205 was 
found to be ineffective in a double-blind, placebo-controlled 
trial.206

As stated earlier, treatment of hyperthyroidism with 
radioactive iodine is associated with worsening of TAO. 
This deterioration may be lessened by the use of oral  
corticosteroids before and after the radioactive iodine  
treatment.86,100,101,207 Bartalena and associates100,101 found 
that 15% of patients treated with radioactive iodine alone 
developed or had worsening of TAO. In contrast, none of 
the patients treated with radioactive iodine and prednisone 
had progression of disease. Thus prednisone is recom-
mended in all patients with active TAO undergoing treat-
ment with radioactive iodine for hyperthyroidism. In 
addition, a prolonged period of hypothyroidism after treat-
ment should also be avoided.98,101 Steroids are not necessary 
in patients undergoing radioactive iodine treatment with 
no or inactive TAO. Some have recommended that radioac-
tive iodine treatment be avoided in patients with active or 
severe TAO, and that medical therapy with antithyroid drugs 
be used instead.207,208

Radiation therapy. Radiotherapy for TAO has been 
reported to be effective in 70% of patients,193–195,209 often 
taking several weeks (often with transient worsening requir-
ing steroids) to take effect. Most patients considered for 
radiotherapy have congestive eye signs with diplopia or 
optic neuropathy. Several series have demonstrated favora-
ble responses in patients treated with radiation with or 
without steroids.193–195,197,209–214 However, Gorman and asso-
ciates reported no long-term benefit of radiation in a pro-
spective blinded study in which one orbit was radiated and 
the other left untreated.215,216 This study has been criticized 
because some treated patients may have been in inactive 
phases of their disease. Other evidence suggests that radia-
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rectus recession and/or medial rectus recessions either uni-
laterally or bilaterally are required (Fig. 18–22). Resections 
should be avoided. Adjustable sutures can be particularly 
helpful 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 point where the  
relaxed muscle rests freely on the globe.257 The amount of 
correction increases when the disease only affects one muscle, 
which is more likely to be tethered. 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).258 Intraoperative decision-
making is always based on the 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 
with severe scarring, surgery and exposure of the muscle may 
be difficult. The initial surgical goal for hypertropias should 
be a slight undercorrection as a drift toward overcorrection 
occurs postoperatively.258,259 About two-thirds of patients 
achieve a successful result of improved eye movements (Fig. 
18–23) with single vision in the primary position and down-
gaze after a single operation.149,257,260–262 However, undercor-
rections263 as well as late overcorrections (particularly for 
inferior rectus recessions)259 are common. It is not uncom-
mon for patients to require multiple procedures.

Eyelid surgery is reserved as the last procedure performed 
(after decompression and muscle surgery), and usually 
entails lowering the upper eyelid and raising the lower 
eyelid. One common complication of strabismus surgery is 
lower eyelid retraction, and this is one reason why eyelid 
surgery should be deferred until after strabismus surgery. 
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 
recession, and in many instances because of chronic swelling 
and fat herniation, this is combined with blepharoplasty.

occurs in most patients.157 Patients also notice improvement 
in their congestive symptoms since the orbit is no longer 
under pressure. Most patients who undergo orbital decom-
pression do so within 1 year from the onset of eye symp-
toms.157 Double vision is present postoperatively in 33–63% 
of patients and may be worsened because of associated post-
operative scarring.158,159,223,224,248–251 Up to 70% of patients 
require one or two eye muscle surgeries to correct their 
double vision after orbital decompression.157 Interestingly 
approximately 5% of patients experience improvement in 
their double vision after orbital decompression.237,248,251

Other indications for orbital decompression include 
severe orbital inflammation, the reduction of proptosis prior 
to eye muscle surgery, exposure, and steroid intolerance.157 
With increasing surgeon experience and successful results, 
orbital decompression is being performed more commonly 
for cosmetic reasons.157,223,225,233–235,252 Reductions in propto-
sis of 4–5 mm may be achieved with good patient satisfac-
tion. 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 transantral 
orbital decompression primarily for cosmetic reasons, 11 
(73%) developed double vision postoperatively, although 
no patient was dissatisfied with their surgical result.225 
A modified approach to orbital decompression for cosmetic 
purposes involves only removing orbital fat without bone 
removal.224,253,254

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.255,256 
The goal is to establish a field of single vision that is as large 
as possible, including in primary position and downgaze. 
Rootman194 found that 9% of his patients ultimately required 
eye muscle surgery. The most common misalignment is a 
combined esotropia and hypertropia, for which inferior 

A B

Figure 18–21. CT scan appearance 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 scan 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). In this patient with pulsatile exophthalmos 
only dura and periorbita separate the orbit from brain.
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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 
demonstrates 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 prior to 
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 examination 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.

Course and outcome. The disease usually runs a course of 
18 months to 3 years. There is some evidence that clinical 
activity correlates with thyroid-stimulating immunoglobulin 
(TSI) levels.264,265 The symptoms may vary on a diurnal basis 
depending on the amount of venous and lymphatic drain-
age. Careful monitoring of the patient’s endocrine status 
must be performed by an endocrinologist. We believe it is 
inadequate for the ophthalmologist or neurologist to order 
simply “thyroid function tests” and not involve the expertise 
of an endocrinologist. Bartley and associates154 followed 
their cohort of 120 patients in Olmstead county 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 the patients underwent at least one surgi-
cal procedure.191 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.154

Pediatric thyroid eye disease. Pediatric Graves disease or 
hyperthyroidism is not uncommon, and rarely may be  

associated with the development of TAO. Orbital signs and 
symptoms occur in about one-third to one-half of the 
patients266–268 and the proptosis may be dramatic.269 The 
incidence may be higher in countries where teenage smoking 
is more common.266,267 Fortunately restrictive myopathy, 
exposure and optic neuropathy are rare in children.269 Ech-
ography, CT scan and MRI scan have all demonstrated 
enlargement of the extraocular muscles in children, although 
motility for the most part remains normal.268,269 The majority 
of children can be treated conservatively and orbital fat 
decompression has been reported to be helpful in reducing 
proptosis.

Idiopathic orbital inflammatory 
syndrome (orbital pseudotumor)

Patients with idiopathic orbital inflammatory syndrome 
(IOIS) are typified by their acute onset of proptosis and 
eyelid swelling associated with pain and double vision.270 
There is usually conjunctival swelling (chemosis) and injec-
tion (Fig. 18–24) and 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, non-infectious inflammation of the orbit 
characterized by polymorphous orbital infiltration of lym-
phocytes and plasma cells with varying amounts of fibrosis 
and mass effect.

IOIS is an umbrella term that applies to a heterogeneous 
group of presentations. It may be further subclassed accord-
ing to the location of the inflammation within the orbit.271 
In this section, the pathogenesis and pathology of IOIS will 
be discussed, followed by a review of its classification, 
imaging, and treatment.

Pathogenesis
The cause of IOIS is unknown, and theories concerning 
pathogenesis include viral, allergic, and autoimmune  
mechanisms. Based on the lymphocytic nature of the infil-
tration, it is assumed to be an immune-mediated condition 
mediated by both B and T lymphocytes.272 Whether it is a 
genetically predetermined autoimmune condition versus an 
environmentally triggered immune event is unclear. Other 
theories include aberrant wound healing and infection.273 
Several observations have been made to support an autoim-
mune inflammatory condition, although the significance of 
each is unclear. These include the identification of antibod-
ies to eye muscle surface antigens in patients with IOIS;274 
reports of patients with upper respiratory tract infections 
prior to developing IOIS;275–277 and the occasional associa-
tion of IOIS with similar nonspecific inflammation of the 
paranasal sinuses.278,279

Differential diagnosis
IOIS-like presentations may occur with orbital inflammation 
due to systemic inflammatory conditions or vasculitis  



632

PART 3 Efferent neuro-ophthalmic disorders

A B
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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 addition 
to an esotropia are seen.

including temporal arteritis,280 Wegener’s granulomatosis,281 
polyarteritis nodosa, systemic lupus eythematosus,282 gout, 
psoriatic and rheumatoid arthritis,283 Behçet’s,284 syphilis, 
tuberculosis, sarcoidosis,285 ulcerative colitis, and Crohn’s 
disease.286 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.273

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 the disease are characterized 
by insidious development of fibrosis or desmoplasia leading 
to an apparent soft tissue mass, without an acute phase of 
cellular infiltration. Although there is significant overlap, 
some have suggested subgrouping IOIS pathologically into 
lymphoid, granulomatous,287 and sclerosing varieties.288 
However, usually a more clinical and anatomic classification 
is preferred (see below).

Prevalence
IOIS is a relatively uncommon condition. In clinical series 
of patients presenting with orbital disease, patients with 
IOIS comprise between 6% and 8%.58,59 It can occur at any 
age, with most patients presenting in middle life. There is 
no sex or race predilection.
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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 the Tenon’s capsule.

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.Classification

Several different classifications schemes for IOIS have been 
described. Rootman and Nugent289 have proposed a classifi-
cation system which groups patients depending on the loca-
tion of orbital involvement. Categories include anterior, 
diffuse, apical, lacrimal gland, and myositis. This system is 
helpful in understanding the highly variable clinical presen-
tations of IOIS. For the purposes of neuro-ophthalmic dif-
ferential diagnosis we find another related system helpful 
and consider patients with IOIS in six different categories: 
posterior scleritis, diffuse, myositis, dacryoadenitis, perineuri-
tis, and finally sclerosing inflammation. This classification 
system allows for separating patients into categories that are 
unique with regards to their differential diagnosis, evalua-
tion and treatment.

Posterior scleritis. This group of patients has inflammation 
focused on the eye wall and surrounding Tenon’s capsule. 
Patients develop pain, proptosis, ptosis, lid swelling, chemo-
sis and injection of the conjunctiva, and decreased vision. It 
occurs in all age groups but seems to be the most common 
form of IOIS to affect children.290 Imaging reveals anterior 
ragged orbital inflammation, which involves the globe and 
is associated with retinochoroidal thickening.289,291 Echogra-
phy may demonstrate sclerotenonitis with edema or widen-
ing of Tenon’s space (Fig. 18–6). This effusion at the 
neuro-ocular 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 characterized by 
ophthalmoscopic abnormalities including choroidal folds, 
exudative retinal detachment (Fig. 18–27), papillitis, and 
uveitis. Fluorescein angiographic abnormalities may include 
patchy choroidal infiltrates, exudative retinal detachments, 
and macular edema.292 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.

Diffuse inflammation. In the diffuse presentation, inflam-
mation involves the entire orbit. Clinically patients have 

proptosis, eyelid swelling, ptosis, and occasionally extrao-
cular muscle involvement and double vision. Papillitis and 
exudative retinal detachments may be present in this sub-
group of patients as well. On imaging studies, the entire 
orbit is involved by the irregular infiltrate that often obscures 
normal orbital anatomy (Fig. 18–28). When orbital inflam-
mation primarily involves the orbital apex (often subcatego-
rized as “posterior IOIS”) there may be a disproportionate 
amount of visual and eye movement dysfunction289 and 
intracranial extension can occur.293 Pupillary defects (inter-
nal ophthalmoplegia) have also been described with poste-
rior orbital involvement, presumably due to disruption of 
the ciliary ganglion or third nerve.294

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 (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 and see Tables 18–7 
and 18–8 as well as discussion of other causes of enlarged 
eye muscles below). 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 in Rootman 
et al.’s series295 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.296

Dacryoadenitis. Inflammation of the lacrimal gland occurs 
in a variety of circumstances including infection, infiltration 
by neoplasm, systemic inflammatory conditions, and finally 
nonspecific inflammation. In series reported by orbital  
specialists, dacryoadenitis was the most common form of 



634

PART 3 Efferent neuro-ophthalmic disorders

Figure 18–29. Axial CT scan 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.

A B

Figure 18–28. Orbital CT scan 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 
abnormal signal intensity in the fat (asterisk) and enlargement of the medial rectus (arrow) are seen in the right orbit of this patient with idiopathic orbital 
inflammatory syndrome. The left eye has an unusual CT scan signal secondary to a silicone oil fill after vitrectomy.

IOIS.271 Pathologically these can be divided into categories 
which are specific (i.e. lymphoma, sarcoidosis) and nonspe-
cific (IOIS, dacryoadenitis). Therefore biopsy of these lesions 
is often recommended.295 In addition to the more typical 
acute and subacute varieties, there is a unique chronic 
(sometimes painless) presentation of IOIS involving the lac-
rimal gland.

Patients with dacryoadenitis typically develop pain and 
swelling and redness of the temporal portion of the eyelid. 
The lid acquires a characteristic S-shaped deformity. The 
globe may be displaced downward and inferiorly.295 Bilateral 
presentation occurs occasionally. Elevation of the eyelid and 
inspection of the superotemporal area of the conjunctiva 
shows prominence of the secretory ducts and injection of 
the visible portions of the lacrimal gland. The superotempo-
ral 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 associa-
tion with nonspecific orbital inflammation is well- 
recognized and termed perineuritis.291 Vision loss results 
from either optic nerve sheath inflammation or mass effect 
on the optic nerve. These patients can be difficult to distin-
guish 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.297 Patients often 
develop optic disc edema and mild retinal venous obstruc-
tion. Sarcoid and syphilis are important alternative causes of 
perineuritis to consider. These must be excluded in patients 
with optic neuropathy and abnormal appearing optic nerve 
sheaths with enlargement and enhancement on neuroimag-
ing.298–300 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 proliferation 
with formation of dense fibrous connective tissue) and 
severe orbital dysfunction. This condition has been termed 
idiopathic sclerosing inflammation or sclerosing orbital 
pseudotumor.288,301–309 This chronic sclerosing variant can be 
characterized by relentless loss of vision from optic nerve 
dysfunction and thickening (Fig. 18–32) and involvement of 
the extraocular muscles, leading to double vision. The onset 
is more insidious, occurs at any age (including young chil-
dren)303,310 and often simulates a tumor. There is a predilec-
tion for the lateral and superior quadrants of the orbit.303 
Patients develop pain and double vision along with propto-
sis. Patients can also present with isolated paresthesias in the 
trigeminal distribution.305 Desmoplastic reaction around the 
optic nerve or elsewhere in the orbit can produce a radio-
graphic picture that mimics a primary optic nerve tumor 
(Fig. 18–33). The compressive inflammatory mass may result 
in a venous obstructive appearance on ophthalmoscopy. 
(Fig. 18–33).
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Figure 18–30. Orbital echography in myositis. B scan echography (top) 
demonstrating enlarged extraocular muscle (arrows) with involvement of 
the tendon. Corresponding A scan (bottom) showing increased width of the 
muscle (arrows pointing to the lines indicate muscle width) and moderate 
internal reflectivity (long arrow). For normal appearance of extraocular 
muscle on echography see Fig. 18–20A.

Table 18–7 Clinical distinction of thyroid-associated orbitopathy from idiopathic orbital inflammation

Feature Thyroid Idiopathic orbital inflammation

Pain No pain or mild 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 Impaired in field of inflamed muscle

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, 
enhancement around globe

Response to steroids Slow and moderate Immediate and often complete

Table 18–8 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

Figure 18–31. Axial T1-weighted, fat suppressed, gadolinium-enhanced 
MRI scan in a patient with optic nerve dysfunction and perineuritis in the 
setting of orbital inflammatory syndrome. Enhancement of the nerve sheath 
(arrow) is seen in the right posterior orbit.
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Figure 18–32. Axial T1-weighted, gadolinium-enhanced, fat suppressed 
orbital MRI scan 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 corresponding coronal image is 
depicted in Fig. 18–10.

A B

Figure 18–33. A. Axial, contrast-enhanced, CT scan 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.

The defining feature histopathologically is the dense 
desmoplastic 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 idiopathic orbital inflammation to erode bone 
and extend intracranially.303,311–315 Patients may respond 
early to steroids but often have a relentless course regardless 
of treatment and many require second-line immunosuppres-
sive agents.303 Fourteen of 16 patients in Rootman et al.’s 
series308 experienced permanent dysfunction in the form of 
either optic neuropathy or muscle restriction. Early and 
more aggressive treatment may be more successful.303 Since 
this type of chronic scarring is unusual in other cases of 
appropriately treated IOIS, it is likely that orbital idiopathic 
sclerosing inflammation is a distinct clinical entity.308 It is 

possible that this is a manifestation of a multifocal fibroscle-
rotic process, as patients who simultaneously developed ret-
roperitoneal or mediastinal fibrosis have been described.316–318

Pediatric IOIS
IOIS occurs at any age. In Rootman’s59 series IOIS was the 
cause of orbital disease in 13/241 (5%) pediatric patients 
seen. Pediatric patients may have the diffuse or anterior 
forms of IOIS, posterior scleritis, uveitis and disc swelling. 
Ptosis is more prominent than in adults and in one series 
proptosis was less prominent than in adult cases.319 In the 
pediatric population, the disorder is frequently bilateral even 
without a predisposing systemic condition. 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.290

Imaging
The diagnosis of IOIS is a clinical one but is usually con-
firmed by imaging studies of the orbit. These typically reveal 
an area of primary inflammation surrounded by an irregular 
margin, but findings can be subtle and enhancement can be 
masked by high signal intensity from fat.320 Fat-suppressed 
images with contrast are the most likely to reveal an abnor-
mality. This irregular infiltrate may involve all of the 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 fea-
tures were contrast enhancement, fat infiltration, proptosis 
and muscle enlargement (Fig. 18–28).321 MRI has also been 
shown to be helpful in the diagnosis of IOIS. In one series 
of 10 patients, IOIS lesions were found to be hypointense 
to fat and isointense to muscle on T1-weighted images. On 
T2-weighted images the lesions were isointense or only min-
imally hyperintense to fat in nine of 10 cases; in one case, 
the enlarged muscle was markedly hyperintense to fat.322 
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This pattern was felt to distinguish IOIS from orbital metas-
tases, infections, and hematomas. Therefore it appears that 
MRI adds significantly to the diagnostic evaluation of 
patients with IOIS. T2-weighted fat-suppressed images can 
also be used to identify active inflammation in the extrao-
cular muscle in patients being followed on treatment,323 and 
diffusion-weighted images may be particularly helpful in 
distinguishing IOIS from lymphoma and orbital cellulitis.324 
In patients with likely myositis or posterior scleritis orbital 
echography with combined A and B scan can be very helpful 
in identifying abnormal muscle swelling or thickening of  
the ocular coats with sub-Tenon’s fluid (Figs. 18–6 and 
18–30).

Other diagnostic studies
Biopsy is usually deferred unless the inflammation is recur-
rent, atypical in appearance, or primarily involves the lac-
rimal 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 an angi-
otensin-converting enzyme (ACE), and a chest imaging for 
hilar adenopathy should be performed. In patients with a 
history of malignancy the possibility of metastatic disease to 
the orbit must be carefully considered, and the threshold for 
biopsy should be low.

Treatment
Treatment is initiated immediately after the clinical diagno-
sis is suspected and imaging studies support the diagnosis 
of IOIS. Treatment with corticosteroids (60–100 mg of pred-
nisone) 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.270,271,325 The course of steroids and a slow taper 
usually needs to be extended for several months. Nonsteroi-
dal anti-inflammatory drugs may be helpful during the 
steroid taper but occasionally are useful as a primary treat-
ment. Nonsteroidals may be most effective when the inflam-
matory burden is low and in select patients, such as those 
with diabetes, who tolerate steroids poorly.

A poor response to steroids should lead to consideration 
of alternative diagnoses, and then biopsy is often required.326 
Similarly, if the disease recurs after a slow steroid taper,  
then biopsy is also recommended. Alternative immuno-
suppressive therapies including cyclophosphamide,307 
cyclosporine,327,328 and methotrexate329 as well as intrave-
nous immunogobulin330 have been successfully used as 
adjunctive therapies to prednisone. Recently a series of 
patients has been reported that were successfully treated with 
the antibodies (infliximab and daclizumab) to tumor necro-
sis factor (TNF).331–334

In patients with refractory inflammation, recurrences, 
contraindications to systemic steroids, or the sclerosing 
variety of IOIS, radiation therapy to the orbit is an alternative 
treatment.288,308,311,335–337 The dosage is between 1000 and 
3000 cGy in 10 divided fractions, and complications are 
rare.271,303,338 Lanciano and associates336 report their experi-

ence with 23 patients who had either relapsed on steroids 
or had poor initial response and found nearly 90% of 
patients had an initial response to 2000 cGy. Two-thirds of 
the patients remained in complete remission, and three 
others were controlled with short courses of oral steroids 
after radiation. Three of five patients with decreased vision 
from optic neuropathy improved with radiation treatment.

Other inflammatory orbital conditions

Granulomatous orbital inflammation
Some patients have a non-infectious, granulomatous orbital 
inflammation. These patients often present with mild (com-
pared to the more painful and acute IOIS) inflammatory 
symptoms with a palpable mass lesion.295 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 organ syndromes. Sarcoidosis is 
also important in the differential diagnosis of lacrimal gland 
enlargement and perineuritis. Fortunately, orbital involve-
ment is uncommon in sarcoidosis. However, sarcoidosis 
may present with either focal or diffuse extraocular muscle 
enlargement along with proptosis and pain,339–341 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 includes necrotizing granulomas of the upper and lower 
respiratory tract, necrotizing vasculitis of the lung, and 
glomerulonephritis. Wegener’s is believed to be a T-cell-
mediated condition and is characterized pathologically by 
granulomatous inflammation and necrotizing vasculitis. 
Patients usually present in the fifth decade with pneumoni-
tis, sinusitis, and renal involvement.

Ophthalmic manifestations occur in 50–60% of patients 
with Wegener’s granulomatosis and involves the orbit in 
about one-quarter of those with eye findings.342,343 However, 
some patients will have a limited form in which the orbital 
and sinus involvement predominates.344–346 Adjacent bony 
destruction may complicate the sinus disease and produce a 
saddle-nose, fistulas, and orbital extension. Approximately 
40–50% of patients develop ocular manifestations including 
scleritis and episcleritis, uveitis, peripheral corneal ulcera-
tion, and occasionally conjunctival or retinal involvement.295 
The clinical presentation is variable, ranging from mild indo-
lent inflammation to a more explosive inflammatory picture 
with proptosis, chemosis, optic nerve swelling, and decreased 
vision. Isolated myositis may occur as well.347 These findings 
may necessitate orbital decompression. The diagnosis of 
Wegener’s may be established by biopsy of the affected area. 
In some patients it is reasonable to treat the patient on the 
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basis of a positive ANCA titer and appropriate clinical 
findings.

Neurological involvement in Wegener’s occurs in about 
one-third of patients.348 The most common findings include 
peripheral neuropathy, cranial neuropathy, ophthalmople-
gia, stroke, seizure, and cerebritis.348 Treatment of Wegener’s 
usually requires long-term therapy with corticosteroids and 
immunosuppressant drugs such as methotrexate, cyclophos-
phamide, or rituximab.349

Polyarteritis nodosa
Patients with polyarteritis nodosa may occasionally present 
with orbital involvement.350 This condition results from a 
vasculitis of medium and small arteries. The disorder may be 
segmental, and is characterized by inflammation and fibri-
noid necrosis. The major sites of involvement are the kidney, 
heart, liver, and gastrointestinal tract. The condition shows a 
predilection for males in the second and fourth decade. 
Ophthalmic manifestations include retinal and choroidal 
ischemia related to vasculitis changes. Rarely patients may 
present with a nonspecific orbital inflammatory syndrome 
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. The classic histo-
logic features included 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 of enlarged EOMs (Table 18–8). The clinical 
presentation often provides enough information to distin-
guish the various entities. However, significant overlap does 
exist. Radiographic features of the various causes of extraocu-
lar muscle enlargement have been reviewed.174,351

Patients with dural arteriovenous fistulas may have a 
clinical presentation very similar to IOIS with acute propto-
sis, conjunctival injection, chemosis, and enlarged muscles 
(Fig. 18–34). These patients generally have less pain than 
IOIS patients and have the characteristic arteriolized con-
junctival vessels with elevation of intraocular pressure. An 
enlarged superior ophthalmic vein is diagnostic of blood 
flow reversal 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 on neuroimaging studies (see below). The pain is 
usually less severe than IOIS, and only one muscle may be 

enlarged. The involved muscle may appear lumpy or irregu-
lar on neuroimaging studies.352,353 Orbital lymphoid tumors 
usually involve the orbit diffusely but may be confined to a 
single extraocular muscle.354,355

Trichinosis may produce a myositis with enlarged extraoc-
ular muscles. The infection results from the ingestion of the 
Trichinella spiralis found in uncooked meat. Patients typically 
manifest with gastrointestinal complaints followed by myal-
gias, fever, periorbital pain, and chemosis of the conjunc-
tiva.356–358 Patients may develop proptosis and double 
vision.356–358 Amyloid deposition in the orbit and acromeg-
aly may also result in diffuse fusiform enlargement of the 
extraocular muscles.174,351,359,360

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) and whether the patients are children or 
adults.48,52,58–61,361–365 In most series, inflammatory diseases 
(thyroid and idiopathic orbital inflammatory syndrome) 
make up about one-third to a half of patients. This fraction 
is lower in pathologic studies since TAO is rarely biopsied. 
In Rootman’s series59 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 hemangi-
oma), lymphoproliferative lesions (lymphomas), and finally 
secondary tumors (metastatic and contiguous spread). A 
survey of a cancer registry found lymphoma to be the most 
common malignancy.57 In children, congenital and develop-
ment lesions with cysts and vascular lesions make up 40% 
of the cases.52 A familiarity with the most common causes 
of orbital space-occupying mass lesions is helpful when con-
sidering differential diagnoses.

Orbital lymphoma
Orbital lymphomas have been increasingly recognized,362–364 
and in one series represented 55% of the orbital tumors.57 
Orbital lymphoma may be primary, when it arises and is 
localized to the orbit, or secondary as a manifestation of a 
systemic lymphoma. The clinical and radiographic presenta-
tions are the same in both situations. Orbital lymphoma can 
be difficult to distinguish from IOIS both clinically and 
radiographically, but lymphomas are more likely to present 
with a mass lesion and less likely to have associated pain 
and eyelid swelling.366 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 pro-
ducing noticeable proptosis, double vision, or a palpable 
mass which often involves the lacrimal gland. A visible sub-
conjunctival 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 
(Fig. 18–35). Idiopathic orbital inflammation may also have 
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Figure 18–34. A. Clinical photograph of a patient with a dural fistula 
causing arterialization of the blood vessels. B. Axial T1 gadolinium-
enhanced fat suppressed MRI scan of the same patient demonstrating 
extraocular muscle enlargement in the right orbit secondary to 
congestion from the fistula. C. In the more superior orbit a dilated superior 
ophthalmic vein (arrow) is seen.

A B

Figure 18–35. A. Axial CT scan 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) a coronal CT scan similarly reveals a large soft tissue mass (arrow) which seems to surround the globe without 
indenting it.

a similar appearance (Fig. 18–28).366 There are usually no 
bony changes.

When neuroimaging suggests a lymphoma, a systemic 
evaluation is indicated. The orbital mass may be biopsied, 
as it is often an accessible anterior lesion. The biopsy tissue 

should be examined by light microscopy and immunohisto-
chemistry. If the orbital lesion is isolated, it is treated with 
local irradiation.367–375 Ocular adnexal mucosa associated 
lymphoid tissue (MALT) lymphomas have a more indolent 
course and may not require as aggressive treatment.372,374,376 
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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).

If there is evidence of multiorgan involvement with lym-
phoma, 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.377–380 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 the sensory 
branches of the first division of the trigeminal nerve. Unlike 
the optic nerve, the peripheral nerves contain an outer 
sheath called an epineurium, and are further divided into 
bundles by perineural cells possessing both contractile and 
undulating properties. Within each of the perineural com-
partments are located supportive Schwann cells. These 
Schwann cells give rise to the most common (peripheral) 
nerve tumors of the orbit called schwannomas or neurilem-
omas. In all, schwannomas represent about 1% of all orbital 
tumors.59–61,364

Schwannomas most commonly present in the second to 
fourth decades with a history of proptosis that extends over 
a period of several months or years.381–384 Rarely, patients 
manifest with vision loss because of crowding of the orbital 
apex and optic nerve compression. In this setting, their pres-
entation is not unlike other benign, well-circumscribed, 
rounded, slow-growing, orbital masses. In fact, schwanno-
mas are very similar to cavernous hemangiomas in their 
presentation with the insidious onset of well-tolerated prop-
tosis. On CT and MRI scans, schwannomas may be difficult 
to distinguish from primary optic nerve tumors, and this 
distinction should be made prior to surgical excision.  
Neuroradiographic features include a well-defined lesion 
which is isointense with the brain and enhances with gado-
linium. They appear radiographically similar to cavernous 
hemangiomas, fibrous histiocytomas, and hemangioperi-
cytomas. When treatment is indicated it requires surgical 
resection.385

Patients with an orbital plexiform neurofibroma due to 
neurofibromatosis type 1 (NF-1) may manifest with propto-
sis and massive overgrowth of the eyelid skin. A characteris-
tic S-shaped deformity of the upper eyelid may be seen. 
Multiple isolated neurofibromas, café au lait spots, iris Lisch 
nodules, optic pathway gliomas (see Chapters 5 and 7), or 
a family history of neurofibromatosis should suggest the 
diagnosis of NF-1. The plexiform neurofibroma has a diag-
nostic appearance of infiltrating cords of cells that are non-
encapsulated. 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 inflamma-
tory (see discussion above on dacryoadenitis). About half of 
the tumors of the lacrimal gland are epithelial in nature; of 
these approximately half are benign and half are malig-
nant.59,386–388 The typical clinical presentation is character-
ized by deformity of the upper eyelid contour (S-shaped), 
fullness of the upper eyelid, and downward and nasal dis-
placement of the globe. Mass lesions may be palpated in the 
superior sulcus at the lateral portion of the upper eyelid. CT 
scan is important to evaluate bony changes. Excavation of 
the lacrimal fossa or bony erosion is characteristic of a pleo-
morphic adenoma while lytic lesions of the bone character-
ize adenocystic carcinoma. Pleomorphic adenomas (or 
benign mixed tumors) of the lacrimal gland represent benign 
epithelial proliferations characterized by a myxoid fibrous 
stroma. This tumor usually manifests in middle age and 
symptoms include proptosis and lid deformity evolving over 
1 year. With accurate preoperative identification, the goal of 
surgical therapy (usually via lateral orbitotomy) is complete 
excisional biopsy, otherwise there is risk of recurrence with 
orbital dysfunction and also increased risk of malignant 
transformation.389 Adenoid cystic carcinoma of the lacrimal 
gland is the most common malignant lesion to arise in this 
area. The clinical presentation is characterized by a mass 
lesion, non-axial proptosis (Fig. 18–9) and neuropathic 
pain from perineural invasion. Unlike inflammatory lesions 
of the lacrimal gland, the eye is usually white and quiet, and 
the pain is not exacerbated by eye movements. Unfortu-



641

Chapter 18 Orbital disease in neuro-ophthalmology

nately only about 70% of all patients with adenoid cystic 
carcinoma are alive at 5 years.390,391 The major cause of 
morbidity and mortality is intracranial invasion, which is 
facilitated by the perineural spread of the tumor. Surgical 
exenteration, or removal of all orbital contents, is the recom-
mended therapy with or without postoperative radiation for 
this type of tumor.390,391 Even with the most radical surgery 
and radiation the disease-free survival rate does not improve.

Metastatic tumors
The orbit is the second most common site for metastatic 
disease to the eye and its adnexa, with the uveal tract involved 
most frequently. Breast cancer is the most common primary 
tumor.353,364,392,393 The incidence of metastatic tumors as the 
cause of orbital disease ranges in various series from 1% to 
3%.59,61,362–364 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 recogni-
tion of this condition may help in the detection of an unrec-
ognized 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 diplopia, ptosis, proptosis, eyelid swelling, and 
pain.394–396 Most important is the relative abruptness and 
disproportionate amount of symptoms that these lesions 
cause compared with other space-occupying orbital lesions. 
Double vision is often an early manifestation of metastatic 
disease. This compares 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, noncomitant eye 
deviation, conjunctival injection, palpable mass, subnormal 
visual acuity, disc edema, choroidal folds, and enophthal-
mos. Metastatic breast carcinoma often causes enophthal-
mos secondary to contraction induced by the scirrhous 
nature of the tumor.397

At the time of diagnosis, metastatic tumors are usually 
characterized by unencapsulated tumor growth with diffuse 
involvement of the orbital structures (Fig. 18–37). Tumor 
emboli may lodge in muscle, fat, or bone. In clinical studies 
in which tumor localization can be accomplished by high-
resolution CT scanning, the bone and fat are involved twice 
as often as the muscle.394,395 Capone and Slamovits352 found 
that 16 cases arose from the breast, and that six cases arose 
from melanoma in their literature review of 31 cases of 
metastatic tumors to the extraocular muscles. The lesions 
may be isolated and solitary (Fig. 18–38)398 or involve the 
muscle(s) diffusely. Healy399 reviewed 22 cases of orbital 
metastases evaluated by CT scan; two-thirds of these patients 
had some evidence of adjacent bone destruction, 60% of 
lesions were extraconal, 20% were intraconal, and 20% were 
both (Fig. 18–39). Enhancement was seen in all cases exam-
ined with contrast. Interestingly, two-thirds of patients had 
evidence of intracranial disease, either by direct extension or 
discrete metastases (Fig. 18–40).399 Goldberg and Rootman394 

Figure 18–37. Axial T1-weighted, gadolinium enhanced MRI scan 
demonstrating orbital apex invasion (arrow) by a metastatic 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).

examined the spectrum of CT scan features reported in the 
literature and found that a mass lesion (Fig. 18–39) and 
tumor involving bone were the most common CT scan find-
ings. Breast carcinoma most frequently involves the fat ini-
tially (Fig. 18–41) and can cause a unique presentation 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 (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. They arise in any of the adjacent structures including 
the sinuses and nasopharynx, the meninges and brain, the 
eye, the conjunctiva and lids, and the lacrimal sac. Secondary 
tumors are a common cause of orbital disease and unfortu-
nately the most common setting in which patients require 
exenteration.

