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General Introduction 

The Basic and Clinical Science Course (BCSC) is designed to meet the needs of residents 

and practitioners for a comprehensive yet concise curriculum of the field of ophthaLmol

ogy. The BCSC has developed from its o riginal brief outline format, wh ich relied heavily 

on outside readings. to a more convenient and educationally useful self-contained text. 
The Academy updates and revises the course annually. with the goals of integrating the 

basic science and clinical practice of ophthalmology and of keeping ophthalmologists cur

rent with new developments in the variOllS subspecialties. 
The BCSC incorporates the effort and expertise of more than 80 ophthalmologists, 

o rganized into 13 Sect ion facul ties, \Norking with Academy editorial staff. In addit ion, the 

course continues to benefit fro m many lasting contributions made by the faculties of pre

vio Li s editions. Members of the Academy's Practicing Ophthalmologists Advisory Com

mittee for Education serve on each faculty and, as a group, review every volume before 
and after major revisions. 

Organization of the Course 

The Basic and Cl inical Science Course comprises 13 volumes, incorporating fundamental 

ophthalm ic knowledge, subspecialty areas, and special topics: 

I Update o n General Med ic ine 

2 Fundamentals and Principles of Ophthalmo logy 

3 Clin ical Optics 

4 Ophthalmic Pathology and Intraocular Tumors 

5 Neuro-Ophthalmology 

6 Ped iatric Ophthalmology and Strabi sm us 

7 Orbit, Eyelids, and Lacrimal System 

8 External Disease and Cornea 

9 Intraocular Inflammation and Uveitis 

10 Glaucoma 

I I Lens and Cataract 

12 Retina and Vit reous 

13 Refract ive Surger), 

In addit ion , a comprehensive Master Index allows the reader to easily locate subjects 

throughout the entire series. 

References 

Readers who wish to explore specific topics in greater detail may consult the references 

cited within each chapter and listed in the Basic Texts section at the back of the book. 

T hese references are intended to be select ive rath er than exhaust ive, chosen by the BCSC 

facu lty as be ing important, current, and readily available to res idents and practitioners. 

xiii 



xiv . General Introduction 

Related Academy educational materia ls are also li sted in the appropriate sections. 
They include books, online and audiovisual materials, self-assessment programs, clinical 
modules, and interactive programs. 

Study Questions and CME Credit 

Each volume of the BCSC is designed as an independent study activity for ophthalmology 
residents and practitioners. The lea rning objectives for this volume are given on page I. 
The text, illustrations, and references provide the information necessary to ach ieve the ob
jectives; the study questions allow readers to test their understanding of the material and 
their mastery of the objectives. Physicians who wish to claim CME credit for this educa
tional activity may do so by mail , by fax, or online. The necessary forms and instructions 
are given at the end of the book. 

Conclusion 

The Basic and Clinical Science Course has expanded greatly over the years, with the ad 
dition of much new text and numerous Ulustrations. Recent ed itions have sought to place 
a greater emphasis on clinical applicability while maintaining a solid foundation in basic 
science. As with any educational program , it reflects the experience of its authors. As 
its faculties change and as I'nedicine progresses, new viewpoints are always emerging on 
controversial subj ects and techn iques. Not all alternate approaches can be included in 
this series; as with any educational endeavor, the learner shou ld seek additional sources, 
including such carefully balanced opinions as the Academy's Preferred Practice Patterns. 

T he BCSC fac ul ty and staff are continuously striving to improve the educational use
fulness of the course; you, the reader, can contribute to this ongoing process. If you have 
any suggestions or questio ns about the series, please do not hesitate to contact the fac ulty 
or the editors. 

The authors, editors, and reviewers hope that your study of the BCSC will be ofla sting 
value and that each Section will serve as a practical resource for quality patient care. 



Objectives 

Upon completion of sese Section 5, Ne uro-Ophthalmology, the 
reader should be able to 

describe a symptom-driven approach to patients with common 
neuro-ophthalm ic complai nts in order to formulate an 
appropriate differential diagnosis 

select the most appropriate tests and imaging, based on 
symptomatology, to diagnose and manage neura-ophthalmic 
disorders in a cost-effective manner 

review anatomical structures relevant to the neuro
ophthalmologist (i ncluding the skull and orbit, brain, vascular 
system, and cranial nerves) in order to localize lesions 

assess eye movement disorders and the ocular motor system 

describe the association between pupil and eyelid position and 
ocular motor pathology 

review the pathophysiology and management of diplopia and 
central eye movement disorders 

ident ify the effects of systemic disorders on visual and ocular 
motor pathways 

explain the possible systemic significance of ophthalmic 
disorders 



Introduction 

The Basic and Clinical Science Course has undergone continuous evolution since its in
ception. These volumes originated as a topic outli ne wi th suggested reading lists, includ
ing primary and secondary sources for each topic. In recent years, the books have grown 
into far morc detailed reviews of each of the ophthalmic 5ubspecia lt ies, taking on many of 
the attributes of textbooks. 

Section 5, Ne uro-Ophthalmology, has li kewise evolved. With the revis ion published in 

200 I, we in troduced a relatively major change in fo rmat. To increase clinical relevance. the 
text was reorganized to take a symptom -driven approach. focusing on how to approach 
patients with neuro-ophthalmic complaints. The emphasis here is on the eX3 mination
both basic and extended-and the appropriate lise of adj unctive studies to determine the 
status of the visual system as a whole. With this edit ion, we have simplified some of the 
diagnostic approaches, revised much of the illustrative material, and updated references. 

This book is in no way comprehensivej thus, we have included a list of some of the 
more useful secondary sources of in forma tion, as well as references with primary source 
material. We have endeavored to make this book more readable as well as clinically rel 
evant and hope that it wi ll help to instill confidence in approaching patients with common 
cJinical neuro-ophthalmic problems. 

In several chapters throughout the book, you will see links to th e NOVEL (Neuro
O phthalmology Virtual Education Library) website of NANOS (Neuro-O phthalmol ogy 
Society of North America). This is a web-accessible collection of im ages. video, lectures, 
and other digita l media, contai ni_ng open-access, copyrighted resources. Once you have 
accessed the collections. you can navigate th rough to the relevant resource. See the website 
for more information: http:// library. med.utah .edu /NOVELI. 

3 



CHAPTER 1 
Neuro-Ophthalmic Anatomy 

Medicine in general and su rgical subspecialt ies in part icular are exercises in applied 
anatomy. Although an adequate understand ing of physiology and, increasingly, molec u
lar genetics is important in understandi ng disease and potential treatments, anatomy is 
the foun dation. Important anatomical topics for the neuro -ophthalmologist include the 
anatomy of the globe (both the anterior and posterior segments), the orbit and adnexal 
structures, and the afferent and efferent visual pathways with their intracranial projec
tions. The anatomy of the globe and adnexal structures is covered in more detail in BeSe 
Section 2, Fundamentals and Principles of Ophthalmology, Section 7, Orbit, Eyelids, and 
Lacrimal System, and Section 8, External Disease and Cornea . The material in this book is 
not intended to substitute for detailed anatomy texts; rather, it focllses on tracing the im 

po rtant anatomical connections that underlie visual function. Accordingly, we outlin e the 
int racranial pathways subserving the afferent and efferent visual pathways. We also briefly 
discuss the sensory and motor anatomy of the face and the autonomic nervous system as 
it applies to the eye and visual system. 

Bony Anatomy 

Skull Base 
Understanding the anatomy of the visual pathways should star t with the bony anatomy 
of the head. The skull base in part icular has an intimate relationship with visually crit i
cal st ructures (Fig 1-1). The sella turcica, located posterior and medial to the 2 orbits , is 
a skull -based depression wi thi n the body of the sphenoid bone. The orbit (discllssed in 
the following section) is connected posteriorly to the parasellar region and makes up the 
anterior aspect of the skull ; it is composed of 7 cran iofacial bones (Fig 1-2): 

1. maxilla 
2. zygomatic 
3. frontal 
4. lacrimal 

5. sphenoid 
6. palatine 
7. ethmoid 

5 



6 • Neuro-Ophtha lm ology 

A 

Anterior cranial 
fossa ------,---j~- ----~r.Cribrilorm plate 

r--'\-:r-- Optic canal 
Middle cranial 
1055a--, 'f'-- ~----\,'- Superior orbital fissure 