The majority of secondary neoplasms arise from the para-
nasal sinus cavities.59 Many patients with sinus tumors have 
signs and symptoms related to the eye or orbit. The primary 
mode of extension of sinus tumors to the orbit is direct 
extension. This may occur by bone erosion, extension 
through pre-existing bone canals, or extension along normal 
neurovascular bundles.400 The maxillary sinus is the most 
common origin of these secondary orbital tumors. Only thin 
bone separates the inferior orbital fissure from the mucosa 
of the sinus.400 The sinus tumors invading the orbit can be 
benign or malignant. Malignant lesions include squamous 
cell cancers and esthesioneuroblastoma.401,402 Benign lesions 
include inverting papilloma, osteomas, juvenile angiofi-
broma, and unusual neuroectodermal tumors. Although 
mucoceles (see below) are typically unassociated with malig-
nancy, Weaver and Bartley403 reported seven patients in 
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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 MRI scan reveals focal thickening of the inferior 
rectus muscle (arrow) with heterogeneous signal. On axial MRI scan (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. 
(Courtesy of Madhura Tamhanker, MD).

Figure 18–39. Axial CT scan 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 exam the patient had 
choroidal folds.

whom a malignancy was found incidentally in association 
with the mucocele at the time of surgery.

The overall prognosis for these patients is poor, and the 
treatment is usually palliative. Surgical approaches can often 
be designed to spare the globe and not affect prognosis 

although exenteration is often required.404–407 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.400 This difference in survival reflects a more 
advanced disease state when the orbit is involved. 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. 
Distant spread to lymph nodes and the lung is most  
common. 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 involv-
ing 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 the poste-
rior orbit structures, producing ophthalmoplegia and visual 
loss with only minimal proptosis.

High-grade astrocytomas of the frontal lobe may invade 
the orbital roof. Clivus tumors including chordoma have 



643

Chapter 18 Orbital disease in neuro-ophthalmology

A B

Figure 18–40. Axial T1-weighted, gadolinium enhanced MRI scans 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. One year later (B) 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).

A B

Figure 18–41. Axial MRI scan 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)

also been reported to extend into the orbit.408–410 Typically, 
proptosis occurs late and is a manifestation of advanced 
disease. Other tumors occurring in the region of the  
sella and the base of the skull may also invade the orbit. 
Pituitary 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 
and double vision.411–413 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.411–414 Cavernous hemangiomas are usually 
solitary and arise in the intraconal space. Imaging studies 
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A B

Figure 18–42. Axial T1-weighted gadolinium enhanced MRI scans in a patient with large cavernous hemangioma of the orbit and progressive vision loss. 
A. Fat-suppressed image shows the lesion (arrow) to demonstrate heterogeneous enhancement and signal pattern and to be in the intraconal space. 
In a non-fat-suppressed view (B) the lesion (arrow) compresses the optic nerve (open arrow). This patient presented with progressive vision loss.

A B

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 MRI scan of the same patient demonstrating a large heterogeneous enhancing lesion throughout the medial orbit.

reveal a well-circumscribed, variably enhancing lesion (Fig. 
18–42).415 They are usually well defined, lobulated purplish 
lesions composed of a large number of spaces of variable 
size containing blood. Compression and displacement of 
the optic nerve can occur (Fig. 18–42). Lesions can contain 
thrombus or be calcified. Like intracranial cavernous heman-
giomas, 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.411–414

Lymphangiomas of the orbit are congenital benign 
vascular tumors that contain venous and lymphatic  
channels.363,364,416,417 They can present as a mass lesion (often 
in the superior and nasal portions of the orbit) (Fig. 18–43) 
insidiously, acutely due to spontaneous bleeding (“choco-
late cysts”), or in association with upper respiratory tract 
infections. Lesions are typically hypointense on T1-weighted 
images, hyperintense on T2-weighted images and fluid levels 
and septations can be seen (Fig. 18–43). Most lymphangi-

omas are followed by observation for growth based on clini-
cal exam and imaging. Treatment is indicated when optic 
neuropathy, corneal exposure problems or glaucoma occur. 
Resection is difficult and always incomplete so should be 
avoided unless absolutely necessary.

Venous angiomas may occur in the orbit and are often 
called varices. The clinical syndrome is usually characterized 
by intermittent filling and emptying of the varix, resulting 
in variable proptosis. Eye bulging in a crying infant, prop-
tosis during Valsalva maneuver, or orbital ecchymoses 
should raise this diagnostic possibility. Lesions can be iden-
tified by CT or MR scanning, with and without raising 
intravenous pressure, and may be followed by orbital 
venography. Surgical intervention is recommended 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 
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disease.418–420 Patients may manifest with vision loss and 
proptosis from the effects of an orbital mass lesion.

Because hemangiopericytomas are tumors that arise from 
pericytes of blood vessels, they can arise anywhere in the 
body where blood vessels are located, including the orbit. 
Rarely, they arise in the area of the occipital lobe and may 
present with homonymous hemianopia. In the orbit they 
may manifest with diplopia, proptosis and choroidal 
folds.421,422 These tumors usually arise outside of the muscle 
cone, and patients develop vision loss as a manifestation of 
compression of the optic nerve. The diagnosis is rarely made 
preoperatively. Up to one-third of these lesions recur and 
some metastasize. therefore, successful treatment is greatly 
enhanced by the completeness of the excision.421,422 Clinical 
and histopathologic overlap occurs with solitary fibrous 
tumor of the orbit.423,424

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.48,52,59,364 Certain patterns are clear in a meta-analysis 
of these reports. Most children with proptosis have benign 
conditions that are infectious, inflammatory, or neoplastic. 
The benign tumors are commonly 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 occa-
sionally involved by extension of intraocular retinoblast-
oma, leukemia, or lymphoma. The benign congenital cystic 
lesions such as dermoid tumors, as well as the common 
congenital vascular tumors (capillary hemangioma) often 
present with isolated orbital findings and rarely manifest 
with intracranial abnormalities.

Rhabdomyosarcoma is the most common orbital malig-
nancy in children and is also the most common soft tissue 
tumor of childhood. Dramatic improvement in the survival 
of patients treated promptly with appropriate chemotherapy 
and radiotherapy has made the early diagnosis of rhabdomy-
osarcoma of the orbit critical. Patients with localized orbital 
disease enjoy a 90% chance for survival after successful 
chemo- and radiotherapy. Extension of rhabdomyosarcoma 
into the paranasal sinuses is not uncommon, although 
intracranial extension is quite rare. Nevertheless, staging of 
patients with rhabdomyosarcoma 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 as 
seen in adults are extremely rare. Neuroblastoma arises from 
primitive neuroblastic tissue and is the most common tumor 
to metastasize to the orbit in children. This tumor is second 
only to rhabdomyosarcoma as the most frequent malignant 
tumor of the orbit. The adrenal medulla is the most common 
primary site. Musarella and co-workers425 found that 20% of 
children with neuroblastoma developed orbital metastases 
and typically present with either proptosis or ecchymoses. 

This occurs because these tumors grow so rapidly and out-
strip their blood supply. On CT scan, 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 intracranial 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 catecholamines. 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 Rootman’s59 series of 1409 
patients, nine patients had fibrous dysplasia. The associated 
expansion of the bone may be associated with swelling, 
disfigurement, and pain. When the orbital bones are 
involved, proptosis, decreased vision, and double vision 
may occur. In some patients, the abnormal bone growth 
occurs in one site and is termed monostotic. In other 
patients, multiple sites are involved (polyostotic). The 
McCune–Albright syndrome is characterized 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. However, it may also present in 
adults.426,427

The clinical syndrome of fibrous dysplasia evolves as the 
bones enlarge, and the globe is displaced (dystopia).426–431 If 
the bones of the optic canal are involved and narrowed, 
vision loss from optic neuropathy can ensue.426,432–435 Pain, 
proptosis, and globe displacement are the most common 
manifestations.436 In Rootman et al.’s series,436 the frontal 
bone was the most frequently involved orbital bone, although 
in Katz and Nerad’s426 series the maxilla was the most com-
monly involved. Fibrous dysplasia has a virtually diagnostic 
appearance on CT scan with the bone taking on a homo-
geneous, dense, ground glass appearance (Fig. 18–44).426,437 
Many patients show a Paget-like appearance with alternating 
areas of lucency and increased density.426 Features on MRI 
scan include low to intermediate signal intensity on spin 
echo sequences and most lesions demonstrate moderate 
enhancement.438,439 Distinction of fibrous dysplasia from 
meningioma may occasionally be difficult on CT scan, but 
MRI scan will usually discriminate the two entities.426,438,439

Management of patients is directed at improving the 
craniofacial abnormality and resulting facial deformity 
through surgical debulking (complete surgical resection is 
impossible). Surgical treatments for globe malposition are 
generally successful.428 Radiation is not usually employed 
because of the potential increased risk of malignant degen-
eration. Craniofacial surgical teams have been increasingly 
successful with more than 60% of patients having a good 
cosmetic result at 1 year.431

Vision loss is a frequent complication of fibrous dysplasia 
involving the skull. Osguthorpe and Gudeman430 identified 
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tious disease is wide and ranges from acute, bacterial infec-
tions to more insidious processes due to fungi, for instance. 
Various bacteria have been reported to cause infectious 
orbital cellulitis, 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 infection. Since the paranasal sinuses structurally 
represent walls of the orbit, infectious processes in the 
sinuses are a frequent cause 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 a relatively benign orbital 
examination with eyelid edema as sole manifestation of the 
infectious process.443

Clinical presentation
Presentation in children with an orbital infection is relatively 
common and characterized by pain, redness, fever, and an 
elevation of the white blood cell count. Sinus disease is 
common, and the ethmoid sinus is the most frequently 
involved.444 A purple hue to the skin is sometimes seen in 
hemophilus infections. Staphylococcus aureus, streptococcus 
species, and Hemophilus influenzae are the most commonly 
encountered pathogenic organisms,445,446 and methicillin-
resistant cellulitis is occurring with increased frequency.447 
Evaluation of patients with suspected orbital cellulitis begins 
with imaging studies (usually CT scan, Fig. 18–45), meas-
urement of body temperature, blood cultures, and a blood 
white count. Therapy is directed at the infection and includes 
intravenous antibiotics in addition to surgical drainage 
when necessary. Antibiotic coverage should include therapy 
against penicillinase-resistant staphylococcus and anae-
robes. Ominous signs include loss of vision or worsening of 
proptosis, which could indicate either abscess compression 
of the optic nerve or extension of the infection into the 
cavernous sinus with resulting cavernous sinus thrombosis. 
Such cases with posterior orbital extension or cavernous 
sinus involvement may require more aggressive therapy.448

Mucoceles
Paranasal sinus mucoceles are cystic, expanding lesions that 
can arise in any of the paranasal sinuses (frontal and ethmoid 
most commonly). They can eventually erode bone and 
extend into the orbit (Fig. 18–46) or intracranially. The pres-
entation is more like a mass lesion than an infection although 
more accelerated presentations can occur. Patients develop 
non-axial proptosis and double vision. Treatment is usually 
with endoscopic sinus surgery.449

30 cases of monocular or binocular vision loss in the litera-
ture between 1965 and 1987. In Katz and Nerad’s426 series 
of 20 patients four were identified with vision loss and  
they emphasized that conditions associated with the bony 
abnormality such as mucoceles, hemorrhage, and aneurys-
mal bone cysts were the cause for the vision loss as opposed 
to actual bony narrowing of the optic canal by the fibrous 
dysplasia. Patients with vision loss from compressive optic 
neuropathy have been successfully treated with steroids,435 
and surgical decompression of the orbital apex and optic 
canal.428,432,434,440 Blindness has also been described as a com-
plication of prophylactic canal decompression in fibrous 
dysplasia.441 Often, the process spontaneously arrests with 
no further bone growth. Thus, conservative therapy and 
observation are often employed,429,433 particularly when 
there is no or minimal visual impairment even though radio-
graphically the optic nerve appears compromised.442 Surgical 
decompression is considered, however, when clinical evi-
dence of progressive optic neuropathy (acuity, visual field, 
or color vision loss) occurs.

Orbital infections

Infections of the orbit are both potentially sight and life-
threatening conditions that demand prompt recognition 
and therapeutic intervention. The spectrum of orbital infec-

Figure 18–44. Axial CT scan, 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 appearance. The 
patient had severe proptosis of the right eye but no clinical evidence of 
optic neuropathy.
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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) a coronal CT scan reveals an extensive enhancing lesion due to orbital cellulitis. The corresponding axial 
images (D) show the extent of the infectious infiltrate (arrow) (Courtesy of Scott Goldstein, MD).

Figure 18–46. Coronal CT scan of an ethmoid sinus mucocele (asterisks) 
which appears as a cystic mass invading the left orbit.

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 secondary to resorption of 
the bone of the orbital floor by chronic maxillary sinusi-
tis.450–456 Patients can present with insidious onset of enoph-
thalmos with an exaggerated superior sulcus (Fig. 18–3b) 
and double vision. Occasionally there can be a more precipi-
tous presentation if the floor of the orbit gives away more 
suddenly.451 CT scan shows absence of the orbital floor with 
orbital contents bowing into the maxillary sinus (Fig. 18–47). 
Treatment is by surgical rebuilding of the orbital floor.

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 such as blastomyces and sporothorix 
may be occasionally be encountered in the orbit.457
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necrotic tissue is necessary and antifungal agents are started. 
However, many patients may be treated without orbital 
exenteration, particularly those with preserved visual 
acuity.459–461,472 Amphotericin is the first-line drug but sup-
plemental use of ketoconazole has also been suggested. 
Simultaneously the medical team must correct any meta-
bolic acidosis or underlying bacterial infection. Ultimately, 
the extensive and aggressive debridement may require recon-
structive efforts in the future. Mortality rates are in the range 
of 15–35%, and the prognosis seems to be dependent on 
prompt recognition.459–461,464,472 Those individuals treated 
successfully have usually been diagnosed within 4 days of 
symptom onset.461 Spread to brain and intracranial vascular 
structures in so-called 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 to some 
extent at the time of diagnosis.473 Orbital involvement in 
aspergillosis occurs as a manifestation of a disseminated 
infection with widespread necrotizing angiitis from micro-
scopic fungus invasion of small vessels. Endophthalmitis 
may occasionally occur in this setting. Infections tend to be 
more indolent than patients with mucormycosis. Despite 
this slower course, patients with orbital aspergillus may still 
lose vision or die from their infection. A patient with a 
steroid-responsive optic neuropathy was ultimately found to 
have aspergillosis as the primary cause of the problem and 
succumbed to the illness.467,474–476

Patients usually present with orbital signs of progressive 
exophthalmos and a 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 mucormyco-
sis, requires wide surgical debridement in conjunction with 
systemic amphotericin alone or in combination with other 
anti-fungal agents. Mortality, unfortunately, is high, and suc-
cessful treatment again requires prompt recognition of the 
condition.

Allergic fungal sinusitis. Allergic fungal sinusitis (AFS) is 
a type of paranasal sinus mycosis encountered in patients 
with chronic sinusitis.477–484 Unlike other forms of paranasal 
mycosis, AFS is a noninvasive form of sinusitis, and therefore 
requires a different approach to treatment. AFS typically 
occurs in immunocompetent hosts with a history of nasal 
polyposis and chronic sinusitis. Patients are frequently 
atopic and may have peripheral eosinophilia. Presenting 
symptoms include nasal obstruction, pain, rhinorrhea, 
visual loss, diplopia, proptosis, cranial nerve palsy, facial 
deformity and patients may produce a thick green or brown 
mucus.477–484

In one series, 17% of patients presented with orbital 
symptoms.480 Radiographic studies typically show involve-
ment 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 extra-
mucosal fungal hyphae. The offending organisms are the 

Phycomycosis (mucormycosis). Infections with the phyco-
mycetes may involve the lungs, gastrointestinal tract, or the 
rhino-orbital structures. The rhino-orbital infection typically 
begins in the nose and spreads through the maxillary and 
ethmoid sinuses into the orbit.458–463 However, occasionally 
there will be no obvious sinus lesion. The organism spreads 
by invading blood vessel walls and may produce necrosis, 
thrombosis, and ultimately infarction of the involved orbital 
tissues.464 Most patients who develop mucormycosis have a 
predisposing risk factor such as diabetes, leukemia, lym-
phoma, septicemia, or burns.

Symptoms may include pain, fever, headache, reduced 
acuity, double vision, facial numbness, and sometimes a 
seropurulent discharge from the nose.460 On examination of 
involved tissues, a black eschar characterized by necrosis and 
dark discoloration is frequently noted. However, the eschar 
is usually a late finding, and its absence does not exclude the 
diagnosis of mucormycosis. Many affected patients present 
with an orbital apex syndrome with both internal and exter-
nal ophthalmoplegia, optic neuropathy, ptosis, and sensory 
loss in the trigeminal distribution.459,460,464–467 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. Infarc-
tion of the orbit can also occur as a consequence of carotid 
occlusion, aneurysm or dissection, sickle cell disease, tem-
poral arteritis, or as a complication of craniotomy.468–471

Neuroimaging studies typically reveal inflammatory 
disease in the sinuses and the orbits. Both blood and CSF 
cultures are seldom positive. The diagnosis of mucormycosis 
is best established by a biopsy demonstration of non-septate 
hyphae branching at 90-degree angles.

Treatment must be initiated promptly and usually requires 
both surgical and medical approaches. Complete excision of 

Figure 18–47. Coronal CT scan of a patient with silent sinus syndrome of 
the left orbit. Chronic inflammation of the maxillary sinus has eroded the 
floor of the left orbit (arrow) which has an abnormal concave appearance 
compared to the other side. This erosion alone can lead to enophthalmos 
and vertical strabismus. This CT scan corresponds to the clinical photograph 
of the patient depicted in Fig. 18–3b.
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dematiaceous fungi such as Bipolaris, Exserohilum, Curvularia, 
Alternaria, and Aspergillus species.483 Unlike in patients with 
invasive sino-orbital 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.483 The role of topical antifugal agents 
has not yet been clarified.

Orbital trauma
Patients with craniofacial trauma commonly present for 
ophthalmic or neuro-ophthalmic evaluation, both in the 
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 retrobul-
bar 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). Radio-
graphic imaging in the acute setting is critical to determine 
the extent of orbital injury and involvement of the extrao-
cular muscles. Important features to evaluate include bony 
fractures, the degree and direction of bone displacement, 
soft tissue injury or abnormal globe contour, retrobulbar 
hemorrhage (Fig. 18–48), and the presence of air or foreign 
body in the 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 identifica-
tion of traumatic optic nerve sheath hemorrhages or in the 
characterization of soft tissue swelling.

Orbital “blowout” or floor fractures are common after 
facial trauma. There may be obvious external evidence of 
trauma but in some blowout fractures the external appear-
ance will be relatively normal (Fig. 18–49). Palpation of the 
bony orbital rim is necessary to exclude step-off fractures and 
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Figure 18–48. A. Clinical photograph of extensive subconjunctival hemorrhage in a patient with retrobulbar hemorrhage. The pupil has been 
pharmacologically dilated. In another patient (B) on axial CT scan massive left proptosis and blood within the left orbit and the retrobulbar space are 
demonstrated secondary to retrobulbar hemorrhage after trauma.

A B

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 CT scan (B) demonstrated a “trap door” inferior floor fracture restricting the inferior rectus (arrow) which prevented the 
eye from elevating. (Courtesy of William Katowitz, MD).
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tions, particularly when there is CT scan evidence of soft 
tissue or muscle entrapment and no improvement over the 
first 7–14 days. If the fracture is not repaired and entrapment 
persists, the patient can be left with chronic eye movement 
limitation and diplopia (Fig. 18–52). Similarly, early enoph-
thalmos 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, it is clear that conservative management in 
patients with full eye movements, no soft tissue entrapment 
on CT scan, only small fractures, and minimal enophthal-
mos is a reasonable course. Such patients require no further 
surgery and will not develop 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 or transcon-
junctivally. 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 position. Both autogenous tissue such 

to identify areas of reduced sensation. The measurement of 
the globe position to rule out enophthalmos or proptosis by 
exophthalmometry should be performed. Limited eye move-
ments from entrapment (Fig. 18–49) should be distin-
guished from cranial nerve palsies through the use of forced 
duction testing. Other facial fractures important in craniofa-
cial trauma include those involving the frontal bone since 
their presence may suggest brain involvement or affect the 
trochlear or the function of the superior oblique muscle (Fig. 
18–50). Nasal ethmoidal fractures can present with telecan-
thus and lacrimal injury. Zygomatic fractures are important 
as they may involve the lateral rectus muscle and impair eye 
movements. Some orbital injuries can be associated with 
traumatic nerve damage causing isolated muscle palsies or 
actual trauma to the muscle causing a hematoma or trau-
matic rupture (Fig. 18–51).

The appropriate management of orbital blowout fractures 
remains a controversial issue, particularly in the early stages. 
Some favor early surgical intervention to restore orbital 
volume and anatomic relationships. Most agree that early 
surgical intervention for blowout fractures is indicated in 
patients with symptomatic diplopia and positive forced duc-
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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 a coronal CT image (C) the superior oblique and surrounding soft tissue is seen to extend 
into the area of an ethmoidal fracture (arrow). Axial CT scan (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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A B

Figure 18–51. A. Impaired downgaze of the right eye in a patient after blunt trauma to the orbit. B. On a sagittal T1-weighted MRI scan the right inferior 
rectus has been ruptured (arrow).

A B

Figure 18–52. A. Clinical photograph of a patient with a distant history of orbital trauma complaining of chronic double vision. Elevation deficit of the left 
eye is seen and on coronal CT scan (B) scarring of the inferior rectus (arrow) is seen adjacent to an old orbital fracture.

as harvested graft material in the form of bone and alloplas-
tic materials may be used. Most favor inert alloplastic materi-
als which are available in many different forms, including 
porous polyethylene and metal alloys.

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, and superior.485–488 
A combination approach is occasionally used, requiring the 
cooperation of otolaryngologists, neurosurgeons, and recon-
structive surgeons. The anterior approach is the most fre-
quently employed and incisions may be made either 
transconjunctivally or through the skin. This technique may 
involve surgery through the orbital septum or can be extra-
periosteal. This technique can be used to biopsy lesions 

anywhere in the orbit and to remove palpable mass lesions. 
The retrobulbar space may be accessed through a conjuncti-
val incision with temporary displacement of the medial 
rectus muscle. This technique is particularly useful for optic 
nerve sheath fenestration. The anterior extraperiosteal 
approach is particularly useful for lesions that are based in 
or involve the bone or sinuses.
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Some malignant tumors of the orbit threaten to extend 
beyond the orbit and require exenteration. This definitive 
procedure involves removal of the entire orbital contents. 
When the eyelids are also removed, this is called superex-
enteration. 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.
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Headache, facial pain, and 
disorders of facial sensation

Headache is a nearly universal experience as over 90% of individuals have 
noted at least one headache during their lifetime.1 Since the eye receives a 
rich innervation from the trigeminal nerve, it is not surprising that many 
headache syndromes are associated with pain concentrated around the eye. 
Furthermore, many of the primary headache syndromes such as migraine 
and cluster headaches have prominent neuro-ophthalmic signs and symp-
toms. As such, 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 established from the 
history. Important features include the frequency, location, laterality, mode 
of onset, duration, nature of the headache (throbbing, aching, pressure, dull 
or sharp), and the presence of accompanying symptoms along with precipi-
tating and alleviating factors. Visual aura is highly suggestive of a migraine 
disturbance. Although nonspecific, photophobia, phonophobia, osmopho-
bia, and gastrointestinal symptoms may also help to discriminate migraine 
from other causes of headache. Naturally, the patient’s medical and psychi-
atric 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 cluster headaches (and other trigeminal autonomic 
cephalgias) are the most common forms of primary headache. The Interna-
tional Headache Society (IHS) has established diagnostic criteria for a variety 
of headache disorders to provide uniformity in classification (Tables 19–1 to 
19–4).2

These guidelines were primarily created for the purpose of collecting 
epidemiologic and clinical trial data and may not always be practical for use 
in the clinical setting. Diagnostic difficulty occurs in patients with multiple 
headache syndromes and from the fact that headache characteristics may 
change over time. In addition, the restrictive IHS requirements for a 
minimum number of headaches with a certain duration may exclude many 
individuals who likely do have that headache type.

“Red-flag” headache characteristics that suggest a more ominous underly-
ing cause are listed in Table 19–5. These types of headaches require more 
aggressive evaluation, including neuroimaging and possibly lumbar 
puncture.3

Migraine

Because it is such a common disorder, migraine will be discussed first. This 
section will review the epidemiology, genetic and clinical factors, patho-
physiology, and treatment of migraine.

	 Part	4  Other topics
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Table	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 two of the following characteristics:

1. Unilateral location
2. Pulsating quality
3. Moderate to severe intensity
4. Aggravation by walking stairs or similar routine physical 

activity

D During headache at least one of the following:
1. Nausea or vomiting
2. Photophobia or phonophobia

E Not attributed to another disorder

Table	19–2 International Headache Society (IHS) criteria for typical 
migraine with aura2

A At least two attacks fulfilling criteria B–D

B Aura consisting of at least one of the following, but no 
motor weakness:
1. Fully reversible visual symptoms including positive 

features (e.g., flickering lights, spots or lines) and/or 
negative features (i.e., loss of vision)

2. Fully reversible sensory symptoms including 
positive features (i.e., pins and needles) and/or 
negative features (i.e., numbness)

3. Fully reversible dysphasic speech disturbance

C At least two of the following:
1. Homonymous visual symptoms and/or unilateral 

sensory symptoms
2. At least one aura symptom develops gradually over 

≥5 minutes and/or different aura symptoms occur 
in succession over ≥5 minutes

3. Each symptoms lasts ≥5 minutes and ≤60 minutes

D Headache fulfilling criteria B–D for Migraine without 
aura (Table 19–1) begins during the aura or follows 
aura within 60 minutes

E Not attributed to another disorder

Table	19–3 International Headache Society (IHS) Criteria for 
Frequent Episodic Tension Headaches2

A At least 10 previous headaches episodes filling criteria  
B–D listed below; number of days with such headaches: 
fewer than 180 per year or fewer than 15 per month for 
at least 3 months

B Headache lasting from 30 minutes to 7 days

C At least two of the following pain characteristics:
1. Pressure/tightening (nonpulsating) quality
2. Mild or moderate intensity
3. Bilateral location
4. No aggravation with routine physical activity

D Both of the following:
1. No nausea or vomiting
2. Photophobia and phonophobia are absent, or one but 

not the other is present

E Not attributed to another disorder

Table	19–4 International Headache Society (IHS) Criteria for Cluster 
Headaches2

A At least five attacks fulfilling criteria B–D

B Severe unilateral orbital, supraorbital, and/or temporal 
pain lasting 15–180 minutes untreated

C Headache associated with at least one of the following 
signs, which have to be present on the painful side:

1. Conjunctival injection and/or lacrimation
2. Nasal congestion and/or rhinorrhea
3. Eyelid edema
4. Forehead and facial sweating
5. Miosis and/or ptosis
6. A sense of restlessness or agitation

D Frequency of attacks: from one to eight per day

E Not attributed to another disorder

Table	19–5 Features of headache that suggest an ominous cause3

Abrupt onset
Association with fever, coughing, straining or sexual activity
Change with position or exertion
Focal neurological symptoms or signs
Onset after the fourth decade
Onset during pregnancy or postpartum
Papilledema
Progressive worsening
Underlying disorder such as cancer or HIV disease

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.4 
In one population study, approximately 90% of patients 
with migraine reported some disability associated with their 
headache, and one half had severe disability.4 In fact, patients 
with migraine may lose several days of work per year related 
to headache.6,7 Despite the high frequency of disability asso-
ciated with migraine, many patients do not seek medical 
attention for their headache.8 Most of these patients rely on 
over-the-counter medications and the majority are probably 
inadequately treated.5 A subgroup of patients with episodic 

migraine may develop a chronic disease state, formerly 
termed transformed migraine, but now called chronic 
migraine,9–11 characterized by 15 or more headaches per 
month.

A variety of neurologic and psychiatric disorders may also 
have an association with migraine.12 According to one study, 
epilepsy patients have twice the risk of developing migraine 
as those without seizures.13 There is a higher incidence of 
stroke in patients with migraine, particularly in those with 
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theories suggest otherwise.27 For instance, blood flow studies 
have demonstrated reduced flow preceding the onset of the 
aura but continuing into the headache phase.28 Thus the 
headache occurred during a period of vasoconstriction. Cur-
rently the aura of migraine is thought to be related to the 
concept of spreading depression. This idea of cortical depres-
sion was promulgated by Leão,29,30 who demonstrated that 
electrical depression moved over the cortex at a rate of 
2–3 mm per minute. The observation of Leão was supported 
by Lashley,31 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, it now is believed to be a secondary event triggered 
by a primary neurogenic process. Modern imaging  
techniques such as perfusion-weighted imaging,32 positron-
emission tomography,33 magnetoencephalography,34 and 
functional MRI35,36 have supported the notion of cortical 
spreading of oligemia and neuronal depression.

Lance37 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 also been implicated in 
the development of photophobia and phonophobia. Ulti-
mately, the locus ceruleus and the spinal nucleus of the 
trigeminal nerve are influenced by the cortex and other 
higher structures. Functional MRI studies38,39 have suggested 
that the red nucleus and substantia nigra may also be 
involved in this neural network. Spreading depression may 
release a variety of substances in the cortex such as potas-
sium, hydrogen, and nitric oxide that leak into the extracel-
lular space and activate perivascular trigeminal nerve endings. 
How aura and headache are related mechanistically is still 
uncertain.40

Integrated theory. At this time, the precise pathophysiol-
ogy of migraine remains uncertain,41 but a cascade of events 
seems likely. In summary, migraine appears to be initiated 
by hyperexcitability of cortical and brain stem neurons (Fig. 
19–1). The overactivation of these neurons may be the 
result of an underlying channelopathy seen in genetically 
predisposed individuals.42 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, foodstuffs, stress, 
and sleep deprivation. The different symptoms observed in 
migraine probably reflect differential activation of cortical, 
brain stem, and vascular structures.

In some patients, the migraine process persists and central 
sensitization occurs.43,44 Continued peripheral sensory input 
can lead to sensitization of central (second order) trigemi-
novascular neurons and third-order neurons in the thala-
mus. At this point, the centrally based pain neurons may 
continue to propagate pain impulses even in the absence of 
further input from the peripheral trigeminal neurons. Clini-
cally, the patient may develop cutaneous allodynia, during 
which normally non-painful tactile stimuli become painful. 
Patients with cutaneous allodynia may experience localized 
pain with routine activities such as wearing eyeglasses, 
combing hair, wearing contact lenses, lying on a pillow, or 
taking a shower.45,46 In this stage, the patient’s pain may be 
refractory to triptan therapy.44 It has also been suggested that 

aura.14 Silent posterior circulation infarcts, particularly in the 
cerebellum, have been documented in migraine patients.15,16 
Nonspecific deep white matter lesions demonstrated  
best on magnetic resonance imaging (MRI) are commonly 
seen,15,17 but their exact pathogenesis is unclear. A variety 
of affective disorders are related to migraine, including 
depression, manic depressive illness, and panic disorder. 
Co-sensitization may explain the association of chronic 
migraine with depression and anxiety.18

Genetic factors. A genetic basis for migraine has been long 
suggested by the observation that 70% to 90% of migraine 
patients have a positive family history.19 In fact, migraine has 
been linked to both chromosomes 1 and 19.20 Joutel and 
colleagues21,22 have linked familial hemiplegic migraine to 
chromosome 19. Evidence suggests that the defective gene 
encodes for a voltage-dependent P-type calcium channel.23 
A link to chromosome 19 has also been established for  
the entity known as CADASIL (cerebral autosomal dominant 
arteriopathy with subcortical infarcts and leukoencephal-
opathy). This is an autosomal dominant arteriopathy  
characterized by leukoencephalopathy, subcortical infarc-
tion, and migraines. Other studies of familial hemiplegic 
migraine also suggest a link to chromosome 1 and a defect 
in calcium and potassium channels.24,25 Thus, accumulating 
data suggest that migraine in some instances may be a chan-
nelopathy, 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, the dura, the venous 
sinuses, the arteries, and the sensory fibers of the fifth, ninth, 
and tenth nerves. Although the precise mechanism of 
migraine remains uncertain, evidence suggests an important 
role for the trigeminal vascular projections and the neuro-
chemical serotonin. The trigeminal nerve has terminals on 
the pial and dural blood vessels that release a variety of 
vasoactive neuropeptides, including substance P, neurokinin 
A, and calcitonin gene-related peptide (CGRP). Release of 
these neuromediators produces sterile neurogenic inflam-
mation by dilating meningeal blood vessels and increasing 
vascular permeability. Sumatriptan and dihydroergotamine 
(DHE) act on presynaptic 5-HT1D receptors to block the 
release of these neuroactive peptides and 5HT1B receptors to 
selectively constrict dilated meningeal vessels. In addition, 
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.

Further evidence for the involvement of brain stem struc-
tures is supported by positron emission tomography studies 
that show increased blood flow in the reticular activating 
formation during the migraine episode.26 The median raphe 
nucleus and the periaqueductal gray matter along with the 
locus ceruleus are regions thought to be activated during a 
migraine attack. In addition, activated parasympathetic pro-
jections from the superior salivatory nucleus may produce 
vasodilation of meningeal vessels.

Mechanism of migraine aura. Classic explanations for 
migraine attributed the aura to vasoconstriction and the 
headache to vasodilation. However, more contemporary 
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the arm and into the perioral area. Sensory auras are most 
convincingly migraine when they have been preceded by a 
classic visual aura. Aphasic and motor auras are uncommon, 
but their initial occurrence should prompt investigation for 
transient cerebral ischemia.

Interictal heightened visual sensitivity
Even between episodes of headache, migraine patients may 
have a heightened sensitivity to bright lights, glare, and other 
visual stimuli.50 Patients may also complain of sensitivity to 
flickering lights (e.g., strobe and fluorescent), patterned 
stimuli,51 moving objects,52 and supermarket aisles (visual 
vertigo).53 These visual stimuli may cause migraine head-
aches,54,55 perhaps in part by lowering trigeminal and cervi-
cal pain thresholds.56 Migraine patients may also have 
impaired inhibitory subcortical function that normally  
suppresses glare-induced pain.57 Alternative explanations 
include primary visual cortex58 and V5 hypersensitivity59 or 
reduced inhibition by extrastriate structures.60 Detailed psy-
chophysical61–67 and electrophysiologic studies68,69 have also 
demonstrated that interictal visual function may be subtly 
altered in patients with migraine.

Migraine subtypes
Complicated migraine
The term complicated migraine refers to a permanent neuro-
logic deficit whether it is visual, motor, or sensory in origin. 
In these patients, MRI may demonstrate the cerebral ischemic 
changes that typically occur in the occipital–parietal regions 
(Fig. 19–2).

chronic (transformed) migraine may result from repeated 
episodes of cutaneous allodynia.47

Symptoms and signs
As alluded to earlier, a variety of factors may provoke 
migraine, including menstruation, change in sleep patterns, 
hunger, stress, certain 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 cravings, anorexia, fluid retention, or 
urinary frequency.

Headache. The headache of migraine is usually unilateral, 
throbbing, and of moderate severity (Table 19–1). It may 
start any time of the day or night, but has a tendency to start 
in the morning. The onset is usually gradual, and it is this 
feature that helps to distinguish migraine from a more 
ominous cause such as a subarachnoid hemorrhage. Migraine 
headaches usually last several hours, and may be exacerbated 
by physical activity. The headache may pass through stages 
ranging from mild to severe. A variety of symptoms may 
accompany the headache, including photophobia, phono-
phobia, osmophobia, nausea, vomiting, and autonomic 
symptoms (Table 19–1). Patients may also become irritable, 
anxious, or depressed during the headache phase.

Aura. The aura of migraine usually begins before the 
headache phase, but occasionally it will occur simultane-
ously or follow it (Table 19–2). Approximately one-third of 
migraine patients experience an aura.48 The most character-
istic aura is visual, but sensory dysfunction may also occur. 
The visual symptoms typically build up over several minutes 
and resolve by 20–40 minutes. Occasionally, the aura will 
extend to 60 minutes. Some patients will have recurrent 
auras during the day. Most patients are unable to determine 
whether the phenomenon occurred in one or both eyes. In 
fact, the vast majority of patients believe a hemifield distur-
bance occurred in one eye. Although fortification scotomas 
are the most characteristic visual disturbance, the patient 
may also complain of bright flashing lights or distorted 
vision. Some patients describe the sensation as if they were 
looking through clouded or prismatic glass. Classically, an 
arc of flashing zigzag light starts in the paracentral 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 will experience tunnel vision or 
a disturbance in both hemifields. Unusual disturbances of 
vision 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, or 
distorted. Rare patients may experience persistent positive 
visual phenomena.49 In these patients, neuroimaging does 
not show any evidence of infarction, and the aura symptoms 
persist beyond one week. The various types of positive 
migraine visual aura are discussed in more detail and with 
figures in Chapter 12, and the negative visual auras (vision 
loss) in Chapter 10.

Sensory disturbance may include paresthesias, dysesthe-
sias, numbness or hyperesthesia. It is not unusual for the 
sensory symptoms to follow the headache. Classically,  
the sensory symptoms begin in the fingertips and march up 

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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Figure	19–3. Fundus photos from a patient with retinal vasospasm 
presumably from migraine. A. Early in the attack, the retinal arteries 
and veins narrow and flow becomes segmented. The retina is pale in 
appearance. B. Later in the attack, gaps in retinal vein flow (arrows) 
become more obvious. C. After the attack, there is resumption of normal 
flow (photos courtesy of Dr. Jeffrey Bennett).

Table	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

There is no effective therapy for evolving complicated 
migraine. We treat suspected complicated migraine with 
high-dose intravenous methylprednisolone and hydration. 
Triptan medications should be avoided because of their  
vasoconstrictive properties. Sublingual calcium channel 
blockers may help reduce vasospasm, but this beneficial 
effect must be weighed against their propensity to lower 
blood pressure.

Retinal migraine
These events typically occur in one eye. Unlike the migraine 
patient with occipital auras, the patient with retinal migraine 
frequently experiences a negative visual phenomenon 
described as a graying or blackout of vision. The pattern of 
visual loss is often described as a tunnel, but may be altitu-
dinal or quadrantic in nature.70 The diagnosis of retinal 
migraine is often one of exclusion, and it has been suggested 
that migraine is only a rare cause of transient or permanent 
visual loss.71

Observers have occasionally noted constriction of the 
retinal arterioles and venules during an attack (Fig. 19–3).72 

During these episodes, the retina will transiently lose its 
orange color. It seems likely that retinal changes are prima-
rily induced by local vascular changes.73 Rarely, patients have 
permanent visual loss as the result of retinal or optic nerve 
damage (Table 19–6).74

The evaluation of retinal migraine patients usually con-
sists of noninvasive studies of the carotid arteries, and  
checking for antiphospholipid antibodies. In some patients, 
echocardiography and a hypercoagulable workup are needed 
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to exclude a non-migrainous cause. Calcium blockers have 
been particularly effective for these patients.75 Occasionally, 
one aspirin a day will also reduce the frequency of retinal 
migraine.

This entity and other types of transient visual loss in 
migraine are also discussed in Chapter 10.

Ophthalmoplegic “migraine”
This rare disorder usually begins before the age of 10 in the 
patient with an otherwise typical migraine pattern. The oph-
thalmoplegia usually follows the headache by several days 
but occasionally it will occur simultaneously or precede it. 
The most common motility disturbance is a third nerve 
palsy, and the pupil is involved in about 50% of such 
patients.76 Rarely, fourth and sixth nerve palsies or a combi-
nation of ocular motor palsies may be a manifestation of 
migraine. Clearly, other causes of a cavernous sinus syn-
drome need to be excluded fully in such situations. The 
ophthalmoparesis usually resolves after 1–4 weeks. After 
several episodes, a partial palsy may persist.

In patients under the age of 10, MRI should suffice to 
exclude most serious conditions when a pupil involving 
third nerve palsy is present. In the majority of patients with 
ophthalmoplegic migraine, transient third nerve enhance-
ment is observed.76 However, above age 10, an aneurysm is 
an increasing concern and should be excluded.

The cause of the ophthalmoparesis in migraine is uncer-
tain and some have questioned whether this disorder should 
be classified under the rubric of migraine. The disorder is 
thought to be a recurrent inflammatory cranial neuropa-
thy.2,77 Other possibilities include microvascular occlusion, 
swelling of the intracavernous carotid, or microhemorrhages 
from a cavernous malformation intrinsic to the third nerve. 
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 further detail in Chapter 
15.

Benign episodic mydriasis
Rarely, a dilated pupil may be a manifestation of migraine, 
and other signs of a third nerve palsy such as ptosis  
or ophthalmoparesis are absent. Angle-closure glaucoma  
should be excluded.78 This entity is discussed in more detail 
in Chapter 13.

Basilar (Bickerstaff) migraine
These patients may experience transient symptoms of poste-
rior circulation insufficiency, including visual field defects, 
vertigo, nystagmus, ataxia, impaired hearing, dysarthria,  
and motor and sensory symptoms.79,80 Some patients 
may have an alteration of consciousness, presumably from 
involvement of the reticular activating system.81 This disor-
der usually occurs in young women. This form of migraine 
may be the cause of episodic vertigo seen in young children. 
These patients may be more sensitive to the vasoconstrictive 
effects of triptan medication. As such, the triptan com-
pounds are contraindicated in these groups of patients. 
Unfortunately, solid data regarding this important issue are 
lacking.

Hemiplegic migraine
This disorder usually occurs early in life as a prelude to 
headache. This disorder 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. Recently, familial 
hemiplegic migraine has been linked to chromosome 19 and 
less frequently to chromosome 1. The genetic defect in famil-
ial hemiplegia appears to result from a defect in the calcium 
channel.23 Likewise, these patients may be overly sensitive 
to the triptan compounds and their use in this subgroup of 
patients should be avoided until further data are available.

Migrainous vertigo
Patients with migraine commonly have vertigo as an associ-
ated symptom.82 In some patients, however, episodic vertigo 
may be the only complaint. Confusion may exist with 
Ménière’s disease, and in fact, the two entities may co-exist. 
Although phonophobia is another common symptom in 
migraine, a small percentage of patients may experience 
acute permanent hearing loss. The episodes of vertigo may 
begin abruptly, last from seconds to days, and can be 
extremely severe.83 It is quite common for them to occur 
without headache. These patients may also experience a 
variety of abnormalities on vestibular testing, including 
caloric paresis, spontaneous nystagmus, positional nystag-
mus, and abnormal rotary-chair testing.84,85 Patients may 
have nystagmus that can suggest either a central or periph-
eral vestibular disorder.86–88 Baloh89 has 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 in terms of prophylactic and 
abortive therapies.

Migraine in women
Menstrual migraine. Migraine associated with menses is 
extremely common in women, and its pathogenesis is 
thought to be due to a fall in serum estrogen levels contem-
poraneous with the onset of bleeding. Many women can 
predict their headache occurrence in relationship to the 
onset of menses. These migraines tend to be more severe, 
longer lasting, and more difficult to treat than non- 
menstrual migraines. In addition, usually they are unassoci-
ated with auras.

Migraine in pregnancy. While some women suffer from 
worsening of their migraine headaches during pregnancy, 
others, for unclear reasons, enjoy vast improvement. Most 
prophylactic and abortive migraine medications except 
acetaminophen are contraindicated in pregnancy.

Oral contraceptives and stroke in migraine. Controversy 
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,90 and in some studies the use of oral 
contraceptives enhanced this risk.91–94 However, the absolute 
risk is still low.95 Nevertheless, we often discourage the use 
of oral contraceptives in patients with refractory migraine 
with aura. The risk of stroke may be most significant in 
female migraineurs who are over the age of 35, use contra-
ceptives, and smoke cigarettes.
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be repeated in 1 hour if pain relief is inadequate. However, 
the abuse potential of butorphanol is high, which limits its 
routine use. Intranasal lidocaine (4% soln, 0.5-ml dose) may 
also abort migraine headaches although recurrence is a 
problem with this drug.97

For some patients, the migraine begins as a mild head-
ache with subsequent progression to a moderate or severe 
migraine. In this situation, it is best to recommend the early 
initiation of a triptan medication.98–100 Therapy is most effec-
tive 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 also numerous. 
However, the triptans (5HT1B/D serotonin agonists), which 
are migraine-specific medications, are the most widely used 
for such patients. The decision of which triptan to select 

Diagnostic testing in a patient with 
suspected migraine
Visual fields should be assessed in all new patients with 
suspected migraine visual aura to exclude field defects. A 
homonymous defect, for instance, would suggest alternative 
diagnoses such as release hallucinations or seizures due to a 
neoplasm.

If the patient has a long history of typical migraine and a 
normal examination, it may be reasonable to defer neuroim-
aging. However, we have a low threshold for performing 
MRI in most patients because there are many causes of head-
ache, and several organic disorders may mimic or even 
trigger migraine. This is particularly true in patients with new 
onset of symptoms in middle age, atypical features, or 
marked increase in frequency of headache (Table 19–5). 
Routine blood work is often unhelpful in young patients, 
but a sedimentation rate is extremely important in elderly 
patients with transient loss of vision or headache to help 
exclude temporal arteritis. Lumbar puncture, almost always 
following neuroimaging, is an important test when suspect-
ing a diagnosis of subarachnoid hemorrhage, meningitis, or 
pseudotumor cerebri.

Treatment
Migraine treatment depends on the frequency, duration, and 
intensity of the pain. Symptomatic or abortive treatment 
alone is recommended when the attacks occur less than 
twice a week and are short lived (Table 19–7). Prophylactic 
or preventive therapy should be added when the headaches 
are more frequent or disabling enough to affect the patient’s 
occupation or social activities. Many patients with frequent 
migraine are treated with a combination of preventive and 
abortive therapies.

Abortive therapy
Mild to moderate headaches. There are many patients 
who find relief with acetaminophen, nonsteroidal anti-
inflammatory drugs (NSAIDs), or aspirin. Many of these 
patients do not seek medical attention. In fact, the non-
prescription combination of acetaminophen, aspirin, and 
caffeine may be quite effective. In one study, pain intensity 
was reduced to mild or none in 59.3% of treated patients 
compared with 32.8% of placebo patients, 2 hours after the 
dose.96 NSAIDs are very beneficial for patients with occa-
sional headaches. NSAIDs are also very helpful for the brief 
lancinating pain which lasts seconds and plagues certain 
migraine patients. These pains are referred to as ice-pick-like 
(idiopathic stabbing pain) and may occur over the scalp, 
particularly over the temporal regions.

Other options for 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 if used fre-
quently. Butorphanol nasal spray is a mixed opiate agonist–
antagonist. The dose is one spray in one nostril, which may 

Table	19–7 Pharmacologic abortive therapy in migraine, including 
initial dosages and route of administration

Dose Route

Triptan	medications
Fast acting, non-oral
 Sumatriptan 20 mg IN
 Sumatriptan 4 mg, 6 mg SQ
 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	anti-inflammatory	drugs	(NSAIDs)
Naproxyn 375 mg, 500 mg PO
Indomethacin 75 mg SR
Ketoralac 10 mg PO

Antiemetics
Droperidol 2.5 mg IV
Prochlorperazine 2–10 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

IN, intranasal; IV, intravenous; PO, oral; SQ, subcutaneous; SR, sustained release; 
SL, sublinqual.
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pain associated with the triptans are not cardiac related.112,113 
Triptans are relatively contraindicated in individuals taking 
selective serotonin reuptake inhibitors (SSRIs) because of the 
risk of serotonin syndrome. However, this side-effect, char-
acterized by tachycardia, hypertension, and hyperthermia, is 
extremely rare in our experience. The main side-effects of the 
oral triptans are paresthesias, fatigue, and dizziness.

Other treatment options 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.114 In addition, an oral CGRP receptor antagonist has 
been investigated as a novel acute treatment for migraine.115

Currently there is no effective treatment for aborting the 
visual aura of migraine. Observation is usually the safest 
approach. In cases where it is suspected that migrainous 
infarction is about to evolve, one may try 10 mg of nifed-
ipine sublingually, keeping in mind that hypotension is a 
possible side-effect. Inhaled amyl nitrate and isoproterenol 
are alternatives but the efficacy of all these regimens are 
unproven.

Severe migraine headache in the emergency department. 
For the patient with severe pain and nausea, the following 
regimens may be tried:

1. Subcutaneous sumatriptan.
2. Intramuscular ketorolac 30–60 mg. Prochlorperazine 

10 mg could also be given before the ketorolac to 
lessen nausea.

3. Intravenous dihydroergotamine. Prochlorperazine 
10 mg is combined with 1 mg of dihydroergotamine. 
One half of the solution is given intravenously 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, dihydroergotamine 
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 one administers 
prochlorperazine, it is important that the patient does 
not drive home alone because of its sedative effect. 
Intravenous hydration is also a very effective adjunct as 
most patients with severe acute migraine have become 
dehydrated. Droperidol 2.5 mg IV every hour to a 
maximum of 10 mg can also be tried.116 Premedication 
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.117

Preventive therapy
Preventive (prophylactic) therapy is indicated when head-
aches occur more than once or twice a week or produce 
significant disability, or when symptomatic therapy fails 
(Table 19–8). The goal of prophylaxis is to reduce or eliminate 
the need for acute therapy. Even if preventive therapy is  
not completely effective, it may render acute therapy more 

largely depends on the rapidity and the length of the migraine 
headache as well as the presence of nausea and vomiting 
(Table 19–7). If the headache onset is between 15 and 45 
minutes, and the patient is not severely nauseous or vomit-
ing, one of the faster onset oral triptans (sumatriptan, zol-
mitriptan, eletriptan, almotriptan or rizatriptan) is an 
excellent option.101 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 gastroin-
testinal tract. The wafer contains aspartame, so it may have 
limited use in patients who have their headache triggered by 
this artificial substance. Rizatriptan also interacts with pro-
pranolol, requiring the physician to half the dose of riza-
triptan with concurrent use. However, rizatriptan 10 mg has 
a slight benefit over 100 mg of oral sumatriptan in terms of 
headache relief at 2 hours and sustained freedom from 
pain.48,102 Because many patients were combining a triptan 
with a NSAID, sumatriptan together with napoxen is now 
also available in a single tablet.103–105 Oral triptans may be 
taken at the onset of the aura. For unclear reasons, some 
patients seem to respond better to one triptan than to the 
others, and a trial and error approach among this group of 
triptans may be required.

In individuals with either rapid-onset migraine or severe 
nausea or vomiting precluding oral tablet use, subcutaneous 
(sumatriptan) and intranasal (sumatriptan or zolmitriptan) 
preparations are important alternative routes of triptan 
administration. Patients should be advised to take the sub-
cutaneous or intranasal triptan preparation at the headache 
onset. Patients using the nasal form of triptans should be 
instructed to tilt their head forward during administration. 
This technique reduces the amount of the drug delivered to 
the gastrointestinal tract and helps eliminate some of the 
bitter taste. Since both of these routes of administration are 
quick, they may not be effective as oral preparations during 
the aura phase.

Patients with headaches with less rapid onset (over hours) 
and longer duration (days) and in whom recurrence is a 
problem may benefit from the triptans with slower onset 
and longer half lives (naratriptan or frovatriptan).106 Since 
menstrual migraine has these characteristics, these triptans 
are often used in such patients.

Oral sumatriptan may not be as effective in children as  
in adults; however, studies to date have been relatively 
small.107,108 Intranasal sumatriptan, zolmitriptan, or almo-
triptan may provide a reasonable option for children or 
adolescents with acute migraine.109,110 Almotriptan has been 
approved for use in adolescents.

It should be noted that the amount of triptan that can be 
used in a 24-hour period is limited. For instance, the 
maximum single dose of oral sumatriptan is 100 mg and the 
dosage taken over 24 hours should not exceed 200 mg. 
Triptan contraindications include coronary artery disease, 
Prinzmetal’s angina, poorly controlled hypertension, cere-
brovascular disease, hemiplegic or basilar migraine, preg-
nancy, and use of an ergot-containing compound or 
monoamine oxidase inhibitors within the previous 24 hours. 
Serious cerebro- and cardiovascular side-effects are extremely 
rare.111 Both electrocardiography and positron emission tom-
ography perfusion studies suggest that most cases of chest 
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300 mg a day. Occasionally, patients will not respond to 
propranolol but will to other beta-blockers such as metro-
prolol or atenolol. Side-effects of beta-blockers include con-
gestive heart failure, asthma, hypotension, bradycardia, and 
depression. Men may suffer reversible impotence. 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 are 
also an excellent choice for prophylactic therapy,119 particu-
larly in patients with migraine with aura and hemiplegic 
migraine. One of their main advantages is their limited side-
effects in most patients. Constipation, arrhythmias, heart 
failure, and hypotension are among the most common side-
effects. Verapamil is an excellent choice in this category. 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 the patient on vera-
pamil have a baseline electrocardiogram and another check 
every 6 months. In one study of patients with cluster head-
ache on verapamil, 18% of patients had a potentially serious 
cardiac rhythm disturbance.120 Amlodipine is another good 
alternative, and doses of 2.5–5.0 mg are usually sufficient.

Antidepressants. Antidepressants are also highly effective, 
particularly when patients have sleeping problems, depres-
sive symptoms, or a combination of migraine and tension-
type headaches. Amitriptyline and nortriptyline seem to be 
the most effective in this category, although some patients 
may respond to fluoxetine, nefazodone hydrochloride, ser-
traline hydrochloride, venlafaxine hydrochloride, duloxet-
ine and desipramine. It is those compounds that block 
norepinephrine uptake that seem to be the most effective. 
Nortriptyline is typically chosen over amitriptyline because 
the latter has more anticholinergic side-effects. In addition, 
these compounds produce dry mouth, constipation, urinary 
retention, tachycardia, and weight gain. Nortriptyline is 
started at either 10 or 25 mg, depending on the size and age 
of the patient. From there, the dosage can be increased as 
necessary, typically each week until a balance between effi-
cacy and side-effects is achieved. Most patients, if they are 
going to respond to nortriptyline, they will do so by 50 mg 
a day.

Anticonvulsant drugs. The anticonvulsant drugs, in par-
ticular the newer ones, have proven to be relatively effective 
in the prevention of migraine.121,122 Many patients find 
topiramate extremely effective,123,124 although some find the 
cognitive side-effects intolerable. The initial dose can be 
25 mg per day, then 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 than 200 mg/day. Many 
patients benefit from the associated appetite suppression 
and weight loss, but untoward side-effects include memory 
and language difficulty, paresthesias, kidney stones, glau-
coma, and myopia. Zonisamide, a related drug, may be used 
in similar doses if the side-effects of topiramate are not toler-
ated or if a once a day regimen is desired.

Gabapentin has been effective in the treatment of both 
migraine and chronic daily headache.125 High doses of 

Table	19–8 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 Usually 100 units

SR, sustained release; LA, long-acting.

efficacious and lessen the risk of rebound headaches. Elimi-
nation of triggering factors such as certain foodstuffs, 
smoking, or alcohol (red wine, particularly) may also con-
tribute to the effect of preventive therapy. Culprit foods 
include chocolate, cheeses, and nuts. We usually 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 other 
patients with mood swings might benefit from valproic acid. 
Propranolol may be best for patients with hypertension. 
Topiramate can be used in individuals interested in  
losing weight. The medications most frequently used to 
prevent migraine headaches include (1) beta-blockers,  
(2) calcium channel blockers, (3) anti-depressants, and  
(4) anticonvulsants.

Beta-blockers. Most of these drugs have to be adminis-
tered for at least a month to assess their efficacy. Beta- 
blockers are often used as first-line agents and have an 
efficacy in the range of 60% to 80%.118 Propranolol 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 increments per week up to 
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Acephalgic migraine
Patients with migraine may have transient neurologic events 
without headache. When these events occur in patients over 
the age of 40, concern over the possibility of a transient 
ischemic attack (TIA) is raised. In any age group, seizures 
may also be considered. Fortunately, there are some features 
that may 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 accompanying discomfort but do not 
think it is important to report it. The intensity of their head-
ache is often not as severe as it was previously.

In a relatively young patient with visual aura without 
headache, but with a previous history of migraine, further 
testing may not be necessary. However, in patients over age 
40, the new onset of acephalgic migraine is a diagnosis of 
exclusion. Workup would include neuroimaging to exclude 
a structural lesion of the occipital cortex such as an arterio-
venous malformation or meningioma and to check for 
ischemic changes. In some instances electroencephalogra-
phy can be performed to rule out an irritative lesion. When 
the aura is characterized by visual loss, cardiac emboli, 
carotid insufficiency, and hypercoagulable 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 not be certain. 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 not tolerated, calcium channel block-
ers such as verapamil, 120–360 mg (SR) per day, can be 
considered for those with recurrent disabling episodes. In 
many instances, patients are reassured knowing that their 
visual episodes are migrainous and benign, and choose to 
eschew pharmacologic treatment.

Other	headache	types

Chronic daily headache
This is not a diagnosis per se, but a category of headaches 
including for instance chronic migraine (described above), 
chronic tension-type headaches, hemicrania continua, new 
daily persistent headache, and post-traumatic headaches.2 
Affected patients have headaches for 15 or more days per 
month, and the majority have a 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 (Table 19–3). Photophobia and pho-
nophobia are rarely present. The location of the headache is 
often bilateral. Common locations for tension headaches are 
over the eyes, on top of the head, over the temples, and over 

gabapentin in the 2400–3600 mg per day range may be 
necessary to achieve a beneficial effect, but lower doses may 
also work in the occasional patient. Pregabalin and lamot-
rigine have also been successful in the treatment of migraine 
headaches. Older anticonvulsants such as carbamazepine 
and phenytoin may also be used but with more variable 
success.

Valproic acid may also used as a preventive treatment  
for migraine. The dose may be started at 125 mg twice a day 
and slowly increased to 500–1000 mg per day in divided 
doses. Patients often do not require large doses for a thera-
peutic effect. The side-effects of valproate, nausea, alopecia, 
tremor, and weight gain, usually limit the use of this agent 
as a primary preventive therapy. Hepatotoxicity is a concern, 
particularly in young children on multiple medications. 
Since valproic acid is teratogenic and associated with a 1% 
risk of neural tube defects, this drug needs to be used with 
caution in women of childbearing age. They should be 
advised of the risk and use appropriate contraception. The 
anticonvulsant drugs may be best utilized in patients with 
cardiac disease or mood disorders, or in those with concerns 
regarding exercise intolerance.

Miscellaneous prophylactic medications. Riboflavin in high 
doses (400 mg per day) may be effective in migraine preven-
tion. Riboflavin may enhance a deficient mitochondrial 
energy reserve, a potential factor in the genesis of migraine.126 
Magnesium deficiency in the brain has also been suggested 
as a potential mechanism of migraine. Unfortunately, mag-
nesium supplementation has not been convincingly effec-
tive.127 Coenzyme Q10 in doses of 150–300 mg may be tried 
in patients reluctant to take more conventional preventive 
treatment.128 Petasites extract (butterbur) has also been 
used.129 Small studies have suggested botulinum injections 
in the frontal and neck areas can effectively prevent 
migraine,130 but larger placebo-controlled trials have been 
unconvincing.131

Short-term continuous use of oral sumatriptan, frov-
atriptan, or naratriptan may be effective in preventing men-
strual migraine.132–134 One regimen used 25 mg of sumatriptan 
three times per day for a total of 5 days.135 Transdermal 
estrogen, continuous contraception (ethinyl estradiol and 
levonorgestrel), and NSAIDS also may be used as prophy-
laxis for menstrual-related migraine.136 Cyproheptadine is 
frequently used as migraine prophylaxis in children. NSAIDs 
are very beneficial prophylactically for patients with orgas-
mic migraine (coital headache).

Non-traditional treatments. Relaxation training, biofeed-
back, and cognitive–behavioral therapy may be helpful for 
some patients.137 Although anecdotally acupuncture may be 
effective, confirming evidence for recommending its use is 
lacking.138

Some studies have suggested that percutaneous closure of 
patent foramen ovales in patients with migraine reduces 
their headache frequency.139,140 The mechanism for this 
improvement is unclear but may be related to decreasing 
microemboli. However, randomized clinical trials have 
failed to prove this treatment effect.

The use of transmagnetic stimulation and occipital nerve 
stimulation in migraine treatment has also been suggested, 
but their benefit also remains unproven.
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After several attacks, a permanent Horner syndrome may 
ensue. In contrast to the migraine patient who desires sleep, 
the cluster headache patient cannot stand still. The headache 
is so severe that some patients literally run around the room 
screaming, and some patients even contemplate suicide. In 
between the attacks, 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 for 
further discussion). Other entities that may mimic cluster 
headaches include arteriovenous malformation,145 brain 
stem compression by tumor,146 vertebral artery aneurysm,147 
cavernous carotid artery aneurysms,148 sinusitis, temporal 
arteritis, the Tolosa–Hunt syndrome, orbital myositis,149 and 
pituitary tumors.150 In patients presenting with a painful 
Horner syndrome, MRI of the neck, including axial 
T1-weighted images and angiographic sequences, is recom-
mended to exclude carotid dissection.

Treatment. The treatment of acute cluster attack may be 
difficult. Emergently, the following regimens may be tried:

1. 100% oxygen therapy via a face mask for 10 minutes.
2. Subcutaneous or intranasal sumatriptan.
3. Intranasal or intravenous dihydroergotamine.
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 in cluster headache patients. The two most effective 
preventive therapies are lithium and verapamil.151 Other 
options include methylsergide and twice-daily ergotamine 
therapy. Methylsergide should not be used for more than 3 
months at a time because of the rare complication of retro-
peritoneal fibrosis. Indomethacin may provide benefit to 
certain patients, and valproic acid may also provide effective 
prophylaxis. The newer anticonvulsants such as gabapentin, 
pregabalin, topiramate, and lamotrigine may also be tried.

Occasionally, patients are refractory to monotherapy, and 
combination therapy may be necessary. Verapamil and 
lithium are usually tried together first. Valproate and vera-
pamil is another effective combination.

Rarely, patients may require intravenous dihydroergot-
amine every 8 hours to break the cluster bout. If all medical 
therapy fails and headaches are strictly unilateral, then radio-
frequency thermocoagulation of the gasserian ganglia152 or 
trigeminal nerve section153 may be tried. However, the result-
ant corneal and trigeminal anesthesia may lead to its own set 
of complications, and the procedures are not always effec-
tive.154 Intractable cluster headaches have also been treated 
by deep hypothalmic and occipital nerve stimulation.155,156

Paroxysmal hemicrania and  
hemicrania continua
Paroxysmal hemicrania refers to a headache syndrome charac-
terized by brief episodes of unilateral pain lasting 2–45 
minutes. The pain tends to occur over the orbital and tempo-
ral regions. Patients often experience multiple attacks a day 
and some have 40–50 attacks in a 24-hour period.157 The pain 
is typically associated with autonomic dysfunction such as 

the occipital region. These patients often have tender spots 
over the shoulder girdle muscles. Most tension headaches 
are episodic. However, some patients have chronic tension-
type headaches and are without pain-free intervals.

Many patients with chronic daily tension headaches have 
a history of migraine. In fact, migraine episodes may periodi-
cally occur in such patients. A significant proportion of this 
patient population has concurrent depression. In patients 
with tension headache, one also has to be aware of the pos-
sibility of secondary headache disorders or rebound head-
aches from analgesic overuse (see below).

Treatment. Patients with tension headaches, particularly 
those with chronic daily headaches, pose a therapeutic chal-
lenge. The abortive and prophylactic medications used to 
treat migraine may be tried in patients with tension head-
aches. The antidepressants nortriptyline and amitriptyline 
may be the first-line agents for these patients, and topiram-
ate may also be effective. It is important to make sure that 
patients with tension headaches do not have temporoman-
dibular joint dysfunction or sinus disease before committing 
them to preventive therapy. Some tension headache patients 
do not respond to medication and may benefit from alterna-
tive therapies, including stretching exercises, meditation, 
and acupuncture. Botulinum toxin injected into the frontal 
and occipital muscles may be used in refractory tension 
headache.141

Medication overuse headache
These type of headaches share similar clinical characteristics 
with tension headaches as described above. However, there 
is the complicating history of long-standing misuse of head-
ache medications. Although rebound headache is classically 
associated with overuse of narcotics (taken 10 days a month 
or more) or other over-the-counter analgesics (taken 15 days 
a month or more),2 this phenomenon also may be observed 
to a lesser degree with triptan and ergot overuse.142

Treatment. In this condition, it is important to taper the 
overused medication. If not already contributing to the 
problem, NSAIDs or a short course of corticosteroids may 
help ameliorate some of the patient’s symptoms. If outpa-
tient detoxification fails, inpatient management may be nec-
essary. Intravenous dihydroergotamine 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 (Table 19–4).143 These 
headaches occur in clusters or on a daily basis for weeks to 
months. Although most cluster headaches are usually epi-
sodic, in a small minority of patients they are chronic and 
without remission. Cluster headaches are often severe and 
may awaken a patient from sleep. They typically occur over 
the periorbital region and are often associated with rhinor-
rhea and tearing. Alcohol is a common trigger. The attacks 
are much shorter than migraine, lasting 1/2 hour to 3 hours. 
There is often no nausea or vomiting; aura is rare but can 
occur.144 Many patients will develop signs of a Horner syn-
drome. Occasionally, only ptosis or miosis will be present. 
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significance of such a headache, we believe an intracerebral 
hemorrhage or even an unruptured aneurysm has to be 
strongly considered. Raps et al.167 concluded that thunderclap 
headache may be induced by a variety of mechanisms, includ-
ing thrombosis of the aneurysm, expansion of the 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 MR angiography should be performed.

Greater occipital neuralgia
Some patients experience episodic pain in the greater occipi-
tal region. Occasionally the pain will radiate forward toward 
the ipsilateral eye. The pain usually only lasts seconds, but 
may recur frequently during the day. The patient typically 
has pain and tenderness at the point where the greater occip-
ital nerve pierces the tendinous insertion of the splenius 
capitis muscle at the skull base. Many patients have super-
imposed 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 or are reluctant 
to have a local lidocaine injection, NSAIDS, carbamazepine, 
gabapentin, a soft cervical collar at night, or a short course 
of corticosteroids may be tried.

Hypnic headache
Elderly patients may experience headaches shortly after 
falling asleep.168 The headache is throbbing and global in 
location. These headaches are short lived and usually resolve 
within an hour. This disorder is also recognized in young 
patients and may be unilateral. Lithium may prevent the 
headaches, but the side-effects of this medication in the 
elderly population may limit its use.

Carotid dissection
Patients with acute carotid dissection may develop throb-
bing pain over the periorbital area. Many patients will  
have accompanying neurologic signs such as a Horner syn-
drome or contralateral weakness or numbness. A patient 
with an isolated painful Horner syndrome should be con-
sidered to have a carotid dissection until proven otherwise. 
Other clinical 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.169 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 of giant cell arteritis typically abates within days of 
starting corticosteroids. This condition, particularly with 
regard to visual loss, pathophysiology, and management, is 
reviewed in Chapter 5.

conjunctival injection, lacrimation, nasal congestion, ptosis, 
and eyelid edema. There are many similarities between par-
oxysmal hemicrania and cluster headache. However, parox-
ysmal hemicrania is distinguished by its female predominance, 
shorter duration, and exquisite response to indomethacin.158 
Although indomethacin is the treatment of choice for parox-
ysmal hemicrania, other patients may respond to verapamil, 
acetazolamide, or other NSAIDs. Some patients with parox-
ysmal hemicrania will have superimposed mild and dull 
hemicranial discomfort between episodes.