Sella turcica +Ji-'------",~ "'f------ l-:r- Foramen ralundum 

~~~:::::::::::;;=~L-;;;;; Foramen ovale 
-.., Foramen spinosum 

I , '--------:~r'-- Cavernous sinus 

Posterior 
cranial fossa , ___ _ 

Planum sphenoidale --- - -

Foramen lacerum 

B 

, 
\ 

Dorsum 
a 

Figure 1-1 Bony anatomy of the sku ll base. A , General view of the skull base. The cavernous 
sinuses are located on each side of the sella turcica. Several important openings to be aware 
of within the skull base are the cribri form plate (t ransmits branches of the olfactory nerve, 
e N II, opt ic canal (transmits the optic nerve, e N III. foramen ovale (t ransmits the mandibula r 
division IV31 of the trigeminal nerve, eN V), foramen ratundum (transmits the maxillary division 
(V, I of eN VI, superior orbita l fis s ure (transmits the oculomotor, e N III; trochlea r, e N IV; ab
ducens, eN VI; and eN v [ophthalmic division, Vdl. and the foramen spinosum (t ransmits the 
middle meningeal artery, a branch of the external carotid arteryl. B, View of the parasellar bony 
anatomy demonstrates the rela tionship of the pituitary fossa to the cavernous sinus, including 
the foramina of the skull base. The foramen lacerum is f illed with cartilage and contains the 
artery of pterygoid canal, nerve of pterygoid canal , and venous drainage structures. The carotid 
artery enters the skull base through the carotid canal. (Courtesy of Albert L. Rhoton, Jr, MD.) 

The lesser wing of the sphenoid bone is pie rced by the optic canals, which allow the 
optic nerves to exit from the orbit. The superior orbital fissure, wh ich transmits the ocular 
moto r nerves (CNs Ill , IV, and VI), the sensory trigeminal nerve (CN V,) , the sympa

thetic fibers, and the superio r ophthal m ic vein (Fig 1-3) , represents the gap between the 
lesser and greater wings of the sphenoid. The pa rase lla r regio n is connected laterally to the 



suture 
Zygomatic borle j-rr,,\..1 

Greater wing, 
sphenoid borle---+-~ 

A (Roof) 

CHAPTER 1: Neuro-Ophtha lm ic Anatomy . 7 

Frontal bOlle -"",~;....":' 

I 
bone 

. Anterlorclinoid 

tnferior orbital III: ::~J~~ __ ~~~~t::~:'~~: 
Maxillary bOlle'-----;::S • ..-:; bone 

Maxillary slnus·-'I~~""_,--

B (Lateral) 

Figure 1·2 Bony anatomy of the right orbit A. The orbital roof is composed of the frontal 
bone and the lesser wing of the sphenoid bone. Laterally, the anterior orbital roof connects 
to the zygomatic bone at the frontozygomatic suture . The frontal sinus lies within the anterior 
orbital roof. The supraorbital notch, located within the medial one third of the superior orbital 
rim, transmits the supraorbital nerve, a terminal branch of the frontal nerve of the ophthalmic 
division (V1) of eN V. Posteriorly, the orbital roof becomes the anterior cl inoid process, which 
lies just temporal to the intracranial entrance of the optic canal. The vast majority of the roof 
is formed by the fron tal bone. Medially, the frontal bone forms the roof of the ethmoidal sinus 
and extends to the cribriform plate. B, The late ral orbital wall is formed by the zygomatic bone 
and the greater wing of the sphenoid bone. The junction between the lateral orbital wall and 
the roof is represented by the frontosphenoid suture. Posteriorly, the wall is bordered by the 
inferior and superior orbital fissures. The sphenoid wing makes up the posterior portion of the 
lateral wall and separates the orbit from the middle cranial fossa. Medially, the lateral orbital 
wall ends at the inferior and superior orbital fissures. Two small openings within the zygomatic 
bone of the lateral orbital wall allow the exit of the zygomaticotemporal and zygomaticofacial 
nerves (branches of the zygomatic nerve), which innervate the lateral orbit and zygomatic 
prominence. 

(continued) 

petroLis and tonporal bones and infe rio rly to the clivus, extend ing to the foramen magnum 
and the exit of the spinal cord. The poste rior skull base is enclosed by the OCcipital bOlles. 

The skull base is connected to the lower fac ial skeleton by 3 sets of pillars formed by 
the maxillary and zygomatic bOlles anteriorly and the pterygOid process of the sphenoid 
bone posteriorl y. Superiorly, the vault of the sku ll is made up of the parietal balles, which 
meet at the sagittal suture and adjoining thefrantal bone at th e coronal suture, and the oc~ 

cipi tal bone at the lambdoid suture. 

The Orbit 
The o rbit is surrounded by several im portant structures. The 4 paranasal sinuses surround 
the floor (maxillary sillus) and the medial wall (ethmoidal alld sphelloid silluses) of the 

orbit (Fig 1-4). The frontal sill us has a variable relat ionship to the anterior orbital roof The 
other major structures around the orbit are the anterior cranial fossa superiorly (contain 
ing the fron tal lobe) and the temporal fossa late ra lly (containing the temporal is muscle) . 
The roof of the ethnlOidal complex, deli neated by the frontal ethmoidal suture (top of the 
ethmoidal bone, or larnil'la papyracea), marks the inferior boundary of the anterior cranial 
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Figure 1-2 C, The orbital floor is triangular in shape and slopes slightly upward as it extends 
posteriorly and medially toward the inferior orbital fissure and medial orbital wall, respective ly. 
The floor is com posed ma inly of the orbital plate of the maxillary bone but also of the maxillary 
process of the zygomatic bone, as well as a small area, posteriorly, of the palatine bone. The 
inferior orbital nerve, a branch of the maxillary division (V2) of eN v, enters the orbit through the 
inferior orbital fissure and into the inferior orbital groove. Once in the groove, the nerve travels 
medially to laterally through a canal to exit the facial skeleton via the inferior orbital foramen. 
The nasolacrimal duct si ts in the anterior middle area of the orbital floor, medial to the origin of 
the inferior oblique muscle. The duct then travels within a canal bounded by the maxillary and 
ethmoidal bones and runs in front of the middle turbinate and medial wall of the ethmoidal air 
ce lls to empty tears into the inferior meatus 30-35 mm posterior to the nares. D, The medial 
orbital wall is formed by 4 bones: maxilla Ifrontal process), lacrimal, sphenoid, and ethmoid. 
The largest component of the medial wall is the lamina papyracea of the ethmoidal bone. Su
periorly, the anterior and posterior foramina at the level of the frontaethmoidal suture transmit 
the anterior and posterior ethmoidal arteries, respectively. This important transition area be
tween the ethmoidal and frontal bones also represents the roof of the ethmoidal air cells and 
anterior crania l fossa (frontal lobe of the brainl. Inferiorly, the medial orbita l walliS bordered by 
the maxilloethmoidal suture line. The anterior medial orbital wall includes the frontal process 
of the maxiliany bone and lacrimal sac fossa, which is formed by both the maxillary and lacri
mal bones. The lacrimal bone is divided by the posterior lacrimal crest. The anterior part of the 
lacrimal sac fossa is formed by the anterior lacrimal crest of the maxillary bone. The posterior 
medial orbital wall, which comprises the sphenoid bone, continues to below the optic canal. 
(illustration by Dave Peace.) 

fossa. It is important to note that surgica l intervention - for example, during endoscopic 
sinus surgery-above this anatomical landma rk will result in entrance to the anterior cra
nial fossa and a likely cerebrosp inal nu id (CSF) leak. 

The sphenoid sinus forms the medial wall of the optic ca nal (Fig 1-5). Surgery w ithin 

the sphenoid sinus has the potential to damage the optic nerve; alternatively, the sph enoid 

sinus is a surgical route fac ilitating decompression of the chiasm. In approximately 4% 
of patients, the bone may be incomplete, leaving only mucosa separating the sinus from 
the optic nerve. The pterygomaxillary area, which contai ns the sphenopalatine ganglion 

and the internal maxi llary artery, underlies the apex of the orbit. This area communicates 
posteriorly through the foramen rotulldum and the vidial'l canal to the middle cranial fossa, 

anteriorl y through the infraorbital canal to the cheek and lower eyelid, and superiorl y 

through the inferior orbital fissure to the orbi t. 
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Figure 1-3 A, Bony anatomy of the rig ht orbital apex. The optic foramen transmits the opt ic 
nerve, ophthalmic artery, and oculosympathetic nerves. The superior orbital fissure, a gap 
between the greater and lesser wings of the sphenoid bones , transmits eNs III, IV, VI, V1 , 

and the supe rior ophthalmic vein. B, Intracran ial view of the left opt ic canal. Within the lesser 
w ing of the sphenoid bone is the optic foramen, w hich leads to the optic canal. The optic strut 
separates the optic canal from the superior orbita l fissure. 

(continued) 

The orbit is approximately 45 mm wide and 35 mm in maximal height. The total 
volume of the orbit is approximately 30 em'. The medi al wall is approximately 40 mm 
from the rim to the optic canal. The medial walls are roughly parallel , whereas the lateral 
walls form an angle of almost 90°, The orbi tal rim is made up of the frontal bone superi
orly, which connects to the zygomatic bone (at the frontozygomatic suture) laterally. The 
inferior orbital rim is made up of the zygomatic bone inferolaterally and the maxillary 
bone inferonasally (meeting at the zygomaticomaxillary suture) . Medially, the orbital rim 
consists of the maxi llary and lacrimal bones, which join the frontal bone superiorly. Three 
addit ional bones contribute to the orbit, the ethmoidal bone medially, the palatine bone 
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Figure 1-3 C, Anatomy of the orbital apex . The 4 rectus muscles arise from the annulus of 
Zinno eNs II, III (superior and inferior branches), VI, and the nasociliary nerve all course through 
the annulus of Zinno eN IV and the frontal and lacrimal nerves and the ophthalmic veins are lo
cated outside the annulus. 0, Anatomical dissection just anterior to the superior orbital fissure . 
(Parts A and C illustrations by Dave Peace; parts 8 and 0 courtesy of Albert L. Rhoton, Jr, MD.) 

inferiorly in the posterior orbit, and the sphenoid bone laterally and superiorly in the 
orbital apex (see Fig 1-2). 

Canals and fissures 

The orbi t communicates with the surrounding areas through several bony canals and fis
sures. Posteriorly, the orbit is contiguous with the cavernous sinus through the superior or
bital fissure, which transmits the ocular motor nerves (eNs III , IV, and VI), the trigeminal 
nerve (V,), and the orbital venous drainage via the superior ophthalmic vein (see Fig 1-3) . 
The medial wall of the orbit continues as the lateral wall of the sphenoid bone, marking 
the medial extent of the cavernous sinus. Therefore, when sharp objects enter the medial 
orbi t, they are directed through the superior o rbital fiss ure, where they can lacerate the 
carotid arte ry. 
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Figure ,-4 Coronal (A), sagittal (B), and axial (e) views of the anatomical relationship of the 
4 paranasal sinuses to the orbit. (Illustra tion by Dave Peace.) 

Figure 1-5 Coronal section, anterior view into the sphenoid sinus demonstrating the relation
ship of the internal carotid artery and optic nerve within the lateral wall of the sinus. (Courresyof 

Albert L. Rhoton, Jr. MD.) 
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The orbit is con nected superiorly and posteriorly to the anterior cranial fossa by way 
of the optic canal (see Fig 1-36), which transmits the optic nerve, ophthalm ic artery, and 
sympathetic fi bers. In feriorly at the apex, the orbit is connected to the pterygopalatine 
area-and thus the temporal and inferote l11poral regions-through the inferior orbital 
fissure. This fissure, formed by the greater wing of the sphenoid, maxill ary, zygomatic, 
and palatine bones, carries the max.illary nerve (V,), infraorbital vessels, the inferior oph
thalmic vein, branches from the pterygopalatine ganglion, parasympathetic fibers that in 
nervate the lacrimal gland. and collateral meningeal arteries that help connect the external 
and internal carotid circulation. 

Anteriorly, the orbit connects to the inferior meatus of the nose (beneath the in ferior 
turbinate) through the nasolacrimal duct, which carries tears to the nose. In add ition, 

multiple variable bony canals carry blood vessels that travel to and from the orbit and sur
rounding structures. Some of the 1110st constant of these cana ls include the anterior and 
posterior ethmoidal foramina, which carry blood vessels connecting the internal carotid 
circulation (ophthalmic artery) to the external ca rotid (terminal branches of the ethmoi
dal arteries) at the level of the roof of the ethmoidal complex. Additional supraorbital and 
zygomaticotemporal fora mina ca rry blood vessels between the orbit and corresponding 
vessels of the forehead and temple. 

Dutton II. Atlas of CU I/icai and Surgical Orbital Anatomy. Philadelphia: Saunders; 1994. 
Rhoton AL. atori Y. The Orbit and Sellar Regio,,; Microsurgical Anatomy al/d Operative Ap

proaches. New York: Thieme; 1996. 
Zide 8M, Jelks GW. Surgical Anatomy of the Orbit. ew York: Raven; 1985, 

Vascular Anatom 

Arterial System 

Knowledge of the vascular anatomy of the head is cri tical to understanding the potential 
for ischemic damage to the visual system, Such ischen"lic damage is one of the most com
mon pathophysiologic causes of visual dysfunction (includ ing visual loss and double vi
sion). The common carotid arteries, arising from the innominate artery on the right and 

directly from the aorta on the left, supply most of the blood to the skull and its contents. 
The remainder comes from the 2 vertebral arteries, which enter the skull through the 
fo ramen magnum after traversing foram ina in the cervica l vertebral segments, Once the 
vertebral arteries penetrate the dura, they join near the pontomedullary junction to form 
the basilar artery. which ascends along the anterior surface of the pons to terminate in the 
posterior cerebral arteries at the level of the midbrain. 

The carotid artery divides into internal and external bra nches at the C2 level near 
the angle of the jaw (Fig 1-6) . The external ca rotid artery (ECA) supplies blood to the face 
through its major branches of the fac ial artery. The sca lp is supplied via branches of the 
occipital artery posteriorly and the superfiCial temporal artery anteriorly. The paranasal 
sinuses receive their blood supply from bra nches of the maxillary artery (sphenopalati ne, 
infraorbital), which terminates in the pterygopalatine fossa. The coverings of the brain 
are supplied by branches of the middle menillgeal artery-a major branch of the maX illary 
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Figure 1M6 A, Arterial supply of the ocular adnexa and orbit originating from the aortic arch . 

(contmued) 

artery-which enters the mi ddle cranial fossa through the foramen spinosum. lateral to 
the foramen ova Ie. Branches of the middle meni ngeal arte ry supply the parasellar area, 
including the lateral wall of the cavernous sinus (containing CNs III , IV, and VI), and ter
minate in the arteries of the fora men rotundum and ovale. Variable meningeal branches 
may enter the superior o rbita l fi ssure. 

Ophthalmologists are sometimes concerned about encounteri ng branches of the 
ECA, particu larly when performi ng a temporal arte ry biopsy or dur ing orbita l (ethmoidal 
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CA#o-
c 
Figure 1-6 S, Anterior view of the superficia l arterial supply to the eyelids and anterior orbit. C, 
The ophthalmic artery and its branches in the muscle cone. Key: 10, infraorbital; 13, superficial 
temporal artery; 14, transverse facial; 16, frontal branch; 17, internal carotid artery; 18, ophthal
mic; 20, posterior ethmoidal branch of ophthalmic; 21, supraorbital artery; 22, supratrochlear; 
23, anterior ethmoidal branch of ophthalmic; 24, infratrochlear; 25, superior peripheral arcade; 
26, superior marginal arcade; 27, lacrimal; 28, recurrent meningeal; 30, zygomaticofacial; 31, 
latera l palpebral; 32, inferior marginal arcade; 33, angular; 34, facial; 35, central retinal; 37, 
muscular branches (SR, SO, levator); 38, medial posterior ci liary; 39, short ciliary; 40, long ci li
ary; 41, anterior ciliary; 42, greater circle of the iris; 43, lesser circle of the iris; 44, episcleral; 
45, subconjunctival; 46, conjunctival; 47, marginal arcade; 48, vortex vein; 49, medial pa lpe
bral; 50, dorsal nasal. (Part A iIIusrrarion by Chrrsrine Gralapp; pans Band C reproduced with permission from Zide 
8M, Jelks GW Surgical Anatomy of the Orbit. New York: Raven; 1985.) 
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branches) or lacrimal surgery. Terminal branches of the facial artery supply the marginal 
arcades of the eyelids. With regard to the ECA, it is extremely important to understand 
the extent of the coll ateral connections between the external and internal ci rculations 
(F ig 1-7) . This point is particularly critical to interventional neuroradiologists, who may 
inadvertently embolize distal il1terl1al carotid artery (leA) branches-including the cel1-
tral retil1al artery- while placing particles into the ECA. This event is most likely in the 
treatment of arteriovenous malformations, but it can also occur when tumors of the skull 
base are being emboli zed prior to surgical resection. 

The most important coll aterals betwee n the internal and external circulations tra
verse the orbit. They include the anterior and posterior ethmoidal arteries in the medial 

2 

Figure 1-7 Internal carotid artery and external carotid artery collateral anatomy. Key: 1, internal 
carotid; 2, external carotid: 3, facial; 4, maxillary; 5, superficial temporal ; 6, transverse facial; 
7. middle meningeal ; 8. frontal branch of superficial temporal; 9. ophthalmic; 10. lacrimal; 
11. recurrent meningeal; 12. supraorbital; 13. supratrochlear; 14. angular; 15. palpebral; 16, 
zygomaticotemporal; 17, zygomaticofacial; 18, deep tempora l; 19, infraorbital; 20, muscular. 
(Modified with permission from Kline L8. Neufo·Ophthalmology Review Manual. 6 th ed. Thorofare, NJ: Slack; 2008:213. 

by Christme Gralapp.) 
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orbi t. the illfraorbital and supraorbital arteries (including distal connections to the lac
rimal artery) an teriorly. and the zygomaticotemporal branch laterall y. The fac ial arte ries 
join distal branches of the supra- and illfratroehlear arteries arou nd the angular artery in 
the area of the medial orbit. In addi tion. variable collateral dural branches traverse the su
perior and inferior orbital fissures. ll1 rare instances. the ophthalmic artery may also arise 
as a branch off the meningeal system and thus the ECA. 

The major blood supply to the head and certain ly to the intracranial contents is car
ried by the internal carotid arteries (Fig 1-8). They enter the bone at the base of the skull 
laterally in the petrous portion of the temporal bone running anteromedially. Withi n the 
petrous bone. the carotid is in close prox im ity to th e midd le and inn er ear. as wel l as the 
int rapetrosal portion of the fac ial nerve. Th e carot id is also pa ralleled superficiall y by the 
greater superf icial petrosal nerve. which supplies the parasympathetic fi bers to the lacrimal 
gland. As the carotid reaches the parasellar area, it tu rns superiorly just above the foramen 
lacerum. Sympathetic fibers that continue within the intrapetrous carotid sheath exit to 
run th rough the vidian canal to reach the pterygomax illary area. The carotid then enters 
the caverno us sinus, where it fi rst gives off the mell itzgohypoplzyseal trunk and then turns 
anteriorly to run horizonta lly parallel to the body of the sphenoid. The meningohypo
physea] trunk subsequently divides into the inferior hypophyseal artery of the tentor iu m 
(the artery of Bernasconi-Cassinari ). and the dorsal mell ingeal artery (extending to the tip 
of the petrous bone and cl ivus). These arteries supply the dura at the back of the cavern
ous sinus and the nerves entering the cavernous sinus (CNs III . IV. V. and VI). They also 
variably supply the la teral aspect of the sella turcica. including the pituitary capsule and a 
large portion of the gland itself. More anteriorly along the horizontal course of the carotid 
artery within the cavernous sinus, the inferalnteral tru1Ik supplies the cranial nerves before 
they enter the superior orbital fissure and forms anastomoses with branches of the middle 
meningeal artery. 

At the anterior aspect of the cavernous sinus, the carot id makes a loop to reverse its 
direction under the anterior cl inoid and the optic nerve, which is exiting the optic canal. 
This loop of the carotid passes th rough 2 dural rings. both in relationship to the anterior 
clinoid (the terminal portion of the lesser wing of the sphenoid ). As the carotid passes 
through the second ri ng. it becomes intradural (Fig 1-9). Just after the artery becomes 
intradural. the carotid gives off the ophthal mic artery. which enters the orbit along with 
the optic nerve through the optic canal. 

Within the orbit. the ophthalmic artery (see Fig 1-6) may anastomose with recurrent 
meningeal branches that enter through lh e superior orbital fi ssure. The ophthalmic artery 
gives off the central retinal artery. The central retinal artery enters the substance of the 
optic nerve approximately 10- 12 mm posteri or to the globe. Withi n the eye. the central 
retin al artery divides into superior and inferior arcades. Like vessels within the central 
nervous system, these arteries and arteri oles have tight junct ions that fo rm a blood- retina 
barrier, similar to the blood- brain barr ier. The intraretinal arterioles run within the sub
stance of the nerve fiber layer to supply the inner two thirds of the retina. Capillaries run 
in 4 planes. bracketing the inner nuclear layer (bipolar cells) and the ganglion ceUs. 

The lacrimal artery runs parallel to the lacrimal branch of V I in the superior lateral 
orbital roof to reach the lacr imal gland. It also gives off a branch that fo rms the allterior 
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Figure 1-8 Branches of the internal carotid artery (leA). A, Lateral view. B, Anteroposterior 
view. ProximallCA branches: ophthalmic artery (OphA) and its branches (anterior and posterior 
ethmoidal arteries {A&PEthA{ and central retinal artery (CRA}); posterior communicating artery 
(PCoA); anterior choroidal artery (AChA); anterior communicating artery (ACoA); anterior ce
rebral artery (ACA) and its branches (callosomargina l artery (CalMargA) and pericallosal artery 
(ReriCaIA}); middle cerebral artery (MeA) and its branches (lateral lenticulostriate (LatLSA) and 
posterior temporal artery [PTempAj). (Illustration by Dave Peace.) 
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Figure 1-9 Lateral view of the bend of the internal carotid artery with in the right cavernous 
sinus. The anterior clinoid process has been resected to show the proxima l and distal dural 
rings. (Illustration by Dave Peace.) 

ciliary artery of the lateral rectus muscle and reaches the anterior segment at the muscle's 
insertion. The frontal artery runs within the superior orbit, para lleling the frontal branch 
of V 1 to branch and terminate as the supraorbital and supratroch lear arteries, which, along 

with the lacrimal artery, supply the eyelid. 
The next branches leaving the ophthalmic artery are the superior and inferior muscu

lar arteries. They supply the anterior ciliary arteries of the medial and inferior rectus (in
fer ior muscular artery) and the superior rectus and superior oblique (superior muscular 
branch ). They enter the extraocular rectus muscles (usually 2 arterial branches within the 
medial) inferior, and superior rectus muscles) and supply the extraocuJar muscles and the 
anterior segment. They are responsible for the major blood flow to the ciliary body (pro
ducing aqueous) . The medial and lateral long posterior ciliary arteries variably anastomose 
with penetrating branches of the anterior c iliary arteries (within the rectus muscles) to 

form the greater arterial circle near the anterior part of the ciliary body. Branches from this 
circle extend radially within the iris to form a second anastomotic circle (the lesser arterial 
circle) near the collarette of th e iris. 

The terminal ophthalmic artery supplies additional branches that collateralize with 
the anterior and posterior ethmoidal arteries and form the short (up to 20 small branches 
supplying the optic disc and posterior choroid) and long posterior ciliary arteries (running 
horizontal ly to help supply the anterior segment and the anterior choroid) (Fig 1-10). To
gether, these arteries supply blood to the choroid; the retinal pigment epithelium; and ap
proximately one third of the o uter retin a, including the photoreceptors. In approximately 
30% of individuals, branches of the posterior ciliary arteries directly supply a portion of 
the inner retina (c ilioretinal arteries); this blood supply may protect the macula in the set
ting of a central retinal artery occlusion. Approximately 4 short posterior ciliary arteries 
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Figure 1-10 Schematic drawing of the vascular supply to the optic nerve and optic nerve head: 
Intraocular view IA). lateral view 16). and sagittal view Ie) of optic nerve head . Short posterior 
ciliary arteries supply centripetal capillary beds of the anterior optic nerve head. The central 
retinal artery (eRA) contribution is restricted to nerve fiber layer capillaries and capillaries of 
the anterior intraorbital optic nerve. Capillary beds at all levels drain into the central retinal vein 
(CRV). Key: A= arachnoid. Ch = choroid. ColBr = collateral branches. 0 = dura. LC = lamina 
cribrosa, NFL = surface nerve fiber layer of disc, 00 = optic disc. ON = optic nerve, P = pia , 
PCiIA = posterior ciliary artery. R = retina. RA = ret inal arteriole,S = sclera, SAS = subarach
noid space. (Reproduced from Hayreh 55. The blood supply of the optic nerve head and the evaluation o( It- myth 

and reaMy. Prog Retln Eye Res 2001 ;20(5):563-593,) 

fo rm a variably complete anastomotic ring (known as the circle of Zillll- Haller) around 

the optic disc, which is also supplied from the peripapillary choroid and the term inal 
branches of the pial network. 

Collateral branches from termi nal branches of the infraorbital artery and the super
ficia l temporal artery help to supply the lower and upper eyelids and may also provide 
collate ral supply to the anterior segment. These collaterals may be interrupted if the con
junctiva and Tenon capsule are removed from the li mbus during ocular surgery. 

Dista) to the origi n of the ophthalm ic artery, the intradural supracJ inoid ICA gives 

off the anterior choroidal artery and anastomoses with the prox.imal posterior cerebral ar
tery through the posterior comnnmicating arteries. The anterior choroidal artery supplies 
blood to the opti c t ract and distally to the late ral gen iculate (F ig J - J J). Injury to the an 
terior choroidal artery can produce the optic tract syndrome. consisting of contralateral 
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Figure '·11 The relat ionship of the lateral geniculate nucleus to nearby structures and its 
blood supply. Key: AChA ~ anter ior choroidal artery, BC ~ brachium conjunctivum, CerePed ~ 
cerebral peduncles, ICA ~ internal carotid artery, LGN ~ lateral geniculate nucleus, MCA ~ 
middle cerebral artery, MGN:::: medial geniculate nucleus, ON = optic nerve, PCA = posterior 
cerebral artery, PCoA = posterior communicating artery, PLChA = posterior lateral choroidal 
artery, Pulv = pulvinar, RN = red nucleus, SeA = superior cerebellar artery, Seol =: superior 
collieulus. (Illustration by Craig A. Luce.) 

homonymous hemianopia, contralateral band atrophy of the optic disc, and a contralat
eral relat ive afferent pupillary defect (see Chapter 4), The ICA gives off the anterior cere
bral artery and terminates as branches of the middle cerebral artery, The proximal anterior 
cerebral arteries (A I segment) cross over the optic nerves and join via the anterior com
municatillg artery. The combination of the anterior and posterior comrnu nicating arter
ies makes up the circle of Willis, which permits coUateral now between the carotid and 
vertebrobasilar systems when there is vascular compromise. Small perforating branches 
arising fro m the proximal anterior cerebral artery (as weLl as the anterior communicating 
artery) supply the intracranial optic nerves and the chiasm, More distall y, the an terior 
cerebral ar tery divides into frontal, fro ntopolar, paracallosal, and pericallosal branches, 
Although the afferent visual pathways are spared with distal anterior cerebral artery oc
clusion, the premotor areas of the frontal lobes responsible for in it ia ling saccades are sup
plied by branches of the anterior cerebral artery. Thus, patients with acute occlusion of 
the anterior cerebral artery may have a transient gaze preference and di ffic ulty init iating 



CHAPTER 1: Ne uro-Ophth almi c Anato my . 2 1 

saccades to the contralateral side, although this is more commonly encountered following 
m iddle cerebral artery territory lesions. 

The middle cerebral artery divides into several branches, which supply the temporal 
lobe, parietal lobe, and superficial portions of the frontal lobe and occipi tal lobe. The 
branches that are important to the visual pathways include those supplying the optic radi
ations as th ey traverse the deep whi te matter of the parietal and temporal lobes. Terminal 
branches of the middle cerebral artery also variably supply the occipi tal tip represent
ing the macula. Th is supply is chiefl y responsible fo r the perimetric fin ding of macular 
sparing in the setti ng of posterior cerebral or calcarine artery occlusion (see Fig 4-35, in 
Chapter 4). In add ition to the afferent pathways, the middle cerebral artery supplies the 
middle temporal region, which is critical in v isually guided pursuit movements. Lack of 
blood supply can thus cause problems with ipsilateral pursuit or asymmetry in optokinetic 
nystagmus (OKN) as the d rum is rotated toward the side of the infarct. 

Blood supply to the posterior aspect of the intracranial contents begins with the aortic 
arch. The right vertebral artery arises fro m the innominate artery; the left vertebral artery 
begins as a branch off the prox imal subclavian artery. The vertebral arteries travel through 
a series of fo ram ina in the lateral aspects of the cervical vertebral processes. After pen
etrating the dura at the foramen magnum, the vertebral arteries give rise to the posterior 
inferior cerebellar artery before joining to for m the basil ar artery (F ig 1-12). The posterior 
inferior cerebellar arteries represent the most caudal of the major circumferential arteries 
that wrap aroun d the brainstem. Proximally, the posterior infe rior cerebellar and basi
la r arteries fi rst give off branches that perfo rate the medial portion of the brainstem at 
the medullary level; the paramedian branches that follow supply the lateral aspects of the 
brainstem. Distally, the posterior inferior cerebellar artery supplies the inferior cerebel lum, 
including the fl occulus and nodulus, which (together as the vestibulocerebellum) are inti
mately involved in eye movements. Vertebral artery or posterior inferior cerebellar artery 
occlusion is associated with Wallenberg latera l medullary syndrome, which manifests as 
ipsilateral Horner syndrome; skew deviation; CNs V, IXIX paresis; and contralateral body 
numbness (see Chapter 2, Fig 2-5). There is no extremity weakness with the syndrome. 

The second set of ci rcum ferential arteries is the anterior inferior cerebellar arteries. 
These arteries arise from the caudal bas ilar artery and supply the area of the pontomed
ullary junction of the brainstem, as well as the cerebellum, distally. A large proxim al 
branch of the anterior inferior cerebellar arteries, the internal auditory artery, supplies 
the CN Vlll complex in the subarachnoid space and follows it into the internal auditory 
canal. 'Termi nall y, the internal auditory artery branches into the anterior vestibular artery 
(supplying the anterior and horizontal semicircular canals and the utricle), the posterior 
vestibular artery (supplying the posterior semicircula r canal and the saccule plus part of 
the cochlea) , and the cochlear artery. 

Along the course of the basilar artery, small perfo rators arise directly to supply por
tions of the pons and midbrain. The branches off the basilar are divided into median 
or paramedian vessels and short circumferential branches. The median perforators are 
particularly important, as they supply the medial longitudi nal fascicul us, the paramedian 
pontine formation, and the medially located nuclei of CNs III , IV, and VI. Interruption 
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Figure ' -' 2 Vertebrobasi lar arterial system and major arteries with common variations of the 
cortical branches of the posterior cerebral artery. A, Lateral view. B, Anteroposterior view. Ver
tebral artery (VA) and basilar artery (BA) branches: anterior inferior cerebellar artery (AICereA), 
posterior inferior cerebellar artery (PICereA), superior cerebellar artery (SCereA). Posterior cere
bral artery (PCA) and its branches: calcarine artery ((alcAI. parieto-occipital artery (ParOccipA), 
posterior choroidal artery (PChA), posterior temporal (PTempA), posterior communicating ar
tery (peoA). (llIusrrarion by Dave Peace.) 
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of these branches (which occurs commonly with vertebrobasi lar atherosclerotic disease 
or emboli to these endarteries) often affects these pathways. producing variable ophthal
moplegia, internuclear ophthalmoplegia, and skew deviation. Pontine branches of the 
basilar artery also supply the prmlimal portions of the cranial nerves (particularly the 
trigemi na l) as they exit. 

The distal 2 sets of circumferential arteries consist of the superior cerebellar arteries fol 
lowed by the posterior cerebral arteries, representing the terminal branches of the basilar 
artery at the level of the midbrain. Perforators from the proxi mal superior cerebellar arteries 
partia ll y supply the third nerve nucleus and its fascicles. In addition, small branches often 
supply the trigem inal root. The tentorium, sepa rati ng the posterior cranial fossa below, 
opens to pass the midbrain between these 2 arteries. The third nerve exits between the su
perior cerebellar arteries and the posterior cerebral arteries, where it may be compressed. 

Proximally (PI segment), perforators from the posterior cerebral arteries (including 
the median thalamostriate branches and the lateral choroidal arteries) supply rostral por
tions of the midbrai n involved in vertical gaze and part of the lateral geniculate. A large 
branch, the artery of Percheroll. often supplies both sides of the midbrain from I posterior 
cerebra l artery. Because thalamostriate arteries originate from P I, infarcts related to the 
internal carotid- middle cerebral artery spare the thalamus. The P I segment ends with the 
posterior communicating artery, which joins the vertebrobasilar circulation to the carotid 
anteriorly. The connecting artery parallels the course of CN III , wh ich explains the high 
frequency ofthi rd nerve palsy with aneurysms of the posterior communicating artery (see 
Chapter 8). As the distal posterior cerebral artery courses around the brainstem, it gives 
off a parieto-occipital branch before terminating in the calcar ine branch, which supplies 
the primary visual cortex (Fig 1-13). 

Venous System 

Although discussed less often. the venous system is also critical to normal functioni ng of 
the visual pathways. Ocu lar venous outflow begi ns in the arcade retinal veins. which exit into 

Upper branch 
Lower branch 

@ 

Figure 1-13 The occipi tal cortex and its blood supply. Areas VI, V2, and V3 keyed by color. 
CatcA = calcarine artery. CC = corpus callosum, MCA = middle cerebral artery, PCA = posterior 
cerebral artery. (lIIuSfratlon by Craig A. Luce.J 



24 • Neuro-Ophthalmology 

the central retinal vein and in the choro idal veins, which exit the sclera through the vortex 
veins. Anteriorly, the episcleral venous plexus collects both blood fro m the anterior uveal 
ci rculation and aqueous percolating th rough the Schlemm ca nal. These 3 primary venous 
drainage pathways (Fig 1-14) empty main ly into the superior ophthalmic vein, which runs 

A 

Figure 1·14 Venous drainage of the orbit. A, Lateral view of venous drainage of the orbit and 
adjacent plexus. B, Anterolateral view. 

(contmued) 
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c 
Figure 1-14 C, Superficial venous structures of the eyelid . Key: aev = anterior collateral vein, afv= 
anterior facial vein, av :::: angular vein, eN:::: central retinal vein, es = cavernous sinus, iopv:::: in ferior 
ophthalmic vein, iov = infraorbital vein, ipv:::: inferior palpebral vein, ir :::: inferior root of superior 
ophthalmic vein, Iv:::: lacrimal vein, mb:::: muscular branch, mcv = medial collateral vein, mopv = 
medial ophthalmic vein, nb:::: nasal branch, pp = pterygoid venous plexus, psav = posterior superior 
alveolar vein, sopv:::: superior ophthalmic vein, sov = supraorbital vein, spv = superior palpebral 
veins, sr:::: superior root of superior ophthalmic vein, stv:::: supratrochlear vein, w :::: vena vorticosa 
(superior lateral and medial vorticose veins; in feri or lateral and media l vorticose veins). (Reproduced 

wirh permission from Roorman J, Stewart B, Goldberg RA. Orbital Surgery: A Conceptual Approach. Philadelphia: Llppincott

Raven; 1995.) 

posteriorly wi thin the superior medial orbit to the orbital apex, where it crosses laterally 
to enter the cavernous sinus posterior to the superior orbital fi ssu re. 

Microscopic collatera ls variably exist between these venous beds. In rare instances, 
shunts connecting retinal veins to choroidal veins may be seen within the retina. More 
commonly (usually in association with central retinal vein occlusion or optic nerve sheath 
meningioma) , optociliary shunt vessels (retinochoroidal collateral vessels) may appear on 
the disc surface. At a more macroscopic level, the superior ophthalmic vei n is variably con
nected anteriorly to the angular and facial veins and inferiorly to the inferior ophthalmic 
vein and pterygoid venous plexus. These collaterals may become important, particularly in 
the setting of elevated venous pressure (usually related to a carotid cavernous fi stula). 

Intracranially, the superfici al cortical venous system drains mainly superiorly and me
? ially to the superior sagittal sinus runni ng in the sagittal midline (Fig 1-15) . In addition 
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Figure 1-15 Illustration of the cerebral venous sinus system. (Illustration by Chrrsrine Gralapp.) 

to the cortical drainage, the superior sagittal sinus absorbs CSF through the arachnoid 
villi and the pacchionian granulations. Thus, obstruction to venous outflow results in 

decreased CSF absorpt ion and elevated intracrania l pressure. The superior sagittal sinus 
runs posteriorly to terminate at the torcular Herophili (confluence of the veno us sinuses) 
at the level of the tentorium separa ting the cerebellum from the occipi tal lobes. The tral1s
verse sinuses run anteriorly fro m the connection of the tentorium and the sku ll to the 
petrous pyramid, where they turn to run caudally as the sigmoid sil1us down to the jugular 
bulb, where the il1 ternal jugular vein ex its the skull. 

Inferior superficial cortical venous drainage is carried directly down to the transverse 
and sigmoid sinuses through the veil1 of Labbe and the basilar veil1 of Rosenthal. The deep 
drainage of the supratentorial diencephalo n and mesencephalon begins as deep draining 
veins (often in relationship to the ventricular system). These drain together to form the 
vein of Galen, which runs posteriorly to drain into the straight sinus. This runs within the 

tentorium to drain, along with the superior sagittal sinus, into the torcular HerophilL 
Some anterior cerebral veno us drainage may access the cavernous sinus. The 2 cavern 

ous sinuses are jOined by variable connections through the sella and posteriorly through 
a plexus of ve ins over the clivus. The cavernous sinus drains primarily caudally into the 
jugular bulb via the inferior petrosal sinus, which traverses the Dorello canal with CN VI 
under the petroclinoid ligament. Alternatively, drainage may be lateral along the petrous 
apex through the superior petrosal sirIUS to the junction of the transverse and sigmoid 
sinuses (Fig 1- 16). Small veins may drain through the foramen rotundum and forame n 
ovale as well as through the pterygoid plex us to anastomose with the faCial venous system 
(external jugular veil1). 

Veins of the eyelids anastomose medially between the angular vein and branches of 
the superior ophthalmic vein (pa rticularly at the superior med ial orbit in the region of 
the trochlea). Facial veins drain inferiorly and laterally to form the external jugu lar vei n, 
which eventually joins the internal jugular in the neck. 

Kupers11lith MJ. Neurovascular Neuro-Ophthalmo[ogy. New York: Springer- Verlag; 1993. 
Lasjaunias P, Berenstein A, tel' Brugge KG. SlIrgical Nellroallgiography. 2nd cd. Vol I. Clinical 

Vascular Anatomy (md Varifltio1lS. New York: Springer; 2001. 
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Figure 1·16 Anatomy of the cavernous sinus dra inage system. (Illustration by Christine Gralapp.J 

Nolte J. The Human Brain: All Introduction 10 Its Fun ctional AllatOIllY. 5th ed. 5t Louis: Mosby; 

2002. 

Rootman J, Stewart B, Goldberg RA. Orbital Surgery: A Conceptual Approach. Philadelphia: 

Lippincott; \995 . 

Afferent Visual Pathways 

It is important to recognize that any disturbance in afferent function may result in the 
same complaints of visual loss seen with pathology affecting the retina, optic nerve, and 
visual pathways (Fig 1- 17). 

Retina 

The posterior segment trans duces the focused electromagnetic image photochemically 
into a series of impulses. (The anatomy of the retina is covered in more detail in BeSe 
Section 2, Fundamentals and Principles of Ophthalmology, and Section 12, Retina and Vit
reous.) Photochemical transduction takes place within the outer segments of the rods (ap
proximately 80- 120 million, distributed uniformly over the reti na except at the fovea) and 
cones (approximately 5- 6 mi llion, with a peak distribution at the fovea and approximately 
50% within 30") . The absence of retinal receptors over the optic disc creates a physiologic 
scotoma (the blind spot), located approximately 17" from the fovea and measuring ap
proXimately 5° x 7°. Cones are divided into 3 subgroups according to the presence of , 
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Figure 1-17 Basal view of the brain showing the anterior and posterior visual pathways. (/Ilustra

rion by Dave Peace.) 

pigments. with peak sensitivity to red. green. or blue wavelengths. The blue cones (the 
smallest subpopulat ion) are. like the rods. absent at the fovea. The fovea (approximately 
1.5 mm or I disc diameter) is located approximately 4 mm (or 2.5 disc diameters) from 
and 0.8 mm lower than the optic d isc. The retina measures approximately 2500 mm' in 
surface area and is between 100 and 250 ~lIn thick. 

The choroid. the extremely vascular posterior extension of the uvea, lines the sclera 
and supports the Single-cell-layer retinal pigment epithelium (RPE). The RPE is in direct 

contact with the retin al photo receptors and is responsible for metabolic support as well as 
regenerat ion of the chromophore Il -frans- retinal to the cis form to resto re receptor sen
sitiv ity. The impu lses that make up th e optica l Signal originate in the gangli on cells within 

the inner retina. Between the Quter and inner retinal layers, the retinal Signal starting in 
the rods and cones is processed primarily through the bipolar ceUs that connect the pho
toreceptors to the ganglion cells. Most ganglion cells can be subd ivided into small P cells 
(parvocellLllar, accounting for 80%) and larger M cells (magnocellular. approximately 5%-
10%). The P cells are concerned with color perception and have small receptor fields and 
low contrast sensitivity. The M cells have larger receptor fi elds and are more responsive to 
luminance contrast and motion. A newly described subset of re tinal ga nglion cells (RG Cs) 
are melanopsin -containing. intrinsically photosensit ive retinal ganglion cells (ipRGCs). 
which have very large receptive fi elds and project to extrastriate areas. 

Horizontal, amacrine. and interplexiform cells (which communicate horizonta lly be
tween neighboring cells) permit signal processi ng within the retinal layer. Physiologically. 
this processing includes the center-surround system that underlies response preferentially 
to dots of light. edges of light. oriented edges. and moving oriented edges at progressively 
more complicated levels of interaction. In addition. the color-opponent system (red and 
green. blue and "yellow") permits color appreciat ion across the vis ible spectrum. The glial 
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support cell s-Muller cells and astrocytes-also affect image p rocessing and probably play 
a metabolic role as well. 

One of the primary anatomical features of retinal organization in the primate is the 
var iable ratio of photoreceptor cells to ganglion cells. The ra tio is highest in the periphery 
(at more than 1000:1) and lowest at the fovea (where a ganglion cell may receive a signal 
from a single cone). Thi s ratio underlies the increase in receptor field with increasing 
eccentricity and the maximal spatial resolutio n at the fove a. Ganglion cell density in the 

macula is approximate ly 60 times that in the periphery. This "central weighting" of neu
ral tissue continues throughout the afferent visual system . In the cortex, the number of 
cells responding to foveal stimulation may be 1000 times the number associated with pe
ripheral ac tivity. Because of the increased density of ganglion cells centrally (69% within 
the central 30°), the bipolar cells are oriented radially within the macula. This radial ar
rangement of the axons of the bipolar cells (the Henle layer) is responsible for fluid ac
cumulation in a star-shaped pattern. Multiple neurotransmitters are present in the retina, 
including primarily glutamate but also gamma-aminobutyric acid (GABA), acetylcholine, 

and dopamine. 
The other critical anatomical feature of the retina is the location of the optic disc and 

the beginning of the optic nerve nasal to the fovea. Thus, although ganglion cell fibers 
coming from the nasal retina can travel uninterrupted directly to the disc, those coming 
from the temporal retina must avoid the macula by anatomically separating to enter the 
disc at either the superior or the inferior pole (Fig 1-18). This unique anato my means that 
some of the nasal fibers (nasal within the macu la) enter the disc on its temporal side (pap
illomacular bundle). Foc.lloss of the nerve fiber layer may be seen as grooves or slits or as 
refl ections paralleling the retinal arterioles where the internal limiting membrane drapes 
over the vessels, whereas diffuse nerve fiber layer loss is often more difficult to detect and 

brings the retinal vessels into sharp relief. 

Optic Nerve 

The optic nerve begins anatomically at the optic disc but physiologically and functionally 
within lhe ganglion cell layer that covers the entire retina. The first portion of the optic 
nerve, representing the confluence of approximately 1.0-1.2 million ganglion cell axons, 
traverses the sclera through the I.m ina cribrosa, which contains approximately 200-300 

channels. The combination of small channels and a unique blood supply (largely from 
branches of the posterior ci lia ry arteries) probably plays a role in several optic neurop
ath ies. The axons of the optic nerve depend on metabolic production withi n the gan
glion cell bodies in the retina. Axonal transport-both anterograde and retrograde-of 
molecules, subcellular organelles, and metabolic products occurs along the length of the 
optic nerve and is an energy-dependent system requiring high concentrations of oxygen. 
The anterograde axonal transport system can be divided into slow, intermediate, and fast 
speeds. Components of the axonal cytoskeleton (microtubules, neurofilam ents, and micro
fil aments) are important for slow and fast anterograde transport. Different motor proteins 
are needed for anterograde and retrograde axonal transport. The axonal transport system 
is sensitive to ischem ic, inflammatory, and compressive processes. Interruption of axonal 
transport, from whatever cause, produces swelling, or disc edema, at the optic disc. 
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Figure 1-18 A, Pattern of the nerve fiber layer ofaxons from ganglion cells to the optic disc. 
Superior. inferior. and nasal f ibers take a fairly straight course. Temporal axons originate above 
and below horizontal raphe (HR) and take an arching course to the disc. Axons arising from 
ganglion cells in the nasal macula project directly to the disc as the papillomacular bundle (PM) . 
S, Lesions involving the decussating nasal retinal fibers, represented by the dashed red fine, 
can result in bow-tie atrophy. C, Artist's schematic depiction of damage to nasal and macular 
fibers of the retina and patterns of nasal and temporal opt ic nerve atrophy (represented by 
red outlined triangles) corresponding to damage to crossing nasal fibers. Therefore, band, or 
bow-tie, atrophy occurs with loss of nasal macular and peripheral fibers in the contralateral 
eye of a patient with a pregeniculate homonymous hemianopia or a bitemporal hemianopia . 
D, Clinical photograph of a right optic nerve demonstrating bow·t ie atrophy. (Part A reprinted (rom 

Kline LB, Foroozan R, eds. OptiC Nerve Disorders. 2nd ed. Ophthalmology Monograph 10. New York: Oxford UniverSity 

Press, in cooperation with the American Academy of Ophthalmology; 2007:5; part 8 illustratton by Christine Gralapp; part 

C courtesy of Neil M iller, M O; part 0 courtesy of Lanning Kline, MD,) 

Just posterior to the sclera. the optic nerve acquires a dural sheath that is contigu
ous with the periorbita of the optic cana] and an arachnoid membrane that supports and 
protects the axons and is contiguous with the arachnoid of the subdural intracranial space 
through the optic canal. This arrangement permits a free circulat ion of CSF around the 

optic nerve up to the optic disc. Just poste rior to the lamina cribrosa. the optic nerve also 
acquires a myelin coating. which increases its diameter to approximately 3 mm (6 ml11 in 
diameter, including the optic nerve sheaths) from the 1.5 mm of the optic disc. The myelin 
investment is part of the membrane of oligodendrocytes that join the nerve posterior to 

the sclera. 
The intraorbital optic nerve extends approx imately 28 mm to the optic canal. The 

extra length of the intraorbital optic nerve allows unimpeded globe rotation as well as 
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axial shifts within the orbit. The central retinal artery and vein travel within the anterior 
10-12 m l11 of the optic nerve. The central reti nal artery supplies only a minor portion 
of the optic nerve circulation; most of the blood supply comes from pial branches of the 
surrounding meninges, which is in turn supplied by small branches of the ophthalmic 
artery (see Fig 1-10) . Topographic (retinotopic) representat ion is maintained throughout 
the optic nerve. Peripheral retinal receptors are fo und more peripherally, and the papil
lomacular bundle travels temporally and increasingly centrally withi n the nerve. 

As the optic nerve enters the optic canal, the dural sheath fuses with the periorbita. 
It is also surrounded by the annulus of Zinn, which serves as the origin of the 4 rectus 
muscles and the superior oblique muscle. Within the canal, the optic nerve is accompa
nied by the ophthalmic artery in fe riorly and sepa rated from the superior orbital fissure 
by the optic st ru t (the lateral aspect of the lesser wi ng of the sphenoid), which terminates 
superiorly as the anterior cli noid. Mediall y, the optic nerve is separa ted from the sphenoid 
sinus by bone that may be thin or even dehiscent. The optic canal normally measures ap
proximately 8- 10 mm in length and 5- 7 mm in width but may be el ongated and narrowed 
by processes that cause bone thicken ing (fibrous dysplasia, intraosseous meningioma). 
The canal runs superiorly and medially. Within the canal, the optic nerve is relatively an
chored and can easily be injured by shearing forces transmitted from blunt facial trauma 
(see Chapter 4). 

At its intracranial passage, the optic nerve passes under a fol d of dura (the falcifo rm 
ligament) that may impinge on the nerve, especially if it is elevated by les ions arising from 
the bone of the sph enoid (tubercul um ) or the sella. Once it becomes intracranial, the optic 
nerve no longer has a sheath. The anterior loop of the carot id artery usually lies just below 
and temporal to the nerve, and the proximal anterior cerebral artery passes over the nerve. 
The gyrus rectus, the most infe rior portion of the frontal lobe, lies above and parallel to 
the optic nerves. The 8- 12 mm intracranial portion of the optic nerve terminates in the 
optic chiasm. 

Optic Chiasm 

The optic chiasm measures approximately 12 mm wide, 8 mm long in the anteroposterior 
direction, and 4 mm thick (Fig 1-19). It is inclined at almost 45" and is supplied by small 
branches off the proximal anterior cerebral and anterior commun icating arteries. The chi
asm is located just anterior to the hypothalamus and the anterior third ventricle (formi ng 
part of its anterior wall and causing an invagination) and approximately 10 mm above the 
sella. The exact location of the chiasm with respec t to the sella is va ri able. Most of the tim e 
it is d irectly superior, but in approximately 17% of individuals it is anterior (prefi xed), and 
in approximately 4% it is poste rior (postfixed) (Fig 1-20). 

Within the chiasm, the fibers comi ng from the nasal reti na (approxim ately 53% of 
total fibers) cross to the opposi te side to join the corresponding contralateral fib ers. The 
inferior fibers (subserving the superior visual field) are first to cross. Evidence suggests 
that the anter ior loop of fibers into the contralateral optic nerve (Wilbrand knee) may be 
an arti fact; however, the findi ng of a supe rior temporal visual field defect contralateral to 
a central scotoma is helpfu l cl inically ill localizi ng pathology to the junction of the opt.ic 
nerve and chiasm. The macular fi bers tend to cross posteriorl y within the chiasn1 ; this 
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Figure 1-19 Anatomical dissection of the optic chiasm and surrounding structures. A, Sagittal 
view. B. Superior view. (Courtesy of Albert L RholOn. Jr; MD.) 

arrangement underlies the bitemporal scotomatous field defects seen with posteri or chi 
asmatic compression. 

Optic Tract 

The fi bers exiting from the chiasm proceed circumferentially around the diencephalon 
lateral to the hypothalamus and in contact with the ambient cistern (see Fig I- II ). Just 
prior to the lateral geniculate. the fibers involved in pupillary pathways exi t to the pretectal 
nuclei; other fibers exit to the superficial layers of the superior collieulus via the brachium 
of the superior colliculus. These fibers originate from intrinsically photosensitive retinal 
ganglion cells (ipRGC) and are likely the sole source of pupillomotor input fro m the ret ina 
to the midbrain . These ipRGCs also project to the suprachiasmatic nucleus of the hypo
thalamus. which is probably responsible for light-induced diurnal rhythms. 

T he incongruous nature of optic trac t visual fi eld defects is explained by the lack 
of cl ose proximi ty between correspo nding fibe rs from the right and left eyes. Most 
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Figure 1-20 Position of the optic chiasm in relationship to the tuberculum sella. (lIIuslfallon by 
Dave Peace.) 

of the axons that originated in the ret inal ganglion cells terminate within the lateral 
geni culate. 

The lateral geniculate nucleus is located in the poste rior thalamus below and lateral to 
the pu lvi nar and above the lateral recess of th e ambient cistern. This peaked, mushroom
shaped structure is divided into 6 levels. The 4 superior levels are the termin i of P-cell 
axons, which are the ganglion cell s with smaller receptive fields that are responsible for 
med iat ing maximal spatial resolution and color perception. The 2 inferior layers receive 
input from the M-cell fibers, which are the ganglion cells with larger receptive fields that 
are more sensitive to detecting 1110tion. Axons originating in the cont ralateral eye ter
minate in layers I, 4, and 6; the ipsilateral fibe rs innervate 2, 3, and 5. As the fibers ap
proach the lateral geniculate, the superior fibers move superomedially and the inferior 
fibers swing inferolaterally. Overall, the retinal representation rotates almost 90°, with the 
superior fibers moving medially and the inferior fibers laterally. The macular fibers tend 
to move superolaterally. Cortical and subcortical pathways may modulate activity Ul the 
lateral geniculate. In addition, the cortex, superior colliculus, and pretectal nuclei project 
back to the lateral geniculate. 
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Cortex 

Following a synapse in the lateral geniculate nucleus, the axons travel posteriorly as the 
optic radiat ions to terminate in the primary visual (calcarine) cortex in the occipital lobe 
(Fig 1-2 1). The most in ferior of the fibers first t ravel an teriorly, then laterally and posteri 
o rly to loop around the temporal horn of the lateral ventricles (Meyerloop) (see Fig 1- 17). 

More superiorly, the fibers travel posteriorly through the deep white matter of the parietal 
lobe. The macular (central) fibers course late rall y, with the peripheral fibers concentrated 
more at the superior and inferior aspects of the radiat ions. Injury to fibers within the 

radiatio ns produces a homonymous hemianopia. a contralateral visual fi eld defect that 

respects the vertical midline. If the corresponding fibers from the 2 eyes are in close prox
imity, the field defect is identical in each eye (congruous). Congruous field defects occur 
with les ions involving the calcarine cortex . More anterior involvement often produces 

incongruous field defects, suggesting that the corresponding fibers lie farther apart more 
ante ri orly in the visual pathways. 

The primary visual cortex (known vario ll s ly as V I) striate cortex, or Brodmann area 17) 
is arrayed along the horizontal calcarine fiss ure, which divides the medial surface of the 

occipi tal lobe. Fibers of the optic radiations term inate in the fourth of the 6 laye rs in the 
primary visual cortex. This layer, the lamina gmll/,/!aris ill lerna, is fu rther subdivided into 

3 layers: 4A, 4B, and 4C (4C, also known as the line ojGel1l1ari, gives rise to the name stri
ate cortex). P-cell input terminates mainly in 4CP (the lower half of 4C), whereas M-cell 
fibers project mainly to 4Ca. The macular fibers term inate more posteriorly. Fibers from 

the most lateral (temporal crescent) visual fi eld (originating only in the contralateral eye) 
terminate most anteriorly. 

The cortex is heavily weighted to central ret inal ac tivity, with 50%~60% of the cortex 

responding to activity within the central 10· and approximately 80% of the cortex devoted 
to macular activity (within 300

). The superior portion of the cortex continues to receive 

information from the inferior visual field in a retinotopic distribution. Th is retinotopic 
mapping throughout the afferent visual pathways allows lesions to be local ized on the 
basis of visual field defects. 

Neurons wi thin the striate cortex may be separated into 3 types: simple, complex, and 

end-stopped, based on their receptive fi eld properties. The simple ceUs respond optimally 
to specifically oriented light~dark borders. The com pl ex cells respond maXi mally to o ri 
ented motion of the light~dark interface. The end -stopped cells decrease firing whe n the 

stimulus reaches the end of the cell 's recept ive fie ld. Some s imple cell s may receive input 
fro m 1 eye, whereas complex cells, end-stopped cells, and other simple cells receive bin 
ocular information (from corresponding retinal ganglion cells from both eyes). The pref

e rence for information comi ng from I eye or the other may be seen as ocular dom inance 

columns, which run perpendicularly to the cortica l su rface within the ca lcarine cortex. 

In addition to eye-specific columns, the cortex is also marked by orientation-preference 
columns. 

The paraslriate corlex (also called V2, or Bmdl11ann nrea /8) is contiguous with the 
primary visual cortex and receives its input fro m V 1. Area V3 lies primarily in the poste

rior parietal lobe and receives direct input from V I. V3 has no sharp histologic delin eation 
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Figure 1-21 A, Left occipital cortex showing the locat ion of striate cortex within the calcarine 
fissure (runnmg between arrows!. The boundary (dashed line) between striate cortex IV1) and 
extrastriate cortex (V2) contains the representation of the vertical meridian. B, View of striate 
cortex after the lips of the calcarine fissure are opened. Dashed lines indicate the coordinates 
of the visual field map. The representation of the horizontal meridian runs approximately along 
the base of the calcarine fissure . Vertical dashed lines mark the isoeccentricity contours from 
2.50 to 40°. Striate cortex wraps around the occipital pole to extend about 1 em onto the lateral 
convexity of the hemisphere, where the fovea is represented. C, Schematic flattened map of 
the left striate cortex shown in part B representing the right hemifield. The row of dots shows 
where st riate cortex folds around the occipital tip. The black oval marks the region of striate 
cortex corresponding to the contralateral eye's blind spot. HM ~ horizontal meridian. 0 , Right 
visual hemifield, plotted with a Goldmann perimeter The stippled area corresponds to the 
monocular temporal crescent. which is mapped in the most anterior -8% of striate cortex. (Re

prin ted with permission from Horton JC, Hoyt WF. The representa tion of the visual field In human striate cortex: a reviSion 

of the classic Holmes map. Arch Ophthalmol. 1991; 109:822. Copynght 199', American Medical Association.) 
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from V2 and sends efferent information to the basal ganglia (pulvinar) and the midbrain. 
Cells in this area are thought to be capable of respond ing to more than one stim ulus di
mension, suggesting that visual integration occurs in this region. V3a, identified as hav
ing a separate reti notopic representation, receives its input from V3. CeLI s in this area are 
mostly bi nocularly driven and are sensit ive to motion and direction. V 4, located within 

the lingual and fusiform gyrus, seems to be particularly sensitive to color. Damage to this 
area is probably responsible for most cases of cerebral achromatopsia. Anterior and lateral 
to area V4, V5 (posterior and within the superior temporal sulcus and gyrus subangularis) 
is very sensitive to movement and direction (Fig 1-22). The underlyi ng white matter is 
heavily myelinated. The V5 area, which corresponds to the med ial temporal visual region, 
receives ipsilateral input from V I and direct input from the M-celliayers of the lateral 
geniculate. The neurons here encode the speed and d irect ion of moving st imuli. This sen 
sory area is li kely the origin of pursuit movements and thus links the afferent and effer
ent pathways. Compared with those of V I, the receptive fields are larger. One additional 
associat ive area, V6 (located medially in the parietal cortex adjacent to V3a), is thought 
to have representation of "extrapersonal space:' The superior colliculus receives afferent 
input both directly from the anterior visual pathways and secondarily from the calcarine 

Visuovisual 

.... t .... Occipitoparietal 
II1I(I "Where" pathway 

.... t .... Occipitotemporal 
~ "What" pathway 

Visual 
cortex 

Figure 1·22 Parallel visual processing pathways in the human. The occipitotempora l, or 
"what ," pathway begins in the striate cortex (V1) and projects to the angular gyrus for lan
guage processing, the inferior tempora l lobe for object identification and limbic structures . The 
occipitoparietal, or "where," pathway begins in the striate cortex and projects to the posterior 
parietal and superior temporal cortex, dealing with visuospatia l analysis. FEF = frontal eye 
f ield, PMC = premotor cortex, PPC = posterior parietal cortex. (Modified from Kline LB. Neuro-Ophtha l

mology Review Manual. 6th ed. Thorofare, NJ: Slack; 2008:235.} 
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cortex. The superficial layers contai n a retinotopic map that overlies the deeper layers, 
which are primarily concerned with saccadic generation. 

Horton Je. Wilbrand's knee of the primate optic chiasm is all artifact of monocular enucle

ation. Tram Am Ophtha/lllol Soc. 1997;95:579-609. 

Trobe }D. The Neurology oj Visioll. New York: Oxford University Press; 200 I. 

Efferent Visual S stem (Ocular Motor Pathwa sl 

OUf understanding of the anatom ica l pathways of the ocular motor system is incomplete. 
Nevertheless, detailed anatomical, physiologic, and pathologic knowledge of the ocular 
motor system has increased dramatica lly over the past several years due to results derived 
from primate model experiments, human electrophysiology testing, functiona l magnetic 
resonance im aging (tM RI) studies, and the c1i nical -pathologic-radiologic correlat ion of 
patients with documented eye movement abnormalities. 

The ultimate purpose of the ocular motor system is to establish clear, stable, and bin
ocular vision. To perform these tasks. 2 basic hu man eye movements ex.ist: 

1. gaze shift 
2. gaze stabili zation 

These can be fur ther divided into 7 functional systems or classes (see Anatomy and Clini
cal Testing of the Functional Classes of Eye Movements in Chapter 7): 

I. vestibular 
2. visual fixation 
3. optokinetic 
4. smooth pursuit 
5. nystagmus quick phases 
6. saccades 
7. vergence 

Each system appears to be under the cont rol of-and modulated by-differe nt re
gions of the bra in (cortex) and brainstem, with considerable anatomical and functional 
overlap. This section provides an overview of the ocular motor system, with a detailed 
discllssion of particularly cl inically relevant structures. For interested readers, a compre
hensive description of the ocu lar motor system can be found in the outstanding textbook 
by Leigh and Zee (Leigh RJ. Zee OS. Th e Neurology of Eye Movements. 4th ed. New York: 
Oxford University Press; 2006.) To fa cilitate learning, the discussion is organized follow
ing a top-to-bottom approach: 

• cortical control of eye movements, including basal ganglion (BG), thalamus. and 
superior colliculus (SC) 
brainstem or premolar coordination of conjugate eye movements, including the 
vestibular-ocular system and cerebellum 
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ocular motor crania l nerves (oculomotor nerve [CN III [, trochlear nerve [CN IV] 
and abd ucens nerve [CN VlJ) 

extraocular muscles (EOMs) 

Cortical Input 

The efferent visual system spans a large segmen t of the central nervous system, with many 
areas of the brain generating eye movements (Fig 1-23)_ 

The following list of major anatomical structures and their functions helps set a 
foundation for discllssion of the pathways for coordinati ng conjugate eye movements 
(Fig 1-24): 

rostral interstitialllLleleus oj the Inediallongi tLldinal JasciculLls (riM LF): excitatory 
burst neu rons that generate vertical and torsional saccades 
interstitialllueleLls oJCajal (INC): inhibi tory burst neurons for vertical saccades and 
neural jntegrator for vertical and torsional gaze 

region oj riMLF nud INC: inhibitory burst neurons for vertical and tors ional 

saccades 
posterior col1llllisSllre (PC): projecting axons from INC to con tra late ral CNs III, IV, 
and VI, and the INC 
medial longitlldinal Jascicu lus (MLF): major pathway fo r relayi ng signals wi th in the 
brainstem 
nueleus raphe illterpositLls (RIP): omn ipause cells 
nueleus retiClilaris teglllen!i pOlitis (NRTP): long-lead burst cells 
dorsolateral pontine nuelei (DLPN): neurons for smooth pursuit 

/'Iueleus prepositus hypoglossi (NPH): neura l integrator fo r ho ri zo ntal gaze 

Middle 
frontal 
gyrus 

Dorsolateral 
prefrontal cortex 

SUPERIOR PARIETAL LOBULE 

I gyrus } INFERIOR 
;=~-Pa,-iet,aleye field PARIETAL 
~4<-A,noullor gyrus LOBULE 

\\---\rMST 

Striate cortex (V1) 

MT (V5) 

Figure 1-23 Overview of the cortical centers involved in the control of human eye movements. 
MST = medial superior temporal visual area, MT = medial temporal visual area. (Used With permiS
sion from Leigh RJ, Zee DS The Neurology of Eye Movements 4/h ed New York: Oxford University Press: 2006.) 
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h 

Figure 1-24 Sagittal section of monkey brainstem showing the location of the rostral intersti
tial nucleus of the medial longitudinal fasciculus (riMLF) and other structures important in the 
control of vertical and horizontal gaze. The shaded areas indicate the mesencephalic reticular 
formation (MRF), paramedian pontine reticular formation (PPRF), and medullary reticular for
mation (MedRF). Asterisks indicate the location of cell groups of the paramedian tracts, which 
project to the flocculus. Key: 11/ = oculomotor nucleus, IV = trochlear nucleus, VI = abducens 
nucleus, cg = central gray, h ::; habenular complex, INC = interstitial nucleus of Cajal, mamb = 
mamillary body, Mam T = mammillothalamic tract, MLF = medial longitudinal fasciculus, N III = 
rootlets of the ocu lomotor nerve, N IV = trochlear nerve, N VI = rootlets of the abducens nerve, 
N VII = facial nerve, nO = nucleus of Darkschewitsch, NRTP = nucleus reticularis tegmenti 
pontis. PC = posterior commissure, ppH = nucleus prepositus hypoglossi, sc = superior col
liculus, t = thalamus, TR = tractus retroflexus. (Modified from Leigh RJ. Zee OS. The Neurology of Eye 

Movements. 3rd ed. New York. Oxford Umverslty Press: 1999. Modified by C. H. Wooley.) 

• pontine paramedian reticular f ormation (PPRF): excitatory burst neurons that gen
erate horizontal saccades and inh ibitory bu rst neurons for horizontal saccades 
medullary reticuLar f Orlnation (MedRF): inhibitory burst cells for hori zontal gaze 
cell groups of paramedian tracts (PM Ts): neurons that project from the eN V I nu 

cleus to the cerebellum 
eNs IlL, I V and VL: neurons that project directly to EOMs 
"es libuLar nuclei (eN VIIL): neurons that project to saccade generators and ocular 
motor cra.nial nerves 
y-group cells: cells that project to eN III and IV nuclei for vert ica l smooth pursuit 
and vertical vestibular eye movements 
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Saccadic system 
The cortical, or supranuclear, input for generating saccadic eye movements is divided into 
2 parallel and interconnected descending pathways: visually refl exive (parietal lobe) move
ments and memory-guided and volitional (frontal lobe) movements. In general, these 

cort ical fibers project to the following structures in an organized fra mework (Fig 1-25): 

subcortical structures: SC, BG, and thalamus 
brainstem neural network or premolar neurons: several types of pontine neurons, 
including om nipause cells of the RIP and long-lead burst cells of the NRTP 
bra instem saccade generators: PPRF and riMLF 
motoneurons of the ocular motor cranial nerves: CNs Ill , IV, and VI 

(Note that few cortical fibers project directly to the PPRF and riMLE) 
VisuaLly gu ided movements require afferent system information either from the pri 

mary visual system and cortex or from the accessory affe rent system. The visually guided 
(to seen or remembered targets) and volitional saccadic supra nuclear input comes largely 
from the f rontal eye fi elds (FEFs, or Brodman" area 8). Cortical cells discharge prior to all 
voluntary and visually gUided contralateral saccades. Supplementary eye fields (SEFs)
located on the dorsomedial surface of the superior fro ntal gyrus- receive input from the 
FEFs and are responSible for programming saccades, particularly as part of learned be
havior. The FEF projects to the ipsilateral SC and many other areas, including the con
tralateral FEF, SEF, BG, NRTP, and RIP. Cortical projections to the SC also arise from 

Figure 1-25 Schematic illustration of the saccadic system showing the re levant cortical cen
ters for generating saccades, Note that this illustration is not meant to show al l the hypotheti
cal supranuclear pathways for the saccadic system. Key: BSG = brainstem saccadic generator, 
CN ~ caudate nucleus of the basa l ganglia, CS ~ cerebe llar structures, DLPC ~ dorsolateral 
prefrontal cortex, FEF = frontal eye field, PON = precerebeliar pontine nuclei , ppe = posterior 
parietal cortex, PVC = primary visual cortex, SC = superior coliiculus, SEF = supplementary 
eye field, SNr = substantia nigra pars reticulata. (Used wirh permission from Kline LB. Neuro-Ophthalmology 
Review Manual. 6th ed. Thorofare, NJ: Slack; 2008:49.) 
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the posterior parielal cortex (ppe), which is equi valent to the latera l intraparietal area in 
rhesus monkeys. The ppe is important in visuall y guided reflexive saccades. 

The SC is divided into a superficial (dorsal) and deep (ventral) part. The sensory sig
nal (input from the visual cortex and retina) is main ly processed by the superficial sc. The 
1110tor signal originates within the deeper layers (the stratum griscurn profundum and 
stratum album profundum) th at receive position in formation frorn the more superficial 
layers. The SC projects contralaterally to multiple locations throllghout the brainstem, 
most particularly to the RIP, NRTP, and DLPN. 

Both the parietal and frontal lobe supranuclear pathways travel main ly to the SCj few 
fibers connect directly to brainstcm prcmot'or neurons. The supranuclear pathways also 
go through the BG (caudate nucleus, putamen nucleus, and substantia nigra pars reticu 
late). The BG appears to have several roles in the saccadic system, including inhibiting 
unnecessary reflex ive saccades during fixation and helping in the control of voluntary 
saccades. 

Another important structure involved in the programming of sacca des is the thala
mus (internal medullary lamina and pulvinar). The thalamus receives information from 
the cortex and brainst.,,, and projects only to the cortex and BG. Therefore, the thalamus 
appears to relay messages from the brainstem to the cortical eye fields. 

For clinical disorders of saccadic dysfunction , see Clinical Disorders of the Ocu lar 
Motor System in Chapter 7. 

Smooth pursuit system 
It was once felt that saccadic and smoot h pursuit eye movements each derived from a 
distinct supranuclear pathway. However, it novl appea rs that considerable overlap exists 
between these systems. In addition, there are 2 major visual pathways. one for the move
ment of images (magnocellular: M cells) and the other for discrimination of images (par
vocellular: P ceUs). 

The smooth pursuit system for visua l targets originates in V5-the human homo
logue of lhe medial temporal (MT) visua l area in the rhesus monkey-where it receives 
input from the primary visual system. both rrom the cortex (str iate and extrast riate 
areas) an d likely from magnocellu lar input direc tl y fro m the geniculate (Fig 1-26). Reti
nal image slip serves as a stimulus to tonically alter ocular drift. The medial superior 
te,nporal (MST) area is also involved in generating pursuit Signals in response to moving 
sti muli . The area appea rs to be supplied with information about head movement as well 
as eye movement commands (efference copy) and thus is critical in generating pursuit 
movements to follow a target while the head is moving. Target recognition and selection 
probably receive addit ional input through the reciprocal con nections to the posterior 
parietal cortex (hum an homologue of area 73 in the rhesus monkey). Information from 
the MT and MST projects via the posteri or portion of the internal capsule to the DLPN 
and lateral pontine nuclei, including the NRTP. From these pontine nuclei , projections 
are sent to the cerebellum (paraflocculus an d dorsal vermis), with outflow Signals to the 
vestibular nuclei and the y-group-a collection of cells at the inferior cerebellar peduncle 
(Fig 1-27). 

For cl inical disorders of the pursuit funct ion, see Clinica l Disorders of the Ocular 
Motor System in Chapte r 7. 
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Figure 1-26 Schematic ill ustration of the smooth pursuit system, showing the re levant corti
cal centers and their pathways for generating smooth pursuit eye movements. Note that this 
illustration is not meant to show the hypothetical scheme for the smooth pursuit system. 
Key: BPG = brainstem pursuit generator, CS = cerebellar structures, FEF = frontal eye field, 
MT/MST = middle temporal arealmedial superior temporal area, PON = precerebellar pontine 
nuclei, PVC = primary visual cortex, SC = superior colliculus, VN = vestibular nucleus. (Used with 

permission from Kline LB. Neuro-Ophthalmology Review Manual. 6th ed. Thorofare, NJ: Slack: 2008:54) 

Brainstem 

The supranuclear pathways for saccades and smooth pursuits eventually reach the brain 
stem neural network (via the SC and BG), which allows fo r conjugate eye movements. 

Following is a description of the important structures within the brainstem that aUow 
for controll ing gaze. As a general gUideline, the midbrain is concerned with vertical eye 
movements and the pons with horizontal eye movements. Vertical and torsional saccades 
are generated fro m excitato ry bu rst cells of the ri M LF within the midbrain. In contrast, 

the pathways fo r vertical vest ibula r and vertical smooth pursuit ascend from the medulla 

and pons to the midbrain via the ML F. Horizontal sacca des are generated from excitatory 
burst cells within the PPRF and horizonta l smooth pursuit eye movements arise frOll} 
the CN V I nucleus, which receives in put fro m the vest ibulocerebellum (see "Cerebellum" 
later in the chapter). 

Vertical gaze is cont rolled through the m idbrain . The primary gaze center is located 

in the riMLF (Fig 1-28). T his a rea receives input fro m the media l and superio r vest ibular 

nuclei via the MLF and o ther internuclear connections. Other areas in the rostral mid
brain, includ ing the INC and the nucleus of Darkschewitsch, also modu late ver tical motil 

ity. Bu rst cell input may come in part fro m the PPRF cauda lly but a lso loca lly within the 

riMLF. T he INC (neura l integra to r fo r vert ical and to rsional gaze) receives Signals from 

the riM LF and fro m the vestibular nucl ei and p rojects to the moto neurons of the C N II[ 
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Figure 1 -27 Hypothetical scheme for horizontal smooth pursuit. The primary visual cortex (V1) 
projects to the homologue of the middle temporal visual area (MT), which, in humans, lies at 
the temporal-occipital-parietal junction. The MT projects to the homologue of the medial supe
rior temporal visual area (MST) and also to the frontal eye field (FEF). The MST also receives 
inputs from its contralateral counte rpart. The MST projects through the retrolenticular portion 
of the internal capsule and the posterior portion of the cerebral peduncle to the dorsolateral 
pontine nucleus (DLPN). The DLPN also receives inputs important for pursuit from the FEF; 
these inputs descend in the medial portion of the cerebral peduncle. The DLPN projects, 
mainly contra laterally, to the floccu lus, paraflocculus, and ventral uvula of the cerebellum; pro
jections also pass to the dorsal vermis. The flocculus projects to the ipsilateral vestibular nuclei 
(VN), which in turn project to the contralateral abducens nucleus. Note that the sections of the 
brainstem are in different planes from those of the cerebral hemispheres. (Used with permission 

from Leigh RJ, Zee as. The Neurology of Eye M ovements. 4 th ed. New York: Oxford University Press; 2006.) 



44 • Neuro-Ophthalmology 

riMLF 

INC 

CN III 

CN IV 

Upward Eye Movements 

MLF 

y-group 

PC 

( 
10 
I 

: I RlgJ 
, , 

Downward Eye Movements 

PC 

riMLF 

INC 

CN III 

y-group 
vn 

Midbrain 

Pons 

Medulla 
>-1-_1 

vn 

Figure '·28 Anatomical schemes for the synthesis of upward and downward movements 
(in red), From the vertical semicircular canals, primary afferents on the vestibular nerve (vn) 
synapse in the vestibular nuclei (VN) and ascend into the medial longitudinal fasciculus (MLF) 
and brachium conjunctivum (not shown) to contact neurons in the trochlear nucleus (eN IV), 
oculomotor nucleus (CN II/), and interstitial nucleus of Cajal (INC). (For clarity, only excitatory 
vestibular projections are shown.) The rostral interstitial nucleus of the medial longitudinal fas~ 
ciculus (riMLF), which lies in the prerubral fields, contains saccadic burst neurons. It receives 
an inhibitory input from omnipause neurons of the nucleus raphe interpositus (RIP), which lies 
in the pons (for clarity, this projection is shown only for upward movements). Excitatory burst 
neurons in the riMLF project to the motoneurons of CN III and CN IV and send axon collaterals 
to the INC. Each riMLF neuron sends axon colla terals to yoke-pair muscles (Hering's lawl. Pro
jections to the elevator subnuclei (innervating the superior rectus and inferior oblique muscles) 
may be bilateral because of axon collaterals crossing at the level of the CN III nucleus. Projec
tions of inhibitory burst neurons are less well understood and are not shown here. Signals 
contributing to vertical smooth pursuit and eye-head tracking reach CN III from the V-group via 
the brachium conjunctivum and a crossing ventral tegmental tract. Key: fo = inferior oblique 
subnucleus, ir = inferior rectus subnucleus, PC = posterior commissure, so = superior oblique 
nucleus, sr = superior rectus subnucleus. (Modified from Leigh RJ, Zee DS. The Neurology of Eye Move

ments . 4th ed. New York: Oxford University Press; 2006.) 

and CN I V nuclei through the Pc. Activity from the vertical gaze center is distributed 

to the CN III and CN IV nuclei. Information involved in upgaze crosses in the posterior 

com missure. Damage to this pathway results in the dorsal midbrain syndrome, wh ich 
clinically includes vert ical gaze difficulty (most com monly impaired supraduction), skew 

deviation, light- near pllpi.l.lary dissociation, lid retraction, and convergence-retraction 
nystagmus (CRN). CRN, which is usually elicited by haVing the patient fo llow a down

ward rotating optokinetic (OKN) d rum, represents simultaneous co-contraction of the 
medial and lateral rectus muscles (see Chapter 9). 

Horizontal gaze is coordinated through the CN VI nucleus in the dorsal caudal pons 

(Fig I -29) . This nucleus receives tonic input from the co ntralateral horizontal semicircular 
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Dentate 
nucleus 

Figure 1-29 Anatomical scheme for the synthesis of signals for horizontal eye movements. 
The abducens nucleus (CN VI N) contains abducens motoneurons, which innervate the ipsilat
eral lateral rectus muscle (LR), and abducens internuclear neurons, which send an ascending 
projection in the contralateral medial longitudinal fasciculus (MLF) to contact medial rectus 
(MR) motoneurons in the contralateral third nerve nucleus (CN III N). From the horizontal semi
circular canal, primary afferents on the vestibular nerve project mainly to the vestibular nucleus 
(CN VIII N), where they synapse and then send an excitatory connection to the contralateral 
eN VI N and an inhibitory projection to the ipsilateral eN VI N. Saccadic inputs reach eN VI 
N from ipsilateral excitatory burst neurons (EBN) and contralateral inhibitory burst neurons 
(IBN). The EBN and IBN are housed in the pontine paramedian reticular formation (PPRF). 
Specifically, the PPRF is composed of 3 nuclei, from the caudal pons to rostral medulla: (1) 
the nucleus reticularis pontis caudalis (containing the EBNI, (2) the nucleus raphe interpositus 
(containing pause cells), and (3) the nucleus paragigantocellularis dorsalis or medullary reticular 
formation (MedRF) (containing the IBN!. Eye position information (the output of the neural in
tegrator) reaches the abducens from neurons within the nucleus prepositus hypoglossi (NPH) 
and adjacent eN VIII N. The medial rectus motoneurons in eN III also receive a command for 
vergence eye movements. The anatomical sections on the right correspond to the level of 
the arrowheads on the schematic on the left. Key: ATD = ascending tract of Deiters, CN VII = 
facial nerve, CIT = central tegmental tract, ICP = inferior cerebellar peduncle, IVN = inferior 
vestibular nucleus, MVN = medial vestibular nucleus, SVN = superior vestibular nucleus. (Modi

fied from Leigh AJ, Ze6 DS. The Neurology of Eye Movements. 4th ed. New York: Oxford University Press; 2006.) 
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canal through the medial and lateral vest ibu lar nuclei. Burst informat ion is supplied from 
the PPRF that is directly adjacent to the CN VI nucleus and MLF. The burst cells are 
normally inhibited by omnipause neurons located in the RI P. It is now thought that sac
cades are initiated by supranucl ear in hibition of the omnipause cells, which allows burst 
cell impu lses to ac tivate the hori zontal and vertical gaze centers (Fig 1-30). To produce 
hori zontal movement of both eyes, a signal to increase firing must be distributed to th e 
ipsil atera l lateral rectus and the contralateral medial rectus muscles. The lateral rectus 
muscle is supplied directly through ipSilate ral CN VI. The cont ralateral medial rectus is 
stimu lated by interneurons that cross in the pons and ascend in the contralateral MLF. 
Therefore. for example. pathology affecting the right MLF wi ll resul t in a right (ipSi lateral) 
adduction deficit with attempted left gaze. often accompanied by abducting nystagmus of 
the left (contralateral ) eye. These findin gs are cl in ically known as an internuclear ophthal
moplegia (lNO). For further in formation on INO. see [ntemuclear Causes of Diplopia in 
Chapter 8. 

The di stribution of both infranuclear (ocul ar motor cranial nuclei and nerves) and 
supranuclear information requires internuclear communication within the brainstem. 
The most important of these pathways. the MLF. runs in 2 para llel columns from the 
spinal cord to an area of the midbrain PC th at is located dorsomedial to the red nucleus 
and rostral to the INC. The bulk of the fibers contributing to the M LF have their o rigin in 
the vestibular nuclei. The projections from the superior vestibular nucleus are ips ilateral, 
and those from the medial vest ibular nucleus are contralateral. The MLF also receives in 
terneurons originating from the contralateral CN VI nucleus. Addit ional vertical pathways 
include the brachium conjunctivultl and the ascending tract of Deiters. The latter pathway 
runs lateral to the MLF and conveys signals from the vestibular nuclei ipsilaterally to the 

Motoneurons Burst neurons 

CN III riMLF 

Superior Midbrain 

rectus 

Latch 

_ • Omnipause 
neurons 

CN VI PPRF RIP Pons 

Figure 1-30 Schematic of the brainstem network for saccade generation. Motoneurons in
nervating horizontally acting extraocular muscles receive saccadic commands from burst neu
rons in the paramedian pontine reticular formation (PPRF). Motoneurons innervating vertically 
acting extraocular muscles receive saccadic commands from burst neurons in the midbrain's 
rostral interstitial nucleus of the medial longitudinal fasciculus (riMLF). Both sets of burst neu
rons are modulated by omnipause neurons that lie in the pontine nucleus raphe interpositus 
(RIP). A saccade is initiated by a trigger signal that inhibits ominpause neurons; subsequently, 
hypothetical latch neurons, which receive input from burst neurons, inhibit omnipause neu
rons until the saccade is complete . (Modified with permiSSIOn from Leigh RJ, Zee DS. The Neurology of Eye 

M ovements. 4th ed. New York: Oxford University Press; 2006.) 
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medial rectus subnucleus in the midbrain, modu lating the vestibular response during near 
fixation. 

To maintain eccentr ic gaze, additional tonic input must be provided to the yoke mus
cles that hold the eye in position. This add itional tonic input is provided by integrating 
the velocity signal provided by the burst neuron activity. For horizontal eye movements, 
integration takes place in the NPH, located adjacent to the medial vestibu lar nucleus at 

the pontomedullary junction , with input from the cerebellum. Neural integrat ion for ver
tical eye movements involves the INC in addition to the cerebellu m. Pathology affecting 
the neural in tegrator (often metabolic, associated with alcohol consumption or ant icon
vulsa nt medication) resu lts in fa ilure to maintai n eccentric gaze, recognized clinically as 
gaze-evoked nystagmus. 

Vestibular ocular system 

The output of the vest ibular nuclei provides both the major infranucJear input in to ocular 

motility and the major tonic input into eye position. This system has one of the shortest 
arcs in the nervous system, producing a fast response with extremely short latency. T he 
hair cells of th e semici rcular canals (Fig 1-3 1) alter th eir firing in response to relat ive 

movement of the endo lymph. The signal is prod uced by a change in veloCity (head ac
celeration ) in anyone of 3 axes. The information is then conveyed to the vestibular nuclei 
(located laterally in the rostral medulla) via the inferior and superior vestibular nerves. An 
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Figure 1-31 Vest ibular system. A, Schematic of the mammalian labyrinth. The crista of the 
lateral semicircu lar canal is shown but not labeled (with the canal projecting forward). 8, Mo
tion transduction by the vestibular hair cells . At rest there is a resting rate of action potential 
discharge in the primary vestibular afferents (center). Shearing forces on the hair cells cause 
depolarization l1eft! if the stereocilia are deflected toward the kinocilium (i ndicated by the lon
gest cilium. with beaded end). or hyperpolarization (right! if the stereocilia are deflected away 
from the kinocilium. This modulates the discharge rate in the vestibular nerve neuron. (Repro

duced with permission from Leigh RJ, Zee OS. The Neurology of Eye Movements. 4th ed. New York: Oxford University 

Press; 2006.) 
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additional contribution to the vestibular nerve is from hair cells in the macula acoustica 

of the utricle and saccule. Calciurn carbonate crystals withi n the otoliths respond to linear 
acceleration (most important , gravity) to orient the body. The vestibular nerve and the 
output of the membranous labyrinth (the cochlear nerve) make up the eighth nerve com ~ 

plex and exi t the petrous bone through the internal auditory meatus. CN VIII traverses 
the subarachnoid space within the cerebellopont ine angle. Within the medulla, the ves~ 

tibular information synapses in the media l. lateral, and superior vestibular nuclei. Tonic 
information from the horizontal canal crosses directly to the contralateral gaze center 
within the sixth nerve nucleus in the dorsal medial aspect of the caudal pons just under 
the fourth vent ricle. Tonic information from the anterior and posterior canals (Fig I ~32 ) 

travels rostrally through several of the important internuclear connections to innervate 
the vertical gaze center in the rostral midbrain. Medial and inferior vestibular nuclei, as 
well as the NPH and the in fe rior o livary nucleus, project to the nodulus (a central nucleus 
ofth e cerebeLlum) and the ventral uvula. This pathway, which projects back to the vestibu ~ 

lar nuclei. is responSible for the velocity storage mechanism (that is, the mechanism that 
maintains the ves tibular Signal beyond the output of the primary ves tibular neurons). 

For clinical disorders of vestibular ocular function , see Clinical Disorders of th e O Cll 

lar Motor System in Chapter 7. 