Headaches which are similar in quality but continuous 
are termed hemicrania continua.159,160 These headaches are 
also responsive to indomethacin.161

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.157,162 Carbamazepine, 
lamotrigine,163 gabapentin, and topiramate164 can be used 
prophylactically. Like cluster headaches, SUNCT syndrome 
may be mimicked by pituitary tumors165 and posterior fossa 
lesions.166

Ice pick headache (idiopathic  
stabbing headache)
Some patients experience sudden stabbing pain that may be 
described as like being stabbed with an ice pick.157 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 the patient from sleep. Occasionally, the 
examiner can palpate the area and elicit the pain. The pain of 
a corneal erosion may be brief and present upon awakening 
and should be carefully considered in the patient with stab-
bing pain concentrated around the eye. Patients with stab-
bing pain respond best to indomethacin or other NSAIDs.

Cough headache
Patients with cough headache may be divided into two 
broad groups. First, cough-induced headaches may be asso-
ciated with an intracranial lesion. The posterior fossa is the 
most frequent location for a lesion producing cough head-
ache. An Arnold–Chiari malformation is a relatively common 
cause, but tumors and subdural hematomas are other 
reported causes.

Patients in the second group with cough-induced head-
ache have no detectable intracranial lesions despite extensive 
investigation. These patients often respond to a course of 
indomethacin or other NSAID.

Thunderclap headache
Thunderclap headache is a term used to describe a sudden and 
severe headache. Although controversy exists regarding the 
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be established with radionuclide cisternography or metriza-
mide myelography. In our experience, these tests have a low 
diagnostic yield.

Even if no source of CSF leak is found, patients may still 
respond to blood patching.172,180,181 If the source of the CSF 
leak is found, it should be repaired, if possible. Other 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. Some anecdotal success using theophylline has 
been reported in refractory cases.172

Intracranial hypertension  
without papilledema
A small group of patients with chronic daily headaches  
may have raised intracranial pressure without evidence of 
papilledema. These patients may be distinguished from  
other patients with chronic daily headaches by a high fre-
quency of pulsatile tinnitus and obesity. Unfortunately, 
therapies aimed at lowering the increased intracranial pres-
sure may not reduce the headaches. Intracranial hyperten-
sion without and with papilledema 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 accom-
panied by other eye signs such as conjunctival or scleral 
injection. The frequency and intensity of the pain is often 
dependent on the ocular structure affected.

Corneal diseases
Among the most common causes of periorbital discomfort 
is dry eyes. These patients complain of a gritty, achy, or 
burning sensation. They may have associated dry mouth and 
Sjögren syndrome. The diagnosis of dry eyes is established 
during the slit-lamp examination for a quick breakup of the 
tear film or punctate corneal epithelial defect or by perform-
ing the Schirmer test. An abnormal Schirmer test occurs 
when 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 loss is 
discussed 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 in this situation and photo-
phobia is universal.

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 symp-
toms that accompany the posttraumatic syndrome. Vertigo, 
irritability, concentration difficulty, and short-term memory 
loss are other frequent complaints. The posttraumatic head-
ache may simulate tension headaches or migraine head-
aches. The headache may improve spontaneously or persist 
indefinitely. The IHS criteria require the onset of the head-
ache within 7 days after the injury or upon return of con-
sciousness.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 medi-
cations such as propranolol, verapamil, topiramate, and val-
proic acid may also be tried with variable success.

Glossopharyngeal neuralgia
Patients with glossopharyngeal neuralgia experience pain in 
the pharynx and base of the tongue. The pain may be trig-
gered by swallowing, coughing, or talking. Like trigeminal 
neuralgia, the pain is usually sharp, stabbing, or lacinating. 
The condition is usually idiopathic but mass lesions should 
be carefully considered. Most cases result from compression 
by a dolichoectatic artery or venous structure. Treatment of 
glossopharyngeal neuralgia is similar to trigeminal neuralgia 
and includes anticonvulsants, antidepressants, and baclofen 
therapy. If medical therapy fails, the glossopharyngeal nerve 
may be thermocoagulated. Other patients may benefit from 
microvascular decompression.

Intracranial hypotension
Headache is a prominent symptom of patients suffering 
from intracranial hypotension, also termed cerebrospinal 
fluid (CSF) hypovolemia syndrome.170,171 Patients may have 
associated nausea, vomiting, tinnitus, and photophobia. The 
hallmark feature of this disorder is pain aggravated by an 
upright posture.172 Some patients will develop unilateral or 
bilateral sixth nerve palsies resulting from the traction on 
these nerves as the brain sinks downward from the intracra-
nial hypotension. Rarely, patients may complain of transient 
visual obscurations or blurred vision, and binasal field 
defects have been documented.173 The downward displace-
ment of the brain is frequently evident on sagittal MRI, and 
diffuse meningeal enhancement is often present (Fig. 19–
4A,B).174–176 If severe, bilateral subdural hematomas or organ-
ized hygromas (Fig. 19–4C) may develop.

Of course, most commonly the cause of intracranial 
hypotension is iatrogenic, induced by lumbar puncture, 
spinal anesthesia, or shunting.177,178 Other causes of intrac-
ranial hypotension include traumatic injury, particularly 
those that lead to CSF rhinorrhea. Other traumatic causes 
include weight-lifting, yoga stretching, and straining.179 
Spontaneous intracranial hypotension may also occur when 
there is a spontaneous tear of the dura, especially along a 
spinal nerve root sleeve.172 The source of the CSF leak may 
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Figure	19–4. Intracranial hypotension. A,	B. Gadolinium enhanced axial 
magnetic resonance imaging (MRI) scans, showing diffuse meningeal 
enhancement (arrow). C. Fluid-attenuated inversion-recovery MRI revealed 
a subdural collection (arrow).

Angle-closure glaucoma may be associated with variable 
pain, ranging from virtually none to severe. The patient’s 
pain may be triggered by walking into a dark room or from 
pupillary dilation. The pain may be throbbing and associ-
ated with nausea and vomiting. As such, patients with angle-

closure glaucoma may be misdiagnosed with migraine.78 
Since the patients may have associated visual loss, temporal 
arteritis may also be confused with angle-closure glaucoma. 
The patient with angle-closure glaucoma often has a red eye 
and a cloudy cornea during the episode. The diagnosis of 
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Table	19–9 The differential diagnosis of other miscellaneous headache disorders and their clinical features

Entity Onset Location
Pain	
characteristics Duration Associated	symptoms

Diagnostic	
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

Subacute Bifrontal Dull or throbbing Prolonged Pulsatile tinnitus, papilledema, 
transient visual obscuration

Neuroimaging, 
then LP

Meningitis Acute or 
chronic

Neck Throbbing severe Brief or 
prolonged

Fever, meningismus LP

CT, computed tomography; MRI, magnetic resonance imaging; LP, lumbar puncture.

angle-closure glaucoma is established by slit-lamp examina-
tion, tonometry, and gonioscopy to evaluate the angle of  
the eye.

Optic nerve diseases
Nearly 90% of patients with optic neuritis have periocular 
pain. In fact, the absence of pain in such a situation raises 
the possibility 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 non-
arteritic anterior ischemic optic neuropathy (AION),182 alter-
natively arteritic AION should be strongly considered until 
proven otherwise. Pain on eye movement may also accom-
pany orbital myositis or idiopathic inflammatory orbital 
pseudotumor.

Eye strain
Many patients attribute their headaches to eye strain. 
However, eye strain is a relatively uncommon cause of head-
aches presenting to a physician. Pain is often described as 
aching and is relieved by resting or not reading. The pain 
often begins over the brow and may spread to other scalp 
muscles. Often, an uncorrected hyperopic refractive error or 
an ocular motility problem such as convergence insuffi-
ciency is found in patients with headaches related to eye 
strain. Some patients will have eye strain while getting 
adjusted to a new pair of glasses.

Photophobia
Pain produced by a bright light is known as photophobia. 
The pain is transmitted to the brain stem from the ophthal-
mic division of the trigeminal nerve. As discussed above, 
migraine may be associated with photophobia both ictally 
and interictally. Unfortunately, some patients with migraine 
may have prolonged unexplained photophobia. Photopho-
bia 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  
disorders may also be associated with photophobia.  
Rarely, photophobia is a symptom of a lesion of the chiasm, 
retrochiasmal visual pathways, or thalamus.183–185 However, 
many patients have no clear cause for their photophobia. 
Tinted glasses or lenses that block ultraviolet ray transmis-
sion may help relief the discomfort of photophobia.

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.186,187 Orbital imaging should 
be performed to exclude an orbital mass, and systemic causes 
such as rheumatoid arthritis, systemic lupus erythematosus, 
and psoriasis should be considered. Treatment recommen-
dations include local lidocaine injections, oral corticoster-
oids, and NSAIDs.

Miscellaneous
Table 19–9 outlines some other causes of headache not 
reviewed in the text.

Facial	pain	and	disorders	of		
facial	sensation

Approach
Many patients with facial pain will suffer from migraine or 
local conditions such as sinusitis or dental disease. However, 
a group of patients with facial pain will have sensory  
or motor dysfunction within the trigeminal nerve distribu-
tion. Trigeminal nerve dysfunction commonly manifests 
with sensory changes such as paresthesias, dysesthesias, or 
anesthesia. Other patients complain of paroxysmal or 
chronic facial pain.

Understanding the nature of the patient’s complaint is 
often critical in establishing a proper diagnosis. For example, 
the lancinating, excruciating pain of trigeminal neuralgia 
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known as Meckel’s cave. From the gasserian ganglion, three 
trigeminal divisions proceed forward and exit from distinct 
skull-base foramina: V1 exits the superior orbital fissure, 
V2 via foramen rotundum, and V3 via the foramen ovale 
(Fig. 19–5).

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. 19–6). 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 along the ridge of the brow (Fig. 
19–6). V1 sensory fibers provide afferents for the corneal 
reflex. Smaller tentorial and dural branches innervate the 
tentorium and dura mater. The trigeminal system also pro-

must be distinguished from the more tolerable yet disturb-
ing paresthesias of trigeminal sensory neuropathy. The tem-
poral profile of symptom onset often provides invaluable 
diagnostic clues. For instance, sudden complaints of sensory 
loss, paresthesias, or motor dysfunction in the face are con-
sistent with vascular, traumatic, or demyelinating processes, 
whereas similar complaints developing over weeks to 
months are more suggestive of neoplastic or infiltrative 
processes.

Neuroanatomy
The trigeminal nerve is a mixed nerve conveying both sensory 
input from and motor information to the face.188 Sensory 
neurons of the trigeminal fibers V1 to V3 lie in the gasserian 
ganglion, which is embedded in the temporal bone within 
the middle cranial fossa. The dura-lined cavity in the middle 
cranial fossa that surrounds the gasserian ganglion and its 
branches as they exit into the petrous temporal bone is 

V3
V2

V1

Sensory branches to dura

Sensory branches to
mucosa and palate

Motor branches to muscles
of mastication

Lingual nerve (sensory)

Figure	19–5. The peripheral sensory and motor branches of the trigeminal nerve.
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vides inputs to the intracranial vessels (trigeminovascular 
system) that are considered important in the pathogenesis 
of migraine (see earlier discussion of migraine pathophysiol-
ogy). 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 dura. These fibers leave the gasserian ganglion and 
run inferior within the cavernous sinus before exiting the 
foramen rotundum. V2 axons pass through the pterygopala-
tine fossa to exit the infraorbital foramen. The cutaneous 
branches of V2 include the zygomaticotemporal, zygomati-
cofacial, and infraorbital nerves (Fig. 19–6). Branches inner-
vating the nasopharynx and maxillary sinus include the 
greater and lesser palatine nerves, the nasopalatine nerves, 
and pharyngeal nerve. V2 also supplies innervation to the 
upper teeth, maxillary sinus, and palate via the anterior, 
middle, and posterior superior alveolar nerves, respectively. 
Autonomic fibers that originate in the facial nerve (superior 
salivatory) nuclei accompany V2 branches and make up the 
superficial petrosal nerve. Superficial petrosal nerve fibers 
synapse within the pterygopalatine ganglion and provide 
parasympathetic input to the lacrimal, nasal, and palatine 
glands. Fibers of the superficial petrosal nerve join the deep 
petrosal nerve to form the nerve of the pterygoid canal. The 
deep petrosal nerve is a branch of 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 and motor axons to the lower face. V3 axons leave the 
gasserian ganglion posterior to the cavernous sinus and exit 
the skull base via the foramen ovale. The fibers ramify 
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Figure	19–6. Sensory innervation of the face and scalp.

through the deep face lateral to the middle pterygoid muscles 
then divide into branches that provide sensation to the skin 
around the mandible, chin, and ear (lingual, auriculotem-
poral, and mental branches), mucosa around the inner 
cheek (buccal branch), lower teeth (inferior alveolar nerve), 
and dura (meningeal branch) (Figs 19–5 and 19–6). Para-
sympathetic fibers synapse within the otic and submandibu-
lar ganglia and project to the submandibular and parotid 
glands, respectively.

Central projections. Proximal connections of the primary 
sensory neurons travel within the trigeminal root before 
synapsing in the brain stem in three sensory subnuclei that 
extend from the cervical spine to the pontomesencephalic 
junction. These include (1) the spinal (descending) trigemi-
nal tract and nucleus, which is organized rostrally–caudally 
to receive fibers responsible for pain perception on the face 
from the inside out in an “onion-skin” fashion; (2) the 
principal sensory nucleus, which governs tactile sensation 
on the face; and (3) the mesencephalic nucleus, which medi-
ates proprioception for V3-innervated muscles. Neurons 
from these nuclei primarily cross and head rostrally within 
the ventral trigeminothalmic tract before reaching the ventral 
posteromedial nucleus of the thalamus. From there, tha-
lamic neurons project to the facial portion of the somato-
sensory cortex.

Clinical syndromes causing face  
pain and sensory loss
Lesions involving the proximal portion of the trigeminal 
system usually present no diagnostic problem as concomi-
tant neurologic features usually help in localization. For 
instance, thalamic lesions usually cause facial and ipsilateral 
hemibody numbness together. In Wallenberg’s lateral med-
ullary syndrome, the facial anesthesia is contralateral to the 
hemibody sensory loss.189 Syringobulbia (Fig. 19–7), which 
can affect the nucleus of the spinal tract in the medulla, 
might cause ipsilateral facial anesthesia, tongue fascicula-
tions, 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 will focus on the more diagnosti-
cally 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 
7–21 days after a nonspecific viral illness or upper respira-
tory infection, similar to the postinfectious cranial neuropa-
thy affecting the abducens, facial, or hypoglossal nerves. 
Diagnostic evaluations are unremarkable or can demon-
strate a mild CSF pleocytosis. Symptoms usually resolve 
within several weeks.190 It is unclear whether these postinfec-
tious neuropathies result from brain stem, gasserian gan-
glion, or peripheral nerve dysfunction.

Trigeminal sensory neuropathy may also occur in asso-
ciation with connective tissue disorders such as Sjögren  
syndrome, systemic sclerosis, and systemic lupus  
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Figure	19–7. Trigeminal neuropathy due to syringomyelia. A. The 
patient had right facial numbness, right facial weakness, right Horner 
syndrome, and horizontal end-gaze 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 malfomation (longer arrow). C. Axial 
T2-weighted MRI through the pons demonstrating rostral extent of the 
syrinx (arrow) in the region of the principle sensory nucleus of V.

erythematosus.191 On the basis of radiographic and electro-
physiologic studies, the gasserian ganglion has been sug-
gested as the site of injury in such cases.192 A variety of other 
conditions may also produce a trigeminal sensory neuropa-
thy, such as tuberculosis, syphilis, Lyme disease, and granu-
lomas.193,194 Likewise, neoplasms of the middle cranial fossa, 
such as schwannomas and meningiomas, may produce 
trigeminal sensory dysfunction.195 In young patients with 

facial sensory loss and lancinating pain, a central demyeli-
nating process should be considered. Occasionally, such a 
symptom may be a manifestation of multiple sclerosis.196

Facial paresthesias in the V1 to V3 distributions may occur 
in patients with peripheral nerve disorders such as the  
Guillain–Barré syndrome, diabetes, hereditary sensory-
motor neuropathy,197 and chronic inflammatory demyeli-
nating polyneuropathy. Compressive or infiltrative 
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conditions affecting the peripheral nerve branches may also 
produce circumscribed sensory loss.

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.198,199 Patients 
often complain of numbness of chin that spreads to the 
lower lip but respects the midline. The numb chin syndrome 
is an ominous sign that may be produced by a variety of 
mass lesions, including metastatic lung, breast, and prostate 
carcinoma.200,201 Lymphoma, particularly of the non-Hodg-
kin’s type, may also be responsible for this syndrome. 
Primary bony malignancies such as osteosarcoma, fibrosar-
coma, and plasmacytoma are other considerations. Develop-
ment 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 idi-
opathic osteolysis (Gorham’s disease), and sickle cell disease.

The numb cheek syndrome is a variant of the numb chin 
syndrome and results from a bony lesion involving the 
infraorbital foramen and the trigeminal branch V2.202 Patients 
with the numb chin or cheek syndrome require an aggressive 
evaluation. Careful examination of the oropharynx, denti-
tion, and skin of the face should be performed. CT through 
the mandible with bone windows is the test of choice. Bone 
scans can occasionally be helpful when the CT scan is nega-
tive. A search for occult malignancy may be necessary to 
include CT of the chest and abdomen, prostate-specific 
antigen, and even bone marrow biopsy. Since brain stem 
lesions or carcinomatous meningitis may also cause focal 
trigeminal dysfunction, brain MRI and a lumbar puncture 
for cytology may be necessary.

Neurotrophic cornea  
(neuroparalytic keratopathy)
By mediating the sensory limb of the corneal reflex, the 
trigeminal nerve plays a role in protecting the cornea from 
foreign bodies. In addition, the trigeminal system is impor-
tant for reflex tearing and maintaining the integrity and func-
tion of the cornea, particularly the epithelium.203 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 iatrogenic in the setting of surgery in or near the 
cerebellopontine angle or after trigeminal rhizotomy.188 
Neurotrophic corneal damage ranges from mild keratopathy 
to widespread damage, melting, and ulceration, which can 
lead to secondary infection and perforation. The condition 
can be difficult to manage, particularly when concomitant 
seventh nerve injury reduces eyelid closure. Topical artificial 
tears or ointments can be used in mild cases, but more 
severely affected patients may require tarsorrhaphy to pre-
serve the eye.

Trigeminal neuralgia
Trigeminal neuralgia (tic douloureux) describes a brief lanci-
nating, electric shock-like pain that occurs in the distribution 

of the trigeminal nerve. The pain is often triggered by 
chewing, speaking, or simply touching the affected area. 
Most cases are idiopathic with a tendency to occur in the 
middle-aged or elderly population. The pain typically occurs 
in the second and third trigeminal divisions, lasts seconds 
to 2 minutes, and may recur several times a day.204 Most 
cases are believed to result from compression of the trigemi-
nal nerve root by a dolichoectatic superior cerebellar artery 
or an adjacent venous structure. Other causes include poste-
rior fossa mass lesions,205 pontine demyelination in multiple 
sclerosis,206 pontine infarction,207 and dental disease. Focal 
demyelination of axons occurs in the area of compression 
or injury, and this is thought to allow ectopic generation  
of spontaneous impulses and ephaptic conduction to adja-
cent fibers.208,209 In cases with a structural cause, one can 
usually detect an area of numbness in the trigeminal territory 
to distinguish them from idiopathic cases. Patients  
with multiple sclerosis also have an increased frequency of 
bilateral trigeminal neuralgia.210 In patients with a new clini-
cal diagnosis of trigeminal neuralgia, an MRI of the brain 
should be performed to exclude an underlying posterior 
fossa lesion.

Treatment. Many patients respond to carbamazepine, 
oxcarbazepine, phenytoin, gabapentin, pregabalin, baclofen, 
lamotrigine, or tricyclic antidepressants.211–213 Sometimes 
trigeminal neuralgia may spontaneously remit. Acupuncture 
may help in others. Patients who do not respond to medical 
therapy may be offered trigeminal nerve root or ganglion 
destruction. Glycerol injection,214 radiofrequency thermoco-
agulation, and balloon occlusion are percutaneous methods 
that can be considered.

In certain centers, microvascular decompression of the 
trigeminal nerve (Fig. 19–8) is the preferred surgical method 
because it tends to spare facial sensation and has an 80% to 
90% chance of producing immediate relief.215 Long-term 
outcome is also excellent as approximately 70% of patients 
will remain pain free 10 years later.216 Major complications 
of microvascular surgery are low, but in one series included 
brain stem stroke (0.1%), hearing loss (1%), and abducens 
or trochlear nerve palsies (1%).216

Gamma knife radiosurgery of the trigeminal nerve is  
also being used in some centers.217 Studies show excellent 
short-term results, with 70–80% of patients experiencing 
improvement or complete resolution of their pain.218,219 The 
mechanism of action of radiosurgery in trigeminal neuralgia 
is unclear, but it may reduce ephaptic transmission.220 Com-
plications are low, but 5–10% of patients may experience 
increased facial numbness or paresthesias.218

In our practice, patients with trigeminal neuralgia are first 
offered medical therapy with a trial of at least two drugs.221 
When this fails, either gamma knife radiosurgery or micro-
vascular decompression to healthy patients able to with-
stand surgery is offered.217

Herpes zoster ophthalmicus
Herpes zoster ophthalmicus results when the varicella zoster 
virus (VZV) lying dormant in the gasserian ganglion reacti-
vates and spreads to the face along the V1 dermatome. The 
infection is primarily observed in older patients, but young 
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Figure	19–8. Neuroimaging and surgery in a patient with trigeminal neuralgia due to vascular compression. A. Axial T1-weighted magnetic resonance 
imaging (MRI) scan 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. Courtesy of Dr. Sashank Prasad. B. Intra-operative 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 Dr. Eric Zager and Dr. Neil Malhotra.

patients, particularly those who are immunocompromised, 
may also experience this unpleasant condition. Both neuro-
pathic pain and pain secondary to eye findings can occur. 
The neuralgic pain of herpes zoster ophthalmicus may begin 
a week before the onset of the rash. In some cases the rash 
never appears. The pain, which is often described as aching 
or burning, may be quite severe but usually resolves in 
several weeks. 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.222 Prevention may be the best 
treatment, as vaccination to boost immunity to the VZV and 
reduce the risk of herpes zoster is recommended for patients 
older than 60.223,224

Postherpetic neuralgia. The pain of herpes zoster ophthal-
micus may evolve directly into postherpetic neuralgia, but 
some patients have a grace period of several weeks. 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 sensation. 
Postherpetic neuralgia may improve over months, or unfor-
tunately, the pain may persist indefinitely.

Treatment of postherpetic neuralgia can be extremely dif-
ficult. It is always reasonable to give the patient a trial of 
antiviral therapy for either the acute infection or the post-
herpetic phase. Early in the infection, corticosteroids may be 

helpful to reduce the acute pain and possibly abort the 
delayed neuralgia. Anticonvulsants (gabapentin and prega-
balin), tricyclic antidepressants (e.g., nortriptyline), and 
lidocaine patches are reasonable options reducing posther-
petic neuralgia.225 Topical capsaicin also can be tried, but the 
patient has to be meticulous about avoiding cream in the 
eye. The medication sometimes intensifies the burning pain 
and cannot be tolerated. Acupuncture and biofeedback are 
some alternative approaches that occasionally work.

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 prior surgery whether it be 
dental, sinus, or cosmetic in nature. Again, an underlying 
structural lesion needs to be carefully considered.

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, occasion-
ally benefit the refractory patient. The pain may persist for 
years, but some patients have a spontaneous remission.
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brachiocephalic artery 365
brachytherapy, von Hippel-Lindau disease 92
brain damage, visual memory disturbances 347
brain stem injury 35
brain tumors, in childhood disorders 212
brain volume, and pseudotumor cerebri 218
brainstem lesions

hallucinations and illusions 394
miscellaneous causes of combined third, 

fourth and sixth nerve palsies 524
branch retinal artery occlusion (BRAO) 64, 65f
branch retinal vein occlusion (BRVO) 66
Brodmann area see occipital lobe; striate cortex
bromocriptine 255, 257–258, 577
Brown syndrome 537, 538f
Brown-Séquard hemicord syndrome 433
bulb hypoplasia 117
buphthalmos, Sturge-Weber syndrome 93–94
butalbital–caffeine–acetaminophen combination, 

migraine 668
butorphanol nasal spray 668
butterbur (petasites extract) 671

C
cabergoline 256–257
cachexia 107
CADASIL (cerebral autosomal dominant 

arteriography with subcortical infarcts 
and leukoencephalopathy) 79–80, 
663

café au lait spots 34
calcific emboli 62–63, 63f
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calcium channel blockers 666, 670
caloric stimulation, nystagmus 589
cancer

see also neoplasms;  tumors
metastases see metastatic disease
past medical/surgical history 5

cancer-associated cone dysfunction (CACD)  
67–69

cancer-associated optic neuropathies 175–178
cancer-associated retinopathy (CAR) 67–69, 71
cannabinoids 405
canthaxanthine 74–75
Capgras syndrome 347
carbamazepine

conjugate gaze abnormalities 566
hallucinations and illusions 400
headaches and migraines 670–671, 673
nystagmus 597, 602

carbidopa 155
carboplatin 167
carcinomatous meningitis 70, 175, 213
cardiac disease 63, 128
cardiac emboli, ischemic transient visual loss  

370
cardiac murmur 34
cardiac surgery 315
cardiac valvular disease, past medical/surgical 

history 5
cardioembolism 314–315

atrial fibrillation 107, 314
atrial myxoma 314
endocarditis 314–315
hypokinetic wall motion abnormalities 314
patent foramen ovale and atrial septal 

aneurysm 314
valvular disease 314

carotid arteries
atherosclerotic anterior cerebral 271
compression by 271
fusiform enlargement 263
internal 271
neuroanatomy 239
stenting of 370
transient visual loss 365

carotid disease
amaurosis fugax 34, 365–366
asymptomatic carotid stenosis 370
diagnostic tests 366f, 368–369, 368f–369f
endarterectomy 369–370
general examination 367–368
history, other 367
ischemic stroke 315
medical treatment 369
retinal vascular emboli 63
signs, neuro-ophthalmic 367, 367f
surgical treatment 369–370
symptoms 366–367, 367t
transient visual loss 5

carotid dissection
headaches 673
Horner syndrome 433–436, 434f, 434t
ocular ischemic syndrome 65

carotid thrombosis, Horner syndrome 436
carotid-cavernous fistulas (CCFs)

high-flow (direct) 529, 529t–530t
clinical presentation 529
complications of treatment 531
course and treatment 531
diagnostic evaluation 531
prognosis 531
signs 529–531, 530f
spontaneous 529
symptoms 529
traumatic 529

low-flow (dural arteriovenous 
malformations) 529t, 531, 532f

clinical presentation 529t, 531–533
diagnostic evaluation 533
treatment 533

carotid-ophthalmic artery aneurysms 268–269
carpal tunnel syndrome 257
cat scratch disease 85, 147–148
cataplexy 410
cataracts

bilateral diffuse uveal melanocytic 
proliferation 70

diplopia following surgery 539–540
entoptic phenomena 404
hallucinations and illusions 395, 401–402
hemifield slide phenomena 540
past neurologic/ophthalmologic history 5
reduced visual acuity 10
topical diagnosis 49–50

categorization of neuro-ophthalmic disorders 4t
cavernous angiomas 270–271, 318
cavernous carotid aneurysms 268–269
cavernous hemangiomas 643–644, 644f
cavernous sinus 254, 437
cavernous sinus disturbances, in palsies

aberrant regeneration, following third nerve 
palsies 525–526, 527f

alternating anisocoria 525–526
cavernous sinus thrombosis 528, 528f
differential diagnosis 526–527
divisional third nerve paresis 525–526
fungal infections 528–529
high-flow (direct) carotid-cavernous fistulas 

see under carotid-cavernous fistulas 
(CCFs)

inflammatory disorders 528
intracavernous aneurysm 533–535, 534f
ipsilateral Horner syndrome and abducens 

palsy 525–526
isolated cranial nerve palsies 525–526
lymphomas 527
meningiomas 527, 527f
metastatic disease 527–528
nasopharyngeal tumors 527
neoplasms 527–528
neuroimaging 526
orbital signs 525–526
pituitary tumors 527
pupillary sparing 525–526
signs of disease 525–526
symptoms of disease 525
trigeminal nerve, tumors involving 527

CCNU 276
CD4+T cells 137
ceftriaxone 213, 578
central caudal nucleus (CCN) 449–450
central nervous system (CNS)

disorders affecting see central nervous system 
(CNS), disorders affecting

organization 393
central nervous system (CNS), disorders affecting

hallucinations and illusions
cerebral diplopia/polyopia 409
palinopsia 399, 408–409, 408f–409f
peduncular 407–408

multiple sclerosis 136
narcolepsy 410
Sturge-Weber syndrome 94
Susac syndrome 79
vasculitis 318–319
von Hippel-Lindau disease 91–92

central retinal artery 56
central retinal artery occlusion (CRAO) 64, 65f
central retinal vein occlusion (CRVO) 66, 

66f–67f
central scotomas

see also scotomas
central serous chorioretinopathy 60
functional visual field loss 389–390
homonymous hemianopic 306
optic neuropathies 108
signs 56–58
testing for 14–15
visual field loss patterns 244–245

central serous chorioretinopathy/retinopathy 16, 
59–60, 61f

central tegmental tract 601
central visual impairment 324–325
centrocecal scotomas 56–58, 108
CEP290 gene mutations 601–602
cerebral blindness 301–302, 308–309
cerebellar function examination 32
cerebellar hemangioblastomas 92
cerebellar lesions, horizontal conjugate gaze 

deficits 559
cerebellar vermis, lesions of 348–349
cerebellopontine angle, facial nerve 451–453, 

452f, 464

cerebral (cortical) ptosis 457
cerebral atrophy 352
cerebral diplopia, migraine 399
cerebral dysgenesis 406
cerebral hemiachromatopsia 343–344, 343f

associated signs 344, 345f
color processing deficits, other cortical 344
etiology 344
signs 344
symptoms 343–344
visual association cortex V4 343

cerebral hemorrhage, papilledema 213
cerebral infarcts 319
cerebrospinal fluid (CSF)

hypovolemia syndrome 674, 675f
papilledema 210–211
pseudotumor cerebri 217–218, 220
spinal cord tumors 230

cerebrovascular disease (ischemic stroke)  
312–316

aortic arch emboli 315–316
cardiac surgery 315
cardioembolism see cardioembolism
carotid artery disease 315
in childhood disorders 316
hypercoagulable states 315
migraine 316
thrombosis, in Circle of Willis 315
transtentorial herniation 316
vertebrobasilar disease 315

Charcot-Marie-Tooth (neurologic syndrome)  
130–131

CHARGE syndrome 120–121, 417–418
Charles Bonnet syndrome 402–403
CHD7 gene 120–121
chemotherapy 70, 167
chest radiography, sarcoidosis 144
chest roentgenography, sarcoidosis 85
Chiari malformation, optic disc swelling 230
chiasm

developmental abnormalities 283–284
disorders see chiasmal compression; chiasmal 

disorders
neuroanatomy 40–41, 41f, 237f–239f, 

238–239
vascular processes affecting 271

chiasmal apoplexy 270
chiasmal compression 3, 271
chiasmal disorders 237–291

age of patient 251
aneurysms see aneurysms
arteriovenous malformations 271
chondrosarcomas 279
chordomas 279
color vision 239
craniopharyngiomas see craniopharyngiomas
dermoids 279
diagnosis 250–253

diagnostic studies/endocrine testing 248t, 
250t, 252–253, 253t

diagnostic studies/
neuroimaging 251–252

empty sella syndrome 283
endocrine symptoms 48, 247–250, 249f
endocrinologic manifestations

aneurysms 269
chiasmal/hypothalamic gliomas 274
craniopharyngiomas 261

endocrinopathy 247–250
epidermoids 279
eye movement abnormalities 246–247
gangliogliomas 277
germ cell tumors see germ cell tumors
gliomas see chiasmal/hypothalamic gliomas
granular cell and related tumors 279
hemifield slide phenomena 246, 247f
hormone physiology 247–250
hypothalamic syndromes 250
infections 281–282
inflammatory masses see inflammatory 

masses
intrinsic 252
malignant optic chiasmal gliomas of 

adulthood 276–277
meningiomas, skull base see under 

meningiomas
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metastatic disease 279
neuritis 279–280
nystagmoid eye movements 246
nystagmus, asymmetric or monocular 247
ocular motor palsies 246
optic disc findings 246
physical findings 251
pituitary adenomas see pituitary adenomas
radiation side-effects 282
radionecrosis 282
Rathke’s cleft cysts 264–265
relative afferent defects 20–21
sellar and chiasmal lymphoma 279
sphenoid sinus mucoceles 283
suprasellar arachnoid cysts 265
symptoms and signs, neuro-ophthalmic  

239–247
third ventricular enlargement 282
trauma 246–247, 282
vascular malformations 270–271
visual acuity 239
visual field loss patterns 242–246,  

242f–243f, 245f
visual field testing 247
visual symptoms 239

chiasmal/hypothalamic gliomas 271–276
anterior 273, 275–276
diagnostic studies/neuroimaging 274–275
endocrinologic manifestations 274
location/growth characteristics 273
neurofibromatosis type I association  