Cerebellum 
The other major connection in the ocular motor system is to the vestibulocerebelfum. The 
structures in this area, largely through the brachium conjunct ivum, are responsible for 
adjusting the gain of all ocular movements. Gaill may be defin ed as the output divided 
by the input. For example, keeping the eyes stable in space while the head rotates requires 
the eyes to move in a direction opposite that of head rotation at the same velocity and dis
tance; this would be considered a gain of I. The cerebellum is involved in gain adjustm ent 
to allow compensation afte r peripheral lesions (eg, vestibular nerve dysfunctio n such as 

vestibular neuritis) . Disease processes directly affecting the cerebellum may increase or 
decrease the gain of eye movement systems such as the vestibular ocular reflex . The cer
ebellum can be divided into the archaeocerebellum (the most caudal and inferior portion , 

containing the paired fl occuli and the midline nodulus), the paleocerebellum (consisting 
of the verm is, the pyram is, the uvula, and the pa raflocculus), and the neocerebellum (in 
cluding the remainder of the cerebellar hemispheres). The flo cculonodular lobe plus pa rts 
of the paraflocculus make up the vestibuloce rebellum. Two additional cerebellar nuclei of 
ocular motor importance located in the white matter of the cerebellar hemisphere are the 
dentate (most lateral) and fastigial (most medial) nuclei. 

EIference copy information (regardi ng the position of the eyes) is supplied d irectly 

from the ocular motor pathways (possibly through cell groups of the paramedia n tracts 
within the vestibu lar nuclei). whereas afferent signal error information arrives at the cer
ebellu m via the climbing fi bers from the inferior olivary nucleus. Add itional cerebellar 
inputs to the paratlocculus and fl occulus include mossy f iber input fro m the ves tibular 
nuclei and the N PH. Purkinje ceUs withi n the parafloccu lus discharge during smooth 
pursuit. An error Signal (the difference between gaze veloci ty and reti nal image ve loc~ 

ity) results in discharge within the sixth and seventh lobules of the dorsal vermis; thus, 
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Figure 1-32 Probable direct connections of the vestibular ocular ref lex. Excitatory neurons are 
indicated by open circles and inhibitory neurons by filled circles. Key: 11/ = oculomotor nuclear 
complex, IV = troch lear nucleus, VI = abducens nucleus, XII = hypoglossal nucleus, ACan = 
anterior semicircular canal, ATD = ascending tract of Deiters. Be = brachium conjunctivum, 
He:: horizontal (or lateral) semicircular canal, fNC = interstitial nucleus of Cajal, fO = infer ior 
obl ique muscle, IR = inferior rectus muscle, IV = inferior vest ibular nucleus, LR = lateral rectus 
muscle, LV = lateral vestibular nucleus, MLF = medial longitudinal fascicul us, MR = media l 
rectus muscle, MV = medial vestibular nucleus, PCan = posterior semicircular canal, PH = 
prepositus hypoglossi nucleus, SO = superior oblique muscle, SR = superior rectus muscle, 
SV = superior vestibular nucleus, VTP = ventral tegmental pathway. (Reproduced wirh permission 
from Leigh RJ, Zee Os. The Neurology of Eye Movements. 3rd ed. New York: Oxford University Press; 1999) 

the dorsal vermis, which projects to the fastigial nucleus, may playa role in initiating 
pursuit and saccades. The output from the flocculus projects to the superior and medial 
vestibular nuclei. The fastigial nucleus is responsible for overcoming a natural imbalance 
in the input from the vertically oriented semicircular canals. Thus, loss of fastigial func
tion may be associated with development of downbeat nystagmus, as the imbalance in the 
vertical information causes constant updrift. See Chapter 9, The Patient With Nystagmus 
or Spontaneous Eye Movement Disorders, for further discussion of nystagmus and other 
disordered eye movements. 
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Ocular Motor Cranial Nerves 

Without neural activity, the visual axes are usually mildly to moderately divergent. The 
major tonic input to ocular motility is supplied by 3 pairs of ocular motor cranial nerves
CNs III, IV, and VI-that innervate the 6 EOMs controlling ocular movement (Fig 1-33). 
In addition, CN III also innervates the levator palpebrae and the pupillary sphincter 
muscles. 

Except for the inferior oblique, the innervation to each of the EOMs occurs approxi
mately one third the distance from the apex. The inferior oblique receives its innervation 
at approximately its midpoint from a neurovascular bundle running parallel to the lateral 
aspect of the inferior rectus. All 6 EOMs receive their innervation on the inside surface, 
except for the superior oblique, where branches ofCN IV terminate on the upper (outer) 
surface of the muscle. 

See Chapter 8, The Patient With Diplopia, for clinical presentation of disorders due to 
infranuclear. fascicular. and peripheral ocular motor cranial nerve lesions. 

Abducens nerve (eN VI) 
CN VI originates in the dorsal caudal pons just beneath the fourth ventJide. Its nucleus 
is surrounded by the looping fibers (genu) of the facial nerve and is adjacent to the PPRF 
and the MLF (Fig 1-34). The nucleus contains both primary motoneurons and interneu
rons that cross to the contralateral MLF to reach the CN /II nucleus. Thus, pathology 
affecting the CN VI nucleus produces an ipsilateral gaze palsy. The motor axons exiting 
the CN VI nucleus (approximately 4000- 6000 axons) travel ventrally and slightly laterally, 
medial to the superior olivary nudeus, to exit on the ventral surface of the caudal pons. 
As the fascicles pass through the brainstem, they lie adjacent to the spinal tract of the 
trigeminal nerve and traverse the corti co bulbar tracts. Exiting the brainstem, the nerves 
run rostrally within the subarachnoid space on the surface of the clivus from the area of 
the cerebellopontine angle to the posterior superior portion of the posterior fossa. The 
nerves pierce the dura approximately I em below the petrous apex and travel beneath 
the petroclinoid ligament (Gruber ligament, which connects the petrous pyramid to the 
posterior clinoid) to enter the canal of Dorello. Within the canal, CN VI travels with the 
inferior petrosal sinus. Once it becomes extradural, the nerve is within the cavernous 
sinus (the only cranial nerve within the substance of the cavernous sinus), where it runs 

Oculomotor (III ) 

~./> 

h ;:::;:;.'="'r----... _" o~ 
Trochlear (IV) 

Abducens (VI) 
.•....... 0 

Figure 1-33 Latera l view of the course of eNs III , IV, and VI. (Illustration by Dave Peace.) 
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Figure 1-34 Intra-axia l course of the ocular motor nerves at the level of the pons (below) and 
midbrain (above). Note the re lationship to the surrounding cerebellum and eNs v and VII. (II· 

lus tration bV Craig A. Luce.) 

parallel to the horizontal segment of the carotid artery. It is also joined for a short segment 
by branches of the sympathetic chain lying within the wall of the intrapetrous carotid 
artery. Reaching the anterior portion of the cavernous sinus. eN VI traverses the superior 
orbital fissure (Fig 1-35) through the annulus of Zinn (see Fig 1-3C) to enter the medial 
surface of the lateral rectus muscle. 

Trochlear nerve (eN IV) 
The CN IV nucleus lies within the gray matter in the dorsal aspect of the caudal midbrain 
just below the aqueduct, directly contiguous with the more rostral third nerve nucleus 
(see Fig 1-34). The intra-axial portion (fascicle) of CN IV is very short, running dorsally 
around the periaqueductal gray to cross within the anterior medullary vellum just cau
dal to the inferior colliculi and below the pineal gland. CN IV is the only cranial nerve 
exiting on the dorsal surface of the brain and brainstem and has the longest unprotected 
intracranial course (which is probably responsible for its frequent involvement in closed 
head trauma). Within the subarachnoid space, CN IV (containing approximately 2000 fi 
bers) swings around the midbrain, paralleling the tentorium just under the tentorial edge 
(where it is easily damaged during neurosurgical procedures that involve the tentorium). 

1 
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Figure 1-35 A, Subarachnoid course of the ocular motor nerves . Note the re lationship to the 
surrounding dural structures, particularly the tentorium and the dura of the clivus. The nerves 
enter dura l canals at the posterior aspect of the cavernous sinus for eN 11/, at the tentorial edge 
for CN IV, and along the cl ivus for CN VI. B, Major blood vessels and their rela t ionships to the 
ocular motor nerves. Note the passage of CN III between the superior cerebellar artery below 
and posterior cerebral artery above . The vascular supply to CN III comes from branches off 
the posterior communica ting artery, w hich is in close proximity. eN VI also runs by the anterior 
inferior cerebellar artery, which is a major branch off the basilar artery. 

(conrinued) 
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Figure 1-35 C, lntracavernous course of the ocular motor nerves. eN 111 and eN IV run in the 
lateral wa ll of the cavernous sinus along with e N v divisions VI and v2. eN VI runs in close 
approximation to the carot id artery wi thin the cavernous sinu s itself. As the nerves cou rse 
toward the anterior aspect of the cavernous sinus and the superior orbita l fi ssure, V1 (oph
thalmic) divides into 3 branches: the lacrimal, frontal, and nasociliary nerves. The lacrimal and 
frontal nerves cross over the top of eN III and e N IV. e N III divides into superior and inferior 
divisions, which cross under eN IV to enter the orbital apex through the annulus of Zinn o Key: 
ACoA = anterior communicat ing artery, ACP = anterior clinoid process, leA = internal carot id 
artery. (Illustra tions by Craig A. Luce.) 

Jus t below the anterior tentorial insertion, CN IV enters the poster ior lateral aspect 
of the cavernous sinus just underneath CN Ill. Covered by a variable sheath, CN IV runs 
forward within the lateral wall of the cavernous sinus. Anteriorly, eN IV crosses over 
CN III to enter the superior orbital fissure outs ide and superior to the annulus of Zinn . 
CN IV crosses over the optic nerve to enter the superior oblique muscle within the supe
rior medial orbit. 

Oculomotor nerve {eN 1111 
The nucleus of CN III is located dorsally within the midbrain beneath the aqueduct con
necting the third and fourth ventricles (see Fig 1-35), The nuclear complex itself represents 
a collection of subnuclei that have specific identifiable functions, Most dorsally, the cen
tral caudal nucleus is a midline structure that innervates both levator palpebrae muscles. 
Rostra lly, the Edinger-Westphal (EW) nucleus is a paired structure that sends parasympa
thetic Signals to the sphincter muscles of the pupil and the muscles of accommodation in 
1 
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the ciliary body. The medial complex. which lies most ventrally. has been shown to contai n 
3 subnuclei that play variable roles in medial rectus function. One of these subsets may re
ceive input from the mesencephalic reticular formation, firing in response to retinal tem 
poral disparity that indicates a near target. Additional connections include pathways that 
tie the NRTP to the cerebellar vermis and the flocculus and fastigial nucleus. The inferior 
rectus subnucleus lies dorsally and rostrally. The inferior oblique subnucleus is located 
laterally between the inferior rectus subnucleus and the ventral medial rectus subnucleus. 
The fib ers exit ventrally. along with the fibers destined to innervate the medial rectus. 
inferior rectus. and the pupil and ciliary body. Fibers from the superior rectus subnucleus. 
which lies along the midline. cross before exiting ventrally to travel along with the fibers 
destined for the levator; recall that CN IV also crosses to innervate the contralateral su
perior oblique muscle. Within the midbrain, CN III is topographically organized into 
a superior division (supplying the superior rectus and levator) and an inferior division 
(supplying the medial and inferior rectus, inferior oblique, and pupillary sphincter and 
Ciliary body), but the true anatomical division into 2 branches occurs at the level of the 
anterior cavernous sinus/ superior orbital fi ssure. 

The fascicles of CN III traverse the ventral midbrain tegmentum, passing near and 
possibly through the red nucleus, the substantia nigra, and the corticospinal tracts within 
the cerebral peduncle. Multiple fascicles, totaling approximately 15,000 fibers, exit on the 
ventral surface of the peduncles. Although seen as I structure within the subarachnoid 
space~as is the case in the midbrain-the nerve and its various fibers are topographi
cally organized. Within the subarachnoid space, the nerve passes between the superior 
cerebellar artery below and the posterior cerebral artery above and receives its blood sup
ply from branches off the proximal posterior cerebral artery and superior cerebellar ar
tery and tentorial branches from the meningohypophyseal trunk. The nerve runs slightly 
oblique to the tentorial edge, parallel and lateral to the posterior com municating artery. 
The pupillary fibers are usually found on the dorsomedial surface of the nerve, where they 
are anatomically vulnerable to compression. The uncus, which is the most medial aspect 
of the temporal lobe, is located just above the tentorium and the subarachnoid third nerve. 
Unilateral supratentorial mass lesions may force the uncus through the tentorial notch 
(uncal herniation) to compress the ipsilateral CN III . 

At the back edge of the dura of the clivus and cavernous sinus, the nerve enters its own 
dural canal just above CN IV. Running forward in the superior lateral wall of the cavern
ous sinus, the nerve separates into a superior and an inferior division. These divisions 
enter the orbit through the superior orbital fissure within the annulus of Zinno The supe
rior division runs forward intraconally to innervate first the superior rectus and then the 
levator above on its inferior surface. The inferior division sends parasympathetic fibers 
to the Ciliary ganglion in the orbital apex approximately 10 mm anterior to the annulus 
of Zinn and lateral to the optic nerve. Within the ciliary ganglion. the fibers destined for 
the pupillary sphincter and the ciliary body synapse. The fibers subsequently accompany 
the branch destined for the inferior oblique muscle. There are approXimately 9-10 times 
as many fibers associated with accommodation innervating the ciliary body as there are 
fibers reaching the pupillary sphincter muscle. This disparity is pOSSibly one of the reasons 
for the development of light-near dissociation in Adie tonic pupil (see Chapter 10). 
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Extraocular Muscles 

The final common pathways that influence the position of the eye within the orbit are the 
multiple soft-tissue elements connected to the globe. In addition to the EOMs, these tis
sues include the optic nerve, Tenon capsule, blood vessels, and the conjunctiva anteriorly. 
(Orbital anatomy is discussed in BeSe Section 7, Orbit, Eyelids, and Lacrimal System.) 

Of the 6 EOMs, 4 are rectus muscles (lateral, medial, superior, and inferior), and 2 are 
oblique (superior and inferior). The recti originate along with the levator at the annulus 
of Zinn, a condensation of tissue around the optic nerve at the orbital apex. They run 
forward within sheaths that are con nected by intermuscular septa to pierce the posterior 
Tenon capsule and insert on the anterior sclera, at points variably posterior to the corneal 
limbus, increasing from the medial through the inferior and lateral to the superior (spiral 
of Til/aux). The recti are also maintained in position by septal attachments to the orbital 
periosteum that act as pulleys. 

The 2 oblique muscles insert on the posterior lateral aspect of the globe. The origin 
of the inferior oblique muscle is in the anteromedial periorbita near the posterior margin 
of the lacrimal fossa. The effective origin of the superior oblique muscle is the trochlea, a 
pulleylike structure located at the notch in the superior medial orbit. The superior oblique 
muscle runs anteriorly in the superior medial orbit to the trochlea. where its tendon re
verses its direction of action. 

The EOMs are of variable mass and cross section: the inferior oblique is the thinnest, 
and the medial rectus is the largest. Thus, with normal tonic innervation, the somewhat 
stronger medial rectus reduces the divergent phoria. 

Each of the EOMs has a series of repeating sarcomeres that make up each of the 
muscle fibers. The fibrils within the EOMs can be divided into at least 2 populations: 
fast twitch fibers and sparse tonic, or slow twitch, fibers. Tonic fibers are innervated by a 
series of grapelike neuromuscular junctions (en grappe); fast twitch fibers have a single 
neuromuscular junction for each fiber (en plaque). Ocular myofibrils and their attendant 
neuromuscular connections are unique. These specializations djstinguish ocular muscle 
systems from cardiac, smooth, or skeletal muscles and help explain why certain diseases 
preferentially affect or spare the EOMs. 

The lateral rectus moves the globe into abduction. Similarly, the medial rectus moves 
the eye into adduction. Each of the other muscles has a primary, secondary, and tertiary 
function that varies depending on the position of gaze (Fig 1-36). The superior rectus mus
cle primarily causes elevation. As the globe moves into adduction, it becomes increasingly 
an incyclotorter and adductor. Similarly, in abduction, the inferior rectus is primarily a de
pressor but becomes more and more an excyclotorter and adductor as the position moves 
medially. The superior oblique functions as an incyclotorter and abductor but becomes 
increasingly a depressor as it moves into adduction. The inferior oblique (also inserting 
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Figure 1-36 Primary, secondary, and tert iary functions of the extraocu lar muscles, rig ht eye. 
(Illustration by Christine Gralapp) 

posteriorly on the sclera) acts primarily as an excyclotorter and abductor but becomes 
increasingly an elevator in adduction. The superior muscles (contralaterally innervated 
superior oblique and superior rectus) are thus incyclotorters, whereas the inferiors (ipsilat
erally innervated) are excyclotorters. A helpful mnemonic is SIN (Superiors INcyclotort). 
The obliques are abductors, whereas the vertical rectus muscles are adductors. A helpful 
mnemonic is RAD (Recti ADduct). For further discussion and illustration of the EOMs 
and their ac tions, see BCSC Section 6, Pediatric Ophthalmology and Strabismus. Also see 
Chapter 8, The Patient With Diplopia, for the clinical etiologies of EOM dysfunction. 

Sensory and Facial Motor Anatomy 

Although the importance of CNs II , III, IV, and VI is obvious, the trigeminal (CN V) and 
facial (CN VII) nerves are also critical for normal ophthalmic function and are among 
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those frequently involved in neuro-ophthalmic cases. For example, proper functioning 
of CN V is essential for preventing corneal damage. In addition, complete loss of cor
neal sensation may be accompanied by abnormal corneal epithelial growth (neurotrophic 
keratitis associated with loss of neural secreted growth factors). 

Rhoton AI, Natori Y. The Orbit and Sellar Regiorl: Microsurgical Anatomy and Operative Ap

proaches. New York: Thieme; 1996. 

Trigeminal Nerve (eN V) 

The sensory nerve terminates within the trigeminal nucleus. The nuclear complex of CN V 
extends from the midbrain to the cervical spinal cord and includes a main sensory nucleus, 
a mesencephalic nucleus, and a spinal nucleus (Fig 1-37) . The main sensory nucleus is lo
cated within the pons lateral to the motor nucleus (the most rostral portion of the trigemi
nal complex except for the mesencephalic nucleus) and receives light touch information 
from the skin of the face and the mucous membranes. It subsequently projects to the 
contralateral ventral posterior nucleus of the thalamus. From there, sensation is projected 
to the postcentral gyrus (Fig 1-38). The mesencephalic nucleus serves proprioception and 
deep sensation from the facial muscles, including those of mastication and the EOMs. In 
addition, a spinal nucleus extends caudally to the level of the C4 vertebra, receiving pain 
and temperature information. The spinal nucleus is arranged ventral-dorsally from VI 
to V3 and rostral-caudally from the perioral region, peripherally involving all 3 divisions 
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Figure 1-37 Diagram of the central pathways and periphera l innervation of eN v. (Used w ith per

mission from Kline LB. Neuro-Ophtha lmology Review Manua l 6th ed. Thorofare. NJ: Slack; 2008: 174.) 
1 
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Figure 1-38 Ascending trigeminal pathways 
from the main sensory nucleus. VPL = vent ra l 
posterior lateral nucleus, VPM = ventral pos
terior media l nucleus. (Reproduced with permission 

from Nolte J. The Human Brain: An Introduction to Its 

Functional Anatomy. 4th ed 5t Louis: Mosby; 1998.) 
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(resulting in an onionskin pattern). The various sensory nuclei of the trigeminal nerve 
project to the contralateral thalamus and thence to the postcentral gyrus (primary sen 
sory cortex). The motor nucleus of the trigeminal nerve lies in the pons, medial to the 
sensory nucleus. The motor nucleus sends signals to the muscles of mastication (tempo
ra lis, pterygoid, and masseter), the tensor tympani (which damps the eardrum within the 
middle ear as a reflex response to loud noises), the tensor veli palatini (which orients the 
uvula), the mylohyoid, and the anterior belly of the digastric muscle (both strap muscles 
in the neck). 

The fascicles of CN Venter the brainstem ventrally in the pons and extra-axially tra
verse the subarachnoid space to penetrate the dura just over the petrous pyramid. Within 
the subarachnoid space, the trigeminal root often comes in contact with the superior cer
ebellar artery. This proximity may be a cause of trigeminal neuralgia (atypical facial pain, 
discussed in Chapter 12, The Patient With Head, Ocular, or Facial Pain) and is the ana
tomical basis for microvascular decompression. The blood supply to the trigeminal root 
comes from branches of the superior cerebellar, pontine, and anterior inferior cerebellar 
arteries. 

The 3 divisions of CN V synapse in the trigeminal (gasserian) ganglion, located in an 
extradural space at the floor of the middle cranial fossa (Meckel cave) (Fig 1-39). 

The ophthalmiC division (V,) is the most anterior branch exiting the trigeminal gan
glion. It runs forward within the lateral wall ofthe cavernous sinus just below CN IV. As it 
extradurally approaches the superior orbital fissure, it divides into 3 major branches: lacri
mal, frontal, and naSOciliary. In addition, small branches innervate the dura of the anterior 
middle cranial fossa, including the cavernous sinus, the parasellar region, the tentorium, 
and the dura of the petrous apex. These branches also innervate the floor of the anterior 
cranial fossa, including the falx and the major blood vessels at the skull base. 

The lacrimal and frontal nerves enter the orbital apex outside the annulus of Zinno 
The frontal nerve passes slightly medially to run in the superior orbit just below the peri
orbita over the levator. At its terminus. the frontal nerve divides into supraorbital and 

nerve 

Infraorbital nerve 

Figure 1-39 Latera l view of the orbit, showing its sensory nerves. (Illus/rarion by Dave Peace.) 
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supratrochlear branches, which innervate the forehead, frontal sinus, and upper eyelid 
(including the conjunctiva). The lacrimal nerve also runs anteriorly in the superior lat
eral orbit just above the lateral rectus to innervate the lacrimal gland and some skin just 
superotemporal to the orbit. The nasociliary branch is the only branch entering the intra
conal space through the annulus ofZinn. Before entering the orbit, the nasociliary branch 
becomes associated with the sympathetic fibers that originally accompanied CN VI after 
leaving the carotid sheath. The nasociliary branch runs through the ciliary ganglion and 
anteriorly to innervate the globe through the short and long posterior Ciliary nerves. Prior 
to reaching the globe, branches from the nasociliary division pass through the anterior 
and posterior ethmoidal foramina to innervate part of the ethmoidal sinuses, the lateral 
wall of the nose, and the skin of the nose to the nasal tip. This co-innervation of the globe 
and the nasal skin is responsible for the Hutchinson sign. This may be seen with zoster 
ophthalmicus, in which a herpetic lesion at the tip of the nose carries an increased risk of 
corneal involvement due to the neurotrophic nature of this DNA virus. 

The terminal branches of the nasociliary nerve within the cornea contain one of the 
highest concentrations of sensory nerve endings in the body. These bare fibrils insinuate 
between cells of the 4 basal layers of the epithelium and provide the anatomical basis for 
the extreme sensitivity of the cornea. 

The maxillary division (V,) runs forward at the inferior lateral base of the cavernous 
sinus to enter the foramen rotundum, located just below the superior orbital fissure. Just 
before entering the canal, V, gives off the middle meningeal nerve, which supplies the 
dura of the lateral middle cranial fossa. On the anterior end of the foramen rotundum, V, 
enters the pterygomaxillary area, located just below the inferior orbital fissure. Two large 
pterygopalatine nerves supply sensation to the nasopharynx, hard and soft palate, and 
portions of the nasal cavity. Posterior alveolar nerves supply sensation to the upper gums 
and molars. The zygomatic nerve enters the orbit through the inferior orbital fissure and 
divides into the zygomaticofacial and the zygomaticotemporal nerves, which supply sen
sation to the lateral face (see Fig 1-39). The maXillary nerve continues anteriorly within a 
canal between the orbit above and the maxillary sinus below to exit through the infraor
bital foramen (as the infraorbital nerve) just below the inferior orbital rim. It subsequently 
divides into palpebral, nasal, and labial branches. The sensation of the cheek as well as the 
lower lid and upper teeth and gums is provided by this division. 

The mandibular division (V,) enters through the foramen ovale, lateral to the foramen 
lacerum and medial to the foramen spinosum (carrying the middle meningeal artery). Di
vision V 3 innervates the skin of the jaw and also carries the motor division of the trigemi
nal nerve to the muscles of mastication and neck. Motor paralysis results in contralateral 
deviation of the jaw when it is closed (weakness of the temporalis) and ipsilateral devia
tion when protruded (because of weakness in the lateral pterygOid). 

Facial Nerve (eN VIII 
CN VII is responsible for the movement of the facial muscles. Voluntary facial movements 
originate along with other motor activity in the precentral gyrus. White matter tracts pass 
through the internal capsule and cerebral peduncles along with the other corticobulbar 



CHAPTER 1: Neuro-Ophthalmic Anatomy. 61 

fibers. The motor neurons destined for the upper face receive information from both sides 
(bilateral innervation), whereas the lower facial musculature receives information only 
from the contralateral cortex. The facial nuclei receive additional information from basal 
ganglia extrapyramidal connections, which are largely responsible for involuntary blink
ing, as well as for the abnormal blinking seen in basal ganglia diseases such as Parkinson, 
probably mediated through alteration in inhibition of the blink reflex. Projections from 
the superior colliculus through the nucleus raphe magnus that reduce the excitability of 
spinal trigeminal neurons associated with the blink reflex have been identified. The supe
rior colliculus, in turn, receives inhibitory (GABA) input from the pars reticulata of the 
substantia nigra. 

The motor fibers of the eN VII nucleus originate in the tegmentum of the caudal pons 
ventrolateral to the sixth nerve nucleus and medial to the spinal nucleus of the trigeminal 
nerve (Fig 1-40). The dorsal subnucleus receives bilateral innervation and supplies the 
upper face; the lateral subnucleus (contralateral innervation) supplies the lower face. The 
fascicles of eN VII pass dorsomedially to surround the sixth nerve nucleus, creating a 
bump on the floor of the fourth ventricle (the genu of the facial nerve intra-axially and the 
colliculus of the facial nerve on the floor of the fourth ventricle). eN VII exits the ventro
lateral surface of the pons along with fascicles of the nervus intermedius, which contains 
the facial nerve sensory fibers and the visceral efferent fibers (see Parasympathetic Path 
ways later in the chapter). The subarachnoid seventh nerve runs anteriorly and laterally to 
enter the internal auditory meatus along with the superior and inferior vestibular nerves 
and the cochlear, or auditory, nerve (eN VIII). 

Within the petrous bone, eN VII enters the fallopian canal and traverses 3 segments 
(the labyrinthine, the tympanic, and the mastoid) that run in close proximity to the semi 
circular canals. The parasympathetic fibers destined for the lacrimal gland separate from 
eN VII in the region of the geniculate ganglion to accompany the greater superficial pe
trosal nerve. The stapedial nerve exits to innervate the stapedius muscle, and the chorda 
tympani conducts parasympathetic innervation to the submaxillary gland and afferent 
fibers from the anterior two thirds of the tongue. These special afferent fibers are respon
sible for taste in the anterior tongue and synapse in the geniculate ganglion. 

The main branch of eN VII exits the stylomastoid foramen just behind the stylOid 
process at the base of the mastoid. The extracranial trunk of the nerve passes between the 
superfiCial and deep lobes of the parotid gland, where it divides into 2 trunks: the tem
porofacial superiorly and the smaller cervicofacial inferiorly. These further variably divide 
into 5 major branches: the temporal, zygomatic, infraorbital, buccal, and mandibular. The 
temporal and zygomatic branches laterally innervate the orbicularis oculi muscles. The 
infraorbital and buccal branches may also variably contribute to the inferior orbicularis. 

Eyelids 

The muscles of the eyelids are divided into an orbital (responsible for forced closure) and 
a palpebral component. The palpebral muscles are further separated into pretarsal (pre
dominantly intermediate fast twitch fibers responSible for normal blinks) and preseptal 
muscles. This separation occurs at the upper lid crease, located approximately 6-7 mm 
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Figur.1-40 Functional anatomy of the facial nerve (C N VII) and diagnosis of periphera l facial 
weakness. Although eN VII has a long, circuitous path, the site of involvement can be deduced 
from the patient's clinical deficit. eN VII is predominantly motor in function. Its nucleus is in the 
caudal pons. eN VII courses dorsomedially and encircles the nucleus of the abducens nerve 
(eN VI). After bending around the abducens nucleus, eN VII lies close to eN VI. e N VII exits 
the pons in the cerebeliopontine angle close to eNs v. VI, and VIII. e N VIII , the motor root of 
e N VII , and the nervus intermedius (the sensory and pa rasympathetic root of CN VII) enter the 
interna l aud itory meatus. Sensory cells located in the geniculate ganglion continue distally as 
the chorda tympani nerve, which carries taste fibers. Periph eral fibers of the nervus interme
dius portion of eN VII initiate salivary, lacrimal, and mucous secretion, (Reproduced with permission 

from Gilden DH Clinical pracrice: Bell's palsy. N Engl J Med. 2004;351:1327.1 

above the lid margin_ The superior lid crease is formed by collateral insertion of the leva

tor aponeurosis to the skin of the eyelid. Closure of the lids is marked by an increase in 
activity of the orbicularis muscle and inhibition of the levator. The balance of tonic or
bicularis and active levator activity determines the amount of lid opening. For discussion 
of eyelid abnormalities encountered in neuro-ophthalmic practice, see Chapter 11 , The 
Patient With Eyelid or Facial Abnormalities_ For further discussion, with illustrations, of 
eyelid anatomy, see BCSC Section 7, Orbit, Eyelids, and Lacrimal System. 
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Ocular Autonomic Pathways 

The autonomic nervous system is also critical to normal functioning of the visual system. 
In particular, branches of the parasympathetic system playa role in lacrimal function, 
and pupil size is controlled by a balance between the innervation of the sympathetic fi
bers to the iris dilator muscles and the parasympathetic fibers to the sphincter muscles. 
The accessory retractor muscles, including the Muller muscle in the upper eyelid, receive 
sympathetic innervation. 

Sympathetic Pathways 

Sympathetic activity originates in the posterolateral region of the hypothalamus. Activity 
in the hypothalamus is influenced by signals in the frontal, sensorimotor, and occipital 
cortex and in the limbic system (cingulate gyrus). The course of sympathetic fibers des
tined for the orbit is divided into first-, secondo, and third-order segments (Fig 1-41). 
Axons destined for the dilator muscles of the pupil and Muller muscle descend as the first 
order segment, along with other sympathetic fibers, superficially in the anteromedial col
umn through the brainstem to the spinal cord. Within the cervical cord, the sympathetic 
fibers continue in the intermediolateral column. From C8 to T2, the sympathetic fibers 
destined for the orbit synapse in the ciliospinal nucleus of Budge-Waller. 

The postsynaptic second-order fibers leave the spinal cord through the ventral rami 
of the cervical (C8) and upper thoracic (Tl and T2) spinal cord before joining the par
avertebral sympathetic plexus. Ascending rostrally, the sympathetic chain passes in the 
anterior loop of the ansa subclavia proximate to the innominate artery on the right and 
the subclavian artery on the left just above the lung apex. These fibers pass through the 
inferior and middle cervical ganglia to terminate in the superior cervical ganglion, at the 
level of the angle of the jaw (C2) and the carotid artery bifurcation. 

The postganglionic third -order fibers continue in the wall of the bifurcated carotid. 
Sympathetic fibers innervating the sweat glands of the lower face follow the ECA. 

The sympathetic fibers destined for the pupil continue along the ICA to enter the 
cranium through the carotid canal. Some sympathetic fibers leave the carotid artery as 
it exits the petrous bone and, along with the greater superficial petrosal nerve, form the 
vidian nerve. These sympathetic fibers parallel the parasympathetic fibers to the lacrimal 
gland. Within the cavernous sinus, sympathetic fibers destined for the dilator muscles 
leave the carotid in conjunction with CN VI for a few millimeters. Further anteriorly in 
the cavernous sinus, the sympathetic fibers join the nasociliary branch of the ophthalmic 
division of the trigeminal nerve. In the orbital apex, the fibers then pass through the 
ciliary ganglion (without synapsing). Along with the nasociliary branch, the sympathetic 
fibers reach the globe and travel with the long ciliary nerves to the dilator muscles of the 
pupil. The dilator muscle lies just superficial to the posterior pigment epithelium of the 
iris, which continues peripherally as the nonpigmented superficial layer of the Ciliary 
body. The myoepithelial cells measure approximately 12.5 /lm in thickness, with an api
cal epithelial portion and a basilar muscular portion that is oriented radially toward the 
pupillary opening. The muscular processes terminate peripheral to the sphincter muscle. 
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Figure 1-41 Anatomy of the sympathetic pathway show ing first-order central neuron , 
second-order intermediate neuron, and third-order neuron pathways. Note the proximity of 
the pulmonary apex to the sympathetic chain. Note also the re lationship of the intracavernous 
sympathetic fibers to eN VI. (Illustration by Chrisrine Gra/app.) 

Peripherally at the iris root, these cells are continuous with the pigmented epithelium of 
the ciliary body. 

The fibers destined for the Muller muscle travel along the ophthalmic artery and its 
subsequent frontal and lacrimal branches. The Muller muscle originates near the origin of 
the levator aponeurosis and inserts 10- 12 mm inferiorly on the superior border of the tar
sus. It is very vascular and lies just deep to the superior cul-de-sac conjunctiva that extends 
superiorly from the tarsus. The superior orbital sympathetic fi bers also innervate the sweat 
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glands of the forehead. Thus. disruption of these sympathetic fibers is responsible fo r both 
the mild ptosis and the frontal anhidrosis seen with distal Horner syndrome. 

Parasympathetic Pathways 

Parasympathetic activity originates in various areas within the brains tern. Those fibers that 
control the pupil sphincter muscles originate in the Edinger-Westphal (EW) nuclei of the 
eN III nuclear complex within the midbrain . The main input to the EW nuclei is from the 
pretectal nuclei. both directly and via the posterior commissure. The pretectal nuclei. in turn. 
receive input directly from the afferent visual pathways via the pupillary tract. which leaves 
the optic tract in the brachium of the superior colliculus just anterior to the lateral geniculate 
(Fig 1-42) . The cortex (especially the frontal lobes). the hypothalamus. and the reticular 
activating system provide tonic inhibitory signals to the EW nucleus. During sleep. the pupil 
becomes smaller due to loss of this inhibitory activity. In addition. the EW nucleus receives 
inputs from the more ventral and rostral midbrain. probably representing input related to 
bitemporal image disparity and serving as a stimulus for convergence and the near reflex. 
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Figure 1-42 Pathway of the pupillary reaction to light. (Illustration by Chris tine Gralapp) 
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The parasympathetic fibers and the eN III fascicles leave the eN III nucleus and exit 
in the interpeduncular fossa. Within the subarachnoid space, the parasympathetic fibers 
tend to run on the med ial superficial surface of eN Ill. When eN III bifurcates in the an
terior cavernous sinus, the parasympathetic fibers travel with the inferior division. In the 
orbital apex, these fibers enter the ciliary ganglion, where they synapse. The postsynaptic 
fibers then travel with the branch destined for the inferior oblique to join the posterior 
cil iary nerves to reach the anterior segment and the iris sphincter muscles. The sphincter 
muscle measures approximately 0.8 mm in diameter and 0.15 mm in thickness. It travels 
circumferentially around the pupillary margin just anterior to the posterior pigmented 
epithelium and central to the termination of the dilator muscle cells. The muscle itself is 
made of units composed of groups of 5- 8 muscle cells. 

Parasympathetic innervation to the lacrimal gland originates in the superior saliva
tory (salivary) nucleus located in the caudal pons posterolateral to the motor nucleus of 
eN VII . This nucleus receives sensory input from the trigeminal nerve and additional 
afferent fibers from the hypothalamus. Parasympathetic fibers leaving the nucleus join 
other parasympathetic efferents coming from the salivatory nucleus and run with gusta
tory afferents destined for the nucleus of the tractus solitarius parallel to the fascicles of 
the facial nerve in the nervus intermedius (see Fig 1-40; Fig 1-43). This nerve joins with 
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Figure '·43 Connections of the 4 parasympathetic ganglia of the head and neck. (Reproduced 

WIth permission 'rom McMmn RMH. Last's Anatomy: RegIonal and App!Jed. 8Th ed Edinburgh: Churchill Livingstone, 
,gOO.} 
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CN VII to exit the brainstem on its ventral surface of the pontomedullary junction. With 
the other fascicles of CN VII, the parasympathetic fibers of the nervus intermedius run 
laterally to the internal auditory meatus. Within the petrous bone and fallopian canal, the 
parasympathetic fibers exit at the geniculate ganglion and then travel superficially over 
the petrous bone with the greater superficial petrosal nerve. This course parallels that of 
the carotid artery, and in the area where the carotid artery turns to rise into the cavern
ous sinus, the fibers join the vidian nerve. This travels through the sphenOid bone parallel 
and below the foramen rotundum to enter the pterygomaxillary space. The fibers synapse 
in the sphenopalatine ganglion. The postganglionic fibers travel superiorly through the 
inferior orbital fissure and then with the lacrimal nerve to reach the lacrimal gland. The 
parasympathetic fibers are responsible for reflex tearing. 

Loewenfeld IE. The Pupil: Anatomy, Physiology, and Clinical Applications. 2nd ed. New York: 

Butterworth-Heinemann; 1999. 
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Glossary 

BOLD (blood oxygenalion level-dependenl) M RI technique that allows functional imaging 
demarcating areas of high activity during a specific task. 

eTA (computed lomographic angiography) CT technique used to image blood vessels. 

DWI (diffusion-weighted imaging) MRI technique especially useful for acule and subacute 
stroke. 

FLAIR (fluid-attenualed inversion recovery) MRI lechnique that highlights T2 hyperintense 
abnormalities adjacent to CSF (cerebrospinal fluid )-containing spaces, such as the ven 
tricles, by suppressing CSF signal intensity. 

fMRI (funclional magnelic resonance imaging) MRI technique that allows visualization of 
more active brain areas during a specific task, such as reading. 

Frequency-encoding analysis Gradient variation in the magnetic field results in a change in 
signal frequency; as the gradient is varied across the subject, the computer can localize the 
position of a particular signal. 

Gadolinium Paramagnetic agent administered intravenously to enhance lesions. 

Hounsfield unil1 /2000 of the x-ray density scale centered on water (at zero) and ranging 
from air (at - 1000) to bone (approaching + 1000). 

IR (inversion recovery) Initial 180· pulses followed by a 90· pulse and immediate acquisi
tion of the Signal; in IR sequences, the interpulse time is given by TI. 

MRA (magnelic resonance angiography) MRI technique for imaging blood vessels. 

MRS (magnetic resonance spectroscopy) MRI technique that further characterizes the tis
sue composition of part of the brain, which helps differentiate tumor, demyelination, and 
necrosis. 

69 
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Pixel Picture element; any of the small discrete elements that together constitute an image 
(as on a television screen); increasing pixels increases image resolution. 

Relaxation Process by which an element gives up (reemits) energy after having absorbed it 
from the radiofrequency pulses. 

SE Ispin echo) In the most commonly employed spin-echo sequence, a 180' pulse follows a 
90' pulse. For T2-weighted images, the 90' pulse is followed by two 180' pulses. The first 
180' pulse is administered at one half the TE (time to echo), and the second 180' pu lse 
is administered at one fu ll TE later. The "first echo" image is referred to as proton density, 
and the "second echo" is T2-weighted. 

SR Isaturation recovery) With SR, the radiofrequency signal is recorded after a series of90' 
pulses, with an interpulse interval less than or equal to an average tissue Tl (0.1-1.5 sec) . 

Tl Time required for 63% of protons to return to the longitudinal plane after cessation 
of a 90' radiofrequency pulse. This is also referred to as the longitudinal, or spin-lattice, 
relaxation time. 

T2 Time required for 63% of the magnetic field in the transverse plane created by the ra
diofrequency pulse to dissipate. This dispersion of the magnetic vector corresponds to the 
exchange of spin among protons and is referred to as spin-spin relaxation; it is completed 
much more rapidly than is Tl relaxation . 

TE (time to echo) Time folloWing the pulse in which the Signal is assessed. 

Tesla Measure of magnetic field strength. 

Tllinterpulse time) See lR (inversion recovery). 

TR Time to repetit ion of radiofrequency pu lse. 

Voxel Three-dimensional cube determined by the product of the pixel size and the slice 
thickness. 

Jager HR. Loss of vision: imaging the visual pathways. Eur Radiol. 2005; 15(3):50 1-5 1 O. 

Mafee ME Karimi A, Shah JD, Rapoport M, Ansa ri SA. Anatomy and pathology of the eye: role 
of MR imaging and CT. Magn Resoll Imagillg Clill N Am. 2006;14(2):249-270. 

Vaphiades MS. Imaging the neurovisua l system. Ophtlwfmol Clill North Am. 2004; 17(3 ): 

465- 480. 

Computed Tomography 

The orbit is particularly suited to x-ray- based imaging because fat provides excellent con
trast to the globe (Fig 2-1), lacrimal gland, optic nerve, and extraocular muscles. Bone 
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Figure 2·1 Normal orbital 
CT axial IA) and coronal IB) 
views . (Courtesy of Rod Foroo
zan, MO.) 

and other calcium-containing processes can be easily visualized because of their marked 
x-ray attenuation. Soft-tissue deta ils can be further enhanced by the injection of iodinated 
contrast material, which crosses a disturbed blood-brain barrier to accumulate within a 
local lesion and reveals inflammatory and neoplastic processes. 
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The advantages of computed tomography (CT) include rapid image acquisition, wide 
availability, and excellent spatial resolution. The speed and ability of CT to identify acute 
blood or bone abnormalities accurately make this technique especially useful in trauma, 
when a patient may be confused or combative, and identification of hemorrhage or bony 
abnormalities is critical. The disadvantages of CT include the use of ionizing radiation, 
contrast agent-related side effects, and poor soft-tissue resolution adjacent to bone or 
other radiodense objects. Iodinated contrast agents are associated with nephrotoxicity and 
relatively frequent allergic reactions. These drawbacks render CT less useful when a se
rial imaging technique is needed, when imaging brainstem or skull-based lesions, when a 
nonaxial plane (coronal or sagittal plane) is useful, or in patients with a history of iodin
ated contrast dye allergy or nephropathy. 

Magnetic Resonance Imaging 

Magnetic resonance imaging (MRI) is now the imaging study of choice for many disease 
processes. The technique depends on the physical properties of soft tissue for image gen
erat ion. Atoms containing an odd number of nucleons (protons and neutrons) have a 
small magnetic moment. The most common element with these properties is hydrogen. 
When placed within a powerful magnet, these nuclei align with the magnetic field. Ra 
diofrequency pulses can then tranSiently perturb the magnetic movements, knocking the 
protons out of alignment. FollOWing a sequence of pulses, the rate of relaxation will cor
respond to the specific magnetic properties of the tissue, which results in tissue-specific 
Signals. Varying the repeated radiofrequency pulses and the timing of Signal recording 
yields different types of images. Modern MRI devices obtain a 3-dimensional data set that 
shows views in axial, coronal, sagittal, or even oblique planes without patient reposition
ing. MRI is sensitive to soft-tissue changes in water content, depending on how the water 
is bound and how it moves within tissue. Injection of gadolinium, a paramagnetic agent 
that also traverses a disrupted blood- brain bar rier, alters the Signal characteristics. This 
alteration may be critical in identifying certain tumors whose characteristics make them 
otherwise indistinguishable from normal cortical tissue. Although initially believed to be 
free of toxicity, gadolinium has been reported to cause a systemic fibrosis syndrome that 
often involves the skin (nephrogenic fibrosing dermopathy), especially in patients with 
preexisting renal disease. It is characterized by scleroderma-like thickening of the skin, 
subcutaneous edema, and ensuing joint contractu res leading to profound disability. In 
volvement of other organs has also been described. 

Magnetic resonance images are usually classified as being Tl - or T2-weighted 
(Fig 2-2). Each tissue has its own characteristic Tl and T2 relaxation times resulting from 
a combination of the amount of water present and the tissue's bound state. In the most 
common spin -echo technique, a Tl -weighted image is obtained by selecting appropri
ate pulse timing: a relatively short TR (time to repetition; approximately 200- 700 msec) 
and a short TE (echo time; 20-35 msec) (Table 2-1). Tl-weighted images are optimal for 
demonstrat ing anatomy. Resolution is also higher than in T2-weighted images, chiefly 
because of the increased intensity of the signal and thus the decreased acquisition times 
(minimizing motion artifact). However, T2-weighted images (long TR of 1500-3000 msec 
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Figure 2-2 Normal axial MRI of the brain at the level of the orbits and m idbrain. Tl -weighted 
image wi th contrast (A) shows cerebrospinal f luid (CSF) and vitreous as hypointense (dark). or
bital fat as hyperintense (bright). and gray matter as re latively hypointense compared to white 
matter. T2-w eighted image (B) shows that CSF, vitreous, and orbital fat are hyperintense and 
gray matter is hyperintense compared to white matter. The FLAIR image (e) shows that orbita l 
fat is hyperintense; however, vitreous and CSF appea r hypointense, which facil itates detection 
of abnormalities in periventricular t issue. (Courtesy of Rod Foroozan, MO.) 

Table 2-' MRI Types and Parameters 

-- Image 

T1 
T2 
Proton 
FLAIR 

------
TR (time to repetition) TE (time to echo) ------------Short (200-700 msec) Short (20-35 msec) 
Long (1500-3000 m sec) Long (75- 250 msec) 
Long (>1000 msec) Short «35 msec) 
Very long (>6000 m sec) Long (>75 msec) 

FLAIR ", fl uid-attenuated inversion recovery 

and TE of 75- 250 msec) maximize the differences in tissue water content and state. Thus, 
T2-weighted images are the most sensitive to inflammatory, ischemic. or neoplast ic altera
tions in tissue (Figs 2-3, 2-4, 2-5) . Proton denSity images, a third form (long TR and short 
TE), have intermediate properties between those ofT! and T2 weighting and are obtained 
simultaneously with the T2 image. 

Very intense tissue signals (fat in T! -weighted images and cerebrospinal fluid [CSFjl 
vitreous in T2-weighted images) may obscure subtle signal abnormalities in neighboring 
tissues (Table 2-2). Special sequences have been designed to reduce these high signals. Fat
suppression techniques, such as short tau inversion recovery (STIR), are used to obtain rel 
atively T! -weighted images without the confounding bright fat signal. This is particularly 
usefu l in studying the orbit (Figs 2-6, 2-7). Fluid-attenuated inversion recovery (FLAIR) 

provides T2-weighted images without the high-CSF signal, making FLAIR ideal for view
ing the periventricular white matter changes in a demyelinating process such as multiple 
sclerosis (Fig 2-8). DiffuSion-weighted imaging (DWI) is sensitive to recent vascular perfu
sion alterations and is thus ideal fo r identify ing recent infarctions (Fig 2-9). An abnormal 
DWI signal develops within minutes of the onset of cerebral ischemia and persists for ap
proximately 3 weeks, serving as a time marker fo r acute and subacute ischemic events . 
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Figure 2-3 Comparison of T1 and T2 images can yield information about the characteristics of 
a les ion and can be particularly helpful in dating hemorrhages . A 61 -year-old pat ient presented 
with acute onset of severe headache. A hemorrhage is apparent in the parieto-occipital region 
in the 3 scans originally taken: T1 -weighted (A). proton density (B). and T2-weig hted (el im
ages. The signal at the lesion periphe ry relates to the presence of oxyhemog lobin, whereas 
the core remains dark in all 3 images because of the presence of deoxyhemoglobin. When the 
MRI series was repeated 10 days later, the signal characterist ics had changed as a resu lt of 
the development of methemoglobin in the outer ring, which is br ight on T1 (01. proton density 
IE)' and T2 IF) sequences. The core remains dark . (Courtesy of Sleven A. Newman, MD.J 

Symms M. Jager HR. Schmierer K, Yousry TA. A review of structural magnetic resonance neu
rOimaging. J Neurol Neurosurg Psychiatry. 2004 ;75(9): 1235 -1244. 

Vascular Imaging 

Several techniques are used to image blood vessels. These commonly used techniques 
are important because of the frequency with which ischemic processes affect the nervous 
system. 
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Figure 2-4 Various tumors may have specif ic sequence findings. This patient had a large fron
tal tumor invading the orbit. A. Sagittal Tl sequence shows the tumor to be heterogeneous 
but mostly hypointense to gray matter. B, Axial gadolinium-enhanced Tl-weighted image dem
onstrates minimal rim enhancement. C, On the proton density image, the signal intensity 
becomes brighte r, being isointense w ith gray matter and brighter than white matter. D, On T2 
images, the lesion becomes extremely brigh t. These findings are character istic of an epider
moid. (Courtesy of Steven A. Newman, MD.) 

Figure 2-5 Axial T2-weighted MRI demonstrates left lateral medullary high signal (arrow) con
sistent w ith infarction in a patient with Wallenberg lateral medullary syndrome . The patient 
presented with left Horner syndrome, left fac ial numbness, skew deviation, right body numb
ness, and vert igo. (Courtesy of Eric Eggenberger. DO.) 
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Tabl. 2-2 MRI Signal Intensity by Tissue 

T1 
T2 
Proton 
FLAIR 
STIR 

Fat» white matter> gray matter> CSF/vitreous > air 
CSF/vitreous »gray matter > white matter> fat 
CSF/vitreous> gray matter = white matter> fat> air 
Fat > gray matter> white matter > CSF/vitreous > air 
CSF/Vitreous = gray matter > white matter> fat > air 

FLAIR ", fluid-attenuated inversion recovery; STIR", short tau inversion recovery 

A 

Figur.2-6 Axial Tl-weighted orbita l MRI w ith contrast (A) shows the normal hyperintense 
orbital fat . Suppression of the orbital fat (8) enables visualizat ion of optic nerve sheath en
hancement (arrow) consistent with a meningioma. (Part A courtesy of Rod Foroozan. MD; part B reprinted 

with permission from Foroozan R. Hinck ley L. Compression of the anterior visual pathways. In: Kline LB. Foroozan R, eds 

Optic Nerve Disorders. 2nd ed. Ophthalmology Monograph 10. New York: Oxford University Press, in cooperation with 

the American Academy of Ophthalmology; 2007:109.) 

Figure 2·' This 48-year-old female pre
sented wi th slowly progressive decreased 
vision OS. This axial Tl -weighted fat
suppressed postcontrast MRI shows a 
meningioma involving the midd le cranial 
fossa of the skull base (arrow), includ ing 
the optic canal. Abnormal enhancement in 
the orbita l apex indicates extension of the 
meningioma along the optic nerve sheath 
(arrowhead). (Courtesy of Eric Eggenberger. DO.) 
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A 

Figure 2-8 A 41-year-old patient presented w ith acute onset of decreased vision in his right 
eye. A, Axial T2-weighted image. B, Sagittal FLAIR technique demonstrates periventricular 
white matter spots characteristic of demyelinating disease. The FLAIR technique suppresses 
the high signa l intensity of the CSF, thus allowing lesions around the ventr icu lar system to be 
seen clearly. (Courtesy of Steven A. Newman, MD.) 

Conventional/Catheter/Contrast Angiography 

The "gold standard" for intracerebral vascular imaging remains catheter, or contrast, 
angiography (Fig 2-10). With this technique, a catheter is placed intra-arterially and io
dinated radio dense contrast dye is injected. Digital subtraction angiography (DSA) is a 
technique that reduces artifacts by subtracting densities created by the overlying bony 
skull. The contrast dye outlines the column of flowing blood within the injected vessel 
and demonstrates stenosis, aneurysms, vascular malformations, flow dynamics, and ves
sel wall irregularities such as dissections or vasculitis. The procedure has an overall mor
bidity of approximately 2.5%, primarily related to ischemia from emboli or vasospasm, 
dye-related reactions, or complications at the arterial puncture site. The use of digital sub
traction technology has enhanced the ability to visualize vascular structures with smaller 
amounts of contrast dye. 

Magnetic Resonance Angiography 

Because an MRI Signal requires excitation and decay, moving tissue often passes out of the 
plane of assessment before the return signal can be detected. This is the basis of the black 
"flow void" characteristic of vascular channels with flow. Protons that are excited in 1 slice 
and then move to another slice may be specifically imaged. This 3-dimensional assess
ment underlies magnetic resonance angiography (MRA) and magnetic resonance venogra
phy (MRV). Several techniques, such as 2- and 3-dimensional time-of-f1ight angiography, 
phase contrast angiography, and multiple overlapping thin-slab acquisition (MOTSA), 
have been used to obtain images. MRA Signals may also be obtained from gadolinium
enhanced images. This technique is particularly useful for obtaining images of the proxi
mal large vessels of the chest and neck. MRA with gadolinium has a very short acquisition 
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A 

c 

Figure 2-9 Axial MRI demonstrates the 
value of diffusion-weighted imaging in acute 
infa rction. This 65-year-old patient presented 
w ith acute right homonymous hemianopia. 
A, Diffusion-weighted image IDWI) reveals 
abnormal restricted diffusion (high signal) in 
the left occipital region on day 1, whereas the 
FLAI R IB) and T2-weighted sequences Ie) ap
pear normal . (Courtesy 01 Lanning B. Kline, MD.) 

time. making patient movement-related art ifac t less of an issue. MRA provides excellent 
noninvasive information about large and medium-size vessels. However, because MRA 
depends on flow physiology, it tends to overestimate vascular stenosis, and image resolu
tion limits the abili ty to visualize smaller vessels or vasculi tis. MRV may be helpful in ex
cluding thrombosis within the dural venous sinuses (Fig 2-11 ). a condition that may cause 
papilledema (see also Chapter 14). 

Computed Tomographic Angiography 

Computed tomographic angiography (CTA). which uses a high-speed spiral scanner. pro
vides excellent vessel resolution with 3-dimensional capability that is complementary to 
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Figure 2-10 Contrast angiogram, latera l view. demonst rates aneurysm of the posterior com
municating artery (arrow) , ACA = anterior cerebral artery, leA = internal carot id artery, MeA = 
middle cerebral artery. (Courtesy of Rod Foroozan, MO.J 

A 
Figure 2-11 Venous sinus thrombosis. M RV (A) and cerebral angiography IB) in the venous 
phase showing absence of f low within the left t ra nsverse sinus, sigmoid si nus, and interna l 
jugular vein . (Reprinted with permiSSion from Foroozan R, Kline LB. Papilledema. In: Kline LB, Foroozan R, eds. Optic 

Nerve Disorders . 2nd ed. Ophthalmology Monograph 10. New York : Oxford University Press, in cooperation w ith the 

American Academy of Ophthalmology; 2007:55.J 
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MRA. The technique requires iodinated contrast dye and ionizing radiation and takes 
approximately 15 minutes. Sensitivities in the detection of aneurysms> 3 mm or stenosis 
> 70% are approximately 95%. Some centers prefer the use of CTA over MRA in the detec
tion of cerebral aneurysms, including those causing ocular motor cranial nerve palsies 
(see Chapter 8, Fig 8-10). 

Osborn AG, Blaser $, Salzman KL. Diagnostic Imaging: Brain. Philadelphia: WB Saunders; 2004. 

Metabolic and Functional Imaging 
Magnetic resonance spectroscopy (MRS) provides information on tissue composition. This 
technique generally depends on hydrogen and phosphorus and produces 5 principal spec
tra: N-acetylaspartate (NAA), choline, creatinine, lipid, and lactate. NAA is associated 
with neuronal integrity; a decrease in NAA is associated with neuronal loss. Choline is 
a component of cell membranes. Creatinine is relatively stable within the brain and can 
serve as an internal control. Lactate is normally barely visible; it is a marker of anaerobic 
metabolism. Lipid is rarely used clinically. Differences in the pattern of these peaks are as
sociated with different disease processes; nonnecrotic brain neoplasm typically produces 
an elevated choline peak and a reduced NAA peak. This technique can help characterize 
MRI abnormalities. 

Functional MRI (jMRI) depends on changes in regional blood flow in the brain in 
accord with metabolic demand. With very fast MRI analysiS, local differences in blood 
oxygenation (blood oxygenation level-dependent [BOLD]) can be evaluated. Based on 
this technique, areas of higher metabolic activity can be identified during speCific tasks, 
such as reading, speaking, or moving a finger. Besides being less expensive than posi
tron emission tomography (discussed next), fMRI has the additional advantages of faster 
imaging speed, higher spatial resolution, practical repeatability, and being less invasive. 
These advantages can be helpful not only in research but also in planning neurosurgical 
procedures to avoid eloquent areas of cerebral function such as those involved with lan
guage or vision. 

Physiologic information is also available through the use of positron emission tomog
raphy (PET) or Single-photon emission computed tomography (SPECT). In the former, in
jection of a radiOisotope with a short half-life is followed by imaging of the positrons 
produced during their decay. The uptake of short-lived radioactive isotopes such as fluo
rine (lsF), carbon (l 1C), nitrogen (l ' N), or oxygen (1'0) is related to metabolic activity. 
PET with [ISFl-fluoro-2-deoxyglucose has shown increased visual cortex metabolism dur
ing ictal visual hallucinations and has detected regions of hypo perfusion in cases associ
ated with visual cortex ischemia. PET is usually combined with CT to enhance resolution. 
SPECT uses an iodinated radiotracer or technetium-99m agent as a cerebral perfusion and 
extraction agent. Because these agents depend on blood flow and cerebral metabolism, 
they can be used to study stroke, epilepsy, and dementia. SPECT is more widely available 
than PET, but it lacks sufficient resolution and specificity. Even after nondiagnostic or 
normal MRI results, functional imaging may reveal altered regional cerebral blood flow in 
patients with cerebral visual impairment from various causes. 
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Sonography 
Sonography is an excellent noninvasive technique for imaging the orbit and the carotid. It 
does not require ionizing radiation and is relatively inexpensive, quick, and office-based; it 
does, however, require expertise in image acquisition and interpretation. Ultrasonography 
images are based on the reflection of 8-20 MHz ultrasound waves at acoustic interfaces. 
Carotid Doppler is generally accurate at detecting cervical carotid stenosis, but it does 
not provide information about more proximal or distal vessels. The major use of carotid 
Doppler imaging in neuro-ophthalmology is detecting cervical carotid stenosis follow
ing transient monocular blindness suggestive of retinal or optic nerve ischemia. Stenosis 
in this area of the carotid circulation may mitigate for carotid endarterectomy or carotid 
stenting, depending on the circumstances. 

Orbital ultrasound provides useful data concerning the optic nerve and retrobulbar 
structures. including muscle, optic nerve, and vessels, but it does not provide accurate imag
ing of the orbital apex. Ultrasound is useful in the globe and may help distinguish disc edema 
from optic nerve head drusen, which are strongly echogenic (see Chapter 4, Fig 4-15). 

Retinal and Nerve Fiber Layer Imaging 

Several techniques for noninvasive imaging of the optic nerve head and retinal nerve fibe r 
layer are in clinical use, including Heidelberg retinal tomography (HRT), GDx nerve fiber 
analysis, and optical coherence tomography (OCT). These techniques use laser or short 
coherence light to image the retina and optic nerve head rapidly and are increasingly 
being used to evaluate or follow certain optic nerve diseases such as glaucoma. in addition 
to being used in research in neuro-ophthalmic diseases. These techniques are discussed 
further in BCSC Section 10, Glaucoma. 

Fundamental Concepts in Localization 

The ultimate diagnostic goal is to determine the exact pathophysiology underlying a pa
tient's symptoms. In neuro-ophthalmology, common symptoms include decreased vision, 
visual field defects, positive visual phenomena, double vision, oscillopsia, pain or numb
ness, ptosis, proptosis, or enophthalmos. The first goal of neuro-ophthalmic evaluation 
is clinical localization of the lesion. For an ophthalmologist, locations may be roughly 
divided into the orbit; the parasellar region, including the chiasm superiorly and cavern
ous sinuses laterally; the middle cranial fossa, which contains the retrochiasmal visual 
pathways, including the optic tract, geniculate and optic radiations, and occipital cortex; 
and the posterior fo ssa, containing the brainstem and cerebellum. Each of these areas is 
associated with unique neuroimaging challenges that influence the choice of imaging mo
dality (Table 2-3). The pathophysiologic differential diagnosis is generated based on clini
cal localization, medical history, and imaging. Imaging results are maximized when the 
clinician and radiologist review images together, combining the clinical and radiographic 
features to rank-order the differential diagnosis and guide further evaluation (Table 2-4). 

Osborn AG, Blaser 5, Salzman KI. Diagnostic Imaging Series: Brain. Philadelphia: WB Saun ~ 

ders; 2004. 
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Table 2-3 Imaging Choice: Clinical Locations 

Location 

Orbit 
Parasellar 
Chiasm 
Middle cranial foss8 
Posterior cranial fossa 
Cerebral vascular 
Cervi cal carotid 
Bone 
White matter 
Meninges 

Imaging Study 

MRI, CT 
MRI 
MRI 
MRI, CT 
MRI 
MRA, CTA, angiography 
Doppler, MRA, CTA, angiography 
CT 
MRI 
MRI 

Table 2-4 Imaging Choice: Clinical Situations 

Clinical Situation 

Acute hemorrhage 

Aneurysm 
Arteriovenous malformation 

IAVMI 
Calcification 
Carotid cavernous fistula 
Carotid dissection 
Carotid stenosis 

Cerebral venous disease 
Demyelination/multiple 

sclerosis (MS) 
Foreign body 

Infarct 
Infection 
Neoplasm 

Optic neuritis 

Paranasal sinus disease 

Pediatrics 

Pituitary adenoma 

Radiation damage 

Thyroid eye disease 
Trauma 

White matter disease 

Imaging Study 

CT, MRI 

MRA, CTA, angiography 
Angiography 

CT 
Angiography 
MRI, MRA, angiography 
Doppler, MRA, CTA, 

angiography 
MRI , MRA 
MRI 

CT 

MRI 
MRI 
MRI 

MRI 

CT, MRI 

CT (faster exam) 

MRI 

MRI 

MRI, CT, US 
CT 

MRI 

Comments 

Include fat suppression with MRI 
CT: bony artifact 
Poorly seen on CT 

CT: bony artifact 

Doppler often quickest 

Poorly seen on CT 
Infection, inflammatory, or 

neoplastic process 

Comments 

CT better for acute subarachnoid 
hemorrhage; MRI provides 
information on evolution of 
intraparenchymal hemorrhage 

May be missed by MRI and CT 

Most forms poorly seen on MRI 

MRI problematic with ferromagnetic 
objects, such as vascular clips 

OWl able to detect acute infarction 
Abscess, meningitis 
MRI demonstrates edema and 

features better but is less useful 
with bony involvement 

Include contrast and fat 
suppression; CT poor 

CT shows bony details better than 
MRI 

MRI may be preferable but may 
require sedation 

CT in axial plane often misses 
pituitary abnormalities 

Include contrast with MRI; poorly 
seen on CT 

CT: faster, shows acute blood and 
bony changes 

FLAIR sequences best on MRI; 
poorly seen on CT 
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Critical Questions in Imaging 

• when to order 
what to order 
• modality 
• location 
how to order 

specify lesion and region of interest 
discuss with radiologist before ordering 
review with radiologist after imaging 

When to Order 

State-of-the-art imaging facilities are now widely available in the United States. Imag
ing, however, remains expensive, a potential drain on medical resources, and not without 
risks. The decision to order an imaging study should be based on clinical localization and 
the expectation of particular findings. Further, this information should have an effect on 
patient management or provide more accurate prognosis of the disease's natural history. 
Finally, the information should not be available by simpler or less expensive means. Tran 
sient visual phenomena without residual deficit are most frequently related to large-vessel 
disease and thereby require assessment of the vascular structures. Suspicion of a neoplastic 
mass lesion is one of the most common reasons for ordering an imaging study. Neoplasia, 
however, is not always the cause of optic neuropathy. For example, glaucoma is the most 
common cause of optic neuropathy, often manifested by increased optic disc cupping and 
classic arcuate visual field defects. Acuity in glaucoma, however, should be normal. When 
disc edema is present, the differential diagnosis should include anterior ischemic optic 
neuropathy (AION), papillitis, and intraorbital compression. Imaging is not required in 
the setting of classic AION. When central visual function is affected without disc edema, 
or field defects respect the vertical midline, parachiasmal pathology may be investigated 
with appropriate imaging studies. 

Pisaneschi M, Kapoor G. Imaging the sella and parasellar region. Netlroimaging Clin N Am. 

2005; IS(I );203-219. 

Weber AL, Caruso p, Sabates NR. The optic nerve: radiologic, clinical, and pathologic evalua

tion. Neuroimaging Clin N Am. 2005;15(1): 175-201. 

The workup of decreased vision should include imaging of the course of the optic 
nerve if there is evidence of optic neuropathy not explained by glaucomatous, ischemic, 
toxic, metabolic, infectious, or hereditary causes. Optic neuropathy should be confirmed 
by finding an afferent pupillary defect (if visual loss is asymmetric), along with some com
bination of acuity and visual field loss. Lack of these findings suggests consideration of 
anterior segment or macular pathology. 

The Optic Neuritis Treatment Trial (ONTT) demonstrated that imaging was not re
quired in the diagnosis of typical optic neuritis. The ONTT, however, also reported that a 
brain MRI obtained in this setting has critical prognostic significance with regard to recur
rent episodes or progression to multiple sclerosis (MS). Thus, in the setting of acute optic 
neuritis, a cerebral MRI scan should be ordered to look for evidence ofT2 hyperintensities , 
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within the white matter typical ofMS; this evidence is best seen on T2-weighted or FLAIR 
images. A CT scan has no va lue in the setting of demyeli nat ing disease. The publica 

tion of the Controlled High-Risk Subjects Avonex Multiple Sclerosis Prevent ion Study 
(C HAMPS) demonstrated the advantages of early treatment for patients with typical white 
matter lesions, which makes the init ial scan even more important. (For further disclission 
of multiple sclerosis and these studies, see Chapter 14, Selected Systemic Considerations 
With Neuro-Ophthalmic Signs.) 

Bitemporal visual fi eld defects locali ze to the chiasm and should always lead to imag
ing. Som e of the most frequent chiasmal compress ive masses include pituitary adenoma 

with suprasell ar extens ion, meningioma, craniopharyngioma, chiasmatic glioma, and an 
eurysm (Fig 2-12). Rarer lesions include metastases, chordomas, dysgerminomas, lym

phoma, histiocytosis, epidermoids, Rathke cleft cysts , and granulomatous inflammatory 
disease. 

Homonymous visual fi eld defects imply retrochiasmal visual pathway pathology. 
These defects are most cOl1unonly vascular in origi n but should be irnaged unless clearly 
assoc iated with an o ld st roke syndrome. 

When a patient reports binocular double vision, anatom ic localization is again c ri ti 

cal. and the pattern of misalignment becomes all -important. Before a paretic syndrome is 

assumed, the clinician shou ld exclude the possibility of a restrictive problem, most com
mon ly related to trauma. in fl ammation, o r thyroid eye disease. All restric tive phenomena 

(d istinguished via forced duction testing) imply an orbital o rigin. Other signs of orbital 
involvement include proptosis. enophthalmos. o r other globe position abnormalities. o r 

orbital bruit. As with afferent system dysfunction involVing the optic nerve, both CT and 
M RI may provide the necessary informat ion regarding the extraocu lar muscles. MRI is 

somewhat more sensitive to the various changes associated with inflammation or in filtra 

tion, but CT well delineates the size of the extraocular muscles, par ticularly on direct (ie, 
not reformatted) coronal images (see Fig 2- 1 B). 

Figure 2-12 A, Coronal T1-weighted MRI postcontrast shows a la rge pituitary adenoma stretch
ing and compressing the chiasm (visible as a gray ribbon superior to the adenoma [arrow/l . 
This 45-year-old male presented with a bitemporal defect and impotence, and his prolactin 
level was elevated consistent with prolactinoma. B, MRI appearance several months after 
treatment with the dopamine agonist cabergoline shows near resolution of the prolactinoma; 
the enhancing structure in the suprasellar space is a normal-appearing infundibulum (arrow), 
with the chiasm above. (Courtesy of Eric Eggenberger. DO} 
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When the pattern of deviation fits a cranial nerve palsy, the decision about imaging 
depends on the clinically suspected pathophysiology and whether the palsy is isolated. The 
acute onset of an isolated cran ial nerve palsy in a pat ient in the vasculopathic age group 
(usually >50 years), especially when associated with a history of diabetes, hypertension, or 
vascular disease, is most likely microvascular, and imaging acutely may not be required. 
With multiple cranial nerve palsies, especially when the fifth nerve is involved, a cavern 
ous sinus location is logical. Parasellar lesions are most effectively seen on MRI used in 
combination with gadolinium. The most common lesions affecting the parasellar region 
include meningioma (Fig 2-13), pituitary adenoma, aneurysm, neurilemoma, chordoma, 
chondrosarcoma, metastatic disease, and lymphoma. 

Skew deviation is a supranuclear lesion producing vertical misalignment. That is, a 
vertical deviation without evidence of restrictive orbital involvement that does not fit the 
pattern of a fourth or third nerve palsy suggests a skew deviation. Imaging studies of the 
posterior fossa must be obtained . MRI is superior to CT at demonstrating posterior fossa 
pathology, including inflammatory, neoplastic, or ischemic processes. 

Certain common clinical si tuations are associated with negative results on imaging. 
For example, in a patient older than 50 years, acute visual loss associated with evidence of 
optic neuropathy, ipsilateral disc edema, and lack of orbital signs or pain is almost always 
secondary to A ION. Although giant cell arteritis may be considered in this setting, imag
ing is unlikely to be of benefit or change therapy. A second common clinical condition is 
the acute onset of an isolated cran ial nerve palsy in a patient with a vasculopathic history. 
When the oculomotor nerve is involved, the status of the pupil becomes cri tical. Al though 
microvascular disease can cause pupil dilation, the presence of a normally reactive pupil in 
the setting of an acute, otherwise complete, third nerve palsy essentially precludes a mass 
lesion, and scann ing acutely in this sett ing may be unnecessary. Microvascular disease 
resulting in an acute cranial nerve palsy shou ld be expected to clear completely. Failure 
to resolve over 3 months or evidence of aberrant regenerat ion (lid elevation on adduction 
or depression, miosis on adduction or elevation, or co-contraction of the superior and 
inferior recti) is a clear indication for scanning. 

Pain unaccompanied by other findings (proptosis, motility disturbance, decreased 
vision , or, most important, numbness) is unlikely to be due to a pathology that can be 
imaged, particularly if the pain is episodic and brief. When the pain is associated with 

Figure 2-13 This 45-year-old patient presented 
w ith progressive third and sixth nerve palsies. 
An MR I scan reveals a cavernous sinus lesion 
on the right side, with an enhanced extension 
along the dura l edge (arrow) This so-called 
dural tail is characteristic of meningioma. (Cour
tesy of Steven A. Newman. MO.) 



86 • Neuro-Ophthalmology 

findings sllch as ptosis and miosis (Horner syndrome) , carotid artery dissection shou ld 

be suspected; MRI and MRA through the ca rotid artery and, rarely, contrast angiography 
may be needed for confirmation. 

What to Order 

With important exceptions (Table 2-5), MRI is usually more va luable than CT in both 
detect ing a lesion and narrowing the differential diagnosis. The specific choice of imaging 
modali ty- includ ing the sequence, orientat ion, and direction-depends on a combina
tion of the suspected locat ion and the expected pathology. In suspected la rge-vessel dis
ease, MRA , CTA, and digital angiography may also be considered. 

Table 2-5 Co mparison of Ma gnetic Reso na nce a nd Com pute d Tom ogra phy 
Moda lities 

Advantages Disadvantages Contra indications 

MRI Better for soft t issue Greater cost Ferromagnetic implants! 
Better resolution of optic Contrast dye reactions and foreign body 

nerve and orbital apex systemic nephrogenic Pacemakers 
No ionizing radiation fibrosis Metallic cardiac valves 
Better ab le to distinguish Non-MRI compatib le 

w hite from gray matter intracranial aneurysm 
clips 

Cochlear implants 
Technical considerations: 

Cia ust rophobia/too 
large for the bore 

CT Globe and orbital trauma Exposure to ionizing 
(i nclude high-resolution radiation dose 
bone algorithms) Iodine-based dye contrast 

Assessment of bony reactions 
abnormalities Limi ted resolution in the 

Detection of ca lcification posterior fossa 
in lesions Lack of direct sagittal 

Assessment of orbital and imaging 
hyperacute intracrania l Poor resolution of the 
hemorrhage orbital apex 

MRA Less invasive limited resolution (in Same as for MRI 
aneurysms;::':3 mm) 

May overestimate ca rot id 
stenosis 

CTA Less invasive limited resolution (in 
aneurysms;::.:3 mm) 

Artifacts from superimposed 
bone and adjacent 
vessels, especia l ly where 
aneurysms lie within or 
close to bone 
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Mafee MF, Rapoport M, Karimi A, Ansa ri SA, Shah J. Orbital and ocular imaging using 3- and 

1.5-'1' MR imagi ng systems. Nell roilllngillg Clin NAill. 2005;1 5( 1): \ - 21. 

Neuroimaging should be done of both th e brain and orbits. Orbital imaging provides 
details of the optic nerves and the surrounding tissues that are often not detected with 
brain irnagi ng alone. 

When pathology is localized to the orbit, either CT or M RI ca n provide useful infor
mation. Orbital fat produces excellent contrast with the other orbital components on both 
modalit ies, and both give excellent anatomical localization (see Figs 2- 1, 2-4), 

More important than the choice of the modality is th e selection of orientation and 
spec ific sequences. Direct coronal images are lIseful in most o rbi ta l disorders (Fig 2- 14). 
With MRI , direct coronal imaging is not a problem, but CT may require specific position 
ing (neck extension ) that may be difficult to achieve with older pati ents. MRI of the orbit 
should be done wi th fat saturation techn iques designed to eliminate the high TI Signa l 
from fat (see Fig 2-6). 

Each modali ty has advantages: CT provides information about the bony walls; M 11.1 
provides increased information about th e optic nerve (eg, distinguishing meningioma 
from glioma and Lndicating the extent of the posterior tumor) and th e sta te of the ex
traocular muscles, orbital apex, and optic canal in multi planar views. MRI also avoids 
the artifact seen on CT related to dental fillings. When a calcified lesion is expected (eg, 
retinoblastoma, choroidal osteoma, optic nerve head drusen) or if there is a metallic in
t raorbital foreign body, CT should be used (see Table 2-5). MRI may have advantages in 
imaging melanomas d ue to their paramagnetic properties. MR I may also be preferred 
when attempting to distinguish inflammatory from lymphoproli ferative changes. Reso
lution of the orbit may be further increased with special surface or o rbital coils. Often, 

A 

B 

Figure 2·14 A 19-year-old man was referred for double vision following a motor vehicle ac
cident. A, He had difficulty adducting the left eye, and attempted abduction caused palpebral 
fissure narrowing. B, A subsequent coronal CT scan demonstrates an entrapped medial rectus 
muscle (arrow) causing restriction. (CourresyofSrevenA Newman, MOl 
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however, the cl inician loses the opportunity of comparing the 2 orbi ts when the sequences 

are coned down to I side. 

For the pa rasellar region, M RI has marked advantages ove r CT (see Table 2-3), except 
in cases of trauma if sma ll bone fragments or fractures are possible. 

Intracranial soft tissue is generally better assessed with MRI than with CT, except 
with acute hemorrhage (including subarachnoid hemorrhage following rupture of an 
aneurysm or arteriovenolls malfonnation), which does not show lip well on Tl - or T2-
weighted MRl. (Th is is best seen on FLA IR sequences.) MRI does offer the adva ntage of 
establish ing the evolution of intraparenchYI11 i.1 1 hemorrhage. and grad ient echo MRI is 

sensitive to petechia l hemorrhage from traumatic axonal shea ring injury. 

Because of the close prox imity of bone. the posterior fossa is mllch better visualized 

with MRI than with CT. Suspicion of intra-axial or extra-axial brainstem or cerebellar 
pathology calls for MRI sequences of the posterior fossa. 

If we look at most presumed pat hology (see Table 2-4), MRI is again the choice in 
most clinical situations. Neoplasia, inflammat ion, demyelinat ion, and ischemic changes, 

as well as cystic lesions, are better visualized on MRI tha n on CT. Computed tomography 
is better for acute hemorrhage (especia lly subarachnoid hemorrhage), bony lesions, and 
trau ma. 

How to Order 

The ophthalmologis t may have a role in the selection of the specific type of imaging pro
cedure. The more perti nent information the rad iologist is supplied, the more appropri

ately the imaging can be tailored to a particular patient. This information should at least 

incl ude the expected location of the pathology and the suspected differential diagnosis 

(region and lesion of interest). Failure to supply such informat ion often results in images 

that fail to show the area of interest or do so with insufficient detai l. Inappropriate images 

(wrong location or orientation, lack of cont rast administration, overly thick slices) are 

often worse than no images at all in that they may provide a fal se sense of security and may 

create third-party payer barriers to the required reimaging. By conveying as much speCific 
clinical information to the radiologi st as poss ible, the ophthalmologist wi ll increase the 
use fu lness of subsequent studies. 

Ne!lative Studies 

The diSCipline of neuro-ophthalmology has been called "the re interpretation of previously 
negative imaging studi es." When an imaging study fa ils to demonstrate expec ted pathol 
ogy or answer the clinical question, the first step is to reexam ine the stud ies, ideally with a 

neuroradiologist. Were the appropriate studies performed, including required sequences 

and o rientations' Was the area of interes t adequately imaged (Fig 2- 15)' Are the study 
resuit s really negative (Figs 2- 16, 2- 17)' Even if the ophthalmologist cannot personally 
review the studies, speaking directly with the radiologist may prevent certai n lesions from 

being overlooked and can provide the requi red clinical information to enhance the radio

graphic report's accuracy and usefulness. 
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A 

Figure 2-15 A, This 11-year-old patient was noted to have a third nerve palsy on the right side 
that began at age 5 and became complete by age 7. B, Ini t ial studies were negative, but fine 
cuts through the cavernous sinus demonstrate asymmetry, with a slight nodule in the superior 
portion of the cavernous sinus on the right. C, This area became bright with administration of 
gadolinium, which indicated the presence of a right third nerve neurilemoma (arrow). (Courtesy 

of Sleven A. Newman, MD.) 
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A 

Figure 2·16 A 41-year-old woman was referred for progressive visual loss in the right eye. She 
had previously been to ld that she had a swollen optic nerve on the right and was diagnosed as 
having a .. mild form of MS." Visual acuity was 2/200 00 and 20/20 OS, with a righ t afferent 
pupillary defect. She had reported ly had 2 previous MRI scans, which were negative. A, The 
right optic disc demonstrated temporal pallor with optociliary shunt vessels. The pat ient was 
referred for a third MRI scan, but th is study was misdirected for workup of "microvascular 
brainstem disease" and revealed no abnormalities. B, Sagittal MRI through the orbit shows 
abnormal optic nerve sheath appearance consistent with optic nerve sheath meningioma 
(arrow). (Pan A courtesy of Steven A. Newman, MD, part B courresy of Ene Eggenberger. 00.) 

A 

Figure 2-17 A, Axial Tl-weighted precontrast and IBI fat-suppressed postcontrast MRls reveal 
an enlarged enhancing intraorbital optic nerve OS (arrow) consistent with optic nerve glioma. 
Note the globular appearance of the mass containing cystic spaces (see Table 4-6) . (Courtesy of 

Eric Eggenberger, 00.) 



CHAPTER 3 
The Patient With Decreased 
Vision: Evaluation 

History 

In addition to the age of the pat ient, 3 aspects of the history are critical in cases of impaired 
vision: (1) the type of involvement (u n il ateral vs bilateral), (2) the ti me course of visual 
loss, and (3) associated symptoms. 

Unilateral vs Bilateral Involvement 

Determining whether a lesion is unilate ral o r bilateral is crucial to localization: unilate ral 

loss almost always indicates a lesio n an terior to the chiasm, whereas bilateral loss may 
reflec t bilateral optic nerve or retinal d isease or a chiasma I or retrochiasmal process. A 
ca reful h istory is imperative to determine whether involvement is un il ateral or bilateral. 
In homonymous visual field loss (involvement of the corresponding half- fi elds of each 
eye), patients often mistakenly attribute the loss to monoc ular involveme nt on th e side 
of the affected temporal hemifield; such patients should be asked specificaUy if they have 
checked each eye ind ividual ly. Often, binocular involvement is not appreciated unt il the 
patient is exam ined. 

Time Course of Visual Loss 

The speed of visual loss is important in determin ing etiology. Sudden onset (within min 
utes) usually indicates an ischemic (often embolic) retinal event, such as arter ial occlusion. 

Rapid loss occurring over hours is also most often ischemic but is more characte ristic of 
opt ic nerve involvement. A cou rse evolving over days to weeks may also reflect ischemi a 
but more frequently denotes inflammation. Gradual progression ove r months is typical of 
toxic lesions (alth ough they may be more acute); progression over months or years is typi 
cal of compress ive causes. Patients may become ac utely aware of chronic processes when 
the uninvolved eye is covered or when the second eye becornes affected. The time course 
among causes overlaps significantly, so the histo ry may be suggestive but not definit ive. 

Associated Symptoms 

Pain associated wi th visual loss may aid in locali zat ion of affected areas. Periorbital pain 
ipsilateral to visual loss, increasing with eye movement, and pOSSibly associated with globe 
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tenderness, is common in optic neurit is. Addit ional symptoms related to demyelinat
ing disease should be sought, including diplopia, ataxia, hem iparesis, and hem isensory 
changes. Nonspecific pain . facial numbness, or d iplopia may indicate orbital or cavernous 
sinus lesions. Headache may suggest an in tracrania l mass o r giant cell a rterit is. 

Examination 

Examination of the patient with decreased vis ion is directed toward detecting, quantifying, 
and localizing the site of loss, with the goal o f determini ng etiology. The process begins 
with assessment o f visual acuity. the 1110St common measure of central visual function. 

Best-Corrected Visual Acuity 

Best-corrected visual acuity. wh ich measures the maximal foveal spat ia l d iscr im ination, 
should be obtained with refraction. Pinhole visual acuity provides a rough approxirna
t ion of best-corrected visual acuity but usually underestimates it. Occasionally, however, 
visual acui ty measured with the pin ho le is worse than visual acuity measured in other 
ways; this finding may d irec t the exam iner to search for corneal or lent icular irregulari

ties. For visual acuity levels worse than 20/200, the exami ner should obtain a quantita tive 
assessment by moving a standard 200 optotype E closer to the patient until its orientation 
is d iscerned. This d istance is then reco rded in standard Snellen notatio n (eg, "5/200"), 
providing a more accurate and reproducib le measure tha n "finge r counti ng @ 5 ft" fo r 
de termining change in visual status over time. 

Vision should be tested at distance and at near. W ith appropriate refrac tive correc
tion , acuity for distance and near should be equivalent. Disparity of these 2 acuiti es may 

suggest a specifi c pathology. Vision that is better at nea r tha n at d istance may be due to 
macular d isease ( in which near magni fication may overcome small scotomata) or nuclear 

sclerotic cata ract; vision that is better at d istance- depending on ambient lighting and 
pupil lary size-occasiona Ll y results from central posterior subcapsular or polar cataracts. 
T he examiner should observe whether the pat ient requires eccentric fixatio n (possible 
ce ntra l scotoma), tends to read on ly I side of the eye chart (possible hem ianopic field 
defect), o r reads single optotypes better than whole lines (possible amblyopia). 

Pupillary Testing 

Pupillary examination. as part o f an evaluation o f a pat ient wit h decreased vision, is aimed 
at detecting a relative afferent pupillary defect (RA PD). T hi s abnormality o f pupillary reac
tivity, also known as a Nfarcus GUl1n pupil, is a hallmark of impaired optic nerve cond uc
t ion. In a perso n without this condi tion. the afferent pupillomotor signal carried along 1 

optic nerve is t ransmitted to both pupils afte r synapse in the pretectal nuclei, producing a 
symmetric direct (ipsilatera l) and consensual (contralalera l) ligh t pupillary conslric tion 

following light stimulation. Impaired conduct ion of the light st imulus along 1 optic nerve 
thus produces decreased pupilla ry constri ction in both pupils when the light stimulus is 
p resented to the affected eye. T he RAPD is due to the asymmetric light response be tween 
the 2 eyes. 
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The RAPD is best elicited by means of the alternating light source in the swinging 
flashlight test (Practical Tips in Testing for a Relative Afferent Pupillary Defect). Using a 
bright focal light, the examiner shines the light into I pupil for 2-3 seconds and then rap
idly swings the light into the other pupil for 2-3 seconds. This is repeated 4 or 5 times, and 
only the illuminated pupil (direct light response) is observed. The amplitude and velocity 
of pupillary constriction should be symmetric when stimulating either eye. In the patient 
with impaired optic nerve conduction in 1 eye, light stimulation of the affected eye wi1l 

produce a sluggish pupil constriction of low amplitude. Often the pupil will redilate dur
ing the 3 seconds of light stimulation , a process called pupillary escape (Fig 3-1). When the 
light stimulus is then moved to the unaffected eye, the relative increase in pupillomotor 
input results in visibly greater pupil constriction, both in speed and amplitude. 

PRACTICAL TIPS IN TESTING FOR A RELATIVE AFFERENT 
PUPILLARY DEFECT 

1. Dim the ambient li ghting; it is easier to evaluate pupillary move
ment when the pupil size is larger. 

2. Ensure that the patient fixates at distance so that accommoda
tion (and the accompanying miosis) is contro ll ed. 

3. Use a bright steady li ght source, such as a standard "musc le 
li ght," that is completely charged. Too dim a light source may 
produce false-positive results, whereas too bright a light source 
produces false-negative results if the pupil is driven into a state 
of sustained miosis. 

4. Stimulate 1 eye for 2-3 seconds and quickly move across the 
bridge of the nose to stimulate the other eye for 2- 3 seconds. 
Make several alternations and mentally average the pupil re
sponses. Do not rely on a single observation. 

5. Observe the initial pupillary constriction (ve locity and ampl itude) 
as wel l as the timing and amount of pupillary escape (or di lation) 
during the 2- 3 seconds of li ght stimu lation. 

6. A dense RAPD is easi ly detected when the affected eye's pupil 
di lates in response to the swinging flashlight test. 

7. A sma ll to moderate RAPD is more difficu lt to detect as the af
fected eye's pupil may sti ll constrict in response to the swing
ing flashlight test but is less vigorous than that of the unaffected 
side. 

8. An RAPD may be detected even if the pupill ary response in 1 eye 
may not be evaluated because of mechanical inju ry (iris trauma, 
synechiae) or pharmacolog ic blockade of reactivity (mydriasis or 
miosis). In such cases, eva luation of the direct and consensual 
response of the on ly working pupil may demonstrate asymmetry 
of responses and thus indicate the side of the RAPD. 
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9. Bilatera l optic neuropathy, w hen fai rly symmetric, may show 
slugg ish pupillary responses but not a relative difference (and 
therefore no RAPD) between the 2 eyes w hen pupi llary responses 
are compared. 

10. The RAPD may be graded 1- 4+ in increasing severit y or may 
be quant ifi ed using neutral-density filters. Th ese commercia lly 
available fi lters decrease the intensity of light reaching the retina 
and are placed in fro nt of the good eye. Beg inning w ith th e low
est 0.3 log unit filter ove r the good eye, th e swingi ng flash light 
test is repeated. If an RAPD is st i ll detectable, the 0.6 log unit 
filter is placed ove r the good eye and the test repeated in sim ilar 
fashion unti l an RAPD is no longer observable. At thi s balance 
po int, the lig ht input fro m the good eye w ith fi lte r now matches 
the li ght input from the bad eye. Increasing the strength of the 
filter in front of the good eye results in an RAPD in th e good eye, 
a process known as "overshoot ing the balance po int." The RAPD 
is quantified by the strength of the neutral-density f ilter needed 
over the good eye to reach the balance point. 

11 . The magnitude of the RAPD co rrelates w ith the overall degree 
of damage to retinal ganglion cel ls and th ei r axons and to the 
amount of co rresponding v isua l fi eld. Th e magnitude w ill not 
necessari ly parall el visua l acuity if the papi ll omacu lar bund le is 
not sign ificantly affected. Thus, it is possible to detect a promi 
nent RAPD in the presence of normal v isua l acu ity. 

12. The presence of an RAPD does not result in ani soco ri a. A lthough 
the affected pu pi l is poorly react ive to light, it is not dilated at 
basel ine. The consensual respo nse from th e norma l input of the 
fellow eye maintains the pupil at equa l size. 

Figure 3-' This 19-year-old patient was noted to have decreased vision in her left eye when 
she was evaluated for headaches. The swing ing flash light test demonstrated a left afferent 
pupillary defect. Funduscopy showed left optic atrophy, and MRI revealed an optic nerve 
glioma. 
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An RAPD is an extremely reliable and sensitive indicator of asymmetric optic nerve 
dysfunction. The absence of an RAPD should prompt reevaluation of the diagnosis of 
optic neu ropathy or should cause consideration or bilateral optic nerve involveme nt. An 
RAPD may also resu it from any lesion that decreases the ganglion cell input to the optic 
nerve, such as severe macu lar disease or another retinal disorder such as detachment. The 
degree of the RAPD relates to the number of nbers affected; thus, a relatively small lesion 
of the optic nerve affects a large number of fibers and results in a large RA PO, whereas a 
retinal lesion must be substantia lly larger to produce a similar RAPD. Chi asmal lesions 
may produce an RAPD if fibers from the optic nerves are involved asym met rica lly. OptiC 
tract lesions may result in a mild RAPD in the contralateral eye (ie, the eye with the tem 
poral visual field loss) because each tract cont ains more crossed than uncrossed pupillary 
fibers, and a lesion will damage more fibers crossing from that eye. With extremely rare 
except ions, an RAPD does not result from media opacities such as catarac t or vitreous 
hemorrhage. A mild RAPD may be detected in the setting of dense amblyopia, but the 

RA PO may also reflect superimposed optic nerve hypoplasia. optic neuropathy, or re t-ina l 
pathology. 

Fundus Examination 

Two aspects of th e fundus examination are important: the clarity of the view and the ap
penrnllee of Ihe slruelw·es. Both the retina (particularly the macula) and the optic nerve 
may show changes explaini ng a patient's decreased visual acuity. 

The direct ophthalmoscope remains a valuable tool for assessing the fundus; it not 
only gives a highly magnified view of the fundus but also alJows the examiner to evaluate 
the visibilily of Ihe f Ill/rill S, which can be impa ired by media opacities. (Unlike with indi 
rec t ophtha lmoscopy and slit -lamp biomi croscopy, the optics and light source of direct 
ophthalm oscopy do not permit viewing through a media opacity.) The direct ophthalmo
scope is first focused on the red reflex to screen for opacities or irregu larities in the cornea, 
lens, or vitreous (such opaci ties appear black on the contrasting red background). As the 
lenses are focused on the posterior pole, the clarity of the view of the macular region sug
gests how much visual impairment the lesions migh t cause. Finall y, the appearance of lhe 
optic disc and macular regions is assessed. The disc is examilled for evidence of atrophy, 
edema, excavation , or other abnormality; the macula is exam ined for pigmentary distur
bance, edema, scar, or o ther disruption of structural in tegrity. Used wi th the slit lamp, 
the 66, 78, or 90 D indirect lens improves viewing of the contour of both opt ic disc and 
macula by affording a stereoscopic view of the structures. 

Optie atrophy is the hallmark of damage to the reti nal ganglion cells. Although at
rophy is visualized at the level or the optic nerve head, it may result from damage to any 
portion of the ganglion cells, from cell bodies to their synapses at th e latera l geniculate 
nucleus. OptiC atrophy does not occur immediatel y but takes 4- 6 weeks from the time of 
axonal damage. Severe damage is usuall y eas il y identified by the chalky white appearance 
of the disc (Fig 3-2), with increased sharpness of the margins in contrast with the dull red 
appearance of the peripapi llary ret ina, which is devoid of the normal softening effect of 
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Figure 3-2 Fundus photographs demonstrating diffuse optic atrophy (A ), compared with nor
mal optic disc appearance (B). (CourresyofSrevenA Newman, MD.) 

the overlying nerve fiber layer (NF L). Milder fo rms of atrophy, with less whitening of the 
normally orange-pink disc color, are more difficult to detect but may become more appa r
ent with close attention to th e fo llowing aspects: 

Comparison of the color of the 2 discs. In some cases, subtle pallor is noticeable only 
in relat ion to the normal fellow eye. (Comparison may be difficult following unilat
eral cataract extraction.) 
Evaluation of the surface vasculature of the disc. Normally, this capi lla ry ne t is eas ily 
visible with the high magnification of the d irect ophthalmoscope, but the net be
comes thin or is absent in early atrophy, even when pallor is still very mild . 
Assessment of the peripapillary NFL. Dropout ofthese fibers, an early sign of damage 
that may precede visible optic atrophy, may be seen as a loss of the normal trans

lucent , glistening quality of the reti na. Such loss produces a dull red appeara nce, 
which may be seen in broad or fine radial patches (Fig 3-3). The fin e defects appear 
earliest in the superior and inferior arcades, where the NFL is norn1ally thickest, 
as dark bands among the normal striations. Th ese defects have been termed rake 
defects for thei r simila ri ty to rake marks in soil. NFL dropout is also co mmon in the 
papillomacular bundle as a broader regio n of damage. 

Optic disc edema is a manifestat ion of swelling of the non myeli nated nerve fibers . 
The edema results from impaired axoplasmic flow from any cause, includi ng increased 

f igure 3-3 Optic disc showing temporal at
rophy with a broad reg ion of nerve fiber layer 
dropout (left), contrasted with gl is tening intact 
nerve fiber layer (right). (Courtes y of Anthony C. Ar

nold, MD.) 



CHAPTER 3: Th e Patient With Decreased Vision : Evaluation . 97 

in tracranial pressure, local mechanical compressio n. ischemia. and inflarnmation. Optic 
disc and retinal vascular changes are assoc iated with the disc edema (Fig 3-4). Regardless 
of cause, the major clinical features are as follows: 

elevated appearance of the nerve head, with variable fi ll ing in of the physiologic 
cup; the retina l vessels may appea r to drape over the elevated di sc margin 
blu rring of the disc margins 

peripapillary NFL edema (typically g rayish wh ite and opalescent, with feathered 
margins) obscures portions of the retinal vessels, which course wi thin this level of 
the retina; the opacification of the NF L also blurs the border between the disc and 
the surrounding choroid 
hyperemi a and dilation of the disc surface capiLlary net 
retinal venous d ilation and tortuosity 
peripapillary hemorrhages and exudates 

Additional findings may incl ude retina l or choroidal folds. macular edema. and pre
retinal hemorrhage. Optic disc edema must be d istingu.ished from other causes of el
evation of the disc or blurri ng of its margins (pseudopapillede ma). This dist inction is 
discussed more full y in Chapter 4. 

Visual Fields 

Eva luation of the visual field is essent ial in a ll patients with visual loss. Visual field testing 

supplements visual acuity in establishing visual loss; helps localize the lesion along the 
afferent visual pathway; and quantifies the defect , enabling measurement of change over 
time. The choice of technique depends on the degree of detail required and the pat ient's 

A B 

Figure 3-4 Papi lledema. A, Right eye, S, Left eye. The disc margins are blurred, with grayish 
white, opalescent thickening of the peripapillary nerve fiber layer (arrows), colton-wool spots, 
and flame hemorrhages. The retinal vessels are partially obscured at the disc margin and 
within the peripapillary retina . (Courtesy of Sophia M Chung, MD.J 
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ability to coope rate. Testing may be considered qualitative (simply looking for the pattern 

of any visual field abnormality) or quantitative (measu ring th e degree of damage), Pat 

terns of visual field loss are discussed in detail in Chapter 4 . 

Confrontation testing 

Confrontation testing is a rapid, simple technique performed easily at the bedside or in 
the examination suite and should be a part of every ophthalmic examination. Confronta
tion testing, hmvever, is on ly a screen ing test and must be followed with more sensitive 

perimetry whenever possible. 
The exami ner is seated approximately 1 m opposite the patient, who is directed to 

cover 1 eye and fixate on the examiner's nose. The patient is asked whether the exam

iner's ent ire face is visi bl e or specific portions a re missing; this often identifies central or 

altitud inal visual field defects. The exam iner then asks the patient to identify a target of 

1, 2, or 5 fingers presented at the midpoint of each of the 4 quadrants (3 or 4 fingers are 

more difficult to identify). Children and nonverbal patients may be asked to mimic the 
examiner's finger target. The patient is then asked to add the total number of fingers pre

sented in opposing quadrants (double simultaneous stimulation). By using an asymmetric 

number of fingers in the opposite quadrants, the exam iner ca n identify the involved vi

sual field. Consistently missed responses in a quadrant or hemifield may indicate a subtle 

visual field defect or ext inction. ("Extinct ion" refers to the inability to see a target in an 

affected hemifield only when both hemifields are stimulated simultaneously; when a tar

get is presented in thi s hemifi eld alone) it is seen. This finding is characteristic of parietal 

lobe lesions.) If the patient cannot identify finge rs, the examiner presents progreSSively 

stronger stimuli (such as hand movement or light perception) in each quadrant. Accurate 

saccadic movement to an eccentric target is also evidence of at least relative preservation 

of the peripheral visual field. 

Subjective comparisons may be helpful in detecting subtle sensitivity defects. With 

an eye occl uded, the patient is asked to compare the clar ity of the exam iner's 2 hands 

presented in opposing hemifields, the less clear hand indicat ing a relative impairment. 

Color comparisons have long been used to identify the subtle red desaturation seen in an

ter ior visual pathway disease, even without demonstrable defects that occur with stronger 

stimuli. The examiner presents identical small red targets (such as buttons or mydriatiC 

bottle tops) in each hemifield, asking the patient if the stimu li appear equal. Color may 

appear altered, washed out, or absent in a damaged hemifi eld; with slow movement of the 

target, the examiner may be able to identify a change precisely as it crosses the vertical 

midline. This suggests damage to the chiasma I or retrochiasmal pathway. Alternatively, 

comparison of the central \vith the peripheral visual field in an eye may identify sim ilar 

impairment centrally, suggest ing opt ic neuropathy. 

Amsler grid 

Am sler grid testing is useful as a rapid screening suprath reshold test of the central 20° of 

the visual field (10" from fixation). The Amsler grid plate is held at y, of a meter (J 3 inches) 

from the patient's face. The patient, optically corrected for near vision, covers 1 eye and 

looks at a fixation point in the center of the grid. The exam iner asks the patient to describe 



CHAPTER 3: The Pati ent With Decreased Vision : Evaluation . 99 

any central areas of d istortion (metamorphopsia); any such areas suggest macular rather 
than optic nerve disease. Peripheral "bending" of the grid may represent optical aberra
tion from spectacles and should be disregarded. The patient is also asked to identi fy any 
scotomata, \vhich are less specific in terms of d iagnosis but suggest visual pathway damage 
and the need for more de tailed analys is. It is important to watch that the patient fixates 
on the central poi nt rather than scans and to avoid suggesting a visual field defect dur ing 
patient instruction . Amsler grid tes ting is rapid and simple, but sensi tivity is relatively low. 
Perimetry should be performed whenever visual field defects are suspected, even in the 
face of negative results with the Amsler grid technique. 

Schuchard RA. Validi ty and interpreta tion of Amsler grid reports . Arch Ophtlwllllol. 1993; 

III (6)]76- 780. 

Perimetry 
More detailed evaluat ion of the visual fi eld is obtained by perimetry. Both static and kinetic 

techniques are important. In static tes ting, st imuli of varying intensity (a combinati on of 
brightness and size) are presented at designated (static) points wi thin the region of the vi
sual fi eld to be tested. The goal is to find the minimal stimulus that is consistently detected 
by the patient. In kinetic testing, a fixed- intensity stimulus is moved from a nonseeing to a 
seeing area of the visual fi eld to determine the location at which it is consistently detected 
by the patient. Thus, the 2 techniques have the same goal but achieve it by different meth
ods. In kinetic test ing, all points of equal sensitivity fo r a specific st imuJus are connected 
to form an isoplel; which represents the outer limit of visibility fo r that stimulus. Analysis 
of several isopters (pl otted \·vith different stimuli) produces a "contour map" of the island 

of vision. In both static and kinetic techniques, the visual fi eld is analyzed fo r areas of de
creased sensit ivity, in both location and degree. 

Tangent screen The tangent screen has been supplanted by automated perimetry but 
can be particularly helpful in the setting of nonorgan ic disease. The patient is seated 1 m 
from a black screen and, while fi xating on a central whi te target, is asked to identi fy in 
coming targets fro m the peripheral, nonseeing fi eld into the ce ntral fi eld along each radial 
meridian. A black wan d with various-sized targets attached to the tip is used to map 1 or 
2 isopters kinetica ll y. Static visual fi elds can be mapped by rotating th e target to present 
the opposite black side. The field is repeated with the pati ent now seated farther from the 
screen. If the patient is now 2 m fro m the screen, for example, the target size should be 
doubled . The patient with nonorganic di sease will fa il to show appropriate doubling of the 
visual field. (See Chapter 13.) 

Goldmann bowl perimetry Goldmann bowl perimetry uses both kin etic an d static tech
niques and has the advantage of evaluat ing the en tire visual field. 

Stimuli (usually white) of varying size and light intensity are presented in the same 
manner as in kinetic tangent screen tes ting, along each radial meridian from a peripheral 
to central location. Typically, 2 or 3 isopters are plotted, because relative defects that might 
not be detected using stronger stimuli n1ay be found by using \yeaker ones. Stati c tes ti ng, 
using the on-off feature of the I ight stimulus, is performed within each isopter to identify 



100 • NeLi ro-Ophthalmology 

scotomata. The borders of these defects may then be delineated by kinetic test ing and 
their seve rity measured by varying stimulus size and intensity. Although near correction 
is lIsed for the central 30° part of the testing, detai led visual fields of this area are best as
sessed by automated static perimetry. 

The tech nician -dependent nature of both tangent screen and Goldmann bowl perim 

etry is both beneficial and disadvantageous. It confers the advantage of active interaction 
with patients to produce optimal cooperation, and it confe rs 2 disadvantages: the require
ment for an experienced pe rimetrist who does not t ire with repetitive exa minations and 
technician bias. 

Automated static perimetry In the 1990s, automated static perimetry became the standard 

for most clinicians in the Uniled States. Although this technique is difficult for ce rtain 
patients, particularly the elderly and those with a li mited attent ion span, it has numerous 
advantages over manual kinetic techniques: 

standardized testing co nditions, which allow better serial and in terinstitu tional 
comparisons of visual fields 
less technician dependence 

improved sensitivity 
numerical data that are amenable to statistical analysis for comparisons and clinical 
studies 
electronic data storage 

With most automated perimeters, the presentat ion is static; stimu li (usual ly the Goldmann 
standard size III white) are randomly presented at predetermined locations within a speci
fied region of Ihe visual fie ld. Visual fi eld testing is typically restricted to the centra l 24° 

or 30" (Fig 3-5) for speed and patient compliance- but equally important, because of the 
overwhelming representation of the central visual field in the hu man st riate cortex. The 
central 24° tests 80% of the visual cortex, whereas the central 30° tests 83% of the cortical 
area. More recent studies, however, reflect variations in total surface area of the OCcipital to 

be dedicated to macular fun ction. 
The brightness of the stimuli are varied , with patient responses determining the mini 

mum visible st imu lus at each location (sensit ivity threshold). In automated perimetry. this 
threshold is defined as the d im mest targel identified 50% of Ihe time at a given location. 
Individual sensitivity values are printed on a topographic map of the region tested. Values 
are displayed in decibels (the unit of a loga ri thmic scale of power or inte nsity. measu ring 
attenuation from the rnaximal stim ulus of the perimeter); a higher value at a certain point 
indicates that the patient is able to see a stimulus with higher attenuation (less in tensity), 
renecting greater visual sensitivity at that point. These values are not absolute numbers and 

are not directly comparable among perimeters because there are differences in the maxi 
mal intensities, background, and other parameters (includ ing duration of presentation ). 

For clinical interpretat ion, these values are compared wi th age- matched normal val
ues at each point. and a statistical evaluation is made of the probability that each point 
value is abnormal. Thi s informat ion is plotted on topographiC displays, along with a 
symbolic representation of the sensitivity values, the grayscale map (Fig 3-6). This map 
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Goldmann perimetry 
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Figure 3-5 Diagrammatic representation of the extent of the visua l fie ld evaluated by Gold
mann perimetry vs the 30 0 centra l program in automated static perimetry. The largest isopter 
in Goldmann test ing extends 900 tempora lly and 60° in other quadrants; typical automated 
static perimetry evaluates only the centra l 30°. (Courtesy of Anthony C. Arnold, MO.) 

depicts an overall topographic impression of the visual fi eld data by using dark symbols 
for low-sensitivity points and lighter symbols for high -sensitivity points. The computer 
interpolates between tested points to provide a user-friendl y picture (Fig 3-7) . Additional 
statistical analysis may be selected to measure pOint-by-point visual fi eld sensitivity de
press ion compared with that of age- matched normal subjects (the total-deviation plot) . 
Because sensitivity of the entire visual field may be depressed by ocular media abnormali 
ties (eg, corneal surface problems, cataract), the pattern-deviation plot may be useful: the 
sensitivity values for all points are shifted (by the seventh -highest point) and reanalyzed 
based on age-expected values, This compensates for the overall depress ion and allows 
recognition of abnormal patterns (eg, scotomata, arcuate defects, homonymous defects) 
that might have been masked by the overall depression. 

The original full-threshold perimetry proved to be long in duration and tiresome for 
patients, causing poor reliability and poor patient acceptance, A shorter version, known 
as the FASTPAC, was developed, but the test proved to be too short and therefore of 
questionable reliability, A compromise was achieved with the widely accepted Swedish 
interactive threshold algorithm (SITA ), which shortens the time of the full -threshold 
test by 50% but maintains the accuracy necessary for reliabili ty. (See BCSC Section 10, 
Glaucoma. ) 
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Figure 3-6 Printout from a Humphrey 30-2 automated static perimetry program, with explana
tions of statistical analysis, grayscale, and probability plots. (Couflesy of Anthony C. Arnold, MD.) 
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Figure 3-7 This 43-year-old woman presented with 
f lashing lights seen off to the right side . Visual acuity 
was 20/30 bilaterally. A. B. Visual f ields done by Gold
mann perimetry suggest a possible superior arcuate 
defect on the left and superior temporal desaturation 
on the right. C, 0 , Automated static perimetry suggests 
possible superior and inferior arcuate defects on the 
left, but the total-deviation and pattern-deviation plots 
clearly demonstrate relative nasal depression OS, tem
poral desaturation 00, with respect to the vertical mid
line, indicating incomplete superior right homonymous 
hemianopia. E. MRI reveals a left temporal lobe mass. 
causing her visual symptoms. Both the total-deviation 
and pattern-deviation plots should be studied when 
determining visual field patterns; this combination pro
vides the statistical significance to emphasize pathol
ogy. (Parts A-D courtesy of Steven A Newman, MD: part E courtesy 

of Joel CurB. MDJ 
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Global indices are calc ulated to help determine change over time. These include a 
center-we ighted mean of all point sensit ivity depressions from normal (mean deviation) 
and various means of addressing localized defects (eg, pattern standard deviation, COf

rected pattern deviation, loss variance). These indices can be used to assess change in 
sensit ivity over time (either overall or point by point). 

Patient test reliability is assessed by identifying the fo llowing: 

False-positive response rate: how frequently the patient signals when no light is dis
played (The acceptable rate is typically below 25%, but ideally these errors are re
duced by technician - patient interaction during the testing.) 
False-negative response rate: how often the patient fa ils to signal when a target 
brighter than the previously determined threshold for that spot is displayed (The 

acceptable rate is typically below 25%, but the in cidence increases in regio ns of true 
visual field loss, as the patient is unable to accurately reproduce responses.) 
Fixation loss: how often the patient Signals when a target is displayed with in the 
expected physiologic location of a blind spot (response not expected), indicating 
that the eye is not aligned with the fixation target 
Short-term fluctuation measurement: how consistent the patient responses are at 
specific points a1 which repeated testing is performed to evaluate consistency (dou
ble determ inations) 

Adams DL, Sincich LC, Horton IC Complete pattern of ocular dominance columns in human 

primary visual cortex. J NeLirosci . 2007;27{39) : I 039 1-1 0403. 

Anderson DR, Patell a VM . Automated Static Perimetry. 2nd ed. 51 Louis: Mosby; 1999. 

Bengtsson B, Hciji A, Olsson J. Evaluation of a new threshold visual field strategy, SITA, in 

normal subjects. Swedish Interactive Th resholding Algorithm. Acta Oplzfhalmol Seal/d. 

1998;76(n 165-169 . 

Horton Ie, Hoyt WE The represe ntation of the visual field in human striate cortex: a revision 

of the classic Holmes map. Arch Gpllt/w/mol. 199 1; I 09(6):8 16-824. 

Newman SA. Automated perimetr y in neuro-ophthalmology. Focal Points: Clinical Modlllesfor 
Ophthalmologists. San Francisco: American Academy of Ophthalmology; 1995, module 6. 

Wong AM, Sharpe JA. Representation of the visual field in the human occipital (ontex: a magnetic 

resonance imaging and perimetric correlation. Arch aphtha/mol. 1999; I ! 7(2):208- 2 17. 

Adjunctive Testing 

Color vision 
Testing of color vision compl ements the assessment of visual acuity. In optic nerve disease, 
part icularly demyelinating optic neuritis, the degree of dyschromatopsia may be propor
tionately greater than the degree of Snellen visual acuity loss; in macular disease, visual 

acuity and color vision tend to decline to corresponding degrees. Thus, in an eye with 
20/30 visual acuity but severe color loss, optic neuropathy would be a more likely cause 
than macular disease. Persistent dyschromatopsia is common even after recovery of visual 
acuity in optic neuropathy. 

Color vis ion testing is p erformed separately for each eye to detect unilateral disease. 
Pseudoisochromatic color plate testing was deSigned to screen for congenital red-green 
color deficiencies but may miss many mUd cases of acquired dyschromatopsia. It is, 
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however, commonly used cl in ically as a gross test of color vision, because optic neuropa
thies often manifest prominent red-green defects. Asymmetric defects between the 2 eyes 
are more Sign ificant than mi ld bilateral loss, which often represents a congenital defect, 
particularly in males. The AO HRR (American Opti ca l Hardy-Ra nd -Rittler) plates are 
designed to screen fo r tritan defects as well as red-green defects. Blue-yellow color defects 
may accompany macular disease but also are com rnon in dominant optic atrophy and may 
be an early sign in glaucoma. Lan/hotly ttitan plates may be used to detect blue-yellow 

defects but are less commonly ava il able th an pseudoisochromatic plates. 
More deta iled colo r testing using arrangement tes ts comprehensively characte rizes a 

color vision defect and may help distinguish acqu ired from congenital abnormalit ies. The 
Farnsworth Panel D-15 test, which requires the patient to arrange 15 colored discs in o rder 
of hue and intensity, is a good basic test if performed under standardi zed lighting condi
tions. This test ca n be made more sensitive by desaturat ion of the colo r chips (Lan thony 
desaturaled IS-hue test). The Famsworth-Munsell IOO-hue test is fa r more deta iled and 
provides better d iscrimi nation, using 85 discs, although the large amount of time required 
fo r testing and scoring limits its use for routin e clinical tes ting. A shortened vers ion, using 
onl y 2 1 of the color chips in the set, may be effect ive fo r discriminating among optic 

neuropathies. 
Color vision testing is discussed furth er and illustrated in BCSC Section 12. Retina 

and Vitreous. 

Melamud A, Hags trom S. Tra boulsi E. Color vis ion testing. Ophthalmic Gellet. 2004;25(3): 

159- 187. 

Nichols BE. Thompson HS, Stone EM. Eva luation of a Significan tly shorte r version of the Farn 

sworth-M unsell 1 DO- hue test in patients with 3 different optiC neuropathies. J Neuroopht{Ul{

IIIof. 1997;17(1): 1- 6. 

Spatial contrast sensitivity 
Visual acuity testing measures contrast discrimi nation by using targets that va ry in size 

(and the resultant space between contrasti ng light and dark lines) but that are presented 
at a Single (high) level of contrast. A more sensitive and comprehenSive assessment may 

be made by varying contrast levels as well. T\vo types of cont rast sensi tivi ty tests are used 
today: grating and letter tests. The grat ing tests (Vistech [Vistech Consultants. Dayton. 
OH[ ; Sine Wave Contrast Test. or SWCT [Stereo Opti ca l. Chicago[; Functional Acuity 
Contrast Test. o r FACT [Stereo Optical. Chicago [) use rows of sine wave grating patches. 
each row reflecting a di fferent spatia l frequ ency. The mini mum contrast seen at each spa
tial frequency level (the contrast threshold) is plotted. and the resulting g raph of threshold 
versus freq uency-the contrast sensitivity J"I/CtiO/1 (CSF)-represents th e sensitivity of the 
central retinal region over a range of contrast levels rather than on ly the one seen with 

standard visual acuity test ing. These g rat ing tests. although arguably superior to letter 
tes ts. are di fficu lt to adm inister and reli ably reproduce. A Simpler screening test using a 
Single size of optotype with graduaLly dimini shing contrast level (the Pelli -Robson chart ) 
is more commonly used. 

Because less severe damage to the visual system may manifest only as poor d iscrimi
nation at lower contras t levels. contrast sensitivity testing may be useful for the de tection 
and quuntitation of visllal loss in the presence of norma l visual acui ty measurements. The 
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contrast se nsitivity test is not specific for optic nerve dysfunction; media irregularities and 
macular lesions may also yie ld abnormal results. Interpreting contrast sensit ivity test data 
is more complex than interpreting visual acuity data, particu larly with regard to differen
tiating subtle abnormalities from normal; the test has not gained widespread acceptance 

in clinical practice. 
Contrast sensi tivity test ing is discussed furt her in BCSC Section 3, Clinical Optics, 

and Section 12, Retina and Vitreous. 

Owsley C. Contrast sensitivity. Gpllt/willlo! Clill North Alii. 2003; 16(2): 171 -1 77. 

Pelli OG, Robson JG, Wilkins AJ. The design of a new letter chart for measuring contrast sen

Sitivity. Clinical Visioll Sciences. 1988;2(3): 187 -199. 

Photostress recovery test 
The photostress recove ry test is a si mple clinical test that may help to differentiate central 
visual loss caused by a Inacular lesion or ocular ischemia from that derived fro m optic 
neuropathy. Each eye is tested separately. Best-corrected visual acu ity is measured (the test 
is accurate only with visual acuity of 20/80 or better), after which the patient is instructed 
to gaze directly into a strong light Ceg, a direct ophthalmoscope or slit -lamp beam) for 
10 seconds held 2-3 em from the affected eye. The patient is then directed to read the 
previously measured best visual acuity line as soon as possible. Normal recovery time is 

typically 45- 60 seconds, but patients with maculopathy show prolonged recovery times, 
frequen tly 90- 180 seconds or more. Patients with optic neuropathy m ai ntain normal re
covery times from photostress. 

Glaser jS, Savino PI. Sumers KD, McDonald SA, Knighton RW. The photostress recovery test 

in the clinical assessment of visual function. Am J OpliIJ1(I/mol. 1977;83{2) :255-260. 

Potential acuity meter 
Potential acuity meter (PA M) testing is useful when a media irregularity or opacity is 
suspected to be the cause of decreased vision. Optotypes are projected onto the ret ina 
th rough very small apertures in the cornea, lens, or vitreous, allowing for an estimate of 
best visual acuity as if the media abnormality were absent. The test may under- or ove res

timate true potential visual acuity and therefore is not universally accepted as a predictor 
of postoperative visual acuity foll owing cataract extraction. However, it can be useful as 
an approximation , particularly in cases of visual loss fro111111ultiple factors. Thus, for a pa
tient with 20/200 visual acu ity and a potential visual acuity of only 20/60, a search should 
be made for a cause other than rnedia opacity, such as optic neuropathy or maculopathy. 
Conversely, a pat ient with diffuse visual field loss and 201100 visual acuity who improves 
to 20/20 011 PAM testing probably does not requ ire further testing. PAM testing may also 
be usefu l in cases of functional visual loss, when test ing reveals a substantially better po

tent ial visual acui ty than is measured by standard Snellen test ing. 

Minkowski jS, Palese M, Gu}10n DL. Potential acuity meter Llsing a minute aerial pin ho le 

aperture. Ophthalmology. 1983;90( II ): 1360-1368. 

Reid 0, Maberley DA, Hollands H. Comparison of the potential acuity meter and the visome

ter in cataract patients. Eye. 2007;2 1 (2) : 195-199. 
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Fluorescein angiography 

Fluorescein angiography may help differentiate macular from optic nerve- related visual 
loss. Although most cases of macu lopathy show an obvio ll s retinal abnormality, certain 
disorders~such as retinal capillary dropollt due to diabetes or other vasculopath ies, mild 
cystoid macular edema, minor collections of sllbmaclliar fluid (eg, central serous reti n
opathy) , toxic maculopathies (eg, chloroquin e), and early cone dystrophies- may demon 
strate on ly subtle cl ini cal signs. These may be more obvious on angiography as avascular 
zones, dye leakage, or irregularities of the retinal pigment epi thelium (RPE). The angio
graphic fi lli ng pattern of th e edematous optic nerve head may provide additional d iagnos
tic information. Signi ficant fil li ng delay suggests ischem ic optic neuropathy and helps rule 
out papillitis and other non ischem ic causes of optic disc edema. 

Angiography may also demonstrate delayed or absent choroidal filling, either with or 
without disc edema. This finding may explain visua l loss due to choroidal ischemia and 
may suggest or help to confirm a diagnosis of giant cell arteritis (F ig 3-8). Indocyani ne 
green (lCG) angiography may better assess choroidal blood flow; it may be useful as a 
supplement to fluorescein angiography in suspected choroidal ischemia. 

For further discussion of flu orescein angiography, see BeSe Section 12, Retina and 
Vitreous. 

A 

Arnold AC, Badr M, Hepler RS. Fluorescein angiography in nonischelllic optic disc edema. 

Arch 0p/lI/lO/mol. 1996;114(3) :293-298. 

Arnold AC, Hepler RS. Fluorescein angiography in acute nonarteritic anterior ischem ic optic 

neuropathy. Am / Ophthalmol. 1994 ; 11 7(2):222- 230. 

Berkow JW, Flower RW, Orth DH , Kell ey JS. Fluorescein and IlIdocY(lIIi lle Grew Al1giography: 

Tee/Ill/que ami Interpretation. 2nd ed. Ophthalmology Monograph 5. San Francisco: Ameri 

can Academy of Ophthalmology; 1997. 

GalaI' A, Lee MS. Slowly progressive vision loss in giant cell arte riti s. Arcll Ophthalmol. 

2006; 124(3)A 16- 418. 

Siatkowski RM, Gass JD, Glaser JS, Smith JL, Schatz N), Schiffman J. Fluorescein angiography 

in the di agnos is of giant cell arteritis. Alii / Ophthalmol. 1993; IIS(I ):57-63. 

Figure 3-8 Fluorescein angiography in ante rior ischemic optic neuropathy (A laN) . A, In ar
teritic AION, the opt ic disc shows segmental fil ling delay assoc iated with marked choroidal 
perfusion defect. B, In cont rast the disc in nonarteritic AlaN shows segmental f illing delay 
with normal choroidal fi lling. (Reprinted from Arnold AC Hepler RS Fluorescein angiography in acute nonartentic 

anterior ischemic optic neuropathy, Am J Ophtha lmol. 1994;777(72):222- 230,) 
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Optical coherence tomography 
Opli<nl coherence tomography (OCT) provides noni nvasive, high-resolution, rapid real 
time acquisition , and ill si tu visualization of the ret inal layers and o pt ic nerve. The images 
are achieved by measuring light waves reflected back from the reti na and optic nerves and 
creating 2- and 3-dimensional tomographic irnages. OCT has become instrumental in 
evaluating and ma naging a variety of retinal disease. intraocular tumors, and glaucoma. 
Its use in neuro-ophthalmology is still in its in fa ncy. (See BeSe Section 10, Glaucoma, 
and Section 12, Retina and Vitreous, for more di scussion. ) 

Electrophysiologic testing 
With central andlor peripheral visual loss but no obviolls fund us abnormality, anci llary 
electrophysiologic test ing may help to confirm or rule out occu lt abnormalities of the 

optic nerve or retinal function . Electrophysiologic testing is discussed at length in BeSe 
Section 12. Retina mId Vitreolls. 

Visual evoked potential The visual evoked potelltial (VEP), or visual evoked respollse 
(VER) , is a measurement of the electrical signal recorded at the scalp over the occipital 

cortex in response to li ght stimulus. The light-evoked signal , small in amplitude and hid 
den within the normal electroencephalographic (EEG) signal , is ampli fied by repetitive 
stimulation and time-locked, signa l-averaging techniques, sepa rat ing it from the back
ground EEG readings. The precise origin of the YEP signal remains unclear, but it reveals 
the integrity of the afferent visual pathway; damage anywhere along the path may reduce 
the signal. The V EP is primarily a fun ction of central visual function , because such a large 
region of occipital cortex is devoted to macular projections. Thus, peripheral visual loss 

might be overlooked by YEP test ing. 
Flash sti mulus is lIseful for patients with very poor vision, in whom the response to 

pattern · reversal stimulus. which is 1110re subtle, may be Limited or absent. If measurable, 
however, the pattern response provides a more quantifiable and reliable waveform. The 
pattern may be stud ied by the nu mber of cycles per second as well as the size of the checker
board pattern. Smaller sizes allow detection of smaller changes in function. The most com
monly studied YE P waveform typica lly contains an initial negative peak (N I), followed by 
a posi tive peak (PI, also known as PIOO for its usual location at 100 msec); second negative 

(N2) and second positive (P2) peaks fo llow. The latency of onset of a peak after light st imu
lus and (to a lesser degree) the amplitude of the peak are the most usefu l features analyzed. 

The examiner can compare readings from each eye with standa rdized norn'lui val 
ues, readings from the 2 eyes, and readings from the 2 hemispheres. Peak latencies are 
relatively consistent, and accurate normative data are avaiJabJe; amplitude data are less 
consistent and thus less useful. Abnormalit ies in the waveform result from impairment 
anywhere along the visual pathways, but unil ateral abnormalit ies may reflect optic neu· 
ropathy and thus may help to reveal lesions in the absence of clea r-cut fund us abnormali 
ties. Demyelination of the optic nerve results in increased la tency of the PI 00 waveform, 
witho ut significant effect o n amplitude; ischemic, compress ive, and toxic damage reduce 

ampli tude primarily, with less effect on latency. 
For most clinical situations, the YEP is of limited usefulness. It is subject to numerous 

factors that may produce abnormal waveforms in the absence of visual pathway damage. 
including uncorrected refractive error, media opacity. amblyopia, fatigue, and inattent io n 
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(either intentional or unintent ional). In most cases, the YEP is unnecessary for the diag
nosis of optic neuropathy and is less accurate fo r its quantification than perimetry. The 2 
scenarios in which VEPs remain clinically useful are (I) evaluation of the visual pathway 
in infa nts or inarticulate adults and (2) confirmation of intact visual pathways in patients 
suspected of nonorganic disease. A consistently abnormal flash response in the infant or 
inarticu late adult refl ects gross impairment. An abnormal pattern response, however, is 
less useful, as it may indicate damage or may be a fa lse- negative resul t from inattention or 
the reasons just cited. Normal responses confirm intact visual pathways. 

A new technique being developed is the nUllli/ocal VEP (mfVEP); it is designed to de
tect small abnormali ties in optic nerve transmission and provide topographic correlation 
along the visual pathway. Limited stud ies to date of the anterior visual pathways correlate 
visual field abnormalities to the abnormalities confi rmed by mNEP. 

Fishman GA, Birch DG, Holder GE, Brigell MG. Electrophysiologic Testing ill Disorders of the 

Retina, Optic Nerve, al1d Visual Pat/llvl/Y. 2nd ed. Ophthalmology Monograph 2. San Fran

cisco: American Academy of Ophthalmology; 2001. 

Hood DC, Ode! }e, Winn BJ. The mllitifocal visual evoked potential. J Neurooplltlwlmol. 2003; 

23(4)0279- 289. 

Electroretinogram The electroretinogram (ERG) is a measure of electrical act ivity of the 
retina in response to light stimulus. Electrical activity is measured at the corneal surface 
by electrodes embedded in a corneal contact lens that is worn for testing. 

The full-field response is generated by stimulating the entire retina with a fl ash light source 
under varying conditions of retinal adaptation. Major components of the electrical waveform 
generated and measured include the a-wave, primarily derived from the photoreceptor layer; 
the b-wave, derived from the inner reti na, probably Mellier and ON-bipolar cells; and the (
wave, derived from the RPE and photoreceptors. Rod and cone photoreceptor responses can 
be separated by varying stimul i and the state of retinal adaptation during testing. 

Th is form of testing is useful in detecting diffuse retinal disease in the sett ing of gener
alized or peripheral visual loss. Disorders such as retinitis pigmentosa (i ncluding the forms 
without pigmentation), cone-rod dystrophy, toxic ret inopathies, and the reti nal paraneo
plastic syndromes-cancer-associated retinopathy (CAR) and melanoma-associated reti
nopathy (MAR)-may present with variably severe visual loss and minimal visible ocular 
abnormality. The ERG is invariably severely depressed by the time visual loss is significa nt, 
and thus testing is extremely usefuL The full -field test, however, measures only a mass re
sponse of the entire ret ina; minor or localized retinal disease, particularly maculopathy
even with severe visual acu ity loss- may not produce an abnormal response. 

Fishman GA, Birch DG, Holder GE, Brigell MG. Electrophysiologic Testing in Disorders of the 

Retina, Optic Nerve, and Visual Pathway. 2nd ed. Ophthalmology Monograph 2. San Fran

cisco: American Academy of Ophthalmology; 200 I. 

A speCial technique using a handheld direct ophthal moscope-stimulator to produce 
localized flicker stimulation and recordings from the macular region has been termed the 
focal or macular ERG. This method reliably detects subtle macular dysfu nction in cases of 
central visual loss with a normal -appearing macula on fundus and fluorescein evaluations; 
however, it is being supplanted by the multi/ocal ERG (discussed later in this section). 
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Fish GE, Birch DG. The focal electroreti nogram in the cJ iniGll assessment of lll i.lC Ular d isease. 

Ophthalmology. 1989;96( 1): 109- 114. 

The ERG response generated by a patte rn - reversal stimulus similar to YEP testing 

has been studied and is te rmed the patler" EIl G, or PERG. It is thought that ganglion cell 

ac tivity is reflected in the N95 component of the waveform , and thus the technique may 

de tect subtle opt ic neuropathies. Reports have suggested the use fu lness of PERG in dis

tinguishing between ischemic and demyeli nating optic neuropathy: the 95 component 

rema ins relatively normal in demyeli nat ion (if no t atrophic) and appears abnormal in 

ischemia. The tes t has not gained wide cl ini cal use. 

Holder GE. Patte rn elec troretinograph y (PERG) and an int egrated approach to vis ual pathway 

diagnosis . Prog Ikti l1 Eye Res. 200 I ;20( 4):53 1- 56 1. 

A newer techniq ue) by which Simultaneo usly recorded ERG Signals from up to 250 

focal ret inal locat ions within the cent ral 300 are mapped topographica ll y. is te rmed lI'lulfi

Jocal ERG (Fig 3-9). Because it does not rely on a massed ret inal response, as does full - fi eld 

ERG . it has demo nstrated grea t val ue in detec ting occu lt fo cal ret inal abnormalities within 

the macula or mo re peripherally. T he technique is useful in di st inguishing between opti c 

nerve and macul a r disease in occult centra l visual loss, as the Signal ge nera lly remains 

no rmal in opti c nerve disease. Also, it may detect regions of periphera l retinal dysfullct ion 

too small to measure by the fu ll-field lechnique. 

Hood DC, Bach NI , Brigell M. cl al. ISCEV gu ideli nes fo r cl inica l mullifoca l electroreti nogra 

phy (2007 edition). Doc OphthalJ/lol. 2008; 11 6(1): I- II. 

Hood DC, Odel IG, Chen CS, \".' inn BI. The 1l1ultifocal electroretinogram.' NellrDopllfhflfllwl. 
2003:23 (3 ):225-235. 
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Figure 3·9 Multifocal ERG of a patient w ith maculopathy. The affected eye shows flattenIng 
of the foveal peak in the graphic display {AI, compared with normal (B). A detailed topographic 
display of waveforms at each retinal location shows diffusely decreased amplitudes that are 
worse at the fovea. (Courresy o f Amhony C. Arnold. MD.) 



CHAPTER 4 
The Patient With Decreased 
Vision: Classification and 
Management 

Decreased vision may arise from abnormalities in the ocular media. retina, optic nerve, 
optic tracts, visual radiations, and occipital cortex. Evaluation of the patient with visual 
loss requires consideration of the clinical history, examination, and ancillary testing, 
as outlined in Chapter 3. To further localize the source of visual loss, specific attention 
should be directed to the following points in the examination: 

evidence of ocular media abnormality: clarity of the view of the fundus 
evidence of retinopathy: appearance of the macula and peripheral reti na 
pattern of visual loss: central (visual acuity loss); peripheral (visual field loss) 
evidence of optic neuropathy: presence of afferent pupillary defect; appearance of 
the optic disc 
evidence of chiasmallesion 
evidence of retrochiasmallesion 

Ocular Media Abnormality 
Irregular ities or opacities of the ocular media may degrade the quality of the image pre
sented to the anterior visual pathway and may result in decreased vision. Such conditions 
should be sought on slit-lamp examination and by d irect ophthalmoscopic examination. 
These conditions include 

corneal lesions. both obvious (scars and severe conic distortion from keratoconus) 
and subtle (irregular or oblique astigmatism, early cone formation in keratoconus); 
keratometry or corneal topographic mapping may be required to detect these ab
normalities. Subtle tear-film abnormalities (as in keratitis sicca and exposure ker
atopathy) , subepithelial dystrophies, and corneal thickening with stromal edema 
may also degrade vision. 
lenticular irregularities, also either obvious (cortical, nuclear, subcapsular, or polar 
opacities) or subtle (central nuclear darkening, irregularity of lenticular tissue, "oil 
droplet" formation , posterior lenticonus) 

111 



112 • Neuro-Ophthalmology 

vitreous abnormalities, such as cellular infiltrate with haze, blood, inflammatory 
membranes, and asteroid hyalosis 

Maculopathy 
Diseases of the macula produce central visual loss, including decreased visual acuity and 
color vision and central visual field loss, and can sometimes mimic an optic neuropa
thy. However, unless there is severe macular disease, a relative afferent pupillary defect 
(RAPD) is absent. Furthermore, maculopathy tends to cause parallel losses in color dis
crimination and visual acuity, unlike optic nerve disease, which often causes color vision 
loss that is disproportionately greater than that of visual acuity. Visual field deficits in 
maculopathy tend to be focal and centered on the fixation point; deficits in optic neuropa
thies are larger, often cecocentral, and part of a generalized depression of visual field sen
sitivity. In addition, patients with macular lesions may complain of metamorphopsia, not 
typically a feature of optic neuropathy. In general, maculopathies produce visible fundus 
abnormalities that allow correct diagnosis, but these findings can be subtle, evanescent, or 
absent. Optical coherence tomography (OCT), fluorescein angiography, and, occasionally, 
multifocal electroretinography (mfERG) may help detect an abnormality of retinal struc
ture or function. (See Chapter 3 and BCSC Section 12, Retina and Vitreous, for further 
discussion of these tests.) 

The most common maculopathies and retinopathies often confused with optic nerve 
disease include acute idiopathic blind -spot enlargement syndrome, which overlaps with 
multiple evanescent white dot syndrome; vitamin A deficiency; and cone dystrophy. 
Patients with these entities may present with normal funduscopic examinations. Rarer 
entities are the paraneoplastic retinopathies: cancer-associated retinopathy (CAR) and 
melanoma-associated retinopathy (MAR). Patients with these entities present with sig
nificant visual symptoms but may also have a fundus that is, on examination, normal or 
that shows minimal changes later in the disease. Other retinal disorders sometimes con
fused with optic neuropathies such as central serous retinopathy, cystoid macular edema, 
and acute zonal occult outer retinopathy (AZOOR) are discussed in detail in BCSC Sec
tion 12, Retina and Vitreous. 

Acute Idiopathic Blind-Spot Enlargement 

Traditionally, enlargement of the blind spot on visual field testing is associated with 
changes of the optic disc such as edema or drusen. However, the term acute idiopathic 
blind-spot enlargement (AIBSE) has been used to describe a number of clinical entities 
that present with enlargement of the normal blind spot on perimetry but may show a 
variety of funduscopic appearances. (See BCSC Section 9, Intraocular Inflammation and 
Uveitis, and Section 12, Retina and Vitreous, for further discussion.) Some patients have a 
normal fundus appearance without optic disc edema and retinal lesions, whereas others 
demonstrate disc edema, peripapillary abnormalities, choroiditis, retinal pigment epithe
lium (RPE) changes, and uveitis. This variability has led to controversy as to whether these 
entities are separate or a spectrum of 1 disorder. In addition to the common feature of 



CHAPTER 4: The Patient With Decreased Vision: Classification and Management . 113 

blind-spot enlargement. photopsias are a prominent symptom thought to reflect disease 
of the outer retina. Electroretinography (ERG). both full field and multi focal. can detect 
abnormalities. Thus. this clinical syndrome is a reflection of outer retina. RPE. and cho
roidal dysfunction and not primarily an optic neuropathy. In general. patients with AIBSE 
have a good visual prognosis. 

Fletcher WA. lmes RK. Goodman 0 , HOyt W F. Acute idiopathic blind spot enlargement: a big 

blind spot syndrome without optic disc edema. Arcll Ophthalmol. 1988; I 06( I ):44- 49. 

Volpe N], Rizzo ]F III, Lessell S. Acute idiopathic blind spot en largement syndrome: a review 

of 27 new cases. Arch Oph'halmol. 2001 ;11 9(1 )69- 63. 

Multiple Evanescent White Dot Syndrome 

In multiple evanescent white dot syndrome (MEWDS). which most frequently affects 
women under 30 years of age. present ing features include photopsias. decreased visual 
acuity. and visual field defects ranging from an enlarged blind spot to a cecocentral/cen
tral scotoma to a diffuse depression of visual field sensitivity (Fig 4-1). An RAPD is pres
ent in some cases but is generally mild. The characteristic small. deep ret inal white spots 
in the posterior retina are transient. usually lasting weeks and resolVing spontaneously; 
the retina may appear normal at first examination. The optic disc is normal or shows 
mild edema. On fluorescein angiography. the retinal lesions. if demonstrable. show early 
wreath like hyperfluorescence and late staining. Indocyanine green angiography produces 
a very striking pattern of small hypofluorescent lesions overlying larger hypofluorescent 
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Figure 4-1 This 32-year-old woman presented with a 6-month history of continuously flash
ing lights to the right side in the right eye. Visual acuity was 20115 bila terally w ith a less than 
0.3 log unit right aHerent pupillary defect. Automated quantitative perimetry shows a broad 
region of temporal visual field depression arising from blind spot and not respecting the verti
cal midline. (Couflesyof Steven A. Newman, MD.I 
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lesions that are concentrated in a peripapillary distribution corresponding to the enlarge
ment of the physiologic blind spot An ERG typically demonstrates depressed a-wave 
responses. Multifocal ERG often demonstrates focal areas of retinal dysfunction. (See 
Section 9, Intraocular Inflammation and Uveitis, and Section 12, Retina and Vitreous, for 
further discussion .) 

Gross NEt Yannuzzi LA, Freund KB, Spaide RF, Amato GPt Sigal R. Multiple evanescent white 

dot syndrome. Meh Ophthalmol. 2006; 124(4):493 - 500. 

Quillen DA t Davis JB, Gottlieb JL, et al. Thewhite dot syndromes. Am , Ophthalmol. 2004; 137(3): 
538- 550. 

Vitamin A Deficiency 

Vitamin A is a fat-soluble vitamin essential in the photoreceptor visual pigment rhodop
sin, as well as in the differentiation of basal cells into mucous epithelium, which includes 
the conjunctiva. It is absorbed by the small intestine, transported to the liver, where it is 
stored, then redistributed to target organs, including the RPE. Malnutrition, malabsorp
tion, liver disease, and zinc deficiency (zinc is a cofactor in the conversion of retinol to 
I I-cis-retinal) contribute to vitamin A defiCiency. Manifestations of deficiency include 
xerosis, conjunctival Bitot spots, keratomalacia, nyctalopia, peripheral visual field loss, 
and sometimes central visual loss. Ancillary test ing reveals marked rod dysfunction (on 
ERG) and elevated thresholds of rods and cones (on dark adaptation). Patients often show 
dramatic recovery with treatment, which includes vitamin A supplementation and treat
ment of any underlying systemic disorder. 

PUfvin V. Through a shade darkly. Surv Ophtha/mol. 1999;43(4 ):335-340. 

Cone Dystrophy 

Cone dystrophy is a rare disorder characterized by unexplained visual loss that may be 
confused with an optic neuropathy. Patients typically present in the first or second de
cade of li fe with a gradually progressive bilateral decline in visual acuity and color vision. 
Photophobia and hemeralopia ("day blindness") are common. In the early stages, mild to 
moderate visual loss may be accompanied by a normal fundus appearance or a slight de
crease in foveal reflex and granular macular pigmentation. As the d isease progresses, the 
macular RPE becomes atrophic in a central oval region. A "bull's-eye" pattern of depig
mentation may be present, similar to that seen in chloroquine maculopathy. Fluorescein 
angiography may highlight these abnormalities before they become clinically apparent 
ERG results may be normal initially but eventually show markedly depressed photopic 
(cone) response and less prominently affected scotopic (rod) response. Multifocal ERG is 
helpful in early cone dystrophy. 

Paraneoplastic Syndromes 

Cancer-associated retinopathy 
Cancer-associated retinopathy (CAR) presents with photopsias, nyctalopia, impaired dark 
adaptation, dimming, ring scotoma, and peripheral andlor central visual field loss. In 
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contrast to the episodic positive visual phenomena of migraine, the symptoms of CAR 
tend to be continuous. Symptoms develop over weeks to months, often (in 50% of cases) 
before the underlying malignancy is identified (usually small cell carcinoma of the lung, 
although other lung tumors and breast, uterine, and cervical malignancies have been im
plicated). Deterioration is progressive, with eventual bilateral involvement and severe vi
sualloss. The fund us may initially appear normal, although the ERG is typically markedly 
reduced in amplitude, even in the early stages. As the disease course progresses, the ret inal 
arterioles become attenuated, the RPE thinned and mottled, and the optic discs atrophic. 

Investigators believe that in most patients, the underlying tumor expresses an anti
gen that is homologous to a 23-kd retinal photoreceptor protein; originally termed the 
CAR alltigen, this protein has now been identified as the calcium-binding protein recov
erill. Circulat ing autoantibodies against the tumor-associated antigen presumably cross
react with retinal recoverin to produce immune-mediated photoreceptor degeneration 
of both rods and cones. On the basis of this presumed mechanism, several modes of 
therapy have been attempted. Keltner and colleagues described a patient whose ant ibody 
levels diminished and visual function improved and stabilized on systemic corticosteroid 
therapy. Treatment benefit has also been attributed to various combinations of corti
costeroids, plasmapheresis, and intravenous immunoglobulin. In general, however, the 
prognosis for vision is poor. Treatment of the inciting tumor has an unclear effect on 
retinal function. 

Melanoma-associated retinopathy 
Melalloma-associated retinopathy (MAR) is an extremely rare syndrome that primarily 
involves rods, with corresponding symptoms of photopsia, nyctalopia, and bilateral pe
ripheral visual loss. MAR usually develops rapidly over weeks to months but may have a 
sudden onset. Visual symptoms typically develop in the setting of previously diagnosed 
melanoma, and investigation of visual loss often reveals metastasis. Visual acuity, color 
vision, and the central visual field are often initially normal, with peripheral visual field 
abnormalities predominant. The fundus may be normal or may show RPE irregularity, 
retinal arteriolar attenuation, and optic disc pallor in cases that have been symptomatic 
fo r months. ERG abnormalit ies in patients with MAR syndrome suggest rod dysfunction. 
Visual function may remain stable and nonprogressive in MAR (which is not the case in 
CAR). No treatment has been proven effective. 

Chan JW. Paraneoplastic retinopathies and opt ic neuropathies. Surv aphthalmol. 2003;48( )): 
12-38. 

Goldstein SM, Syed NA, Milam AH, Maguire AM, Lawton TJ, Nichols CWo Cancer-associated 
retinopathy. Arch Ophtlwlmol. 1999;117(12}: 164 1- 1645. 

Guy J, Aptsiauri N. Treatment of paraneoplasti c visual loss with intravenous immunoglobulin: 
report of 3 cases. Arch aphtha/mol. 1999; 117( 4):471 - 477. 

Keltner JL, Thirkill CE, Tyler NK, Roth AM. Management and monitoring of cancer-associated 
retinopathy. Arch Ophthalmol. 1992;1 IO(I 1 }:48- 53. 

Kim RY, Retsas S, Fitzke FW, Arden GB, Bird AC. Cutaneous melanoma-associated retinopa
thy. Opiltlwlmology. 1994;101(1 1}:1837- 1843. 

Sawyer RA, Selhorst JB, Zimmerman LE, Hoyt WF. Bl indness caused by photoreceptor degen
eration as a remote effect of cancer. Am J aphtha/mol. 1976;8 1(5) :606- 6 13. 
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Amblyopia 

In cases of unexplained monocular visual loss. previously existing amblyopia must be con
sidered. Causes such as anisometropia. astigmatism. or small-angle heterotropia should 
be sought. Improvement of visual acuity with the testing of isolated letters rather than 
entire lines suggests the crowding phenomenon noted in amblyopia. Occasionally. severe 
amblyopia results in an RAPD. but the degree is small (rarely more than 0.6 log unit ). 
Visual fields are generally normal or show mild generalized depression rather than the 
focal scotoma or more severe depression seen with visual pathway damage. Records from 
previous ophthalmic examinations may be extremely helpful. 

Optic Neuropathy 

Optic neuropathies typically are associated with visual field loss. as described in the fol 
lOWing sections. Most demonstrate an afferent pupillary defect. although in cases with 
very mild optic nerve dysfunction or with bilateral symmetric dysfunction. the defect may 
not be detectable. The optic disc may be abnormal or normal in appearance; abnormal 
discs may be edematous or may show other abnormalities, such as drusen, excavation, or 
atrophy. Certain causes of optic neuropathy may present in more than one way; for ex
ample. orbital compressive or infiltrative lesions may initially demonstrate either normal. 
edematous. or atrophic optic discs. In this chapter. we have classified optic neuropathies 
by their most common presentations. but it must be remembered that there is consider
able overlap in these categories. 

Visual Field Patterns 
Retinal ganglion cell nerve fibers enter the optic nerve head in 3 major groups (Fig 4-2). 
and lesions of the optic nerve thus result in 3 categories of visual field loss. In general. 
defects may be classified as noted in Table 4-1 . 

• papillomacular fibers: cecocentral scotoma (Fig 4-3A. left). paracentral scotoma 
(Fig 4-3A. right). and central scotoma (Fig 4-3B) 
arcuate fibers: arcuate scotoma (nerve fiber bundle defect) (Fig 4-3C). broad (alti
tudinal) defect (broader region of arcuate fibers) (Fig 4-3D). and nasal (step) defect 
(nasal portion of arcuate fibers) (Fig 4-3E). These fibers align along a temporal 
horizontal retinal raphe. so that damage to them produces defects that align along 
the corresponding nasal horizontal meridian. 
nasal radiating fibers: temporal wedge defect 

Blind-spot enlargement results from optic disc edema of any cause. because of displace
ment of surrounding retina (Fig 4-3F). 

Anterior Optic Neuropathies With Optic Disc Edema 

Acute papilledema 
The term papilledema refers to edema of the optic nerve head that results from increased 
intracranial pressure (ICP). The appearance of the disc in papilledema is indistinguishable 
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Figure 4-2 A, Diagram of retinal nerve fiber 
layer entering the optic disc. The fibers are 
classified as arcuate (inferior bundle high
lighted), papillomacular (/ong arrow), and 
nasa l radiating Ishort arrow). B, Humphrey 
perimetry grayscale diagram, showing 
superior arcuate visua l field defect corre
sponding to the inferior arcuate nerve fiber 
bundle damage highlighted. (Parr B courresyof 
Anthony C. Arnold, MO.) 

B 

Normal 

from that in other causes of edema (eg, papillitis). Acute papilledema produces hyperemia 
of the optic disc, with dilation of the existing disc surface capillary net, telangiectasia of 
the surface and radial peripapillary vessels, and often flame hemorrhages. The edematous 
peripapillary retinal nerve fiber layer (NFL) is grayish white and opalescent, with feath
ered, striated margins that obscure the disc edge and retinal vessels coursing through it. 
In early papilledema, NFL involvement may be incomplete, with only partial obscuration 
of vessels, Absence of the physiologic cup is a late finding in papilledema; such absence 
more frequently reflects a congenitally full optic disc, as seen in pseudopapilledema (see 
the discussion later in this section). Absence of spontaneous venous pulsations may reflect 
increased ICP, but absence at initial examination is of limited value: 20% of the normal 
population does not show spontaneous venous pulsations. Their disappearance after prior 
documented presence, however, is suggestive of ICP elevation, Other ophthalmoscopic 
find ings with more severe papilledema may include disc and retinal cotton-wool spots, 
exudates, and hemorrhage, 

Most patients with elevated ICP have symptoms, including headache, nausea, and 
vomiting. Patients may also note transient visual obscurations, episodes of unilateral or 
bilateral visual loss lasting seconds. These are described as "grayouts;' "whiteouts;' "smok
iness or fogginess;' or "blackouts" of vision, and often occur with orthostatic changes. In 
acute papilledema, optic nerve function , including visual acuity and color vision, is usu
ally normal. Pupillary responses are also normal; visual fields demonstrate only enlarge
ment of the blind spot. 
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Table 4-1 Perimetric Terms 
~-

Term Characteristics 

Characteristics of the visual field defect 
Absolute 
Relative 

No stimulus perceived in the affected area 
Bigger and brighter stimuli may be perceived in the affected field, but 

smaller, dimmer targets are not seen. The size and shape of the field 
defect, therefore, change inversely with changes in size and/or intensity 
of the presented stimulus. Defects may be described as shallow when 
only the smallest or dimmest targets fail to be identified or deep if bright 
objects are not detected in the central portion of the defect. 

Terms describing visual field defects 
Scotoma Area of depressed visual function surrounded by normal visual function 

Central 
Cecocentral 
Paracentral 
Pericentral 
Arcuate 
Altitudinal 

Quadrantanopia 
Hemianopia 

(eg, the blind spot) 
Involves fixation only 
Extends from fixation temporally to the blind spot 
Involves a region next to , but not including, fixation 
Involves a region symmetrically surrounding, but not involving, fixation 
Corresponds to and represents nerve fiber bundle loss 
A more extensive arcuate defect involving 2 quadrants in either the 

superior or inferior field 
One Quadrant of visual field involved 
One half of visual field involved, either nasal or temporal 

Description of bilateral visual field defects with respect to spatial localization and extent 
Homonymous Same side of visual space affected in each eye 
Bitemporal Opposite temporal sides of visual field space affected in each eye 
Complete Entire field affected 
Incomplete A portion of the field spared 
Congruity Tendency for homonymous field defect to be symmetric (ie, to have a 

similar size, location, and shape in each eye's field) 

The clinician's first step in managing suspected papilledema is to rule out pseudo
papilledema. To make this distinction, 3 questions should be answered: 

I. Is the optic disc hyperemic? Disc edema-except for the pallid form of ischemic 
optic neuropathy (giant cell arteritis) or advanced chronic papilledema with at
rophy (in which there is significant optic nerve dysfunction as well)- is usually 
associated with congestion of the disc microvasculature, which increases the disc's 
reddish hue. 

2. Are there microvascular abnormalities on the surface of the disc? Edema of the disc 
usually demonstrates dilation and telangiectasia of the surface disc capillaries and 
may be associated with flame hemorrhages on or adjacent to the disc. These find
ings are absent in pseudopapilledema. They differ from the peripapillary telangi
ectatic vessels seen with Leber hereditary optic neuropathy, which are primarily 
peripapillary and do not leak fluorescein. 

3. At what depth in the retina does the blurring of the disc margin originate? The mar
gin of the disc is blurred in disc edema because the thickened and opacified disc 



CHAPTER 4: The Patient With Decreased Vision: Classification and Management . 11 9 

,,~~. ',! 
'~ ... <w... 

~ 

<~~ '~~ •. 'S·:~~· ~· ~~'.i~~~:+'--~~ 

A ! 

.' 

B 

Figure 4-3 Patterns of visual 
field loss in optic neuropa
thies. A, Cecocentral sco
toma (left; arrow); paracentral 
scotoma (right; arrow). B, 
Central scotoma (arrow). C, 
Arcuate scotoma (arrow). 
0 , Broad arcuate (altitudinal) 
defect (arrow). E, Nasal arcu
ate (step) defects (arrows) . F, 
Enlarged blind spot (arrow). 
(Parts E. F courtesy of Anthony C. Ar
nold, MD.) 
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and peripapillary NFL obscure both the retinal vessels and the disc margin. In 
most cases of pseudopapilledema, the optic disc borders appear indistinct and the 
disc is elevated, but the retinal blood vessels are clearly visible as they cross the disc 
margin. 

Most cases of pseudopapilledema are due to the presence of optic disc drusen (ODD). 
However, with ODD the disc is not hyperem ic and typically shows no dilation of the sur
face microvasculature. Blurring of the disc margin arises from axoplasmic stasis in the 
axons deep within the optic disc, which creates a yellowish, hazy appearance that ob
scures the border between disc and retina but leaves the view of the retinal vessels intact. 
T his contrasts with the whit ish, fluffy, striated appearance of NFL edema in true papille
dema. Buried drusen are frequently accompanied by other features, including anomalous 
branch ing of the retinal vessels (loops, trifurcations, and generally increased branching); 
a disc margin with a scalloped appearance; and peripapi llary RPE dispersion, with a gray 
or black region adjacent to the disc (Fig 4-4). Anci llary diagnostic testing may aid in the 
detection or confirmation of ODD (see Fig 4- 15) . 

Other causes of an elevated disc appearance mimicking papilledema are hyaloid rem
na nts and glial tissue on the disc surface, congenital "fullness" of the disc associated with 
entry of the optic nerve into the eye through a relat ively small scleral canal, and disc 
fullness associated with hyperopia. Optic disc margins may also be blurred without eleva
tion of the disc by NFL opacities other than edema, incl uding myelination of the NFL 
(Fig 4-5). Myelination typically occurs at the disc margin, where it obscures the disc
retina border; myelination in the NFL also obscures the retinal vessels and resu lts in a 
feathered edge that resembles true edema. Myelination may be readily differentiated from 

A 

Figure 4-4 A, Fundus photograph of the optic disc with buried drusen. The disc margin is 
blurred, with yellowish opacity of the deep peripapillary tissue. The retinal vessels are clearly 
seen overlying the disc. B, Fundus photograph of the optic disc with papilledema. The disc 
margin is blurred, with grayish white, opalescent thickening of the peripapillary nerve fiber 
layer (arrow). The retinal vessels are partially obscured at the disc margin and within the peri
papillary retina. There are exudates just temporal to the disc from chronic edema . (Courtesy of 

Sophia M. Chung, MD.) 
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Figure 4-5 Myelinated nerve patches are often 
seen with in the arcuate bundles, occasionally 
abutting the disc. When they are cont iguous, 
these nerve patches may be confused with 
disc edema or cotton-wool spots. (Counesy of 
Anthony C. Arnold. MD.J 

edema, however, by its dense, white opacity, as compared with the partially translucent , 
grayish white appearance of true edema. 

Papilledema may result from a variety of conditions, including an intracranial mass, 
hydrocephalus, central nervous system (CNS) infection (meningitis or meningoencepha 
litis), infiltration by a granulomatous or neoplastic process, or pseudotumor cerebri (see 
"Idiopathic intracraniaJ hypertension" later in the chapter) . Suspicion of papilledema war
rants urgent neuroimaging to rule out an intracranial mass les ion. Normal imaging results 
should prompt neurologic consultation with eva luation of the cerebrospinal fluid (CSF) 
opening pressure and composition. 

Chronic papilledema 
In patients with chronically elevated rcp (months to years) and long-standing papille
dema, optic nerve function may deteriorate. The disc may no longer be hyperemic but 
becomes pale from chron ic axonal loss (F ig 4-6). Add it ional features may include 

Gliosis of the peripapillary NFL. The opacificat ion appears grayish, less fluffy, and 
more membranous than with edema. Gliosis tends to foUow retinal vessels, produc
ing vascular sheathing. 
Optociliary shunt vessels (retinochoroidal collaterals), preexistitlg venous channels on 
the disc surface that dilate in respollse to chrollic central retinal vein obstruction from 

elevated ICP. Unlike the retinal vascu lar anomalies often accompanying drusen 
and congenital disc anomalies. these collateral vessels foLlow an evolVing course of 

Figure 4-6 Chronic atrophic papilledema with 
gliosis and retinal vascular sheathing. (Courtesy 
of Anthony C. Arnold, MD.) 
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enlargement over time and characteristically dive deep into the choroid imlned i
ately adjacent to the disc. 
Refractile bodies of the disc, the result of chronic lipid-rich exudation (Fig 4-7) . They 
differ from drusen in that they tend to be smaller and noncalcified, remaini ng on 
the d isc surface rather than within its substance, with frequent clustering at the d isc 
margin; they disappear as papilledema resolves. 

With chronic papilledema, visual field defects may include nasal field loss, arcuate 
scotomata, and generalized peripheral depression; central visual field involvement with 
decreased visual acui ty is a typically late findin g. The process is usually bilateral, and if 
asymmetric, there may be an RAPD. 

A 

Arnold AC. Di ffe rential d iagnosis of opti c disc edema. Focal Points: Clill ical Modules Jor Oph
thalmologists. San Francisco: American Academy of Ophthalmo]ogy; 1999, module 2. 
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Figure 4-7 AI 8, Optic discs in chronic papilledema, with the development of bodies (arrows), 
representing lipid exudates from chronic microvascular leakage. C, D, Visual fields confirm the 
presence of mild diffuse depression in sensitivity and superior and inferior arcuate defects. 
(Parts A. 8 courtesy of Anthony C. Arnold, MD; parts C, 0 courtesy of Steven A. Newman, MD.) 
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Idiopathic intracranial hypertension 
Patients with idiopathic intracranial hypertension (lIH), also known as pseudotumor cere
bri, present with symptoms and signs of elevated ICP. Headache, nausea, and vomiting are 
common; additional complaints may include transient visual obscurations (secondary to 
papilledema), diplopia (secondary to abducens nerve paresis), visual field loss, pulsatile 
tinnitus, and di zziness. Most patients (>90%) with II H have papilledema. Typically, other 
neurologic abnormalities are absent (other than abducens palsy related to increased ICP). 
As is typical with acute papilledema, visual acuity is most often normal; visual fields may 
show enlarged blind spots but usually no additional defects. In long-standing, untreated, 
or severe cases, optic nerve function may deteriorate, with the development of visual field 
defects of chronic papilledema, as described in the previous section. Table 4-2 gives the 
diagnostic criteria of llH. 

The incidence of llH peaks in the third decade of li fe, and there is a strong female 
preponderance; most patients are obese. The disease occurs less commonly in children 
(with obesity less a factor) and infrequently in lean adults. IIH is associated with the use 
of exogenous substances such as vitamin A (> I 00,000 V/day), tetracycline, nalidixic acid, 
cyclosporine, and oral contraceptives. as well as the use of or withdrawal from corticoster
oids. Although hormonal changes such as pregnancy and hormonal abnormalities have 
been implicated, IIH has not been defin itely associated with any specific endocrinologic 
dysfunction. The mechanism for the increase in ICP in idiopathic IIH remains obscure. 
Absorption of CSF across the arachnoid granulations into the dural venous sinuses is 
probably impaired, but the specific cause is unknown. 

An associated condit ion such as cerebral venous obstruction (eg, due to trauma, child
birth, a hypercoagulable state, or middle ear infection), systemic or localized extracranial 
venous obstruction (eg. radical neck dissection), a dura l arteriovenous malformation, or 
systemic vascu litis may lead to decreased venous outflow and thus increased ICP. Such 
conditions may resemble llH , and therefore patients with suspected llH should undergo 
neuroimaging (MRI) to rule out tumor, hydrocephalus, and meningeal lesion. In addi
tion, magnetic resonance venography (MRV) should be considered to assess for venous 
sinus occlusion (see Chapter 2, Fig 2-11). Lumbar puncture should always be performed 
to confirm elevated ICP and to rule out a meningeal process. 

The ophthalmologist plays a critical role in the management of IIH. Careful long
term follow-up is essential to ensure that papilledema resolves. Regular examinations, 

Table 4-2 Criteria for Diagnosis of Idiopathic Intracranial Hvpertension 

Symptoms, if present, representing increased ICP or papi lledema 
Signs representing increased ICP or papilledema 
Documented elevated ICP during lumbar puncture measured in the lateral decubitus position 
Norma l CSF composition 
No evidence of ventricu lomegaly, mass, structural, or vascular lesion on MRI scan or contrast

en hanced CT scan for typical patients, and MRI scan and magnetic resonance venography for 
all others 

No other cause (including medication) of intracranial hypertension identified 
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including visual acuity testing. color vision testing. and quantitative periJnetry. document 
the level af optic nerve function. Stereophotographs of the optic nerve are essential during 
patient follow-up. The frequency of visual fi eld testing depends on the severity of papille
dema, the level of optic nerve dysfunction, and the response to treatment. 

Treatment for IIH depends on symptomatology and visual status. The disease may be 
self-limited; if headache is controlled with minor analgesics and there is no optic nerve 
dysfunction, no therapy may be required. However, the natural history of IIH may be OIle 
of severe visual loss: 26% of patients in a long-term study developed visual acuity of less 
than 20/200 in the worse eye. For obese patients, weight loss is an effective treatment and 
is always recommended. In patients requiring medical therapy, acetazolamide (Diamox) 
is usually the first choice. Topiramate (Topamax) has also been used with success; it has 
multiple beneficial effects-control of headache, appetite suppression, and carbonic an
hydrase inhibit ion-and therefore lowers ICP. Furosemide (Lasix) is frequently used in 
patients intolerant of acetazolamide or topiramate. The use of corticosteroids is contro
versial. Although elevated ICP is frequentl y decreased with corticosteroids, recurrence 
is common when the corticosteroids are tapered; indeed. corticosteroid withdrawal is a 

documented cause of IIH. However, a short course of high-dose intravenous corticoster
oids may be useful in the acute phase of fulminant papilledema with very high ICP and 
severe visual loss. Repeated lumbar punctures are not recommended therapy. 

Intractable headache or progressive visual loss on maximally tolerated medical 
therapy mandates surgical therapy. In some cases of severe visual loss and papilledema 
fro m marked ly elevated ICP, surgical intervention may be considered without waiting for 
definite evidence of progression . The primary surgical options are optic nerve sheath de
compression (fenestratian) a r CSF diversion procedure (Iumboperitoneal or ventriculo
peritoneal shunt). 

When headache is a lesser component and progressive visllalloss occurs, optic nerve 
sheath fenestration is typically preferred because it directly protects the optic nerve and 
has lower morbidity than shunting. However, optic nerve surgery carries a I %-2% risk 
of blindness from optic nerve injury, central retinal artery occlusion (CRAO), or central 
retinal vein occlusion (CRYO) . It does not lower ICP and thus does not treat headache. 
Although a reduction of papilledema in the contralateral eye occaSionally is reported, 
bilateral surgery is generally required. The long- term success rate is low, estimated at 16% 
with 6-year follow-up. Optic nerve sheath fenestration may be repeated but is technically 
more difficult because of scarring. 

Lumboperitoneal or ventriculoperitoneal shunting procedures effectively lower ICP, 
with improvement of headache, abducens palsy (if present), and papilledema; moreover, 
shunting entails no direct risk to the optic nerve. A shunt, however, may become oc
cluded, infected, or altered in position, requiring reoperation in more than 50% of cases. 
In cases of severe morbid obesity, gastric bypass surgery has been shown to effectively 
reduce both weight and ICP. 

Idiopathic intracranial hypertension also occurs in the pediatric popu lat ion, but 
controversy exists as to the criteria for pediatric IIH. The word pediatric typically refers 
to children under the age of 18 years. However, some authors believe the term should be 
reserved for children who are prepubescent, or without any physical changes of sexual 
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maturation. lIH appea rs to be a different disorder in prepubescent children. with more 
boys and nonobese child ren affected. Unlike with adult IlH. a variety of cranial neuropa
thies have been associated with pediatric IIH . including those of CNs Ill. IV. VI. VII. 
IX. and XII . whi ch reverse with lowering of the ICP. Furthermore. papilledema without 
headache or visual symptoms is more common in younger patients. Finally. the CSF 
opening pressures in ch ildren are different fro m those in adults. and both CSF content 
and pressure are different in neonates. The treatment for pediatric IIH is similar to that 
for adult lIH . 

Celebisoy N. Gokcay F, Sirin H, Akyurekli 0. Treatment of idiopathic intracranial hyperten
sion: lopiramare versus acetazolamide. an open label study. Acta Neural Scat/d. 2007; l16(5): 
322-327. 

Feldon SE. Visual outcomes comparing surgica l techniques for management of severe idio
pathic intracranial hypertension. Neurasurg Focus. 2007;23(5) :£6. 

Friedman 01 . Jacobson DM. Idiopathic intracranial hypertension. J Neuraophthalmol. 2004; 

24(2): 138- 145. 

Rang""a la LM, Liu GT. Pediatric idiopathic intracranial hypertension. Surv Oplltllalmol. 2007; 

52(6):597-617. 

Shah VA, Kardoll RH , Lee AG, Corbett 11. Wall M. Long-term follow-up of idiopathic intracra
nial hypertension: the Iowa experience. Neurology. 2008;70(8) :634-640. 

Anterior ischemic optic neuropathy 
Anterior ischemic optic neuropathy (A ION) is the most common acute optic neuropathy in 
patients over 50 years of age. reflecting ischemic damage to the optic nerve head. Patients 
present with painless monocular visual loss developing over hours to days. Visual acuity 
may be diminished. Visual field loss is always present: altitudinal and other variants of 
arcuate defects are the most common, although central and cecocentral scotomata and 

generalized (espeCially nasal) depression may also occur. An RAPD is present unless the 
optic neuropathy is bilateral. Optic disc edema is visible at onset and may precede the 
visual loss. Diffuse hyperemia is the most common presentation. although the disc edema 
may be pale and segmental. Peripapillary flame hemorrhages and retinal arteriolar nar
rowing are often seen. 

AION is class ified as either arteri!ic (AA ION). in which case it is associated with giant 
cell arteritis (GCA). or nonar!eri!ic (NAION) (Table 4-3). The most important initial step 
in the management of AlON is the search for evidence of GCA. 

Arteritic anterior ischemic optic neuropathy AAION is less frequent (5%-10% of A[ON 
cases) than NA ION and usually occurs in older patients (mean age 70 years). [t is caused 
by inflammatory and thrombotic occlusion ofthe short posterior Ciliary arteries. SystemiC 
symptoms ofGCA are usually present. espeCially headache and tend erness of the temporal 
arteries or scalp. law claudication is the symptom most speCifi c for the disorder. but other 
symptoms include malaise. anorexia and weight loss. fever. joint and muscle pain. and ear 
pain. Occult GCA. without overt systemic symptoms. may occur in up to 20% of patients 
with AAlON. Transient dimm ing and visual loss may precede AA[ON by several weeks. 

Visual loss is typically severe (visual acuity is <20/200 in over 60% of patients). Optic 
disc edema is typically pale in AA[ON compared with NAlON (Fig 4-8). Cotton-wool 
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Table 4-3 Arteritic vs Nonarteritic Ischemic Optic Neuropathy 

Characteristic 

Age 
Sex 
Associated symptoms 

Visual acuity 
Disc/fundus 

Erythrocyte sedimentation 
rate 

C-reactive prote in 
Fluorescein angiography 
Natural h istory 

Treatment 

A 

Arteritic 

Mean, 70 years 
F>M 
Headache, scalp tenderness. jaw 

claudication. transient visual loss 
<20/200 in >60% of cases 
Pallid disc edema common 
Cup normal 
Cotton-wool spots 
Mean, 70 mm/h r 

Elevated 
Disc delay and choroid delay 
Rarely improve 
Fellow eye, 54%-95% 
Systemic steroids 

B 

Nonarteritic 

Mean, 60 years 
F = M 
Usually none 

>20/200 in >60% of cases 
Hyperemic disc edema 
Cup small 

Mean, 20-40 mm/hr 

Normal 
Disc delay 
31% improve 
Fellow eye, 12%-19% 
None proven 

Figure 4-8 A. Optic disc appearance in nonarteritic AION. Edema is segmental, with mild su
perimposed pallor and flame hemorrhages. B, Optic disc appearance in arteritic AION. Pallor 
is more pronounced, and in this case, peripapillary choroidal ischemia creates pale swelling of 
the peripapillary deep retina and choroid (arrows), further obscuring the disc-retinal border. (Re
printed from Arnold AC. Differential diagnosis of optic disc edema. Focal POintS: Clinical Modules for Ophthalmologists. 

San Francisco: American Academy of Ophthalmology; 1999. module 2.) 

spots indicative of concurrent retinal ischemia may be present. Accompanying choroidal 
ischemia may produce peripapillary pallor and edema deep to the retina, exacerbating 
the visual loss. Fluorescein angiography reveals delayed choroidal filling, helping to dif
ferentiate AAlON from NAION (see Fig 3-8) . The optic disc diameter of the fellow eye is 
usually normal, as is the physiologic cup. 

When AAION is suspected, immediate therapy is critical. Confirmat ional temporal 
artery biopsy may be delayed without compromising test resul ts. Intravenous methylpred
nisolone (l g/day for the first 3-5 days) is most often recommended, after which oral 
prednisone may be used (up to 100 mg/day, tapered slowly over 3- 12 months or more, 
depending on response). Alternate-day corticosteroid therapy is inadequate for AA rON. 

The major goal of therapy (apart from avoiding systemic vascu lar complications) is to 
prevent contralateral visual loss. Untreated, the fe llow eye becomes involved in up to 95% 
of cases, within days to weeks. Although the in itially affected eye may improve somewhat, 
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recovery is not generally anticipated. The risk of recurrent or contralateral optic nerve 
involvement on corticosteroid wi thdrawal has been reported at 7%; thus) tapering must be 
slm'" and ca reful. Recurrent symptoms should prompt reevaluation for disease activity. 

For a discussion of systemic involvement) diagnost ic evaluation) and therapy for 
GCA, see Chapter 14. 

Aiello PD. Trautmann JC. McPhee TJ . Kunselman AR. Hunder ee. Visual prognos is in giant 

cell arterit is. Ophthalmology. 1993; 100(4);550-555. 

Hayreh 55. Podhaj sky PA, Raman R, Zimmerman B. Giant cell arteritis: validity and reliability 

of variOliS diagnostic crite ria. Am J Ophtlw/mol. 1997; 123(3):285-296. 

LilJ GT, Glaser j5, Schatz Nj, Smi th jL. Visual morbidity in giant cell arte ritis. Cl inical charac

teristics and prognosis for vision. Ophtlw!nwlogy. 1994; 101 (1 1): 1779- 1785. 

Nonarleritic anterior ischemic optic neuropathy The nonarteritic form of AION is more 
common (accounting for 90%-95% of AION cases) and occurs in a relatively younger age 
group (mean age 60 years). NAION is presumed to be related to compromise of the optic 
disc microc ircu lat ion in the setting of structural "crowd ing" of the disc. Histopathologic 
confirmation of the site of vascular occlusive disease is not avai lable. Patients frequently 
report visual impairment on awakening, possibly related to nocturnal systemic hypoten
sion. The initial course may be static, with visual loss stable frorn onset, or progressive, with 
ei ther episodic, stepwise decrelllents or a steady decline of vision over weeks to months 
prior to eventual stabi lization. The progressive form has been reported in 22%-37% of 
nonarteritic cases. Associated systemic symptoms are generally absent. 

Visua l loss is usually less severe than in AAION (visual acuity >20/200 in over 60% 
of cases). The opti c d isc edema in NAION may be diffuse or segmental and hyperemic or 
pale, but pallor is less common than in the arteritic form (see Fig 4-8). Focal telangiectasia 
of the ede matous disc surface vasc ulature occasionally resembles a vascu lar mass. The 
ret inal arterioles are fo cally narrowed in the peripapillary region in up to 68% of cases. 
The optic disc in the cont ralateral eye is typically small in diameter and demonstrates a 
small or absent physiologiC cup ("disc at risk"). 

The optic disc usually becomes visibly at roph ic within 4-8 weeks; persistence of 
edema past this poi nt suggests an a.lternative d iagnosis. The 5-yea r risk of contralateral 
involvement is 14.7%. Occurrence in the second eye produces the clinical appearance of 
"pseudo-Foster Kennedy syndrome;' in which the previously affected disc is atrophic and 
the cu rrently involved nerve head is edematous. Both eyes show visual field loss character
istic of AION. This is in contrast to the true Foster Kennedy syndrome (Fig 4-9), second
ary to intracranial mass, in \vhich 1 optic disc is atrophic because of ch ronic compression 
by the mass, whereas the other disc is edematous because of elevated ICP. In this true 
synd rome, the eye with optic disc edema typica lly has no visual fie ld loss other than an 
enlarged bli nd spo t. 

Risk fac tors for NA ION include structural crowd ing of the disc ("disc at risk"), sys
tem ic hypertension, diabetes (particularly in young patients), smoking, and hyperlipi 
demia. Neither carotid occlusive disease nor prothrombotic disorders have been shown to 
be Significant risk factors. Hyperhomocysteinemia, platelet polymorph isms, sleep apnea, 
and nocturnal hypotension have been proposed as risk factors but are currently unproven. 