272–273, 272f
outcome 276
pathology 273
posterior 273, 276
signs, neuro-ophthalmic 273–274
symptoms 273
treatment 275–276

childhood disorders
adrenoleukodystrophy 327
benign childhood epilepsy 406
benign optic gliomas 166–167
benign tonic vertical gaze in infancy  

579–580, 580f
brain tumors 212
craniopharyngiomas in 261
fourth nerve palsies 518, 519t
functional homonymous hemifield loss 327
functional visual loss 379–380

causes 380
clinical setting 380
findings and diagnosis 390
management 391

Horner syndrome, congenital and acquired 
causes 437–439, 438t

ictal homonymous hemianopias 327
idiopathic orbital inflammatory 

syndrome 636
MELAS 326–327
meningitis 327
migraine 669
myasthenia gravis 477–478
neoplasms, cerebral hemispheres 322
neuromyelitis optica 142
neuroretinitis 147–148
ocular flutter 606
opsoclonus 606
optic nerve hypoplasia 118
optic nerve sheath meningioma 167–168
orbital tumors 645
papilledema in 212
preliterate children, examining 8–10
pseudotumor cerebri 225
retrochiasmal disorders 293
sixth nerve palsies 521f–522f

acquired 520–522, 521t
congenital 522–524
Möbius syndrome 524
suggested workup 522, 522t

special considerations 5
strabismus 114–115, 536–537
stroke in 316
Sturge-Weber syndrome 327, 329f
third nerve palsies 512–515, 512t

aneurysms 515
diabetes 515

diagnostic evaluation 515, 515t
inflammatory conditions 513
miscellaneous common acquired 

etiologies 513–514
miscellaneous uncommon acquired 

etiologies 515
neoplasms 513
ophthalmoplegic migraine 513–514

thyroid eye disease 631
visual field testing 42
visual hallucinations, release 402–403

chloramphenicol 578
chloroquine 75, 75f
chlorpromazine 669
cholesterol emboli (Hollenhorst plaques)  

62–63, 79
cholinesterase inhibitors 354
chondrosarcomas 279, 525, 526f
chorda tympani nerve 453
chordomas 279, 525
choristomas 279
choroidal hemangioma, Sturge-Weber syndrome  

93–94
chromosome defects 129–131, 464, 663, 667
chronic inflammatory demyelinated 

polyneuropathy (CIDP) 229–230, 
483

chronic lymphocytic leukemia 177
chronic ocular ischemia 367
chronic progressive external ophthalmoplegia 

(CPEO) 479–481, 539
diagnosis 480
pathophysiology 479–480
retinal dystrophy association 77–78
signs 480, 480f
symptoms 480
treatment 481

chronic progressive ophthalmoparesis 22–23
cidofovir 322–323
ciliary ganglion 417f, 425–426, 614–615
cilioretinal artery 56, 57f
cilioretinal artery occlusions 64–65
circle of Willis

arteriovenous malformations 317
chiasm 238f, 239, 268
thrombosis 315

cis-platinum, chemotherapeutic agent, 
paraneoplastic retinopathy 70

citicoline 400
cladribine 280
Claude syndrome 507–508
Clinical Activity Score (CAS), TAO 628
clinically isolated syndromes (CIS) 137–138, 

141
clival meningiomas 525
clock drawing 340, 349–350

examination 18, 19f
clomiphene citrate 405, 408
clonazepam 602
clopidogrel 369
cluster headaches 437, 662t, 672
CNS see central nervous system (CNS), disorders 

affecting
cocaine

hallucinations and illusions 404
Horner syndrome 429f, 439–440
opsoclonus and ocular flutter 606

coenzyme Q10 671
Cogan syndrome 79
Cogan’s lid twitch 22–23, 472–473
Cogan’s spasticity of conjugate gaze 302–303
cognitive deficits, hallucinations and illusions  

394
cold caloric test 35
colobomas 118–121, 122f, 417–418
color anomia 344
color name aphasia 344
color perception 11–14

see also dyschromatopsia (defective color 
vision)

chiasmal disorders 239
hallucinations and illusions 395
optic nerve examination 107

color plates
functional visual loss 382
Hardy-Rand-Rittler 11–14, 13f, 17–18

Ishihara pseudoisochromatic 11–14, 13f, 17, 
18f, 382

comatose patients
conjugate gaze abnormalities 580
conjugate gaze deviations 580
conjugate gaze paresis 580
examining 34–35
pupils 441–442, 441f

comitant esotropia, acquired 521–522
compound muscle action potential (CMAP)  

479
compressive optic neuropathies 164–173, 165f

aneurysms 171–173
diagnostic studies/neuroimaging 166
etiology 164
mimicking simple ION 152
optic canal, osseous disorders of 173
optic nerve sheath meningiomas 167–170
paraclinoid meningioma 165f
primary optic nerve neoplasms

gliomas (benign) 166–167
malignant 167, 168f–169f

signs, neuro-ophthalmic 164–166
skull base meningiomas 171
symptoms 164

computed tomographic angiography (CTA), 
carotid disease 369, 369f

computed tomography (CT) scanning
aneurysms 270
cerebrovascular disease (ischemic stroke) 312
chiasmal disorders 251–252, 262
disc drusen 200
hallucinations and illusions 400
optic nerve sheath meningiomas 169f
orbital disease 618–620, 619f
papilledema 210–211
pituitary apoplexy 259
posterior indirect traumatic optic neuropathy  

182–183
suprasellar arachnoid cysts 265
third nerve palsies 424, 511
thyroid-associated ophthalmopathy  

625–626
computerized static perimetry 45
cone dystrophies

classification 76
clinical features 76–77
hereditary retinal dystrophies, differential 

diagnosis 76–77, 77f
pigment migration 12–14

cone-mediated response 59
confrontation visual field assessment 14–16, 41

color/subjective hand comparison 15, 15f
“count the fingers” test 14–15, 15f
laser pointers, screening of visual field 15, 

47, 50f
limitations 15–16
recording of results in circles 15–16, 16f
reflex blink, absent 15
visual field defect 14–15
visual field integrity, gross appraisal 15

congenital anomalies
decompensated congenital strabismus 5
ptosis 22–23

congenital nystagmus 587, 591–593
congenital ocular motor apraxia 560–562, 561f
congenital/infantile disturbances, retrochiasmal  

324–326
cortical dysplasia 326
delayed visual maturation 326
hypoxic ischemic encephalopathy 325–326
periventricular leukomalacia 325
stroke in utero 325

conjugate eye deviation 35
conjugate eye movements 568

definitions 551–552, 552t
examination 552
horizontal conjugate gaze see horizontal 

conjugate gaze
optokinetic nystagmus 552
pursuit 551
saccades 551
types 551–553
vertical conjugate gaze see vertical conjugate 

gaze
vestibulo-ocular reflex 551
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conjugate gaze abnormalities 551–586
approach 552–553, 553t
coma 580
conjugate gaze paresis see conjugate gaze 

paresis
eye movements see conjugate eye movements
horizontal conjugate gaze 560–562

abnormal deviations 566–568
caused by cortical lesions 555–566
caused by other posterior fossa 

lesions 559–560
caused by pontine lesions 556–558
neurologic disorders 562–566

ophthalmoplegia, complete 580
symptoms 552
vertical conjugate gaze

amyotropic lateral sclerosis 578
basal ganglia disorders 578
benign tonic vertical gaze in infancy  

579–580, 580f
deviations 578–580
neurologic disorders 575–578
neuromuscular conditions 578
Niemann–Pick disease 577
ocular tics 579, 579f
“one-and-a-half” syndrome 575
paraneoplastic brainstem 

encephalitis 578
Parinaud syndrome 570–575
progressive supranuclear palsy see 

progressive supranuclear palsy
supranuclear downgaze paresis 575
Whipple disease 577–578

conjugate gaze paresis
in comatose patients 580
horizontal conjugate gaze deficits 556, 

557f–558f
conjunctiva, telangiectasias of 86–87
contact lenses, nonorganic symptoms 391
contiguous infection, venous thrombosis/

obstruction 225–226, 227f
contiguous neoplasm, venous thrombosis/

obstruction 225–226, 228f
contralateral hemifield, defective color vision  

12–14
contralateral irritative focus 35
contralateral neglect syndrome 32–34
contrast sensitivity 10–11, 107, 132
convergence evoked nystagmus 604
convergence exercises 500
convergence insufficiency 500, 571
convergence retraction nystagmus 570–571, 

602–603
convergence spasm 390, 499–500
conversion disorder 377–378, 380
copying of drawings 18f
corectopia, pupil 418–419, 420f
corneal abnormalities

headaches 674
opacities/irregularities 10
transient visual loss 364

corneal blink reflex 23, 456, 468
corneal endothelial dysfunction 364
corneal hypoesthesia (decreased tear flow) 23
corneal reflexes 35
corneomandibular blink reflex 456
coronary artery disease, past medical/surgical 

history 5
corpus callosum black holes, Susac syndrome 79
cortical blindness 31–32, 324
cortical depression, migraine aura 663
cortical dysplasia 326
cortical ischemia, vasoconstriction-induced  

395–396
cortical lesions, horizontal gaze deficits caused 

by 555–556
cortical neurons, irritation in epilepsy 394
corticobasal degeneration 352
corticobulbar tracts disease, facial nerve 23
Corticosteroid Randomization after Significant 

Head Injury (CRASH) Study 183
corticosteroids

acute posterior multifocal placoid pigment 
epitheliopathy 79

Bell’s palsy 466
central serous chorioretinopathy 59–60

cluster headaches 672
cysticercosis 281–282
giant cell arteritis 162
headaches 673
migraine 514
myasthenia gravis 476–477
neuromyelitis optica 142
paraneoplastic retinopathy 71
posterior indirect traumatic optic neuropathy  

183
Susac syndrome 79
thyroid disease 621
Vogt-Koyanagi-Harada syndrome 83

cortiobasal ganglionic degeneration 565
cotton-wool spots 156–157, 158f, 202–205
cough headache 673
coumadin 320
“count finger” (CF) phrase, degree of vision 8
cover-uncover testing 26, 28f
cranial nerve evaluation 32
craniopharyngiomas 259–264

age factors 3
in childhood disorders 261
diagnostic studies/neuroimaging 261–262
endocrinologic manifestations 261
location/growth characteristics 261
pathology 259–261
signs, neuro-ophthalmic 261
symptoms 261
treatment 262–264

endocrine outcome 264
visual outcome 264

craniosynostosis 212
C-reactive protein levels 152, 158–159
Creutzfeldt-Jakob disease 354–356

diagnostic studies 355–356, 355f–356f
facial weakness 462
Heidenhain variant 355–356
mental status evaluation 31–32
pathology 355
posterior cortical atrophy 352
retrochiasmal disorders 323
symptoms and signs

neurologic 355
neuro-ophthalmic 355

treatment 356
Crouzon’s syndrome 173, 212
cryotherapy, von Hippel-Lindau disease 92
cryptococcal meningitis 213
cupping, optic nerve 159f, 173–174
Cushing disease 257–258
cutaneous allodynia 663–665
CV2/CRMP-5 (paraneoplastic antibody) 177
cyclic esotropia 522
cyclic oculomotor spasms 443, 507, 507f
cyclophosphamide 79, 280
cyclosporine 71, 144, 280, 405
cylinders (paired), fogging technique 384
cyproheptadine 258
cysticercosis 281–282
cystoid macular edema 58–60, 61f

uveitis-associated disc swelling 144
cysts, pineal region 573
cytarabine 322–323
cytomegalovirus (CMV) 85, 150

D
daclizumab 637
dacryoadenitis 633–634
dapsone 162
deafferentation, hallucinations, visual 394
decompensated congenital strabismus, chronicity 

of symptoms 5
degree of vision, recording 8, 10f
delayed visual maturation 326
dementia 31–32

Alzheimer’s disease see Alzheimer’s disease
with Lewy bodies 407

deMorsier syndrome 116
demyelination, retrochiasmal disorders 323–324
dense neglect, hemianopia distinguished 17
dendrites 103–104
depression (duction) 24
dermoid tumors 645

dermoids 279
desipramine 670
“detect hand motions” (HM) phrase, degree of 

vision 8
developmental delay, childhood disorders 5
Devic disease (neuromyelitis optica) 141–142
dexamethasone 279
diabetes 5, 66, 515
diabetes insipidus, chiasmal disorders 251

germ cell tumors 278
gliomas 274
Rathke’s cleft cysts 264–265

diabetic ischemic maculopathy 60–61
diabetic papillopathy 163, 164f
diabetic polyneuropathy 34
diaphragma sella meningiomas 267–268
diazepam 400, 579
DIDMOAD (Wolfram syndrome) 129
diffuse uveal melanocytic proliferation (DUMP)  

67–68, 70
bilateral 70

digoxin 404–405
dihydroergotamine 669
diphenhydramine 579
diplopia see double vision
dipyridamole 369
disc edema

approach to patients 112–113
arteritic AION 156–157
diabetic papillopathy 163
malignant hypertension and eclampsia  

85–86
and papilledema 180

dissociated nystagmus 597–598
dissociated vertical deviation (DVD) 537
distance vision 7–8
divalproex sodium 400
divergence insufficiency 500–501
divisional third nerve paresis 525–526
Dix-Hallpike maneuver, BPV 588–589, 590f, 595
DNA point mutation, in LHON 128
Doll’s eye 35
dominant optic atrophy (DOA) 129, 130f
donepezil 354
dopamine 248, 393–394
dopamine agonists 255–257
Doppler examination 160, 368–369, 368f
dorsal midbrain syndrome see Parinaud 

syndrome
double vision

see also blurred vision
approach 496, 496t–497t
binocularity 495
botulinum injection 469
chiasmal disorders 239
chronicity of symptoms 5
dysthyroid myopathy 630
efferent dysfunction 4
fixation switch diplopia 541
history of illness 5
horizontal or vertical 495, 496t
miscellaneous causes 539–541
monocular 497–498
muscle infiltration 538
neurologic causes of monocular double 

vision 498
nonparetic 246
ophthalmic causes of monocular double 

vision 497
orbital disease 615
orbital inflammatory syndromes 538
orbital processes causing 537–538
palsies causing see palsies
signs 496
spontaneous extraocular muscle contractions  

540–541
superior oblique myokymia 540–541
supranuclear causes 498–504

acquired monocular elevator palsy 504
convergence insufficiency 500
convergence spasm 499–500
divergence insufficiency 500–501
internuclear ophthalmoplegia see 

internuclear ophthalmoplegia (INO)
pseudoabducens palsy 501
skew deviation 501–504
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symptoms 495–496
thyroid-associated ophthalmopathy  

537–538, 629–630
treatment 497

downbeat nystagmus 598–600, 598f–599f
doxycycline 213
droperidol 669
drug-induced hallucinations

cocaine 404
illicit drugs 404
levodopa 404
LSD 404–405, 408
PCP 404–405
prescription medicines 405
psilocin 405
psilocybin 405

drug-induced nystagmus 604
drug-induced smooth pursuit disorders 566
drusen, disc

hemorrhages associated with 200
optic neuropathy associated with 123–126, 

125f
and papilledema 200, 202f

dry eyes 364, 674
Duane’s retraction syndrome 3, 522–524, 523f
ductions 24
duloxetine 670
duochrome test, severe unilateral vision loss  

382, 383f
dural arteriovenous malformations (DAVMs)  

529t, 531, 532f
clinical presentation 529t, 531–533
diagnostic evaluation 533
treatment 533

dural sinuses 226, 228, 229f
dynein 106–107
dysarthria, posterior fossa lesion 5
dyschromatopsia (defective color vision) 11

acquired 12–14
cerebral 17–18
congenital 11–12, 107
ethambutol 180–181
optic nerve sheath meningioma 168–169
optic neuropathies 107

dysdiadokinesia 32
dysmetria 32
dysplastic cortex 326
dysthyroid myopathy 630

E
Eale disease 79
Early Treatment in Diabetic Retinopathy Study 

(ETDRS) charts 8, 9f–10f
low-contrast Sloan letter acuity testing 11

echography
orbital disease 617–618, 618f, 620
thyroid-associated ophthalmopathy  

625–627
Vogt-Koyanagi-Harada syndrome 83

eclampsia 85–86
ectopia lentis et pupillae 417–418
ectopic pupils 417–418
Edinger-Westphal nuclei 19–20, 415–416, 428, 

614–615
edrophonium test, myasthenia gravis 455f, 

474–475
efferent dysfunction 4–5, 20
efferent system 18–30

see also efferent dysfunction
eyelids 22–23
facial nerve 23
ocular motility/alignment 23–30
pupils 18–21

Ehlers–Danlos syndrome 434
elderly patients, vertical gaze limitations 575
electrical cortical stimulation, epilepsy 348
electrocardiography 669
electroencephalogram (EEG)

Alzheimer’s disease 354
Creutzfeldt-Jakob disease 356
hallucinations and illusions 400, 403

electromyography (EMG) 474
electro-oculography 59
electroretinogram (EEG) 579

electroretinography (ERG) 59
acute idiopathic blind spot enlargement 

syndrome 71
cone dysfunction 405
cone/cone-rod dystrophies 76–77
Creutzfeldt-Jakob disease 356
ischemic optic neuropathy 152
Leber’s hereditary optic neuropathy 128
melanoma-associated retinopathy 70
multiple evanescent white dot syndrome 71
paraneoplastic retinopathy, optic neuropathy 

differential diagnosis 70
tilted disc anomaly 118
total blindness, testing for 381
visual field loss pattern 50

eletriptan 668–669
elevation 24
Elsching spots 85–86
empty sella syndrome 283
encephalotrigeminal angiomatosis (Sturge-Weber 

syndrome) 93–94, 327
endarterectomy, carotid disease 369–370
endocarditis 314–315
endocrine symptoms

chiasmal disorders 48, 247–250, 249f
Graves disease 620–621
Langerhans cell histiocytosis (histiocytosis x)  

280
pseudotumor cerebri 218

endocrine testing, chiasmal disorders 252–253
endovascular treatment, pseudotumor cerebri  

224
enophthalmos 615
entoptic (ocular) phenomena 403–404

hallucinations 394, 404
normal physiologic 403–404
real images 403

entoptic phenomena, ocular pathology 404
epidermoids 279
epilepsy

benign childhood 406
cortical neurons, irritation 394
electrical cortical stimulation 348
flashing lights/loss of consciousness 395
nystagmus 604
occipital lobe 405–406
parietal lobe 407
temporal lobe 406–407, 406f
transient visual loss 373
treatment 395

epileptic kinetopsia 406–407
epiphora (increased tear flow) 23
episodic visual loss see transient visual loss
Epley maneuver, BPV 590f, 595
Epstein–Barr (EBV) virus 85, 321
Erdheim–Chester disease 638
erectile dysfunction drugs, and ION 151–152
ergotamines 514, 672
erythema migrans (Lyme disease) 34, 147–150, 

464–465
erythrocyte sedimentation rate (ESR), optic 

neuropathies 152, 158–159, 162
esotropia 24, 26, 28f

comatose patients 35
comitant, acquired 521–522
cyclic 522
Maddox rod testing 496
strabismus 536, 537f

ethambutol 180–181
ethmoidal arteries 612
etoposide, oral 276
European Carotid Surgery Trial 369–370
European Group on Graves Orbitopathy 

(EUGOGO) 627
Ewing’s sarcoma 645
examination, neuro-ophthalmic 552

afferent visual function see afferent visual 
function

blood pressure 34
cerebellar function 32
in comatose patients 34–35
cranial nerve evaluation 32
directed general 34
directed neurologic 31–34

cerebellar function 32
cranial nerve evaluation 32

gait 34
mental status evaluation 31–32
motor function 32
reflexes 34
sensation 32–34

efferent system see efferent system
external 30–31
gait 34
hallucinations and illusions 395
heart rate 34
illiterate individuals 8–10
mental status evaluation 31–32
motor function 32
nystagmus 588–589, 588f–590f, 589t
ophthalmoscopic 31
optic nerve see under optic nerve
orbital disease 616–617, 620, 620f
preliterate childhood disorders 8–10
reflexes 34
saccades 552
sensation, evaluating 32–34
slit-lamp 31
smooth pursuit 552

exotropia 24, 26, 28f, 536–537
external beam radiotherapy 254–255, 263, 276
external examination 30–31
extraocular muscle ischemia 539
extraocular muscles 613–614

enlarged 638, 639f
eye charts

polarized 382
Snellen see Snellen eye chart, acuity recording

eye movement disorders
conjugate gaze abnormalities see conjugate 

gaze abnormalities
double vision see double vision
nystagmus see nystagmus
ocular misalignment see ocular misalignment
orbital disease 617
palsies see palsies

eye movements
chiasmal disorders, abnormalities in  

246–247
comatose patients 35
conjugate

definitions 551–552
types 551–553

disorders see eye movement disorders
nystagmoid see nystagmoid eye movements

eye patches, past neurologic/ophthalmologic 
history 5

eye position, comatose patients 35
eye strain, headache caused by 676
eyelash burying (lagophthalmos) 23
eyelid retraction 459–461, 459t

miscellaneous causes 461
orbital disease 615
pretectal (Collier’s sign) 450f, 460–461, 

460f, 570–571
thyroid-associated ophthalmopathy 460, 

460f, 623
von Graefe’s sign 460

eyelids 22–23
see also facial nerve
appearance and position 22
apraxia of eyelid opening 457–459
blink reflexes 456
chronicity of abnormal appearance, 

determining 22
crease, position 22
function 22–23
history and examination 454–456, 455f
horizontal conjugate gaze 23
lag in downgaze 450f, 460–461, 461f–462f
levator dehiscence 22
levator palpebrae superioris muscle 449
M-group neurons 449–450
myopathic conditions 22–23, 457
neuroanatomy 449–454
nystagmus 471
oculomasticatory myorhythmia 471, 601
palpebral fissure 22
palpebromandibular synkinesia 471
plus-minus eyelid syndrome 461, 462f
retraction see eyelid retraction
scleral show 22
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seesaw-like movements 471
tics 470
upper 449–450, 450f
vertical eye movements, coordination of 

upper eyelid with 449–450, 450f

F
facial dyskinesias, drug-induced 470
facial nerve 23, 450–454

see also eyelids
blink reflexes 23
cerebellopontine angle 451–453, 452f
extracranial course 453, 453f
function 23
history and examination 454–456, 455f
motor evaluation 23
movement 23
muscles innervated by 453–454, 454f
nuclear and infranuclear 451, 451f–452f
orbicularis contraction 23
palsies 23
physiologic facial synkineses 23
supranuclear pathways 450–451, 450f
taste 23
tear function 23
vascular supply 452f, 453

facial pain/sensation disorders 676–681
approach 676–677
atypical 681
clinical syndromes 678
isolated trigeminal neuropathy 678–680
neuroanatomy of trigeminal nerve 677–678
neurotrophic cornea 680
numb chin syndrome 680

facial recognition 345
see also prosopagnosia (inability to recognize 

faces)
examination of 17, 346
right-sided cerebral dominance 347

facial synkineses 23, 469–470, 470f
facial weakness 461–468

approach 450f, 461, 463f
Bell’s palsy 465–466
central 461–464
cerebellopontine angle 464
congenital facial palsy 466
diagnosis 467t
diseases commonly associated with 471–483
evaluation 466
fascicular 464
junction causes 466
medical treatment 467
metastatic lesions 465
myopathic causes 466
neuromuscular causes 466
neuropathic causes 466
nuclear 462–464, 464f
otitis media 466
peripheral 464–466
Ramsay Hunt syndrome 466
sarcoidosis 465
subarachnoid 464–465
supranuclear 461–462
surgical treatment 467–468
transtemporal bone 465–466, 466f
trauma 465
treatment 466–468

factor V Leiden mutation 82
familial horizontal gaze palsy 559–560
family history 5
Farnsworth D15 (dichotomous) panel test  

11–12, 14f, 17–18, 344
Farnsworth-Munsell 100-hue test 11–12, 132, 

344
fasciculations 23
fatal familial insomnia 355
fibrosis syndromes, congenital 535–536, 536f
fibrous dysplasia 645–646, 646f
figure copying 340, 349–350

examination 18, 18f
fistula, carotid-cavernous 34
fixation switch diplopia 541
FLAIR (fluid level attenuated inversion recovery) 

sequences 134, 135f, 355–356

flashbacks, hallucinogens 404
flashing lights (photopsias/phosphenes) 56, 68, 

132
acute idiopathic blind spot enlargement 

syndrome 71
entoptic phenomena 404
epilepsy 395
migraine 396
multiple evanescent white dot syndrome 71

flick phosphenes 404
floaters 404
floor fractures 649–651
fluid level attenuated inversion recovery (FLAIR) 

sequences see FLAIR (fluid level 
attenuated inversion recovery) 
sequences

flunarizine 400
fluorescent treponemal antibody absorption 

(FTA-ABS) testing 421
fluoxetine 670
fluphenazine 407
fluorescein angiography (FA)

cystoid macular edema 60
examination 31
giant cell arteritis 371
Leber’s hereditary optic neuropathy 126–127
morning glory disc anomaly 122
multiple evanescent white dot syndrome 71, 

74f
neuroretinitis 147
non-arteritic ischemic optic neuropathy 152
optic atrophy 108–109
optic neuropathies distinguished from 

maculopathies 58–59
papilledema 208
temporal arteritis and ION 159, 160f
Vogt-Koyanagi-Harada syndrome 83

focal motor seizures 471
fogging technique, moderate monocular vision 

loss 384
follicle-stimulating hormone (FSH) 247–248
forced duction test 24, 25f
fortification spectra, migraine 396, 397f
Foster Kennedy syndrome

compressive optic neuropathies 164–166
ischemic optic neuropathy distinguished  

152
meningiomas, skull base 266
papilledema 206, 209f
skull base meningiomas 171

fourth nerve palsies 497t, 515–518, 516f–517f
acquired, diagnostic evaluation of adults  

518
in childhood disorders 518, 519t
decompensated congenital 517–518, 518f
management 518
miscellaneous causes of combined third, 

fourth and sixth nerve palsies  
524–536

base of skull lesions 524–525
brainstem 524
cavernous sinus disturbances 525–535
subarachnoid disturbances 524

Parks’ three-step test 515–516
foveal avascular zone, retina 56
Foville syndrome 556
Frégoli syndrome 347
frequency doubling technology (FDT) 

perimetry 45, 47f
Freudian psychology, functional visual loss 378
Friedreich’s ataxia 130–131
Froin syndrome 230
frontal lobe disturbances 353
frontalis muscle, eyelids 449, 453–454
frovatriptan 669
functional homonymous hemifield loss, 

retrochiasmal disorders 327
functional magnetic resonance imaging (fMRI) 

see also magnetic resonance imaging 
(MRI)

akinetopsia 348, 348f
cerebral hemiachromatopsia 343
migraine 663

functional visual loss 377–392
afferent visual function 10
approach to patients 380

in childhood disorders 379–380
causes 380
clinical setting 380
findings and diagnosis 390
management 391

clinical presentation 378–379
complaint types 379
convergence spasm 390
conversion disorder 377–378, 380
diagnosis 380
efferent system 20–21
factitious nystagmus 390
factitious ophthalmoplegia 390
factitious ptosis 390
factitious pupillary abnormalities 390
Freudian psychology 378
hypochondriasis 377–378
hysteria 377–379
impact 379
malingering 377, 380–381

versus hysterical vision loss 379
management of 391

management of patient with nonorganic 
symptoms

adults 391
childhood disorders 391
differential diagnosis 390–391

moderate binocular 386
moderate monocular 383–386
monocular double vision 497
Münchausen syndrome 377–378, 378f

by proxy 380
patient characteristics 378–379, 379t
patient-physician relationship 378, 380
patterns 380–391

in childhood disorders 390
efferent nonorganic disorders, overview  

390
functional visual field loss 386–390
moderate binocular vision loss 386
moderate monocular vision loss  

383–386
severe unilateral vision loss 381–383
total blindness 380–381

setting 378, 380
severe unilateral 381–383
somatization disorder 377–378
subjectivity 380
terminology 377–378
total blindness, testing for 380–381
and traumatic optic neuropathies 379
visual field loss 386–390

fundus, examining 12–14, 33f
fungal disease

allergic fungal sinusitis 648–649
aspergillosis 648
cavernous sinus disturbances, in palsies  

528–529
HIV-associated optic neuropathy 150
orbital infections 647–649
phycomycosis (mucormycosis) 648

furosemide 221–222, 400
fusiform aneurysms 171, 173
fusiform enlargement, glioma 169
fusiform face area (FFA) 345–347

G
gabapentin

headaches and migraines 670–671, 673,  
681

nystagmus 593, 602
gadolinium enhancement, optic nerve 152
gait, evaluating 34
galantamine 354
gallium scanning, sarcoidosis 85, 144
gamma globulin, intravenous 79
gamma-aminobutyric acid (GABA) 75–76
gangliogliomas, chiasmal disorders 277
ganglion cell axons 103

and chiasm 239
diameter 106–107
lateral geniculate nucleus 296
optic tract, neuroanatomy 294
retina 55–56
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ganglion cells
axons see ganglion cell axons
and intraocular optic nerve 103–105, 

104f–105f
nasal macular 104, 239
off-center 107

Gasserian ganglion 678–679
Gaucher disease 565
gaze-evoked amaurosis, transient visual loss  

364, 372–373
gender of patient

branch retinal vein occlusion 66
history 3
migraine 667

genetic testing 128
geniculocalcarine pathway 41
germ cell tumors 250, 278–279

diagnostic studies/laboratory tests 278
diagnostic studies/neuroimaging 278
location/growth characteristics 278
outcome 279
symptoms and signs 278
treatment 278–279

germinomas 278, 573
Gerstmann syndrome 31–32
Gerstmann–Sträussler–Scheinker (GSS) 

syndrome 355
giant cell arteritis 319

amaurosis fugax 5
corticosteroids 162
directed general examination 34
gender of patient 3
Horner syndrome 437
and temporal arteritis and ION 156–158
transient visual loss 371
visual prognosis 162–163

giant cell granuloma 281
gigantism 257
glabellar blink reflex 456
glasses see spectacle correction
glatiramer acetate, multiple sclerosis 137
glaucoma

angle-closure 427–428, 674
branch retinal vein occlusion 66
color perception problems 12–14
episodic or rapidly progressive vision loss  

174
low or normal tension 173
narrow-angle, subacute transient attacks 364
neovascular 367
past neurologic/ophthalmologic history 5
Sturge-Weber syndrome 93–94

glial cells, optic nerve 104–105
glioblastoma (malignant optic nerve glioma)  

167, 168f–169f
gliomas

cerebral hemispheres, neoplasms of 321
chiasmal/hypothalamic see chiasmal/

hypothalamic gliomas
malignant optic chiasmal, of adulthood  

276–277
optic nerve (benign) 166–167, 166f, 169

gliomatosis cerebri 212–213
globe, hypoperfusion of 367
globulin, intravenous immune 137
glossopharyngeal neuralgia 674
glucocorticoid, Addison disease 217
Goldmann kinetic perimetry 41, 45, 47f–48f

chiasmal disorders 242f, 247
nonphysiologic constriction, testing 386f
ocular ductions and alignment 624
papilledema 208–209
pseudotumor cerebri 220
tubular visual field testing 384–386, 385f

Goldmann visual fields 68, 69f, 74f
gonadotropin-secreting pituitary tumors  

258–259
gonioscopy, narrow-angle glaucoma 364
Gradenigo syndrome 466
granular cell tumors 279
granulomatous orbital inflammation 637
graphesthesia (decreased two-point 

discrimination) 32–34
grating acuity 8–10
Graves disease, endocrine aspects 620–621
gray vision, topical diagnosis 48

greater occipital neuralgia 673
growth hormone (GH) 247–248

deficiency 116–117, 248
pituitary tumors, GH-secreting 257

Guillain-Barré syndrome 482–483
diagnosis 483
facial weakness 466
Miller Fisher variant 443, 466, 483
optic disc swelling 229–230
pathophysiology 482
pupillary abnormalities 442–443
reflexes 34
signs 482
symptoms 482
treatment 483

H
Haidinger’s brush 403
hallucinations and illusions 393–412, 394t

abnormal biochemical states, hallucinations 
due to 393–394

acetylcholine 394
alcohol-induced 404–405

withdrawal 404
Alzheimer’s disease 407
autoscopic phenomena 396–398, 407
brainstem lesions 394
cataract-associated 401–402
cataracts 395, 401–402
categories 393
central nervous system lesions

cerebral diplopia/polyopia 409
palinopsia 408–409, 408f–409f
peduncular hallucinations 407–408

deafferentation 394
definitions 393
depression 403
diagnosis 395
drug use

cocaine 404
digoxin 404–405
illicit 404
levodopa 404–405
LSD 404–405, 408
PCP 404–405
prescription medicines 405
psilocin 405
psilocybin 405

entoptic (ocular) phenomena 394, 403–404, 
403t

normal physiologic 403–404
real images 403

entoptic phenemena, ocular pathology 404
real images 404

examination, neuro-ophthalmic 395
history and examination 394–395
ictal 407
metabolic causes 410
migraine see under migraine
narcolepsy 410
neurodegenerative disease 407
neuroleptics 395, 407
neurologic symptoms, accompanying 395
neurotransmitters, dysfunction 393–394
in normal individuals 410
pathogenesis theories, hallucinations  

393–394
posterior cortical atrophy 352
psychiatric disease 409–410
release phenomena, hallucinations as  

393–395
in childhood disorders 402

seizures 405–407
sensory deprivation 401–402
sensory/motor ratio theory 393
serotonin 393–394
tilted and upside-down vision, vestibular 

disease 409
treatment overview 395
visual allesthesia 407
visual loss 400–403, 401t, 402f

hallucinogens 404–405
halogenated hydroxyquinolines 181
haloperidol 407, 669

halos 404
hamartias 86–87
hamartomas

astrocytic 87–90
hypothalamic 277
phakomatoses 86–87
tuberous sclerosis 90–91, 90f

hand-held card, near vision testing 7
Hand–Schüller–Christian disease 280
Hardy-Rand-Rittler color plates 11–14, 13f, 