NA ION has been reported in association with the use of phosphodiesterase inhibitors 
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Figure 4-9 Optic discs in true Foster Kennedy syndrome. Unlike with NAION, the edematous 
disc is usually hyperemic with normal visual function, and the contralateral disc does not show 
an altitudinal pattern of atrophy. (Courresvof SrevenA. Newman, MD.) 

(eg, sildenafil or Viagra), presumably because of its hypotensive effect, although causation 
has not been proven. 

NAION must be differentiated from optic neuritis; infiltrative optic neuropathies; an
terior orbital lesions producing optic nerve compression; and other forms of optic disc 
edema, including diabetic papillopathy. Optic neuritis may resemble NAION with regard 
to rate of onset, pattern of visual field loss, and optic disc appearance. NAION, however, 
usually occurs in patients over age SO, typically without pain on eye movement; moreover, 
altitudinal visual field loss and diffuse hyperemic disc edema (with associated retinal flame 
hemorrhages) are more common in NAION (Table 4-4). In unclear cases, fluorescein an
giography of the optic disc may help. Delayed optic disc filling is present in 75% ofNAION 
cases, whereas fIlling is normal in nonischemic disc edema, including optic neuritis. 
Contrast-enhanced MRI may also aid in distinction; the affected optic nerve is most com
monly normal in NAION, with enhancement present early in the course of optic neuritis. 

Untreated NAION generally remains stable after reaching the low point of visual 
function, but recovery of at least 3 Snellen visual acuity lines has been reported in 31 % of 
patients after 2 years in the Ischemic Optic Neuropathy Decompression Trial (IONDT). 
Recurrent episodes of visual loss in the same eye after 3 months are unusual in NAION 
(up to 6.4%), occurring most often in young patients. 

There is no proven therapy for NAION. The IONDT showed no benefit of surgery for 
NAION, and it has therefore been abandoned as a treatment modality. Neuroprotective 

Table 4·4 NAION vs Optic Neuritis: Typical Features 

Age 
Pain 
Pupil 
Visual field defect 
Optic disc 
Retinal hemorrhage 
Fluorescein angiography 
MRI scan 

NAION 

>50 
Unusual 
+ RAPD 
Altitudinal 
Edema 100%; may be pale 
Common 
Delayed disc filling 
No optic nerve enhancement 

Optic Neuritis 

<40 
With eye movement 92% 
+ RAPD 
Central 
Edema 33%; hyperemic 
Unusual 
No delayed disc filling 
Optic nerve enhancement 
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agents have demonstrated beneficial effects against secondary neuronal degeneration in 
animal models of ischemic retinal ganglion cell damage and optic nerve crush injury; 
however, clinical studies have been unsuccessful in recruiting sufficient patients in a timely 
manner. For example, a European study of36 patients demonstrated a nonstatistical trend 
toward improved visual field , but not visual acuity, in a brimon idine-treated-group, but 
the study was terminated because of the difficulty in enroll ing patients within 7 days after 
onset ofNAION. 

There is also no proven prophylaxis for NAION. Although aspir in has a proven effect 
in reducing the incidence of stroke in patients at risk, its role in reducing the incidence of 
fe llow eye involvement after the initial episode is unclear. 

Arnold At. Pathogenesis of nonarteritic anterior ischemic optic neuropathy. ] Nellroophthal
mol. 2003;23(2), 157-163. 

Hayreh 55, Podhajsky PA , Zimmerman B. Ipsilateral recurrence of nonarteritic anterior is

chemic optic neuropathy. Am] Ophthalmol. 2001 ;132(5}:734-742. 

Ischemic Optic Neuropathy Decompression Trial: twenty-four month update. Ischemic Optic 

Neuropathy Decompression Trial Research Group. Arch Ophthafmof. 2000; 11 8(6):793-798. 

Newman NJ. Scherer R. Lagenberg P. et al; Ischemic OptiC Neuropathy Decompression Trial 

Research Group. The fellow eye in NA JON: report from the ischemic optic neuropathy de

compression trial follow-up study. Am] Ophthalmo[. 2002; 134(3):3 17-328. 

Optic nerve decompression surgery for nonarteritic anterior ischemic optic neuropathy 

(NA 10N) is not effective and may be harmful. The Ischemic Optic Neuropathy Decompres

sion Trial Research Group. JAMA. 1995;273(8),625-632. 

Tesser RA, Niendorf ER, Levin LA. The morpho logy of an infarct in l10 narteritic anterior is

chemic optic neuropathy. Ophthalmology. 2003; 11 0( 1 0):2031-2035. 

Wilhelm B, Ludtke H. Wilhelm H; BRAION Study Group. Efficacy and tolerabili ty of 0.2% 

brimonidine tartrate for the treatment of acu te non-arteritic anterior ischemic opt ic neu

ropathy (NA ION): a 3-l11onlh. double-masked, randomised placebo-controlled trial. Graefes 
Arch CIi" Exp Ophthalmol. 2006;244(5),55 1-558. 

Papillitis 
In approximately 35% of cases of optic neuritis. the inflammation is located anteriorly in 
the nerve, the optic disc is edematous, and the term papillitis is applied. The disc edema 
is usually hyperemic and diffuse. Papillitis is more common in postviral and infectious 
neuritis than in demyelinating neuritis, but overlap is considerable. Children in particular 
mani fest postviral optic neuritis, which is bilateral and associated with profou nd visual 
loss. But papillitis in adults is. in all other aspects, managed in the saJn e manner as retro
bulbar neuritis (see the discussion later in the chapter). 

In the IS-year follow-up to the OptiC Neurit is Treatment Trial (ONTT), patients with 
normal MRls but severe papill itis, peripapillary hemorrhages, or retinal exudates did not 
develop mul tiple sclerosis (MS). 

Beck RW. Trobe JD, Moke PS, et al; Optic Neur iti s Study Group. High and low-risk profiles for 

the development of multiple sclerosis within 10 years after opt ic neuritis: experience of the 

opt ic neuritis treatment trial. Arch Ophthalmol. 2003;12 1(7):944 - 949. 

Optic Neuritis Study Group. Multiple sclerosis risk after optic neuritis: final optic neuritis 

treatment trial follow· up. Arch Neurol. 2008;65(6):727-732. 
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Neuroretinitis 
Neuroretinitis is a clinical syndrome characterized by acute loss of vision, typically with 
out pain , in association with disc edema and a star pattern of exudates in the macula 
(Fig 4- 10). The disc edema is diffuse and spreads through the outer plexiform layer along 
the papillomacular bundle and around the fovea. As the fluid is resorbed, the lipid pre
cipitates in a characteri stic radial pattern in the Henle layer. Although the macular star 
may be present at the time of initial presentation, it may be delayed by days. Recogn ition 
of fluid in the papillomacular bundle or the lipid exudates is critical in establishing the 
correct diagnosis. In addition, pat ients with neuroretinitis do not have an increased risk 
of demyelinating disease. Two thirds of patients with neuroretinitis have been shown to 
have cat-scratch disease caused by the Bartonella henselae or B quintana organisms. Other 
potential infectious causes include syphilis, Lyme disease, viruses, and diffuse unilateral 
subacute neuroretinitis (DUSN). Serologic test ing for specific infections should be con
sidered in cases of neuroretinitis, particularly if additional clinical findings such as skin 
rash or uveitis are present. See sese Section 9, Intraocular Inflammation and Uve itis, for 
a complete discussion of ocular bartonellosis and neuroretinitis. 

Cunningham ET, Koehler JE. Ocular bartonellosis. Am J Ophthalmol. 2000;130(3):340- 349. 

Suh ler EB, Lauer AK, Rosenbaum JT. Prevalence of serologic evidence of cat scratch disease in 

patients with neuro retinitis. Ophthalmology. 2000; 107(5):871 - 876. 

Diabetic papillopathy 
Diabetic papillopathy was originally described in young patients with type 1 diabetes but 
is now understood to occur more frequently in older adults with type 2 disease. Patients 
often have no visual complaints or may have nonspecific complaints of "blurred vision" or 
"d istortion" without pain. Vision may be normal or decreased, the finding of an RAPD is 
variable, and the visual field may demonstrate an enlarged blind spot or a pattern of optic 
nerve dysfunction. The optic nerve reveals hyperemiC edema, but 50% of patients show 
marked dilation of the disc surface microvasculature (Fig 4-11) that is often mistaken for 
neovascularization of the disc (NVD) . A characteristic radial pattern of the dilated vessels 

A B 

Figure 4-10 A 23-year-old man with a 2-day history of blurred vis ion on the right (visua l acu
ity: 20/40 OD, 20/20 OSlo A, The optiC disc on the right side is e levated and hyperemic, with 
obscurat ion of the nerve fiber layer. 8, 5 weeks after onset. funduscopic examination shows a 
macular star, characterist ic of neuroretin itis. Optic disc edema is now less prominent (Courtesy 

of Steven A. Newman, MD.) 
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Figure 4-11 Opt ic disc in diabetic papillopathy 
shows disc edema w ith prom inent surface tel
angiectasia. (Reprinted from Arnold AC. Differential di

agnosis of optic disc edema. Focal Points: Clinical Modules 

for Ophthalmologists. San Francisco: American Academy of 

Ophthalmology: 1999, module 2.) 

may help distinguish diabetic papillopathy from NVD; in the latter, the vessels proliferate 
into the vit reous cavity and leak into the vit reous on fluorescein angiography. Diabetic 
retinopathy is present in 63%- 80% of patients with diabetic papillopathy and is a contrib
uting factor to diminished visual acuity. 

Bilateral diabetic papillopathy warrants investigat ion to rule out papilledema associ
ated with raised lCP. Untreated, the radial vessels and disc edema resolve slowly over 2-10 
months. Optic atrophy occurs in 20% of cases, but the visual prognosis is often related 
to the degree of accompanying diabetic retinopathy. In rare cases, diabet ic papillopathy 
progresses to AION, with residual pallor and arcuate visual field defects. The pathophysi
ology is unproven but suspected to be mild, reversible ischemia. Therefore, the distinction 
of diabetic papillopathy as an entity unique fro m AION remains controversial. There is 
no proven therapy for this disorder. Diabetes is discussed in BCSC Section 1, Update on 
General Medicine; associated ocular disorders are discussed in BCSC Section 12, Retina 
and Vitreous. 

Arnold AC.lschemic optic neuropathies. OphtlUl/l1Io1 Clill North Am. 2001;14(1):83 - 98. 

Bayraktar Z, Alacali N, Bayraktar S. Diabetic papillopathy in type II diabetic pati ents. Retit/a. 

2002;22(6),752- 758. 

Regillo CD, Brown Ge, Savino PJ , et al. Diabetic papillopathy. Patient characteristics and fun 

dus findings. Arch Ophtha/mol. 1995; 113(7):889-895. 

Papillophlebitis 
The syndrome of unilateral retinal venous congestion and optic disc edema in healthy 
young patients was origi nally termed papillophlebitis by Lonn and Hoyt in 1966; it has also 
been known as optic disc vasculitis and benign retinal vasculitis. It is a subset of CRVO in 
the young, in which the disc edema is unusually prominent. 

The disorder typically presents with vague visual complaints of blurring, occasion 
ally with transient visual obscurat ions. Visual acuity is typically normal or is mildly di
minished because of macular hemorrhage or edema. An RAPD is absent, color vision 
is normal, and visual fi eld testing shows en largement of the blind spot. Fundus exami
nation shows marked retinal venous engorgement associated with hyperemic optic disc 
edema (Fig 4- 12) . Retinal hemorrhages extending to the equatorial region are common. 
Fluorescein angiography typically shows marked retinal venous dilation, stai ning, and 
leakage associated with circulatory slowing; regions of capillary occlusion (usually seen 
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Figur. 4-12 Papiliophlebitis. Optic disc 
edema in a 28-year-old woma n with en
gorgement and tortuosity of retinal venous 
system. Visual acuity is 20/30. (Reprinted from 

Kline LB, Foroozan R, eds. Optic Nerve Disorders. 2nd 

ed. Ophthalmology Monograph 10. New York: Oxford 

Universiry Press. in cooperation with the American 

Academy of Ophthalmology; 2007:218. 

with ischemic CRVO) are rare. Systemic vasculitis has occasionally been reported. and 
rheumatologic consultation may be considered. The condition usually resolves spontane
ously over 6-12 months, with either no visual loss or only mild impairment related to in 
completely resolved maculopathy. For further discussion of CRVO, see BCSC Section 12, 
Retina and Vitreous. 

Fong ACO, Schatz H. Central retinal vein occlusion in young adults. 511rv Ophtha/mol. 1993; 
37(6),393-417. 

Lonn LI , Hoyt WF. Papillophlebitis: a cause of protrac ted yet benign optic disc edema. Eye Ear 

Nose Throat Mall. 1966;45( 10),62-68. 

Anterior orbital compressive or infiltrative lesions 
Most orbital compressive lesions do not produce optic disc edema, but anterior orbital 
masses may compress the anterior intraorbital optic nerve and its venous drainage. pro
ducing disc edema, sometimes associated with optociliary shunt vessels (retinochoroidal 
collaterals) and occasionally with full-blown CRVO. Compressive lesions or enlarged ex
traocular muscles (in thyroid eye disease) at the orbital apex that spare the exiting retinal 
venous system mayor may not result in disc edema but do produce optic nerve dysfunc
tion and eventual atrophy. In all other respects, the clinical syndrome is the same as for 
other intraorbital and intracanalicular compressive lesions. 

Similarly, infiltration of the optic nerve (eg, inflammatory, infectious, neoplastic) 
most often is a retrobulbar process, but anterior involvement may present with optic disc 
edema. The optic disc may simply be edematous or display features of superimposed cel
lular infiltration. Visible prelaminar cellular infiltrate (diffuse or focal) tends to be more 
opaque, with a grayish or yellowish discoloration (Fig 4-13); the infiltrate may be denser 
and more opaque than in nonspecific edema. Focal granulomatous infiltration may con
sist of a focal nodule on the disc surface. When edema and visual loss persist or progress 
in a way that is atypical for the common causes of optic neuropathy or when prelaminar 
infiltrate is visible, ancillary testing for an infiltrative lesion should be performed. 
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Figure 4-13 Sarcoid optic neuropathy. Left 
fundus of a 25-year-old man with a 1-month 
history of blurred vision. Visual acuity was 
20/50 and he had a 1.2 log left afferent pupil
lary defect. The dense white elevation on the 
disc represents granulomatous inflammation. 
A chest x-ray showed hilar adenopathy. and 
bronchoscopy confirmed sarcoidosis. (Courtesy 

of Steven A. Newman, MD.; 

Anterior Optic Neuropathies Without Optic Disc Edema 

Optic disc drusen 
Optic disc drusen (ODD) . also known as hyaline or colloid bodies. are refractile. often cal
cified nodules located within the optic nerve head (Fig 4- 14). Their reported prevalence 
has ranged from 0.34% (clinical) to 2% (autopsy) of population studies. ODD occur with 
equal frequency in males and females but rarely affect non-Caucasian people. They are 
bilateral in 75%-86% of cases but are often asymmetric. Although an irregular dominant 
inheritance pattern has been described. a significant number of cases are isolated. The 
pathophysiology of ODD is unproven. Most theories invoke impaired ganglion cell axonal 
transport. probably re lated to a small scleral canal and mechanical obstruction. Metabolic 
abnormalities associated with impaired transport may result in intra-axonal mitochon 
drial damage. the drusen being products of deteriorating axons. ODD may be associated 
with retin itis pigmentosa and pseudoxanthoma elasticum. 

Most pat ients with oon are asymptomatic, but transient visual obscurations have 
been reported. with an incidence as high as 8.6%; such obscurations are probably second 
ary to transient disc ischemia. Visual acuity typica lly remains normal; decreased visual 
acuity, especially if progressive, should arouse suspicion of another lesion (eg. an intra
cranial mass). Visual field loss is present in 75%-87% of cases. most freq uently manifested 
as an enlarged blind spot (60%). arcuate defects (59%). and peripheral depression. Visual 
field defects either remain stable or very slowly worsen. The location of visible drusen 
does not necessarily correlate with the location of visual fi eld loss. An RAPD is present in 
cases with asymmetric visual field loss. 

The optic discs of patients with ODD appear elevated and small in diameter. with 
indist inct or irregular margins and associated anomalous vascular branching patterns. In 
childhood. ODD tend to be buried. but they become more visible over the years. When 
visible. ODD appear as round. whitish yellow refractile bodies. They are frequently pres
ent at the nasal disc margin, where they may produce a scalloped appearance. Occasion 
aUy. they are located wi thin the NFL just adjacent to the disc. These so-called extruded 
drusen may be more common in patients with ret init is pigmentosa. Although disc color 

t 



134 • Neuro-Ophthalmology 

A 

DO,. 02 ·" ·'" 
~"'" 0:]. '"."'''''"''' .' . ... 01"" " 't<1""", "'.... , ,_ ,,. ~"'." ~ 

~ . , 
<o.( "'00l ,,_ 

FU.U' ... '" 
or" ... "" .. 
r.o;, I ~ 

It't,f '"'~ "' 

.. " 

B 

. , .,., ,'.,. 
." " .. J '" .", .... , ... 

... j> ., ' .... 

"0.: "" "'. ::>ro",. '. "" 

." .. " , .;., ... , .... " ... ;''''"' .. ::., 
. ! ".,.~ <1 _0 .' 

" J .. J , ."" .~ 

Figure 4-14 A, Fundus photograph of optic disc drusen, showing blurred disc margin with 
scalloped edge, refractile bodies on the disc surface and at the superior pole, mild pallor, and 
no obscuration of retinal blood vessels. a, Visual f ields confirmed the presence of an inferior 
greater than superior arcuate defect on the left produced by drusen involving the left disc. 
(Courtes y of Steven A. Newman, MD.) 

tends to be normal with buried drusen, the disc may appear relatively pale with surface 
drusen. Moreover, ODD may cause optic atrophy or NFL defects (54% of cases). 

No treatment is proven to al ter the clinical course, but visual impai rment is usually 
mild. In rare cases, vascular complications (eg, flam e hemorrhage, nonarteritic anterior 
ischemic optic neuropathy, or peripapillary subretinal neovascularization) occ ur. 

Optic disc drusen vs papilledema Buried ODD produce elevation of the disc and blurring 
of its margins, simulating optic nerve head edema. Major features differentiating ODD 
include 

lack of hyperemia 
lack of disc surface microvascular abnormalities (capillary dilation, telangiectasia, 
flame hemorrhage) 
normal or atrophic peripapillary retinal NFL; the retinal vessels at the disc margin 
are clearly visible (not obscured by NFL edema) 
blurring of the disc margins due to abnorm alities at the level of the RPE, such as 
obscuration by buried drusen, pigment atrophy, and clumping 
anomalous retinal vascular patterns, including loops, increased branchings, and 
tortuosity 

Ancillary testing may be useful in differentiating drusen from papilledema (Fig 4-15) : 

B-scan ultrasonography may differentiate calcifi ed drusen from papilledema in 2 
ways. First, the optic nerve head with ODD is elevated and highly reflective; with a 
decrease in th e sensitivity of the display, calcifi ed drusen maintain this high Signal 
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A 

c 
Figure 4·15 Diagnostic testing for optic disc drusen. A, 8-scan ult rasonography, demonstrat
ing focal, highly reflective (due to ca lcification) elevat ion within the optic disc (arrow), wh ich 
persists when the gain is decreased. B, Preinjection fundus photograph demonstrating auto
fluorescence (arrow). C, Late-phase fluorescein angiogram of patient with optic disc drusen 
shows nodu lar staining pattern (arrow) w ithout dye leakage. 0, CT scan of the orbits. Ca lcified 
optic disc drusen are visible bilateral ly at the posterior globe-optic nerve junct ion (arrows). 
(Parts A, C, and 0 CQurresy of Anthony C. Arnold, MD; parr B courres y of Hal Shaw, MDJ 

intensity wi thin the nerve head (Fig 4- 15A), whereas with papi lledema, the signal 
intensity decreases along with the remainder of the ocular signal. Ultrasonography 
may identify drusen in 48%-58% of suspected cases, although the ability of this 
technique to detect noncalcifi ed buried ODD is unclear. Second, with papilledema, 
the intraorbital portion of the optic nerve is typically widened and will decrease in 
width with prolonged lateral gaze (the so-called 30° test); drusen do not produce 
widening of the intraorbital nerve. 
Fluorescein angiography is also an effective method for distinction. First, cer tai n 
drusen, if near enough to the disc surface, demonstrate autofluorescence, in which 
refractile bodies are brightly visible on preinjection fra mes of the angiogram 
(Fig 4- 15B). Second, drusen, even in buried form , typically block fluorescence fo 
cally in early frames, with gradual dye uptake producing a nodular late staining 
without leakage from the disc surface capillaries (Fig 4-15C). Papilledema, in con
trast , results in early diffuse hyperfluorescence, with late leakage overlying and ad
jacent to the disc. 
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Ne uroimaging may be indicated in rare cases to rule out an intracranial or optic 
nerve tu mor and to attempt direct confirmation of calcified drusen. A CT scan 
remains superior to an MRI scan for detection of drusen; calcium is poorly imaged 
on an MRI scan but does produce a bright, easily detected signal at the junction of 
the posterior globe and optic nerve on a CT scan (Fig 4- 150 ). 

With chronic papilledema, refractile bodies occasionally develop on the nerve head 
surface, simulating O DD (see Fig 4- 7). These lesions (probably residual exudate) typically 
form near the temporal margin of the disc rather than within its substance, are usually 
smaller than ODD, and disappear with resolution of the papilledema. 

Optic disc drusen vs astrocytic hamartomas Astrocytic hamartomas of the retina, most 
common in tuberous sclerosis and neurofibromatosis, may take the form of so-called mul
berry lesions. When located adjacent to the disc, they may closely resemble ODD, and in 
early reports they were termed giant drusen of the optic disc (Fig 4-16). In contrast to true 
O DD, disc hamartomas 

originate at the disc margin, with extension to the peripapillary retina 
arise in the inner retinal layers and typically obscure retinal vessels 
may have a fleshy, pin kish component 
do not autoflu oresce and may show tumorlike vascularity on fluorescein angiog· 
raphy 

Auw- Haedrich C, Staubach F, Witschel H. Optic disk drusen. 5urv Ophtha/mo/. 2002;47(6): 

515-532. 

Davis PL, Jay WM. Optic nerve head druse n. 5emin Ophthalmol. 2003; 18(4) :222- 242. 

Giarelli L, Ravalico G, Saviano S, Grandi A. OptiC nerve head drusen: hi stopathologica l con

siderations-clinical features. Metab Pediatr 5yst Ophthalmol. 1990; 13(2- 4):88-9 1. 

Purvi n V, King R, Kawasa ki A, Vee R. Anterior ischemic optic neuropathy in eyes with opt ic 

d isc drusen. Arch Ophtha/mol. 2004;122(1):48-53. 

A B 

Figure 4-16 Optic disc drusen must be distinguished f rom astrocytic hamartoma. A, Drusen 
demonstrate prominent refractile nodules on the disc surface, which do not obscure reti
nal vessels. B, Astrocytic hamartomas are nodular masses arising from peripapillary retina 
and obscure the retinal vessels. (Repnnted from Arnold AC Opric disc drusen. Ophlhalmol Clin Nonh Am. 
1991;4:5Dfr577.) 
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Leber hereditary optic neuropathy 
Leber hereditary optic neuropathy (LHON) typically affects males age 10-30 years but may 
occur much later in life; women may account for 10%-20% of cases. The syndrome pre
sents with acute, severe « 201200 ). painless. initially monocular visual loss associated with 
an RAPD and central or cecocentral visual field impai rment (Fig 4-17). The classic fundu s 
appearance includes 

hyperemia and elevation of the optic disc and thickening of the peripapillary ret
ina, giving rise to so-called pseudoedema of the disc ("pseudoedema" in this con 
text refers to an optic disc that appears swollen but without leakage on fluorescein 
angiography) 
peripapillary telangiectasia 
tortuosity of the medium-sized retinal arterioles 

These findings may also be present before visual loss begins. However, the fundus may be 
entirely norma l (over 40% in one referral series). Fluorescein angiography demonstrates 
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B 
Figur.4-17 Leber hereditary optic neuropathy. A 17-year-old male with a 2-month history of 
decreased visual acui ty in the left eye. AI, Visual fields show cecocentral scotoma as. B, Fun
dus photos demonstrate small optic discs with hyperemia and blurred margins. There was no 
leakage on fluorescein angiography. 
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no leakage or staining of the disc, in contrast to the appearance of in flam matory optic 
neuropathies with edema. 

The asymptomatic second eye often has subclinical visual field abnormalities that 
progress rapidly ove r weeks to month s to cecocentral scotomata. The initially involved 

optic disc becomes atrophic, with loss of peripapillary telangiectasia. In rare cases, the 
interval between involvement of the 2 eyes is longer (up to 8 years). Although visual loss 
is usually permanent, partial recovery of vision, up to years after the initial loss, has been 
reported in 10%-20% of cases. 

LHON is related to a mitochond rial DNA mutation, most freq uently at the 11 778 po
sition, less commonly at the 3460 or 14484 location. The correspond ing single base-pair 
nucleotide substitution resu lts in impaired mitochondrial adenosine triphosphate pro
duction , which tends to affect highly energy-dependent tissues (such as the optic nerve). 

Blood testing for these mutations may confirm the diagnosis . Illay permit genetic counsel
ing. and may provide info rmation about prognosis; patients with the 14484 mutation have 
a higher chance (up to 65%) of late spontaneous improvement in cent ral visual func tion, 
whereas those with the 11 778 mutation have a lower chance (es timated at 4%). 

The mutat ion is transm itted by mitocho ndrial DNA, which is in herited frol11 the 
mother, rather than from nuclear DNA. T hus only women transmit the disease. Not all 
men with affected mitochondria experience visual loss, and affec ted women only infre
quently develop visual symptoms. The reasons for this selective male susceptibility are 
unclear, as is the precipitating event. At anyone time, a variable percentage of DNA is 
affected (heteroplasmy); only when this fractio n becomes high does the d isease become 

clinically evident. Family history may be difficult to eUcit, and in a signi fica nt number of 
cases there is a negative family history (suggesting a de novo mutation). 

Differential diagnosis incl udes optic neuritis. compressive o ptic neuropathy. and in 
filtrative optic neuropathy. In patients witho ut a posit ive famil y histo ry, neuroimaging is 
advisable to rule out a treatable cause of visual loss. Occasionally, patients demonstrate 
cardiac conduction abnormali ties o r other m ild neurologiC deficits that warrant further 
evaluation. No treatment has been shown to be effect ive. Cort icosteroids are no t ben

eficia l. Coenzyme QIO' succi nate, and o ther antioxidants and agents that may increase 
mitochondrial energy production have been used, but no defi nite benefi t has been shown. 

Avoidance of agents such as tobacco or excess ethanol, which might st ress such energy 
production, is recommended, al though defin itive studies of bene At are lacking. 

Newman NJ. Leber's hereditary optic neuropathy: new genetic considerations. Arch Neurol. 
1993;50(5):540-548. 

Newman NJ, Biousse V, Newman SA, et al. Progression of visual field defects in Leber he
reditary optic neuropathy: experience of the LHON treatment trial. Amer J Oplltll(l/lflol. 
2006; 141 (6): 106 1- 1067. 

Nikoskela inen E. Hoyt WF, Nu mmelin K. Schatz H. Fundus find ings in Leber's hereditary optiC 
neuroretinopat hy. II I. Fluorescein angiographic studies. Arch Ophtha/mol. 1984;102(7): 
98 1-989. 

Nikoskelainen EK, Huoponen K, Juvonen V, Lammjnen T. NUl1l ll1eli n K, Savontaus ML. Oph
thalmologic findings in Leber hereditary optic neuropath)" with special reference to mtDNA 
mutations. Ophthalmology. 1996; 103(3):504-5 14. 
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Riordan-Eva P. Sanders MD. Govan GG. Sweeney MG, Da Costa J, Harding AE. The clinical 
features of Leber's heredilary optic neuropalhy defined by the presence of a pathogenetic 
mitochond ria l DNA mutation. Brain. 1995;118(Pt 2):3 19-337. 

Autosomal dominant optic atrophy 
The most common hereditary optic neuropathy (estimated prevalence is 1:50,000), auto
somal dominant optic atrophy (ADOA) has an autosomal dominant inheritance pattern, 
but variable penetrance and expression make positive fam ily history inconsistent. Genet ic 
linkage studies have localized an ADOA ge ne (OPAl) to a region on chromosome 3. The 
OPA 1 protein is widely expressed and most abundant in the retina. It encodes dyna min
related GTPase, which is anchored to mitochondrial membranes; thus mutations result in 
loss of mitochondrial membrane integrity and funct ion, with subsequent retinal ganglion 
cell degeneration and optic atrophy. 

Presentation is usually in the first decade of life, with insidious onset of visual loss, 
often first detected on routine school vision screenings. Involvement is usually bilateral 
but may be asymmetric. At detection, visual acu ity loss is usually moderate, in the range 
of 20/50-20/70, although it Illay decline progressively. The majority of patients preserve 
vision >20/200. Color vision deficits are invariably present. In this clinical situation, tri
tanopia is highly suggestive of ADOA; detection of tr itanopia usually requires testing by 
the Farnsworth 1 DO-hue Illethod. However, red-green or generalized defects are cOllllllon 
in ADOA as wel l. Visual field testing demonstrates central or cecocentral loss in most 
cases, but enlargement of the blind spot with extension to the superotemporal periphery 
is occasionally mistaken for chiasmal syndromes (Fig 4- 18) . The defects typically do not 
respect the vertical midline. Affected optic discs usually show focal temporal optic atro
phy but may be diffusely pal e. A wedge-shaped temporal excavation Illay be present and is 
highly suggestive of A DOA, but its absence does not rule out the diagnosis. 

Diagnosis is based on cl inical findings and negative results on neuroimaging, which 
should be performed in all suspected cases. The clinical course is generally one of stabil
ity or of very slowly progressive worsening over the patient's lifetime. No treatment is 
available. 

Alexander C, Votruba M. Pesch UE, et aL OPA 1, encoding a dynamin-relaled GTPase, is mu
tated in autosomal dominant optic atrophy linked to ch romosome 3q28. Nature Gelletics. 
2000:26(2}:2 11 - 2 15. 

Olichon A. Baric3111t L, Gas N, et al. Loss of Oil A 1 pertl1rbates the mitochondrial inner mem
brane structure and integrity, leading to cytochrome c release and apoptosis. I Bioi Chem. 
2003;278( 1 0}:7743-7746. 

Votruba M, Fitzke FW, Holder GE. Carter A, Bhattacharya S5. Moore AT. Clinical features 
in affected individuals from 21 pedigrees with dominant optic atrophy. Arch Ophthallllol. 
1998;1 16(3}:351 - 358. 

Glaucoma 
Patients with glaucoma Illay be completely unaware of impaired vision. Chronic open
angle glaucoma typically produces slowly progressive visual fie ld loss in the arcuate and 
peripheral regions, sparing fixation until late in the course. The optic disc characteristi
cally appears excavated (increased diameter and depth of the physiologiC cup, often with 
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Figure 4-18 Autosomal dominant optic atrophy. 34-year-old man who had been aware of dif
ficulty reading the blackboard in fourth grade. with mild gradual decrease in visual acuity OU 
since that time. A, B, Optic discs show temporal atrophy and papillomacular nerve fibe r layer 
dropout. C, D, Visual fields demonstrate bi lateral cecocentral scotomata, which extend super
otemporally. (Courtesy of Steven A. Newman, MD.) 

focal notching at the inferior or superior pole). Cup pallor develops only with relatively 
advanced damage. Intraocular pressure is often (but not invariably) elevated; so-called 
normal-tension glaucoma may be more likely to produce paracentral scotomata closer to 
fixation, but even this condition usually spares visual acuity. All aspects of glaucoma are 
discussed at length in BCSC Section 10, Glaucoma. 

Excavation of the optic nerve head may also be seen in compressive, hereditary 
(LHON) and severe ischemic (AAION) processes. Compressive lesions are more likely to 
produce temporal rather than nasal or arcuate visual field loss; LHON usually produces 
central or cecocentralloss; ischemic damage may result in either pattern. In all of these 
forms , the optic disc often demonstrates early and more prominent pallor, with less severe 
excavation and notching than in glaucoma (Fig 4- 19). Central visual acuity, as well as 
color vision , is preserved in glaucoma unt il late in the course, whereas both are usually 
reduced early in the other optic neuropathies. 
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A B 

Figure 4·19 Optic nerve excavation. A, With glaucomatous damage, the remaining temporal 
rim of neuroretinal tissue generally remains a relatively normal pink color despite severe exca· 
vation. B, With nonglaucomatous damage, the rim is pale relative to the degree of excavation. 
(Courtesy of Anthony C. Arnold, MD.) 

Congenital optic disc anomalies 

Optic nerve hypoplasia The severity of hypoplasia in optic nerve hypoplasia varies 
widely; patients may be asymptomatic with minim al visual field defects, or they may pre
sent with severe visual loss of uncertain duration. Visual field defects are typical for optic 
nerve damage, with peripheral and arcuate defects common. The prevalence of bilaterali ty 
is 56%-92%. The optic disc is small in diameter, usually one half to one third of normal; 
subtle cases may require a comparison of the 2 eyes. Comparison of horizontal disc diam 
eter to the disc-macula distance may help in detection. Retinal vessel diameter may seem 
large relative to the disc size, and the vessels may be tortuous. The disc may be pale, gray, 
or (less com monly) hyperemic and may be surrounded by a yellow peripapillary halo, 
which in turn is bordered by a ring of increased or decreased pigmentation (the double
ring sign) (Fig 4-20). 

Either unilateral or bilateral optic nerve hypoplasia may be associated with midline or 
hem ispheric brain defects, endocrinologic abnormalit ies (deficiency of growth hormone 
and other pituitary hormones), and congenital suprasellar tumors. Skull-base defects may 
be associated with basal encephaloceles. The syndrome of optic nerve hypoplaSia, absent 
septum pellucidum, and pituitary dwarfism (septo-optic dysplasia, de Morsier syndrome) 
is most common. The corpus callosum may be thinned or absent. An MRI scan is recom· 
mended in all cases of optic nerve hypoplaSia, and endocrinologic consultat ion should be 

Figur. 4-20 Optic disc hypoplasia. The 
small optic disc is surrounded by a relatively 
hypopigmented ring of tissue (double-ring 
sign) . The retinal vessels are normal in ap· 
pearance. (Reprinted from Kline LB, Foroozan R, eds. 
Optic Nerve Disorders. 2nd ed. Ophthalmology Moner 
graph '0. New York: Oxford University Press, in coop
eraflon wirh the American Academy of Ophthalmology; 
2007:158. 
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considered, because hypoglycemic seizures or growth retardation may develop without 
treatment. Recognized teratogens, including quinine. ethanol, and anticonvulsants, have 
also been associated with optic nerve hypoplasia. A variant of optic nerve hypoplasia, 
superior segmental hypoplasia, has a corresponding inferior visual field defect; it occurs 
most often in children of mothers with insulin -dependent diabetes. (For additional dis
cussion, see BeSe Section 6, Pediatric Ophthalmology and Strabismus.) 

Congenital tilted disc syndrome Congenital tilted disc syndrome, a usually bilateral 
condition (80% of cases), must be differentiated from simple myopic tilted optic discs 
with temporal crescent. The congen ital syndrome also occurs in myopic patients, in 
whom it also produces an inferonasal crescent (actually a colobomatous excavation of 
the nerve ti ssue). The crescent leaves the remaining superotemporal oval portion of 
the disc relatively intact such that the disc appears tilted off the usual vertical ax is and 
sometimes elevated, simulating mild edema (Fig 4-21). The retinal vessels are often 
nasalized. The maldeveloped inferior portion is ectatic and is associated with thinning 
of the in fero nasal choro id and RPE, producing a visual fi eld defect that is partially re
fractive (because the ectasia produces focal cha nge in axial length) and partially neuro 
genic (because of foca lly diminished density of optic nerve axons). The superotemporal 
visual field defects m ay mimic those of chi asmal compression but are differentiated by 
their failure to respect the vertical midline and by their partial improvement with myo
pic refractive correction. An MRI scan occasionally is indi cated to rul e out chias mal 
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Figur.4-21 Visual f ields (AI left and (BI right show bilateral relative superotemporal defects 
not respecting the vertica l midline. Fundus photos show bilateral tilted diSCS aD (CI and as 
to) . (Parts A, 8 courtesy of Anrhony C. Arnold, MD; parts C, 0 courtes y of Sophia M. Chung, MD.) 
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lesions, even in cases of visible tilted disc syndrome, if visual field defects respect the 
vertical m idl ine. 

Excavated optic disc anomalies Excavated optic disc anomalies cover a spectrum of se
verity, ranging fro m optic pits through colobomas and dysplastic nerves to the morning 
glory disc anomaly (for addi t ional discussion , see BCSC Section 6, Pediatric Ophthalmol
ogy and Strabismus): 

An optic pit is a depression of the optic disc surface that is often gray or white, lo
cated temporally, and associated with a mild visual field defect (usually paracentral 
or arcuate). Serous detachment of the macula develops in 25%-75% of cases, possi
bly related to liquid vitreous reaching the subretinal space through communication 
between the optic pit and the macula. 
Colobomas of the nerve result from incomplete closure of the embryonic fissure and 
usually occur infer io rl y, with deep excavation of the optic nerve substance, possibly 
extending to the adjacent choroid and retina . Visual field defects and RAPD are as
sociated and reflect the degree of abnormality. Colobomas of other structures, such 
as iris and choroid, may be present. 
The dysplastic nerve of papillorenal syndrome or renal coloboma syndrome is char
acterized by an excavated disc wi th absence or attenuat ion of the central retinal 

vessels and multiple c il ioretinal vessels emanating and exiting from the d isc edge. 
Vision is often normal, but visual fields may reflect superonasal visual field de
fects. Controversy ex ists as to whether the nerves are colobomatous from incom
plete embryoniC fissure closure or from a primary dysplaSia of the optic nerve. This 
characteristic optic nerve appearance may reflect renal failure secondary to renal 
hypoplasia and is linked to mutations in the PAX2 gene, wh ich is inherited in an 
autosomal domi nant fashion. 
The morning glory disc anomaly is a funnel -shaped staphylomatous excavation of 
the optic nerve and peripapillary retina. It is more common in females and most 
oftenunilatera!' The disc is enlarged, pink or orange, and either elevated or recessed 
with in the staphyloma. Chorioretinal pigmentation surrounds the excavation, and 
white glia l tissue is present on the central disc surface. The characteristic feature is 
the emanation of retin al vessels from the periphery of the disc. Visual acuity is often 
20/200 or worse, and an RAPD and a visual field defect are prese nt. Nonrhegmatog
enous serous re tinal detachments occur in 26%-38% of cases. Occult transsphe

noidal basal encephaloceles may be present and may be mistaken for nasal polyps; 
V-shaped infrapapi llary depigmentation may be a marker for an encephalocele. 

Brodsky Me. Congen it:.t l optic disk anomalies. Surv Ophtlwlmol. 1994;39(2):89- 11 2. 
Brodsky MC, Hoyt WF, I-Ioyt CS, Miller NR, Lam BL. Atypical retinochoroidal coloboma in 

patients with dysplastiC optic discs and tmnssphenoidal encephi.tloce1e. Arch Ophthallllol. 
1995; 113(5):624-628. 

Parsa CF, Si lva ED, Sundin OH, et al. Redefining papillorenal syndrome: an underdiagnosed 
cause of ocular and renal morbidity. Ophtlwllllology. 200 1;108(4):738-749. 

Siatkowski RM, Sanchez JC, Andrade R, Alvarez A. The clinical, neuroradiographic, and en
docrinologic profile of patients with bilateral optic nerve hypoplaSia. Ophthalmology. 1997; 
I04(3)A93-496. 
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Posterior Optic Neuropathies 

Retrobulbar optic neuritis 
Optic neuritis occurs in young pat ients (mean age 32), most often female (77%), and pre
sents as subacute monocular visual loss developing over days to weeks. Periorbital pain, 

particularly with eye movement, occurs in 92% of cases and often precedes visual loss. The 
retrobulbar form occurs in 65% of cases and is associated with a normal optic disc appear
ance at onset. An RAPD is present unless the optic neuropathy is bilateral and symmetric. 
The central visual field is usually affected, with a decrease in visual acuity. However, visual 
field loss takes the form of an isolated central scotoma less commonly (8% in the ONTT) 
than it does diffuse loss within the central 30" visual field (48%) or altitudinal visual field 
loss (15%) (Fig 4-22) . Dyschromatopsia is common, particularly for red, and is often more 
severe than is loss of visual acuity. 

Retrobulbar neuritis may be isolated or associated with demyelinating, viral, vascu
Utic, or granulomatous diseases. Viral in fections may involve the optic nerve meninges 
or parenchyma directly or by delayed immune response (postviral optic neuritis). Such 
involvement is common in ch ildren and is typically bilateral and simultaneous in onset. 

Demyelinating optic neuritis may be isolated or may be associated with MS (see Chap
ter 14). Systemic lupus erythematosus and other vasculitides may be associated with optic 
nerve inflammation, usually without optic disc edema. Finally, granulomatous processes 
such as syphilis and sarcoidosis (see Fig 4-13) may affect the optic nerves. Although the 
neuritis in these disorders tends to be associated with other ocular signs of the disease (eg, 
uveitis, chorioret initis, retinal periphlebitis), it may occur in isolation. 

The differential diagnosis of retrobulbar neuritis includes compressive, infiltrative, 
or toxic optic neuropathies. Typical optic neuritis begins to show improvement within 

I month; if patients recover most of their vision within 1-3 months, anCillary testing is 
generally unnecessary for diagnosis. In selected cases~parti c ularly when associated ocu
lar signs (such as retinal vasculitis, chorioretinitis. or uveitis), protracted pain or visual 
loss, or disc swelling raises the question of speCific disease processes requiring treatment
addi tional hematologiC, serologic, and other testing may be of value. In the setting of 
atypical optic neuritis, such studies may include serum and CSF VDRL and FTA-ABS 
tests, to rule out syphilis; chest x-ray, galliwn scan, serum angiotensin-converting enzyme 
levels, and skin testing, to exclude sarcoidosis; and ESR, antinuclear antibody testing, and 
ant i-DNA antibody testing, to assess for lupus and other vasculitic diseases. 

MRI of the brain is recommended in every case of retrobulbar neuritis. The evaluation 
for periventricular white matter lesions consistent with demyelinat ion is the Single best test 
for assessing the risk of future MS and to guide subsequent decisions on the use of immu
nomodulation therapy (see the following section). The IS-year data from the ONTT dem
onstrate a risk for MS of25% in patients with zero lesions on MRI versus 72% with at least 
I lesion, with the highest rate of conversion within the first 5 years. Patients with normal 
MRIs who had not developed MS by year 10 had only a 2% risk of developing the disease 
by year IS. The overall rate of conversion of all patients to MS is 50% at 15 years (see Chap
ter 14). Among patients with normal baseline MRIs, male gender, optic disc swelling, and 
atypical features of optic neuritis (absence of pai n, no light perception vision, peripapillary 
hemorrhages, and retinal exudates) were all associated with a lower risk of future MS. 
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Figure 4-22 A, Disc photograph in retrobulbar optic neuritis, showing normal appearance. 8 , 
A central scotoma is present on automated perimetry. C, T1-weighted axial MRI scan of the 
orbits with fat-suppression and gadolinium administration, showing enhancement of the right 
intraorbital optic nerve (arrows). D. T2-weighted axial MR I scan of the brain. demonstrating 
multiple white matter hyperintensities (arrows) consistent with demyelination. (Parts A, B courtesy 

of Steven A. Newman, Mo; parts C, 0 courtesy of Anthony C. Arnold, MO.) 

Visual recovery to a level of20/40 or better occllrs in 92% of patients with optic neu
ritis. Recovery is unrelated to the presence of pain , the occurrence of optic disc swelling, 
or the severity of visual loss. After IS years of follow-up in the ONTT, overall visual acuity 
was 20/20 or better in 72% of affected eyes, 20/25 to 20/40 in 20% of affected eyes, and 
worse than 20/200 in 3%. Severe visual loss at onset led to a worse visual prognosis. The 
10-year foLlow- up study reported that optic neuritis recurred in the affected or fellow eye 
in 35% of cases overall and in 48% of those developing MS. Most eyes with a recurrence 
regained nOl"mal or almost-normal vision. Despite the seemingly excellent prognosis of 
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optic neuritis, patients usually remain aware of visual deficits in the affected eye after re
covery. Studies using measures of visual function other than Snellen visual acuity (such as 
contrast sensitivity, sense of light brightness, stereopsis, visual fields. or color v ision) show 
res idual abnormalities in up to 90% of patients with at least 20/30 vision. Patie nts with 
MS had statistically significant lower contrast sensitivity and visual field function when 
compared to those without MS at the IS -year follow-up. 

Treatment The ONTT demonstrated that corticosteroid therapy had no long-term ben
efi cial effect for vision, although the use of intravenous methylprednisolone 250 mg every 
6 hours for 3 days, followed by oral prednisone I mg/kg/day for II days, sped recovery 
by I to 2 weeks. Oral prednisone alone showed no benefit and was associated with an 
increased recurrence rate double that of the other groups; its use is not recommended. 
Intravenous therapy also demonstrated a reduction in the rate of development of clinical 
MS after the initial optic neuritis only in the subgroup of patients with MRI scans showing 
2 or m ore white matter lesions: at 2 years, these patients' risk for MS was 36% untreated, 
16% treated. By foLlow-up year 3 and thereafter, however, this protective effect was lost. 
With benefits not clear, the value of both therapy and additional diagnostic evaluation for 
MS must be assessed on an individual basis. In cases in which a rapid return of vision is 
essential (eg, a monocular patient or an occupational need), intravenous methylpredni 

solone on an outpatient basis may be considered; otherwise, treatment for visual recovery 
is not indicated. An MRI scan is generally performed to assess MS risk, but additional 
evaluation, including CSF analysis and evoked potent ials , is probably best deferred to a 
consulting neu rologist. The value of intravenous corticosteroids alone to reduce the long
term risk of MS is unproven. 

Immunomodulatory therapy is of proven benefit for reduCing morbidity in the relaps
ing-remitting form ofMS, and studies have shown that such agents delay the conversion of 
patients with acute optic neuritis or other clinical isolated syndrome with high-risk MRI 
characteristics to definite MS. (See Chapter 14 for a discussion of the treatment of MS.) 

Beck RW, Cleary PA , Anderson MM Jr, et al. A randomized, controlled trial of corticosteroids 

in the treatment of acute optic neuriti s. The OptiC Neuritis Study Group. N Engl f Med. 
1992;326(9) ;58 1-588. 

Beck RW, Cleary PA, Trobe JD, et al. The effect of corticosteroids for acute optic neuritis on 

the subsequent development of multiple sclerosis. The Opt ic Neuritis Study Group. N Engl 
J Med. 1993;329(24); 1764- 1769. 

Beck RW, Gal RL, Bhatti MT, et al. Visual function more than 10 years after optic neuri tis: ex

perience of the o ptic neuriti s treatment trial. Am f Ophtha/mol. 2004; 137(t ):77- 83. 

The 5-year ri sk of MS after optic neur itis. Experience of the Optic Neuritis Treatment Trial. 

Optic Neuritis Study Group. Neu rology. 1997;49(5): 1404 - 1413 . 

Ghezz i A, Martinelli V. Torri V, et al. Long-term follow-up of isolated optic neurit is: the risk 

of developing multiple sclerosis, its outcome, and the prognostic role of paraclinical tests. 

J Neu rol. 1999;246(9);770- 775. 

Optic Neuritis Study Group. Multiple sclerosis risk after optic neuriti s: final optic neuritis 

treatment trial follow-up. Arch Neural. 2008;65(6):727- 732 . 

Optic Neuriti s Study Group. Visual funct ion 15 years after optic neuritis: a final fo llow-up 

report from the optic neuritis treatment trial. Ophthalmology. 2008; 11 5(6): 1079- 1082. 
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Neuromyelitis optica 
Neuromyelitis optica (NM O), also known as Devic syndrome, has been characterized by 
optic neuritis in association with acute myeli tis. However, diverse clinical presentations 
and connicting diagnostic criteria have led to confusion about the accuracy of diagnosis. 
Therefore, the diagnostic criteria have been redefined as the following: 

optic neuritis (uni lateral or bilateral) 
myeli t is 
plus at least 2 of the following: 
• a contiguous spinal cord lesion on MR I involving 3 vertebral segments or more 
• a brain MRI nond iagnostic for MS 
• a posit ive NMO- IgG serologic test 

Pat ients may present with neurologic sympto ms outside the visual pathways and 
spina l cords. These criteria provide 99% se nsitivity and 90% specificity. The NMO-lgG 
autoantibody alone has 76% sensitivity and 94% specificity; it binds to aquaporin-4, the 
principal water channel protein expressed in astroglial foot processes that are involved 
in nuid homeostasis in the eNS. Both the visual and neurologic prognosis in NMO are 
poorer than in MS; episodes of visual loss are recurrent, with severe visual impairment 
«20/200 ) common in at least I eye in NM O. The treatment of NMO has not been well 
stud.ied, although immunosuppressive agents such as corticosteroids remain the mainstay 
of therapy for acute episodes. 

Papais-Alvarenga RM. CareJ los C. Alvarenga MP. Holande r C. Bichara RP. Thuler LC. Clinical 

cO llrse of optic neuritis in patients with relapsing neuromyelitis optica. Arch Ophtlwlmol. 

2008; 126( I ): 12- 16. 

WingercJlllk OM. Lennon VA, Pittock S/, LlIcchinetti C E Weinshenker BG. Revised diagnostic 

criteria fo r neuromyelitis optica. Neurology. 2006;66( I 0): 1485- 1489. 

Optic perineuritis 
Distinct from optic neuritis is optic perineuritis. or perioplic neuritis. Clinically, optic 
perineuritis may present, as it does in optic neurit is, with acute painful loss of vision, 
more commonly in women; however, patients are often older (36% >50 yrs), centra l vision 
is spa red in over 50% of patients, and visual loss can progress over several weeks. With 
neuroimagi ng, enhancement involves the dural sheath rathe r than the optic nerve itself; 
sometimes the condition may be confused with an optic nerve sheath meningioma. Distin
guishing optic perineuritis fronl optic neuritis is important with respect not only to treat
ment but also to prognosis as to the development of MS. Patients with optic perineuritis 
respond immed iately and dramatica lly to corticosteroids, but relapses are common with 
short courses. Without treatment, patients show progressive visual loss. Optic perineuritis 
is not associated with an increased risk of demyeli nating d isease. 

Purvi n V, Kawasaki A, Jacobson DM. Opt iC perineuritis: cl inical and rad iographic features. 

Arch Ophthalmol. 2001 ;1 19(9): 1299- 1306. 

Thyroid eye disease 
Enlargement of the extraocular muscles in thyroid eye disease (TED) may compress the 
optic nerve at the orbital apex (Fig 4-23). Patients usually present with associated signs 
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figure 4·23 Thyroid eye disease in a 48-year-old man w ith a 6-month history of weakness; 
gradual swelling around the eyes; and, over the last month, progressively decreased visual acu
ity, Visual acuity was 20/200 OD, 20/80 OS, with a 0,3 log unit right afferent pupillary defect. 
A, B, Automated perimetry shows bilateral central and inferior visual field loss, Axial (e) and 
coronal (0) CT scans show the optic nerve becoming encroached upon by enlarged extraocular 
muscles. Enlargement of extraocular muscle in thyroid eye disease typically spares the muscle 
tendon (arrows). (Parts A. B courtesy of Steven A. Newman, MD; parts C, 0 courtesy of Sophia M. Chung, MD.) 

(eg. eyelid retraction and lag) and may show signs of orbital congestion (eg. eyelid and 
conjunctival edema) in add ition to proptosis. However) some patients have few of the 
typical find ings, 

The visual loss associated with TED is usually slowly progressive. insidious. and most 
often bilateraL Visual fields show central or diffuse depression. and an RAPD is present 
when the optic neuropathy is asymmetric. The optic disc is commonly normal but may be 
edematous. Optic atrophy may be present in more chronic cases. 

Management of this optic neuropathy involves decompression of the increased or
bital tissue volume. Systemic corticosteroids may be used in the acute phase but are not 
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recommended for long-term use. If symptoms recur on tapering doses, surgical decom
pression of the orbit is generally perfo rmed. Thyroid eye disease is discussed at greater 
length in Chapter 14 of this volume and in BCSC Section 7, Orbit, Eyelids, and Lacrimal 
System. 

Intraorbitallintracanalicular compressive optic neuropathy 
Patients with intraorbital or intracanalicular compressive les ions typically present with 
slowly progressive visual loss, an RAPD, and monocular visual field loss (usually centra l 
or diffuse) . There may be subtle associated signs of orbital disease such as eyelid edema, 
retract ion, or lag; ptos is; proptosis; or extraocu lar muscle abnormality. The optic disc may 
be normal or mildly atrophic at presentation, although anter ior orbital lesions may pro
duce optic disc edema. Optociliary shunt vessels (retinochoroidal collaterals) or choroidal 
folds may also be present. The lesions that most commonly produce optic neuropathy 
include optic nerve sheath meningioma and glioma. Cavernous hemangioma, although 
common in the orbit, produces compressive optic neuropathy only occasionally. 

If an orbital compressive lesion is suspected, neuroimaging is indicated. Although 
MRI is best for evaluating soft-tissue abnormalities in the orbit, particularly in differen
tiating meningioma from glioma, a thin-section CT scan remains a highly satisfactory 
option and is preferred for evaluation of calcification and bony abnormali ties. 

Optic nerve sheath meningioma Optic nerve sheath meningioma (ONSM) arises from 
proliferations of the men ingoepithelial cells lining the sheath of the intraorbital or intra
canalicular optic nerve (Fig 4-24; see also Chapter 2, Fig 2-7) . Although these tumors are 
uncommon ( 1%-2% of all meningiomas), they account for one th ird of primary optic 
nerve tumors, second only to optic nerve glioma. They are usually detected in adults age 
40-50 and affect women 3 times as often as men; 4%-7% of optic nerve sheath menin
giomas occur in children. The incidence of neurofib romatosis type 1 in these patients is 
increased. Patients may present with the classic diagnostic triad: 

painless, slowly progressive monocular visual loss (see Chapter 2, Fig 2- 16) 
optic atrophy 
optociliary shunt vessels 

Optociliary shunt vessels are distinctive vascular structures. preexist ing channels 
that dilate in response to chronic obstruction of outflow through the central retinal vein . 
These vessels shunt retinal venous outflow to the choroidal circulation and may be more 
correctly termed retinochoroidal collaterals. Th ey occur in approximately 30% of patients 
with ONSM but are nonspecific; they are also present in sphenOid wing men ingioma, 
optic glioma, CRVO, and chronic papilledema. Patients also demonstrate an RAPD and 
an optic nerve-related visual fie ld defect. Minimal to mild proptosis and mild ocular mo
tility defects may also be present. Disc edema may be present, especially if the tumor ex
tends anteriorl y. Diagnosis is confirmed by neuroimaging fin dings (Table 4-5). 

Current literature suggests that 3-d imensional, stereotactic, conformal (fractionated) 
radiation is the treatment of choice for ONSM and has been reported to produce stabil ity 
or visual improvement in up to 94.3% of patients. However. it remains unclear whether 
radiation should be administered immediately upon diagnosis or when tumor growth or 
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Figur. 4-24 A, Fundus photograph shows optic disc atrophy, wi th optoci liary shunt vessels 
(retinochoroida l collatera lsl visible at the 8 and 12 o'clock positions. B, CT scan reveals "tram 
track sign"; diffuse enlargement of the right intraorbital optic nerve extend ing anteriorly to the 
globe, w ith enhancement of the optic nerve sheath. C, "Ring sign" in meningioma. Coronal 
orbital M RI scan shows similar sheath enhancement surrounding relatively normal, darker 
opt ic nerve on the right. (Pans A, C reprinted from Arnold AC. Optic nerve menmgioma. Focal Points: Clinical 
Modules for Ophthalmologists. San Francisco: American Academy of Ophthalmology; 2004, module 7. Part B courtesy 

of Steven A. Newman, MD.) 

Table 4·5 Neuroradiologic Features of Optic Nerve Sheath Meningioma 

Diffuse. tubular enlargement of the opt ic nerve 
Sheath thickening and enhancement, with relative sparing of optic nerve substance ("tram track " 

or " railroad track" signs) 
Apical expansion of the tumor 
Extradural tumor extension 
Calcification of the nerve sheath on CT scan 
Adjacent bony hyperostosis on CT scan 
Isoi ntense or mildly hyperintense to brain on Tl - and T2-weighted MRI scan 
Prominent contrast enhancement on CT and MRI scan 

progressive visual loss is documented. Radiation retinopathy and pituitary dysfunction 
are reported as late radiation complications. 

Surgery for biopsy or excision is typically ill -advised because the potential for sig
nificant visual loss is considerable. However, if the tUlllor extends intracranially or, very 
rarely, across the planum sphenoidale, the risk of contralateral optic nerve extension may 
warrant surgical excision, part icularly in the face of severe visual loss. Observation is con
sidered appropriate by many if there is no change in visual function or tumor size. Optic 
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nerve sheath meningiomas in children may be more aggressive, with more rapid visual 
loss and more frequent recurrence after therapy. Therefore, ch ildren must be monitored 
with increased frequen cy and decisions made accordingly. 

Andrews DW, Foroozan R, Yang BP, et al. Fractionated stereotactic radiotherapy for the treat

ment of optic nerve sheath meningiomas: preliminary observations of 33 optic nerves in 30 

patients with historical comparison to observation with or without prior su rgery. Neurosu r

gery. 2002;5 1 (4);890- 904. 

Arno ld AC. Opt ic nerve men ingioma. Focal Points. Clinical Modules for Ophthalmologists. San 

Francisco: American Academy of Ophthalmology; 2004, module 7. 

Dutton JJ. Optic nerve sheath meningiomas. Surv OphtlUllmol. 1992;37(3): 167-183. 

Miller NR. New concepts in the diagnosis and management of optic nerve sheath mening ioma. 

J Neurooph thalmol. 2006;26(3):200- 208 . 

Turbin RE, Thompson CR, Kennerdell jS, Cockerham KP, Kupersmith MJ. A long-term visual 

outcome comparison in patients with optic nerve sheath meningioma managed with ob

servation , surge ry, radiotherapy, or surgery and rad iotherapy. Ophthalmology. 2002; I 09(5): 

890- 900. 

Optic glioma Although optic gliomas (pilocytic astrocytomas) are generally uncommon 
(accounting for only about 1% of intracranial tu mors), they are the most common pri
mary tumor of the optic nerve. Whether the lesion is a true neoplasm or a hamartoma 
is controvers iaL Gliomas involving 1 optic nerve alone are termed optic nerve glioma; a 
lesion that involves the chiasm, with or without involvement of th e optic nerves, is termed 
optic chiasmal glioma. 

Approximately 70% of optic nerve gliomas are detected during the first decade of 
life and 90%, by the second; however, they may be seen at any age (Fig 4-25). There is 

Figure 4-25 A, Axia l contrast-enhanced 
orbital CT scan shows a right optic nerve 
gl ioma. The optic nerve is enlarged and 
kinked and demonstrates mi ld hypodense 
cystic change centrally. The tumor extends 
intracranially. B, Axial T2-weighted MRI 
scan (non-contrast-enhanced) of the orbits 
shows an enlarged, hyperintense, globular 
glioma of the right optic nerve. C, Coronal 
Tl-weighted MRI scan shows prominent 
enlargement at the junction of the optic 
nerves and chiasm. 
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no defin ite sex predilection. The most common presenting findings are proptosis (94%). 
visual loss (87.5%). optic disc pallor (59%). disc edema (35%). and strabismus (27%) . Pa
tients infrequently present with asymptomatic isolated optic atrophy. An RAPD is usually 
present in unilateral or asymmetric cases, alo ng with a typical optic nerve- related visual 
field defect (if the patient is cooperative enough for visual field testing). Retinochoroidal 
collaterals may be present on the affected disc. although they are seen less commonly than 
with meningiomas. Diagnosis is confirmed by neuroradiologic findings (Table 4-6). 

The relation of optic nerve glioma to neurofibromatosis type I (NF I) is incompletely 
understood. In pat ients with NF l , the incidence of optic nerve glioma is 7.8%-2 J %; in 
patients with optic nerve glioma, the in cidence of NFl is 10%-70%. The wide variance 
probably relates to refe rral bias, differences in neuroimaging detection rates, and criteria 
for diagnosis. Similarly. the relationship between NFl and the behavior of the glioma is 
unclear. Several investigators suggest that optic nerve gliomas in patients with N Fl have 
a more benign prognosis , but this issue is unresolved. Neurofibromatosis is discussed in 

greater depth in Chapter 14. 
As with optic nerve sheath meningiomas. biopsy of the mass is generally not required 

because 

the advent of high -resolution neuroimaging has raised diagnostic accuracy 
• biopsy of the sheath alone may be inaccurate. with reactive meningeal hyperplasia 

in gliomas falsely suggest ing meningioma 
biopsy of the optic nerve substance may produce additional visual loss 
the histopathologic appearance of the tumor is not necessarily pred ictive ofbiologi
cal behavior 

There is no universally accepted management for optic nerve glioma. Observation is 
indicated for patients with relat ively good vis ion and stable radiographic appearance. Most 
patients show stability or very slow progress ion over yea rs and sometimes show spontane
ous regression. Chemotherapy is emerging as the first-line treatment when visual loss is 
severe at presentation or there is evidence of progression. Combination carboplatin and 
vincristine (Oncovin) is the most accepted regimen. but other chemotherapeut ic agents 
are used. Radiotherapy is controversial because of the inconclusive results and potential 

complications, including panhypopituitarism and mental retardation. Fractionated ste
reotactic radiotherapy for optic nerve gliomas was used successfu lly in one study witho ut 
the secondary side effects after a median follow-up of 97 months. Surgical excision may 

Table 4-6 Neuroradiologic Features of Optic Nerve Glioma 

Fusiform or globular enlargement of the optic nerve 
Thickening of both nerve and sheath by tumor 
Kinking or buckling of the optic nerve 
Regions of low intensity within th e nerve (cystic spaces) 
Smooth sheath margins (no extradural extension) 
No calcification or hyperostosis on CT scan 
Isointense or mildly hypointense to brain on T1 -weighted MRI scan 
Hyperi ntense on T2-weighted MRI scan 
Variable-contrast (CT scan) and gadolinium (MR I scan) enhancement 
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be indicated in patients with severe visual loss in association with disfiguring proptosis. 
Surgery has been advocated to prevent advancement into the chiasm; however, extension 
to the chiasm is rare. 

Gliomas involving the chiasm present with bilateral visual loss and may show bitempo
ral or bilateral optic nerve- related visual field defects. The optic discs are usually atrophic 
if visual loss is present but may appear normal or (less commonly) edematous. Involve
ment of brain stem pathways may produce see-saw nystagmus or a monocular nystagmus 
suggestive of spasmus nutans. Large tumors may cause obstructive hydrocephalus with 
elevated ICP, headache, and papilledema. Involvement of the hypothalamus may result in 
precocious puberty or the diencephalic syndrome. 

An MRI scan is preferred to document the extent of the tumor, and that , along with 
the clinical course, indicates management. The relat ipn of chiasmal glioma to NFl is un
clear, with 14%-60% of patients with chiasmal gUomas showing NF l , and 5.7% of pa
tients with NFl showing chiasmal gliomas. Occasionally, an exophytic component of the 
tumor may be surgically excised to relieve external compression on the chiasm, but other
wise surgical excision of the tumor is not indicated. Hydrocephalus may require surgical 
shunting. Apart from such circumstances, patients are generally observed for evidence of 
growth, progressive visual loss, or systemic complications from brain involvement; many 
cases remain stable for years. Radiotherapy is often recommended in these cases, although 
its efficacy is controversial and side effects (eg, mental retardation, psychiatric disorders, 
growth retardation, cerebral damage, and secondary tumors) may be severe, especially 
in children. Chemotherapeutic regimens, including vincristine, actinomycin D (Dactino
mycin) , nitrosourea agents, carboplatin, and etoposide, have been used with some success 
and may delay the need for irradiation. 

Dutton JJ. Gliomas of the anterior visual pathway. 5urv Ophthalma/. 1994;38(5):427- 452. 

Lee AG. Neu roophthalmological management of optic pathway gliomas. Ncurasurg Focus. 2007; 
23(S) ,EI. 

Listernick R, Ferner RE, Liu GT, Gutmann OH. Optic pathway gliomas in neurofibromato 

sis-I : controversies and recommendations. Ann Neural. 2007;6 1 (3): 189- 198. 

Li sternick R, Louis ON, Packer RJ, Gutmann OH. O ptic pathway gliomas in ch ildren with 

neurofibromatosis- I: consensus statement fro m the NF 1 Optic Pathway Glioma Task Force. 

Al1n Neural. 1997;41(l2}:143-149. 

Packer RJ, Ater J, Allen J, et al. Carboplatin and vincristine chemotherapy for children with 

newly diagnosed progressive low-grade gliomas. J Net/rasurg. I 997;86(5}:747- 754. 

Parsa CF, Hoyt CS, Lesser RL, et al. Spontaneous regression of optic gliomas: thirteen cases 

documented by serial neuroimaging. Arch Ophthalmal. 200 1;119(4):5 16- 529. 

Malignant astrocytomas are rare neoplasms involving the anterior visual pathway that 
almost always occur in adulthood, with a mean age in the 60s; they are minimally more 
common in males (1.3:1). Patients present with acute onset of pain and either unilateral 
or bilateral visual loss, depending on whether the optic nerve or the chiasm is initially 
involved. With unilateral lesions, the second eye is invariably involved within weeks. The 
optic disc may be normal or pale at presentation , but in cases of more anterior tumors, 
retinal venous occlusive disease and disc edema are common secondary to obstruction of 
the central ret inal ve in within the intraorbital optic nerve. 
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An MRI scan most often shows diffuse intrinsic enlargement and enhancement of the 
affected optic nerves, chiasm, and optic tracts, with inhomogeneity due to cystic spaces 
within the tumor. Occasionally, a large exophytic component may encroach on the su
prasellar cistern. Histologica ll y, malignant optic nerve gliomas are classified as anaplastic 
astrocytomas or glioblastoma multi forme. 

Visual loss is severe and rapidly progressive. Treatment is rarely successful, al though 
radiotherapy and chemotherapy have been attempted, with blindness usually developing 
2-4 months after onset of visual loss. The tumor is aggressively infiltrative, and death 
from hypothalamic and brainstem involvement usually occurs within 6- 12 months. 

Daria A, Iadini A, Cerati M, Marra A. Malignant optic glioma of adulthood. Case report and 
review of the literature. Acta Neurol Scand. 1999; I 00(5):350- 353. 

Hoyt WF, MesheJ LG, Lessel1 S, Schatz NJ, SuckJing RD. Malignant optic glioma or adulthood. 
Brain. 1973;96( 1);121 - 132. 

Millar WS, Tartaglino LM, Sergott Re, Friedman DP, Flanders AE. MR of malignant optic 
glioma of adulthood. A1NR Am J Nellroradiol. 1995;16(8}:1673- 1676. 

Toxic/nutritional optic neuropathy 
Optic neuropathy resulting from tox.ic exposure or nutritional deficiency is characterized 
by gradual , progress ive, bilaterally symmetric, painless visual loss affecting central vision 
and causing central or cecocentral scotomata. At initial presentation, ophthalmic findings 
may be minimal or subtle. One detectable abnormality may be mild depression of visual 
sensitivity in the Hxation region on Amsler grid testing or on perimetry focused within 
the central 100. As the disturbance becomes progressively more severe, however, central 
visual loss worsens, with a decrease in visual acuity and color vision and a central scotoma 
on perimetry (Fig 4-26). A more rapid onset of decreased vision may occasionally occur. 

Optic atrophy eventually develops if the cause is not corrected. The optic discs rarely de
velop mild to moderate edema. Methanol and ethylene glycol tox ici ty result in a rapid 
onset of severe bilateral visual loss with prominent disc edema. Amiodarone (Cordarone) 
toxicity may present with visual loss and disc edema. It may be differentiated from NA rON 
by its subacute onset, bilaterality, diffuse rather than altitudinal visual field loss, and slow 
resolution of optic disc edema over months after discontinuance of medication. 

Diagnosis requires a careful history for poss ible medication or other toxic exposure, 
substance abuse, or dietary deficiency. The most commonly implicated med ications in 
clude ethambutol, isoniazid, chloramphenicol, hydroxyquinolines, penicillamine, and the 
antineoplastic agents cisplatin and vincristine. Lead ingestion in ch ildren may result in 
optic neuropathy. Ethanol abuse probably is associated with optic neuropathy in that it 
may contribute to malnutrition. Dietary deficiencies of vitamin B12, folate, and thiamine 
may cause optic neuropathy, but exact deficiencies are difficult to pin down in cases of so
ca lled nutritional optic neuropathy. Epidemic nutritional optic neuropathies occu rred in 
World War II and in Cuba in 1992-1993. Tobacco use has long been implicated in patients 
with optic nerve dysfunction, but the evidence is questionable. 

Establishing the diagnosis may be difficult, particularly in patients with vague com
plaints and little objective abnormality. A careful and detailed dietary history may help, 

but ethanol abusers may obscure or falSify details offood and ethanol ingestion. Specific 
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Figure 4-26 Nutritional optic neuropathy in a 42-year-old woman with a history of 4 bowel 
resections, who presented with bilateral blurred vision and trouble recognizing colors. Visual 
acuity was 20nO OD and 20/200 OS, without an afferent pupillary defect. A, B, Visual fields 
demonstrate a cecocentral scotoma on the left and a relative central scotoma on the right. 
C, 0, Fundus appearance shows mild temporal optic atrophy QU, with papiliomacular nerve 
fiber layer dropout. After treatment with multivitamins and hydroxycobalamin injections, field 
defects resolved completely and acuity returned to 20/20. (Courtesy of Steven A. Newman, MD.) 

vitamin deficiencies are detected only in frequently on blood testing. It may be challenging 
to implicate a specific medication in elderly patients using multiple medications. Differen
tial diagnosis includes subtle maculopathies and hereditary, compressive, demyelinating, 
and infiltrative optic neuropathies. Fluorescein angiography, screening hematologic and 
serologic testing, and (rarely) CSF analysis are performed in questionable cases. Neuroim
aging should be routinely performed to rule out a compressive etiology. 

Treatment is directed at reversal of the inciting cause: stopping medication or sub
stance abuse and replacement of dietary defici encies. Prognosis for visual recovery is good 
if optic atrophy has not supervened, although the optic neuropathy is not invariably re
versible. Visual recovery typically is slow, occurri ng over 3-9 months. 



156 • Neuro-Ophtha lmology 

Epidemic optic neuropathy in Cuba: clinica l characterization and risk factors. The Cuba Neu

ropathy Field ilwesligation Team. N Engl J Med. 1995;333(18): 11 76- 11 82 . 

Kumar A, Sandramouli 5, Verma L, Tewari HK, Khosla PK. Ocular ethambutol toxicity: is it 

reversible? J Clin Neuro-Ophthalmol. 1993; 13( I): 15- 17. 
Macaluso DC, Shults WT, Fraunfelder FT. Features of amiodarone-induced o ptic neuropathy. 

Am] Ophthalmol. 1999;127(5);610- 6 12. 

Rizzo JF III , LesselJ S. Tobacco amblyopia. Am J Oplit/Ia/mol. 1993;116(1):84- 87. 

Traumatic optic neuropathy 
The optic nerve may be damaged by trauma to the head, orbit, or globe. Direct traumatic 
optic neuropathy results from avulsion of the nerve itself or fro m lacerat ion by bone frag
ments (Fig 4-27) or other fore ign bodies. Injuries may also produce compressive optic 
neuropathy secondary to intraorbital or intrasheath hemorrhage. Indirect traumatic optic 
neuropathy (without direct nerve trau ma) may occur with severe or relatively minor head 
injury, often frontal , presumably related to shear forces on the nerve and possibly its vas
cular supply at its intracanalicular tethered po int. Indirect trauma is the most common 
form and is discussed further here. Visual loss is typically immediate and often severe 
(24%-86% of patients have no light perception at presentation). External evidence of in 
jury may be scarce. An afferent defect is invariably present, although the optic disc usually 
appears normal at onset and becomes atrophic within 4-8 weeks. 

Management of suspected optic nerve injury requires neuroimaging to assess the 
extent of injury and to detect any associated intracranial and facial injury, intraorbital 
fragments , or hematoma. Orbital or cranial surgery may be necessary but may not af
fect the prognosis for the optic nerve. Therapy for indirect traumatic optic neuropathy 
is controversial. Although the prognosis for visual recovery has generally been regarded 
as poor, numerous reports describe spontaneous recovery of some visual function in a 
significant number of cases. Recommended therapies include high-dose intravenous cor
ticosteroids (for both anti-inflammatory and neuroprotective [free radical-scavenging] 
effects) and transcranial or transethmoidal optic canal decompression. The International 

Figure 4-27 CT scan of an l8-year-old involved in a severe motor vehicle accident. He had 
noted decreased visual acuity on the left side. The CT scan shows fracture in the area of the 
left optic canal, with a bone fragment (arrow) impinging on the left optic nerve. Visual acuity im
proved following transethmoidal decompression of the canal. (Courtesy of Sreven A. Newman, MD. ) 
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Optic Nerve Trauma Study, a nonrandomized, mult icenter, comparative analysis of trea t ~ 

ment outcomes, found no clear benefit for either mode of therapy, and no consensus exists 
as to their use, either alone or combined. 

A recent study of over 10,000 head injury vict ims compared the benefits of high-dose 
cort icosteroids with placebo within an 8~hour window fo llowing trauma. The study was 
terminated early when the group treated with corticosteroids had a statistically significant 
higher rate of mortality compared to the placebo group. This ra ises the quest ion of the 
safety of high-dose corticosteroids in the treatment of traumatic optic neuropathy, par
ticularly in the setting of significant head trauma. However, one could consider using cor
ticosteroids in an alert, cooperative patient without other contraindications as long as the 
patient is informed of its unproven benefit. Dosage recommendations vary from 1 g/day 
up to megadosages (30 mg/kg loading dose). If visual function improves on corticosteroid 
therapy, conversion to a tapering course of oral therapy after 48 hours can be considered. 
However, if there is no response, optic canal decompression might be considered. 

Carta A. Ferrigno L. Salvo M, Bianchi~Ma rzoli S, Boschi A, Carta F. Visual prognosis after indi
rect traumatic optic neuropathy. J Neurol Neurosllrg Psychiatry. 2003;74(2):246-248. 

Cook MW, Levin LA, Joseph MP, PincZQwer EF. Traumatic optic neu ropathy. A meta-analysi s. 
A,,/i Ololary"goll-Iead Neck Surg_ 1996;1 22(4j,}89-392. 

Edwards p, Arango M, Balica L, et al; CRASH tria l collaborators. Final resu lt s of MRC CRASH, 
a randomised placebo-control led tr ial of int ravenous corticosteroid in adults with head in 
jury-outcomes at 6 months. Lancet. 2005;365: 1957- 1959. 

Lessell S.l ndirect optic nerve trauma. Arch Opllthafmol. 1989;107(3}:382-386. 
Levin LA, Beck RW, Joseph MP, Seiff S, Kraker R. The treatment of trau mat ic optic neuropa

thy: the International OptiC Nerve Trauma Study. Ophthalmology. 1999; I 06(7): 1268-1277. 
Steinsapir KD. Goldberg RA. Traumatic optic neuropathy. Sttrv Ophtha/mol. 1994;38(6}:487-518. 

Posterior ischemic optic neuropathy 
Acute ischemic damage of the retrobulbar portion of the optic nerve is characterized by 
abrupt. often severe. visual loss; an RAPD; and in it ially normal-appearing optic discs. Pos
terior ischemic optic Ileuropathy (PION) is considered rare and is a diagnosis of exclusion. 
It occurs in 3 distinct settings: perioperative (most commonly seen in spine, cardiac, and 
head/neck proced ures); arteritic, or other vasculitides; and nona rteritic (with risk factors 
and cl inical course similar to those of NAION). Perioperative PION has gained recent 
scrutiny because of the increasing number of reports that associate it wi th spinal surgery. 
In an attempt to identify the risks and thereby reduce the numbers ofthese cases, the Post
operat ive Visual Loss (POVL) Registry was started in 1999. In 93 patients who sustained 
POVL following spinal surgery, 83 had ischemic optic neuropathy, and 56 of these 83 
(67%) had PION. Risk factors included being in the prone position during surgery, sig
nificant loss of blood (> 1.0 L, median 2.0 L), and a long anesthesia time (>6 hours). Visual 
loss in perioperative PION is more commonly bilateral and profound. Without a history 
of previous surgery or trauma with significant hypovolemia, hypotension, or blood loss, 
a careful search for symptoms and laboratory evidence of GCA should be pursued. High
dose corticosteroid treat ment is indicated for cases of proven GCA. Prognosis for visual 
recovery in PION is poor. 
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Lee LA, Roth S, Posner KL, et al. The American Society of Anesthes iologists Postoperati ve 
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thesiology. 2006; I 05( 4);652-659. 

Sadda SR, Nee M, Miller NR, Biollsse V, Newman NJ. Kouzis A. Clinica l spectrum of posterior 
ischemic optic neuropathy. Am J Ophtllnfmol. 2001;132(5):743 - 750. 

Infiltrative optic neuropathy 
Infilt rat ion of the optic nerve by neoplastic or inflammatory cells resul ts in progressive, 
often severe, visual loss. This visual fa ilure progresses over days to weeks, either with or 
without other cranial nerve involvement, and is often associated with headache. Optic 
nerve involvement may be the presenting sign of system ic disease and may be uni.lateral or 
bilateral. With retrobulbar infiltration, the optic nerve head may appear normal initially; 
indeed, the combination of severe progressive visual loss and a normal disc appearance 
should raise the question of optic nerve infiltration. If the optic disc is affected, the cellular 
infiltrate creates a swollen appearance distinct from that of simple edema. The most com
mon causes of infiltration include chiasmal and/or optic nerve glioma, leukemia, lym
phoma, and granulomatous inflammation such as sarcoidosis, syphilis. tuberculosis. and 
fungal infections. Metastas is to the optic nerve is rare, usuaLl y occurri ng from breast or 
lung carcinoma. Carcinomatous infiltration of the meninges at the skull base may result 
in progressive involvement and dysfun ction of multiple cranial nerves, including the optic 
nerves, which are affected in 15%-40% of cases. O nset may p recede, coincide with , or fol
low diagnosis of the underlying malignancy. 

Evaluation of cases of suspected inftItrative optic neuropathy shou ld include neu
roimaging (to rule out compressive les ions and to confirm parenchymal or meningeal 
infiltration ), CSF analys is (for neoplast ic or inflammatory cells or elevated protein), and 
screening tests for the myeloproliferative, inflammatory, and infectious disorders noted 
earlier. MRI of the brain and orbits (including the fat-supp reSSion technique and intra
venous gadolinium ad ministration) is necessary to properly demonstrate optic nerve 
infiltration. MRI may show diffuse thickening and enhancement of the dura and the 
surrounding subarachnoid space in affecled regions, including the optic nerve sheaths; 
however, abnormalities may not be visible in the early stages. Similarly, CSF analysis may 
reveal malignant cells and elevated protein but a Single spinal tap may aJso be normal. 
Repeat testing is often necessary. Correct diagnosis is essential for the following reasons: 

• Identification of the associated malignancy or systemic disease may be li fe-savi ng. 
In malignanCies, palliative radiation therapy may Significantly improve vision, even 
though the long-term prognosis is poor. Median survival for meni ngeal carcino
matosis ranges from 4 to 9 weeks, even with aggressive therapy; only a few patients 
su rvive past 1 year. 
In infectious or inflammatory disorders. antimicrobial or corticosteroid therapy 
may partially reverse damage resulting from inftltration and stabilize the systemic 
condition. 



CHAPTER 4: The Patient With Decreased Vision: Classificat ion and Management . 159 

Grossman SA, Krabak MJ. Leptomeni ngeal ca rcinomatosis. Cancer Treat Rev. 1999;25(2): 

103- 119. 

Mack HG.lakobiec FA . Isolated metastases to the retina or optic nerve. [lit Ophthalmol Cliu. 

1997;37(4 ):25 1-260. 

Millar MJ, Tumuluri K, Murali R, Ng T, Beaumont p. Maloof A. Bilateral primary optic nerve 

lymphoma. Ophtlml Plnst Reconstr Surg. 2008;24( 1 ):7 1-73. 

Shields JA. Shields CL. Singh AD. Metastatic neoplasm in the optic disc: the 1999 Bjerrum 
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Yeung SN. Paton KE, Dorovin i-Zis K, Chew lB, White VA. Histopathologic features of multiple 

myeloma involving the optic ne rves. J Nellroophllmllllol. 2008;28( I ): 12- 16. 

Optic Atrophy 

The combination of visual loss, an RAPD, and optic atrophy is nonspeCific and might 
represent the chronic phase of any of the optic neuropathies described earlier. When his
torical features and clinical signs do not suggest a specific cause, baseline studies of optic 
nerve function and a screening workup for treatable causes are usually undertaken. The 
level of optic nerve function is established by visual acuity, color vision testing. and quan
titative perimetry. The degree and pattern of atrophy are documented by fundus photog
raph y, preferably in stereoscopic views, to detect subtle changes in contour over time. The 
ro le of optical coherence tomography in the evaluat ion and follow-up of optic atrophy is 

under investigation. 
Neuroimaging, preferably MRl of the brain and orbits with gadolinium and fat sup

pression, is warranted in any case without a clear cause. In a study of 98 adult patients 
with isolated optic atrophy, 20% were discovered to harbor compressive lesions. There 
was little yield in screening for syphilis, vitamin BI2 defiCiency, fo late deficiency, vasculitis, 
sarcoidosis, and heavy metal toxicity without a history or examinat ion suggest ive of these 
specific diseases. Laboratory evaluation, however, should be pursued in the appropriate 

cl in ical setting or if the history warra nts it. If initial results are negative, observation is ap
propriate. However, if the condition worsens or new findings develop, reassessment of the 
initial testing or addit ional testing is necessary. 

Lee AG. Chau FY. Golnik KC, Kardon RH , Wall M. The diagnostic yield of the eva lualion for 

isolated unexplained optic atrophy. Ophthalmology. 2005; 11 2(5):757-759. 

Chiasmallesions 

With segregation of nasal and temporal ret inal fibers at the chiasm, visual field loss due 
to chiasmal and retrochiasmallesions produce defects that al ign along the vert ical merid
ian . The classic field abnormality associated \v ith optic chiasmal disorders is a bitemporal 
hem ianopia. 

Bitemporal Visual Field loss Patterns 

Anterior chiasm 
Lesions that injure I optic nerve at its junction with the optic chiasm produce the ante
rior chiasmal syndrome. Diminished visual acuity and central visual field loss in 1 eye 
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accompany a superotemporal defect in the opposi te eye as a result of dam age to I optic 

nerve combined with early compression of the optic chiasm (the "junctional synd rome;' 
referring to the junction of the optic nerve and chiasm ) (Fig 4-28). The correlation of 
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Figure 4-28 A, Visual f ields from the Goldmann perimeter and the Humphrey 30-2 program 
(insets). Note the central scotoma in the patient's left eye along with the superotemporal 
depression in his right eye . B, C, Posteontras!. Tl-weighted ITR = 650 msee, TE = 14 msee) 
MRI scans using a slice thickness of 3 mm. a, Coronal image of a section in front of the optic 
chiasm showing a tumor compressing the prechiasmic segment of the lef t optic nerve (long 
arrowl but not the right optic nerve Ishort arrowl. C, Coronal image at the level of the optic chi
asm showing minimal rostral displacement (arrow) but no notable direct mass effect. (Reprinted 

with permission from Karanjia N. Jacobson OM. Compression of rhe prechiasmal optic nerve produces a junctional 
scotoma. Am J OphthatmoL 1999. 128(2}:256-258. © 1999 Elsevier Inc.) 
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this clinical syndrome with the so-called Wilbrand knee (a looping forward of crossing 
fibers into the contralateral optic nerve) is uncertain. In rare cases, a mass may compress 
the crossing (nasal) fibers of the intracran ial optic nerve at the anterior chiasm, causing a 
temporal hemianopia that respects the vert ical midline, wi th no involvement of the visual 
field in the opposite eye. 

Mid chiasm 
Lesions damaging the body of the chiasm produce a relative or absolute bitemporal hemi 
anopia. Acuity mayor may not be affected (Fig 4-29). 

Posterior chiasm 
Lesions at the posterior chiasm may compress only the crossing fibers derived from 
the macular region, producing a central bitemporal hemianopia respecting the vertical 
meridian . 
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Figure 4-29 A, B, Visual fields in a patient with 
a pituitary tumor, showing bitemporal depres
sion worse superiorly, with margination along 
the vertical midline. C, ... Tl -weighted coronal 
MRI scan shows an intrasellar enhancing mass, 
with extension into the suprasellar cistern and 
upward displacement and compression of the 
chiasm (arrow). (Pans A. B courtesy of Steven A. New

man, MD; part C courtesy of Sophia M. Chung. MD.) 
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Horton Je. Wilbrand's knee of the primate optic chiasm is an artifact of monocular enucle

ation. Trails Am Ophthalmol Soc. 1997;95:579-609. 

Parasellar Lesions Affecting the Chiasm 

Parasellar lesions that involve the chiasm-whether compressing or infiltrating this area
produce gradually progressive, bilateral, often asymmetric visual loss. The peripheral 
(temporal) visual fields usually are involved first. In any case of bilateral visual field loss, 
the clinician must carefully evaluate perimetry for respect of the vertical midline, particu
larly if the depression is located superiorly. Any of the variations on bitemporal visual field 
loss described in the preceding discussion may occur. An affected optic nerve may pro
duce more central loss, with impaired visual acuity. dyschromatopsia. and an RAPD on 
the affected side. Markedly asymmetric visual field loss without direct optic nerve damage 
may also produce an RAPD. 

In chiasmal syndromes, the optic discs may show no visible abnormalities initially, 
even in the face of significant visual field loss. More commonly, there is subtle evidence 
of optic neuropathy, such as peripapillary retinal NFL dropout and mild disc pallor. With 
more damage, the optic discs show typical atrophy, often in the temporal portion of the 
disc corresponding to the papillomacular bundle of retinal nerve fibers and the nasal fi
bers (resulting in band atrophy). Cupping of the disc may increase. Most tumors that 
produce a chiasmal syndrome do not cause increased fep and thus are not associated with 
papilledema. 

The most common lesions producing the chiasmal syndrome include pituitary ad
enoma (see Fig 4-29), parasellar meningioma, craniopharyngioma (Fig 4-30), parasellar 
internal carotid artery aneurysm, and chiasmal glioma. Other, in frequent causes include 
inflammation (sarcoidosis, MS), frontal trallma with chiasmal contusion, and other CNS 
mass lesions that produce third-ventricle dilation and secondary posterior chiasmal 
compression. 

Pituitary adenomas are the most common cause of chiasmal compression and may 
occur at any adult age; they are rare in childhood. These nonsecreting tumors typically 
present with visual loss, haVing reached a relatively large size without other symptoms; hor
monally active tumors, however, are often detected prior to visual loss because of systemic 
symptoms related to hypersecretion. Prolactin-secreting tumors in males are the exception 
to this rule because the resultant decreased libido and impotence are not often reported 
early. Pituitary tumors may enlarge during pregnancy and produce chiasmal compression . 
Acute hemorrhage or infarction of the pituitary tumor, known as pituitary apoplexy, is a 
potentially life-threatening event heralded by severe headache, nausea, and altered con
sciousness and is often accompanied by diplopia and loss of vision or visual field (Fig 4-31). 
Sudden expansion of the tumor into the adjacent cavernous sinuses may cause compres
sion of CNs III, IV, V, and VI, with CN III most commonly affected. Superior extension 
causes visual field loss but also may cause central visual loss to no light perception. Extrava
sation of blood into the subarachnoid space callses numerous symptoms, including a de
creased level of consciousness and vasospasm with secondary stroke. The acute endocrine 
abnormalities may lead to numerous compl ications, including adrenal crisis. Therefore, 
the recognition of pituitary apoplexy is critical in efforts to initiate treatment emergently. 
Treatment includes immediate institution of corticosteroids. surgical decompression of 
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Figure 4-30 Patient with craniopharyngioma involving the suprasellar cistern, with compres
sion of the chiasm from above. A, 8, Visua l f ields show bilateral infe rotempora l depression 
respecting the ve rtica l m idline. C, Axial CT scan without contrast shows cystic mass w ith pe
riphera l ca lcification (arrows) within the suprase llar cistern, D, Axial MRI with contrast shows 
the same cystic mass (arrow). (Parts A. B courtesy of Steven A. Newman, MD; parrs C, D courtesy of Sophia 

M Chung, MD.! 

Figure 4-31 Acute compressive opt ic neuropathy in pituitary apoplexy. Coronal (A) and sagittal 
(8) MRI scans show a large pituitary tumor with suprasellar extension. Inhomogeneity wi thin 
the tumor represen ts hemorrhage and infarction. (Courtesy of Steven A. Newman, MD) 
1 
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the seLIa. and appropriate supportive measures. Some authorities recom mend conservative 
management in the setting of absent or mild neuro-ophth almic signs. 

Parasellar meningiomas occur most often in middle-aged femalesi arise most fre
quently from the tuberculum selJa, planum sphenoidale, or c1inoids; and often produce 
asymmetric bitemporal vislialloss. Parasellar meningiomas may also enlarge and produce 
chiasmal compression during pregnancy. 

Cran iopharyngiomas are common in ch ildren but may present at any age, with a sec
ond incidence peak in adulthood. Often arisi ng superiorly, these tumors more frequently 
produce il1ferior bitemporal visual field loss (see Fig 4-30), especially if the chiasm is rela
tively anteriorly placed ("prefixed"). 

Internal carot id artery aneurysms. particu larly in the supraclinoid region, may pro

duce a markedly asymmetric chiasmal syndrome, with optic nerve compression on the 
side of the aneurysm. 

Chiasmal gliomas (described in detail earlier) are detected most often in children. 

They usually infiltrate affected structures and thus produce complex visual field abnor
malities not limited to the crossing fibers. There may be evidence of bil ateral optic nerve
related visual field defects, possibly worse in the temporal visual fields but often more 
diffuse and not aligned along the vertical midline. Chiasmal gliomas are also almost al

ways accompanied by decreased central visual acuity. 
Therapy of parasellar tumors is complex and depends on the age of the patient; the 

nature, location, and extent of the tumor; its hormonal activity; and the severity of symp
toms. Modalities include observation only, surgery (transfrontal or transsphenoidal) , 
medical therapy (primarily bromocriptine or cabergoline for prolactin-secreting pituitary 
tumors) , and irradiation (either primary or as adjunctive therapy for incompletely resect
able tumors). Visual recovery after surgical resection of the tumor and relief of anterior 
visual pathway compression is usually rapid (onset of improvement is within 24 hours) 
and may be dramatic, even with severe visua l loss. Medical therapy for pituitary adenomas 
has a slower effect, taking days to weeks, but also produces tumor shrinkage and improved 
visual functio n in responsive cases. The ophthalmologist's role in the management of 
parasellar tumors is critical, in that the Arst sign of recurrence may be visual loss. Baseline 
visual field and visual acuity testing should be performed 2-3 months after treatment and 
at intervals of 6-12 months thereafter, depending on the course. Visual acuity and visual 

fields should be rechecked more often (immediately if necessary) if the patient feels any 
ongoing change. Periodic neuroimaging is essential. 

Delayed visual loss following therapy for parasellar les ions should prompt the foll ow
ing considerations: 

tumor recurrence 
delayed radionecrosis of the chiasm or optic nerves 
chiasmal distortion due to adhesions or secondary empty sella syndrome, with de
scent and traction on the chiasm 
chiasmal compression from expansion of intraoperative overpacking of the sella 
with fat 

Neuroi magi ng effectively differentiates arnong these entities and gUides further manage
ment decisions. 
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Retrochiasmallesions 

As the fibers course in the retrochiasmal visual pathway (optic tract; lateral geniculate 
body; and temporal. parietal. and occipital lobe visual radiations). crossed nasa l fibers 
from the contralateral eye and uncrossed temporal fibers from the ipsilateral eye are lo
cated together (see Chapter I). Damage results in homonymous visual field defects that 
continue to respect the vertical midline. As fibers progress from the anterior to the pos

terior visual pathway, those from corresponding retinal regions of each eye tend to run 

closer and closer together. Historically. authorities have believed that anterior lesions 
produce dissimilar (incongruous) defects in the corresponding homonymous hemifields. 
whereas more posterior damage results in progressively more similar (congruous) defects 
as lesions approach the occipital lobes. However. this "rule" of congruity has been called 
into question recently. As many as 59% of optic radiation lesions and 50% of optic tract le
sions were shown to cause congruent homonymous hemianopia in a series of 538 patients. 

Therefore. although one might reliably predict that a highly congruous homonymous 
hemianopia reflects occipital disease. the possibility of a more anterior lesion should not 
be excluded. Lesions severe enough to produce complete hemianopic defects may occur 
at any anteroposterior retrochiasmal location; sllch defects do not help to localize lesions 
from the ch iasm through the occipital cortex. 

Stroke is the most COlnmon cause of homonymous hemianopias, fo llo\ved by trau
matic brain injury and tumor. 

Kedar S. Zhang X, Lynn M], Newman N I. Biousse V. Congruency in homonymous hemiano~ 

pia. AmI Oplitllalmol. 2007; t 43(5);772-780. 

Zhang X, Kedar S, Lynn MI. Newman NI, Biollsse V. Homonymous hemianopias: c1inical ~ 

anatomic correlatio ns in 904 cases. Neurology. 2006;66(6):906-9 10. 

Optic Tract 

Lesions of the optic tract tend to produce incongruous homonymous defects in the hemi
fi elds contralateral to the affected optic tract (Fig 4-32) . Damage to the optic tract most 
commonly results from mass lesions; aneurysms are a relat ively common etiology in this 

location. Inflammatory lesions occur occasionall y. Ischemic lesions of the tract are uncom

mon but sometimes follow surgical disruption of the anterior choroidal artery. Because 

the fibers involved are primary neurons in the visual pathway (retinal ganglion cells). the 
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Figure 4-32 Chiasmal neuritis. A 40-year-old woman with sudden onset of visual field defect in 
the [eft eye . Visual acuity is 20/20 00. 20/25 OS. Pupils, color vision, and fundi were normal. 
A, Visual field testing revealed an incongruous left homonymous hemianopia . A gadolinium
enhanced T1-weighted MR[ scan revealed (B) enhancement and swell ing (arrow) of the right 
side of the chiasm and (C) enhancement of the right optic tract (arrows) . (Reprinted from Kline LB, 
Foroozan R, eds. OptiC Nerve Disorders. 2nd ed. Ophthalmology Monograph 10. New York: Oxford Umversity Press, in 
cooperation with rhe American Academy of Ophthalmology; 2007: 75. 

incongruous homonymous hemiallopic visual field loss is accompanied by other findings 
that make lip the optic tract syndrome: 

Homonymous retinal NFL and optic disc atrophy. Because the optic tract involves 
crossed fib ers from the contralateral eye, the corresponding atrophy of crossed 
retinal fibers (those nasal to the macula) involves the papillomacular fibers and 
the nasal radiating fibers in the contralateral eye, producing atrophy in the corre
sponding nasal and temporal horizontal portions of the disc ("band" or "bow-tie" 
at rophy) (see Chapter I , Fig 1-18). Atrophy in the ipsilate ral eye involves only the 
arcuate temporal bundles, which enter the disc at the superior and inferior poles. 
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Mild RAPD in the contralateral eye. Th is finding results when there are more crossed 
than uncrossed pupillary fibers in the trac t, causing more pupillary fibers from the 
contralateral eye to be damaged by a tract les ion. 

Newman SA, Miller Nit Optic tract syndrome: neuro-ophl halmologic considerations. Arch 
OphtlJa llllol. 1983; 101 (8); 124 1- 1250. 

Savino PJ, Pari s M, Schatz NJ, Orr LS, Corbett JJ. Optic tract syndrome. A review of2 1 patients. 
Arch Ophthallllol. I 978;96( 4 );656-663. 

Lateral Geniculate Body 

The lateral geniculate body (LGB) is a highly organi zed and layered retinotopic structure; 
lesions therefore can give highly localizing visual fi eld defects. A very congruous horizon 
tal sectoranopia results from damage in the distribution of the posterolateral choroidal 
artery, a branch of the posterior cerebral artery. Loss of the upper and lower homony
mous quad rants (also called "quadruple sectoranopia") with preservat ion of a horizontal 
wedge occurs when the anterior choroidal artery, a branch off the middle cerebral artery, 
is d isrupted (Fig 4-33; see Chapter J, Fig J - J J). These visual field defects respect the verti
cal rneridian, unli ke the uncommon wedge defect seen in glaucoma. Very incongruous 

Righi Left 

Left RighI 

A 

RighI Left 

Left 

B 

Anterior 
choroidal 
occlusion 

RighI 

Figure 4·33 Visual field defects of the lateral geniculate body. Automated visual fi elds show 
(A) a central wedge-shaped homonymous sectoranopia caused by lateral posterior choroidal 
artery occlusion and (B) a loss of the upper and lower homonymous quadrants, with preserva
tion of the horizontal wedge resulting from occlusion of the anterior choroidal artery. (Reproduced 

with permission from Trobe JO. The Neurology of Vision. Contemporary Neurology Series. Oxford: Oxford UniverSity 

Press. 2001 :130.) 
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homonymous hemianopias also occur with lesions of the LGB. Sectoral optic atrophy oc
curs with LGB lesions, and, in rare cases, bilateral LGB lesions cause blindness. 

Borruat FX, Maeder P. Sectoranopia after head trauma: evidence oflateral geniculate body le 

sion on M 1\1. Nellrology. 1995;45(3 PI 1):590- 592. 

Fr isen L Quadruple sectoranopia and sec torial optic atrophy: a syndrome of the distal anterior 

choroidal artery. J Neurol Neurosurg Psychiatry. 1979;42(7):590- 594 . 

Frisen L, Holmcgaard L, Rosencrantz M. Sec to rial optic atrophy and homonymous, hori
zontal sectoranopia: a lateral choroidal artery syndrome? J Nelll"of NellrosLlrg Psychiatry. 
1978;41 (4):374- 380. 

Luco C, Hoppe A, Schweitzer M, Vicui'la X, Funtin A. Visual fie ld defects in vascular lesions of 
the lateral geniculate body. J Nellrol Neurosllrg Psychiatry. 1992;55( I): 12- 1 s. 

Temporal Lobe 

Inferior visual fibers course from the LGB anteriorly in the Meyer loop of the temporal 
lobe (approximately 2.5 em from the an terior tip of the temporal lobe). Superior fibers 
tend to course more di rectly posteriorly in the parietal lobe. Lesions affecting the Meyer 
loop thus produce superior, incongruous, homonymous quadrantanopic defects contra
lateral to the lesion, wh ich spare fixation (so-called pie il1 the sky defects) (F ig 4-34). Dam
age to the tempo ral lobe anterior to the Meyer loop does not cause visua l fi eld loss. Lesions 
affecting the radiations posterior to the loop produce homonymous hemianopic defects 
extending inferiorly. 

Tumors within the temporal lobe are a common cause of visual fie ld loss (see Chap
ter 3, Fig 3-7). Although the pattern of loss may be characterist ic as noted, larger tumors 
may lead to a homonymous loss, and associated neurologic fi ndings may be the only clue 
as to tumor location. Such fin dings may include seizure activity, including olfactory, and 
fo rmed visual hallucinations. Surgical excis ion of seizure foci in the temporal lobes may 
lead to visual fie ld defects. 

Parietal Lobe 

Lesions of the parietal lobe tend to involve superior fibers first , resu lting in contralateral 
inferior homonymous hemianopic defects. More extensive lesions involve the superior 
visual fields but remain denser inferiorly. Lesions in the parietal lobe usually are due to 
stroke. Parietal lobe syndromes encompass a wide varie ty of other neurologiC complaints, 
includ ing perceptual problems (agnOSia) and apraxia. Lesions of the dominant parietal 
lobe cause Gerstmann syndrome, a combi nation of acalculia, agraph ia, finger agnosia, 
and left- right confu sion. 

Damage to pursuit pathways that converge in the posterior parietal lobes (near the vi
sual radiations) may cause abnormalit ies in optokinetic nystagmus (OKN). The exam iner 
elicits the impaired OKN response by moving targets toward the lesion, inducing attempts 
to lise the damaged pursuit pathway. Thus, a patient with a homonymous hemianopia due 
to a parietal lobe lesion will have a reduced OKN response with the target moving toward 
the affected side. whereas a homonymous hemianopia due to a lesion of the optic tract or 
occipital lobe wi ll have an intact OKN response. 
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Figur. 4-34 Visual fields after partial left temporal lobectomy for seizure disorder. A, Gold
mann visual fields show a predominantly peripheral right superior homonymous quadrantano
pia sparing fixation. 8, Humphrey central 30° perimetry detects a minimal portion of the field 
defects. (Courtesy of Steven A Newman, MD.J 

This response was once thought to indicate a mass lesion rather than a vascular Ie· 
sion but is more li kely related to the extent of the les ion. Asymmetry in the pursuit system 
li kely indicates involvement of area VS or MT. Homonymous hemianopia should prompt 
OKN test ing; only rarely do occipital lobe lesions cause such abnormalit ies. 

Occipital Lobe 

As fibers approach the occipi tal lobes, congruity becomes more important. Cent ral fibers 
become separate from peripheral fibers, the former coursing to the occipital tip, the latter 
to the anteromedial cortex. Because of the disparity in crossed versus uncrossed fibers. 
some of the peripheral nasal fibe rs leadi ng to the anteromedial region are not matched 
with correspond ing uncrossed fibers; they subserve a monocu lar "temporal crescent" 
of visual field in the far periphery (60'-90') . Finally, fibers localize within the occipital 
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cortex superior and inferior to the calcarine fissure. Thus, visual fie ld defects from oc
cipital lobe lesions may have the following cha rac teristics in the hemifield s contra lateral 

to the les ion: 

congruous homonymous hemianopia, possibly sparing the fixationai region 
(F ig 4-35) 

bilate ral occipi ta l lobe d isease wi th preservat ion of the occipital t ips) c reat ing mac

ular sparing (or p reserved central island s of visual fi eld) of different sizes in the 2 

hem ifields and "keyholes" with a detectable notch along the vert ical m id line 

hom onymous hemianopic les ions involving on ly the fixational region (homony

mous hemianopic scotom ata) (Fig 4-36) 
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Figure 4-35 Occipital lobe infarction . A, S, Vi
sual fields show congruous right homonymous 
hemianopia respect ing the vertical meridian and 
sparing fixation. C. T2-weighted axial MRI scan 
showing left parieto-occipital stroke (arrows) 
sparing the occipi tal t ip. (Paris A. B courtesy of Steven 

A. Newman, MD; part C courtesy of Anthony C. Arnold, MD.) 
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Figure 4-36 An 18-year-old woman 
with an 8-day history of sharp left-sided 
headaches. Visual acuity was 20/20 
bilaterally. A, B, She was noted to be 
losing letters to the right, and bilateral 
10-2 programs demonstrated a tiny 1" 
homonymous scotoma just below and 
to the right of fixation in both eyes. 
C, Her angiogram revealed an arte
riovenous malformation involving the 
occipital tip (arrow). (Courtesy of Steven A. 

Newman, MD.) 

a monocular defect of the temporal crescent on ly or a homonymous lesion spar ing 
the temporal crescent (Fig 4-37) (detected only on testing the peripheral 60"-90· 
visual field with Goldmann peri metry) in the eye contralateral to the lesion 
bilateral al titudinal defects or checkerboard patterns related to superior/ inferior 
separation in bilateral incomplete homonymous hemifield involvement (eg, right 

superior and left inferior homonymous quadrantanopias) 

Most occipital lobe lesions seen by ophthalmologists result from stroke and cause no 
other neurologic deficits. These deficits were described earlier, but several specific catego

ries are important in clin ical practice. 
A macula-sparing homonymous hem ianopia suggests a stroke involVing the portion 

of the primary visual cortex supplied by the posterior cerebral artery. The tip of the occipi 
tal lobe receives a dual blood supply from both the middle cerebral artery and the poste
rior cerebral artery. Occlusion of the posterior cerebral artery damages the primary visual 
cortex except for the region representing the macula at the posterior tip o( the OCcipital 
lobe; this region is spared because it remains perfused by the middle cerebral artery. 
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Figure 4-37 This 60-year-old woman presented with 3 episodes of transient visua l loss to the 
left side . When evaluated, visual acu ity was 20/20 bilaterally, but visual fields demonstrated a 
left homonymous hemianopia fA) . Her temporal crescent was intact on the lef t side, and an 
MRI scan (8) conf irmed the presence of a right occipital lobe stroke (straight arrow) compat
ible with an infarct and sparing of the anterior visual cortex (curved arrow). (Part A courresy of Steven 

A. Newman, MD; part B courtesy of Sophia M. Chung, MO.) 

Systemic hypoperfusion often damages the occipital tip because the tip is supplied by 
the endarterial branches of the posterior and middle cerebral artery systems. This highly 
vulnerable region may be the only injured area, resulting in homonymous paracentral 
hemianopic scotomata. Such scotomata are most common after surgery and other in 
stances of blood loss with severe hypotension. 

Cortical blindness results from bilateral occipital lobe destruction. Normal pupillary 
responses and optic nerve appearance distinguish cortical blindness from total blindness 
caused by bilateral prechiasmal or chiasmal lesions. Anton syndrome (denial of blind
ness), though classically associated with cortical blindness, can be due to a lesion at any 
level of the visual system severe enough to cause blindness. Bilateral occipital lobe lesions 
occasionally permit some residual visual funct ion. 

Lesions of the primary visual cortex may also produce unformed visual hallucina
tions from tumors, migraine, or drugs. Formed hallucinations (see Chapter 6) are usually 
attributed to lesions of the extrastriate cortex or temporal lobe. Patients with injury of 
the occipital cortex sometimes perceive moving targets but not static ones; this Riddoch 
phenomenon may also occur wi th lesions in other parts of the visual pathway. The Rid 
doch phenomenon probably reflects the fact that cells in the visual system respond better 
to moving st imuli than to those that are static. 

Riddoch G. Dissociation of visual perceptions due to occipital injur ies, with especial reference 

to appreciation of movement. Brain. 19 17;40: 15- 57. 



CHAPTER 5 
The Patient With Transient 
Visual Loss 

Transient visual loss is the sudden loss of visual function (partial or complete) in I or both 
eyes that lasts less than 24 hours. It 1110St often stems from transient vascular compromise 
to the eye or afferent visual pathways in the brain . A systematic approach to patients with 
transient vislial loss is imperative. To begi n, several quest ions can guide appropriate cl ini 
cal test ing and patient management: 

Is the visual loss monocular or binocular? 
How o ld is the patient? 
What was the duration of visual loss? 
What was the pattern of visual loss and recovery? 

Does the patient report associated symptoms or demonstrate addit ional signs? 

Is the visual loss monocular orbinocular? 
Establishing transient visual loss as monocu lar or binocular is important for localizing 
the lesion: mo nocular implies a prechiasmal problem, whereas binocular is chiasmal or 
retrochiasmal. O ne setting in which the patient's perception of monocular vs binocular 
may be fau lty is homonymous visual loss. If the patient describes haVi ng had temporal 
hemifield loss in only I eye, consider that the deficit may actually have been a transient 
homonymous hem ianopia on the side of the eye ment ioned. 

Howold is the patient? 

In a patient younger than 50 years , migrai ne or vasospasm is the most likely cause of 
transient visual loss. One important exception in pregnant women is eclampsia, in which 
transient visual loss may be a harbinger of more serious and permanent visual loss, usually 
within days of delivery (see Chapter 14). In older patients, cerebrovascular disease and 
giant cell arteritis should be considered. 

What was the duration of visual loss? 

Cerebrovascular disease typically causes transient visual loss last ing less than 15 minutes. 
The Dutch Transient Monocular Blindness Study Group (2001) found that onset of visual 
loss within seconds and duration of symptoms between I and 10 minutes were associated 

with ipsilateral internal carotid artery stenosis of 70%-99%. In contrast, transient visual 
loss (monocular or binocular) lasting seconds and often preCipitated by a change in posture 
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(ca lled "transient obscurations of vision") is call1mon in patients with optic disc drusen or 
papilledema. Visual loss from vasospasm o r migraine may last from seconds to an hour and 
may be accompanied by positive visual phenomena such as flashes, sparkles, or heat waves. 
The typical scintillating scotoma of migraine is binocul ar and lasts 20-30 mi nutes. 

What was the pattern of visual loss and recovery? 

Transient monocular visual loss (TMV L) from carotid artery disease is classically de
scribed as a curtain coming down over the vision and eventually lifting. However, o thers 
describe a closing in of vision or sudden loss of vision in the affected eye. The Dutch Tran
sient Monocular Blindness Study Group reported that attacks wi th an alt itudinal onset 

and disappearance of symptoms were st rongly associated with ipsilateral carotid artery 
stenosis. Conversely, attacks in which patients could not remember the nature or timing 
of the visual loss were associated with normal carotid arteries. Transient visual loss due to 
vasospasm or migraine m ay resemble that of carotid disease. T he attacks are sometimes 
precipitated by exercise. Uhthoff symptom (transient visual blurring with physical activ
ity or elevatio n in body temperature) occurs in the setting of a previous episode of o ptic 
neurit is (see Chapter 14). Posterior circulat ion ischem ia typically causes an abrupt change 
in vision, either a homonymo us hemia nopia or complete, bilateral visual loss, that is as

sociated with brainstem and cerebellar sympto ms. 
A transient geomet ric pattern in both eyes (eg, a hexagonal "ch icken wire" pattern) 

that precedes o r dominates visual loss strongly suggests occipital lobe dysfun ction (eg, mi
graine, ischemia, or seizure). W hi teout of vis io n in both eyes simultaneously o r a gradual 
peripheral constriction ("closing in") of visio n wi thout posi tive visual phenomena results 

from occipital lobe ischemia. 

Does the patient report associated symptoms or demonstrate additional signs? 
Positive visual phenomena and headache accompanying transient visual loss suggest mi
graine, al though neither symptom need be present. Persistent headaches and intracrani al 
no ises are typical for increased intracranial pressure. In an elderly patient, transient visual 
loss associated with headaches, weight loss, fever, malaise, and scalp tenderness stro ngly 
suggests giant cell arterit is. Other neurologic symptoms and signs can help localize the 
vascular te rritory involved. Loss of consciousness, dizziness, diplopia, dysarthria, o r focal 
weakness accompanying the visual loss suggests global perfusion problems, often involv
ing the brainstem or cortex. Skin or joint changes or Raynaud phenomenon (poor cir
culation in the fmger tips, often exacerbated by cold exposure) may accompany collagen 
vascular d isease. 

Donders RC; Dutch TMB Study Group. Clin ical features of lransient monocular blindness and 
the likelihood of atherosclerotic lesions of the internal carotid artery. ] Neural Neurosurg 
Psychiatry. 2001 ;7 1 (2):247-249. 

Examination 

With any patient who reports transient visual loss, it is important to document the cur
rent status of the afferen t visual system. This requires assessment of best-corrected visual 
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acuity (refraction), analysis of the extrafoveal visual system (peri metry), and ident ifica
tion of an afferent pupillary defect. The fundus exam ination is also critical. The optic disc 
may show evidence of anomalies (optic nerve head drusen or coloboma); there may be 
nerve fibe r bundle dropout (optic atrophy) or signs of vascular occlusive disease such as 
emboli (Fig 5- 1), cotton-wool spots, hemorrhage, or vascular attenuation. Occasionally, 
more detailed ocu lar and orbital examinat ion may be appropriate, as discussed in the fol
lowing sections. A photostress test may indicate macular ischemia. 

Transient Monocular Visual Loss 

Table 5- 1 outlines the most common oc ular, orbital, and systemic disorders leading to 
TMVL. 

Ocular 

Patients with blepharospasm who cannot keep their eyes open may experience moments 
of visual loss (see Chapter II , Fig 11 - 14). Blurred vision caused by irregular ity of the cor
neal tear film usually improves with a blink or applicat ion of a tear supplement, as well as 
wi th viewing through a pinhole. The slit lamp may reveal an abnormal-appeari ng tear film 
and cornea, with rapid tear breakup ti me and punctate keratopathy suggestive of keratitis 
sicca . A Schirmer test may confirm inadequate tear production. 

Opacities in the media of the anterior chamber or the vitreous can mimic amaurosis 
fugax. Fo r example. recurrent hyphema occaSionally causes transient monocular blind
ness in patients with anterior chamber lenses who develop uveitis-glaucoma-hypherna 

Figur. 5-1 Cholesterol embolus IHolienhorst plaque) at the bifurcation of a retinal arteriole. 
(Courtesy of Karl C. Golnik. MD.) 
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Table 5-1 Causes of Transient Molecular Visual Loss 

Ocular pathology !nonvascular causes) 
Tear film abnormal ities 
Corneal disease (eg, keratoconus) 
Recurrent hyphema 
Intermittent angle-closure glaucoma 
Vitreous debris 
Macular disease and photostress 

Optic nerve disorders 
Acquired or congenital disc disease (eg, papilledema, drusen) 
Compressive lesions of the intraorbital opt ic nerve 
Demyelinating disease 

Vascular disease 
Ocular hypopertusion (ocular ischemic syndrome) 
Embolic phenomenon 

Carotid 
Cardiac 
Great vessels 

Carotid artery dissection 
Vascul iti s (eg, giant cel l arteritis) 
Vasospasm 
Migraine 
Systemic hypotension 
Hyperviscosity/hypercoag ulabil ity states (eg, venous stasis or anti phospholipid antibody 

syndrome) 

Nonorganic visual loss 

(UGH) syndrome. Inflammation or recurrent bleed ing may correlate with episodes of 
decreased vis ion. Large vitreous debris sometimes obscures vision. 

Transient monocular visual obscu rations accompanied by halos and pain should al
ways prompt gonioscopy of the anterior chamber angle in a search for angle-closure glau
coma. The anterior lens should be inspected for glaukomflecken, which indicates prior 
episodes of angle closure. 

Transient visual loss or prolonged afterimages following exposure to bright light 
(eg, sunlight) may indicate macular disorders, such as detachment or age-related mac
ular degeneration or ocular ischemia. In sllch patients, performing the photos tress test 
(10 seconds of exposure to a bright light) shows that return of baselin e central acui ty is 
abnormally prolonged (>45 seconds). 

At times, pat ients with well -developed papilledema experience "grayouts" or "black
outs" of vision. These episodes are typically brief « I 0 seconds) and are often precipitated 
by changes in posture, although they may occur spontaneously. Dimming of vision lasts 
a few seconds, may involve I eye at a time, and clears completely. These obscurations are 
not a harbinger of impending visual failure and are not prognostic of optic nerve damage 
in patients with pseudotumor cerebri (see Chapter 4). 

Disc anomalies, such as optic nerve head drusen, high myopia, and co lobo mas, have 
been reported in pati ents who experience brief (10-30-second) episodes of visual loss. 

Kaiboriboon K, Piriyawat p, Selhorst lB. Light -ind uced amaurosis fugax. Am I Ophtha/mol. 

2001; 131 (5):674- 676. 
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Orbital 

Patients with orbital masses such as hemangioma or meningioma- especially those with 
an intraconal mass accompanied by disc swelli ng-may experience transient obscurations 
of vis ion in certain fields of gaze, especially downgaze. These obscurations presumably 
result from positional vascular obstruction. There is often a cl ue to orbital involvement 
(eg, proptosis, restriction in motility). 

Otto CS, Coppit GL, Mazzoli RA, et al. Gaze-evoked amaurosis: a report offive cases. Ophtlml
lIlology. 2003; 11 0(2);322-326. 

Systemic 

After ocular and orbital causes ofTMVL have been ruled ou t, ret inovascular and cardio
vascular causes must be considered. Amaurosis fugax ("fl eeting blindness") is a subtype of 
TMVL attributed to ischem ia or vascular insuffiCiency. Amaurosis fugax is characterized 
as sudden, painless, temporary visual loss last ing 2-30 minutes, fo llowed by complete 
recovery. Between episodes, ocu lar examinations reveal normal anatomy or abnormalities 
confined to the retina l vasculatu re. (See also Cerebrovascular Disorders in Chapter 14.) 

Emboli 
In the late 1950s, C. Miller Fisher called attention to retinal emboli as a Significant cause 
ofTMVL when he observed embolic material passing through the retinal circulat ion. The 
patient wi th TMVL typica lly reports that a curtain of darkness descends over 1 eye, result
ing in loss of vision last ing 2-30 minutes. In patients with some residual circulation, the 
curtain may extend only partially. At resolution , the curtain may either ascend or dissolve 
li ke a clearing fog. 

Emboli that cause TMVL usually travel to and lodge within blood vessels that supply 
the optic nerve, retina, or both. Because emboli can be visualized with an ophthalmoscope 
and often appear distinctive, their probable si te of origin can often be inferred. This infer
ence may be crucial in directing appropriate patient evaluation. 

The three most common types of emboli-cholesterol (see Fig 5-1), platelet-fibri n 
(Fig 5-2), and calcium (Fig 5-3)-are reviewed in Table 5-2. Other, less common varieties 
include emboli from card iac tumors (myxoma), fat (long bone fract ures, pancreatitis), 
sepsis, talc, air, silicone, and depot drugs (corticosteroids). 

An embolic cause of TM VL necessitates ca reful vascular and card iac evaluation. A 
search for atherosclerotic disease, the most likely cause of TM VL, is where the workup 
begins. 

Atheroma fo rmation is most com mon at the bifurcation of the common carotid ar
tery into the intern al and external carotid arte ries and in the carotid siphon (Fig 5-4). 
Atheromas can remain stationary, become fi brot ic, regress, ulcerate, narrow and occlude 
the lumen, or re lease emboli. It is thought that the normal internal carotid lumen must be 
reduced by 50%-90% before d istal fl ow is affected. Hypertension, diabetes, hypercholes
terolemia, and smoking are treatable risk factors. 

Cardiac emboli arise from many causes, incl uding ventricu lar aneurysms; hypokinetic 
wall segments; endocarditis (in fectious lassociated with subacute bacterial endocarditis] 
or nonin fectious [marantic]); and valvul ar heart disease, including mitral valve prolapse , 
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Figure 5-2 Platelet-fibrin embolus. (Counesy of Karl C. Golnik. MD.) 

Figure 5-3 Calcific embolus with branch retinal artery occlusion . (Courtesy of Karl C. Golnik, MD.) 

and atrial myxoma. Other cardiac causes include cardiac arrhyth mia, particularly atrial fi 
brillation and other paroxysmal arrhythmias, and unsuspected patent foramen ovale with 
right-to-Ieft cardiac shunt. 

Other possibl e causes of transient monocular blindness and carotid territory ischemia 
are ophthalmic artery disease, giant cell arteritis, Raynaud disease, vasculitis, hyperviscos
ity syndromes, ant i phospholipid antibody syndrome, and vasospasm (migraine). Carotid 
dissection should be considered in patients with painful ipsilatera l monocu lar visual loss, 
particularly if associated with Horner syndrome and contralateral neurologic signs (see 
Fig 10-4). 
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Table 5-2 Clinical Aspects of Common Retinal Emboli 

Type 

Cholesterol 
(see Fig 5-1) 

Platelet-fibr in 
(see Fig 5-2) 

Calcium 
(see Fig 5-3) 

Appearance 

Yellow-orange or 
copper color 

Refractile 
Globular or 

rectangular 
Usually located at 

major bifurcation 

Dull gray-wh ite color 
Long, smooth shape 
Concave meniscus at 

each end 
Usually mobile 
Lodge along course 

of vesse l 

Chalky w hite 
Large 
Round or ovoid 
Lodge in first or 

second bifu rcation 
May overlie optic disc 

Source 

Usually from 
common or internal 
ca rotid artery 

Rarely, from aorta or 
innominate artery 

From wall of 
atherosclerotic 
vesse l 

From heart , especially 
valves 

From heart or great 
vessels 

Rheumatic heart 
disease 

Calcific aortic stenosis 
Calcification of m itral 

va lve annulus 

Evaluation 

General medical 
exam ination 

Noninvasive studies 
of carotid patency 

Angiography, 
including aortic 
arch 

Cardiac assessment* 
General m edical 

evaluation 
Cardiac assessment, 

including Holter 
monitor and 
echoca rdiography 

Noninvasive studies 
of carot id patency 

Hem atologic studies 
General medical 

evaluat ion 
Cardiac assessment, 

including 
echocardiogram 

Angiogram of aortic 
arch 

* Not for source of embolus but because these emboli increase the risk of cardiac disease and death 
from cardiac dysfunction . 

From Miller NR. Embolic causes of transient monocular visual loss. Ophthafmol Clin North Am. 
1996;9:359-380. 

1 

Figure 5-4 High-grade stenosis (arrow) of the cervi
cal internal carotid artery at the bifurcation, as seen 
on MR angiogram. (Courresyof Aki KawasakI, MD.) 
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Biousse V, Tauboul Pl. Di\.nglejan -Chatillon J, Lev)' C. Schaison M, Seusser MG. Oph
thalmologic manifestations of internal carotid artery dissec tion. Am f DphtlwJlllol. 1998; 
126(4)565- 577. 

Fisher eM. Observation of the fundus oculi and transient monocular blindness. Nellrology. 
1959;9(5) :333- 347. 

Hollenhors! RW. Significance of bright plaques in the retinal arterioles. lAMA. 1961; 178:23-29. 

Trimble M, Bell DA, Brien W, et al. The anti phospholipid syndrome: prevalence among pa
tients with stroke and transient ischemic attacks. Am} Med. 1990;88(6):593- 597. 

Clinical and laboratory evaluation Presumed carotid territory ischemia warrants mea
surement of blood pressure. cardiac auscultation, and auscultation for carotid bruits (best 
heard at the angle of the jaw, where the bifurcation is located). The presence or absence of 
a bruit, however, is not a reliable indicator of carotid disease. A bruit indicates turbulent 
flow within the vessel, and it may be heard with narrowing of the external or internal ca
rotid artery. However, a bruit will be absent if flow is undisturbed or if carotid occl usion 
is complete. 

Angiography remains the gold standard for quantifying the degree of carotid stenosis. 
The test is invasive, requiring intra-arterial injection of iodinated contrast dye. In centers 
where angiography is performed regularly, Ihe risk of serious complication (such as stroke 
or death) is less than 1%. 

Because of the time, expense, and morbidity associated with conventional angiography, 
noninvasive imaging modalit ies are often used, especially for screening tests. The 3 most 
popular modalities are carotid ultrasonography (duplex scanning), magnetic resonance 
angiography (MRA) , and computed tomographic arteriography (eTA). Ultrasonography 
is a sensitive method of detecting ulcerated plaques, but reliability varies. MRA and eTA 
tend to overestimate the degree of carot id stenosis, especially those of moderate to high 
grade, compared to conventional angiography. However, besides being noninvasive, MRA 
and eTA have the advantage of visualizing and characterizing the plaque in question, as 
well as the surrounding arterial wall. MRA, along with MRl, is extremely useful for detect
ing carotid artery dissection. 

Echocardiography is useful for detecting valvular and cardiac wall defects, intracar
diac tumo rs, and large thrombi. Transesophageal echocardiography is more sensitive than 
conventional transthoracic echocardiography. A normal-appearing echocardiogram does 
not exclude the possibility of emboli, because very small particles are not visualized. With 
carot id artery disease, a routine echocardiogram is mandatory. Coincident myocardial 
and cerebral ischemia should always be considered. Prolonged inpatient card iac moni
toring or ambulatory Holter monitoring may document previously undetected cardiac 
arrhythm ias. Suspected endocarditis should prompt blood cul tures. 

If a cardiac or carotid source is not found, other systemic processes may be con
tributing to stroke. Major risk factors include age, hypertension, hypotenSion and syn
cope (possibly iatrogenic from overly vigorous treatment of hypertension or from other 
medications), ischemic heart disease, diabetes, hypercholesterolemia, smoking, and sleep 
apnea. Most of these conditions are treatable. Laboratory studies should be obtained to 
look for these conditions and any others under clinical suspicion such as thyrOid disease, 
hypercoagulable states, collagen vascular diseases, vasculitis, or syphilis. 
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Biousse V. Trobe ]D. Transient monocular visual loss. AmI Ophthalmol. 2005;140(4):717- 721. 

Newman NJ. Evaluating the patient with transient monocular visual loss. The you ng versus the 

elderly. Ophthalmol C/ill North Am. 1996;9:455- 465. 

Prognosis Symptoms produced by carotid stenosis and those produced by carotid oc
clusion may be clinically indistinguishable. More than 40% of patients with carotid artery 
d isease have transient ischemic attack (TLA) symptoms before a permanent deficit devel
ops. With cerebral hem isphere TLAs, 20% of subsequent strokes occur within 1 month 
of the TLA, 50% within 1 year. The stroke rate drops to 5%-8% per year thereafter. It is 
impossible to predict which patients with TlA wi ll have major strokes, although severe ip
silateral carotid stenosis is associated with higher risk. The major cause of death following 
TlA or stroke is myocardial in farction . 

The annual risk of stroke following transient monocular blindness (-2%) is lower 
than that following cerebral TLA (-8%) (Table 5-3). TMVL occurs in 30%-40% of patients 
with ips ilateral atherosclerotic carotid disease. Carotid stenosis or occlusion may be dem 
onstrated in about 53%-83% of patients with transient monocular blindness. 

Biousse V. Caroti d disease and the eye. Curr Opill Ophtha[mo{. 1997;8(6): 16- 26. 
Kline LB. The natura l history of patients with amaurosis fugax. Ophtha[mo{ Clill North Am. 

1996;9:351-357. 

The presence of retinal emboli has important clinical implications whether the patient 
reports TMVL, develops a retinal artery occlusion, or is asymptomatic. The risk of stroke 
increases in patients with retinal emboli and the mortality rate increases (2%-4%/yr without 
emboli; 4%-8%/yr with emboli ). 

Bruno A, Jones WL, Austin JK. Carter S, Qualls C. Vascu lar outcome in men with asymptom

atic retinal cholesterol embo li: a cohort study. AmI Intern Med. 1995;/22(4):249-253. 

Treatment In the 1990s, 2 large trials (the North American Symptomatic Carotid Endar
terectomy [NASCETJ, 199 1, and the European Carotid Surgery Trial [ECST], 1995) com
pared medical therapy to carotid endarterectomy (CEA) in patients with symptomatic 
carotid stenosis (TMVL, hemispheric TIA, mild stroke). Both studies found that CEA 
was superior (?70%) for reducing the risk of ipSilateral stroke in patients with severe ca
rotid stenosis. Surgery was not better than medical therapy in patients with moderate 
(50%- 69%) stenosis. 

Table 5-3 Spectrum of Stroke Risk 

Patient Group Risk of Stroke per Year (%) 

----------~-------------------~--~------No carotid disease 0.1 
Asymptomatic carotid bruit 0.1-0.4 
Amau rosis fug ax 2.0 
Asymptomatic carotid stenosis 2.5 
Retinal infarcts, emboli 3.0 
Transient cerebral ischemic attack 8.0 

From Trobe JD. Carotid endarterectomy: who needs it? Ophthalmology. 1987;94:725-730. 
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In 2001, a retrospective analysis of a subset of the NASCET data found that, among 
the patients with TMVL, the degree of carotid stenosis did not change the risk of stroke, 
which was about J 0% overall. However, other risk factors were important in this subset 
of patients: 

male gender 
age 75 years or older 
history of hemispheric TLA or st roke 

• intermittent claudication 

• ipsi lateral internal carotid artery stenosis of 80%-94% 
• absence of collateral vessels on angiography 

Having a greate r number of risk factors was associated with a higher risk of st roke. Pa
tients with none or only I of these risk factors had a very low 3-year risk of ipsilateral 
stroke (1.8%) . For patients with 2 risk factors, it was 12.3%, and for patients with 3 or 
more risk factors, the stroke risk reached 24.2%. Thus, the NASCET data support the use 
of CEA in patients with TMVL who have 3 or more of the aforementioned risk fac tors. 

Based on independent cases or series, CEA is sometimes performed for ophthalmic 
cond itions other than TMVL, such as ocular ischem ic synd rome or retinal artery occlu
sion. However, there are no definiti ve data on the effi cacy of CEA in these conditions. 

Medical treatment of TMVL due to carotid artery stenosis begins with aspir in. Al
though the addition of dipyridamole is controversial, an aspirin-dipyridamole combina
tion (Aggrenox) is often prescribed. Clopidogrel bisulfate (Plavix) is useful for patients 
who are intolerant of or allergic to aspi rin. A selective cAMP phosphodiesterase inhibi 
lor, cilostawl (Pletal), inhibits platelet aggregation and is a direct arter ial vasodilator; it 
may be more protective than aspirin alone or c1opidogrel. Once antiplatelet therapy is 
maximized, consideration should be given to adding a stat in or increasing the dose of a 

statin that the patient is already taking. There is some evidence that large doses of stati ns 
ca n reduce plaques and the frequency of stroke. Finally, angiotensin -converting enzymes 
(ACE) inhibitors and ACE receptor blockers may be given for their favorable eFfects on 
endothel ial tissue. 

Bucher He, Griffith LE, Guyatt GH. Effect o(HMGcoA reductase inhibitors on stroke: a meta
analysis of nlildomized, controlled trials. AWl il lfem Merl. 1998; 128(2):89- 95. 

Crouse JR [II, Byington RP, Bond MG. et al. Pravaslatin . lipids, and atheroscleros is in the ca
rotid arteries (PLAC II ). Am J Cordial. 1995;75(7),455-459. 

Furberg CD. Adams H P Jr, Applegate ViB, el al. Effect oflovastati n on early carotid atheroscle
rosis and card iovascular events. Asymptomatic Carotid Artery Progression Study (ACA PS) 
Research Group. Circulntiall. 1994;90(4): 1679- 1687. 

Hodis HN, Mack WJ, LaBree L, et 31. Reduction in carotid arterial wall thickness using lovasta
tin and dietary therapy: a randomized controlled clinical trial. Alln III/em Med. 1996;124(6): 

548-556. 

Recently, there has been growing enthusiasm for cnrotid nrtery stellting (CAS) as a less 
invasive alternative procedure to CEA. Various reports have suggested a high efficacy and 
low complication rate for CAS. The Carotid Revascu larization Endarterectomy Versus 
Stent Trial (CREST) is a multicenter, randomized prospective clinical trial designed to 
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compare the efficacy of CEA and CAS for carotid stenosis in symptomatic patients and 
asymptomatic patients with high -grade (>70%) stenosis. Enrollment of patients contin 
ued into 2008. No results have yet been disclosed for randomized patients, but a report 
on the complication rate of CAS duri ng the credentiali ng phase found the 30-day stroke 
or death rate to be 3.9% (5.6% for symptomatic patients, 3.4% for asymptomatic patients), 
rates similar to those reported for CEA in symptomatic patients in NASCET. 

Hobson RW II. Update on the Carotid Revascularization Endarterectomy versus Stent Trial 
(C REST ) protocol. J Alii Coli Surg. 2002;194( 1 suppl),S9- S14. 

Vasculitis 
TMVL in elderly pati ents (usually over age 50) can also be caused by giant cell arteri
tis. Therefore. the diagnostic wo rkup mllst include a Westergren sedimentation rate and 
C-reactive protein. The patien t also should be questioned about symptoms of headache, 
scalp tenderness, jaw claudication, weight loss, depressed appetite, proximal joint pain, 
muscle aches, myalgias, and malaise. Evidence of choroidal hypoperfusion (low intraocu
lar pressure [IOP[ or changes on fluorescei n angiogram) may be particularly suggestive. 
Unless treated immediately with high-dose corticosteroids, giant cell arteritis heralded by 
TMVL can progress to permanent visual loss in 1 or both eyes, which sometimes, but not 
always. can be averted or reversed by immediate treatment with high·dose intravenous 
corticosteroids. See also BCSC Section I , Upda te on Gelleral Medicine. 

Sialkowski RM, Gass JD, Glaser JS, Sm ith JL. Schatz NJ, Schiffman J. Fluorescein angiography 
in the diagnosis of gianl cell arteriti s. Am J Ophtha/mol. 1993;115(1 ):57- 63. 

Hypoperfusion 
Hypoperfusion may lead to TMVL in severa l situati ons. The first is in the setting of oc
cl usive disease of the retinal v e nOliS system. Altho ugh a sudden decline in central v ision 
is not a common complaint of patients wi th central retinal vein occlusion, some report 

transient visual impairment lasting seconds to minutes. with recovery to normal vision . 
Such symptoms may predate more lasting visual loss by days or weeks, o r the symptoms 
may cease when collateral vessels develop. 

The second type is progressive restriction of vision from the periphery ("i ris dia
phragm pattern"), lasting from seconds to 1-2 minutes. This form ofTMVL may be pre
cipitated by a change in postu re from a sitting to a standing position. Hypoperfusion can 
be caused by card iac arrhythmia or severe stenosis of the great vessels. 

The third entity in wh ich hypoperfusion leads to TMVL is the ocular ischenlic syn
drome. This syndrome is characterized in part by a hypotensive, ischemic retinopathy 
with low retinal artery pressure, poor perfusion , and midperipheral retinopathy. Recur
rent orbital or facial pain that improves when the patient lies down is highly suggestive of 
carotid occlusive disease. In the early stages. there may be transient or persistent blurred 
vision or transient visual loss upon exposure to bright light. Dot-and -blot retinal hemor
rhages characte rize ea rly ocu lar ischemia. AI times, these hemorrhages may resemble the 
diabetic variety. 

Severe ischemia causes anterior segment changes that may be confused with intraoc
ular inflammation. The patient may have decreased visual acu ity; a red, painful eye with 
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episcleral vascular injection; and aqueous flare (ischemic uveitis). Even though neovas
cularization of the chamber angle and iris is common, JOP may be low, normal, or high. 
Low or normal lOP in this setting is the result of impaired ciliary body perfusion. Fundus 
changes may include dil ated and retinal ve ins, narrowed retinal arteries with microaneu
rysm formation, midperipheral dot-and-blot hemorrhages, and macular edema (Fig 5-5). 
These changes have been termed venous stasis retinopathy (VSR) and may be caused by 
vascular occlusion anywhere between the heart and the eye. 

Treatment of ocular ischemic syndrome includes CEA, lOP-lowering agents, corti
costeroids for pain, and panretinal photocoagulation. If the preoperative lOP is low, res
toration of blood now by CEA may precipitate dangerously high lOP. Once the patient 
develops signs of ch ronic hypoperfusion, however, improvement is un li kely. In other pa
tients, carot id occlusion may be too advanced for surgical correct ion. Early detection is 
critical because neovascu larization and progressive ocular ischem ia occur with prolonged 
hypoperfusion. See also BCSC Section 12, Retina and Vitreous. 

Mizener JB, Podhajsky P, Hayreh 5S. Ocular ischemic syndrome. Ophthalmology. 1997;104(5) : 
859- 864. 

Vasospasm/Hyperviscosity/Hypercoagulability 

Vasospasm is the presumed cause of TMVL in 2 cl in ical circumstances. The first is the 
patients who experience stereo typic episodes of severe monocular visual loss and have 
a strong personal or family history of migraine. These patients are generall), young «50 
years), and their episodes of transient visual loss have been designated retinal or ocular 
migraine. The second type is patients with no history of migraine but whose examina
tion during attacks of visual loss reveals constriction of the retinal arteries. In either ci r
cumstance, other causes of transient visual loss should be excluded before a diagnosis of 
vasospasm is accepted. The workup should include complete blood count, Westergren 
sedimentation rate, and cardiac and carotid evaluation. It is also necessary to rule out 

Figure 5-5 Ocular ischemic syndrome. A, Fundus demonstrates retinal venous dilation, scat
tered hemorr hages, and mild optic disc edema . B, Midperipheral dot-and-blot hemorrhages. 
(Reprinted with permission from John E. Carter. MD. From Carter JE. Panretinal photocoagulation for progressive ocular 
neovascularizarion secondary to occlusion of the common carotid artery. Ann Ophthalmol. 1984; 16(6):572-576.) 
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hyperviscosity syndrome and hypercoagulable states, particularly in a young patient. Tests 
should include anticardiolipin antibody, antiphosphotidyl choline and serine, antinuclear 

antibody, serum protein electrophoresis, partial thromboplastin ti me, Venereal Disease 
Research Laboratory (VORL), protein 5, and protein C. Whether vasospasm can truly 

cause transient visual loss is debated, but calcium chan nel blockers that prevent vaso
spasm seem to provide relief from attacks of amaurosis in some patients. 

Hyperviscosity is a rare cause of transient visual loss. Approximately 10% of patients 
with polycythemia vera complain of episodes ofTMVL. 

Glueck CJ, Goldenberg N, Bell H , Golnik K, Wang P. Amaurosis fugax: associations with heri 

table thrombophilia. Clill Appl Thromb HCl/'lost. 2005; II (3):235- 241. 
W interkorn JMS, Burde RM. Vasospasm- not migraine- in the anterior visual pathway. Oph

lila/mol Clin North Am. 1996;9:393- 405. 

Transient Binocular Visual loss 

Common causes of transient binocular visual loss include 

migraine 
oCcipital mass lesions: tumor, arteriovenous malformation 
occipital ischem ia: embolic, vasculitic, hypoperfusion 
occipital seizures 

Migraine 

The most C01111110n cause of transient binocular loss is the homonymous hemianopic de
fect caused by migraine. O n occas ion, this may progress to a fixed visual field defect and 
be classified as complicated migraine. Patient evaluation, including cranial MRI, is man 
datory in such cases (see Chapter 12). 

Occipital Mass Lesions 

In a patient with episodiC headaches and visual loss, if attacks always occur on the same 

side or if visual symptoms follow rather than precede the onset of headache, a structural 
lesion must be ruled out-usually an occipital arteriovenous malformation or tumor. Such 
patients require contrast-enhanced crani al MRI and possibly cerebral angiography. 

Occipital Ischemia 

As the patient with migraine grows older, the intensity of the headaches may diminish or 

the headaches may not occur at all after visual symptoms. A diagnostic dilemma is pre
sented by the elderly patient who experiences a migraine-like aura for the first time but 
no headache. Differentiating between migrainous vasospasm and vertebrobasilar insuf
ficiency may be difficult. Treatable causes of cerebrovascu lar disease or a source of emboli 
should be excluded. Patient evaluation should include hematologic studies (eg, complete 
blood count, Westergren sedimentation rate), as well as MRI and MRA to evaluate the 

1 
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vertebrobasilar circulation. Ifthe evaluation is negative. the prognosis is usually good. and 
treatment of a presumed migrainous syndrome may be warranted. 

Transient recurrent bilateral visual blurring is one of the most frequent symptoms of 
vertebrobasilar insufficiency. Composed of the vertebral. basilar. and posterior cerebral ar
teries (see Chapter I). the vertebrobasilar system supplies the occipital cortex. brainstem. 
and cerebellum. Patients with vertebrobasilar insuffiCiency often present to the ophthal
mologist first because of prominent ocular motor and visual symptoms. Nonophthalmic 
symptoms ofTlAs in the vertebrobasilar system are discussed in Chapter 14. 

Occipital Seizures 

OCCipital seizures typically produce unformed positive visual phenomena. such as colored 
or swirling lights or a whit ing out of vision. "like a flashbulb going off' However. some 
patients experience purely negative visual spells. usually described as a blacking out of 
vision. The episodes usually last 1-2 minutes. although they may persist for many hours 
(status epilepticus amauroticus). Most adults with occipi tal seizures harbor a structural 
lesion (tumor, arteriovenous malformation , trauma); in children, such seizures are more 
often ben ign. A normal electroencephalogram (EEG) does not rule out an underlying 
seizure disorder. and. in appropriate cases. prolonged EEG monitoring may be reqUired. 
Treatment consists of anticonvulsant therapy. 

Kun Lee S, Young Lee S, Kim OW, Soo Lee 0, Chung CK. Occipital lobe epilepsy: clinical charac
teristi cs. surgical outcome, and role of diagnostic modali ties. Epilepsia. 2005;46(5):688-695. 



CHAPTER 6 
The Patient With Illusions, 
Hallucinations, and Disorders 
of Higher Cortical Function 

Patients are often reluctant to complain of "seeing things" lest they be dispatched to a psy
ch iatrist. However, most visual hallucinat io ns or illusions are a harbinger not ofpsychiat
ric disease but of ocular, optic nerve, or brain pathology. The clinician sho uld ask about 
these symptoms because patients may be reluctant to volunteer such in for mation. Illusions 
are the false perceptions of visual informatio n that is present in the external environment. 
For example, a person looking at stationary high-contrast borders may perceive the illu
sion of movement. A hallucination is the subjective perception of an object or event when 
no sensory stimu lus is present. Illusions should d isappear with eye closure; hallucinations 
usually do not. 

The first step in assess ing patients with such visual disorders is to ascertain the ir 
mental status and the status of their afferent visual pathways. Patients with dementia or 
altered sensorium (delirium, hyprfdsis) are prone to hallucinations. Reduced visual acui ty 
or visual fi eld loss often leads to positive visual phenomena. Best-corrected visual acuity. 

assessment of color perception, and perimetry should be performed. The primary goal is 
to anatomically localize the disorder, which helps establish a likely pathophysiology or at 
least a differential diagnosis. 

Norton JW, Corbett JJ. Visual perceptual abnorma li ties: hallucinations and illusions. Semitl 

Nellral. 2000;20( I): 111 -121. 

The Patient With Illusions 

The alterations of perception that make up the spectrurn of illusions can arise at various 

parts of the visual system. Nonvisual causes of illusions and hallucinations are shown in 
Table 6- 1. 

Ocular Origin 
Many illusions have an ocular basis. Such illusions may be classified into those due to opti 
cal causes and those due to alterations in photochemical transduction in the ret ina. 

187 
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Table 6-1 Nonvisual Causes of Illusions and Hallucinations 

Medications 
Anticholinergic and dopaminergic drugs 
Indomethacin, digoxin, cyclosporine, lithium, lidocaine 
Topica l scopolam ine, atropine, homatropine 
Lyserg ic acid (LSD)' mescaline, psilocybin, amphetamines, cocaine 

Medical Conditions 
Alzheimer disease, Park inson disease, narcolepsy, Huntington chorea, 

Lewy body dementia, epilepsy 

Psychiatric Conditions 
Schizophrenia, affective disorders, conversion disorders 

Toxic and Metabolic Conditions 
Uremia, hepatic disease, infection (fever) 
Alcohol w ithdrawal (delirium tremens) 

Miscellaneous 
Entopt ic imagery 
Dreams and imaginary chi ldhood companions 
Sensory deprivation, sleep deprivation, hypnosis 
Intense emotional experience 

Optical causes 
The tear film is the primary refracting surface of the eye. Any alterat ion in the tear fi lm 
(early tear breakup time, dry eye syndrome, abnormalities in blink) can distort vision. 
Irregularities in the corneal surface (eg, keratoconus, corneal scarring) may also result 
in distortions of vision. The lens may prod uce irregularities, especially wi th early oil
droplet changes of nuclear sclerosis or posterior subcapsular scattering. The lens also acts 
as a filter, changing the spectrum of the light transmitted; thus, spectral changes may be 
seen as alterations of shape and color. Images may be multiplied (monocular diplopia), 
especially when related to high astigmatism induced by changes in the lens or cornea. 
Cataract extraction often causes changes in visual perception, especially of color and 
brightness. 

Retinal causes 
Changes in the position of the retinal receptors can cause various alterations in vision. 
This repositioning usually results from macular changes, which may be due to pathology 
on the surface of the retina (epiretinal membrane), within the retina (macular edema, 
macular hole), or below the retina (changes in the retinal pigment epithelium [RPEJ or 
choroid). 

Metamorphopsia 
With metamorphopsia (perceptual distortion), the patient reports that linear objects ap
pear curved or discontinuous. This symptom is characteristic of macular disease and may 
occur with epiretina l, intraretinal , or sub ret inal pathology (eg, proliferative vitreo
retinopathy, cystoid macular edema, retinal pigment epithelial detachments, subret inal 
neovascular membranes, or choroidal circulatory problems) . 
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With intraretinal edema. the ret inal elements are often pushed apart, causing per
ceived image shrinkage (m icropsia). Ma cropsia (perceived image en largement) can occur 
if the photo receptors are pushed together. 

The retina may be the source of changes in color perception associated with drug 
effects (eg, digoxin-induced ye llowing of vision, sildenafil citrate (Viagra)- induced blue 
tinge). Other changes of color perception may be related to choroidal or retinal ischemia 
(eg, giant cell arter itis), wh ich can also lead to persistent afterimages. 

Optic Nerve Origin 

Conduction delay in 1 optic nerve following 311 episode of optic neuritis (demyelination ) 
may lead to an altered perception of motion. Because of the disparity in neuronal trans
mission, a pendulum, for example, may appear to trace an ell iptical pathway instead of its 
true single-plane oscill at ion (Pu/frich phel1omenon). 

Cortical Origin 

Perception is a cortical phenomenon; thus. it is not surprising that cortical pathology may 
be responsible for illusory changes. In add ition to alter ing perceived shape and position, 
cortical abnormali ties may change the perception of motion. Cortical pathology may 
cause loss of color vision or multiplicity of images. Cortical pathology may be located in 
the primary visual cortex (V 1) or the associative areas (V2, V3, V 4) (see Chapter 1). Disor
ders of visual perception are common with parietal lobe abnormali ties. such as micropsia. 
macropsia, teleopsia (objects appear too distant), and pelopsia (objects appear too close). 

The Patient With Hallucinations 

Halluci nations consist of perception unrelated to active stimuli. Like illusions. hallucina
tions may originate an)"W"here along the visual pathway but most common ly do so within 
the globe or cortex. Hallucinations may be of objects (eg, animals, flowers, cars) or people; 
if so, they are called formed hallucinations. I f the hallucinat ions are of lights, spots, dots, or 
geometric patterns (eg, chain-link fen ces), they are termed unformed hallucinations. 

Ocular Origin 
Unlike illusions, hallucinations have no optical causes. Vitreous detachment with per
sistent vitreoretinal adhesions may produce colored shapes or vertical white fl ashes (so
called lightning streaks of Moore). Such hallucinations are often most apparent in a dark 
environment. Retinal detachment may produce persistent flashes and floaters with or 
without visual loss. 

Zaret BS. Lightning streaks of Moore: a cause of recurrent stereotypic visual disturbance. Neu 
rology. 1985;35(7), 1078- 108 1. 

Outer retinal diseases may result in continuous flas hing lights that tend to persist 
(un like the transient flashes of migraine). These flashes may be simple white lights, but 
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often they form geometric webs that may take on colors, includ ing silver and gold. Flash
ing dots and spots of light often accompany the onset of cancer-associated retinopathy, a 
paraneoplastic process. Similarl y, flashing lights may accompany a variety of retinal, RPE, 
and choroidal abnormalities (multiple evanescent white dot syndrome, acute zonal occult 
outer retinopathy, birdshot chorioret inopathy). For a complete description of these condi
tions, see BeSe Section 12, Retina and Vitreous. 

Retinal vasospasm (migraine) may produce visual loss or un formed monocular 
images-colors, lines, or phosphenes (fleeting, bright flashes of light)-that last up to 45 
minutes and may be followed by a headache. Sequelae are unusual, although a permanent 
scotoma may. rarely, develop. 

AlabduljalilT, Behbehani R. Paraneoplastic syndromes in ophthalmology. CLnr Opin Ophthaf-
1II01.2007; t8(6),463-469. 

Gass JD, Agarwal A, Scott IU. Ac ute zonal occult outer retinopathy: a long-term follow-up 
study. Alii! Opiltilnllllol. 2002;134(3);329- 339. 

Headache Class ifi cation Subcommittee of the International Headache Society. The Interna
tional Classification of Headache Disorders. 2nd ed. Cephalalgia, 2004;24(Suppl 1 ):9-160. 

Optic Nerve Origin 

Optic neuritis often produces phosphenes ind uced by eye movement or a dark setting. 
Patients with subacute or long-standing optic neuropathy may experience sound-induced 
photisms (sensat ions of color or light assoc iated with noise, touch, taste, or smell). These 
phenomena tend to be unformed and are trigge red by various sounds heard in the ipsilat
eral ear. Sound-induced phot isms are attributed to discharges from the lateral geniculate 
nucleus, wh ich is also responsive to sound and is adjacent to the medial geniculate nucleus 
of the auditory system. 

Cortical Origin 

It is often taught that lesions affecting the anterior optic radiations (the temporal lobe) 
cause formed hallucinations and that more posterior lesions (in the parietal and OCcipital 
lobes) produce unformed hallucinations. However, these gui delines have many exceptions. 
[n rare cases, lesions involving the mesencephalon may cause hallucinations (peduncular 
hallucinosis). These haUucinat ions are formed and can be constant. They are usually as
sociated with an inverted sleep-wake cycle. Associated symptorns may occur if adjacent 
structures are affected (eg, oculomotor nerve fasc iclels], co rticospinal tractls]). 

Tempora//parieta//occipita//obes 

Temporal lobe lesions most often produce olfacto ry and gustatory halluc inat ions. Visual 
phenomena from this area are usually complex. formed hallucinations in either the ipsi
lateral or the contralateral visual field. Epilepsy is the most common setting for hallucina
tions traced to this region. A visual aura implies that the seizure began focall y. 

In the parietal lobe. hallucin ations may be either formed or unformed. 
Unformed hallucinations are common with disorders of the OCcipital lobe. Patients 

may describe white or colored flashes of light, kaleidoscopic colors, movi ng discs, flicker
ing, or a hexagonal array (chickenwire or honeycomb pattern). A complete whiteout of 
vision suggests bilateral occipital lobe isch emia. 
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Patients sometimes describe hallucinations within a homonymous hemianopia or 
quadrantanopia. These images are generally complex and may be static or move through
out the visual field. Hallucinatory palinopsia (see the following section) is the apparition of 
objects or persons seen earlier. It may occur with temporal, parietal, or occipital involve
ment, particularly with posterior circulation ischem ia. 

Palinopsia 
Interesting cortical phenomena may occur with disorders of the nondominant parieto
occipital area. Palinopsia is visual perseve ration after the removal of the original stimulus 
(multiple afterimages). The afterimages may be associated with a homonymous hemiano
pia in which the palinoptic images appear in the blind hemifield. Visual hallucinations 
may also be present. Migraine and medications (clomiphene [Clomid], trazodone [Oe
syrel], nafazodone [SerzoneJ) can produce similar symptoms. 

Lepore FE. Spontaneolls visllal phenomena with visual loss: 104 patients with lesions of retinal 

and neural afferent pathways. Neurology. 1990;40(3 pI 1 ):444- 447. 

Vaphiades MS, Celesia GG, Brigell MG. Positive spontaneolls visual phenomena limited to the 

hemianopic field in lesions of central visual pathways. Neurology. 1996;47(2):408-417. 

Migraine 
The visual phenomena of migraine are thought to be caused by abnormal exci tatory activ
ity in the cerebral cortex, followed by a wave of depressed neuronal fun ction (spreading de
pression of Le[w). In migraine with aura, the visual phenomena typically last 10-30 minutes 
and are foll owed by a typi cal headache (see Chapter 12). The hallucinations are binocular. 
Besides the classic fortifi cation spectra, patients may experience the "Al ice in Wonderland 
effect" (micropsia/macropsia), formed or unformed images, or visual distortion. Com
mon descript ions include heat waves, cracked glass, kaleidoscopic vision, or fragmented 
vision. Patients may also experience the visual phenomena with out a headache. 

Charles Bonnet syndrome 
The Charles Bonnet syndrome is the triad of visual hallucinations, ocular pathology caus
ing bilateral visual deterioration , and preserved cognitive status. With this syndrome, 
hallucinations may be elementary or highly organized and complex. Patients may have 
formed or unformed hallucinations that either are persistent or come and go abruptly. 
Patients with Charles Bonnet syndrome have a clear sensorium and are aware that the 
visions are not real. If the cause of visual loss is known, neuroimaging is not necessary. A 
variety of medical treatments have been used, but with mixed success. 

Menon GJ, Rahman I, Menon 5], Dutton GN. Complex Visual hallucinations In the Visually 

impaired: the Charles Bonnet syndrome. Surv Ophthalmol. 2003;48( 1 ):58- 72. 

Rovner BW. The Charles Bonnet syndrome: a review of recent research. Cur,. Opil'l Ophtha/
mol. 2006; 17(3):275- 277. 

The Patient With Disorders of Higher Cortical Function 

The visual information that reaches the OCCipital st riate cortex (area V 1) represents the be
ginning of the process of "seeing:' This information must be processed by the associative , 
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cortical visual areas for visual awareness to occur (see Chapte r I). Visual information 
that reaches the primary occipita l cortex is projected through 2 pathways (see Chapter I , 
Fig 1-22): a vent ral occipitotemporal pathway and a dorsal occipitopa rietal pathway. 
The ventral pathway is involved with processing the physical att ributes of an image (the 
"what") such as color, shape, and pattern. The dorsal pathway is important for visuospatial 
analysis (the "where;' or the localization of items in space) and for guidi ng movements 
toward items of interest. In addition, interconnecting pathways are critical to the transfer 
of information from the primary cortex to the associative areas (areas V2-V5). 

In general, cortical syndromes due to abnormalities in visual processing can result 
through 2 mechanisms: (I) specific cort ical areas responsible for process ing information 
may be damaged, or (2) the flow of information between such areas may be interrupted 
(disconnection syndromes). The disorders of higher cortical visual function may be di
vided into problems with object recogni tion, difficul ty with visua l-spatial relationships, 
and awareness of visual defici t (Table 6-2). 

Gi rkin CA, Miller NR. Central disorders of vision in humans. Surv Ophtlwlmol. 200 1;45(5): 

379-405. 

Disorders of Recognition 

Object agnosia 
Interruption of signal flow from the occipita l lobe to the area of the temporal lobe in 
volved in object identification results in an inability to recognize objects (eg, pen, bottle, 
car) called object agnosia, a form of visual-visual disconnection. This often resul ts from a 
bilateral occipitotemporal (vent ra l pathway) dysfunct ion affecting the in ferior longitud i
nal fasciculi. Patients can identify objects by touch or by descript ion but not by sight. 

Table 6-2 Disorders of Higher Cortical Function 

Disorders of Recognition 
Object agnosia 
Prosopagnosia 
Akinetops ia 
Alexia w ithout agraphia 
Cerebral achromatopsia 

Disorders of Visual- Spatial Relationships 
Si m ulta nagnosia 
Optic ataxia 
Acquired ocular motor apraxia 
Balint syndrome 
Visual al lesthesia 

Disorders of Awareness of Vision or Visual Loss 
Anton syndrome 
Riddoch phenomenon 
Blindsight 
Hemispatial neglect 
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Prosopagnosia 
Prosopagnosia, the inability to recognize familiar faces, is a m ore specific form of visllal

visual disconnection. These patients usuaLl y have difficulty with other visual memory 
tasks. The condition usually occurs with bilateral OCCipital lobe damage but may also 
occu r with right inferior occipital lobe damage. Superior homonymous visual field defects 
are common. It is thought that this form of agnosia is the reason patients with advanced 

Alzheimer disease do not recognize thei.r re latives. 

Barton JJ. Disorders of face perception and recognition. Neurol Clill. 2003;2 1 (2):52 1- 548 . 

Akinetopsia 
Patients with pathology affecting the dorsal path way (area VS/MT) may lose the percep
tion of visual motion (akinetopsia) but still be able to perceive form , texture, and color. 

Alexia without agraphia 
The in terruption of visual information between the oCcipital lobe and the dominant angu

lar gyrus causes visual-verbal disconnection. During the act of reading, visual information 

from the left visual fi eld is received in the right occipi tal lobe and is transferred to the left 
side of the brain through the corpus caUosul11 , where the information is relayed anteriorly 

to the angular gyrus of the parietal lobe for comprehension. However, the information 
from the left field cannot cross from the right to the left occipital lobe if the splenium of 
the corpus callosum is damaged (Fig 6- 1). Typicall y, there is also damage to the left occipi 
ta l lobe, and this combi nation results in alexia without agraphia (ie, the patient can write 

but not read).Th is is usually due to the infarction of the left occipital lobe and to fibers 

Splenium of 
corpus callosum 

Right occipital lobe 

Angular gyrus 

Figure 6·' Alexia without agraphia. The diagram depicts the flow of information from the right 
occipital lobe through the splenium of the corpus callosum to the angular gyrus. A lesion in the 
left occipital lobe obstructs this flow. (Courtesy of EriC Eggenberger. DO.) 
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crossing in the splenium of the corpus call osum . However, because the structures anterior 
to the splenium are intact, these patients can produce language and write. Interestingly, 
they can not read what they have just written' If the left angu lar gyrus itself is damaged, 
then both reading and writing will be affected (alexia ,vitil agraphia). These patients also 

often have acalculia, right-left confusion, and finger agnosia (Gerstmann syndrome). 

Siran I, Coslett HB. Visua l agnosia. eun New'ol Nellrosci Rep. 2003;3(6):508-512. 

Cerebral achromatopsia 
Color discrimination may be abnormal with bilateral parietal or occipital lobe lesions (l in
gual and fusiform gyrus; see Chapter I). Affected patients cannot match colors or order 
them in a series according to hue. BiJaterai oCcipital vent romedial cortex damage may 

cause complete achromatopsia; un ilateral damage may cause only hemiachromatopsia. 
Supe rior homonymous visual field defects are often present. 

Heywood CA, Kentridge RW. Achromatopsia, color vision, and cortex. Nel/rol Cfill. 2003;2 1 (2): 

483- 500. 

Disorders of Visual-Spatial Relationships 

Simultanagnosia 
Simultanagnosia is th e fa ilure to integrate multiple elements of a scene to form the total 
picture. The clinician may assess for sil11 ul tanagnos ia by asking patients to describe a pic
ture scene (Fig 6-2). The descr iption of only part of the picture adds evidence of a problem 
with visual analys is. The patient will not describe other portions of the picture unless the 
examiner identifies them. Testing color vision with the Ishihara pseudoisoch romat ic color 
plates may suggest simultanagnosia if the patient can identi fy colors but not the shapes of 

numbers (the patient does not see the whole picture as the sum of its parts). 

Brazis PW, Graff-Radford NR, Newman NJ, Lee AG. Ishihara color plates as a test for simul 

tanagnosia. Am J OphtIUl{mol. 1998; 126(6):850- 85 1. 

Optic ataxia 
Patients with optic ataxia reach for an object as if they were blind; there is a disconnect 
between visual input and the motor system. The anatomical loca lization is complex, in 

volVing the posterior parietal cortex, premotor cortex, motor areas, ventromedial cortical 
areas, and subcortical structures. 

Acquired ocular motor apraxia 
Also known as "spasm of ftxation" or "psychic paralysis of gaze," acquired ocular motor 
apraxia involves the loss of voluntary movement of the eyes whi le fixat ing on a target. 
Frontal eye fiel d damage is thought to be responsible. 

Balint syndrome 
A rare phenomenon result ing fro m bilateral occipitoparietal lesions is Balint syndrome. 
wh ich consists of the triad of simultanagnosia. optic ataxia, and acquired ocu lomotor 
aprax ia. Clinically, this triad of findings rarely occur together and they are thus considered 
individually, as just described. 
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Figure 6-2 The patient is asked to describe what is occurring in th is drawing, the "cookie theft 
picture," modified from the Boston Diagnostic Aphasia Examination. The patient with simul
tanagnosia will describe one part of the scene and not see anything else. (Used with permISSion 

from Kline LB, Bajandas FJ. Neuro·Qphthalmology Review Manual. Rev. 5th ed. Thorofare, NJ: Slack; 2004:227.) 

Visual aI/esthesia 

Patie nts wi th visual allesthesia see their environmen t rotated, flipped , o r inverted. Th is 
localizes the damage to either the lateral medull ary region (Wallenberg syndrome) or the 

occipitoparietal area. 

Disorders of Awareness of Vision or Visual Deficit 

Anton syndrome 

A pat ient wi th cort ical bli ndness may deny that the re is any visual problem; this is te rmed 
Anton syndrome. Patients with Anton syndrome have no demonstrable visual behavior, 
but they hallucinate and confabulate visual irnages. claiming the ability to see. Anton syn
drorne is most common wi th bi lateral oCcipital infa rctions and has been described in pa

tients with blind ness from bil ateral optic nerve lesions. 

Sta sheff SF, Barton JJS. Deficits in co rti ca l visual function. Ophthfl[mol Clill North Am. 200 I; 

14(1 ):21 7- 242. 

Riddoch phenomenon 

The preservation of motion perception in a blind hemifield is called the Riddoch phe
nomenon. If present in an otherwise complete homonymous hemianopsia. it is th ought to 

portend better visual prognosis. 



196 • Neuro-Ophthalmology 

Blindsight 
Cortically blind patients may have an unconscious rudimentary visual perception (blind
sight). This may be due to either visual pathways through the superior colliculus or con
nections between the lateral geniculate body and the extrastriate visual cortex. 

Hemispatial neglect 
Patients with hemispntial neglect (heminegl ect) will not acknowledge seeing objects in 
an area of vision known to be intact. Confrontation testing using double simultaneous 
stimulation may be used to verify this condition (see Chapter 3 for the description of con
frontat ion visual field testing). Hemispatial neglect is usually due to damage in the right 
hemisph ere (poste rior parietal cortex, fronta l eye field s, cingulate gyrus) that mediates 
attention in both hemifields. 

Kline LB, Bajandas FJ. Nellro-Ophthalmology Review Ma/Uwl. Rev. 5th ed. Thorofare, NJ: Slack; 
2004:chap 18.) 



CHAPTER 7 
The Patient With Supranuclear 
Disorders of Ocular Motility 

The efferent visual system controls ocular movements. (The anatomy of this system is 
introduced in Chapter 1.) Basically, the efferent ocular motor system (like all efferent 
systems) can be divided into supranuclear and infranuclear pathways. Th is distinction 
is clinically significant in that supranuclear disorders almost always affect both eyes simi
larly, whereas infranuclear disorders affect the eyes d ifferently. The patterns of symmet
ric dysfunction that occur with supran uclear disorders typically do not produce diplopia 
(although there are exceptions, such as skew deviation). Conversely, infranucJear lesions 
usually do produce diplopia. The former is discussed in this chapter, and the latter is dis
cussed in Chapter 8. 

Supranuclear pathways include all premotor and motor regions of the frontal and 
parietal cortices; cerebellum; basal ganglia; superior colliculi; thalamus (dorsal lateral 
geniculate nucleus and pulvinar); and brainstem centers, including the paramedian pon
tine ret icu lar formation, neural integrators, and vestibular nuclei. Infranuclear pathways 
include ocular motor nuclei, the intramedullary segments of the ocular motor nerves, the 

peripheral segments of the ocular motor nerves (as they course through the subarachnoid 
space, cavernous sinus, superior orbital fissure, and orbit), the neuromuscular junction, 
and the extraocular muscles. 

Fundamental Principles of Ocular Motor Control 

The afferent visual system of primates is broadly designed to achieve 2 fundamental goals: 
( I) to detect objects and motion within the environment; and (2) to provide a high level of 
spatial resolution for those objects that command our attention. The entire retina outside 
the fovea is devoted essentially to the detection of objects. Only the fovea, which occupies 
a tiny fraction of the total retinal area, provides the fine-quality images that allow us to 
read or perform highly precise visual motor tasks. 

Our attention to peripherally placed objects is usually driven by the perception of a 
changing stimulus (eg, one that moves, becomes brighter or larger). It is a basic principle 
of all sensory systems that any persistent, unchanging stimulus gradually produces an 
attenuated neural response. This explains, for instance, why one does not attend to the 
constant tactile stimulus of a wristwatch or clothes that are worn. This phYSiologic design 
improves the efficiency of neural communication. 

197 



198 • Neuro-Ophthalmology 

Movement is an especially strong stimulus that generates the consciolls awareness of 
an object in OUf environment. When we wish to fixate on them, however, moving objects 
present a special challenge. Any imprecision in maintaining alignment of the fovea on the 
moving target degrades the appearance of the image. In the natural environment, the task 
is complicated by the simultaneous but usually unrelated movement of the viewer and 
object. The need to maintain high-quality vision despite such "relat ive movement" is ad
dressed by multiple ocular motor systems that have evolved to meet this challenge. These 
systems provide a sea mless flow for object tracking over a wide range of relat ive velocit ies 
(Table 7- I). 

Relatively slow- moving ta rgets (less tha n 30° per second) are tracked by th e pUl'suit 
system. (Consider that a target moving at this speed would cover one th ird the distance 
from the primary position to the far extent of one's temporal visual field in I second.) 
An object moving at thi s speed can be tracked even if head movements are occurring 
simultaneously because of the influence of the vestibular ocular reflexes (VOR), which 
produce eye movements in a direction opposite to that of head acceleration. The VOR. 
however, attenuates fairl y quickly (ie, within seconds) during a persistent period of stable 
head velocity. Any attenuation of the VOR response would reduce the capability of the 
subject to fo llow a moving target, which would cause visual blurring. The abili ty to fo llow 
objects over a susta ined period of motion is supplemented by the optokinetic nystagmus 
(OKN) system, which uses smooth pursuit to track a moving object but then introduces a 
saccade in the opposite di rection when the rnaximal amplitude of the pursuit movement 
is reached or when the speed of the moving object exceeds the maximal velocity of the 
pursuit system . These vestibular responses can be suppressed by visual fixation on a target 
(eg. the discomfort of motion sickness can be lessened by visual fixation on a nonmoving 
target). 

Faster-moving targets cannot be tracked by the pursuit system but can be foU owed by 
the use of relatively fast, back-to-back eye movements generated by the saccadic system. 
These eye movements. known as saccades, are "ballist ic" movements-ones that gener
ally cannot be altered once initiated. Relat ive movement of objects toward or away from 
us activates one of the vergence systems. CO l/ vergence, which rotates both eyes inward. 
is activated by relative movement that brings an object closer to us. Divergence is acti 
vated by movement that produces increasing separation of the object from the viewer. 

Table 7-' Eye Movements 

Class 

Vestibular 
Visual fixation 
Optokinetic 
Smooth pursuit 
Nystagmus quick phases 

Saccades 
Vergence 

Main Function 

Holds retinal image steady during brief head rotation or translation 
Holds stationary object image steady by minimizing ocular drifts 
Holds images steady on the retina during susta ined head rotation 
Holds target image steady during linear motion of object or se lf 
Reset eyes during prolonged rotation to direct gaze towa rd 

oncoming scene 
Rapidly bri ng object of interest to the fovea 
Moves the eyes in opposite directions so a single image is 

sim ultaneously held on each fovea 
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Abnormalities in any of these systems may result in degradation of visual acuity, visual 
blur, oscillopsia, or possibly SOlne degree of motion sickness. 

The pursuit, OKN, and saccadic systems are each controlled by different anatomical 
pathways. However, at the level of the brainstem, the pursuit and saccadic systems share 
the same supranuclear neurons (i ncluding the paramedian pontine reticular formation 
for horizontal movements and the rostral interstit ial nucleus of the medial longitudinal 
fascicu lus for vertical movements), which then innervate the ocular motor cranial nerve 
nuclei. The anatomical divergence among these pathways rnakes possible selective disrup
tion of these oc ular motor functions by a disease process. Likewise, cl inical examination 
of these systems allows the clinician to appreciate which nervous system components and 
their anatomy are involved and which can provide important inSight into the interpreta
tion of which disease might be responsible for the dysfunction . 

Fixation of the fovea onto a target provides the greatest degree of spatial detail. Per

sistent foveation, however, causes attenuation of neuronal responses in the retina, as de
scribed earlier. The degradation of image quality that results is cou ntered by microsaccadic 
refixation movements. These eye movements are continuous, very small amplitude (0. 1°_ 
0.20 of visual angle) "square-waves." The term square waves derives fro m the appearance 
of eye movement tracings, in which eye movements that are equal in amplitude and speed 
to the left and right and have a brief intersaccadic interval produce tracings with the shape 
of square waves (see Chapter 9). The to-and-fro movements are small enough that the 

image is mai ntained within the field of the fovea but large enough to provide a constantly 
changing im age to photo receptors, which enhances perceptual quality. As is true for most 
saccadic movements, there is a slight pause ( 180- 200 msec) between movements (ie, an 
intersaccad ic interval). 

Anatomy and Clinical Testing of the Functional Classes of Eye 
Movements 

Clin ical exa minat ion of the central eye movement system incl udes assessment of fixation , 
VOR, OKN, saccadic and pursuit eye movements, and convergence (see Table 7 -1). Each 
of these movements is controlled by dedicated anatomica l pathways, the collective goals 
of which are to maintain the position of both eyes on targets of interest and to permit ac
curate eye movements to desired locations in space. Methods of assessing each subsystem 
are described in the following sections. A complete assessment of ocular motility also 
requires the search for nystagmus, which is discussed in Chapter 9. 

Ocular Stability 

Visual fixation is required to hold the image of an object on th e fovea. The system main 
taining this align ment while an object or person moves is supplemented by the pursuit 
system. There is evidence that these 2 systems are contro lled by separa te anatomical path
ways, although the structures involved in visual fLxation are not well known. 

The most straightfo rward test of ocular stability is performed simply by observing a 
patient's ability to mai ntain fixation on a target when the head and body are held stat ionary. 
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Testing the patient's' ability to fixate on a target may also reveal spontaneolls nystagmus, 

which is most frequently caused by an imbalance of vestibular input to the ocular motor nu

clei. Abnormal eye movements that occu r secondary to vestibular dysfunction can be sup

pressed by visual fIxation (and wi ll worsen in the absence of visual input; see Chapter 9). 
During tasks of viewing an object, fixation is used to suppress any unwanted eye 

movements. Saccades that are undesirable and that cannot be suppressed by the normal 
flXation mechanisms are known as saccadic intrusions; the most common of these are 

square-wave jerks (which lead the eyes off and then back onto a target with symmetric 
left and right movements; see Chapter 9). Small movements of this type may be seen in 
normal individuals, but they are more frequent in patients with progressive supranuclear 
palsy (PSP) and certain cerebellar diseases. 

Vestibular Ocular Reflex 

The function of the VOR is to hold visual images stably on the retina during brief high
frequency rotations of the head, as routinely occur during walking. VO R responses are 
driven both by semicircular canals (for angular movements) and by the otoliths of the utri 
cle and saccule (for linear acceleration). Neural activity (excitatory and inhibitory) from 
these structures passes along the vest ibular nerves to the vestibular nuclei in the medulla 
of the brainstem, which then project to the ocular motoneurons (ie, the vestibular ocular 

reflex pathway; see Chapter 1, Fig 1-32). The vestibular nuclei are st rongly interconnected 
wi th the cerebellum, especially the anterior verm is, nodulus, and flocculus. Each of the 
semicircular canals innervates 1 pair of yoked extraocular muscles, which move the 2 eyes 

in the same plane as the canal. Each sem icircular canal monitors rotational movements in 

both directions w ithin its plane; these movements are controlled by 2 populations of neu

rons that show mutually antagonistic activity, depending on the direction of movement. 

The VOR response attenuates fairly qUickly, but a "velocity storage" mechanism provides 
the VOR with a longer period of influence during more prolonged head movements. 

Evidence of VOR dysfunction can be readily elici ted o n examination. Spontaneous 

nystagmus is a hallmark of an uncompensated vestibular imbalance. This assessment can 

be enhanced by clinicians viewing the fundus with a direct ophthalmoscope while look
ing for repetitive sh ifts in the position of the optic nerve head. This test is first performed 
while the fellow eye is allowed to ftxate on a target. Then , the effect of removing visual 
ftxation (which is achieved simply by covering the fIxating eye) is judged. An increase in 
nystagmus after removal of visual fIxation , while the head and body are held in a stable 
position, suggests the presence of an uncompensated imbalance of the peripheral vestibu
lar system. A drift of the optic disc to the patient's right (caused by drifting of the eyes to 
the left) reveals deficient vestibular input from the left vestibular end organ or nerve. (See 
Vestibular Nystagmus in Chapter 9.) 

Horizontal head shaking for 10- 15 seconds may induce a trans ient nystagmus after 

the head is held stable if there is an asymmetry (in the velocity storage Signals) of the ves
tibular inputs. It is important to prevent the patient from Visually fixating during the test , 

as fIxation will suppress vestibular responses. This can be achieved by having the patient 
close his or her eyes in a dark environment or by using high-plus lenses (+20 D) on a trial 
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frame or Frenzel goggles in front of both eyes. After the head shaking is completed, the eye 
movements should be exam ined in the still -darkened room with a light held to the side 
of I eye. Head-shaking nystagmus can result from either peripheral or central vestibular 
lesions. 

The VOR gain (ie, the ratio of the amplitude of eye rotation to the amplitude of head 
rotation ) can be assessed clinically with the head thrust maneuver or via ophthalmoscopy. 
The head thrust maneuver requires the cl inician to briskly turn the patient's head (small 
amplitude) while the patient visuaUy ftxates on a target with his or her normal correction. 
The VOR system is th e primary system dealing with this type of brief head movement. 
Normally, if the head is accelerated 10', the eyes will move exactly 10' in the opposite di 
rection to maintain foveation of a stationary target. Any imbalance in the vestibular ga in 

results in the eyes being off target at the end of the head thrust, and a refixation saccade 
is required to recapture the target. A defective response is seen when the head is rotated 
toward the side of the lesion. Perhaps a more sensitive test ofVOR gain can be performed 
by observing the fundus with a direct ophthalmoscope. When visual fixation is available, 
the pursuit system can maintain stable eye position at head movements lip to only 2 Hz. 
At higher frequencies, as should be used with this test ing strategy, the function of the VOR 
system can be isolated, and any abnormalit ies of that system v.-ill be revealed. A norma l 
gain of I wou ld allow the position of the optic nerve head to appear stationa ry as the head 
moves. Drifting of the optic nerve head to either the same or opposite side of th e head 
movement reveals a hyper- or hypoactive VOR system, respectively. 

Bilateral vestibular loss or hypofunction is easily assessed by measuring visual acui ty 
during head rotations (dynamiC visual acuity). While the patient reads the Snellen chart 