17–18
harlequin syndrome, tonic pupil 426–427
headaches 661–684

aneurysms 268
approach 661
carotid dissection 673
chronic daily 671
classification 661, 662t
cluster 437, 662t, 672
cough 673
glossopharyngeal neuralgia 674
greater occipital neuralgia 673
hemicrania continua 673
history 661
hypnic 673
ice pick 673
intracranial hypertension, without 

papilledema 674
intracranial hypotension 674, 675f
intraocular causes 674–676
medication overuse 672
meningiomas, skull base 266
as migraine symptom 662t, 665
see also migraine
mild-to-moderate, in migraine 668
miscellaneous 676, 676t
moderate-to-severe, in migraine 668–669, 

668t
and ocular diseases 674–676
other than migraine 671–674
paroxysmal hemicrania 672–673
pituitary adenomas 254–255
post-traumatic 674
primary trochlear 676
pseudotumor cerebri 218
“red-flag” 661
severe, in emergency department 669
slit-ventricle syndrome 215
SUNCT syndrome 673
temporal arteritis 673
tension 662t, 671–672
thunderclap 673

Heidelberg retinal tomograph (HRT) 208
Heimann-Bielschowsky phenomenon 588t, 594
hemangioblastomas 92, 644–645
hemangiopericytomas 645
hemeralopia (abnormal glare sensitivity) 56
hemiachromatopsia, cerebral see cerebral 

hemiachromatopsia
hemianopias

bitemporal
chiasmal disorders 242–244, 242f, 

246–247, 246f, 283–284
functional visual field loss 388

in childhood disorders 293
congruity and localization 293–294
dense neglect distinguished 17
migraine 371–372
monocular temporal 389, 389f
optic radiation lesions 31–32
pseudoalexias caused by 18
sensory loss 32–34
visual field testing 42

hemianopic alexia 330, 343
hemianopic prisms, retrochiasmal disorders 330
hemicrania continua 673
hemifacial spasm 23, 468–469
hemifield loss 18, 396
hemifield slide phenomena 246, 247f, 540
hemineglect/hemi-inattention 18, 349–350
hemiopic hypoplasia 118
hemiplegic migraine 667
hemispatial sunglasses 350
hemorrhage 316–318

amyloid angiopathy 316–317
anterior chamber 364
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arteriovenous malformations 317–318
cerebral see cerebral hemorrhage
disc drusen, associated with 200
entoptic phenomena 404
hypertensive 316
intracerebral 316, 316t
intraparenchymal see intraparenchymal 

hemorrhage
papilledema associated with 207
preretinal 213
retinal see retinal hemorrhage
subarachnoid see subarachnoid hemorrhage
thalamic 567–568, 574, 574f
vitreous see vitreous hemorrhage

Henle’s layer, fluid leakage into 147
heparin 320
herbal supplements 354
hereditary retinal dystrophies, differential 

diagnosis 76–78
cone/cone-rod dystrophies 76–77
maculopathies with ophthalmoscopic 

abnormalities 77
mitochondrial diseases 77–78

Hering’s Law 28, 454–455, 461, 472–473
herpes simplex virus (HSV), acute retinal 

necrosis 85
herpes zoster 150
herpes zoster ophthalmicus 612, 680–681
Hertel exophthalmometry 28
high factor VIII, amaurosis fugax 64
higher cortical visual function and disorders of  

339–362
areas V2-V5 339, 341
common diseases 353–356

Alzheimer’s disease see Alzheimer’s 
disease

Creutzfeldt-Jakob disease see Creutzfeldt-
Jakob disease

concepts 339–340
disconnection (versus direct 

damage) 339–340, 340t
simultaneous occurrence 340, 340t

disconnection (versus direct damage) concept  
339–340, 340t

examination 16–18
frontal lobe disturbances 353
neuroanatomical organization of areas 339, 

341f
occipital lobe disturbances 341–343

alexia without agraphia 18, 341–343, 
342f–343f

occipitotemporal disturbances 343–349
akinetopsia 348–349, 348f
cerebral hemiachromatopsia 343–344
optic aphasia 347
prosopagnosia see prosopagnosia 

(inability to recognize faces)
visual agnosias see agnosias, visual
visual memory disturbances  

347–348
parietal disturbances 349–350, 349f
parieto-occipital disturbances 350–353

Balint syndrome see Balint syndrome
posterior cortical atrophy 352
visual imagery 352–353

signs on examination 340, 342t
simultaneous occurrence concept 340,  

340t
symptoms

neurologic 340
neuro-ophthalmic 340

highly active antiretroviral therapy (HAART)  
322–323

hill of vision concept, visual field testing 42, 
43f–44f

Hirshberg test, ocular alignment 30, 30f
histiocytic disorders 638
histiocytosis 280
history, neuro-ophthalmic 3–6

age of patient 3
associated symptoms 5
chiasmal disorders 251
chief complaint 3–4, 4t
childhood disorders, special considerations 5
chronicity of symptoms 5
family 5

past medical and surgical history 5
past neurologic and ophthalmologic history  

5
pattern of symptoms 5
present illness 4–5
rapidity of onset, current symptoms 5
social 5
temporal profile of symptoms 5

HLA B-27, sarcoidosis 83–85
homonymous field defect 32–34, 42, 51f
horizontal cells, retina 55–56, 107
horizontal conjugate gaze

abnormal deviations 566–568
periodic alternating gaze 568
ping-pong gaze 568
seizures 566f–567f, 567
stroke 566–567
thalamic hemorrhages 567–568

cerebellar lesions 559
congenital ocular motor apraxia 560–562, 

561f
deficits 555–566

caused by cortical lesions 555–556
caused by other posterior fossa lesions  

559–560
caused by pontine lesions 556–558
neurologic disorders 562–566
other 560–562

examination 23
familial horizontal gaze palsy 559–560
medullary lesions 559
midbrain deficits 559
neuroanatomy 553–555
optokinetic nystagmus 555
saccades 553–554, 553f–554f
saccadic palsy after cardiac surgery 560
scoliosis 559–560
smooth pursuit 553f, 554, 555f
vestibulo-ocular reflex 555

horizontal raphe 104, 108
hormone physiology 247–250
Horner syndrome 428–441, 429f

anisocoria 19
apraclonidine 439–440, 440f
autonomic neuropathies 437
carotid disease 367
carotid dissection 433–436, 434f, 434t
carotid thrombosis 436
cavernous sinus 437
central 431–433, 431f–433f, 441
clinical symptoms and signs 429–430, 

429f–430f, 430t
cluster headaches 437
cocaine 429f, 439–440
comatose patients, examining 34
congenital and acquired causes, in childhood  

437–439, 438t
etiology and localization 430–431, 431t
eyelids 22–23
facial pain 678
hydroxyamphetamine localization 436f,  

440
hypothalamic lesions 431–432, 431f
injury of first-order neuron (central Horner 

syndrome) 431–433, 441
injury of second-order neuron (preganglionic 

Horner syndrome) 433, 433f, 441
injury of third-order neuron (postganglionic 

Horner syndrome) 433–437, 434f, 
434t, 441

intraoral trauma 436–437, 436f
ipsilateral, and abducens palsy 525–526
management 429f, 440–441
mesencephalic and pontine lesions 432, 

432f
orbital apex 437
pharmacologic testing 439–440
postganglionic 433–437, 434f, 434t, 441
preganglionic 433, 433f, 441
ptosis 456–457
sensory loss 32–34
small-vessel ischemia 437
spinal cord injury 433
superior orbital fissure 437
Wallenberg syndrome 432, 433f

HOTV letters, acuity testing 8–10, 11f

human immunodeficiency virus (HIV)
see also acquired immunodeficiency 

syndrome (AIDS)
cat scratch disease 85
optic neuropathy 150
progressive multifocal leukoencephalopathy 

association 322
syphilis 148–149

human leukocyte antigen (HLA) 621
Humphrey perimeter, threshold perimetry 43, 

45f–46f
papilledema 208–209, 211f

Huntington disease 458, 563
Hutchinson’s pupil 423–424
hydrocephalus 214–215, 215f, 225–226, 573
hydroxyamphetamine 436f, 440–441
hydroxychloroquine 75, 75f
hypercholesterolemia, past medical/surgical 

history 5
hypercoagulable states

ischemic stroke 315
pseudotumor cerebri 218
retinal disorders 81–82, 82f
venous thrombosis/obstruction 225–226

hyperopia, branch retinal vein occlusion 66
hyperprolactinemia 248, 257
hypersecretion 248
hypertension

branch retinal vein occlusion 66
hemorrhage association 316
idiopathic intracranial see pseudotumor 

cerebri
intracranial, without papilledema 674
malignant 85–86, 86f, 107
past medical/surgical history 5

hypertensive hemorrhage 316
hyperthyroidism 107, 621, 629
hypertropia 26, 28f
hypesthesia, facial 615
hypnagogic hallucinations, narcolepsy 410
hypnic headache 673
hypochondriasis, functional visual loss 377–378
hypoglossal nerve dysfunction 32
hypokinetic wall motion abnormalities 314
hypomelanotic muscles 91
hypopituitarism

chiasmal disorders 248–250, 264–265, 274
optic neuropathies 116–117

hypoplasia see optic nerve hypoplasia (ONH)
hypotension, nocturnal 151, 153–154
hypothalamic (tuber cinereum) 

hamartomas 277
hypothalamic lesions, Horner syndrome  

431–432, 431f
hypothalamic syndromes, chiasmal disorders  

250
hypoxemia, static encephalopathy 5
hypoxic ischemic encephalopathy 325–326, 406
hysteria/“hysterical” vision loss 377–378

“la belle indifference” 379

I
ice pick headache 673
ictal hemimacropsia 406–407
ictal homonymous hemianopias, retrochiasmal 

disorders 327
ictal visual hallucinations 407
ictal visual loss 373
idiopathic granulomatous hypophysitis (giant 

cell granuloma) 281
idiopathic hypertrophic pachymeningitis 146
idiopathic intracranial hypertension see 

pseudotumor cerebri
idiopathic orbital inflammatory syndrome 

(IOIS) 631–637, 632f
classification 633–636
dacryoadenitis 633–634
diagnostic studies 637
differential diagnosis 631–632
diffuse inflammation 633, 634f
imaging 634f, 636–637
as immune-mediated condition 631
myositis 633, 634f–635f, 635t
pathogenesis 631
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pathology 632
pediatric 636
perineuritis 634, 635f
posterior scleritis 618f, 633, 633f
prevalence 632
sclerosing orbital inflammation 634, 636f
treatment 637

idiopathic stabbing headache 673
illusions see hallucinations and illusions
illusory visual spread 408
imagery, visual 352–353
immune reconstitution inflammatory syndrome 

(IRIS) 322–323
immunocytochemical techniques, pituitary 

adenomas 255
immunoglobulin, intravenous 629
immunohistochemistry, cancer-associated 

retinopathy 69
immunomodulatory therapies, Vogt-Koyanagi-

Harada syndrome 83
immunosuppressive disorders, past medical/

surgical history 5
in situ thrombosis 315
indocyanine green angiography 83–85
infections

chiasmal disorders 281–282
cysticercosis 281–282
pituitary abscesses 281
tuberculosis 281

Guillain-Barré syndrome 482
orbital see orbital infections
Parinaud syndrome 574
past medical/surgical history 5
retrochiasmal disorders 322–323

abscesses 323
Creutzfeldt-Jakob disease 323
progressive multifocal 

leukoencephalopathy 322–323
inferior parietal lobule 349
inflammatory/infectious disorders 280–281

acute inflammatory demyelination of 
peripheral nerves 482

cavernous sinus disturbances 528
chronic inflammatory demyelinated 

polyneuropathy see chronic 
inflammatory demyelinated 
polyneuropathy (CIDP)

granulomatous orbital inflammation 637
histiocytic disorders 638
idiopathic granulomatous hypophysitis  

281
idiopathic orbital inflammatory syndrome  

see idiopathic orbital inflammatory 
syndrome (IOIS)

immune reconstitution inflammatory 
syndrome 322–323

Langerhans cell histiocytosis 280
lymphocytic adenohypophysitis 280–281
optochiasmatic arachnoiditis 281
perineuritis, orbital inflammatory syndromes  

144
polyarteritis nodosa 79, 638
retinal manifestations 83–86

acute retinal necrosis 85
blood dyscrasias 86
cat scratch disease 85
eclampsia 85–86
hypertension 85–86, 86f
sarcoidosis 83–85, 83f–84f, 83t
subacute sclerosing panencephalitis 85
systemic lupus erythematosus 85, 146f

sarcoidosis see sarcoidosis
sixth nerve palsies see sixth nerve palsies
Wegener’s granulomatosis 79, 159, 637–638

infliximab 144, 637
infraduction 24
interferon medications, multiple sclerosis 137
interhemispheric rivalry 350
International Headache Society (IHS) 395, 514
international normalized ratio (INR) 314
internuclear ophthalmoplegia (INO) 498–499

diagnosis 499
differential diagnosis 499, 500f
multiple sclerosis 136
Parinaud syndrome 571
pathophysiology 498f, 499

signs 498f, 499
symptoms 498–499
variations 499
wall-eyed bilateral 499

interstitial nucleus of Cajal (inC) 568–570, 569f
intra-abdominal pressure, elevated in 

pseudotumor cerebri 217–218
intra-arterial fibrinolysis 64
intra-axial lesions, third nerve palsies 507–508
intracanalicular optic nerve 106, 106f
intracavernous aneurysm 533–535, 534f
intracavitary brachytherapy 263
intracranial arteriovenous malformations 34
intracranial hypertension, without papilledema  

674
intracranial hypotension 674, 675f
intracranial optic nerve 106
intracranial tumors, orbital extension 642–643
intracranial venous pressure, increased in 

pseudotumor cerebri 217–218
intraocular optic nerve, and ganglion cells  

103–105, 104f
intraoral trauma, Horner syndrome 436–437, 

436f
intraorbital optic nerve 105–106
intraparenchymal hemorrhage 213, 317
intravitreal bevacizumab 155
iodine therapy 629
iodothyronines (T3 and T4) 621
ipsilateral hemespheric lesions 35
ipsilateral sensory loss 32–34
iris coloboma 417–418, 419f
iris heterochromia 430
iritis

abnormally shaped pupils 418–419, 419f
eye pain 674
slit-lamp examination 110
unreactive pupils 427–428, 428f

ischemic chiasmal syndrome 271
Ischemic Optic Neuropathy Decompression Trial 

(IONDT) 151–153
ischemic optic neuropathy (ION) 150–163

altitudinal defects 108
amiodarone-associated optic neuropathy 

distinguished 181
clinical course 152–153
diabetic papillopathy 163, 164f
diagnostic studies/evaluation 152
and drusen, disc 125
and erectile dysfunction drugs 151–152
non-arteritic 151–155

and arteric 156t
and optic neuritis 155
paraneoplastic retinopathy differential 

diagnosis 70
pathogenesis 153–154
posterior 163
signs 152
surgery/blood loss associated with 163
symptoms 152
and temporal arteritis and ION 152, 

155–163, 159f
temporal arteritis and ION, secondary to
see also temporal arteritis and ION
traumatic form 182
treatment 155

ischemic stroke see cerebrovascular disease 
(ischemic stroke)

ischemic/nonischemic central retinal vein 
occlusion 66

Ishihara pseudoisochromatic color plates
examination 11, 13f, 17

simultanagnosia 18f
visual acuity 12–14

functional visual loss, testing for 382
isolated cranial nerve palsies 525–526
isopters, tangent screen visual field testing  

45–47, 386f

J
Jaegar notation, near vision card 8
jerk nystagamus 26
Joubert syndrome 601–602, 603f
junctional syndrome 244–245, 244f

K
23-kDA retinal antigen, cancer-associated 

retinopathy 69
Kearns-Sayre syndrome 539

diagnosis 480–481
metabolic diseases 81
mitochondrial diseases 77–78
pathophysiology 479–480
signs 480, 481f
symptoms 480
systemic complications 480
treatment 481

ketoconazole 258
ketorolac 669
kidney transplantation, pseudotumor cerebri  

217
kinesin 106–107
kinetic perimetry 41, 45

automated 45, 49f
chiasmal disorders 242f, 247
ocular ductions and alignment 624
papilledema 208–209
threshold contrasted 42

Klüver-Bucy syndrome 31–32
Krimsky test, ocular alignment 30, 30f
kuru 355

L
labyrinthine artery 453
labyrinthitis 594
lacrimal gland 615
lacrimal tumors 640–641
lagophthalmos 23
Lambert–Eaton myasthenic syndrome (LEMS)  

478–479
lamina choroidalis 104–105
lamina cribrosa, optic nerve 104–105, 114
lamotrigine 400, 405, 670–671, 673
landmark agnosia 347
Langerhans cell histiocytosis (histiocytosis x)  

280
laser pointers, screening of visual field 15, 47, 

50f
laser scanning tomography 208
LASIK-induced optic neuropathy 174–175
lateral geniculate body (LGB) 103–104, 

106–107
lateral geniculate nucleus (LGN) 41

neuroanatomy 296–298, 299f–300f
retrochiasmal pathway lesions 296–300

etiology 300, 301f
symptoms and signs 298–300, 300f–301f
visual field defects 298

lateral occipital (LO) regions 344
lateropulsion 32–34
Leber’s congenital amaurosis 129
Leber’s hereditary optic neuropathy 126–129, 

127f–128f
classic disc appearance 126–127
demographics 126
family history 5
normal-appearance of optic nerves 114
other associations 128
signs, neuro-ophthalmic 126–128
symptoms, neuro-ophthalmic 126

Leber’s stellate neuroretinitis 146
left hemiparalexia 342–343
left neglect syndromes 349
legal blindness 8
Leigh syndrome 524, 566
lens, osmotic changes 364
leptomeningeal primitive neuroectodermal 

tumors 212–213
Letterer–Siwe disease 280
leukemia

and optic disc 176–177
retinal disorders 86, 87f
swelling of optic nerve disc 113

levator dehiscence, eyelids 22
levator dehiscence-disinsertion syndrome 

(aponeurotic ptosis) 450f, 459, 459f
levator palpebrae superioris muscle (eyelid)  

22–23, 449
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levodopa 155, 577
Lewy body dementia 352
LHON see Leber’s hereditary optic neuropathy
lid nystagmus 604
lidocaine 668, 673
lifestyle factors, social history 5
light blindness 56
light perception (LP), degree of vision 8
light-near dissociation, pupils 21
line cancellation test 17, 349–350
lithium 566, 606, 672
locked-in syndrome 556
Lockwood’s ligament 612–613
logarithm of the minimal angle of resolution 

(logMAR) 8
lorazepam 579
Louis-Bar syndrome 94, 562
low or normal tension glaucoma (LTG) 173
low-contrast Sloan letter acuity testing 11
Lown-Ganong-Levine conduction abnormality  

128
LSD (lysergic acid diethylamide) 404–405, 408
lumbar puncture (LP), papilledema 210–211
lumboperitoneal shunting 224, 228
lung cancer, paraneoplastic optic 

neuropathy 177
lupus anticoagulants 81–82
luteinizing hormone (LH) 247–248
luteinizing hormone releasing hormone (LHRH)  

277
Lyme disease 147–150, 464–465
Lyme meningitis 213, 217
lymphangiomas, orbital 644, 644f
lymphocytic adenohypophysitis 280–281
lymphomas 176–177

cavernous sinus disturbances 527
cerebral hemispheres, neoplasms of 321
MALT 639–640
numb chin syndrome 680
orbital tumors 638–640, 639f
sellar and chiasmal 279

lysosomal storage diseases 131

M
macroadenomas 254
macropsia, migraine 398–399
macrosaccadic oscillations 605, 605f
macula, examination 31
macular cherry-red spot 81
macular disorders

Amsler grid testing 16
photostress test 16
reduced visual acuity 10
severe acuity loss 12–14

macular edema 16, 60
cystoid see cystoid macular edema

macular sparing, occipital lobe 306
maculopathies

acute macular neuroretinopathy 61–62, 62f
ancillary testing 58–59
central serous chorioretinopathy 59–60
cystoid macular edema 58–60, 61f
diabetic ischemic 60–61
mimicking optic neuropathy 59–62, 59t
with ophthalmoscopic abnormalities 77
optic neuropathies distinguished 56–59, 58t
photostress test 56
signs 56–58
symptoms 56

Maddox rod testing 26, 28–30, 29f, 496
magic drop test, severe unilateral vision loss  

383
magic drops 390
magnetic resonance imaging (MRI)

aneurysms 269–270
cerebrovascular disease (ischemic stroke)  

312
chiasmal disorders 239, 251–252, 254, 

274–275
craniopharyngiomas 261–262
Creutzfeldt-Jakob disease 355f
functional see functional magnetic resonance 

imaging (fMRI)
gliomas (benign) 167

hallucinations and illusions 399
ischemic optic neuropathy 152
Leber’s hereditary optic neuropathy 128
migraine 667
neuromyelitis optica 142
optic canal meningioma 170f
optic nerve sheath meningiomas 170f
orbital disease 619–620, 619f
papilledema 210–211
periventricular leukomalacia 325
pituitary apoplexy 259
suprasellar arachnoid cysts 265
T1-weighted

chiasmal disorders 239, 254
craniopharyngiomas 261–262
optic neuropathies 116–117, 116f, 136f

T2-weighted
cerebrovascular disease (ischemic stroke)  

312
optic neuropathies 122f
parietal disturbances 349f
periventricular leukomalacia 325

third nerve palsies 424, 511
thyroid-associated ophthalmopathy 625–626
venous thrombosis/obstruction 226–227

magnetic resonance imaging-angiography 
(MRA), carotid disease 368–369, 369f

magnetoencephalography (MEG), akinetopsia  
348

magnocellular (M) pathway 103–104
malar rash 34
malignancies, paraneoplastic retinopathy 67
malignant hypertension and eclampsia 85–86, 

320
malingering 377, 380–381

versus hysterical vision loss 379
management of 391

Marcus Gunn jaw-winking 456, 458f, 461
Marcus Gunn pupil see relative afferent pupillary 

defect (RAPD)
Marfan syndrome 434
margin reflex distance (MRD), eyelids 22
McDonald Criteria, multiple sclerosis (MS) 137t
media opacity

blurred vision 4–5
pupils 20–21
reduced visual acuity 10

medial longitudinal fasciculus (MLF) 491–493
medication overuse headache 672
melanocytomas, optic disc 176
melanoma-associated retinopathy (MAR) 67–68, 

70
MELAS (mitochondrial encephalopathy with 

lactic acidosis and stroke-like 
episodes) 78, 326–327

memantine 354, 593, 602
Ménière syndrome 594
meningiomas

cavernous sinus 527, 527f
chronicity of symptoms 5
clival 525
optic nerve sheath see optic nerve sheath 

meningiomas
paraclinoid 165f
planum sphenoidale and olfactory grove 171
skull base 265–268

anterior clinoidal meningiomas 267
associations 266
diagnostic studies/neuroimaging 266, 

266f–267f
diaphragma sella meningiomas 267–268
optic neuropathies 171
outcome 266–268
pathology 265–266
symptoms and signs 266
treatment 266
tuberculum sellae meningiomas 267

sphenoid wing 525
meningitis

carcinomatous 70, 175
optic disc swelling 213, 217
retrochiasmal disorders 327

menstrual migraine 667
mental neuropathy (numb chin syndrome) 680
mental status evaluation 31–32
mescaline 405, 408

metabolic diseases 81, 81t
abnormal retinal pigmentation 81
hallucinations and illusions 410
macular cherry-red spot 81
optic atrophy 81

metamorphopsia
central serous chorioretinopathy 60
cystoid macular edema 60
examination 16
and functional visual loss 379
maculopathies and optic neuropathies 

distinguished 56
migraine 398–399

metastatic disease
cavernous sinus disturbances 527–528
cerebral hemispheres, neoplasms of 321–322
chiasmal disorders/gliomas 273, 279
extraocular muscles 638
facial weakness 465
melanoma-associated retinopathy (MAR) 70
optic nerve 175
optic neuropathies 175
orbital tumors 641, 641f–643f, 645
pituitary gland 259

methanol 180
methotrexate 162, 280
methoxyflurane 74–75
methylenetetrahydrofolate reductase (MTHFR), 

amaurosis fugax 64
methylphenidate 410
methylprednisolone

migraine 669
multiple sclerosis 137
optic neuritis 139–141
posterior indirect traumatic optic neuropathy  

183
methylsergide 672
metoclopramide 669
metyrapone 258
Meyer’s loop, geniculocalcarine pathway 41
microhemagglutination assay-Treponema pallidum 

(MHA-TP) testing 427
microprolactinomas 257
micropsia, migraine 398–399
midbrain, horizontal conjugate gaze deficits 559
middle cerebral artery (MCA)

optic radiations 301, 304–305
stroke 353

migraine 661–671
abortive therapy 668–669
acephalgic 400, 671
Alice in Wonderland syndrome 398–399, 

398f–399f, 407, 665
alternative treatments 671
anticonvulsants 670–671
antidepressant therapy 670
with aura 662t, 665

hallucinations and illusions 371, 
395–396, 399–400

lack of effective treatment for 669
mechanism 663

basilar 667
benign episodic mydrasis 667
beta-blockers 670
calcium channel blockers 670
chronic 662
classic 371, 395–396
complicated 665–666, 665f
diagnostic tests 662t, 668
distortions and illusions 398–399, 399f
epidemiology 662–663
episodic visual loss 5
family history 5
fortification spectra 396, 397f
genetic factors 663
hallucinations, visual 395–400, 396t

complex 396–398
neuronal depression 394
treatment 395

headache in 662t, 665
see also headaches
hemianopias 371–372
hemiplegic 667
integrated theory 663–665, 664f
interictal heightened visual sensitivity 665
and ischemic stroke 316
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menstrual 667
metamorphopsia 398–399
micropsia/macropsia 398–399
migrainous infarction 395
mild-to-moderate headaches 668
miscellaneous prophylactic medications 671
moderate-to-severe headaches 668–669, 668t
non-traditional treatments 671
ophthalmoplegic 667

third nerve palsies 513–514, 514f
oral contraceptives and stroke 667
pathophysiology 663–665
persistent aura without infarction 395
persistent positive visual phenomena 399, 

400t, 401f
posterior ischemic optic neuropathy 163
in pregnancy 667
preventative therapy 669–671, 670t
probable, with aura 395
pupils 442, 442f
retinal 666–667, 666f, 666t

transient visual loss 372
scintillating scotomas 396, 397f
scotomas 371
sensory disturbance in 665
severe, in emergency department 669
simple positive visual phenomena 396, 397f
subtypes 665–667
symptoms and signs 665
transformed 662
transient visual loss 363–364, 371–372, 371t
treatment 668–671, 668t
vertigo 667
vestibular nystagmus 595
in women 667

Miller Fisher syndrome 443, 466, 483
mirror test, total blindness 381
mirtazapine 322–323
mitochondrial diseases 77–78

genetics 128
Kearns-Sayre syndrome see Kearns-Sayre 

syndrome
MELAS 78
mitochondrial neurogastrointestinal 

encephalopathy syndrome 481
NARP 78

mitochondrial neurogastrointestinal 
encephalopathy syndrome (MNGIE)  
481

mitoxantrone, multiple sclerosis 137
Möbius syndrome 462–464, 464f

sixth nerve palsies, childhood disorders 524
modafinil 410
Mollaret’s triangle 601
monocular visual loss 5, 30

amaurosis fugax 365
ipsilateral optic neuropathy 12–14
moderate 383–386
topical diagnosis 48

mononeuritis multiplex 34
Moore’s lightning streak 404
morning glory disc anomaly 122–123, 

123f–124f
motor function examination 32
motor neglect 349
motor neuron diseases 524
moya-moya 123
mucoceles 146–150, 646, 647f
mucormycosis 648
Mueller cell, retina 55–56, 59
Müller’s muscle, eyelids 449, 460
multifocal VEPs (mVEPs) 50, 134

see also visual-evoked potentials (VEPs)
multiple evanescent white dot syndrome 

(MEWDS) 71, 74f
multiple sclerosis (MS) 136

causes 137
contrast sensitivity 107
course of, variations 136–137
diagnosis 137
family history 5
features 136
McDonald Criteria 137t
Multiple Sclerosis Functional Composite 11
and neuromyelitis optica 142
new demyelinative plaques 137

and optic neuritis 137–139, 138t, 139f,  
140t

pediatric 142–143
pendular nystagmus 601
preventative therapy options 137
treatment options/medications 137
upbeat nystagmus 600–601

multiple system atrophy 563
Münchausen syndrome 377–378, 378f

by proxy 380
muscle-specific kinase (MuSK) 474
myasthenia gravis 471–478

antibody testing 473–474
in childhood disorders 477–478
Cogan’s lid twitch 472–473
congenital myasthenic syndromes 478
diagnostic tests 473–476
edrophonium test 455f, 474–475
electromyography 474
facial weakness 466, 467f
fatiguability 472–473
ice pack, rest and sleep tests 475
imaging 475–476
lid hopping 472–473
lid peak sign 472–473
medical treatment 476–477
neonatal 478
neuromuscular junction 538
ophthalmoparesis 473
orbicularis oculi weakness 472–473, 474f
pathophysiology 471–472, 471f
preferential involvement of extraocular 

muscles 472
ptosis 5, 472–473, 472f
reduced levator function 22–23
signs, neuro-ophthalmic 472–473, 472t
surgical treatment 477
symptoms 472
treatment 476–477, 476t
whether reducing risk of conversion to 

generalized myasthenia 477
mydrasis, congenital 427–428
myelinated retinal nerve fibers 126
myelopathy 181
myoclonus (oculopalatal tremor) 601, 602f
myokymia 23, 470
myopathic conditions, eyelids 22–23, 457
myopes, tilted disc anomaly 118
myopia, ocular motility deficits 541
myotonic dystrophy 22–23, 481–482

N
naratriptan 669
narcolepsy, hypnagogic hallucinations 410
NARP (neuropathy, ataxia and retinitis 

pigmentosa) 78
narrow-angle glaucoma, subacute transient 

attacks 364
nasal fields, hemifield slide phenomena 246
nasal hypoplasia 118, 120f
nasal macular ganglion cells 104, 239
nasopharyngeal tumors 527
natalizumab 137
National Acute Spinal Cord Injury Trial 183
near vision, testing 7–8

moderate monocular vision loss 384
nefazodone, akinetopsia association 348–349
nefazodone hydrochloride 670
neglect

contralateral neglect syndrome 32–34
dense, hemianopia distinguished 17
left neglect syndromes 349
left sided 350
motor 349
representational 350, 352–353
sensory 349
visual (hemi-inattention/hemineglect) 18, 

349–350
Nelson syndrome 258
neonatal hypoglycemia 406
neoplasms

see also tumors
cavernous sinus disturbances, in palsies  

527–528

cerebral hemispheres 320–322
adult tumors 321–322
metastatic disease 321–322
primary tumors 321

chronicity of symptoms 5
migraine 396
primary optic nerve 166–167, 168f–169f
sixth nerve palsies 520–521
third nerve palsies 511, 513, 514f
von Hippel-Lindau disease 175–176

neostigmine 475
neuralgia 433, 673, 680–681
neurinomas 511
neuritis

chiasmal 279–280
optic see optic neuritis

neuroadrenergic locus ceruleus 663
neuroblastoma 437, 439f, 645

with opsoclonus and ocular flutter 606
neurodegenerative disease 407
neuroectodermal dysgenesis, primary 123
neurofibromas 456–457, 458f, 640
neurofibromatosis

general examination 34
type I (NF-1) 166–167, 272–273, 272f
type II (NF-2) 87, 90f

neurofibromin 87
neurogenic tumors 640
neurohypophysis lobe, pituitary gland 247
neuroimaging

see also computed tomography (CT) 
scanning; magnetic resonance imaging 
(MRI)

aneurysms 269–270
cavernous sinus disturbances, in palsies 526
chiasmal disorders 251–252, 274–275

chiasmal/hypothalamic gliomas 274–275
compressive optic neuropathies 166
craniopharyngiomas 261–262
germ cell tumors 278
hallucinations and illusions 403
meningiomas, skull base 266, 266f–267f
optic nerve sheath meningioma 169
pituitary adenomas 254
progressive supranuclear palsy 577
pseudotumor cerebri 219f, 220
Rathke’s cleft cysts 264
retrochiasmal disorders 327–329
tuberous sclerosis 91
venous thrombosis/obstruction 226–227

neuroleptics 395, 407
neuromuscular junction 457, 538–539
neuromuscular junction blockade 427
neuromyelitis optica (NMO)(Devic disease)  

141–142
neuromyotonia 470
neuronal ceroid lipofuscinosis 81
neuroparalytic keratopathy 680
neurophysiological dissociation theory 393–394
neuroretinitis 110, 113, 146–148, 147f
neurotransmitters, dysfunction in visual 

hallucinations 393–394
neurotrophic cornea 680
nevus flammeus, Sturge-Weber syndrome 94
newborns, visual acuity 8–10
NF-2 (neurofibromatosis type II) 87, 90f
Niemann–Pick disease 577
nimodipine 400
no light perception (NLP), degree of vision 8
non-accidental injury, retinal hemorrhage 212
nongerminoma germ cell tumors 278
nonparetic double vision 246
nonsteroidal anti-inflammatory drugs (NSAIDs)  

668, 673
norepinephrine 393–394
North American Symptomatic Carotid 

Endarterectomy Trial (NASCET)  
369–370

nortriptyline 670
NOSPECS classification system, TAO 627
Notch3 (chromosome 19) defect, in CADASIL  