with the proper opt ical correcti on, relatively small horizontal head rotations at approxi
mately 2 Hz are performed. Bilateral subnormal VOR ga in will produce a mismatch be
tween the amplitude of the eye and head movements, which wi ll cause the intended target 
to fall offth e fovea, and the acuity will fa ll by several lines (typically 4 or more) in bilateral 
vestibular loss. 

Optokinetic Nystagmus 

The OKN system maintains steady alignment of images on the ret ina duri ng sustained 
rotation of the head (or environment). For approximately 30 seconds, the fluid dynamic 
properties allow the semici rcular canals, via the VOR, to maintain nellra l output to com
pensate for head rotation (ie, the ro tational-induced VOR will attenuate). Thereafter, 
the OKN provides a sustained output for eye posi tion control that counters the effects 
of persistent rotations. Thus, the vestibular and OKN systems act synergisticaUy to align 
the eyes properly during head rotations. However, the pursuit system, which is driven by 
visual attenti on to a target, is more influential in maintaining proper alignment during 
sustained rotations than the OKN system (which may be more important for this task in 
animals without foveae). Likewise. pursuit movements also contribute to ocular stability 
during brief head rotations that primarily activate the VOR. 

The init ia l response of OKN is a pursuit movement, which thus employs the path 
ways for pursu it movements (described later in the chapter). Thereafter, a contraversive, 
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corrective nystagmus is mediated by the same vestibular neurons that respond to vestibu
lar stimulation, a1though, as stated earlier, that vestibular input wanes when the driving 
stimulus is head rotation. Thus. in instances of prolonged visual movement across the 
retina (eg. as occurs when one is running continuously). the OKN reflex is able to main
tain adequate visuaJ fLX3tion even though any vestibular influence from head movement 
has waned. The integrity of the vest ibular neurons can. therefore. be studied without using 
vestibular stimuli. 

Proper OKN testing requires that the moving stimulus fill the complete visual en
vironment and be associated with a brief period of optokilletic after Ilystagnnls (OKAN) 
once the movement ceases; this type of testing can be done only in a specially equipped 
laboratory. Even then, however, the eye movement responses that are elicited do not "iso
late" the OKN system but rather reflect the influence of both the pursuit and OKN systems 
(voluntary fixation on the moving target drives the pursuit system. whereas the involun
tary eye movements induced by the moving stimuli are produced by the OKN system). 
The rotating drum of black and white stripes that clinicians use in the office. although 
quite practical. sub tends only a portion of the visual field and. in reality. tests only the 
pursuit and saccade systems. 

Saccadic System 

The purpose of the saccadic system is to rapidly shift the fovea to targets of interest. Sac
cades are ballistic movements that generally cannot be altered once initiated. The speed 
of sacca des is correlated with the extent of the eye movement- larger-amplitude saccades 
are faster than smaller-amplitude saccades, a relationship referred to as the I11nhl sequence. 
The velocity of saccades may exceed 500' per second. which allows the eyes to move from 
primary position to the farthest extent of the temporal visual field in only 0.2 second. Sac
cadic duration is generally less than 100 msec. 

Volitional saccades are controlled by several areas of the cerebral cortex. including 
premotor zones that project to thefrolltnl eye fields (FEFs) (see Chapter 1). The activation 
of these fields produces conjugate. contralateral saccades. The descending pathways from 
the FEFs primarily innervate the contralateral paramedian pontine reticular formation but 
also communicate with several intermediate structures. including the basal ganglia and 
superior coUiculi. which also participate in eye movement control. Eventually. the outflow 
from the FEF via this network reaches the ocular motoneurons (CNs lll. IV. Vl). where 
the speed of eye movements is coded by the frequency of impulses and the ampli tude of 
the eye movements is coded by the duration of the excitation. A consistent correlation ex
ists between the speed and amplitude of saccad ic eye movements. Each saccade reflects 2 
components of the controlling neural signal- that is. a "pulse" signal followed by a "step" 
ignal (Fig 7-1). The speed of the initial segment of the eye movements is produced by a 

relatively strong neural output called a pulse. The integration of horizontal eye movements 
to supply the reqUired neural Signal to control the eccentr ic positioning of the eyes (ie. the 
step) is performed by the med ial vestibular nucleus and the accessory nucleus ofCN XII 
(known commonly as the lIuc/eus prepositus hypoglossi) in the medulla. The supranuclear 
brainstem center for control of conjugate vertical and torsional eye movements is the ros
tral illlerstitiailluc/eus of the mediallollgitudillal fasciCllllis (riMLFJ. which is located in 
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Figure 7-1 The combined influence of the pulse and step signal that contributes to the genera
tion of a saccadic eye movement. This schematic shows the coordination among omnipause 
cells (P), burst cells (B), and the cells of the neural integrator (N/) in the generation of a sac
cade. The NI performs an integration of the amount of neural activity required to execute an 
eye movement over the duration of time ddt). The omnipause cells cease their discharge just 
before the onset of a saccade. At the same time, the burst ce lls create the pu lse that initiates 
the saccade . This pulse is received by the NI, which determines the appropriate step needed 
to maintain the eccentric position of the eyes. The pulse and step alter the firing of the ocular 
motoneurons (OMN) that activate an extraocular muscle to execute an eye movement. The 
lower right trace (E) represents the shift in eye position from baseline to a sustained eccentric 
position. Vertical lines represent individual discharges of neurons. Underneath each schema
tized neural (spike) discharge are plots of discharge rate versus time. (Reproduced with permission 

from Leigh RJ, Zee DS. The Neurology of Eye Movements. 3rd ed Concemporary Neurology Series. New York: Oxford 

University Press; 1999.) 

the midbrain. The integration of vertical eye movements to supply the step function that 
controls the eccentric positioning of the eyes is performed at the nearby interstitial nucleus 
of Cajal (INC). (Note that this structure is the homologue to the accessory nucleus of eN 
XII , which performs the integrative fUllction for control of horizontal eye movements.) 
Saccades and gaze holding are also strongly influenced by the cerebellum. 

Saccades can be tested by having the patient rapidly shift gaze between 2 targets, such 
as the extended index fingers of the examiner's outstretched hands, which are held to th e 
left and right of the patient. The latency (d uration from stimulus to movement), accuracy 
(arrival of the eyes on target), velocity, and conjugacy (degree to which the 2 eyes move 
together) of the movements should be monitored. A hypometric saccade is one that fa lls 
short of the intended target; 1-2 small catch-up saccades may be within normal limits. A 
hypermetric saccade is one that overshoots the target. 
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Pursuit System 

The pursuit system perrnits clear vision by maintain ing foveat ion on a movi ng target and 
sim ilarly provides foveal al ignment when a person is moving through his or her environ 
ment. The nellral substrate that controls pu rsuit movements at the cerebral level includes, 
among other areas, the FEF and the middle temporal area (area MT, where neu rons pref
erenti ally respond to the speed and direction of moving stimuli), Ihe medial superior tem
poral area (area MST), and the posterior parietal cortex. (Areas MT and MST are part of 
the dorsa l visual processing stream, which plays an important role in detecting moving vi
sual stimuli ; see Chapter I, Fig 1-26. ) The descending pathways to the pons arise from an 
area at the confluence of the parietal , temporal , and occipital lobes and then pass through 
the posteri or limb of the internal capsule. At the level of the brainstem, the pursuit system 

uses some of the same architecture described for saccades (the medial longitudinal fas
ciculus [MLF] and cranial nerve nuclei, in particular), with the addition of several other 
pontine nuclei. These nuclei project to the cerebellum , where the paraflocculus plays a 
ro le in sli staining pu rsuit movements. 

Pursuit eye movements are tested by haVi ng the patient follow a predictably moving 
target horizontally and then ver tically while the head and body are held in position. It is 
important that the target move relatively slowly, no faster than 30' per second (ie, one third 
the distance from primary position to the far extent of one's temporal visual fi eld). The la

tency to initiate the eye movements and the accuracy offollowing the moving target can be 
assessed . The gain of the eye movements should be I- th at is, the eyes should accurately 
follow the slowly moving stimulus. A low gai n causes the eyes to lag behind the stimulus, 
which typically generates a saccade that allows the eyes to catch up to the stimulus. 

Vergence 

Vergence eye movements drive the eyes in opposite directions to maintain the image of 
an object on the fovea of bo th eyes as the obj ect moves towa rd o r away from the observer. 
Vergence eye movements are driven primarily by a disparity in the relat ive location of im · 
ages on the ret inas. The cerebral structures that drive vergence movements in primates are 
not well understood. Binocularly driven cortical cells are select ively responsive to visual 
position disparity. Brainstem neurons that drive vergence movements are known to be lo
cated in the mesencephalic reticular formation, just dorsal to the third nerve nuclei. Con
vergence is tested with an accommodative target that has enough visual detail to require 
an effort to see it clearly (a penlight should 1101 be used for ocular motor test ing because 
the st imulus is diffuse). Apparent convergence deficiencies may be due to poor patient 
effo rt, which may limit clinical usefuln ess. 

Clinical Disorders of the Ocular Motor Systems 

Ocular Stability Dysfunction 

The stability of ocular fixation may be disrup ted by several types of abnormal eye move
ments known coLlectively as saccadic intrusions (see Chapter 9) . These intrusions are of 
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brief duration, quite rapid. and. in most cases, of smaLl amplitude. The most common 
int rusions are square-wave jerks (SW/s), which lead the eyes off and then back onto the 
target wi th symmetric movements (see the earlier discussion). Infrequent SWJs may be 
seen in normal individuals. especially duri ng smooth pursuit movements and are often 
quite frequent or near-continuous in patients with PSP and certain diseases. 

Square-wave jerks can be distinguished from other types of eye movement abnor
malit ies such as nystagmus by simple clin ical observation. They are composed only of 
fast phases, with no slow phases. Further, SWjs, wh ich can vary in amplitude from OS to 
>50 (the latter being known as macrosquare-wave jerks), are of much smaller amplitude 
than the eye movements of typical pendu lar nystagmus; th e latter are more sustained and 
oscill ate across a fi xation po int, whereas the former move the eye offta one side and then 
back onto fixat ion after a brief intersaccadic interval. See Chapter 9 for further discussion 
of saccadic intrusions. 

Higher-order cognitive fac tors, like those evident in patients with dementing illnesses 
or attention deficit disorder, can confound the determination of whether a true ocular 
motor instabili ty ex ists. Poor attention often leads to poor technical scores on automated 
perimetry, which requires long periods of cognitive focus and attention to a ftxation 
target. 

Vestibular Ocular Dysfunction 

Eye movement abnormalit ies develop from either peripheral or central disruption of ves
tibular act ivity. although peripheral, end-organ di sease of the semicircular canals is by 
far the most common cause (see Vestibular Ocular Reflex for bedside assessment of the 
VO R gain). Patients with vest ibular disease often have nystagmus, the features of which 
are discussed in Chapter 9. Peripheral disease ca n also impair the o toli thic organs, which, 
when disrupted unilatera ll y, may produce skew deviation or an ocular tilt reaction (ie. a 
combined head tilt, skew deviation, and cyciotorsional rotation of the eyes; Fig 7-2). With 
an ocular tilt reaction, both the head tilt and cyclotors ion (u pper poles of both eyes) rotate 
away from the hypertropic eye, which is opposite to the normal compensatory rotation 
that is mediated by the VOR. OtoLithic disturbance may also create a sense that the envi
ronment is til ted. 

Vestibular imbalance is common with les ions of the caudal brainstem (lower pons 
and med ulla) because of disruption to the vestibular nuclei or their intercon nections. One 
of the better known stroke syndromes involving this area is the lateral medullary syn
drome oj Wallenberg. In general , damage to a lateral region of the brainstem disrupts the 
sensory pathways, and therefore the WaLlenberg syndrome is one type of "stroke without 
paralys is" (see Chapter 2, Fig 2-5). Patients present with ipsilateral loss of pain and tem 
perature sensation over the face (involvement of the descendi ng tract of the fifth cranial 
nerve), contralateral loss of pain and temperature ( involvement of the lateral spino tha
lamic tract), ipsilateral cerebellar ataxia (damage to spinocerebellar t racts), ipsilateral 
first-order Horner syndrome, and sometimes the ocu lar tilt react ion. Patients may have 
dysarthria. dysphagia, vertigo, or persistent hiccups; there is no extrem ity weakness. Al
though the lateral medu lla is in the distribution of the posterior inferior cerebellar artery, 
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CD 0) ® 
Ocular tilt reaction Normal upright Apparent tilt 

Figure 7·2 Ocular tilt reaction. The apparent tilt of the environment (2) is compensated for 
131 to achieve the appearance of normal upright orientation 11 J. With the ocular tilt reaction, 
the upper poles of each eye rotate toward the lower ear. (Reproduced wah permission from Kline L. 
Neuro-Ophthalmology Review Manual. 6th ed. Thorofare, NJ: Slack; 2008:71. Modified from Brandt T. Dieterich M. Patho

logical eye-hand coordination in roll: tonic ocular ririe reaction in mesencephalic and medullary lesions. Brain. 1987; 11 O(Pr 3) ' 

64s-866.) 

the syndrome usually resul ts from occlusion of the more proximal vertebral artery. Pa
tients with Wallenberg syndrome may experience lateropulsion, the sensation of being 
pulled to one side, which resul ts from damage to the vestibular nuclei. Patients may also 
manifest ocular lateropulsion; this can be tested by exam ination of horizontal pursuit and 
saccad ic movements, which will reveal a bias that produces hypermetric movements to
ward the side of the lesion and hypometric movements away from the side of the lesion. 
This directional bias also can be seen by noticing that the eyes turn toward the side of the 

lesion after visual fixation is removed for a couple of seconds (by, for instance, having a 
patient close his or her eyes) . 

Although an intact VOR is essential for clear viewing of a stationary object during 
head motion, there are situations when stable foveation depends on the ability to cancel 
or suppress the VOH.. VOH. suppression is important when viewing an object that moves 
with the head. The abi lity to suppress the VOR can be assessed at the bedside by haVing 
the patient fixate on a near card held in his or her outstretched hand wh ile being rotated 
from side to side in a swivel chair (Fig 7-3) . Normal VOR suppression allows the eyes to 

rnaintain fixation on the near card during ro tation without requiring catch -up saccades; 
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B c 
Figure 7-3 Clinical assessment of vestibular ocular reflex suppression. A, The patient is seated 
in a swivel chair, fixating on the letters of a near card held at arm's length. S, If VOR suppres
sion is normal (intact), the eyes maintain fixation on the target as the chair, the patient's head 
and arms, and the card all rota te together as a unit. C. Conversely, if VOR suppression is 
abnormal, the eyes are dragged off the target during rotation due to an inability to cancel the 
VOR. In this example, the chair is rotated to the patient's righ t, and the VOR moves the eyes 
to the patient's left, prompting a rightwa rd saccade to regain the target; this likely indicates 
right cerebellar system pathology. (Illustration by Christine Gralapp.) 

impaired VOR suppression is evidenced by the eyes moving off the target during rotation. 
As directed by the VOR, rotation to the patient's right is met with conjugate eye move
ment to the patient's left , fo llowed by a corrective saccade rightward, back to the target. 
Impaired VOR cancellation implies cerebellar disease and is particularly common in mul 
tiple sclerosis. 

Optokinetic Nystagmus Dysfunction 

Optokinet ic nystagmus represents the combined response of the optokinetic and smooth 
pursuit systems. Separation of the optokinetic contribution from the smooth pursuit COIll 

ponent of the response generall y requires specialized experience or testing equipment. 
Abnormalities of the smooth pursuit or saccadic components, however, can be recognized 
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by using an OKN dHlm. Asymmetry of the drum -induced responses can be found with a 
unilateral lesion of the cerebral pathways that descend from the ipsilateral parietal, middle 
temporal, or medial superior temporal areas to the brainstem ocular motor centers. An 

asymmetry of OKN responses produced by rotating the stripes toward the patient's right 
suggests a lesion in the right cerebrum. Typicall y, relatively large lesions of the parietal or 
parietal-occipital cortex are required to produce drum-induced asymmetries; these le
sions are usually accompanied by a homonymous hemianopia. A lesion confined to the 
occipital lobe (eg, as usually occurs secondary to stroke within the distribution of the 
posterior cerebral artery) also produces a homonymo us hemianopia but will not produce 
OKN asymmetry. Hence, OKN testing can provide clinical inSight into the location and 
extent of a cerebral lesion that produces a homonymous hemianopia. 

Saccadic Dysfunction 

Saccadic disorders may produce abnormal latency to initiate eye movements, abnormal 
speed of eye movements (generally slow), or abnormal accuracy of eye movements (hy
pometria or hypermetria ). The specifi c type of abnormality relates to the pattern of neural 
activity delivered to the ocular motoneurons. A pattern showing a subnormal peak of ac
tivity of the pulse produces slow saccades. A pattern with an inappropriate pulse ampli 
tude produces inaccurate saccades. A drift off an eccentric target is produced by having an 
insufficient step for a given pulse ampli tude. (See Gaze-Evoked Nystagmus in Chapter 9.) 
Saccadic dysfunction may also produce unwanted saccadic intrusions because of faulty sup
pression mechanisms, which may disrupt ocular flXation (see Ocular Stability Dysfunction 
earlier in this chapter and Saccadic intrusions in Chapter 9). 

In some cases, a patient is unable to initiate saccades. Use of the doll's head maneuver 

can demonstrate if this inability is the result of a supranuclear or infranuclear lesion. In 
the case of a supranuclear lesion, the doll's head maneuver can excite the vestibular path
ways to drive the eyes in a manner that could not be initiated volitionally via descending 
pathways from the FEFs to the ocular motor nuclei. In other cases, sacca des are initiated 
only after a prolonged period (ie, prolonged latency). Assessment of saccadic latency must 
take into account the patient's age; a gradual increase in latency may be seen with advanc
ing age. Patients with PSP have slow volitional saccades, especially in the vertical plane, 

but thei r reflexive saccades (those directed to an unanticipated target, like a ball thrown 
toward a patient or the fast phases of OKN) often are initially normal. Other central ner
vous system disorders that cause slow saccades include cerebellar degeneration, Hunting
ton disease, Wilson disease, Whipple disease, and pontine disease. 

Central lesions that alter saccadic speed usually produce slower-than-normal saccades; 
this can also be seen with a variety of peripheral lesions (including nuclear, infranuclear, 
neuromuscular, or restrictive abnormalities), Peripheral lesions almost always produce 
slowed movements that are hypometric. In contrast, slow saccades with normal ampli
tude are typical of central lesions, especially of the cerebral hemispheres or basal ganglia. 
Wherever the location of a central lesion, ultimately slowed saccades result from lack of 
act ivation of the burst neurons or lack of inhibition from the omnipause neurons, both of 
which are in the paramedian pontine reticular formation, Slowness of saccades confined to 
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the horizontal plane suggests pontine disease. Slowness of saccades confined to the vertical 
plane suggests dysfunction of the midbrain. In all these cases, there is typicaUy a prolonged 
latency to initiate the eye movements. 

Hypometric saccades can be seen with peripheral or central lesions. Hypermetric 
saccades are usually the result of disease of the cerebellum or its interconnections. Myas
thenia gravis may produce faster-than-normal ("lightning-like") saccades, although these 
occur only over a reduced range of amplitude. 

The accuracy of saccadic eye movements can be difficu lt to assess in patients with 
significant bilateral visual loss. Patients with large visual field defects (eg, homonymous 
hemianopia and bitemporal hemianopia) typically have difficulty directing their eyes ac
curately toward the abnormal visual field region. In these cases, saccades are essentially 

always hypometric. Repeated attempts to localize targets often result in improved perfor
mance, and thus one must lise caution in describing the presence of hypometric saccades 
in pati ents with signi ficant vislla lloss. 

The most common saccadic dysfunction is the conjugate limitation of upgaze that is 
part of normal aging, characterized by eye movements that have reduced range but nor
mal velocity. Although abnormalities of saccadic function are relatively nonspecific with 
regard to etiology and site of the lesion, there are notable exceptions in which saccadic 
abnormalities provide important cl ues to the diagnosis, These include 

discovery of obViously slowed saccades in a patient with extrapyramidal (ie, Parkin
son -like) disease syndrome with imbalance and impaired cognition, which suggests 

a diagnosis of PSP 
presence of hyper metric saccades, which usually indicates disease of the cerebellum 
or its outflow pathways 
presence of unidirect ional hypermet ric saccades, ocular lateropulsion . and hyper
metric pursuit movements, which are generally seen as part of the lateral medullary 
syndrome of Wallenberg 

Ocular motor apraxia 
One of the most extreme instances of saccad ic dysfunction is the complete inability to 
volition ally initi ate saccades. which is termed ocular motor apraxia, (An apraxia is an 
inability to voluntarily initiate a moveme nt that can be initiated by some other means. 
usually via a reflex, whi ch reveals that a para lys is is not present.) Patients with congenital 

ocular motor apraxia characteristically use horizontal head thrusts past the point of in
terest. employi ng the VOR to move the eyes into extreme contraversio n until foveation 
on th e target is possible; th is is followed by slower head rotation in the opposite direc
tion to pr imary position while the eyes maintain fixation on the target. Nonvolitional 
saccades that occur as a reflex to a moving object or sound and vertical eye movements 
are normal. The location of the lesion that causes congenita l ocular motor apraxia is 
not known but probably is above the brainstem centers that drive volitional saccades, 
Patients may have other neurologic abnormali ties. including delayed development. Also, 
ocular Illotor apraxia is associated with seve ral diseases, including ataxia telangecta
sia, Pelizaeus-Merzbacher disease, Niemann -Pick type C, Gaucher disease, Tay-Sachs 
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disease, Jo ubert syndrome, abetali poproteinemia (vitamin E defi c iency), and Wilson 
disease. 

Acquired ocular motor npraxia results from bilateral lesions of the supranuclear gaze 
pathways of the fro ntal and parietal lobes, usually from bilate ral strokes, often as part of 
an anoxic encephalopathy following cardiac arres t, or post-coronary ar te ry bypass graft 
ing. Patients often blink to break the fixation and then tllrn their head toward a new point 

of interest. Bilate ral lesions at the parieto-occipita l junctio n may impair the gu idance of 
volitional saccades. Such inaccurate saccades, together with inaccurate arm po inting (ie, 
a patient may misdirect his or her hand when attempting to shake yours. despite being 
able to see your hand) and sillluitanagllosia (disordered visual attent ion that makes it di f

ficult for a patient to perceive all the major features of a visual sce ne at once), are known 
as the Balint syndrome; th is syndrome is often associated with cogni tive d ysfunction (see 

Chapter 6) . 

Cogan DC. Congenital ocular molor apraxia. Call J Oplu/w[lIIol. 1966; I (4):253- 260. 

Gaze palsy, gaze preference, and tonic deviations 

Gaze palsy is a term used to ind icate a symmetric limitation of the movements of bo th eyes 
in the same direction ( ie, a conjugate ophthalmo plegia). With a cerebral lesion (supra

nuclear), the te rm gaze preference denotes an acute inability to prod uce gaze contralateral 
to the side of the lesio n and is accompanied by a te ndency for to nic devia tion of the eyes 
towa rd the side of the lesion. In such cases, the doU's head maneuver generates a full range 
of ho rizontal eye movemenls because the infranuclear pathways are intact. Stroke is the 
most commo n etiology for this type of cerebral injury. T he eye movement dysfun ction is 
generally temporary, lasting only days or weeks. Presumably, alternative cerebra l- bulbar 
pathways (perhaps from the parietal lobe) become increas ingly capable of generati ng th e 

saccades. 
In contrast, brainstem les ions that produce a horizontal gaze palsy disrupt eye move

ments toward the side of the lesion (opposite to the pattern seen with lesions of the FE F) 
(Fig 7-4) . W ith po ntine lesions (nuclea r and infranuclear), the fi nal common site for su
pranuclear inputs (fro m volitional, re flex, and vest ibular centers) is damaged , and thus 

the doll's head m aneuver is ineffective in driving the paretic eyes. Bilatera l pontine injury 
ca n abolish aU ho rizontal eye movements. Th is devastating injury sti ll a llows vertical eye 
movements, which often occur spontaneously (ie, ocular bobbillg; see Chapter 9). 

Congenital hori zontal gaze palsy ca n occur as part of the Mobius syndrome, in which 
aplasia of the sixth nerve nuclei is accompanied by bilateral facia l paresis. A gaze palsy 
rather than just an ipsilateral limitation in abduction occurs because the sixth nerve nu
cleus also contains internuclear neurons destined for the contralateral oculomotor nucleus 
(CN Ill ) via the M LF. 

Vertical gaze palsies can manifest as sel ective limitation of upgaze or downgaze. In 
e ither case, the les ion is usua lly in the midbrain . Limitat ion o f conjugate upgaze occurs 
with damage to the pretectum, an isthmus between the superior collicu li and the thala
mus. Supranuclea r fi bers decussate th rough the pre tectu m as they pass to the riM LF, the 
midbrain structure that functions as the saccadic generator fo r vertical eye movements 
(and thus is the homologue for the pa ramedian pontine re ticular format io n for horizontal 



CHAPTER 7, The Patient With Supranuclea r Di sorders of Ocula r Motility . 211 

Figure 7·4 Cranial computed tomographic scan of an 82-year-old woman who developed an 
infarct on the right side of her pons. This infarct, which appears as a low-density lesion that 
extends to the midline (arrow), damaged the paramedian pontine reticular formation and pro
duced a conjugate gaze palsy to the right. The patient also had a hemiplegia on the left be
cause the lesion extended to the ventral aspect of the pons and damaged the descending 
corticospinal tract, which decussates farther down the neuraxis. (Counesy of Ene Eggenberger. 00.) 

saccades). The dorsal midbrain syndrome (also known as the pretectal or Parinaud syn
drom e; Fig 7-5) includes 

conjugate limitatio n of vertical gaze (usually upgaze) 
co-contraction of extraocular muscles, which causes ret ract ion and convergence of 
the globes (convergence retraction nystagmus) 

mid -d ilated pupils with light- near dissociat ion 
retraction of the lids in primary posit ion (Col/ier sign) 
skew deviation 
disruption of convergence (convergence spasm or convergence palsy) 
increased square ~wave jerks 

This syndrome often includes on ly a subset of these signs, although the limitat ion of con
jugate upgaze is the most common feature. Common etiologies of the dorsal midbrajn 
syndrome include mass lesions (especially pineal -based tumors), hydrocephalus, multiple 
sclerosis, and stroke. 

The pretectum is the terminal structure supplied by the arteries of Percheron (sma ll 
penetrating arteries that arise from the area around the top of the basil ar artery; see 
Chapter I). Stenos is at the origin of these vessels, di sease of the more proxim al bas ilar 

artery, and entrapme nt of emboli can all compromise now th rough these vessels. Em 
boli that lodge at the top of the basilar arte ry can produce efferent and afferent neuro
ophthalm iC problems. 

Deviat ion of the eyes may occur with seizures involving any cerebral lobe. Most nota~ 
bly, a lesion of the FEF that causes excess neural activity, li ke a focal seizure, will drive the 
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A 

Figure 7-5 A, A patient with a germinoma 
pressing on the pre tectum shows a poor 
pupillary light reaction . B, The near reaction 
of the pupi ls is good . C, Attempted upgaze 
is poorly done. D, M agnetic resonance scan 
showing compression of the dorsal midbrain 
region (arrowhead) by a germinoma (arrow) 
arising from the pineal gland . (Parts A-C used 

with permission from Albert OM Jakobiec FA Principles 

and Practice of Ophthalmology. Philadelphia: Saunders; 
1994:2476 Part 0 courtesy of Eric Eggenberger. DO.} 

eyes contrala terally during the period of the seizure. The head also may turn contralateral 
to the seizure focus during the ictus. In the post-ictal state, when there may be lingering 
hypoactivity of the FEF neurons, the eyes may deviate ipsilateral to the side of the lesion 
because of a relative in crease in input from the unaffec ted FEF on the opposite side of the 
brain. 

Transient and conjugate downward or upward ocular deviation may occur in healthy 
newborns. In these cases , vert ical doll's head maneuver can move the eyes out of thei r ton
ica lly held position. Tonic down gaze in premature newborns. however. can be associated 
with serio lls neurologic disease, especial ly when intraventricular hemorrhage expa nds the 
third ventr icl e and impacts o n the pretectum. The tonic deviation of the eyes, cornbined 
with retraction of the eyelids, is known as the setting sun sign; it is primarily seen in chil 
dren as part of dorsal midbrain syndrome (Parinaud syndrome). Conjugate paresis of up
gaze is an associated finding, and in these cases, the doll's head maneuver cannot induce 
upward movements of the eyes. 

Oculogyric crisis is a tonic upward deviation, sometimes directed toward the right 
or left , that does not disrupt a patient's abili ty to move th e eyes within the involved area. 
Patients find it difficult to direct their eyes downward. This disorder primarily is seen 
as an idiosyncrat ic reaction to neuroleptic drugs, especially the higher-potency antipsy
chotic drugs like haloperidol and fluphenazi ne (Prolixin), which are strong dopaminergic
blocking agents. Thesedrugs alter the supranuclear influences o nto the ocular motoneurons 
and thus create a tonic deviation of the eyes. The crisis may persist for hours if not treated. 
In the early 1900s, patients with postencephalitis parkinsonism often developed ocu lo
gyric crisis, but this syndrome is no longer seen. Very occasionally, patients with Wilson 
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disease may develop an oculogyric crisis. Anticholinergic drugs (such as prochlorpera
zinc) promptly stop the eye deviation. 

Benjami n S. Oculogyric crisis. In: Joseph AB, YOllng RR, eds. Movement Disorders ill Neurology 
and Neuropsychia try. 2nd ed . Malden, MA: Blackwell Science; 1999:chap 14. 

Caplan LR. "Top of the basilar" syndrome. Neurology. 1980;30(1 ):72-79. 

Keane JR. The pretectal syndrome: 206 patients. Neurology. 1990;40(4):684-690. 

Pursuit Dysfunction 

Two main types of pursui t abnormalities occu r: low gain and poor init iation. Th e form er 
is more common because it is com mo nly seen in older patients without any definable 
neurologic problem or secondary to a wide range of medications. The subnorm al gain 
results in eye movements that trail behind the ta rget (ie, the motor output is not com

mensurate with the speed of the moving ta rget) , which prompts catch-up saccades to 
maintain visual fixat ion. (This combination of too-slow pursuit movements with inter
posed saccades is often referred to as cogwheel, or saccadic, pursuit.) Subnormal ga in of 
pursu it eye movements is also common in patients with Parkinson d isease and PSP. De
ficie nt abili ty to ini t iate smooth pursui t eye movements is seen with relat ively large lat 
era li zing lesions of the posterio r hemisphere o r frontal lobes, o r their underlying white 
matter. In such cases, the pursui t defi cit is to the side of the lesion (this can be observed 
with the O KN drum). Pu rsuit movements are often poor or absent when made into a 

blind hemifield . Smooth pursuit defi cits are usually found in both horizontal and verti 
cal planes, although the vertica l plane may be selectively involved in patients who have 
bil ateral internuclea r ophthalmoplegia or PSP. Generation of normal smooth pursuit eye 
movements depends on an adequate effort by the patient and sometimes will improve if 
more time is taken to assess this capabil ity (ie, if the pat ient can qu ickly learn to match 
the eye movements to a par ticular speed of a moving target. such as an outstretched 
finger). The smooth ness of pu rsuit eye movements declines with age (especially over 

age 60). 

Vergence Disorders 

Co nvergence disorders are common; however, bedside examination can be challenging be
cause convergence depends heavily on patient effort . These disorders most com monly are 
classified as convergence insufficiency, convergence spasm. o r divergence insufficiency. 

Convergence insufficiency 

Many neurologic conditions are associated wi th im paired convergence, most no tably ex
trapyrarnidal disorders such as Parkinson disease and PSP. Lesions of the pretecta l area 
may also be associated with convergence insufficiency; however, such lesions are typically 
accompanied by other features of the dorsal midbrain synd rome. Lesions of the midbrai n 
(withi n the mesencephalic ret icular form ation and just dorsal to the third nerve nuclei) 

may cause convergence insufficiency with normal th Lrd nerve function . Closed -head 
trauma may also nonspecifically produce convergence insufficiency. 
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Convergence spasm 

An excess of convergence tone is most typically seen in younger patients who have an 
inborn abnormality of convergence (that is, a high accommodative convergence to ac
commodation [ACtA] ratio, which produces an excessive amount of convergence for a 
given amount of accommodation) that man ifests as an early-onset esotropia (see BeSe 
Section 6, Pediatric Ophthalmology and Strabismus). Isolated bouts of convergence spasm 
are usually not related to organic disease. However, convergence spasm associated with 
other abnormalities, especially convergence retraction nystagmus and reduced conjugate 
upgaze (as in the dorsal midbrain syndrome), indicates organic neurologic irnpairment. 
Acquired convergence spasm also can be seen in patients with lesions at the junction 
of the diencephalon and mesencephalon (eg, thalamic esotropia due to thalamic hemor
rhage) and lower brainstem and cerebellar disorders in association with other signs and 

symptoms related to lesion location (eg, Wernicke encephalopathy, Arnold-Chiari mal
formation, multiple sclerosis). 

Divergence insufficiency 

Divergence insufficiency is an acquired disorder that produces com itant esodeviat ion that 
is greater at distance than at near. This disorder is usually benign, but it can be confused 
with bilateral sixth nerve palsy, although the latter is associated with abnormal speed and 
ampli tude of abducting saccades. Divergence paralysis also may occur as an incipient 
manifestation of a unilateral sixth nerve palsy or appear in the resolving phase of a sixth 
nerve palsy; it has also been reported in association wi th altered intracranial pressure, 
midbrain tumors, crani ocervical junction lesions, or spinocerebellar ataxia. Therefore, 
divergence paralys is should prompt the same evaluation as for a bilateral or chronic uni

lateral sixth nerve palsy, including neuroimagi ng. 



CHAPTER 8 
The Patient With Diplopia 

Diplopia is oneofthe 111 05t (0111111 0 11 reasons why patients seek ophthalmic care. Substantial 
insight into the nature of diplopia can be gained from a se ries of important questions: 

Does the double vision resolve when I eye is covered (monocular vs binocular 

diplopia)? 
Is the double vision the same in all fields of gaze (cOInitallt) or does it vary with gaze 
direction (inco mitant)? 
Is the double vision horizontal, vertical , or oblique? 
To what extent is diplopia constant , intermittent, or variable? 

Histor 

Patients who develop an ocular misalignment may report double vision or may simply 
report "blurred vision," The cause of blurred vision can often be inferred to resu lt from 
ocul ar misalignment (ie, diplopia) if closing 1 eye eliminates the visual disturbance ("bin
ocular blur"). In contrast. monocular diplopia is usually optical but can occasionall y be 

confused with metamorphopsia secondary to a maculopathy. 
It is often helpfu l to determ ine if double vision is more bothersome at distance or at 

near or in a particular position of gaze. A history of head or eye pain, numbness, eye or 
eyelid swell ing or red ness, or other neurologic symptoms provides clues about possible or
bital, cavernous sinus, or cent ral nervous system causes for diplopia. A history of trauma, 
thyroid disease, or generalized weakness is also helpful in considering a differentia l diag
nosis for diplopia. 

Ph sical Examination 

The ability to maintain alignment of the visual axes depends on the coordination of move
ment of both eyes. External exa mination may reveal obvious clues of the etiology, es
pecially if proptosis or ocular redness is present. The movement of the eyes should be 
assessed individually (d IlCtiolls) and together (versions). Eye movement should also be 
assessed in all positions of gaze, with a comparison made at each point between nea r and 
far fixation. 

One goal of the physical examination is to establish whether ocu lar misalignment is 
comitant or incomitant. The former is a feature often present in congenital strabismus, 

215 
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whereas the latter is evidence of an acquired disorder. Assessment of an ocular misa lign
ment is made by a sequential screening strategy. Abnormal ductions can often be recog
nized by gross observation, but in most cases. the alternating cross-cover test (including 
measurement of the amollnt of misalignment). performed at all 9 cardinal positions of 
gaze. is used to define whether an ocular m isalignment is com itant or incomitant. 

With a cooperative patient, subtle cases of strabismlls may be revealed by using a red 
Maddox rod, which contains a series of parallel cylinders. When viewing a light sou rce 
through the Maddox rod, a patient sees a line that is perpendicular to the o rientat ion of 
the cylinders. Traditionally, a red Maddox rod is placed in front of the right eye, produc
ing a red line, while the left eye views the fixation light. Viewing such disparate images 
often makes it easier for patients to appreciate the misalignment of the visual axes. A red 

glass can also be used , but this produces a large and somewhat diffuse red light, which 
frequentl y makes it mo re difficult for the patient to perceive misalignment of the images. 
Because these tests dissociate the 2 eyes, patients who have a phoria may report misalign
ment of the visual axes. It is therefore often useful to combine the subjective results of 
Maddox rod testing with the more objective results of the alternatin g cross-cover test. 
paying attention to the pattern of misalignment in a ll 9 positions of gaze. Nevertheless. 
Maddox rod testing is a sensitive method of obtaini ng quanti tative in formatio n about the 

degree and pattern of ocular misalignment (Fig 8- 1). 
The double Maddox rod test helps quantify the degree of torsio nal misalignment. 

Usually, a red Maddox rod is placed in front of the right eye and a white Maddox rod 
in front of the left. When both rods are aligned vert icall y, the pat ient perceives 2 hori 
zontallines of light (red line, right eye; white line, left eye) and can judge if the lines are 
parallel or if I line is tilted with respect to the other. In the latter case, the Maddox rod is 
then rotated in the appropriate direction to quantify th e amount of torsionalmisalign 
ment (Fig 8-2). Discovery of a torsional component to diplopia is not uncommon with 

Figure 8-1 Maddox rod with the ridges held 
vertically causes the patient to see a hori
zontal line. In this particular case, the light 
seen by the left eye is under the line, indi
cating a left hyperdeviation increasing on 
down right gaze. This finding is compatible 
with a left superior oblique dysfunction or 
left fourth nerve palsy. 

o 

o 

o 

---0-- ---0--

o o 

o o 



CHAPTER 8, The Patient With Diplopia. 217 

Patient's View 

A Left Right 

Patient's View 

B Left Right 

Figure 8-2 A, Double Maddox rod test for excyclotorsion . A red Maddox rod (left) is placed in 
front of the right eye and a white Maddox rod in front of the left. A patient with vert ica l diplopia 
sees the red line below the white line, indicating a right hypertropia. S, W ith cyclotorsion, the 
2 lines are not parallel. The red Maddox rod is then rotated until the 2 lines appear paralle l. 
The degree of rotation required (in th is case about 12°) to make the lines parallel quantitates 
the amount of excyclotorsion. {Used with permission from Klme LB, 8ajandas FJ. Neuro-Ophlhalmology Review 

Manual. Rev. 5th ed. Thorofare, NJ: Slack; 2004. Originally modified from Van Noorden GK. Atlas of Strabismus. 4th ed. 

Sf Louis: Mosby; 19B3.} 
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dysfunction of the vertically acting extraocu lar muscles, particularly the superior oblique 
with a fourth nerve palsy. 

A qualitative method for detect ing relative cyclotropia lI ses a metal pointer o r other 
straight line. A vert ical prism is placed over I eye to dissociate the pointer such tha t 2 ver
tically d isplaced lines are visible; then the patient is asked if the 2 lines are parallel (" like 
railroad tracks") or if they converge to I side. A four th nerve palsy is typically associated 
with convergence of the lines toward the side of the palsy. 

Clues to th e presence of ocu lar deviation may be provided by a consistent head tilt or 
head turn on exa mination. Evidence regarding chron icity may exist in old photographs 
(like that found on a driver's license). 

Monocular Diplopia 

Monocular optical aberrations may be described as producing distorted or double vis ion. 
Monocular diplopia usually resu lts from abnormalities of the refractive media (high astig
matism; corneal irregularity, including keratoconus; and lens opacities) and typically re
solves with a pinhole. Less commonly, monocular diplopia results from retinal pathology 
(eg, mac ulopathy with distortion of the retina because of fluid, hemorrhage, or fibrosis); 
cerebral diplopia or polyopia is extremely rare. In contrast to monocular diplopia, bin
ocu lar diplopia can be relieved by closing either eye, because the diplopia results from 
misalignment of the visual axes. Occasionall y. both monocular and binocular causes of 
diplopia may be present in the same patient. The demonstration of monocular diplopia 
effectively obviates the need for a neurologic workup to explain the cause of the diplopia. 

Differentiating Paretic From Restrictive Etiologies of Diplopia 

Restriction of eye movements should be strongly considered in patients with a hi story 
of orbital trauma, eye surgery, or evidence of orbital pathology such as enophthalmos or 
proptosis. Thyroid eye disease and orbital trauma are the most common causes of restric
tive disease; these pat ients typically have associated orbital signs and symptoms. Patients 
may have both neural and restrictive components. especially following trauma. 

Paretic and restrict ive syndromes can be distinguished by the forced duetion test 
(Fig 8-3) . A restrictive process produces a mechanical limitation of the range of eye move
ments that can often be fel t by an examiner when forceps or a cotton swab is lIsed to 
advance the limited eye movement. Chronic neural lesions may also. rarely. cause me
chanicallimitation. This occurs, for example. with a sixth nerve palsy that has been pres
ent for many years and is associated with a large-angle esodeviation; over time, the medial 
rectus may become "tight" (ie, restricted) and limit abduction of the eye. 

Ocular restric tion, particularly from thyrOid eye disease, can also be judged by mea
suring intraocular pressure in primary position and in eccentric gaze. An in crease of 
;:::5 mm Hg of intraocular pressure in upgaze raises the possibility that this eye movement 
is being mechanically restricted by a "tight" inferior rectus muscle. 
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Figure 8·3 Forced duct ion testing . Before the eye is grasped with forceps, topical propara
caine drops are applied to the eye and held over the limbal region with a cotton tip for 1-2 min
utes. This patient has a left esotropia and limited abduction. The conjunctiva is grasped with 
toothed forceps and the globe passive ly rotated in the direction of limited abduction to assess 
for restriction of the eye movement. (Used with permiSSion from Yanoff M, Duker JS. eds. Ophthalmology. 

2nd ed. Sf Louis: Mosby; 2004:569. fig 70-72.) 

Comitant and Incomitant Deviations 

Comitant misalignment is charac teristically found in pat ients with congenital o r early
onset strabismus. These patients typically do not report d iplopia because of suppression, 
an adaptation that reduces the responsiveness of the visual neurons in the occipital cortex 
to the input from 1 eye. Suppression is often associated with amblyopia but may occur 
in patients with normal acuity in both eyes, especially in patients with an alternating ex
odeviation. Patients with a history of chi ldhood strabismus may develop diplopia later 
in life, when the degree of ocular mi salignrnent changes. Patients with a long-standing 

exophoria, fo r example, may develop horizontal diplopia in their fifth decade of life when 
accom modation and convergence capacit ies wane. 

Conversely, a long-standing incom itant deviation may become comitant with the pas
sage of tim e. Th is "spread of comitance" is related to a gradual resetting of the innervation 
to yoke muscles of each eye. This apparent violat ion of Hering's law, which is probably me
diated at a cerebellar level, produces an adjustment of the gain of the neural input Signal 
to individual extraocular muscles. Spread of com itance may occur with either a restrictive 
or paret ic incomitant deviatio n, especially with a fourth nerve palsy. 

Incomitant strabismus is most frequently acquired and usually causes diplopia 
(Fig 8-4). If the deviat ion is very small , fusional amplitudes may eliminate the diplopia. 
Relatively small misalignments may produce blurred vis ion rather than an obvious per
ception of 2 images. Patients with subnormal acuity may no t recognize diplopia or may 
have difficulty providing details of how the visual precept changes in various posit ions of 
gaze. incomitant deviations that are congenital, such as overact ion of the in ferior oblique 

muscles. typically do not cause diplopia, even when the st rabismus is quite obviolls. One 
generally cannot d istinguish with confidence by gross observation alone whether subnor
mal ductions are secondary to a nell ra l o r to a res trict ive process. 
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Figure 8-4 Left sixth cranial nerve palsy_ A, In right gaze, the eyes are aligned. B, In straig ht
ahead gaze, the left eye is inward ly deviated. C, In left gaze, the left eye does not abduct, 
causing a marked misa lignment of the eyes. (Used with permission from Trobe JO. The Physician 's Guide 

to Eye Care. 3rd ed. San Francisco' American Academy of Ophthalmology, 2006.1 18, Image courtesy of WK. Kellogg 

Eye Center, University of Michigan.) 

localization 

The clinician should attempt to loca li ze the site of neural damage that produces an eye 

movement disorder. This localization will dictate patient evaluation , including imaging 
modality and differential diagnosis. Initially, conceptualize the anatomical pathway of 
the cranial nerve or nerves that are assumed to be involved (Fig 8-5). This "wiring dia
gram" concept takes into account supranuclear, internuclear, nuclear, and ocular motor 
nerve fascicles within the brainstem, which then traverse the subarachnoid space, cav
ernOllS sinus, sllperior orbital fissure, and orbit, ending in the neuromuscu lar junction 
of the extraocular muscle. In general, a lesion that involves the ocular motor cranial 
nerves within the brainstem typically damages other st ructures, such as a "long tract" 

(eg, the cort icosp inal and spinothalamic pathways), which produces deficits other than 
ophthalmoparesis. Current neuroimaging has revealed cases of clinically isolated (ie, no 
other clinically evident problems can be detected) sixth or third nerve palsy produced 
by a central lesion, such as a sma ll st roke or a demyelinating plaque, In general, how
ever, such isolated cranial neuropathies are the exception and not the rule for centra l 
lesions. 

Methods for localiZing lesions when the "wiring diagram" approach is not applicable 
include "common denominators" (structures the involved cranial nerves have in com 
mon, such as dura in meningeal-based diseases) and "pattern recognition" (eg, the Wer

nicke triad of ophthalmoplegia, ataxia, and mental status change is often more useful than 
anatomical localization of periaqueductal anatomy). In general, the more specific patterns 
of ocular misalignment concern nuclear, infranuclear, and internuclear dysfunction, but 
the clinician should always keep in mind potential mimics, including restrictive/myo
pathic and neuromuscular junction dysfunction (eg, myasthenia graviS). 

Supranuclear Causes of Diplopia 

The supranuclear pathway for eye movement control includes any afferent input to the oc
ular motor nerves (CNs Ill , IV, VI). The most important supranudear pathways are those 
that drive volitional eye movement- that is, the corticobulbar pathways that are used, for 
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Figure 8-5 Anatomical substrate for localizing lesions of the in franuclear ocular motor path
ways. This is a lateral view of eNs III , IV, and VI from the brainstem nuclei to the orbit. A 
sequential consideration of these pathways could begin either wi th in the brainstem or within 
the orbit. The cranial nerve segments within the brainstem are often referred to as being "in
tramedullary." The subarachnoid space Jies between the brainstem and cavernous sinus. The 
third nerve exits the midbrain anteriorly. crosses near the junction of the internal carotid and 
posterior communicating artery in the subarachnoid space, and enters the cavernous sinus, 
where it runs in the lateral wall. The fourth nerve eXits the midbrain posteriorly and crosses 
to the opposite side: it then courses through the subarachnoid space and into the cavernous 
sinus. The sixth nerve exits the pons anteriorly, ascends along the clivus, crosses the petrous 
apex, and passes below the petroclinoid ligament to enter the cavernous sinus, where it runs 
between the lateral wall and the carotid artery. (Used with permiSSIon from Yanoff M. Duker JS. eds. Oph
thalmology. 2nd ed. St LoUls_ Mosby. 2004 1324. fIg 199·/) 

example, to follow the command "Look to the right"-and the vestibular input to adjust 
the relative position of the eyes within the head. The vestibular input not only alters eye 
movements with respect to movements of the body but also changes the eye movements 
depending on the posit ion of the head when the eye movement is initiated. For instance, 
if you were to initiate saccades to look at someone who was 45° to your right, the distance 
you r eyes would have to move would depend on whether you were looking straight ahead 
or in some other direction. The distance of the horizontal eye movement is controlled by 
the selection of particular populations of neurons in the paramedian pontine reticular 
formation (PPRF). The vestibular system analyzes the relative position of your head and 
the direction of the intended visual target and makes the correct choice of wh ich neurons 
to activate to drive the saccadic eye movements. 

Typically, disruption of supranuclear pathways symmetrically limits the movements 
of both eyes. Hence, patients usually do not experience diplopia, An example of a supra
nuclear disruption of eye movements is seen in patients with dorsal midbrain syndrome 
in which neither eye is able to look upward (conjugate limitation of upgaze). However, 
ce rta in supranuclear lesions can also produce misalignment and diplopia (Table 8-l). 
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Table 8-1 Supranuclear Ocular Motor Lesions That Produce Strabismus and 
Diplopia 

Skew Deviation 

Skew deviation 
Alternat ing skew deviation 
Ocu lar tilt reaction 
Thalamic esodeviation 
Convergence insufficiency or spasm 
Divergence insufficiency 

Skew deviation is an acquired vertical misalignment of the eyes resulting from asymmet
ric disruption of supranuclear input from the otoli thic organs (the utricle and saccule of 
the inner ear, both of which contain otoliths, which are tiny calci um carbonate crystals), 
These organs sense linear motion and static tilt of the head via gravity and transmit infor
mation to the vertically act ing ocular l11otoneurons, as well as to the interstitial nucleus of 

Cajal (INC), all of which are in the midbrain. 
Both peripheral and central les io ns can produce skew deviation. Centra l causes of 

skew deviation are more common and can occur anywhere within the posterior fossa 
(brai nstem and cerebellum). Skew deviation can be com itant or incom itant , and tor
sional abnormalities may be present. At times it may be difficult to distinguish some 
presentations of skew deviation from a fou rth nerve palsy, and proper lise of the Parks
Bielschowsky 3-step test (discussed later in the chapter) is essential. Skew deviation often 
produces diplopia and is an impo rtant exception to the general rule that supranuclear 

les ions do not produce double vision. 
An alternating skew deviation on lateral gaze usually mani fests as hypertropia of the 

abducting eye (ie, right hypertropia on right gaze) that switches when gaze is directed 
to the opposite side (ie, becomes left hypertropia on left gaze). Respons ible lesions are 
located in the cerebellum, cervicomed ullary junction, o r dorsal midbrain. This disorder 

must be disti nguished from bilateral fo urth nerve palsies, which di ffe r in that th ey pro
duce a hyperdeviation that increases on gaze to the opposite side (eg, right hypertropia is 
larger on gaze to the left), in addition to excyciotropia. 

Ocular tilt reaction is a combination of a head tilt, skew deviation, and cyclotorsional 
abnormalities of both eyes that can occur in tonic or, rarely, in paroxysmal fas hion. This 
syndrome typically develops because of loss of otolithic input to the INC from a central 
lesion, which may be in the medulla, pons, or midbrain. Such a lesion can alter one's sense 
of true vertical, which in turn drives the head and rotates the eyes toward the same side in 

a compensatory response to correct to true vert ical (see Chapter 7, Fig 7-1). 
With an ocular tilt reaction, if the head is tilted to the left, the right eye is hypertropic, 

and the upper poles of both eyes rotate toward the lower ear. The opposite response of 
the eyes is present if the head tilt is to the right. The changes in head and eye position 
of an ocular tilt reaction should be distinguished fro m those of a normal response of 
head tilting as well as from those of a fourth nerve palsy; the normal ocular reflexes in 
duced by tilting the head cause both eyes to rotate toward the higher ear (counterrolling), 
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whereas the ocular tilt reaction causes the opposite response. With a fourth nerve palsy, 
the compensatory head tilt is typically contralateral to the side of the hypertropia (s imilar 
to ocular tilt reaction) , but the higher eye is extorted-oppos ite the pattern of an ocular 
tilt react ion . Thus, in establishing the diagnos is of ocu lar til t reaction, one mllst attend to 

both head position and ocu lar cyclotorsion. 
Periodic alternat ing skew is a rare disorder producing alternati ng hypert ropia, typi

cally wi th a 30-60 second periodicity, indicative of a midbrain lesion. 

Donahue SP, Lavin PJ, Hamed LM. Tonic ocular tilt reaction Simulating a superior obl ique 

palsy: diagnosti c confusion with the 3-step tesl. Arch Ophtha/mol. 1999; 117(3) :347-352. 

Thalamic Esodeviation 

Thalamic esodel'iatiorl is an acqu ired horizontal strabismus that may be seen in patients 
with lesions near the juncti on of the diencephalon and midbrain, most often thalan1ic 
hemorrhage. The esodeviation may develop insidiollsly or acutely and, in the case of ex
panding tumors, may be progressive. It is especiaLly important to consider the possibility 
of a central nervous system lesio n in children who are being evaluated for strabismus 

surgery. 

Vergence Dysfunction 

See Vergence Disorders in Chapter 7. 

Nuclear Causes of Oi 10 ia 

The third nerve nucleus is actually a nuclear complex that contains subnuclei for 4 ex
traocular muscles (superior, inferior, and medial rect i, and in ferio r oblique), a Single sub
nucleus for the levator palpebrae muscles (centra l caudal nucleus), and paired subnuclei 
fo r the pupillary const rictor muscles (Edinger- Westphal nuclei) (see Chapter I). Because 
the single centra l caudal nucleus controls both levator palpebrae muscles, and the supe
rior rectus fascicles decussate just after emerging from the ir subnuclei, lesions of the third 
nerve nuclea r complex affect (p tosis) o r spare the eyelids and may bilaterally affect the 
superior rectus muscles. Injury to the third nerve nuclear complex is uncommo n but may 

occur secondary to reduced perfuSion through a small , paramedian-penetrating blood 
vessel. causing un ilateral damage to 1 nuclear complex; such lesions are often asymmetric 
and affect the oculomotor nerve fascicle o n o ne side in addition to the nucleus. 

Intraparenchymalles ions o f the fourth crania l nerve (either nuclear or intra-axia l) are 
rare, given the relat ively sho rt cou rse of this nerve within the brainstem. A lesion of the 
trochlear nucleus is clinica lly identical to a fascicular les ion. Microvascular or in flamma
tory lesions may nonetheless involve the central course of the fourth nerve. On occasion, 
a fourth nerve palsy may be accompan ied by a contralateral Horner syndrome (first-order 

neuron lesion) because of the proximity of the descending sympathetiC pathway. 
A selective les ion of the sixth nerve nucleus causes a horizontal gaze palsy and not an 

isolated abduction paresiS in I eye, and thus patients may not experience diplopia. This 
situatio n arises because the sixth nerve nucleus contains 2 populations of neurons: those 
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that innervate (I) the ipsilateral lateral rectus muscle and (2) the in ternuclear motoneu

rons, which travel via the medial longitudinal fasciculus to innervate the contralateral 
medial rectus subnucleus of the oculomotor nuclear complex. 

Internuclear Causes of Diplopia 

In the context of eye movement control, an "internuclear" lesion is one that disrupts the 
medial longitudinal fasciculus (MLF), a bundle of fibers that connect the sixth nerve nu 

cleus on one side of the pons to the medial rectus subnucleus (of the third nerve) on the 

contralateral side of the midbrain (see Chapter I , Fig 1-29). This type of lesion produces 

an internuclear ophthalmoplegia (INO). 
The cardinal feature of a unilateral INO is slowed adducting saccadic velocity in 

1 eye. This limitation is usually associated with nystagmus of the abducting eye. The 

eye with the slowed adduction may have limited or a full range of adducting move

ment (Fig 8-6). Convergence may be spa red or di srupted. A skew deviat ion , ofte n with 

a hyperdeviation ipsilateral to the lesion , may be prese nt. By convention, the I NO is 

named for the side of limited adduction. That is, a right INO is one that limits adduc

tion of the right eye secondary to a lesion of the MLF on the right side of the brainsteI11. 

Although patients with INO may report ho rizontal diplopia, they may also experience 

vertical -obli que diplopia due to an associated skew deviat ion, episodi c diplopia related 

to head-eye movem ents if the lesion is partial. or difficu lty tracking fast-moving objects 
(especially, for instance, when playing tennis) because of the mismatch in saccadic veloc
ity between the eyes. 

A bilateral INO produces bilateral adduction lag, bi lateral abducting nystagmus, and 

vertical, gaze-evoked nystagmus that is best appreciated in upgaze. This nystagmus is due 

A 

B 
Figure 8-6 Left internuclear ophthalmoplegia. A, This 35-year-old woman had slowed adduc
tion of the left eye and an increasing exodeviation on gaze right. B, T2-weighted (left! and T2'
weighted (right! axial MRls demonstrate signal abnormality (arrows) in the left MLF within the 
midbrain. (Part A courtesy of Sleven A Newman, MD; part B courtesy of Joel Cure. MD.) 
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to disruption of vertical vest ibular pursuit and gaze-holding commands, which ascend 
from the vestibular nuclei through the MLF. A large-angle exodeviation may occur in bi 
laterall NO (ie, the "wall-eyed" bilaterall NO, or WEBlNO, syndrome) and is often caused 
by a midbrain lesion near the third nerve nuclei; Fig 8-7). 

Davis SL, Frohman Te, Crandall CG, et al. Modeling Uhthoff's phenomenon in MS patients 
with internuclear ophthalmoparesis. Neurology. 2008;70( 13 pt 2): I 098- 11 06. 

McGettrick P, Eustace P. The W.E.B.I.N.O. syndrome. Neuro-Ophthalmo!ogy. 1985;5(2): 
109- 115. 

Mills DA, Frohman Te, Davis SL, et al. Break in binocu lar fusion during head turning in MS 
patients wi th [NO. Nellrology. 2008;7 1 (6):458- 460. 

The two most common causes of INO are demyeli nation and stroke. In adolescents 
and younger adul ts, INO is typically caused by demyelination. In older adults, microvas
cular disease is the most coml11on cause. Myasthenia gravis can produce pseudo-INO; this 
scenario usually lacks the vertical gaze-evoked nystagmus of a true INO and is often ac
companied by myasthen ic eyelid signs. The adduction paresis of myasthenic pseudo-INO 
may tranSiently resolve fo llowing IV edrophonium (Tensilon test) and typically responds 
to app ropriate system ic therapy. 

One-and-a-Half Syndrome 

The olle-and-a-half syndrome shares the features of a uniiaterall NO, plus it shows ipsilat
eral horizontal gaze palsy to the same side as the lesion (Fig 8-8). This syndrome is caused 
by a pontine abnormality that is large enough to involve the MLF and the PPRF (or the 

Figure 8-7 W EBINO syndrome. Exotropia in primary position (top) associated w ith impaired 
adduction of both the left (middle) and right (bottom) eyes. (Courtesy of Lannmg B. Klme, MD.) 
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Figure 8-8 One-and-a-half syndrome. This 15-year-old patient had a brainstem glioma that 
caused a gaze palsy to the left (right photograph) and a left internuclear ophthalmoplegia levi
dent here as incomplete adduction of the left eye on gaze to the right: left photograph). The 
only horizontal eye movement was abduction of the right eye. (Courtesy of Steven A. Newman, MDJ 

sixth nerve nucleus) on the same side of the brainstem. The only remaining horizontal eye 
movement is abduction of the eye contralateral to the lesion (hori zo ntal eye movements 
are lost in 1 eye, whereas they are "hal f" los t in the fellow eye, hence the name); vertical 
gaze is preserved. A lesio n produci ng the o ne-and-a-half synd rome but also involVing the 
intra-ax ial po rt io n o f the facial nerve is termed the eight-and-a-half syndrome (7 + 1.5 = 
8.5) ; fam ilia rity with brainstem anatomy allows accurate localization of the various syn
dromic combinat ions. Stroke is the most commo n cause of this d isorder. 

Espinosa PS. Teaching Neu rohn age: one-and-a-half syndrome. Nell rology. 2008;70(S) :e20. 

Froh man TC, Ga letta S, Fox R, et al. Pearls & Oy-sters: the medial longitudi nal fasc iculus in 

ocular motor phys iology. Neurology. 2008;70( 17):eS7-e67. 

Wa ll M, Wray SH. The one-and-a-hal f syndrome- a unilateral d isorder of the ponti ne tegmen

tum: a study of20 cases and review of the lit era ture. Neurology. 1983;33(8):97 1- 980. 

Infranuclear Causes of Oi 10 ia 

Intra-axial (fascicu lar) ocular motor nerve palsies are due to lesions o rt he nerve d istal to its 
nucleus bu t withi n the confines of the brainstern . Brainstem lesion s tend to impact many 
structures and therefore produce mul tip le defi c its, which allows accurate topographi c ID
ealizat ion of the lesion. At the level of the midbrain , int ra-axial lesio ns can damage either 
the th ird o r fourth nerve. Intra-axial involvement of the fascicle o f the third nerve can 
prod uce I of 4 synd romes, each of which causes an ipsilateral third nerve palsy. Damage to 

the ventral mid brain can damage the cerebral peduncle and cause a contralateral hemipa
resis (\I\feber syndrom e). Involvement of the red nucleus and substantia nigra may produce 
cont ralateral ataxia and/or t remor (Benedikt syndrome). Damage to the dorsal m idbrain 
m ay involve the superior cerebellar peduncle and produce contralateral ataxia (Claude 
syndmme). A dorsal lesion wi th a slightly d ifferent configurat io n can p roduce the same 
type of ataxia p lus a th ird nerve nuclear lesion and featu res of supranuclear eye movement 
dysfun ction (No t/magel syndrome). The localizat io n and direct anato mical correlation of 

these lesions is mo re impo rtant than the eponym , especially because use and definit ions 
of these epo nyms have varied in the li terature. 

Liu GT. CrennerCW, Logigian EL, Char ness M E, Samuels MA. Midbrain synd romes of Benedikt. 

Claude, and Noth nagel: setting the reco rd straight. Neurology. 1992;42(9): 1820- 1822. 

As ment ioned earlier, involvement of the fourth cranial nerve wi th in the brainstem is 

uncommo n. Pineal tumors may comp rom ise the p roximal co urse of both fo urth nerves 
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by compressing the tectum of the midbrain. Such lesions may also obstruct the Sylvian 
aqueduct, leading to elevated intracranial pressure and hydrocephalus (often producing 
the dorsal midbrain syndrome), 

Intra-axial lesions of the sixth cra nial nerve that involve its nucleus may also injure 
the seventh cranial nerve, whose fibers swing around the sixth nerve nucleus at the facial 
genu. Intra-axial lesions that involve the fascicle of the sixth nerve may also damage the 
fascicle of the seventh nerve, the tractus soli tarius, and the descending tract of the trigemi
nal nerve, which produces an ipsilateral abduction palsy, fac ial weakness, loss of taste 
over the anterior two thirds of the tongue, and facial hypoesthesia, respectively (Foville 
syndrome). Lesions of the ventral pons can damage the sixth and seventh nerves along 
with the corticospinal tract, which produces contralateral hemiplegia and ipsilateral fac ial 
nerve palsy and abduction deficit (Millard-Gubler syndrome). 

Gates P. The rule of 4 of the brainstem: a simplified method for understanding brai_llstem 
anatomy and brainstem vascular syndromes for the non -neurologist. i ntern Med f. 2005; 

35(4),263- 266. 

Wolf J K, ed. The Classical BraillStem Syndromes. Spr ingfield, I L: Charles C Thomas; 1971. 

The subarachnoid segment of the ocular motor nerves extends fro m the brainstem 
to the cavernous sinus, where the nerves exit the dura, and it is with in this section that 
most ischemic cranial nerve palsies are thought to occur. The diagnosis of ischemic (m i
crovascular or diabetic) ocular motor nerve palsies is one of exclusion. Ischemic cranial 
mononeuropathies typically occur in isolation and with maximal deficit at presentation; 
however, occasionally the loss of fun ction progresses over 7 - 10 days. Pain mayor m ay not 
be present and, if present, may be quite severe in some patients; pain does not distinguish 
benign from more serious causes. 

The oculomotor nerve is a special case of isolated cranial mononeuropathy due to its 
close anatomical proximity to the cerebral vasculature (especially the posterior communi
cating artery) and potential for aneurysmal compression (see later in the chapter). Ocular 
misalignment due to ischemi c ocular motor palsy always improves, and diplopia usually 
resolves within 3 months. 

Progression of ocular mi salign ment beyond 2 weeks or failure to improve within 
3 months is inconsistent with this cause of cranial neuropathy and shoul d prompt a 
thorough evaluation for another etiology. Risk facto rs include diabetes mellitus, hy
pertensive vascular disease, and elevated serum lipids. Hence, these patients require a 
medical evaluation for vasculopathic risk factors. 

Myasthen ia gravis may mimic any pattern of painless, pupil-sparing extraocular 
motor dysfunction and should be kept in the differential diagnosis of such cases. 

Asbury AK, Aldredge H, Hershberg R, et al. Oculomotor palsy in diabetes mellitus: a clinico
pathological study. Brail/. 1970;93(3):555- 566. 

Jacobson OM, McCanna TO, Layde PM. Risk factors for ischemic ocular motor palsies. Arch 
Ophtilaillloi. 1994;112(7),961- 966. 

Richards SW, Jones FR Jr, Younge SR. Causes and prognosis in 4,278 cases of paralysis of 
the oculomotor, trochlear, and abducens crania l nerves. Am J Oplilhalmol. 1992;113(5): 

489-496. 
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Third Nerve Palsy 
Third nerve palsies can cause dysfunction of the somatic muscles (superior, inferior, and 
medial recti ; inferior oblique; and levator palpebrae superioris) and the autonomic (pu
pillary sphincter and ciliary) muscles. Patients with a complete thi rd nerve palsy present 
with complete ptosis, with the eye positioned downward and outward and unable to ad
duct, infraduct, or supraduct, and a dilated pupil that responds poorly to light (Fig 8-9). 
Partial third nerve palsies are more coml11OI1 and present with variable limitation of up
ward, downward, or adducting movements; ptosis; or pupillary dysfunction. 

Most isolated unilateral third nerve palsies result from (presumed) microvascular 
injury in the subarachnoid space or cavernous sinus. Occasionally, isolated third nerve 
pa lsies may occur due to brainstem lesions such as microvascula r infarct. Less coml11o n 

causes include aneurysmal compression. tumor, inflammation (sarcoidosis), vasculitis, 
infection (meningitis), infiltration (lymphoma, carcinoma) , and trauma . 

./ 

Figur.8-9 Complete third nerve palsy. This 62-year-old woman developed "the worst head
ache of my life." A, The examination revealed complete ptosis on the right; a nonreactive, 
dilated pupil; and severely limited extraocular movement except for abduction. B, Lateral view 
of a cerebral angiogram demonstrated a posterior communicating artery aneurysm (arrow). 
(Parr A courtesy of Steven A Newman, MD: part B courtesy of Leo Hochhauser. MO.) 
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Pupil-involving third nerve palsy 
Pupillary dysfunction with third nerve palsy resuits from loss of parasympathetic input. 
which produces a dilated pupil that responds poorly to light. Patients may present with a 
wide range of associated dysfunction. including dysfunction in the levator palpebrae and 
extraocular muscles. Aneurysms that arise at the junction of the posterio r communicati ng 
and internal carotid arteries are juxtaposed to the third cranial nerve and are, therefore, in 
a posi tion to produce a third nerve palsy with pupiUary involvement as the initial mani 
festation of an expansion or rupture. 

The pupillomotor fi bers of the oculomotor nerve reside superficially in the med ial 
aspect of the nerve adjacent to the posterior communicating artery, a common site for 
aneurysm formation. Thus, a nontraumatic third nerve palsy with pupil lary involvement 
or evidence of progress io n to pupiLlary involvement must be assumed to be secondary to 
an aneurysm until proven otherwise. Such aneurysms are most commollly at the junc
tion of the posterior coml11unicating and internal carotid arteries, a location in close 
proximity to the th ird cranial nerve. Prompt neuro-ophthalmologic consultation and 
angiography (catheter angiography. MRA. or CTA. depending on clinical details) should 
be obtained (Fig 8- 10). Almost all aneurys ms at this location produCi ng a third nerve 
pa lsy can be detected by these angiographic tests. CTA and MRA can reliably detect 
aneurysms as small as 2-3 ml11 in diameter under ideal circumstances. eTA is faster and 

provides slightly greater resolu tion and also may provide evidence of a subarachnoid 
hemorrhage. Lumbar puncture may yield evidence of a hemorrhage (xanthoch romia of 
the spinal fluid) or detect an inflammatory o r neoplastic cause when neuroimaging is 
normaL Aneurysms are uncol11mon before age 20 years, although, rarely, they may pre
sent as ea rly as the first decade of life. Despite advances in noninvasive neuroimaging 
techniqu es, catheter angiography remains the "gold standard" in detecting intracranial 
aneurysms. 

Figure 8-10 eTA demonstrating an aneurysm 
of the posterior communicating artery (peoA) . 
(Courresy of Michael Vaphiades, DO} 
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Pupil-sparing third nerve palsy 
The term pupil-sparing should be reserved for situations in which there is normal pupil
lary fu nction but complete loss of eyelid and ocular motor (somatic) functions of the third 
nerve. This is the typical fin ding of an ischem ic cranial neuropathy, often associated with 
pain, which improves (and usually fully resolves) within 3 months. 

A complete third nerve palsy with sparing of the pupil is almost always benign and 
secondary to microvascular disease, often associated wi th diabetes, hypertension, and/or 
hyperlipidemia. It is not uncommon, however, for the pupil to react normally and for 
there to be only minimal irnpairment of levator palpebrae and extraocular function (a 
partial third nerve palsy). Although the pupil is normal in this scenario, it should not be 
considered in the same category as pupil-sparing with otherwise complete oculomotor 
paresis, given that many other fibers within the third cran ial nerve are also "spared:' This 

distinction is crucial given that some proportion of partial third nerve palsies with normal 
pupillary function are related to compress ive lesions and may later progress to involve the 
pupil. Management of a partial third nerve palsy without pupillary invo lvement must be 
individualized based on the demographics, historical features, and availability of accurate 
noninvasive imaging modalities. Some clinicians favor no ninvasive imaging; others ad
vocate close, frequent observation each day or so for 7-10 days. An aneurysm should be 
suspected even with a seemingly benign pupil-sparing third nerve palsy if the patient is 
wi thin the high-risk age for developing an aneurysm (between 20 and 50 years) and does 
not have diabetes mellitus or other vascular risk factors. 

Pupil dysfunction or a progressive loss of function does not always indicate the pres
ence of an aneurysm or other serious problem. The vasculopathic form of oculomotor 
nerve palsy may produce some efferent pupillary defect in up to 20% of cases, although 
the pupillary involvement is generally mild (typically <;1 mm anisocoria). Discovery of an 
elevation in fasting blood sugar, hemoglobin AI , ' serum lipids, or blood pressure would 
increase the probability that microvascular ischemia is the cause of the third nerve palsy, 
but patients with these risk factors may also harbor aneurysms. Thus, pupillary involve
ment or progression sho uld prompt neuroimaging in search of an aneurysm. 

Conversely, a patient who presents only with efferent pupillary dysfunction (ie, the 
pupil is dilated and responds poorly to light) and who has normal eyelid and extraocular 
muscle fun ct ion almost always has a benign disorder. Such isolated pupillary involve
ment is not a form of third nerve palsy but rather represents either a tonic (Adie) pupil, a 
pharmacologically dilated pupil, or a pupil that is mechanically damaged (as may occur 
with posterior synechiae). The clinician must exclude minor degrees of incomitant stra
bismus (by careful alternate cover testing or by Maddox rod testing in all positions of 
gaze) to exclude subtle findings of a third nerve palsy before concluding that the problem 
is limited to the pupil. Tentorial herniation is not a plausible explanation for an isolated, 
fixed, and dilated pupil in the absence of an altered mental status or other neurologic 
abnormalities. 

The presence of head and periorbital pain is not helpfu l il~ establishing the cause of 
the third nerve palsy. Although most third nerve palsies caused by aneurysms present 
\vith pain, many vasculopathic palsies also produce pain that, in some cases, may be in 
tense. In older adults, vasculit is (eg, giant cell arteritis) must also be considered. 
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Jacobson OM. Relative pupil-sparing third nerve pa lsy: etiology and clinical va riables predic
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O'Connor PS, Tredici TJ, Green RP. Pupil -sparing th ird nerve palsies caused by aneurysm. 
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An acute, isolated, pupiJ-sparing but otherwise complete thi rd nerve palsy in a patient 
over 50 years wi th appropriate vascular risk facto rs does not necessarily requi re neuroim 
aging but should prompt a general medical evaluation, with attention to serum glucose 
levels, systemic blood pressure, serum lipids, and a sedi mentation rate. If and when pro
gression occurs, i f other cran ial neuropathies develop, or if the expected recovery does 
not ensue within 3 months, th en neuroimaging should be obtained to search for a mass or 
infil t rative lesion at the base of the sku ll or within the cavernous sinus. Occasionally, scans 
need to be repeated to discover a mass, especially if it is contained within the cavernous 
sinus. Lumbar puncture may be needed to detect carcinomatous meni ngi tis, inflamma
tion, or infection. 

Jacobson DM, Broste SK. Early progression of ophthalmoplegia in patients with ischemic oc

ulomotor nerve palsies. Arch Ophtlw/mal. 1995; 113( 12): 1535- 1537. 

Trobe JD. Managing oculomotor ne rve palsy. Arch Ophtlwlmal. 1998;1 16(6):798. 

Divisional third nerve palsy 
The third nerve divides into a superior and an inferior divis ion at the superior orbital fi s
sure or within the cavernous sinus. Isolated involvement of either d ivision usually indicates 
a lesion of the ante rior cavernous sinus or possibly the posterior orbit. The init ial diag
nostic study of choice is MRI. If neuroimaging is normal, then medical eval uat ion is war
ran ted, including blood pressure determi nation, assessnlent of blood sugar level (glucose 
determination, hemoglobi n A1J, serum lipids, and Westergren sedimentation rate. Rarely, 
a divisional third nerve palsy may be secondary to brainstem disease, usually from small 
vessel st roke (lacunae) or demyel ination . Aneu rysms are a much less common but poten
tially lethal cause of divisional third nerve palsy. Rare add itional causes include tumors, 
infl ammation (sarcoidosis, vascu li tis), infec tion (meningit is), infil t ration (carcinomatous 
meningit is or lymphoma), and trauma. 

Bhatti MT, Eisenschenk S, Roper SN, Guy JR. Superior divisional third cranial nerve paresis: 

clinical and anatomical observations of2 unique cases. Arch Neural. 2006;63(5):771- 776. 

Third nerve palsies in younger patients 
Children may have transient ophthalmoplegia following viral infection or vaccination . If an 
immediate workup is deferred, fo llow- up should be scheduled to monitor recovery. Aneu
rysms are rare in children. In adolescents and you ng adul ts, a pupil-involving thi rd nerve 
palsy necessitates a workup to exclude an aneurysm or other st ructural etiology. Ophthal
moplegiC migraine, with onset in childhood, can cause pain and th ird nerve dysfun ction, 
but the 2 are not coincident. Curiously, the ophthalmoplegia develops days after the onset 
of head pai n. Ophthalmoplegic migraine is a diagnosis of exclusion; all patients should 
undergo appropriate cranial neuroimaging as part of thei r initial evaluation. Although the 
pathophysiology of ophthalmoplegic migraine remains unkn own, theories include recur rent 
dem yelination with remyeli nation, or a ben ign ocular motor lesion such as schwannoma. 
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Aberrant regeneration of the third nerve 

Following damage to axons of the nerve, nerve fibers may regrow to innervate muscles 
other than those that they o riginally innervated (Fig 8- 11 ). The misrout ing of fibers pro
duces several synkinetic phenomena (ie, co-contraction of muscles that normally are not 
activated at the same time) . Classic findings include eyelid retract ion with adduction or 
pupillary miosis with elevation, adduction, or depression. 

Aberrant regenerat ion is common after trauma or compression by an aneurysm or 

tumor but does not occur with a third nerve palsy that is due to microvascular ischemia. 
Evidence of aber rant regeneration without a history of third nerve palsy-primary aber
rant regeneration-is presumptive evidence of a slowly expanding parasellar lesion, most 
commonly a meningioma or carotid aneurysm within the cavernous sinus, and requires 
appropriate neuroimaging. 

Grunwald L, Sund NI. Volpe NJ. Pupillary spt1ring t1nd aberrant regenemtion in chronic th ird 

nerve palsy secondary to a posterior communicating artery aneurysm. Br J Ophthallllol. 
2008;92(5);715- 7 16. 

Schatz NJ. Savino Pl . Corbett JJ. Primary aber rant oculomotor regenemtion. A sign of intra

cavernous meni ngioma. ArcJ/ Neurol. 1977;34( I ):29-32. 

Fourth Nerve Palsv 

A fo urth nerve palsy typica lly causes d iplopia that is worse in downgaze; hence, patients 

almost always report diplopia (or the tendency to close 1 eye) wh ile reading. In some 
cases, examination of the affected eye reveals li mited downgaze in the adducted posi
tion, but, in most cases, ocular motility appears grossly normal. Accordingly, it is essen
tial to perform cover-uncover or Maddox rod testing to demonstrate a hypertropia that 
worsens on contralateral downgaze. Ipsilateral head tilting usually increases the vertical 

A B 

Figure 8-11 Aberrant regeneration of the right third nerve. A, In primary gaze, there is mild 
ptosis, pupillary mydriasis, and exotropia, allan the right. 8, With attempted downward gaze, 
the right eyelid retracts as fibers of the right third nerve supplying the inferior rectus now also 
innervate the levator muscle. (Courtesy of Rod Foroozan, M D.J 
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strabismus, and, therefore, patients typically (subconsciously) tilt their head to the oppo
site side to avoid diplopia. 

The Parks-Bielschowsky 3-step test is a time-honored algorithmic approach to identi
fying patterns of ocular motility that conform to dysfunction of specific vert ically act ing 
extraocular muscles. The 3 steps are 

I. Find the side of the hypertropia. 
2. Determine if the hypertropia is greater on left or right gaze. 
3. Determine if the hypertropia is greater on left or right head tilt. 

Beyond these 3 steps, it is also useful to determine if the vertical separation is greater in 
upgaze or downgaze (a fourth step) and check fo r relative cydotropia. 

The 3-step test is most helpful in determining whether a vert ical strabismus conforms 
to the pattern of a fourth nerve palsy; for example, a right four th nerve palsy shows right 
hyperdeviation that worsens on left gaze, right head tilt, and downgaze, with relative ex
cydotropia of the right eye. (More specific details on this testing are described in BCSC 
Section 6, Pediatric Ophthalmology and Strabismus.) Occasionally, a skew deviat ion mim 
ics a fourth nerve palsy on th e 3-step test but can distinguish itself by nonconformity 
to these rules. Practically speaking, the specific musde(s) involved and the etiology of a 
vertical strabismus not due to a fourth nerve palsy is often not resolved by the 3-step plus 
fourth step test, because acquired vert ical strabismus is often the result of the dysfun ction 
of more than one muscle. In particular, thyroid eye disease, myasthenia gravis, or dysfunc
tion of multiple ocular motor cranial nerves produces a wide variety of nonspecific pat
terns of ocular motility. The reliability of the 3-step test in identifying patterns of vertical 
strabismus lessens somewhat over time because of the phenomenon known as "spread of 
comitance" (see Chapter 7). 

Bilateral fourth nerve palsy should always be considered whenever a unilateral palsy is 
diagnosed, especially after head trauma. Bilateral fourth nerve palsy presents with 

crossed hypertropia (ie, the right eye is higher on left gaze, and the left eye is higher 
on right gaze) 
excyclotorsion of 10° or greater (each eye rotates o utwardly; best measured with 
double Maddox rod testing) 
a large (;"25 D) V pattern of strabismus 

Brazis PW. Palsies of the trochlear nerve: diagnos is and local ization- recent concepts. Mayo 
Clin Proc. 1993;68(5)50 1- 509. 

Fourth nerve palsies are often congenital. An anomalous superior oblique tendon, an 
anomalous site of its insertion, or a defect in the trochlea are now recognized as causes of 
some congenital fourth nerve palsies; sim ilarly, some cases of presumed congenital fourth 
nerve palsy are secondary to a benign tumor (eg, schwannoma) of the fourth nerve. Pa
tients are often asymptomatic until the fourth 10 sixth decades of life, when their vertical 
fusional amplitudes diminish and diplopia develops. Most patients maintain a chronic 
head tilt. The long-standing nature of the head tilt can often be confirmed by reviewing 
old photographs (Fig 8-12). Patients with a long-standing fourth nerve palsy have a rela
tively large vertical fu sional range (>3 prism diopters). 
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A 

Figur.8-12 Congenital left fourth nerve palsy. A, Note the left hypertropia and right head tilt 
as a child. B, Forty years later, the right head tilt is still present, but the patient complains of 
mors difficulty maintaining single, binocular vision. C, Following eye muscle surgery, the diplo· 
pia and head tilt have resolved. (Courtesy of Lannmg B. Kline, MD.) 

Helveston EM. Krach 0, Plager OA, Ellis FO. A new classification of superior obl ique pa lsy 

based on congenital variations in the tendon. Ophthalmology. 1992;99( 1 0): 1609-1615. 

In patients o lde r than 50 years, an isolated fo urth nerve palsy is typically caused by mi 

crovascular ischemic disease, and function always improves and typica lly resolves within 
3 months. The fourt h nerve is part icularly vul nerable to closed-head cranial trauma due 

to the unique dorsal midbrain crossing anatomy. In addition, the fo urth nerve can be 
damaged by disease within the subarachnoid space or cavernous sinus. 

Diagnostic evaluation for an isolated, nontrau mat ic fourth nerve palsy usually yie lds 

li tt le information because most cases are congenital, ischemic, or idiopathic. In patients 
in the vasculopath ic age group, a full medical evaluation looking fo r vascular risk fac

tors, including diabetes, hyperlipidemia, and hypertensio n is appropriate. O lder pat ients 

sho uld be followed to ensure recovery. Lack of recovery after 3 months should p rompt 

neuroimaging directed toward the base of the skull to search for a mass lesion . O ther pos

sible causes of an acquired vertical strabismus include orbital restrictive syndromes (eg, 
thyrOid eye disease or previous trauma). Skew deviation, partial oculomotor nerve palsy, 
or myasthenia gravis should be considered in atypical cases. 

Sixth Nerve Palsy 

The sixth cranial nerve is the most frequent cause of an isolated ocu lar motor palsy; it typ
ically presents as horizontal diplopia that worsens on ipsilateral gaze, especia11y viewi ng at 
distance. The abduction defici t is typically associated with an esodeviat ion that increases 

wi th gaze to the affec ted side (see Fig 8-4). As described earlie r, a patte rn of divergence 

para lysis may occur in the evolVing or resolving phase of a sixth nerve palsy. 

An ischemic mononeuropathy is th e most common cause o f an isolated sixth ne rve 
palsy. Lesions of the cerebellopontine angle (especially acoust ic neuroma or meningioma) 

may involve the sixth and other contiguous cranial nerves, causing decreased facial and 
corneal sensitivity (CN V), fac ial para lysis (CN VII ), and decreased heari ng with vest ibu

la r signs (CN VIJ1 ). Chronic inflammat io n of the petrous bone may cause an ips ilateral 
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abducens palsy and facial pain (Gradenigo syndrome), especially in children who have 
experi enced recurrent infections of the middle ear. After exit ing the pre-pontine space, 
the sixth nerve is vul nerable to meningeal or skull -based processes. such as meningioma, 
nasopharyngeal carcinoma, chordoma, or chondrosarcoma. In addition, the sixth nerve 
is susceptible to injury from shear forces of head trauma or elevated intracranial pressure. 
In such cases, injury occurs where the sixth nerve enters the cavernous sinus through the 
Dorelia canal (the opening below the petroclinoid ligament). 

Congen ital six th nerve palSies almost never occur in isolation. Abduction paresis 
present early in life usually manifests as a Duane syndrome (see Fig 8-15). 

Isolated sixth nerve palSies in adults over the age of 50 are usually ischem ic; ocular 
motility in these cases always improves and typically resolves within 3 months. In general, 
at the onset of an isolated sixth nerve palsy in a vasculopathic patient, neuroLmaging is 
not required. As noted with other isolated ocular motor cranial nerve palSies, medical 
evaJuation is appropriate. However, a crania l M RI is mandatory if obvious improvement 
has not occurred after 3 months. Other diagnostic studies that may be required include 
lumbar puncture, chest imaging, and hematologic studies to identify an underlyi ng sys
temic process such as collagen vascular disease, sarcoidosis, or syphi li s. Recovery does not 
necessarily ind icate a benign calise. Occasionall y. an ocular motor cranial nerve palsy wi ll 