79–80
NPHP1 gene mutations 601–602
nucleus of the optic tract (NOT) 593
numb chin syndrome 680
nutritional optic neuropathies 178–181
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nystagmoid eye movements 605–607
chiasmal disorders 246
ocular bobbing 607
saccadic intrusions 605–606
superior oblique myokymia 606–607

nystagmus 587–610, 588f
acquired pendular 601
associated symptoms 587–588
asymmetric or monocular, in chiasmal 

disorders 247
caloric stimulation 589
congenital 587, 591–593
congenital disc anomalies 114–115
convergence retraction 570–571, 602–603
convergence-evoked 604
dissociated 597–598
downbeat 598–600, 598f–599f
drug- and alcohol-induced 604
epileptic 604
examination 588–589, 588f–590f, 589t
eyelid 471
factitious 390
jerk 26
Joubert syndrome 601–602, 603f
latent 593, 593f
lid 604
monocular and visual deprivation 588t, 594
oculomasticatory myorhythmia 471, 601
oculopalatal tremor 601, 602f
optokinetic see optokinetic nystagmus (OKN)
pathologic gaze-evoked 596–597, 597t
pathophysiology 589–591
pendular 601–603
periodic alternating 598
physiologic gaze-evoked 595, 597t
pure torsional 601
rebound 598
see-saw 246–247, 571, 603
sensory loss 32–34
spasmus nutans 591t, 593–594
triangular wave 591
types 588t, 591–605, 591t
upbeat 600–601, 600f, 600t
vestibular 587, 594–595
voluntary 604

nystagmus blockage syndrome 592

O
object recognition 16–17
occipital face area (OFA) 345–347
occipital lobe 305–312

diagnosis and management of disturbances  
312–330

cerebrovascular disease 312–316
hemorrhage 316–318

epilepsy 405–406
higher cortical visual function disorders  

341–343
alexia without agraphia 18, 342–343, 

342f–343f
lesions of

cerebral blindness 308–309
etiology 311–312, 311f, 312t
symptoms and signs 306–311, 308f–311f

neuroanatomy 305, 305f–307f
Riddoch phenomenon and blindsight  

309–311
visual field defects 306–308

occipitotemporal disturbances 343–349
akinetopsia 348–349, 348f
cerebral hemiachromatopsia 343–344
optic aphasia 347
prosopagnosia see prosopagnosia (inability to 

recognize faces)
visual agnosias see agnosias, visual
visual memory disturbances 347–348

occupational factors 5
octreotide 255, 257–258

long-acting repeatable (LAR) 629
ocular apraxia, Balint syndrome 351–352
ocular bobbing 607
ocular coherence tomography (OCT) 110–111

compressive optic neuropathies 164–166
drusen, disc 124

ethambutol 180–181
examination 31
Leber’s hereditary optic neuropathy 126–127
maculopathies mimicking optic neuropathy  

59
acute macular neuroretinopathy 61–62
cystoid macular edema 60, 61f

nerve fiber layer evaluation 113f
neuroretinitis 148f
non-arteritic ischemic optic neuropathy 152
optic atrophy 58
optic neuritis 134, 138–139
optic neuropathies distinguished from 

maculopathies 58, 59f–61f
papilledema 208
pituitary adenomas 254
skull base meningiomas 171
toxic retinopathies 75

ocular dysmetria 605
ocular ischemia 157
ocular ischemic syndrome 65
ocular misalignment

see also double vision;  palsies
approach 496, 496t–497t
eye muscle surgery 630
signs 496
symptoms 495–496
treatment 497

ocular motility/alignment 23–30
assessment of alignment 26, 28, 30
Bell’s phenomenon 24, 25f
cover testing 26, 28f
ductions 24, 25f
inspection 24
Maddox rod testing 26, 28–30, 29f
spasticity of conjugate gaze 24
upgaze paresis 24
vergences 24–26

ocular motor apraxia, acquired 556
ocular motor system

abnormalities, as biological markers 565
anatomy 491–495

from central nervous system to orbit  
491–495

overview 491
extra-axial structures 492f, 493–495, 

494f–495f
blood supply of motor nerves 495

nuclear and fascicular structures 492–493, 
492f–493f

orbit 492f, 495, 495f
supranuclear control of third, fourth and 

sixth nerves 491–492
ocular myopathies, primary 539
ocular neuromyotonia 541
ocular surface abnormalities, transient visual loss  

364
ocular tics 579, 579f
ocular-tilt reaction (OTR) 501, 501f–502f,  

503t
oculocephalic responses 24–26, 27f, 35
oculogyric auricular reflex 23
oculogyric crises 578–579
oculomasticatory myorhythmia 471, 601
oculomotor nerves, primary tumors 511
oculopalatal tremor (myoclonus) 601, 602f
oculopharyngeal muscular dystrophy 482
oculosympathetic spasm 443
olfactory grove meningiomas 171
olfactory nerve function 32
olfactory tract hypoplasia 117
oligodendrocytes, optic nerve 104–105
“one-and-a-half” syndrome, pontine lesion 

deficits 499
horizontal conjugate gaze deficits 556, 

558f–559f
vertical conjugate gaze deficits 575

ONH see optic nerve hypoplasia (ONH)
OPA1 gene abnormalities, dominant optic 

atrophy 129
ophthalmic artery

afferent visual pathway, neuroanatomy 40
intraocular optic nerve, and ganglion cells  

105
transient visual loss 365

ophthalmoparesis, myasthenia gravis 473

ophthalmoplegia 390, 580
ophthalmoplegic migraine 513–514, 514f,  

667
ophthalmoscopic abnormalities, hereditary 

maculopathies with 77
ophthalmoscopy 24, 31

hallucinations and illusions 395
indirect 31, 32f
optic nerve examination 108–110
optic neuropathies distinguished from 

maculopathies 58
sclerosing orbital inflammation 634

opiate agonists 405
opioids, synthetic 405
opsoclonus and ocular flutter 605–606
optic aphasia 347
optic ataxia 352, 352f
optic atrophy 81, 113f

approach to patients 114
associated with neurologic and metabolic 

disease 130–131
chiasmal disorders 246, 273–274
craniopharyngiomas 264
diabetic papillopathy 163
dominant 129, 130f
drusen, disc 124
examination 12–14
grading 108–109
Kjer’s dominant 126, 129
Leber’s hereditary optic neuropathy 127
metabolic and degenerative diseases 

associated with 131t
minimal temporal pallor 113f
ophthalmoscopy 108–109
optic neuropathies distinguished from 

maculopathies 58
primary 109–110, 112f
recessive 129
secondary 109–110, 112f
syphilis 148

optic canal meningioma, MRI 170f
optic canal, osseous disorders of 173
optic disc

see also optic nerve
chiasmal disorders 246
orbital disease 616
pallor see optic atrophy
swelling of see optic disc swelling

optic disc swelling 199–236
Chiari malformation 230
chronic inflammatory demyelinated 

polyneuropathy 229–230
differential diagnosis 200t
dural sinuses, arteriovenous malformations  

228, 229f
Guillain-Barré syndrome 229–230
hydrocephalus 214–215, 215f
mechanism 201–202, 203f
meningitis 213
and normal optic disc 201f
optic neuropathies

acute optic neuritis 150f
acute vision loss 154f
common causes 112–113, 114t
distinguished from papilledema 199
ischemic optic neuropathy 112, 157f
macular lipid star 147–148
ophthalmoscopy 108
subfrontal meningioma 166f
toxic 180
uveitis 144

orbital disease 616
papilledema see papilledema
pulmonary disease 229
spinal cord tumors 230
venous thrombosis/obstruction 225–228, 

226f
optic nerve 111–114

afferent visual pathway, neuroanatomy 40
anatomy 103–107
anomalous discs 112
apical crowding of 625
appearance of disc 108, 112f

normal 68t, 76–78, 114t
approach to patients 111–114
atrophy/pallor see optic atrophy
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circulation of head 105f
congenital disc anomalies 114–126

drusen, optic neuropathy associated with  
123–126, 125f

hypoplasia 115–118, 115f
morning glory 122–123, 123f–124f
myelinated retinal nerve fibers 126
optic colobomas 118–121, 122f
optic pits 121, 122f
staphyloma 123
tilted disc 118

cupping 173–174
disc swelling see optic disc swelling
examination 107–110

central defects 108
color vision 107
contrast sensitivity 107
generalized constriction of visual fields  

108, 109f–111f
nerve fiber bundle defects 108, 

109f–111f
ophthalmoscopy 108–110
Pulfrich phenomenon 108
pupils 108
slit-lamp 110
systemic 107
visual acuity 107
visual fields 108

fiber layer imaging 110–111
gadolinium enhancement 152
headache caused by diseases of 676
history of patient 107
hypoplasia see optic nerve hypoplasia (ONH)
intracanalicular 106, 106f
intracranial 106
intraocular, and ganglion cells 103–105, 

104f–105f
intraorbital 105–106
metastatic disease 175
and peripheral nerves 103
physiology 106–107
primary neoplasms

gliomas (benign) 166–167, 166f
malignant 167, 168f–169f

related retinal lesions 110
and retinal imaging 208
in sarcoidosis 143
swelling of disc see optic disc swelling

optic nerve aplasia 115–116, 116f
optic nerve hypoplasia (ONH) 115–118, 115f

associated features 116–118
bilateral 115–116
congenital ocular syndromes associated with  

117–118
cortical migrational abnormalities in patients  

117f
“double-ring sign” 115–116
evaluation 118
hemiopic 118
segmental 118, 119f

optic nerve sheath fenestration surgery 221–224, 
223f–224f

optic nerve sheath meningioma (ONSM)  
167–170

clinical course 169
CT scan 169f
diagnostic studies/neuroimaging 169
MRI 170f
pathology/growth characteristics 168
symptoms and signs, neuro-ophthalmic  

168–169
treatment 169–170

optic neuritis 131–141
atypical cases 141, 141t
central serous chorioretinopathy 60
chronicity of symptoms 5
clinically isolated syndrome, therapy 141
contrast sensitivity 107
course and recovery 136
demographics 131–132
diagnostic studies 134–135
disc swelling 112
evaluation in typical cases 139
examination findings 132t
fundus findings 133f
gender of patient 3

and multiple sclerosis 137–139, 138t, 139f, 
140t

normal-appearance of optic nerves 114
optic perineuritis distinguished 144
other therapies 141
pain 5
paraneoplastic retinopathy differential 

diagnosis 70
pediatric, and MS 142–143
signs, neuro-ophthalmic 132–134
symptoms, neuro-ophthalmic 132, 132t
transient visual loss 364

Optic Neuritis Treatment Trial (ONTT) 131
chiasmal neuritis 279–280
course and recovery 136
diagnostic studies 134
and multiple sclerosis 137–138
signs 132–133
symptoms 132
treatment 139–141

optic neuropathies 103–198
see also optic nerve; optic nerve atrophy; optic 

nerve hypoplasia (ONH); optic nerve 
sheath meningioma (ONSM); optic 
neuritis; optic pathway tumors

afferent pupillary defect see afferent pupillary 
defect

ancillary testing 58–59
approach to patients 67–71
associated symptoms 107
autoimmune 145–146
B12 deficiency 179
cancer-associated 175–178
central defects 108, 109f–111f
compressive 164–173
Cuban and tropical 180
direct and indirect injuries 182
disc swelling see optic disc swelling
drug-induced 181
hereditary 126–131

genetic testing 128
Leber’s hereditary optic neuropathy 5, 

126–129
mitochondrial genetics 128
treatment 128–129

HIV-associated 150
idiopathic hypertrophic pachymeningitis 146
infectious 146–150

herpes zoster 150
HIV-association 150
Lyme disease 34, 147–150, 464–465
neuroretinitis 146–148, 147f
sinusitis and mucoceles 146, 147f
syphilis 147–149, 149f

inflammatory 131–146
optic neuritis see optic neuritis

ipsilateral 12–14
ischemic see ischemic optic neuropathy 

(ION)
LASIK-induced 174–175
maculopathies distinguished 56–59, 58t
maculopathies mimicking 59–62
metastatic disease 175
mild acuity loss 12–14
nerve fiber layer imaging 110–111
neuromyelitis optica 141–142
with optic nerve cupping 173–174
paraneoplastic 177
photostress test 16
post-decompression 214–215
radiation-induced 114, 177–178
relapsing/recurrent 145–146
relative afferent defects 20–21
retrobulbar 114
sarcoidosis 143–144
signs 56–58
symptoms 56
systemic lupus erythematosus 

association 144–145
thyroid-associated ophthalmopathy  

624–625, 624f–626f
toxic 180–181
traumatic 181–183
unilateral 108
unilateral blindness 20

optic pathway tumors, age factors 3

optic pits 121, 122f
optic radiations 300–305

diagnosis and management of disturbances  
312–330

cerebrovascular disease 312–316
hemorrhage 316–318

middle cerebral artery 301, 304–305
neuroanatomy 300–301, 302f
“pie in the sky defect” 301–302, 302f–303f
retrochiasmal pathway lesions

cortical signs and symptoms 303
etiology 304–305
symptoms and signs 301–304, 302f–304f
visual field defects 301–302

optic tract
neuroanatomy 294–295, 295f
relative afferent defects 20–21
retrochiasmal pathway lesions 294–296

“bow-tie” or “band” atrophy 295, 297f
etiology 295–296, 298f
symptoms and signs 295
visual field defects 295

optochiasmatic arachnoiditis 281
optokinetic flag 589
optokinetic nystagmus (OKN) 604–605

definitions 552
examination 26, 27f
horizontal conjugate gaze 555
total blindness, testing for 381

oral contraceptives 667
orbicularis contraction 22–23
orbicularis oculi weakness, myasthenia gravis  

472–473, 474f
orbital anatomy 611–615, 612f

bones of orbit 611–613, 612t, 613f
ciliary ganglion 614–615
extraocular muscles 613–614
eye movement disorders 492f, 495, 495f
lacrimal gland 615
periorbita and septae 614
vascular structures 613, 614t

orbital apex, Horner syndrome 437
orbital blowout fractures 649–651
orbital disease

age of patient 619–620
approach 619–620
clinical history 619
CT scan 618–620, 619f
diagnostic orbital imaging 617–619, 618t
echography 617–618, 618f, 620
enlarged extraocular muscles, causes 638, 

639f
examination 616–617, 620, 620f
eye movement disorders 617
fibrous dysplasia 645–646, 646f
general physical findings 620
idiopathic orbital inflammatory syndrome  

see idiopathic orbital inflammatory 
syndrome (IOIS)

imaging 620
infections see orbital infections
inflammatory 637–638

granulomatous orbital inflammation 637
histiocytic disorders 638
idiopathic orbital inflammatory syndrome 

see idiopathic orbital inflammatory 
syndrome (IOIS)

polyarteritis nodosa 79, 638
sarcoidosis see sarcoidosis
Wegener’s granulomatosis 79, 159, 

637–638
MRI scan 619–620, 619f
neuro-ophthalmology of 615–617
optic disc findings 638–645
retinal findings 616–617, 617f
symptoms 615–616, 615f
thyroid-associated ophthalmopathy see 

thyroid-associated ophthalmopathy 
(TAO)

trauma 649f–651f, 651–652
tumors see orbital tumors

orbital infections 646–651
clinical presentation 646, 647f
fungal 647–649
mucoceles 646, 647f
silent sinus syndrome 615f, 647, 648f
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orbital inflammatory syndromes 144, 538
orbital ischemia 367
orbital pseudotumor see idiopathic orbital 

inflammatory syndrome (IOIS)
orbital surgery 651–652
orbital tumors 638–645

frequency 638
intracranial tumors, orbital extension  

642–643
lacrimal 640–641
lymphoma 638–640, 639f
metastatic 641, 641f–643f, 645
neurogenic 640
pediatric 645
plasma cell 640
secondary 641–642
vascular 643–645

organophosphates 606
oribularis oculi/oris muscles 453–454
orthograde axonal transport, optic nerve  

106–107
oscillopsia 587–588
otitic hydrocephalus 216, 225–226
otitis media, facial weakness 466
out-of-body experiences 407
oxytocin 247–248

P
pain

aneurysms 268
facial see facial pain/sensation disorders
optic neuritis 5

palinopsia 399, 408–409, 408f–409f
palpebral fissure, eyelids 22
palpebromandibular synkinesia 471
palsies

acquired monocular elevator 504
congenital facial 466
facial nerve (supranuclear/infranuclear) 23
see also supranuclear pathways, facial nerve
fourth nerve see fourth nerve palsies
isolated cranial nerve 525–526
miscellaneous causes of combined third, 

fourth and sixth nerve palsies  
524–536

base of skull lesions 524–525
brainstem 524
cavernous sinus disturbances 525–535
subarachnoid disturbances 524

progressive nuclear palsy 458
pseudoabducens 501
sixth nerve see sixth nerve palsies
third nerve see third nerve palsies

pan-retinal photocoagulation, diabetic ischemic 
maculopathy 60–61

papilledema
see also optic disc swelling; 

pseudopapilledema
atrophic 109–110, 206, 206f
blind spot enlargement 208, 211f
causes 212t
cerebral hemorrhage 213
“champagne-cork” appearance of disc 205, 

205f
in childhood disorders 212
chronic 205, 205f–206f, 205t
compressive optic neuropathies 164–166
differential diagnosis 210
distinguished from other causes of disc 

swelling 199–201
distinguished from pseudopapilledema 208
early and acute 202–205, 204f, 205t
evaluation of patient 210–212, 212t
fluorescein angiography 208
Foster Kennedy syndrome 206
fundus appearance 201–207
grading systems 205
“high-water” marks 205f, 207, 210f
intracranial hypertension without 674
mass lesions 212–213
ophthalmoscopy 108
and optic disc edema 180
positive 30 degree test 208
pseudotumor cerebri with 206, 207f, 220

pseudotumor cerebri without 225
retinal findings associated with 206–207
skull base meningiomas 171
swelling of optic nerve disc 112–113
transient visual obscurations 209–210, 372, 

373f
trauma 213
treated 206, 207f
ultrasound 208
visual deficits associated with 208–210
visual field testing 208–209

papillophlebitis (benign diabetic papillopathy)  
163

papillorenal syndrome 120–121
paracentral defects 108, 389–390
parahippocampal gyrus 347
parallel processing concept, visual pathways  

103–104
paramedian midbrain/thalamic infarction 573, 

574f
paramedian pontine reticular formation (PPRF)  

491–492, 556
paranasal sinus disease 146
paraneoplastic brainstem encephalitis 578
paraneoplastic ganglion cell neuropathy (PGCN)  

70
paraneoplastic optic neuropathy (PON) 177
paraneoplastic retinopathy (PR) 66–71

course 71
definitions 67–68
differential diagnosis 70
laboratory findings 70
plasma exchange 71
symptoms, signs and electroretinography  

68–69
bilateral diffuse uveal melanocytic 

proliferation 70
cancer-associated cone dysfunction 69
cancer-associated retinopathy 69
melanoma-associated retinopathy 70
paraneoplastic ganglion cell neuropathy  

70
systemic evaluation 70
treatment 70–71

paraneoplastic syndromes 67, 68t
parietal disturbances 349–350, 349f

epilepsy 407
visual neglect 349–350

parieto-occipital disturbances 350–353
Balint syndrome see Balint syndrome
palinopsia 408
posterior cortical atrophy 352
visual imagery 352–353

Parinaud syndrome 421, 422f
accommodative insufficiency 571
convergence insufficiency 500, 571
definitions 570
etiologies 571, 573–575
examination 24
eyelid retraction 570–571
infections 574
internuclear ophthalmoplegia 571
paramedian midbrain/thalamic infarction  

573, 574f
pseudo-sixth nerve palsy 571, 572f
pupillary light-near dissociation 570–571
skew deviation 571
symptoms 570
tectal gliomas 573
thalamic hemorrhages 574, 574f
thalamic tumors 574
third nerve palsies 571
vertical conjugate gaze limitations 570–575
vertical upgaze paresis 570

Parkinson’s disease 407
apraxia of eyelid opening 458
horizontal conjugate gaze deficits 563
levodopa for 405

paroxysmal hemicrania 672–673
parvocellular (P) pathway 103–104
patent foramen ovale 314
pathologic gaze-evoked nystagmus 596–597, 

597t
patient-physician relationship 378, 380–381
pattern stimulus objects, preliterate childhood 

disorders 8–10

PAX2 gene, mutations 120–121
PCP (phencyclidine) 404–405
PDE-5 inhibitor 151–152
pediatric disorders see childhood disorders
peduncular hallucinations 407–408
Pelizaeus–Merzbacher disease 601
Pelli-Robson test, contrast sensitivity 10–11
pendular nystagmus 601–603
percutaneous transluminal angioplasty, carotid 

disease 370
perfusion studies, Alzheimer’s disease 354
pergolide 256–257, 577
perimetry, visual field testing

functional visual field loss 386–388, 
387f–388f

kinetic 41, 45
static, computerized 45
threshold see threshold (static) perimetry, 

visual field testing
perineuritis 144, 145f, 149, 634, 635f
periodic alternating gaze 568
periodic alternating nystagmus (PAN) 598
periorbita and septae 614
peripheral vascular disease, past medical/surgical 

history 5
periphlebitis 70, 83–85
periventricular leukomalacia 325
pernicious anemia, B12 deficiency 179
Peters syndrome, pupils 417–418
phakomatoses 86–94

ataxia telangiectasia (Louis-Bar syndrome)  
94, 562

clinical features 88t–89t
encephalotrigeminal angiomatosis (Sturge-

Weber syndrome) 93–94
neurofibromatosis type II 87
tuberous sclerosis 87–91, 91f–93f
von Hippel-Lindau disease 91–93
Wyburn-Mason syndrome 94

phasic altering 350
phenothiazines 604
phenyephrine 31
phenytoin 566, 597, 606
phlebitis, midperipheral, in sarcoidosis 83–85
phoria misalignment 26
phoropter use, fogging technique 384
phosphenes see flashing lights (photopsias/

phosphenes)
photography 31
photophobia 239, 381, 676
photopsias see flashing lights (photopsias/

phosphenes)
photoreceptors, retinal 107

afferent visual pathway, neuroanatomy  
39–40

disorders 66–72
photostress test 16, 56
phycomycosis (mucormycosis) 648
physiologic gaze-evoked nystagmus 595, 597t
pia, angioma of, Sturge-Weber syndrome 94
Pick’s disease 352
Pickwickian syndrome 229
pilocarpine 427
pilocarpine drops 427
pineal primitive neuroectodermal tumors 

(PNET) 573
pineal region cysts 573
pineal region tumors 573, 573f
ping-pong gaze 568
pinhole testing 7, 8f
pituicytomas 279
pituitary abscesses 281
pituitary adenomas 253–259

adenocorticotropin-secreting 257–258
age factors 3
cavernous sinus invasion 254
diagnostic studies/neuroimaging 254
gonadotropin-secreting 258–259
growth hormone-secreting 257
headaches 254–255
hypersecreting syndromes 250t, 253
incidental 259
laboratory tests/diagnostic studies 254–255, 

256f
metastatic tumors to pituitary 259
neuro-ophthalmic history 3
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nonfunctioning (nonsecreting) 255
prolactinomas 256–257
symptoms and signs, neuro-ophthalmic  

253–254
thyrotropin-secreting 258
transsphenoidal tumor removal 255, 

257–258
visual fields 253–254

pituitary apoplexy 246, 259, 260f
pituitary dwarfism 116–117
pituitary gland, chiasmal disorders 247–250
pituitary tumors 527, 673

see also pituitary adenomas
planum sphenoidale meningiomas 171
plasma cell tumors 640
plasma exchange

multiple sclerosis 137
optic neuritis 141
paraneoplastic retinopathy 71

plasmapheresis 71, 629
platelet-fibrin emboli 62–63, 63f
plus-minus eyelid syndrome 461, 462f
polarized eye chart, severe unilateral vision loss  

382
polyarteritis nodosa 79, 638
polycythemia, von Hippel-Lindau disease 92–93
polymerase chain reaction (PCR) 281
polymyalgia rheumatica, and temporal arteritis 

and ION 163
polyopia, hallucinations and illusions 409
polysomnography, narcolepsy 410
pontine lesions

comatose patients, examining 35
horizontal conjugate gaze deficits 556–558

conjugate gaze paresis 556, 557f–558f
etiology 558, 559f
Foville syndrome 556
locked-in syndrome 556
“one-and-a-half” syndrome 499, 556, 

558f–559f
smooth pursuit 556–558

port wine stain, Sturge-Weber syndrome 93
positron emission tomography (PET)

akinetopsia 348
Alzheimer’s disease 354
cerebral hemiachromatopsia 343
Creutzfeldt-Jakob disease 355–356
functional visual loss 390–391
migraine 669
sarcoidosis 85, 144
trauma 323

posterior cerebral artery aneurysms 510
posterior cerebral artery ischemia 396
posterior ciliary arteries 105
posterior communicating aneurysms

chiasmal disorders 268–269
subarachnoid processes 508–509, 509f

posterior cortical atrophy 352
posterior fossa lesion 5
posterior indirect traumatic optic neuropathy  

182–183
posterior inferior cerebellar artery (PICA) 432
posterior ischemic optic neuropathy (PION) 163
posterior scleritis 618f, 633, 633f
posterior vitreous detachments, floaters 404
post-fixation blindness 244, 244f
postherpetic neuralgia 681
postictal visual loss 373
potential acuity meter 386
precocious puberty 250, 274
prednisone 139–141, 320, 466, 629
preferential looking tests (Teller acuities) 8–10, 

12f
pregabalin 670–671
pregnancy

aneurysms 268
migraine 667
prolactinomas 257
pseudotumor cerebri 136–137

presbyopic patients, reading glasses/bifocals 8
pressure phosphenes 404
pretectal eyelid retraction (Collier’s sign) 450f, 

460–461, 460f, 570–571
pretectal pupils 20–21, 421, 422f
pretectal syndrome see Parinaud syndrome
primary trochlear headache 676

prion protein gene (PRNP), mutations 355
prions 355
prism adaptation 350
prism dissociation, severe unilateral vision loss  

382–383
prism shift test, severe unilateral vision loss 382
prism therapy, congenital nystagmus 593
prism-alternative cover test 26, 28f
prisoners of war, vision loss 179
procarbazine 276
prochlorperazine 669
progesterone/progesterone receptor antagonists, 

skull base meningiomas 171, 266
progressive multifocal leukoencephalopathy 

(PML) 31–32, 322–323, 349f
progressive supranuclear palsy (PSP) 575

apraxia of eyelid opening 458
demographics 575
diagnosis 576, 577t
neuroimaging 577
neurologic features 576
neuro-ophthalmic features 575, 576f
pathological features 576–577
reading problems 577
treatment 577

prolactin 247–248, 257
prolactinomas 256–257
propranolol 514, 669–670
proprioception tests, total blindness, testing for  

381
proptosis 615, 623
prosopagnosia (inability to recognize faces)  

344–347
associated signs 346
critical lesion 347
etiology and associations 346
examination 17
hallucinations and illusions 398
localization and uni-versus bilaterality of 

lesions 346–347
neuropsychological aspects 346
outcome 347
signs and symptoms 346

protein C 64, 82
protein S 64, 82
pseudoabducens palsy 501
pseudoalexias 18
pseudo-disc edema see pseudopapilledema
pseudodrusen 205
pseudo-Graefe phenomenon, aberrant 

regeneration 505
pseudohemianopsia 353
pseudopapilledema 123–124, 127, 199–200, 

203f
distinguished from papilledema 208

pseudo-ptosis 455f, 457t, 459
pseudo-sixth nerve palsy 571, 572f
pseudotumor cerebri 215–225

see also optic disc swelling; papilledema
Addison disease association 217
anemia 216
associated conditions and drugs 216–217, 

216t, 224
asymptomatic 137
bariatric surgery 224
and CSF 217–218, 220
degrees of visual loss 221–222
demographics 216
endocrine symptoms 218
endovascular treatment 224
general examination 34
hypercoagulable states 218
management 220–224, 221t
mechanism 217–218
modified-modified Dandy criteria 215–216, 

216t
neuroimaging 219f, 220
neuro-ophthalmic findings 220
optic nerve sheath fenestration surgery  

221–224, 223f–224f
outcome 224–225
with papilledema 206, 207f, 220
pediatric 225
presenting signs and symptoms 218
questionable and mistaken associations 217
renal failure and transplantation 217

steroid withdrawal 131, 136
synthetic growth hormone 216–217
systemic evaluation 11
systemic lupus erythematosus association  

217
tetracycline derivatives 217
vitamin A intoxication 217
without papilledema 225

psilocin 405
psilocybin 405
psychiatric disease, hallucinations and illusions  

409–410
psychic gaze paralysis 351–352
ptosis 456–459

acquired 457–459
alternating 472–473, 473f
aponeurotic 450f, 459, 459f
approach 456, 457t
apraxia of eyelid opening 457–459
asymmetric 472–473
bilateral 482
cerebral (cortical) 457
congenital 456–457
curtaining 472–473
differential diagnosis 457t
diseases commonly associated with 471–483
enhanced 472–473
facial nerve 23
factitious 390
fissure narrowing 22
hemangiomas 456–457
Horner syndrome 456–457
isolated and with elevator palsy 456, 458f
levator dehiscence, eyelids 22–23
Marcus Gunn jaw-winking 456, 458f, 461
myasthenia gravis 5, 472–473, 472f
myopathic 457
neuromuscular junction 457
neuropathic 457–459
oculomotor palsies, congenital 456–457
pseudo-ptosis 455f, 457t, 459
third nerve palsies 457
treatment 459

Pulfrich phenomenon 108
pulmonary disease 229

see also pulmonary tuberculosis
pulmonary tuberculosis, neuromyelitis optica  

142
pupil corectopia 420f
pupillary light reaction

defective
efferent dysfunction 20
unassociated with vision loss 421–428, 

421t
vision loss 419–421

examination 19–20, 19f, 34
pupillary light reflex-parasympathetic pathway  

416f
pupillary sparing 525–526
pupils 18–21, 221–222, 529t

abduction miosis 443
accommodation, testing 21
afferent pupillary defect see afferent pupillary 

defect
amaurotic (deafferented) 421, 421t
aniridia 417–418
anisocoria (asymmetric sizes) see anisocoria 

(asymmetric pupil sizes)
anterior chamber cleavage anomalies  

417–418
Argyll Robertson 421, 423f
comatose patients 441–442, 441f
computerized pupillography 21
contralateral light reflex (consensual 

response) 19–20
corectopia 418–419
cyclic oculomotor spasms 443, 507, 507f
Czarnecki’s sign 422–423
diameter, transient fluctuations (hippus) 19
dilation 416
ectopia lentis et pupillae 417–418
ectopic 417–418
Edinger-Westphal nuclei 19–20, 415–416, 

428
factitious abnormalities 390
Guillain-Barré syndrome 442–443
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hallucinations and illusions 395
idiopathic alternating anisocoria 443
ipsilateral light reflex (direct response)  

19–20
light reactivity see pupillary light reaction
light-near dissociation 21
migraine 442, 442f
neuroanatomy and physiology 415–416, 

416f–418f
neuromuscular junction blockade 427
oculosympathetic dysfunction (Horner 

syndrome) see Horner syndrome
oculosympathetic spasm 443
optic nerve examination 108
paradoxic constriction in the dark 443
parasympathetic abnormality 19
PERRLA acronym 19
persistent pupillary membranes 417–418
pharmacologic testing 416–417
pharmacologically dilated 427
pretectal see pretectal disturbances
pupillary escape 20–21
reactions

to light, defective 419–421
in testing for total blindness 381

relative afferent defects see relative afferent 
pupillary defect (RAPD)

seizures 442
shape 18–19, 34

abnormal 417–419, 417t, 419f–420f
size 18–19

comatose patients, examining 34
spasm of near reflex 443
swinging flashlight test 20, 20f

asymmetric 20–21
only one working pupil requirement 21

and systemic medications 442
tadpole-shaped 443
third nerve palsies 422–424, 423f–424f
tonic see tonic pupil
Tournay’s phenomenon 443
trauma 418–419
unreactive, ocular causes 427–428
Westphal-Piltz reflex 443

pure alexia 342
pure torsional nystagmus 601
Purkinje figures 403
pursuit movements

defective
on examination 552
horizontal conjugate gaze 555–558

definitions 551
drugs impairing 566
examination 552
horizontal conjugate gaze

deficits 555–556
neuroanatomy 553f, 554, 555f

and nystagmus 588
vergences 24, 26f

pyridostigmine 476–478

Q
quinagolide 256–257
quinine 75

R
radioactive iodine therapy 629
radiation optic neuropathy (RON) 114, 

177–178
radiation therapy

craniopharyngiomas 263
glioma 167
neoplasms, cerebral hemispheres 322
optic nerve sheath meningioma 169–170
pituitary adenomas 258
side-effects 282
skull base meningiomas 171
thyroid-associated ophthalmopathy 629

radionecrosis, chiasmal 282
Raeder’s paratrigeminal syndrome 433
Ramsay Hunt syndrome, facial weakness 466
Rathke’s cleft cysts 264–265

Raymond–Cestan syndrome 499
reading ability

alexia without agraphia 342–343
examination 16, 18
in PSP 577

reading glasses, presbyopic patients 8
rebound nystagmus 598
recessive optic atrophy 129
recoverin 69
red bottle tops/red top caps 11, 15
red-green defect, X-linked 11–12
red/green lenses, functional visual loss testing  

382, 383f, 389–390
reflexes 34

absent 34
blink see blink reflexes
corneal 35
hyperactive 34
Westphal-Piltz 443

refractive error
blurred vision 4–5
pupils 20–21
reduced visual acuity 10

relative afferent pupillary defect (RAPD)  
419–421, 420f

examination 20–21, 20f
grading 21
optic neuropathies 108
retrochiasmal disorders 295
severe unilateral vision loss 381
without visual loss 420

renal cell carcinoma, von Hippel-Lindau disease  
92–93

renal coloboma syndrome 120–121
renal failure, pseudotumor cerebri 217
representational neglect 350, 352–353
restrictive thyroid myopathy 537–538

see also thyroid-associated ophthalmopathy
retina

afferent visual pathway, neuroanatomy  
39–40

amacrine cells 55–56, 103–104, 107
anatomy 55–56
bipolar cells 55–56, 103–104, 107
blood supply 56, 57f
cellular elements 55–56
central artery 56
disorders see retinal disorders; retinal 

pigment epithelium disturbances
ganglion cell axons 55–56
horizontal cells 55–56, 107
Mueller cell 55–56
myelinated retinal nerve fibers 126
nerve fiber layer see retinal nerve fiber layer 

(RNFL)
photoreceptor layer 55–56
posterior ciliary arteries 56

retinal angiomatosis (von Hippel-Lindau 
disease) 91–93

retinal artery occlusion 64–65, 367
retinal capillaries, closure in diabetic ischemic 

maculopathy 60
retinal detachment 55, 86f

morning glory disc anomaly 122
topical diagnosis 48–50

retinal disorders 55–101, 371
see also retina; retinopathy
acute posterior multifocal placoid pigment 

epitheliopathy 79
CADASIL 79–80
Cogan syndrome 79
detachment see retinal detachment
Eale disease 79
hemorrhage see retinal hemorrhage
hereditary retinal dystrophies, differential 

diagnosis 76–78
inflammatory/infectious conditions, retinal 

manifestations 83–86
maculopathies and optic neuropathies 

distinguished 56–59
maculopathies mimicking optic neuropathy  

59–62
metabolic diseases 81
orbital disease 616–617, 617f
paraneoplastic retinopathy see paraneoplastic 

retinopathy (PR)

perivasculitis 83–85
phakomatoses 86–94
photoreceptor disorders 66–72
relative afferent defects 20–21
and retinal anatomy 55–56
retinal artery occlusion 64
retinal microvascular disease and associations  

65–66
retinal pigmentation, abnormal 81
retinal vascular emboli see retinal vascular 

emboli
retinal vascular insufficiency 62, 64–65
retinal venous occlusion 56, 66
RPE disturbances 12–14
spinocerebellar ataxias see spinocerebellar 

ataxias (SCAs)
Susac syndrome 79
thrombotic disorders 81–82
toxic retinopathies 12–14, 74–76
unilateral blindness 20
vasculitis 85
Vogt-Koyanagi-Harada syndrome 82–83, 82f

retinal hemorrhage, non-accidental injury 212
retinal migraine 666–667, 666f, 666t

transient visual loss 372
retinal nerve fiber layer (RNFL) 105, 134, 

138–139
blood supply 105
imaging 110–111, 118
OCT evaluation 113f
orientation 106

retinal pigment epithelium (RPE)
ancillary testing 59
disturbances 12–14
Vogt-Koyanagi-Harada syndrome 82–83

retinal rest, nonorganic symptoms 391
retinal vascular emboli 62–63

associated morbidity/mortality 63
cardiac disease 63
carotid disease 63
prevalence/associations 63
types 62–63

retinal vasospasm, nonmigrainous 370
retinal vein occlusion

branch see branch retinal vein occlusion 
(BRVO)

central see central retinal vein occlusion 
(CRVO)

optic neuropathies 110
retinitis pigmentosa, paraneoplastic retinopathy 

differential diagnosis 70
retinopathy

cancer-associated see cancer-associated 
retinopathy

melanoma-associated 67–68, 70
paraneoplastic see paraneoplastic retinopathy
toxic 12–14, 74–76

retinotopy 104
retrochiasmal disorders 293–337

adrenoleukodystrophy 327
Alzheimer’s disease 323
cerebrovascular disease (ischemic stroke)  

312–316
cardioembolism 314–315
other causes 315–316

color perception 12–14
congenital/infantile disturbances 324–326

cortical dysplasia 326
delayed visual maturation 326
hypoxic ischemic encephalopathy  

325–326
periventricular leukomalacia 325
stroke in utero 325

demyelination 323–324
diagnostic evaluation 327–329
etiology

in adults versus childhood disorders 293, 
294t

lateral geniculate nucleus 300
occipital lobe/striate cortex 311–312, 

311f, 312t
optic radiations 304–305
optic tract 295–296, 298f

functional homonymous hemifield loss 327
hemanopia, congruity and localization  

293–294
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hemianopic prisms 330
hemorrhage 316–318

amyloid angiopathy 316–317
arteriovenous malformations 317–318
cavernous angiomas 318
hypertensive 316

ictal homonymous hemianopias 327
infections 322–323

abscesses 323
Creutzfeldt-Jakob disease 323
progressive multifocal 

leukoencephalopathy 322–323
lateral geniculate nucleus 296–300

lesions of 298–300
neuroanatomy 296–298, 299f–300f
visual field defects 298

lesions of retrochiasmal pathways see 
retrochiasmal pathways, lesions

localization
in adults versus childhood disorders 293, 

294t
and hemianopia congruity 293–294

MELAS 326–327
meningitis 327
neoplasms, cerebral hemispheres 320–322

adult tumors 321–322
childhood tumors 322
metastatic 321–322
primary tumors 321
radiation, effects 322

neuroimaging 327–329
occipital lobe/striate cortex 305–312

cerebral blindness 308–309
diagnosis and management of 

disturbances 312–330
lesions of 306–312
visual field defects 306–308

optic radiations 300–305
cortical signs and symptoms 303
diagnosis and management of 

disturbances 312–330
lesions of 301–305
neuroanatomy 300–301
visual field defects 301–302

optic tract
lesions of 294–296
neuroanatomy 294–295, 295f
visual field defects 295

practical advice 330
reversible posterior leukoencephalopathies  

320
drugs inducing 320
malignant hypertension and eclampsia  

320
Sturge-Weber syndrome 327
trauma 323
vasculitis 318–320

giant cell arteritis 319
primary CNS 318–319
systemic 319–320
systemic lupus erythematosus 320

visual rehabilitation 330
retrochiasmal pathways, lesions 294–312

see also retrochiasmal disorders
lateral geniculate nucleus 296–300

etiology 300, 301f
symptoms and signs 298–300, 300f–301f
visual field defects 298

occipital lobe/striate cortex 305–312
cerebral blindness 308–309
etiology 311–312, 311f, 312t
Riddoch phenomenon and blindsight  

309–311
symptoms and signs 306–311, 310f–311f
visual field defects 306–308

optic radiations 300–305
cortical signs and symptoms 303
etiology 304–305
neuroanatomy 300–301
symptoms and signs 301–304, 302f–304f
visual field defects 301–302

optic tract 294–296
etiology 295–296, 298f
neuroanatomy 294–295, 295f
symptoms and signs 295
visual field defects 295

retrograde transport, optic nerve 106–107
reversible posterior leukoencephalopathies 

syndrome (RPLS) 320
drugs inducing 320
malignant hypertension and eclampsia 320

Rey-Osterrieth complex figure, copying 18, 18f
rhabdomyosarcoma 645
rheumatologic disorders, past medical/surgical 

history 5
riboflavin 671
Riddoch phenomenon 309–311, 349
Rieger syndrome, pupils 417–418
right temporal lobe, role in visual memory  

347–348
Rinne test, cranial nerve evaluation 32
risperidone 407
rituximab 629
rivastigmine 354
rizatriptan 668–669
Ross syndrome, tonic pupil 426–427
rostral interstitial nuclei of the medial 

longitudinal fasciculus (riMLF) 568, 
569f

Russell’s diencephalic syndrome 250, 251f,  
274

S
saccades

defective 552
examination 24, 26f
functional visual field loss 389
horizontal eye movements 491–492, 

553–554, 553f–554f
deficits, horizontal conjugate gaze 555, 

555f
reflexive 551
spontaneous 551
voluntary 551

saccadic intrusions 605–606
macrosaccadic oscillations 605, 605f
ocular dysmetria 605
opsoclonus and ocular flutter 605–606, 606f
square wave jerks 605, 605f

saccadic palsy, after cardiac surgery 560
saccular (berry) aneurysms 171
sarcoid meningitis 213
sarcoidosis 143–144

chiasmal disorders 280
diagnostic studies/evaluation 143–144
facial weakness 465
granulomatous uveitis secondary to 83f
as inflammatory orbital condition 637
ophthalmic manifestations 83t
optic edema and phlebitis 84f
optic nerve head appearance 143f
perivascular cuffing and phlebitis 84f
retinal manifestations 83–85, 84f
temporal artery biopsies 159
treatment 144

SCA-7 (autosomal dominant cerebellar ataxia 
(ADCA) type II 80–81

scanning laser polarimetry (GDx) 110–111, 134
scanning laser tomography (SLT) 110–111
Scheerer’s phenomenon 403
Schirmer’s test, dry eyes 364, 674
schizencephaly 117
schizophrenia 348–349, 468
schwannomas 511
scintillating scotomas, migraine 396, 397f
scleral show, eyelids 22
scleritis 674
sclerosing orbital inflammation 634, 636f
scoliosis 559–560
scopolomine 602
scotomas

acute macular neuroretinopathy 61–62
arcuate 244–245, 245f
central see central scotomas
centrocecal 56–58, 108
Goldmann kinetic perimetry 45
junctional 244–245
migraine 371
scintillating, migraine 396, 397f

scrapie 355

secondary tumors
see also metastatic disease
orbital 641–642
paraneoplastic retinopathy 67

sectoranopia, homonymous 299
sedatives 604
see-saw nystagmus 246–247, 571, 603
segmental optic nerve hypoplasia 118, 119f
seizures

abnormal horizontal conjugate gaze 
deviations 566f–567f, 567

episodic visual loss 5
fluttering during 471
focal motor 471
hallucinations and illusions 405–407
occipital lobe epilepsy 405–406
pupils 442
temporal lobe epilepsy 406–407, 406f
tuberous sclerosis 91

selective serotonin reuptake inhibitors (SSRIs)  
669

selegiline 354
sellar masses 246–248
sellar processes 251, 252t

pituitary apoplexy 246
Semont maneuver, BPV 595
sensation, evaluating 32–34
sensory disturbance

see also facial pain/sensation disorders
clinical syndromes 678
in migraine 665

sensory neglect 349
sensory-neural hearing loss 32
septo-optic dysplasia 116–117
septum pellucidum 117

absence in optic nerve hypoplasia 116, 116f
serotonin 393–394
serotonin syndrome 669
sertraline hydrochloride 670
Shirmer paper strips, tear testing 23
short time inversion recovery (STIR) sequences, 

MRI 128, 134
short-wavelength automated perimetry (SWAP)  

45
shunt vessels 108, 164–166
Shy–Drager syndrome 458
SIADH (syndrome of inappropriate secretion of 

antidiuretic hormone) 261, 264
sickle cell anemia 86
sildenafil 76, 405
silent sinus syndrome 615f, 647, 648f
simultanagnosia (inability to interpret complex 

scenes) 350–351, 351f
examination 17, 18f

sine-wave gratings, contrast sensitivity 10–11
single photon emission computerized 

tomography (SPECT)
Alzheimer’s disease 354
Creutzfeldt-Jakob disease 355–356
functional visual loss 390–391
hallucinations and illusions 399–400
migraine 399
trauma 323

sinusitis 146, 147f
sixth nerve nucleus 556
sixth nerve palsies 35, 225, 518–524

acquired
adults, diagnostic evaluation 520
in childhood disorders 520–522,  

521t
in childhood disorders 521f–522f

acquired 520–522, 521t
congenital 522–524
Duane’s retraction syndrome 522–524, 

523f
Möbius syndrome 524
suggested workup 522, 522t

comitant esotropia, acquired 521–522
cyclic esotropia 522
inflammatory 521
management 520
miscellaneous causes of combined third, 

fourth and sixth nerve palsies  
524–536

base of skull lesions 524–525
brainstem 524
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cavernous sinus disturbances 525–535
subarachnoid disturbances 524

neoplasms 520–521
nuclear/fascicular 518–519
pseudo-sixth nerve palsy 571, 572f
subarachnoid/base of skull 519–520, 

519f–520f
Sjogren syndrome 142
skew deviation 501–504

diagnosis 501–503, 502f, 504f
examination 32–34
ocular-tilt reaction 501, 501f–502f, 503t
Parinaud syndrome 571
pathophysiology 501, 503f
symptoms and signs 501
variations 503–504

skin lesions 34
skull base

lesions of, in palsies 524–525
meningiomas see meningiomas, skull base

sleep apnea 151
sleep attacks 410
sleep paralysis 410
slit-lamp examination

corneal disease 674
description 31, 33f
metamorphopsia 60
narrow-angle glaucoma 364
ocular motility/alignment 24
ocular surface abnormalities 364
optic nerve 110
tear testing 23
tonic pupil 425

slit-ventricle syndrome 215
small-vessel ischemia, Horner syndrome 437
smoking 5, 600–601
smooth pursuit eye movements 553f, 555f, 556

defective
on examination 552
horizontal conjugate gaze 555–558

definitions 551
drugs impairing 566
examination 552
horizontal conjugate gaze

deficits 555–556
neuroanatomy 553f, 554, 555f

and nystagmus 588
Snellen eye chart, acuity recording 7–8

deficiencies 8, 9f–10f
degree of vision 8
distance vision 7
fogging technique 384
near vision 8
prism dissociation 382–383

“snow lights”, cocaine 404
social history 5
sodium valproate 258
somatization disorder, functional visual loss  

377–378
somatostatin 629
somatotropin-secreting pituitary tumors 257
spasm of fixation 351–352
spasmus nutans

chiasmal disorders 247
conjugate gaze abnormalities 566
nystagmus 591t, 593–594

spasticity of conjugate gaze 24
spatial resolution assessment, contrast sensitivity  

10–11
spectacle correction 5, 391
sphenoid sinus mucoceles 283
sphenoid wing meningiomas 525
spinal cord, tumors 230
spinal fluid abnormalities, neuromyelitis optica  

142
spinocerebellar ataxias (SCAs) 80–81, 80f, 

130–131
horizontal conjugate gaze deficits 563, 564t

spongiform encephalopathies, human 
transmissible 355

spontaneous eye movements, comatose patients  
35

spreading depression concept, migraine aura 663
square wave jerks 605, 605f
square-wave gratings assessment, contrast 

sensitivity 10–11

stapedius blink reflex 456
staphyloma 123
Stargardt disease 12–14, 77, 78f
static encephalopathy, hypoxemia 5
static perimetry, computerized 45
status epilepticus amauroticus 373
stenosis, carotid disease 63
stereopsis, severe unilateral vision loss 381–382, 

382f
steroid treatment

see also corticosteroids
posterior indirect traumatic optic neuropathy  

183
sarcoidosis 144
temporal arteritis and ION 160, 162
thyroid-associated ophthalmopathy 628–629
withdrawal 131, 136

STIR (short time inversion recovery) sequences, 
MRI 128, 134

strabismus 536–537
benign optic gliomas, juvenile 166
Brown syndrome 537, 538f
childhood patterns 536–537
congenital disc anomalies 114–115
decompensated congenital 5
dissociated vertical deviation 537
esotropia see esotropia
exotropia 24, 26, 28f, 536–537
orbital disease 615
past neurologic/ophthalmologic history 5
synergistic divergence 537
trigemino-abducens synkinesis 537

striate cortex 305–312
see also occipital lobe
afferent visual pathway, neuroanatomy 41
higher cortical areas 339
intraocular optic nerve, and ganglion cells  

103–104
lesions of

cerebral blindness 308–309
etiology 311–312, 311f, 312t
symptoms and signs 306–311,  

308f–311f
neuroanatomy 305, 305f–306f
Riddoch phenomenon and blindsight  

309–311
visual field defects 306–308

stroke
abnormal horizontal conjugate gaze 

deviations 566–567
amaurosis fugax, carotid-related 366
infratentorial 566f, 567
ischemic see cerebrovascular disease 

(ischemic stroke)
and oral contraceptives, in migraine 667
posterior cerebral artery distribution 343
supratentorial 566–567, 566f–567f
unilateral retrochiasmal visual loss 293
in utero 325
vaso-occlusive 353

Sturge-Weber syndrome (SWS) 93–94
retrochiasmal disorders 327, 329f

subacute myelo-optic neuropathy (SMON) 181
subacute necrotizing encephalomyelopathy see 

Leigh syndrome
subacute sclerosing panencephalitis (SSPE) 85
subarachnoid disturbances, in palsies 524
subarachnoid facial weakness 464–465
subarachnoid hemorrhage

aneurysms 35, 270
arteriovenous malformations 317
papilledema 213

subarachnoid processes, third nerve 
palsies 508–511

subdural hematoma, cerebral hemorrhage 213
succinate 128–129
sumatriptan 668–669
SUNCT syndrome 673
sundowning, in elderly 409–410
“sunset glow fundus”, Vogt-Koyanagi-Harada 

syndrome 82–83
superior oblique myokymia 540–541

nystagmoid eye movements 606–607
superior orbital fissure 535, 535f

Horner syndrome 437
orbital anatomy 612

superior parietal lobule 349
superior temporal sulcus (STS) 345–346
supraclinoid carotid artery aneurysms 268–269
supranuclear pathways, facial nerve 450–451, 

450f
weakness 461–462

supraorbital nerve 612
suprasellar arachnoid cysts 265
suprasellar germ cell tumors 278
surgery

gliomas 167
ischemic optic neuropathy associated with  

163
optic canal 183
optic nerve sheath meningioma 170
past history 5
posterior indirect traumatic optic neuropathy  

183
skull base meningiomas 171

Susac syndrome (microangiopathy of brain, 
retina and inner ear) 79

Swedish Interactive Threshold Algorithm (SITA)  
43, 45

swinging flashlight test (pupils) 20, 20f
asymmetric 20–21
only one working pupil requirement 21

symptoms
chronicity 5
neurologic or generalized 5
pattern 5
rapidity of onset 5

syndrome of inappropriate secretion of 
antidiuretic hormone (SIADH) 261, 
264

synergistic divergence, strabismus 537
synthetic growth hormone, pseudotumor cerebri  

216–217
syphilis 147–149, 149f
syringobulbia 678, 679f
systemic inflammatory and infectious diseases 

see inflammatory/infectious 
conditions, retinal manifestations

systemic lupus erythematosus (SLE) 34, 85, 320
neuromyelitis optica 142
optic neuropathy association 144–145,  

146f
pseudotumor cerebri 217

T
tacrine 354
tactile agnosia 31–32
tadpole-shaped pupils 443
Takayasu arteritis 65
tamoxifen 74–75
tandem walking 32
tangent screen visual field testing 41, 45–47,  

50f
pseudotumor cerebri 220

taste 23
Tay-Sachs disease, macular cherry-red spot 81
tear film abnormalities, transient visual loss 364
tear function 23
telangiectactic vascular dilation, diabetic 

papillopathy 163
telangiectasias, of conjunctiva 86–87
temporal arteritis and ION 155–163

biopsy 161f
biopsy-negative 160
demographics 155
diagnosis 157–158

biopsy 159–160, 161f–162f
blood tests 158–159
fluorescein angiography 159, 160f
noninvasive vascular studies 160

and giant cell arteritis 156–158
headache 673
and ischemic optic neuropathy 152, 159f
management/treatment 161–162
and ocular ischemic syndrome 65
pathogenesis 156
pathology 155–156
and polymyalgia rheumatica 163
retinal ischemia 158f
severe vision loss 158f
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signs, neuro-ophthalmic 156–157
symptoms

neuro-ophthalmic 156
systemic 157

T-cell function 156
tongue necrosis in 159f
visual prognosis 162–163

temporal crescent, sparing or involvement 306
temporal lobe epilepsy 406–407, 406f
temporal lobe lesions 31–32
Tenon’s capsule 614
Tenon’s space 611, 618, 633
tension headaches 662t, 671–672
teratomas 278
Terson syndrome

cerebral hemorrhage 213, 214f
comatose patients, examining 35

tetracycline derivatives 217, 578
thalamic hemorrhages 567–568, 574, 574f
thalamic tumors 574
thiamine deficiency 179
thioguanine 276
third nerve palsies 22–23, 504–515, 505f

aberrant regeneration following 422–423, 
505–507, 506f, 525–526, 527f

acquired
aneurysms 515
diagnostic evaluation of adults 511–512
inflammation 513
neoplasms 513, 514f
ophthalmoplegic migraine 513–514, 514f

in adults 511–512
basilar artery aneurysms 509–510, 509f
in childhood disorders 512–515, 512t

aneurysms 515
diabetes 515
diagnostic evaluation 515, 515t
inflammatory conditions 513
miscellaneous common acquired 

etiologies 513–514
miscellaneous uncommon acquired 

etiologies 515
neoplasms 513
ophthalmoplegic migraine 513–514

comatose patients 34–35
complete versus incomplete 505
congenital 512–513, 513f
cyclic oculomotor spasms 443, 507, 507f
diabetes 515
etiology 423–424
factitious pupillary abnormalities 390
fascicular 507–508, 507f
inferior versus superior division 505
intra-axial lesions 507–508
management 424, 512
miscellaneous causes, general 511
miscellaneous causes of combined third, 

fourth and sixth nerve palsies  
524–536

base of skull lesions 524–525
brainstem 524
cavernous sinus disturbances 525–535
subarachnoid disturbances 524

neoplasms 511, 513, 514f
nuclear 507
Parinaud syndrome 571
pharmacologic testing 424
posterior communicating aneurysms  

508–509
ptosis 457
pupil involvement versus sparing 505
pupil-involving 422
pupillary light reaction, defective 422–424, 

423f–424f
pupil-sparing 423–424
signs and symptoms 422–423
subarachnoid processes 508–511
trauma 511
uncal herniation 508, 508f
vasculopathic 510–511, 510f

third ventricular enlargement 282
threshold (static) perimetry, visual field testing  

41–42
computerized 43–44
false-positive/false-negative responses 43

full-field examinations 44
gray scale 43–44
influences on performance 44
kinetic perimetry contrasted 42
mean deviation 43–44
papilledema 208–209
pattern deviation map 43–44
threshold intensity 43
total deviation map 43–44

thrombophilia/thrombotic disorders 81–82
amaurosis fugax 64

thunderclap headache 673
thymectomy, trans-sternal 478
thymoma 472
thymus hyperplasia 472
thyroid function testing (TFT) 459–460
thyroid-associated ophthalmopathy (TAO)  

620–631
classification 627–628, 628t
Clinical Activity Score 628
course and outcome 631
double vision 537–538
eyelid retraction 460, 460f
eyelid signs 622f–623f, 623
genetic predisposition 621
Graves disease, endocrine aspects 620–621
imaging 625–627, 625f–626f
incidence and relationship to thyroid disease  

621
medical treatment 628–629
myopathy 623, 623f
neuro-ophthalmic features 622–625
ocular ductions and alignment 623f, 624
optic neuropathy 624–625, 624f–626f
pathology 622
pathophysiology 621–622
pediatric thyroid eye disease 631
proptosis 623
radiation therapy 629
risk factors 621
surgical treatment 629–630, 630f–631f
symptoms 622–623, 622f
treatment 628–631

thyroid-stimulating immunoglobulin (TSI) 631
thyrotoxicosis 621
thyrotropin (TSH)-secreting pituitary tumors  

258
thyroxin-binding globulin (TBG) 621
ticlopidine 369
tics

eyelid 470
ocular 579, 579f

tilted disc anomaly, optic nerve 118
Titmus test, severe unilateral vision loss  

381–382, 382f
tobacco-alcohol amblyopia 179–180
Tolosa–Hunt syndrome 514
tongue protrusion 32
tonic pupil 424–427, 425t

clinical symptoms and signs 424–425, 425f
etiology 426, 426f
examination 34
management 427
pathophysiology 417f, 425–426
pharmacologic testing 425f, 427

topical diagnosis 47–50
examination 48–50
history 48

topiramate 221–222, 408, 669–670, 673
topographagnosia 347
topotecan 276
Tourette syndrome 468
Tournay’s pupillary phenomenon 443
toxic optic neuropathies 178–181
toxic retinopathy 12–14, 74–76
toxoplasmosis 147–148
transesophageal echocardiography (TEE) 370
transient ischemic attack 671
transient ischemic attack (TIA)

acephalgic migraine distinguished 400, 671
anterior and posterior circulation 371
cortical 371
systemic vasculitis 319
thrombotic disorders 81–82

transient visual blurring 363

transient visual loss 5, 174, 363–375, 371t
altitudinal or lateralized monocular 363
bilateral 365
causes 372–373

gaze-evoked amaurosis 364, 372–373
general 364
ischemic see below
morning glory disc anomaly 122
nonischemic see below
ocular 364
possibly confused with vascular 

amaurosis fugax 372, 372t
transient visual obscurations 220, 372, 

373f
Uhthoff’s phenomenon 372

corneal abnormalities 364
epileptic 373
examination of patient 364
ictal 373
ischemic 363, 365–371, 365f, 365t

amaurosis fugax 370–371
cardiac emboli 370
carotid disease see carotid disease
cortical transient ischemic attacks 371
giant cell arteritis 371
nonmigrainous retinal vasospasm 370
vascular anatomy 365

migraine 363–364, 371–372, 371t
monocular blindness see amaurosis fugax
nonischemic 363–364, 364t
ocular surface abnormalities 364
postictal 373
tear film abnormalities 364

transient visual obscurations (TVOs)
papilledema 209–210, 372, 373f
pseudotumor cerebri 218
visual loss 220, 372, 373f

transmagnetic stimulation (TMS) 348
transphenoidal basal encephalocele, morning 

glory disc anomaly association 123
transtemporal bone, facial weakness 465–466, 

466f
transtentorial herniation 316
transthoracic echocardiography (TTE) 370
transvitreal optic neurotomy 155
trauma

birth 439, 439f
chiasmal 246–247, 282
facial weakness 465
fourth nerve palsies 516–517
intraoral, Horner syndrome 436–437, 436f
optic neuropathies see traumatic optic 

neuropathies
orbital disease 649f–651f, 651–652
papilledema 213
post-traumatic headache 674
pupils 418–419
retrochiasmal disorders 323
third nerve palsies 511
unreactive pupils 427–428

traumatic optic neuropathies 181–183, 379
trazodone 408
Treponema pallidum (MHA-TP) 148–149
triamcinolone 155
triangular wave nystagmus 591
trichinosis 638
trigeminal nerve

central projections 678
isolated trigeminal neuropathy 678–680
mandibular division 677f–678f, 678
maxillary division 678, 678f
neuroanatomy 677–678
ophthalmic division 677–678, 678f
spinal nucleus 663
Sturge-Weber syndrome 94
tumors involving 527

trigeminal neuralgia 674, 680
trigemino-abducens synkinesis 537
trihexphenidyl 579
trimethoprim-sulfamethoxazole 578
triptan 668–669
trochlear nucleus 493
tropia misalignment 26, 28–30
tropicamide 31
tuberculosis 142, 281
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tuberculum sellae meningiomas 267
tuberous sclerosis 34, 87–91, 91f–93f
Tullio phenomenon 595
“Tumbling Es” test 8–10, 10f
tumefactive multiple sclerosis 323–324
tumor necrosis 69
tumor necrosis factor-α-inhibitors 181
tumors

see also neoplasms
brain, in childhood disorders 212
granular cell 279
intracranial, orbital extension 642–643
nasopharyngeal 527
oculomotor nerves 511
optic pathway 3
orbital see orbital tumors
paraneoplastic retinopathy 67
pineal region 573, 573f
pituitary 527
see also pituitary adenomas
pituitary apoplexy 259
radiation-induced 282
secondary 67, 641–642
see also metastatic disease
spinal cord 230
thalamic 574
trigeminal nerve, involving 527
upbeat nystagmus 600–601

U
Uhthoff’s phenomenon

Leber’s hereditary optic neuropathy 126
optic neuritis 132
transient visual loss 364, 372

ultrasound
carotid disease 368–369, 368f
papilledema 208

uncal herniation 508, 508f
unilateral vision loss, severe 381–383
unilateral visual hemi-inattention 349
upper motor neuron dysfunction 34
uveitis

bilateral diffuse uveal melanocytic 
proliferation 70

eye pain 674
optic disc swelling associated with 144
slit-lamp examination 110
transient visual loss 364
Vogt-Koyanagi-Harada syndrome 82–83

V
vagus nerve stimulation 579
valproate 672
valproic acid 602, 669–671
valvular disease 314
varicella zoster virus (VZV), acute retinal necrosis  

85
vascular malformations, chiasm 270–271
vascular tumors, orbital 643–645
vasculitis 318–320

giant cell arteritis 319
primary CNS 318–319
systemic 319–320
systemic lupus erythematosus 85, 320

vasculopathic disease, risk factors 107
vasculopathic third nerve palsies 510–511,  

510f
vaso-occlusive stroke 353
vasopressin 247
VDRL test, syphilis 148–149
venlafaxine hydrochloride 670
venography

pseudotumor cerebri 220
venous thrombosis/obstruction 226–227

venous angiomas 271, 644
venous thrombosis/obstruction 225–228,  

226f
neuroimaging 226–227
presenting signs and symptoms 226
treatment 228
workup 227–228

ventriculoperitoneal (VP) shunting, 
pseudotumor cerebri 224

verapamil 670, 672
verbal memory, testing 31
vergences 24–26
vertebrobasilar disease, ischemic stroke 315
vertical conjugate gaze

deviations 578–579
limitations

amyotropic lateral sclerosis 578
basal ganglia disorders 578
benign tonic vertical gaze in infancy  

579–580, 580f
neurologic disorders 575–578
neuromuscular conditions 578
Niemann–Pick disease 577
ocular tics 579, 579f
“one-and-a-half” syndrome 575
paraneoplastic brainstem 

encephalitis 578
Parinaud syndrome 570–575
progressive supranuclear palsy see 

progressive supranuclear palsy
supranuclear downgaze paresis 575
Whipple disease 577–578

neuroanatomy 568–570
vertical misalignment 24
vertigo, migrainous 667
very long-chain fatty acid (VLCFA) metabolism  

327
vestibular disease, tilted and upside-down vision 

association 409
vestibular neuronitis 594
vestibular nystagmus 587, 594–595
vestibular paroxysmia 595
vestibular stimulation, visual neglect 350
vestibular-ocular reflex 551, 555, 588
vestibulo-ocular response (VOR) 24–26, 27f
Veterans Administration Cooperative 

Symptomatic Carotid Stenosis Trial  
369–370

vigabatrin (anticonvulsant) 75–76
vinblastine 276
vincristine 70, 167, 276
vision loss

see also blindness
Charles Bonnet syndrome 402–403
drusen, disc 125
functional see functional visual loss
hallucinations and illusions 400–403, 401t, 

402f
Charles Bonnet syndrome 402–403
evaluation 403
treatment 403

“hysterical” 377–379
in migraine 666
moderate binocular 386
moderate monocular 383–386
optic neuropathies see optic neuropathies
retinal disorders see retinal disorders
severe unilateral 381–383
transient see transient visual loss

visual acuity 7–10
chiasmal disorders 239
degree of vision, recording 8, 10f
distance vision 7
hallucinations and illusions 395
moderate monocular vision loss, testing  

384
near vision 7
in newborns 8–10
optic nerve examination 107
pinhole testing 7, 8f
recording as fraction 7–8
tilted disc anomaly, decreased in 118

visual association areas 41
visual evoked potentials, total blindness, testing 

for 381
visual field defects

“clover leaf” 384–386, 387f–388f
confrontation visual field assessment 14–15
functional loss 386–390
lateral geniculate nucleus 298
occipital lobe/striate cortex 306–308
optic radiations 301–302

optic tract 295
paracentral 108, 389–390

visual field loss patterns 50–51
ancillary testing 50–51
chiasmal disorders 242–246, 242f–243f, 

245f
differential diagnosis 51

visual field testing 41–47
advantages, disadvantages and most 

appropriate neuro-ophthalmic uses  
42t

chiasmal disorders 247
in childhood disorders 42
computerized static perimetry 45
Goldmann kinetic perimetry 41, 45, 47f–48f
higher cortical visual function disorders 340
hill of vision concept 42, 43f–44f
laser pointers, screening of visual field 15, 

47, 50f
papilledema 208–209
pseudotumor cerebri 220
tangent screen 41, 45–47, 50f
threshold perimetry see threshold (static) 

perimetry, visual field testing
visual fields

constricted 384–386, 385f
diplopia 624
disc drusen, effect on 124
generalized constriction 108
nonphysiologic constriction 384–386, 

386f–388f
optic nerve examination 108
optic neuropathies, loss in 107
pantomime 384–386
pattern of loss see visual field loss pattern
pituitary adenomas 253–254
spiraling 384–386, 388f
testing see visual field testing
tilted disc anomaly 118
tubular 384–386, 385f

visual form agnosia 344
visual imagery 352–353
visual neglect (hemi-inattention) 349–350
visual object agnosia 344
visual perseveration 408
visual word form area (VWFA) 342–343
visual-evoked potentials (VEPs)

ischemic optic neuropathy 152
optic neuritis 134
retrochiasmal disorders, suspected 329
visual field loss pattern 50

visuomotor (optic) ataxia 352, 352f
vitamin A intoxication, pseudotumor cerebri  

217
vitamin E deficiency/therapy 354, 566
vitreous abnormalities, transient visual loss 364
vitreous condensation, floaters 404
vitreous hemorrhage 10, 48
vitritis

entoptic phenomena 404
reduced visual acuity 10
sarcoidosis 83–85
swelling of optic nerve disc 113

Vogt-Koyanagi-Harada syndrome 82–83, 82f
voluntary nystagmus 604
von Hippel-Lindau (VHL) disease 91–93, 

175–176

W
Wallenberg stroke 32–34
Wallenberg syndrome 432, 433f
warfarin 314, 369
Weber syndrome 507–508
Weber test, cranial nerve evaluation 32
Wegener’s granulomatosis 79, 159, 637–638
Wernicke’s encephalopathy 179, 524, 565–566, 

565f
Westphal-Piltz reflex 443
WFS1 gene, Wolfram syndrome 129
Whipple disease 577–578
Whitnall’s tubercle 612–613
Wilbrand’s knee, chiasm 40–41, 45f, 239, 

244–245
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Williams syndrome 348–349
Wilson disease 458
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