resolve spontaneously and then recur as a manifestation of an intracranial tumor. 

Impaired abduction in patients under age 50 requires careful scrutiny, because few 
such cases are due to ischemic cranial neuropathy. Younger individuals should un dergo 
appropriate neuroimaging. If negative. consideration should be given to neuromuscular 
junction disease. by obtai ning acetylcholine antibod ies or performing Tensilon test ingj 
mechanical pathophysiologies, such as thyroid eye disease with medial rectus involve
mentj and meningeal-based di sease, by obtain ing a lumbar puncture. Leukemia or brain
stem glioma are important considerations in children. In adolescents and young ad ults, 
demyelination may be the cause, in which case MRI with fluid -attenuated inversion recov
ery (FLAIR) imaging typically reveals T2 hyperintensities consistent with multiple scle
rosis. (See Chapter 2 for a discussion of neuroimaging and Chapter 14 for a discussion of 
multipl e sclerosis. ) 

Neuromyotonia 

Neuromyotonia, a rare but important cause of episodic diplopia, is thought to be 
neurogen ic in origin. Prior skull-base radiation therapy, typi ca lly for neoplasm (eg, 
meningioma). is the most common historical feat ure. Months to years postradiation , 
patie nts experience episodic diplopia lasting lypically 30-60 seconds. Neu romyotonia 
may affect the ocul omotor, trochlear, or abducens nerves. Diplopia is often triggered 
by ac tivati on of the offendi ng nerve, during which overaction of the nerve produces 
ocular misalign ment (eg, abducens nerve neuromyotonia episodes produce abduction 
of the involved eye and attendant exotrop ia). Often such patients undergo an extensive 
and largely unnecessary workup in the search for a recurrent neoplasm. The disorder 
generally responds qu ite well to medica l therapy; ca rbamazepine and its derivatives are 
the first-li ne treatm ent. 



236 • Neuro-Ophthalmology 

Multiple Cranial Nerve Palsies 

The gUidelines for managing isolated cran ial nerve palsies are based on the assumption 
that no other neurologic abnormalities are present. Benign, microvascular disease rarely 
causes simultaneolls involvement of more tha n one ocular motor cran ial nerve. Involve

ment of multiple contiguous nerves (CNs Ill , IV, V, VI, and sympathetic nerves) st rongly 
suggests a lesion in the region of the cavernous sinus (see the fo llowing section) . Bilateral 
involvement of the cranial nerves suggests a diffuse process such as infiltrative disease (eg, 
carcinoma, leukemia, or lymphoma), a mid line mass lesion that extends bilaterally (eg, 
chordoma, chondrosarcoma, or nasopharyngeal carcinoma). a meningeal-based process, 
an inflammatory polyneuropathy (eg, Guillain -Barre syndrome or its variant, the Miller 
Fisher syndrome. or sarcoidosis), or myasthenia gravis. 

A neurologic evaluation should be obtained if symptoms or signs indicate that 
more than one cranial nerve is involved. In th is case, if neuroimaging is normal, a lum 
bar puncture should be considered with cytopathologic exam inat ion. SpeCial testing for 
cancer-associated protein markers may be helpful in uncovering an elusive diagnosis. 
In suspected neoplastic meningeal involvement (meningeal carcinomatosis), aCT-PET 
scan is often the study of choice to demonstrate accessible biopsy sites. Idiopathic multiple 
cranial neuropathy syndrome should be co nsidered only after neuroimaging, spinal fluid 
analysis, other tests, and observation over time have excluded a neoplastic. inflammatory, 
or infectious cause. 

Cavernous Sinus and Superior Orbital Fissure Involvement 

The hallmark of ophthalmoplegia secondary to a lesion of the cavernous sinus is multiple, 
ipsilateral ocular motor nerve dysfuncti on from some combination of third, fou rth, fifth, 
and sixth cranial nerves and sympathetic fib ers (see the illustrat ions in Chapter I). Fifth 
nerve involvement with facial hypoes thesia or the presence of a third -order (postgangli
onic) Horner syndrome are helpful non-ocular motor clues to localize the lesion to the 
cavernous sinus. If only locular motor nerve is involved, it is usually the six th nerve, 
which is the only ocular motor nerve not protected within the dural wall of the cavernous 
sinus. Aggressive lesions of the cavernous sinus, especially infectious or infl ammatory 
processes, may compromise venous outflow and produce engorgemen t of ocular surface 
vessels, orbital venous congestion. increased intraocular pressure, and increased ocular 
pulse pressure. 

It is often impossible to clinically distinguish cavernous sinus lesions from those in
volving the superior orbital fissure (the ocular motor nerves pass through this fissure from 
the cavernous sinus into the orbit), and lesions often cross this anatomical boundary. In 
recognition of this difficulty, the more general designation of sphenocavemous, or para
sellar, syndrome may be used. The offendin g lesion may extend toward the optic foramen 
or into the orbital apex, in which case optic nerve function can be compromised. The 
designation orbital apex syndrome is then applied . 

T%sa-Hunt syndrome 
Tolosa-Hunt syndrome is an idiopathic, sterile inflammation that pri marily affects the cav
ernous sinus. Severe, "boring" pain is almost always present. Neuroimaging may show 
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an enhancing mass within the cavernous sinus. The pain in patients with Tolosa-Hunt 
syndrome typically responds rapidly and dramatically to corticosteroid therapy. but a 
positive response may also occur with neoplastic mass les ions, especially lymphoma. Not 
infrequently. it is later discovered that the cause of the painful ophthalmoplegia in patients 
initia lly diagnosed with Tolosa-Hunt is neoplastic. Therefore. the Tolosa-Hunt synd rome 
is a diagnosis of exclusion. Other causes of cavernous sinus lesions include aneurysm, 
meni ngioma. lymphoma. schwa nnoma. pi tuitary adenoma (with or without apoplexy). 
carotid cavernous fistula, metastasis, sarcoidosis, and cavernous sinus thrombosis. 

Kline LB, Hoyt WE The Tolosa-Hunt syndrome. J Nellrol Ne l/ rosurg Psychiatry. 2001;7 1(5): 
577- 582. 

Carotid cavernous sinus fistula 
Abnormal connections between the carotid artery (or its branches) and the cavernolls 
sinus introduce high arterial pressures into the normally low-pressure venous contents of 
the cavernous sinus. This high -pressure connection may reverse blood flow within the 
superior ophthalm ic vein and produce venous congestion within the orbit. Arterializa
tion of conjunctival vessels is a classic sign of th is fi stula (Fig 8-13). Patients with this 
condition may have either direct, high-flow fistu lous connections between the internal 
carotid artery and the cavernous sinus or indirect, "dural" low-flow connections mediated 
by small arterial feeders off the in ternal andlor external carotids. High -flow. direct fistulas 
most commonly occu r after severe head trauma and produce a cranial bruit, whereas low
flow. indi rect fi stulas most often occur spontaneously. particularly in older women. The 
sequence of events leading to ind irect fistula is not known. The clinical fi ndings of the ind i
rect fi stulas are almost always less dramatic than those of a direct carotid cavernous fi stula , 
although over t ime the low-flow state of the class ic du ral sinus fistula may become a greater 
flow as new arterial connections develop. Other than by the telltale symptom of a cranial 
bruit. d ifferent iat ing high flow from low flow is best determined by angiographic studies. 

Both d irect and indirect fi stu las often produce elevated int raocular pressure and 
proptosis but may also cause ocular motor neuropathy with diplopia. arterial or venous 

Figure 8-13 Right carotid cavernous sinus fistu la. A, The elevated orbital venous pressure 
produces enla rged , corkscrew, arterialized conjunctival blood vessels that extend to the lim
bus. B, Tl-weighted axial MRI reveals an enlarged. dilated superior ophthalmic vein (arrow). 
(Courtesy of Karl C. Golnik, MD.) 

1 
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compromise to the retina and eye, ischemic optic neuropathy, choroidal effusions (which 
can push the iris forward and produce angle-closure glaucoma), pain (which may partly 
result from ocular surface drying if proptosis is significant), and, in some patients, cerebral 
venous infarction. Some indirect fistulas remain stable or close spontaneously; however, 
both types of fistula may be successfully treated with interventional radiologic techniques 
or radiosurgery. Angiography is required to determine the location and configuration of 
the fistula, and then a variety of thrombogenic materials (eg, coils, beads, balloons) may 
be employed to eliminate the abnormal vascular flow. 

Neuromuscular Junction Causes of Diplopia 

Myasth en ia gravis is the prototypical disease of the neuromuscular junction. It typically 
produces variable diplopia and ptosis with any pattern of pupil-sparing, painless ocular 
misalignment, and, conversely, it never produces sensory symptoms, pain, or autonomic 
or pupillary dysfunction. Accordingly, it belongs in the differential of any such cases of 
diplopia (see Chapter 14) . 

Myopathic, Restrictive, and Orbital Causes of Diplopia 

Eye movements may be limited by mechanical factors that may be congenital or acquired. 
Congen itally deficient neural innervation to extraocu lar muscles can also be associated 
w ith limited eye movements, which sometimes also have a restrictive component. 

Thyroid Eye Disease 

The most common cause of restrictive strabismus in adults is thyroid eye disease (TED). 
Any of the extraocular muscles may be involved, but the inferior and med ial recti are 
1110St commonly affected. When the inferior rec tus muscle is involved, there is typically 
an ipsilateral hypotropia in primary position that increases in upgaze-the restrictive 
process pulls the eye down and lim its supraduction (see Chapter 14, Fig 14-3). When the 
medial rectus is the offending muscle, there is typically an esodeviation that increases on 
horizontal gaze to the same side (the enlarged, "tight" medial rectus restricts abd uction). 
The diagnosis of TED is often straightforward if associated with proptosis, chemosis, eye
lid retraction, and eyelid lag. Forced duction testing (see Fig 8-3) and measurement of 
intraocular pressure in different positions of gaze may provide information to support 
this diagnosis. Neuroimaging in TED typically reveals enlargement of the bellies of the 
extraocular muscles, with sparing of the tendons (see Chapter 4, Fig 4-23). For a more 
extensive discussion of TED, see Chapters 4 and 14 in this volume and BCSC Section 7, 
Orbit, Eyelids, and Lacrimal System. 

Posttraumatic Restriction 

Patients with blowout fractures of the orbit often develop diplopia. The most typical pre
sentation involves fracture of the in fer ior orbital fl oor with entrapment of the inferior 
rectus muscle. This entrapment, best illustrated with coronal CT of the orbit, mimics the 
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pattern of vertical strabismus often present in TED. Less commonly, the medial rectus 

muscle becomes entrapped (see Chapter 2, Fig 2-14). In some instances of orbital trauma, 
the orbital fascial scaffolds that are connected to the extraocular muscles fall into a bony 
fracture without actual muscle entrapment. In either case, there is usually diffuse swelling 

of the orbital tissue, which tends to resolve relatively qUickly (within weeks), at times with 
resolution of diplopia. Hence, decisions about the need for surgery with orbital blowout 
fractures must be made judiciously. See also BCSC Section 7, Orbit, Eyelids, and Lacrimal 
System. 

Post-Cataract Extraction Restriction 

Injury or inflammation to the inferior rectus or other muscles secondary to retrobulbar 

inj ection for cataract or other ocular surgery can produce binocular diplopia. The onset 

of ver tical diplopia just after surgery initially suggests nerve damage or possible myotoxic
ity from the local anesthetic. Over time, the initial paretic or myotoxic effect evolves into 

extraocu lar muscle fibrosis leading to restr icted movement of the eye; concomitantly, the 

involved eye transitions from hypertropic status to hypotropic. with hypotropia increasing 
in upgaze. 

Orbital Myositis 

Idiopathic inflammation of one or more extraocular muscles typically produces oph

thalmoplegia and pain, often with conjunct ival hyperemia, chemosis, and sometimes 

proptosis. The pain may be quite intense and is accentuated by eye movements. If the in 

fl ammation is confi ned to the posterior orbit. the eye may appear at times to be white and 

quiet. Computed tomography or MRJ typi cally shows enlargement of one or more of the 
extraocular muscles, with involvement of the tendon. and often the inflammation extends 

into the orbital fat. Orbital myositis-related pain usually responds promptly to systemic 
corticosteroid therapy, whereas diplopia may take longer to resolve. Orbital myositis is 
usually an isolated phenomenon but may be part of a system ic disease such as Wegener 

granulomatosis. systemic lupus erythematosus, or sarcoidosis (see also Chapter 14 of this 
volume and BCSC Section 7, Orbit, Eyelids, and Lacrimal System). 

Neoplastic Involvement 

Infiltration of the orbit by cancer, especially from the surrounding paranasal s inuses, can 

impair eye m ovements because of either extraocular muscle infiltration or involvement of 

the ocular motor cranial nerves. At times, extraocular muscles may be the site of a meta

static tumor. 

Brown Syndrome 

Brown syndrome is a restrict ive ocular motor disorder that produces limited upgaze when 

the affected eye is in the adducted position (F ig 8- 14) . This pattern of motility is usu
ally congenital but can be acquired. In congenital cases, the pathology is a short superior 
oblique tendon, which produces an ipsilateral hypodeviation that increases on upgaze to 
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Figure 8-14 Brown syndrome. Selected gaze positions of a 7-year-old who was referred for a 
2-year history of the left eye" moving funny." Visual acuity was 20/20 bilaterally. The patient's 
eyes were straight in primary position. The motility evaluation revealed a left hypotropia in up
gaze to the right (see upper left photograph). This is the pattern of a congenitally short left su
perior oblique tendon that is characteri stic of Brown syndrome. (Courresy of Steven A. Newman, MD.) 

the opposi te side (impaired supraduction in adduction ). The acquired cases result from 
damage or injury to the trochlea, which may cause a "click" that the patient can feel. Ac
quired disease is usually seen in patients with rheumatoid arthritis, idiopathic orbital in
flammatory disease, or trauma but may. rarely. be a manifestation of a focal metastasis of 
a neoplasm to the superior oblique muscle. 

Congenital Fibrosis Syndrome (Congenital Cranial Dysinnervation Syndrome. 

Agenesis Syndromes) 

A group of congenital disorders that had been assumed to result from restrictive limita
tion of eye movements (hence the term fibrosis), in reality results from agenesis of ocular 
motoneurons in the brainstem. The prototype is congenital fibrosis of the extraocular mus
cles type I (CFEOM J) syndrome, which is an autosomal dominant disease, characterized 
by bilateral ptosis and external ophthalmoplegia. There is an agenesis of the superior divi 
sion of the third cran ial nerve with associated atrophy of the superior rectus and levator 
palpebrae muscles. Patients with this disorder have a characteristic extended neck posture 
as they attempt to look under their severely ptotic eyelids. 

Other form s of nuclear agenesis also occur. Duane retraction syndrome, caused by 
failure of formation of the abducens nucleus and sixth nerve, produces a congenita l ab
duction paresis. The involved lateral rectus muscle is innervated by an anomalous branch 
of the third nerve within the orbit. This unusua l innervat ion pattern produces aberrant, 
co-contraction of the horizontal rectus muscles. This co-contraction can be observed as 
a retraction of the globe and narrowing of the eyelid fissure on attempted adduction, be
cause activation of the third cranial nerve causes simultaneous contraction of both the 
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Figure 8·15 Bilateral Duane retraction syndrome. This 4-year-old was born with limited abduc
tion of both eyes and narrowing of the palpebral fissure on attempted adduction in both eyes. 
(Courtesy of Steven A. Newman, MD.J 

medial and lateral rectus muscles. Duane ret raction syndrome usually is unilateral but 
may be bilateral (Fig 8- 15). 

Other variants of Duane syndrome include cases oflim ited adduction in lor both eyes, 
as well as cases with both limited adduction and abduct ion in I or both eyes (Table 8-2). 

In all instances, however, there is ret raction of the globe on attempted adduction. Patients 
typi cally do not have diplopia with Duane syndrome and frequently develop a compensa

tory head posi tion. 

DeRespinis PA, Caputo AR, Wagner RS, Guo S. Duane's retraction syndrome. Su rv Ophthal
IIIoi. 1993;38(3):257- 288. 

Miller NR, Kiel SM. Green WR, Clark AW. Unilateral Duane's retraction syndrome (type I), 
Arch Ophtilaillloi. 1982; 100(9) :1468- 1472. 

Mobius syndrome occurs due to agenesis of the nuclei of the sixth and seventh cranial 
nerves bilaterall y, which produces horizontal ophthalmoplegia and facial diplegia. Scolio
sis, atrophy of the tongue, and deformities of the head may also be present. See also BeSe 
Section 6, Pediatric Ophthalmology and Strabismus. 

Table 8-2 Duane Retraction Syndrome 

Syndrome 

1 
2 
3 

Limitation* 
-----

abDuction 
aDDuction 
aDD and abDuction 

*Number of Os eq uals the syndrome number. 

Narrow Palpebral Fissure With Adduction 

Ves 
Ves 
Ves 



CHAPTER 9 
The Patient With Nystagmus 
or Spontaneous Eye Movement 
Disorders 

Introduction 

A variety of diseases, drugs, or other factors may disrupt the systems that provide ocular 
stability. Abnormal eye movements may occur because of inability to maintain fixation, 
loss of the normal inhibitory influences on the eye movement control system, or loss of 
the normally symmetric input from one of the vestibular pathways to the ocular motor 
nuclei. One fo rm of excessive eye movements is known as ny stagmus, a term that should 
be reserved for rhythmic, to-and -fro eye movements (horizontal, vertical, torsional, or a 
combination of these) that incorporate a slow phase. Jerk nystagmus has 2 phases: (1 ) a 
slow phase drift from the target of interest, followed by (2) a corrective saccade (fast phase) 
back to the target. Pendular nystagmus occurs when the back-and-forth slow-phase move
ments occur without a fast phase (Fig 9-1). Inappropriate saccadic movements may also 
affect the normal ability to fixate on a target. Collectively, these pathologic eye movements 
are known as saccadic intrusions or saccadic oscillations; because they have no slow phase, 
they do not conform to the definition of nystagmus. 

Patients with acquired nystagm us often report a sensation of environmental move
ment termed oscillopsia . Oscillopsia is often absent in children with congenital nystagmus. 
Nystagmus in primary position may degrade visual acuity. Patients should be asked about 
any associated neurologic symptoms (eg, vertigo, ataxia, motor weakness, or sensory 
weakness) and any family history of abnormal eye movements. 

Examination of ocular motility begins with assessing ocular stability with the eyes in 
primary gaze while fixating on a target. Eye movements in the 9 cardinal positions should 
then be examined to determine if 

the eye movement disorder is monocular or binocular 
the eyes behave similarly (conjugately) 
the abnormal eye movements are horizonta~, vertical, torsional, or mixed 
the abnormal eye movements are continuous or are induced by particular eye 
position 

243 
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Figure 9-1 Nystagmus waveforms named for 
the velocity profile of the slow phase. Linear 
is typical of vestibular nystagmus; increas
ing velocity exponential, of congenita l nys
tagmus; decreasing velocity exponential , of 
gaze-evoked nystagmus; and pend ular may 
be seen with congenital or acquired nystag
mus. (Modified from Kline LB. Neuro-Ophthalmology Re
view Manual. 6th ed. Thorofare, NJ: Slack; 2008) 
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only slow phases (pendular nystagmus), fast and slow phases (jerk nystagmus), or 
only fast phases (saccadic intrusion) are seen 
there is a point at which the nystagmus is less evident (ie, a null point) 

By convention, the direction of jerk nystagmus is reported as the direction of the fast 
phase component; however, it is the slow phase that indicates the pathology. When the 
size of oscillations differs in each eye, it is referred to as dissociated nystagmus. When the 
direction of the oscillations differs between the 2 eyes, the term disconjugate, or disjunc

tive, is applied. 
The ampli tude of nystagmus often changes with gaze position. A few beats of nystag

mus are normally present in the extremes of horizontal gaze (beyond 45°), espeCially in 
older patients. This should not be considered pathologic unless the nystagmus is persis
tent, asymmetric (present to the left but not the right, for instance), or accompanied by 
other features. Assessment for nystagmus can be complemented by strategies that search 
for subtler, smaller-amplitude eye movements. lllumi nated Frenzel (high-magn ification) 
goggles are extremely useful in detecting eye movements, but a 20 D lens, slit lamp, or 
d irect ophthalmoscope can also be usefu l to block the patient's fixation and magnify ab
normal eye movements. Ocular motor recordings (electro- or video-oculography, infra 
red tracking, or electromagnetic coil technique) provide an objective and highly sensitive 
measure of eye movements but are rarely needed in standard clinical practice. The cha r
acteristics of eye movements can be easily recorded and effectively communicated with \ 
videotape and drawing. 

Leigh RJ, Zee DS. The Neurology of Eye Movements. 4th ed. Contemporary Neurology Series. 

New York: Oxford University Press; 2006. 
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Serra A, Leigh RJ. Diagnostic value of nystagmus: spontaneous and induced ocular oscillations. 
J Neural Neurasurg Psychiatry. 2002;73(6):615-618. 

Early-Onset (Childhood) Nystagmus 

Congenital Nystagmus 

Congenital nystagmus (CN, or infantile nystagmus syndrome) is usually recognized in the 
first few months of li fe; there may be a fam ily history of the disorder. Patients with CN 
usually do not have osci llopsia. Congenital nystagmus may occur in the presence of poor 
vision or good acuity. Reduced acuity may be due to the nystagmus itself or related to an 
afferent visual pathway disorder. Therefore, the ophthalmologist must determine if there 
is evidence of damage to the visual pathways. In young children, it is important to detect 
any impairment of visual tracking (ie, determ ine that the eyes cannot fo llow visual stimuli 
equally) or optic atrophy. The presence of such abnormalities should prompt neuroimag
ing. Congenital nystagmus often occurs with such conditions as ocular alb inism, achro 
matopsia, Leber congenita l amaurosis, and aniridia. Frequently, electrophysiologic testing 
(ERG, VEP) is warranted. 

Congenital nystagmus is almost always conjugate and horizontal, features that are 
maintained even in upgaze and downgaze. The nystagmus may be continuous or intermit
tent and can appear as jerk or pendular movements in different posit ions of gaze. There 
is frequently a null point, the field of gaze in which nystagmus intensity is minimal. If the 
null point is not in primary position, patients often adopt a head turn or other posture 
to improve vis ion by plaCing the eyes in the null position. Visual attention and fixation 
usually amplify CN (unlike the case with peripheral vestibular nystagmus, discussed later 
in the chapter), whereas convergence on a near target damps the amplitude of the nystag
mus. Two characteristic signs of eN are 

I. reversal of the normal pattern of optokinetic nystagmus characterized by the slow 
phase of eye movements moving in the d irection opposite that of a rotat ing opto
kinetic drum 

2. a unique pattern in which the velocity of the slow-phase movement increases ex
ponentially with distance from flXation; this requires eye movement recordings 
(see Fig 9-1) 

To summarize, the features of C 1 include 

• jerk and/or pendular pattern 
presence with or without normal acuity 
conjugate hori zontal eye movements that remain horizontal in up- and downgaze 
presence of a null point 
no oscillopsia 
increasing velocity of slow phase 
accentuation by distant flXation; diminish ment by convergence 
15% of patients with strabismus 
abolished in sleep 
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A variety of diseases, drugs, or other facto rs may disrupt the systems that provide ocular 
stabi lity. Abnormal eye movements may occur because of inability to maintain fixation, 
loss of the normal inhibitory influences on the eye movement control system, or loss of 
the normally symmetric input from one of the vest ibular pathways to the ocular motor 
nucle i. One form of excessive eye movements is known as nystagmus, a term that should 
be reserved for rhythmic, to-and-fro eye movements (horizontal, vertical, torsional, or a 
combinat ion of these) that incorporate a slow phase. Jerk nystagmus has 2 phases: (I) a 
slow phase drift from the target of interest, fo llowed by (2) a corrective saccade (fast phase) 
back to the target. Pendu!ar nystagmus occurs when the back-and -forth slow-phase move
ments occur without a fast phase (Fig 9-1). Inappropria te saccadic movements may also 
affect the normal ability to fixate on a target. Collectively, these pathologic eye movements 
are known as saccadic intrusions or saccadic oscillations; because they have no slow phase, 
they do not conform to the definition of nystagm us. 

Pat ients with acquired nystagmus often report a sensation of environmental move

ment termed oscil/opsia. Osci llopsia is often absent in children with congenital nystagmus. 
Nystagmus in primary position may degrade visual acu ity. Patients should be asked about 
any associated neurologic symptoms (eg, vertigo, ataxia, motor weakness, or sensory 
weakness) and any family history of abnormal eye movements. 

Examination of ocular motility begins with assessing ocular stability with the eyes in 
primary gaze while fixating on a target. Eye movements in the 9 cardinal positions should 
then be exam ined to determine if 

• the eye movement disorder is monocular or binocular 

the eyes behave similarly (conjugately) 
the abnormal eye movements are horizontal, vertical, torsional, or mixed 
the abnormal eye movements are continuous or are induced by particular eye 
position 
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Figure 9·' Nystagmus waveforms named for 
the velocity profile of the slow phase. Linear 
is tYPical of vestibular nystagmus; increas
ing velocity exponential, of congenita l nys
tagmus; decreasing velocity exponential, of 
gaze-evoked nystagmus; and pendular may 
be seen with congenital or acquired nystag
mus. (Modified from Kline LB. Neuro-Ophthalmology Re
view Manual. 6th ed Thorofare, NJ: Slack; 2008.) 
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only fast phases (saccadic intrusion) are seen 
there is a point at which the nystagmus is less evident (ie, a null point) 

By convention, the direction of jerk nystagmus is reported as the direction of the fast
phase component; however, it is the slow phase that indicates the pathology. When the 
size of oscillations differs in each eye, it is referred to as dissociated nystagmus. When the 
direction of the oscillations differs between the 2 eyes, the term disconjugate, or disjunc
tive, is applied. 

The amplitude of nystagmus often changes with gaze position. A few beats of nystag
mus are normally present in the extremes of horizontal gaze (beyond 45°), especially in 
older patients. This should not be considered pathologic unless the nystagmus is persis
tent, asymmetric (present to the left but not the right, for instance), or accompanied by 
other features. Assessment for nystagmus can be complemented by strategies that search 
for subtler, smaller-amplitude eye movements. Illuminated Frenzel (high-magnification) 
goggles are extremely useful in detecting eye movements, but a 20 D lens, slit lamp, or 
direct ophthalmoscope can also be useful to block the patient's fixation and magnify ab
normal eye movements. Ocular motor recordings (electro- or video-oculography, infra
red tracking, or electromagnetic coil technique) provide an objective and highly sensitive 
measure of eye movements but are rarely needed in standard clinical practice. The char
acteristics of eye movements can be easily recorded and effectively communicated with 
videotape and drawing. 

Leigh RJ, Zee OS. The Neurology of Eye Movements. 4th ed. Contemporary Neurology Series. 
New York: Oxford Universi ty Press; 2006. 
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Serra A, Leigh RJ. Diagnostic value of nystagmus: spontaneous and induced ocular oscillations. 
J Neurol Neurosllrg PsyclJiatry. 2002;73(6):615- 6\8. 

Early-Onset (Childhood) Nystagmus 

Congenital Nvstagmus 

Congenitalllystagmus (CN, or infantile nystagmus syndrome) is usually recognized in the 
first few months of life; there may be a family history of the disorder. Patients with CN 
usually do not have oscillopsia. Congenital nystagmus may occur in the presence of poor 
vision or good acu ity. Red uced acuity may be due to the nystagmus itself or related to an 
afferent visual pathway disorder. Therefore, the ophthalmologist must determine if there 
is evidence of damage to the visual pathways. In young children, it is important to detect 
any impairment of visual tracking (ie, determine that the eyes cannot follow visual stimuli 
equally) or optic atrophy. The presence of such abnormalities should prompt neuroimag
ing. Congenital nystagmus often occurs with such conditions as ocular albinism, achro
matopsia, Leber congenital amaurosis, and aniridia. Frequently, electrophysiologic testing 
(ERG, YEP) is warranted. 

Congenital nystagmus is almost always conjugate and horizontal, features that are 
maintained even in upgaze and downgaze. The nystagmus may be continuous or intermit
tent and can appear as jerk or pendular movements in different positions of gaze. There 
is frequently a null point, the field of gaze in which nystagmus intensity is minimal. If the 
null point is not in primary position, patients often adopt a head turn or other posture 
to improve vision by placing the eyes in the null position. Visual attention and fixation 
usually ampli fy CN (unli ke the case with pe ripheral vest ibular nystagmus, discussed later 
in the chapter), whereas convergence on a nea r ta rget damps the ampli tude of the nystag
mus. Two characterist ic signs of eN are 

I. reversal of the normal pattern of optokinetic nystagmus characterized by the slow 
phase of eye movements moving in the direction opposite that of a rotating opto
kinetic drum 

2. a unique pattern in which the velOcity of the slow-phase movement increases ex
ponentially with distance from fi xation; this requires eye movement recordings 
(see Fig 9-1) 

To summarize, the features of CN include 

jerk and/or pendular pattern 
presence with or without normal acuity 
conjugate horizontal eye movements that remain horizontal in up- and down gaze 
prese nce of a null point 
no oscillopsia 
increasing velOcity of slow phase 
accentuation by distant fixation; diminishment by convergence 
15% of patients with strabismus 
abolished in sleep 
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Abadi RV, Bjerre A. Motor and sensory characteristics of infantile nystagmus. Br J Ophthalmof, 
2002;86(10) ;1152-1160. 

Gelbart SS, Hoyt CS. Congenital nystagmus: a clinical perspective in infancy. Graefes Arch Clil1 

Exp Ophtha!mo!. 1988;226(2);178- 180. 

Hertle RW, Dell'Osso LF. Clinical and ocular motor analysis of congenital nystagmus in in
fancy.1 AAPOS. 1999;3(2);70- 79. 

Latent Nystagmus 

I 

Another form of nystagmus that appears very early in life is latent nystagmus (LN), or 
fusional development nystagmus syndrome, which is a horizontal jerk nystagmus that is 
accentuated or appears only with monocular viewing conditi ons. Eyes with LN are stable 
until I eye is occluded, thus eliminating binocular fixation. The fas t phase beats toward 
the viewing eye and away from the occluded eye (the slow phase of the viewing eye is to
ward the nose). Hence, the fast phase reverses direction each time the eyes are alternately 
covered. Use of an occluder when measuring visual acuity requires special care in patients 
with LN, because the onset of the nystagmus degrades acuity. Partial optical blurring of 
1 eye (with a plus lens or filter) may permit better acuity measurements in the fe llow eye 
without inducing nystagmus. Latent nystagmus is almost always associated with esotropia 
and, frequently, with dissociated vertical deviation. 

Clinical characteristics of LN include 

conjugate jerk nystagmus 
beginning or accentuation when binocular fusion is disrupted 
direction changing with monocular occlusion: fast phase beats toward viewing eye; 
slow phase, toward the nose 
congenital esotropia usually present 
subnormal stereopsis 
may be seen with CN in the same patient 

Nystagmus with characteri stics of LN that is present when both eyes are open is 
known as manifest latent nystagmus (MLN). Because most patients with LN have esotropia 
(which may be a subtle microtropia), MLN is initiated when the esotropic eye is physi 
ologically suppressed. In other words, the nystagmus spontaneously and intermittently 
develops whenever suppression occurs (ie, the examiner may not need to occlude 1 eye 
to induce this form of nystagmus). Both LN and M LN are benign entities. When stud ied 
with eye movement recordings, LN usually has a constant-velocity slow phase, in contrast 
with the increasing exponential waveform ofCN. 

Dell'Osso LF, Schm idt D, Daroff RB. Latent, manifest latent, and congenital nystagmus. Arch 
Ophtha!",ol. 1979;97(10) ; 1877-1885. 

Monocular Nystagmus of Childhood 

Monocular nystagmus of childhood is a rare but important form of nystagmus that mani
fests early in life; causes range from the benign to the sight- and life-threatening. The eye 
movements are usually in I eye, vertical or elliptical, and of small amplitude. Monocular 
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nystagmus in an eye with poor vision is often referred to as the Heimann-Bielschowsky 
phenomenon; it may occur with a variety of underlying pathophysiologies, including 
optic neuropathy and amblyopia. Monocular vertical nystagmus in an infant, often found 
in concert with an afferenl pupillary defect and optic atrophy, is suggestive of an optic 
nerve/chiasmal tumor (glioma), and therefore neuroimaging is warranted. 

Spasmus Nutans 

Spasmus IIlItans is a disorder that often develops in the first year of life, manifesting as 
intermiltent, binocular, very small amplitude, high-frequency, horizontal, pendular nys
tagrnus. The nystagm us may be dissociated, even monocular, and the relat ionship of am
plitude and phase of the eye movements may frequently vary belween the eyes. 

Small-amplitude vertica l nystagmus may be present as well. This nystagmus is accom
panied by head nodding, which is often subtle. Many patients have an abnormal head pos
ture, or torticollis. There is an association between spasrnus nutans and African-American 
ethnicity, Hispanic ethnicity. and low socioeconon"lic status. 

In general, spasmus nulans is distinguished from congenital nystagmus (infantile nys
tagmus syndrome) by abnormal head movements and head posture, the intermittent and 
variable nature of the nystagmus, and the relatively high frequency of eye movements in 
spasmus nutans. However, the nystagmus of spasmus nutans is sometimes monocular and 
thus virtually impossible to distinguish from the more ominous conditions of monocular 
nystagmus of childhood (such as the Heimann-Bielschowsky phenomenon, discussed in 
the preceding section). Therefore, patients with presumed spasmus nutans should un
dergo neuroimaging to exclude a gHoma of the anterior visual pathway. 

Similarly, some authors have reported the association of a spasmus nutans-like syn
drome with retinal dystrophies (eg, congenital stationary night blindness), and consider
ation should be given 10 electroretinography in such cases. Lack of the expected resolution 
of spasmus nutans or development of any other neurologic problems should likewise 
prompt appropriate evaluation. including neuroimaging. 

Spasmus nutans is typically a benign disorder and patienls generally have no other 
neurologic abnormalities, except perhaps strabismus and amblyopia. Typically, the abnor
mal eye and head movements disappear after several years (usua lly by the end of the first 
decade of life). 

Newman SA, Hedges TR. Wall M, Sedwick LA. Spasmus nutans- or is it? Sur" Ophtlwlmol. 
1990;34(6):453- 456. 

Smith DE, Fitzgerald K, Stass-Isern M, Cibis GW. Electroretinography is necessary for spasmus 
nutans diagnosiS. Pediatr Net/rof. 2000;23( 1 }:33-36. 

Gaze-evoked nystagmus develops because of an inability to maintain fLxation in eccentric 
gaze. The eyes drift back 10 the midline due to the elastic properties of the orbit, and a cor
rective saccade is generated to reposition the eyes on the eccentric target. Hence. the fast 
phase is always in the direction of gaze. The amplitude of the nystagmus increases as the 
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eyes are moved in the direction of the fast phase. This pattern is in accordance with Alex
ander's law, which states that nystagmus increases in intensity (amplitude and frequency) 
as the eyes are moved in the direction of the fast phase. 

Gaze-evoked nystagmus is caused by dysfunction of the neural integrator (see Chap
ter 1). For horizontal gaze, the neural integrator includes the nucleus prepositus hypo
glossi and the medial vestibular nuclei. For vertical gaze, the interstitial nucleus of Cajal 
serves as the neural integrator. The fl occulus and nodulus of the cerebellum also playa 
role in maintaining an eccentric position of gaze. The neural integrator receives a veloc
ity signal (the "pulse") from the appropriate gaze center and, through the mathematical 
process of integration, generates a "step" signal to maintain the eccentric position of the 
eyes (see Chapter 7, Fig 7-1). That is, the neural integrator ensures a level of neural activity 
adequate to maintain the eyes in an eccentric position of gaze against the elastic forces of 
the orbit. If the neural integrator fails to function properly (becomes "leaky"), eccentric 
eye position cannot be maintained. 

A few beats of symmetric jerk nystagmus at the extremes of far horizontal gaze with 
out other features (eg, rebound nystagmus, saccadic dysmetria) is phYSiologic and of no 
clinical significance. However, sustained or asymmetric gaze-evoked nystagmus should 
prompt further evaluation. Metabolic and toxic etiologies include ethanol and a variety of 
medications, including anticonvulsants, sedatives, and hypnotics. Whenever gaze-evoked 
nystagmus is asymmetric, it can be presumed that an ipsilateral lesion of the brainstem or 
cerebellum-typically stroke, demyelination, or tumor-is present. This finding should 
prompt appropriate patient evaluation, including neuroimaging. End-organ disease such 
as extraocular myopathies and myasthenia can also cause gaze-evoked nystagmus, with a 
pattern similar to that seen with les ions of the central nervous system. 

Rebound Nystagmus 

Prolonged eccentric viewing may induce rebound nystagmus. Such eccentric viewing may 
produce a directional bias in ocular motor control in an attempt to counteract the cen
tripetal tendency of the eyes to return to primary position (primarily due to elastic forces 
within the orbit). This induced bias becomes evident when the eyes return to primary po
sition and then show a tendency to return to the prior eccentric direction of gaze. The bias 
induces corrective saccadic movement in the direction opposite to the initial eccentric 

position of gaze. Rebound nystagmus is often a mani fes tation of cerebellar disease. 

Vestibular Nystagmus 

Peripheral Vestibular Nystagmus 

Patients with peripheral vestibular nystagmus typically present with a sudden, sometimes 
dramatic, onset of dysequilibrium with vertigo, nausea, and vomiting (Table 9-1). Pa
tients often recognize that their symptoms are worsened by particular head movements 
or postures. Oscillopsia, tinnitus. and hearing loss may also occur. After the acute phase 
of peripheral vestibular loss, wh ich typically lasts days, patients experience a slow period 
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Table 9-1 Clinical Characteristics of Peripheral and Central Vestibular Nystagmus 

Symptom or Sign 

Vertigo 
Duration of symptoms 

Tinnitus or hearing loss 
Horizontal nystagmus with 

torsion 
Horizontal nystagmus wi thout 

torsion 
Pure vertical or torsional 

nystagmus 
Visual fixation 
Common causes 

Peripheral Dysfunction 

Severe 
Days to weeks, improvi ng 

over time (may be 
recurrent) 

Common 
Typical 

Rare 

Almost never 

Dampens nystagmus 
Labyrinthitis; MeniEne disease; 

trauma; tox icity 

Central Dysfunction 

Milder 
May be more chronic 

Typica lly absent 
Not typical 

M ay be present 

Diagnostic 

No effect 
Demyelination; stroke; 

drugs 

(weeks to months) of gradually waning symptoms. Even pat ienls who become asymp
tomatic may experience discomfort months to years later. when th eir vestibular system is 
challenged, as when riding in a fast-moving car or boat. 

Peripheral vestibular nystagmus occurs in patients with dysfu nction of the end organ 
(semicircular canals, otolithic structures, vestibular nerve). End-organ damage, which is 
usually unilateral or at least asymmetric (except in cases of tox.icity), disrupts the other
wise symmetric vestibular afferent inputs to the neural integrator. which stabilizes eye 
position in eccentric locations. The output of the neural integrator is routed to the con
tralateral paramedian pontine reticular formation. This loss of tonic sym metry produces 
a directional bias in eye position. A reduction in input from a left-sided vestibular lesion, 
for instance. produces a leftward bias, which then induces a corrective saccade away from 
the side of the lesion. Thus, a left -sided lesion would produce leftward slow phases and 
right jerk nystagmus. 

Peripheral vest ibular nystagmus related to vestibular neuropathy typically dis
rupts output from all 3 semicircular canals and the otolith ic organs. producing a mixed 
horizontal-torsional pattern of nystagmus that changes depending on the direction of gaze. 
This follows Alexander's law: The nystagmus is more pronounced when gaze is directed 
toward the side of the fast-beating component. Depending on the severity of the lesion, 
the nys tagmus may be evident in primary position. A skew deviation may also be present 
due to disrupt ion of peripheral vestibular structures. Nystagmus that is purely vertical or 
torsional almost always signifies a central lesion (see the fo llowing section). 

A characteristic feature of peripheral vest ibular nystagmus is the abi lity of visual fixa 
tion to dampen the nystagmus. The effect of visual fixation on nystagmus can be evaluated 
during direct ophthalmoscopy by temporarily covering the contralateral fixing eye. Other 
methods for enhanCing vestibular nystagmus include vigorous head shaking, hyperventi
lat ion, mastoid vibration , and the Valsalva maneuver. 

Peripheral ves tibular dysfunction, often accompanied by nystagmus, usually occurs 
in 1 of 4 clinical settings. The first is an acute. monophasic disorder that occurs secondary 
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to a (presumed viral) vest ibular neuronitis. The second is a recurrent form of vest ibular 
dysfunction that is usually associated with audi tory symptoms (tinnitus and hearing loss). 
This disorder, exemplified by Meniere disease, is usually progressive, although typically 
there are long symptom-free intervals. The third clinical setting is a paroxysmal dysfu nc
tion of the vestibular system that produces vertigo in response to certain postures of the 
head. This disorder, known as benign, paroxysmal, positional vertigo (BPPV), develops 
because of free movement of otocon ia particles (ca lcium carbonate crystals normally co n
tained within the utricle and saccule), which act as fore ign debris within a semicircular 
canal. The Dix- Hallpike maneuver, during which the patient's head is turned 45° to the 
right or left and lowered below the horizontal pla ne of an examining table to induce symp
toms, can be used to diagnose which side and semicircular canal are dysfunctional. O nce 
that is determined, repositioning treatments slich as the Epley maneuver can remove the 
otoconia from that semicircular canal. The Epley procedure for the right ear, for example, 
begins in the right Dix-Hallpike position , with the head 45° to the right and below the 
horizon; the head is then turned slowly (over minutes) 180° to the patient's left. These 
patients often enjoy a remission after a bOllt of BPPV, but it is not uncommon for pat ients 

to be intermittently plagued by thi s disorder. A fourth clinical setting for the occurrence 
of peripheral vest ibular dysfunction is a toxic etiology, primarily the use of aminoglyco
sides (but also other medications such as chemotherapeutics). SystemiC ototox ins typically 
produce head movement-related oscillopsia and decreased vestibular ocular reflex (VOR) 
gain bilaterally with little or no nystagmus (vestibular hypofunction without asymmetry). 

Some patients with cerehellopontine angle tumors (usually acoustic neurinoma or 
meningioma) may experience Bruns nys tagmus, which is a combination of gaze-evoked 
and peripheral vestibular nys tagmus. Initially, as the vestibular nerve is affected, the eyes 
drift toward the side of the lesion, with a corrective fast phase in the opposite direction. 
As the lesion enlarges, th e ipsilateral brainstem is compressed, causing problems in main
taining ipsilateral eccentric gaze; thus. as the patient looks to the side of the lesion, large
arnplitude, lower-frequency gaze-evoked nystagmus is noted, whereas in contralateral 
gaze, small-amplitude, high-frequency vestibular nystagmus is seen. 

Baloh RW. Clin ical prac tice: vestibular neuriti s. N E/lgl J Merl. 2003;348( II ): 1027- 1032. 

Fife TO. Tusa RJ, Furman JM, et al. Assessment: vestibular testing techniques in adults and 
children. Report of the Therapeutics and Technology Assessment Subcommittee of the 
American Academy ofNeufology. Neurology. 2000;55( 10): 1431- 1441. 

Hotson JR, Baloh RW. Acute vestibular syndrome. N Ellgi J Med. 1998;339(1 0):680-685. 

Central Forms of Vestibular Nystagmus 

There are extensive intercon nections behveen the central vestibular structures of the brain · 

stem and the phylogenetically older regions of the cerebellum (flocculus, nodulus, and ver
mis), Therefore, it can be difficult, if not impossible, to deter min e by clinical examination 
alone the precise location of some les ions that produce central nystagmus. Although some 
forms of central vestibular nystagmus do provide good localiZing in formation (Table 9-2), 
it is often more appropriate to think of the central vestibular pathways as a Si ngle system 
and to obtain neuroimaging if more specific information about localization is desired . If 
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Table 9-2 Selected Nystagmus/Oscillatory Movements and Their Most Common 
Lesion Locations 

Abnormal Eye Movement 

Downbeat nystagmus 
Upbeat nystagmus 
See-saw nystagmus 
Monocular nystagmus of childhood 
Periodic alternating nystagmus 
Convergence-retraction nystagmus 
Ocular bobbing 
Flutter/opsoclonus 

Probable l ocati on of l es ion 

Cervical-medullary junction 
Posterior fossa (medulla most common) 
Parasellar/dienceph a Ion 
Optic nerve/chiasm/hypothalamus 
Cerebel lar nodulus 
Pretectum (dorsal midbrain) 
Pontine destructive lesion 
Pons (pause cells); cerebellum (connections to pons) 

central vestibu lar nystagmus is of small amplitude and only present outside of p rimary 

posit ion, patients may have no visual compla ints. 

Downbeat nystagmus 
Downbeat nystaguws is the most common fOfm of central vestibular nystagmus and re
sults from defective vertical gaze holding that allows for a pathologic upward drift of the 

eyes, which is then corrected with a downward saccade. Lesions that cause downbeat nys
tagm us compromise the vestibu locerebellum (nodu lus, uvula, flocculus, and paraflocc u
Ius) and diminish the tonic output from the anterior semicircular canals to the ocu lar 
motoneurons (the vertical VOR is asymmetric for up and down movements, as distinct 
from the symmetric horizontal VORl. Downbeat nystagm us may be present in p rimary 

position, but in accordance with Alexander's law, the down beating movements are usu
ally accentuated in downgaze (especially down gaze to either side) . Patients usually report 

oscillopsia, which can be debi litating. 

A structural lesion may be associated with downbeat nystagmus, in which case the 
lesio n is often located at the cerVical -medu lla ry junction. An Arnold-Chiari type I malfor

mation , in which the cerebellar tonsils herniate through the foramen magnum and com 
press the brainstem and spinal cord, is the most common structural et iology (Fig 9-2). 

Lesions at the foramen magnum are best assessed with sagittal MRI. In some cases of 
unexplained downbeat nystagmus, antibodies to glutamic acid deca rboxylase have been 

d iscovered in the blood of affected patients. These antibodies might produce downbeat 

nystagmus by in terfe ring with the GABAergic neurons of the vest ibular complex that nor

mally inhibit the cells of the flocc ulus. 

The different ial diagnosis of downbeat nystagmus includes 

Arno ld -Chiari type I malformation 

tumors (meningioma, cerebellar hemangioma) at the foramen magnum 
demyelination 
st roke 

cranial trauma 
d rugs (akohol , lithium, anticonvulsants) 

platybasia 
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Figure 9-2 Arnold-Chiari type I malformation. 
This 26-year-old patient reported a sense of 
movement of his environment. Downbeat nys
tagmus was identified as the explanation for 
his osciliopsia. This sagittal, Tl-weighted MRI 
scan shows herniation of the cerebellar tonsils 
(arrow) through the foramen magnum. (The 
level of the foramen magnum is shown by the 
dotted line.) 

basilar impression 
spinocerebellar degenerations 
syrinx of the brainstem or upper cervical spinal cord 
brainstem encephalitis 

• paraneoplastic syndrome 
nutrition (Wernicke encephalopathy, parenteral feeding, magnesium deficiency) 
antibodies to glutamic acid decarboxylase 
idiopathic 

Clonazepam, badofen, gabapentin, base-out prisms (to induce convergence), me
mantine, and 3,4-diaminopyridine are common (off- label) treatments for downbeat nys
tagmus, but they are frequently only partially successful or unsuccessful. 

Upbeat nystagmus 
Upbeat nystagmus is caused by an inappropriate downward drift of the eyes, followed by 
corrective, upward saccades. Upbeat nystagmus may be caused by lesions in the brainstem 
(often medulla) or the anterior cerebellar vermis; hence, the lesions may exist at variable 
locations within the posterior fossa. Common causes of upbeat nystagmus include demy
elination, stroke, cerebellar degeneration, and tobacco smoking. 

Torsional nystagmus 
In contrast to the mixed patterns of nystagmus seen with peripheral vestibular disease, 
nystagmus that is purely torsional is indicative of a central lesion. TorsionainystagmLls is 
usually associated with a medullary lesion (syringobulbia, lateral medullary infarction) 
and may be part of an ocular tilt reaction. 

Periodic alternating nystagmus 
Periodic alternating nystagmus (PAN) is a strictly horizontal nystagmus that predictably 
oscillates in direction, amplitude, and frequency. For instance, a rightward beating nys
tagmus develops progressively larger amplitudes and higher frequencies up to a certain 
point, then wanes, eventually leading to a short period of downbeat or no nystagmus. 
Then, the nystagmus reverses direction, with a crescendo-decrescendo pattern that again 
leads to a short period without nystagmus, to complete the cycle. PAN may be congenital 
or acquired. The acquired form has a characteristic oscillation cycle of 2-4 minutes. A 
cursory examination may lead to the erroneous conclusion that the nystagmus is directed 
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only to I side. For this reason. any presentation of nystagmus that is purely horizontal and 
is present in primary posit ion should be observed for at least 2 minutes to be certain one 
is not dealing with PAN. A patient with PAN may also demonstrate periodic alternating 
head turn to minimize the nystagmus, according to Alexander's law. 

PAN is typically associated with dysfunction of the cerebellar nodulus and uvula. 
which playa role in the time constant of rotational velocity storage. An oscillatory shifting 
of the null point results. COlllmon causes include multiple sclerosis. cerebellar degenera
tion. Arnold-Chiari type I malformation. stroke. anticonvulsant therapy. and bilateral vi
sual loss. If the last is reversible (eg. vitreous hemorrhage). PAN may be abolished. Saclofen 
(Lioresal) can be effective for the acquired form of this nystagmus. 

Acquired Pendular Nystagmus 

Acquired pendular nystagmus includes pendular. slow-phase eye Illovements in the hori
zontal. vert ical. and torsional planes (often forming elliptical waveforms). (In contrast. the 
much rarer congenital pendular nystagmus usually manifests with only horizontal move
ments.) Pendular nystagmus with both vertical and horizontal components produces 
oblique nystagmus (if the components are in phase) or circular or elliptical nystagmus (if 
the components are out of phase). The eye movements may be conjugate or disconjugate 
and are often dissociated. 

The localizing value of acquired pendular nystagmus is poor. It is most commonly 
seen in patients with multiple sclerosis, who may exhibit asymmetric or monocular forms. 
This form of nystagmus can also be seen following blindness secondary to optic nerve 
disease. including that due to multiple sclerosis. Assuming reduced vision in both eyes. 
the nystagmus is typically larger in the eye with poorer vision. 

Oculopalatal Myoclonus or Tremor 

Acquired pendular nystagmus may accompany palatalmyoc/onus. an acquired oscillation 
of the palate. The eye movements are continuous and rhythmic, approximately 1 Hz, and 
typically conjugate in the vertical plane. and they persist during sleep. This eye move
ment disorder may also be associated with synchronous movements of the facial muscles, 
pharynx. tongue. larynx. diaphragm. trunk. and extremities. The condition usually occurs 
several months (rarely ranging to years) following a lesion involving the Guillain-Mollaret 
triangle. which encompasses pathways from the deep cerebellar nuclei through the supe
rior cerebellar peduncle. then through the central tegmental tract to the inferior olive in 
the medulla. Lesions within this pathway (most often within the central tegmental tract) 
can disrupt transmission between the cerebellum. specifically the flocculus. and the infe
rior olive. The lesion produces hypertrophy of the inferior olivary nucleus. wh ich is easily 
visualized with MRI as a T2 hyperintensity within I or both inferior olives. 

See-Saw Nystagmus 

See-saw nystagmus is a form of disconjugate nystagmus in which 1 eye elevates and intorts 
while the other eye depresses and extorts. movement reminiscent of that of a see-saw. The , 
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eye movements are typically pendular, the freq uency typically slow, and the amplitude 
sim ilar between eyes. See-saw nystagmus may be congenital, but it is most commonly 
found in patients with large tumors in the parasellar region. Craniopharyngioma is one 
of the most frequent causes. Other parase llar- diencephalic tu mors and trauma may also 
produce see-saw nystagmus; congenital achiasma is a rare cause. There may be associated 
visual loss, often bitemporal hemianopia. Asymmetric visual loss may influence the am 
pli tude of the eye movements (ie, the amplitude may be larger in the poorer seeing eye). 

Daroff RB. See-saw nystagmus. Neurology. 1965; \5:874-877. 

Nystagmus that is characterized by a diffe rence in the size of the ocular osc illat ion is re
ferred to as "dissociated." Perhaps the most common fo rm of dissociated nystagmus is seen 
with lesions of the medial longitudinal fasciculus (MLF), which produces an internuclear 
ophthalmoplegia (INO; see Chapter 8). Isolated slowing of adduction of the eye ipsilat
eral to an MLF lesion is the primary feature requi red to establish a diagnosis of INO. In 
addition, there is often nystagmus of the abduct ing eye when gaze is di rected to the side 
opposite the lesion. One expl anation for this pattern of dissociated nystagmus is the de
velopment of increased neural puls ing in an attempt to overcome the adduction weakness. 
According to Hering's law, the increased neural Signaling would also be delivered to the 
contralateral yoke muscle, which would create excessive saccadic movements in the con
tralaterallateral rectus muscle. 

Saccadic Intrusions 

Several fo rms of saccadic intrusions have bee n identified. Based on eye movement record
ings, 2 classes may be distinguished by the presence or absence of an intersaccadic inter
val, which is defined as the temporal separation between sequential saccades extending 
180-200 msec. 

Saccadic Intrusions With Normallntersaccadic Intervals 

The most common saccad ic intrusions are square-wave jerks, which have a normal inter
saccad ic interval (amplitude typically <2°; latency to refixation: 200 msec). Macrosquare

wave jerks are much less common but also include an intersaccadic interval (ampli tude 
5°_ 15°; latency to refixation: 70- 150 msec; Fig 9-3). The smaller square-wave jerks may be 
seen in low frequencies in normal elderly people. Macrosquare-wave jerks tend to have a 
slightly higher frequency and are always pathologic. Lesions that disrupt the fas tigial nu
cleus of the cerebellum or the superior col licu lus, or their interconnecting fibers, may give 
rise to these inappropriate eye movements. The abnormal eye move ments may be created 
by an alterat ion of the omnipause neurons of the pons, which would lower the typically 
high threshold fo r initiation of saccadic eye movements during attempted fixat ion. The 
larger-amplitude macrosquare-wave jerks are mostly seen in patients with cerebellar dis
ease or multiple sclerosis. 
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Figure 9·3 Schematic of saccadic intrusions 
and oscillations. A, Square-wave jerks: small, 
uncalled-for sacca des away from and back to 
the position of the target. B, Macrosquare
wave jerks. C, Macrosaccadic oscillations: 
hypermetric s:accades about the position of 
the target. D, Ocular flutter: back-to-back, 
to·and·fro saccades without an intersaccadic 
interva l. (Used and modified with permission from Leigh 

RJ, Zee DS. The Neurology of Eye Movements. 3rd ed. 

Contemporary Neurology Series. New York: Oxford Univer

sity Press: 1999.) 

Macrosaccadic oscillation is another type of saccadic intrusion that breaks fixation. 
These oscillations differ from the square-wave jerks in that the oscillations extend equally 
to I side and then the other side of the fixation. Relatively large movements that break 
fixation , like macrosquare·wave jerks, tend to occur in short bursts. This disorder devel
ops because of a hypermetria that produces repetitive inaccuracies in attempts to fixate on 
a target. The hypermetria is a man ifestation of cerebellar dysfunction. 

Saccadic Intrusions Without Normallntersaccadic Intervals 

Two types of eye movement abnormalit ies lack the intersaccadic interval that is normally 
present between sequential saccades: ocular flutter and opsoclonus. Both conditions can 
be diagnosed with reasonable confidence by clinical examination alone. although a defini
tive demonstration of the lack of an intersaccadic interval requires eye movement record
ings. The pathology fo r these eye movements is unknown but may relate to dysfunction of 
the omnipause neurons of the pons or to connections with these cells (see Chapter 7). 

Ocular flutter typically presents as bursts of horizontal movements that have quite 
small ampl itude but very high (lO- IS Hz) frequ ency (Fig 9-3D). Whereas flutter is hori 
zon tal, multidirectional eye movements with a Similarly high frequency but often larger 
amplitude are known as opsoclonus (or saccadomal1ia). A patient may have both ocular 
flutter and opsocionus, or the movements may change from 1 form to the other during 
the course of d isease. 

In evaluating patients with these types of eye movements. a paraneoplastic etiology 
must be excluded. In children. neuroblastoma (or other tumor of neural crest origin) is 
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the primary consideration, whereas in adults, small cell carcinoma of the lung or cancer of 
the breast or ovaries is of prime concern. Abnormal antibodies directed against neuronal 
RNA are found in some patients with paraneoplastic-induced ocular flutter or opsoclonus. 
Serologic or CSF assay for the anti-Ri antibody (also known as ANNA-2) can help confirm 
the diagnosis in cases secondary to cancer of the breast or ovary. whereas anti-Hu antibod
ies (also known as ANNA- I) are present in some children with neuroblastoma. Multiple 
sclerosis is a common calise of ocular flutter in young adults. Ocular flutter and opsoclonus 
may occur following brainstem encephaliti s. Other reported causes include drug intoxica
tion, toxins, and hyperosmolar coma. Despite the generally dire implications, opsoclonus 
may be seen as a transient finding in normal infants and may occur, rarely, in some pa
tients without explanation in the absence of associated neurologic or systemic abnormali

ties. Opsoclonus may coexist with myoclonus (opsoclonus- myoclonus syndrome). 

Digre K8. Opsodonus in adults. Report of three cases and review of the literature. Arch Neurol. 
1986;43( II); 1165- 11 75. 

Lennon VA. Paraneoplastic autoantibodies: the case for a descriptive generic nomenclature. 

Neurology. 1994;44( 12);2236- 2240. 

Voluntary Nystagmus 

Voluntary "nystagmus" consists of rapidly oscillating eye movements (almost always 
horizontal) that can be induced volitionally. The movements, which are not a form of 
nystagmus (because they lack slow phases), appear as high-frequency, conj ugate, back
to-back saccades without an intersaccadic interval associated with convergence and often 
with eyelid flutter and fac ial grimacing. At times, voluntary nystagmus can be difficult to 
distinguish from ocular flutter; however, ocular flutter is typically associated with other 
abnormal examination features and does not have the convergence and eyelid accompani 
ments of voluntary nystagmus (see Chapter 13). 

Additional Eye Movement Abnormalities 

Convergence-Retraction Nystagmus 

Convergence-retraction nystagmus, which in reality does not meet the definition of nystag
mus because it lacks slow phases, results from co-contraction of the extraocular muscles 
on attempted upgaze. The medial rectus muscles are the most powerful of the extraocu
lar muscles, and their contraction produces convergent movements even when all other 
extraocular muscles are contracting. The co-contract ion of all extraocular muscles pro
duces retraction of the globe into the orbit. Convergence-retract ion nystagmus localizes 
the disease process to the dorsal midbrain, and hence the "nystagmus" is often associated 
wi th paresis of upgaze, pupillary light-near dissociation, skew deviation, and bilateral lid 
retraction (Collier Sign). Convergence- retraction nystagmus is best demonstrated by hav
ing the patient make an upward saccade or follow a downward-rotating OKN drum. 

Superior Oblique Myokymia 

Superior oblique myokymia is a disorder that produces paroxysmal, monocular, high 
frequency bursts of contraction of the superior oblique muscle. These bursts typically last 
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for seconds, occur numerous times per day, and usually produce vertical or torsional os
cillopsia. The movements are of very small amplitude, and magn ification (obtained, for 
instance, with a slit lamp or 20 D lens) is usually required. The abnormal movements may 
occur spontaneously or immediately following a downward eye movement. The contrac
tion of the superior oblique muscle may also produce transient vertical diplopia, because 
a tonically contracting superior oblique muscle will depress the affected eye. Electromyo
graphic recordings of some patients have demonstrated abnormal discharge from some 
muscle fibers , either spontaneously or following contraction of the muscle. The etiology 
of superior oblique myokym ia is unknown. It is almost always ben ign, although there 
are rare reports of its associat ion with multiple sclerosis or posterior fossa tumor. Some 
clinical and neuroimaging find ings suggest this disorder may be due to neurovascular 
compression, similar to cases of hemifacial spasm and trigeminal neuralgia. 

The clinical course of superior oblique myokymia is highly variable. Some patients 
enjoy spontaneous recovery or experience only brief spells of symptoms. Most patients, 
however, are chronically bothered by oscillopsia or intermittent diplopia. Carbamazepine, 
phenytoin, badofen , gabapentin, or topical P-blockers may be helpful in some patients. 
In more severe cases, a combined superior oblique muscle tenotomy and recession of the 
ipsilateral inferior oblique muscle may effect a cure. 

Brazis PW, Miller NR, Henderer JD, Lee AG. The natural history and results of treatment of 

superior oblique myokymia . Arch Ophthalmol. 1994; 112(8): I 063- 1 067. 

Oculomasticatory Myorhythmia 

Vertical saccadic palsy may be an early neurologic finding in Whipple disease. In ad
dition, patients may develop pendular, vergence oscillations that occur with contrac
tions of the masticatory muscles. This combination of abnormal movements is known 
as oeulomasticatory myorhythmia. Patients may have only the neurologic manifestations, 
but, more commonly, they also have unexplained fever, diarrhea, cognitive dysfunction, 
weight loss, and lymphadenopathy. Whipple disease can be diagnosed by duodenal biopsy 
(using PAS staining) to document infection with Tropheryma whippelii or by serologic 
polymerase chain reaction (PCR) testing. W hipple disease is a progressive and potentially 
life-threatening disease that is curable with antibiotic therapy. 

Lowsky R, Archer GL, Fyles G, et al. Brief report: diagnosis of Whipple's disease by molecular 

analysis of peripheral blood. N Ellgl / Med. 1994;33 1 (20): 1343- 1346. 

Schwartz MA, Selhorst JB, Ochs AL, et al. Oculomasticatory myorhythmia: a unique move

ment disorder occurring in Whipple's disease. Ann Neurol. 1986;20(6) :677-683 . 

Treatment of Nystagmus and Other Eye Movement Abnormalities 

Nystagmus is generally difficult to treat, although successful forms of therapy have been 
reported for some forms. Several treatment options are described here, but readers should 
review the referenced publications to obtain a more in-depth overview. 

Perhaps the most well-documented and successful therapy for nystagmus and related 
disorders is the use ofbaclofen (a GABAB agonist) for the acquired form of PAN and car
bamazepine derivatives for superior oblique myokymia. Downbeat and other central ves
fibu lar fo rms of nystagmus can occasionally be helped by c1onazepam, a GABAA agonist. 
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Memenat ine or gabapent in (also GA BAergic medication) may help some pat ients wi th 
the acquired form of pendular nystagmus. 

Nonmedical treatment options are also available. Nystagmus associated wi th ambly
opia can be improved with traditional amblyopia th erapy. Base-out prisms to induce con
vergence may be helpful for some patients whose nystagmus diminishes with convergence. 
Use of contact lenses may improve visual acuity in patients with congenital nystagmus. 

Un il ateral, retrobulbar injection of botu linum toxin reduces the amplitude of nystag
mus and may produce a visual benefit for patients who are wi Lling to view monocularly. 
However, total cessation of eye movements has its own consequences; for example, some 
patients report blurred vision when walking because of the loss of the normal VO R that 
adjusts eye posit ion as the head moves. 

Some patients with congenital nystagmus can be helped by extraocular muscle sur
gery (Anderson-Kestenbaum procedure) to mechan ically shift the nu ll point to primary 
position . Clinicians have achieved variable reduction of the amplitude of eye movements 
and improved visua l acuity in some adult patients with congenital nystagmus by perform
ing horizontal rectus muscle tenotomy, with reattachment of the muscles to their origina l 
insertion site. 

Leigh RI, Averbuch-Heller L, Tomsak RL, Remler BF, Yaniglos SS, DelrOsso LF. Treatment of 
abnormal eye movements that impair vision: strategies based 0 11 current concepts of physi
ology and pharmacology. AllI/ Neurol. 1994;36(2): 129- 141. 

Straube A, Leigh RJ. Bronstein A, et al. EFNS task force- therapy of nystagmus and oscillopsia. 
Ellr J Nellrol. 2004; II (2),83- 89. 

Eye Movements in Comatose Patients 

Coma is caused by bilateral lesions of the brainst,," (typically structural) or cerebral 
hemispheres (structu ral or metabolic disturbances). Coma also can develop in patients 
who have a large, unilateral hemispheric stroke when the accompanying edema or hemor
rhage produces a mass effect that is sufficient to cause midline shift or tentorial herniation 
and compression of the brainstem. 

A variety of eye movement abnormalities may be seen in unconscious patients. Pa
tients may have conjugate deviation of the eyes. In a gaze preference, the eyes deviate to
ward the side of a cerebral hemispheric les ion (and away from Ihe side of the hemiparesis, 
if present) because the intact contralateral fro ntal eye field imposes a bias that drives the 
eyes to the opposite side. Intact horizontal eye movements are demonstrable with supra
nuclear activat ion such as the VOR. This type of ocular deviat ion typically persists for 
only a few days, after which compensatory adjustments are made by the brain to balance 
the ton ic input that controls resting eye position. A pontine brainstem stroke that pro
duces coma may also produce conjugate ocular deviation, although in this situat ion (gaze 
palsy) the eyes deviate away fro m the side of the lesion (remember, "Brainst,," lesions are 
too terrible to look at"). Here, the intact, contralateral horizontal gaze center drives the 
eyes to the ipsilateral side. Ocular deviation from brai nst,," strokes usually persists for 
long periods of time. 
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Comatose patients may also manifest spontaneous, slow, roving horizontal eye move
ments. The conjugate nature of these eye movements indicates intact brain stem ocular 
motor pathways, as may occur in patients whose coma is due to metabolic derangement. 
Spontaneous eye movements of this type may also be somewhat disconjugate. In cases of 
coma caused by bilateral hemispheric lesions, spontaneous eye movements may be con
fined to the horizontal plane and rapidly alternate in gaze from 1 side to the other every 

few seconds ("Ping-Pong" gaze). Longer periods of alternating deviation lasting minutes 

are termed periodic alternating gaze deviation and may be seen in patients with metabolic 
coma. 

Ocular Bobbing 

Ocular bobbing is a rare sign of rapid downward movement of both eyes, followed by 

a slow return of the eyes to the midline position. The offending lesion is usually in the 

pons, secondary to infarction or hemorrhage. Ocular bobbing portends an extremely 

poor prognosis for neurologic recovery. Bilateral pontine lesions lead to loss of horizontal 

eye movements. 
Similar vertical eye movements may have an initially slow downward movement fol

lowed by a fast return to primary position (inverse bobbing, or ocular dipping), or the de

viation from primary position may be upward. An initially fast upward deviation followed 

by a slow return to primary position has been referred to as reverse ocular bobbing; a slow 
initial upward drift followed by a fast return to primary position has been termed converse 
bobbing, or reverse ocular dipping. Although ocular bobbing has valuable localization and 

prognostic information, inverse bobbing, reverse bobbing, and dipping are non localizing 

(most often noted with hypoxiC-ischemic encephalopathy). 



CHAPTER 10 
The Patient With Pupillary 
Abnormalities 

Pupillary function is an important objective clinical sign in pat ients with visual loss and 
neurologic disease. In some patients, an abnormal pupillary response may be the only 
objective sign of organic visual dysfunction; in others, it may herald the presence of a li fe

threatening cerebral aneurysm or tumor. Fortunately, the presence of efferent and afferent 
pupillary defects can be determined quickly and eaSily in the clinic by evaluating the size 
and reaction of the pupils. Pupillary anatomy and innervation are discussed in Chapter I, 
and the evaluation of relative afferent pupillary defect is described in Chapter 3. This 
chapter reviews the clinical approach to patients with pupillary disorders, incl uding ir
regular pupils, anisocoria, and light- near dissociation . 

Histor 

Patients with pupillary disturbances, particularly anisocoria, may not be aware of any ab
normali ty. Th is is especially true in persons with dark-colored irides. Frequently, a spouse, 
friend, or physician brings the abnormality to the patient's attention. 

The patient's med ical history may be helpful in assess ing the s igni ficance of a distur
bance in pupil size or shape. A history of previous infection (eg, herpes zoster), trauma, 
surgery (espeCially ocular), o r migrai ne may suggest the etiology of the pupillary distur
bance. The pati ent's occupation may also be important. A farmer or gardener may be ex
posed to plants o r pes ticides that can produce pupi llary dilation or constrict ion by topical 

contam ination. A physician, nurse, o r other health professional may work with or have 
access to topical dilating or constricting substances that may produce changes in pupil 
size by design or chance. 

Reports of symptoms in patients with pupillary disturbance are highly variable. Fre
quently, none are reported. When present, symptoms may include photophobia, difficulty 
fOCUSing when going from dark to light or light to dark, and blurring of vision. 

Documenting the onset of the pupillary abnormality may be facilitated by careful in
spection of patient photographs. The clinician can look at the patient's driver's license 

, 261 
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or other photographic identification card at the time of ini tial eva luation or can ask the 
patient to return with old photographs spanning severa l yea rs ("biopsy of the family 
album"). 

A thorough clin ical exami nation of the pupils requires only simple, inexpensive 
tools: a bright, even, handheld light source (such as a halogen transillum inator); a pupil
measuring gauge, preferably in half-millimeter increments; neutral density filters in 0.3, 
0.6, and 0.9 log unit values to quantitate relative afferent pupillary defects; and an exam i
nation room in which background illumination is easily controlled. For measuring affer
ent pupillary defects, see Chapter 3. 

In evaluating pupil size, the clinician shines a handheld light obli quely from below 
the nose for indirect illumination and a clear view of the pupils in both darkness and 
room light. To avoid accommodative miosis, the patient is instructed to fix on a distant 
target, and the examiner should be carefu l not to block the patient's fixation. The pupils 
are measured 5- \ 0 seconds after changes in illumi nat io n to avoid pupillary fluctuations. it 
is important to remember that at any given moment, mu ltiple factors may influence pupil 
size and reactivi ty; the pupil is in a state of constant phys io logic unrest. 

Shining a light in 1 eye of a normal subject causes both pupils to constrict equally. The 
pupillary reaclion in the illuminated eye is called the direct response, and the reaction in 
the other eye is the consensual response. Because of the hemidecussation of afferent pupil
lomotor fibers in the chiasm. and because a second hemidecussation of the pupillomotor 
fibers takes place in the brainstem, direct and consensual responses are equaL If 1 eye is 
blind, all input to the pupillary centers in the brainstem comes from the other eye, but the 
double hemidecussation ensures equal pupi llary motor innervation and prevents inequa l
ity of the pupils (anisocoria ). 

In addit ion, th e near response should be exa mined. This should be carried o ut in 
moderate room light, such that the patient's pupils are midsize and the near object is 
clearly visibl e. The patient is given an accommodative target with fine detail to look at. 
The near response, although it is usually triggered by blurred or disparate imagery, has a 
large volitional component, and the patient may need encouragement. If the patient has 
not made sufficient effort , "practice runs" may be needed. Often, a good near response 
is obtained on the third or fourth try. Sometimes a better response is obtained if other 
sensory input is added to the stimulus, such as a ticking watch; or a proprioceptive target 
such as the patient's own thumbnail can be used. A lack of near response usually indicates 
that the patient (or the doctor) is not trying hard enough. 

Slit-lamp examination ofthe anterior segment is also essential in defining a pupillary 
abnormality. For example. the finding of corneal injury or anterior chamber inflammation 
may explain a small pupil in the setting of ci liary spasrn. Gonioscopy to assess the anterior 
chamber angle should be performed in a patient with a dilated pupil, particularly when 
there is a hi story of pain or redness in the eye. Assess ment of the iris should include not 
only inspection of the integrity of the sphincter muscle but also transillumination of the 
iris to seek evidence of iris damage from previo ll s trauma, infection, or inflammation. In 
addition, by placing a wide beam at an angle to the iris and turning the light off and on, the 
clinician can assess the light reflex for segmental defects sllch as those that occur in eyes 
with tonic pupils or aberrant regeneration of the oculomotor nerve. 
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Normally the pupil is black, but on occasion it may appear white. Leukocoria (white 
pupil) has several causes, one of which is a light-reflecting abnormality in the posterior 
segment of the eye. In small child ren, leukocoria may indicate the presence of a malignant 
tumor such as retinoblastoma. Other causes include persistent hype rplastic primary vitre
ous, retinopathy of prematurity. and cataract. 

Pharmacologic agents can be used to evaluate pupillary reactivity and can confirm 
a clinical suspicion of Horner syndrome. tonic pupil, or pharmacologic mydriaSiS. It is 
important to remember. however. that pharmacologic pupil testing is not infallible, as 
false-posit ive and false-negative results ca n occur. and test results must be interpreted in 
the individual setting. 

Baseline Pu il Size 

The rest ing pupil size is influenced by several factors; most important are the amount 
of ambient light, the status of retinal adaptation, the level of arousal, and the patient's 
age. Pupils, in general, become smaller wi th age. Sleep resul ts in decreased sympath etic 
activity and smaller pupils. Arousal, exci tement, or startle increases pupil size. Elevated 
in traocular pressure may result in enlargement ofthe pupil , possibly by inducing ischemia 
in the iris. Pupils are often dilated following grand mal seizures. 

Extremely smal l pupils usually suggest pontine hemorrhage. narcotic intoxicat ion, or 
pilocarpine use. Extremely large pupils suggest parasympathetic pharmacologic blockade 
from either topica l or systemic agents. 

Any disorder that physically damages the mechan ical compl iance of the ir is or ir is muscu
lature can resu lt in an irregular pupil. BluHt trauma to the eye can cause focal tears in the 
sphincter muscle. An iridodialysis occurs when the outer edge of the iris is torn away from 
its ci li ary attachment. l11traocu/ar inflammation can damage the iris or cause it to adhere 
to the lens or cornea (synechiae). NeovascularizatioH can also distort the ir is and impa ir 
pupillary reactivity. Iris malformation such as coloboma and aniridia will affect pupil size 
and funct ion. The lead ing cause of a misshapen pupil in an adult is probably cataract 
surgery, but any operative procedure in the anterior segment may have similar results. To 
avert an extensive and unnecessary neurologiC evaluation, it is essential to recognize these 
iris structural abnormalities as the cause of abnormal pupil size, shape. and reactivity. 

The following 2 rare condit ions may cause pupill ary irregu lari ty by means of altera
tion in iris innervation: 

\ 

I. Tadpole pupil. This disorder is uniformly benign and occurs in healthy individuals, 
often with a history of migraine. The pupil undergoes sectoral dilation lasting for 
a few minutes before returning to normal. This phenomenon may occur multiple 
times for several days or a week and then disappears. It is thought to represent seg
mental spasm of the iris d ilator muscle. (See: http://ibrary.med.utah.edu/NOVELI.) 
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2. Midbrain corectopia . In rare cases, eccentric or oval pupils are seen in patients with 
rostral midbrain disease. This abnormality is presumably caused by incomplete 
damage of the pupillary fibers leading to selective inh ibi tion of ir is sphincter tone. 

SeJhorst JB. Hoyt WF, Feinsod M, Hosobuchi Y. Midbrain corectopia. Arch Neurol. 1976;33(3 ): 
193- 195. 

Thompson HS, Zackon OH, Czarnecki JS. Tadpole-shaped pupi ls caused by segmental spasm 
of the iris dilator muscle. Am J Ophtha/mol. 1983;96(4):467- 477. 

Anisocoria 

Efferent disturbances of pupil size are usually unilateral, which produces inequality in 
the diameters of the 2 pupils. This condition is called anisocoria. Although it is important 
for the clinician to look fo r anisocoria when assess ing the pupil. its presence does not 
necessarily represent an abnormality. The evaluation of a patient with isolated anisocoria 
is much easier wi th the systemic approach illustrated in the flowchart in Figure ID- l. In 
many individuals, anisocoria is phYS iologic. 

Physiologic Anisocoria 

Physio logic anisocoria (a lso known as simple or essential anisocoria) is the most common 
cause of a difference in pupil size of 0.4 mm or mo re. At any given moment, about 20% of 
individuals have noticeably asymmetric pupil diameters. Usuall y, the difference in pupil 
diameters is less than 1.0 mm. The amount of anisocoria in an individual can vary from 
day to day. 

Physio logic anisocoria is sometimes more apparent in dim light than in bright light, 
simulat ing Horner syndrome. Congen ital or acquired ptosis on the side of the smaller 
pupil can furth er create diagnostic confusion. When questions arise, pharmacologic test
ing with cocaine wi ll demonstrate symmetri c dilation of pupils in patients with physi
ologiC an isocoria. 

Lam BL. Thompson HS. Corbett JJ. The prevalence of simple an isocoria. Am / Ophthalmol. 
1987; I 04( I );69- 73. 

Thompson BM , Corbett JJ. Kline LB. Thompson HS. Pseudo-Horner's syndrome. Arch Neurol. 
1982;39(2); I 08- 111. 

Anisocoria Equal in Dim and Bright light 

An isocoria that is equal in dim and bright light indicates no difference in the relative 
function of th e pupillary sphincter and dilator muscles. It is consistent with phYSiologic 
anisocoria and the patient can be reassured. 

Anisocoria Greater in Dim Light 

With some conditions, such as those described in the fo ll owing sections , anisocoria be
comes more apparent in dim light. 
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Figure 10-1 Flowchart for evaluation of anisocoria. (Courtesy of Lanning B. Kline, MD.) 
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Mechanical anisocoria 
Occasionall y. previous trauma (including surgery) or inflammation ca n lead to adhesions 
behveen the iris and the lens or intraocu lar lens. These adhesions may prevent dilat ion in 
conditions of dim illumination . Posterior synechiae should be visible with a magnifying 
lens or sli t lamp. 

Pharmacologic anisocoria 
The use of pilocarpine may resul t in a small, poorly react ive pupil. Anisocori a wi ll not be 
present ifboth eyes are treated, but the unilateral use of medication may cause confusion. 
This condition is seen less often today than fo rmerly because of the wider range of choices 
in glaucoma medications. 

Physiologic anisocoria 
Physiologic anisocoria was disclissed earli er in the chapter. 

Horner syndrome 
A lesion at any point along the oculosympathetic pathway results in Horner syndrome, 
whi ch includes ptosis, miosis, and anhidrosis on the same side. With Horner syndrome, 
anisocoria is more apparen t in d im illumi nat ion, and the affected pupil shows dilat ion lag 
when the room light is abruptly turned off. (See: http:/ /ibrary. med. utah.edu/NOVELI.) 
Light and near pupillary react ions are intact, but the eyelid is ptotic due to paresis of MUl
Ier muscle. There is apparent enophthalmos because the lower eyelid may be elevated; 
however, exophthalmometry readings are equal. When the lesion is congenital, iris het
erochrom ia develops (the affected iris appears lighter in color). The dist ribution of an
hidrosis depends on the location of the lesion. Interruption of the central (first-order) 
or preganglionic (second-order) neuron causes anh idros is of the ipsilateral face. Lesions 
at or dista l to the superior cervical ganglion-that is, the postga nglionic (third-order) 
neuron- resul t in anh idrosis limited to the ipsilateral forehead. 

The oculosympathetic dysfunction can be confirmed pharmacologically with topi
cal drops: either cocaine or apraclonidi ne. Cocaine blocks the re- uptake of norepineph
rine released at neuromuscuJar junctions of the iris dilator muscle, thereby increasing 
the amount of norepinephrine available to stimulate the muscle. Following instillation of 
cocaine in a normal eye, the pupil will d ilate; but in Horner synd rome, the pupil d ilates 
poorly because li ttle or no no repinephrine is being released into the synaptic cleft. The 
test is performed by inst illing 2 drops of 4% or 10% cocai ne in each eye and measuring the 
amount of anisocoria after 45 mi nutes. A postcocaine anisocoria of 1 mm or more is diag
nostic of Horner syndrome on the side of the smaller pupil (see Fig 10-1). A fa lse-positive 
test resul t is occaSionally encountered in a patient with a mechanically restricted pupil. 
In such a case, the adhesions and synechiae responSible fo r keeping the pupil constric ted 
and immobile are usually detectable at the slit lamp. Otherwise, 5% or 10% (full -strength) 
topical phenylephrine wi ll disti nguish between the 2 conditions: a mechanica lly restr icted 
pupil remains small fo llowing phenylephri ne, but the di rect d rug action on the d ilator 
muscle easily dilates a Horner pupil. 

Apraclonidine has weak ai-agonist action, which, in most normal eyes, produces no 
sign ifica nt effect on the pupil. In sympathetically denervated eyes, the iris d ilator muscle 
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develops adrenergic supersensitivity; thus, apraclon idine dilates a Horner pupil. Follow
ing instillation of 0.5% or 1% apraclonidine in each eye, a reversal of anisocoria is diag

nostic of a Horner syndrome (Fig 10-2). If the apraclonidine test is negative in a patien t 
suspected of having Horner syndrome, cocaine testing (s tiLI considered the gold standard 
pharmacologic test) should be performed on a separate day. 

The lesion produci ng Horner syndrome can be further localized by use of hydroxam 
phetamine (see Fig 10- I), which acts by releasing norepinephrine from the presynaptic 
terminal. Hydroxyamphetam ine in a normal eye will d ilate the pupil ; but with a post
gangliollic Horner syndrome, the nerve terminal has degenerated, and the pupil dilates 
poorly, if at aLI. In other words, if the amount of baseline anisocoria is increased following 
hydroxyamphetamine, then it is a postganglion ic lesion. With a preganglionic Horner syn
drome, the postganglionic neuron is intact, and hydroxyamphetamine dilates the Horner 
pupil as much as it does the normal pupi l. Any pharmacologic test of pupillary fun ction 
should not be done within 24 hours of instillat ion of other drops. 

Localization of the lesion causing Horner syndrome is important. First-order neuroll 
lesions are caused by central disorders of the nervous system , such as vascular occlusion, 
particularly in the lateral medu lla (Wallenberg syndrome) , as weLl as by tumors, cervical 
disc disease, and o ther disorders involving the upper cervical spinal cord. Secolld-order 
lIeLlroll lesions are caused by apical lung tumors (Pancoast syndrome), metastases, chest 
surgery, thoracic aortic aneurysms, or trauma to the brachial plex us (F ig 10-3) . Third
order neuron lesions are caused most commonly by degenerative changes in the wall of the 
carotid artery or following vasospasm. Other causes include surgery on the carotid artery 
or structures nearby, internal carotid artery dissection (Fig 10·4). and extension of tUlllors 
such as nasopharyngeal carcinomas into the cavernous sinus. 

In add ition to tes ting with coca ine and hydroxyamphetamine drops, ca refu l history 
taking and examination are also helpful in localiZing Horner syndrome. Clues for the 10-
ca lization of first-order neuron lesions include accompanying neurologic symptoms and 
signs uch as numbness. weakness. ataxia. and nystagmus. Second-order neuron lesions 
are associated with trauma and symptoms such as cough, hemoptysis, and swelling in 
the neck. Symptoms associated with third ·order neuron lesions include numbness over 
the first as well as the second and/or third divisions of CN V, and double vision from 
sixth nerve palsy. Congenital Horner syndrome is usually caused by birth trauma to the 
brachial plexus. Horner syndrome acquired in early childhood indicates the possibility of 
neuroblastoma aris ing in the sympathetic chain of the chest. Analysis for catecholamine 

A 

Figure 10-2 Apraclonidine test for Horner syndrome. A, A patient with suspected right ocu
losympathetic defect (ptosis and miosisl. B, Following instillation of 1 % apraclonidine. the 
anisocoria is reversed, confirming Horner syndrome on the right side. Note also the eyelid 
retraction on the right side . (Courtesy of Aki Kawasaki, MD.) 
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A 

c 

D 

Figure 10-3 Second-order neuron Horner syndrome. A, This patient demonstrates right-sided 
ptosis and miosis in bright light. B, The anisocoria increases in the dark. C, Following instilla
tion of hydroxyamphetamine 1 % drops. both pupils dilate. indicating that the thi rd-order neu
ron is intact. D. The patient's chest tomography demonstrates a right apical mass (arrow) that 
proved to be a schwannoma. (Courtesy of Lannmg B. Klme. MD.) 

excretion in the urine can be especially important, because catecholamines are often in 

creased in neuroblastoma patients. Imaging of the neck, chest, and abdomen may also be 
warranted. 

Isolated postganglionic Horner syndrome is often benign. If examination of old pho
tographs verifies that the Horner syndrome has been present for several years, further 
investigations will probably be unrewarding. However, Horner syndrome associated with 
pain deserves extra attention. 

Painful postganglionic Horner syndrome is a distinct clinical entity associated wi th 
several causes, most importantly carotid artery dissection. Patients with spontaneolls dis
section of the internal carotid artery commonly present with a Horner syndrome and 
ipsilateral headache, usually located around the temple, orbit, or throat. Such patients may 
also have amaurosis fugax and altered taste (dysgeusia). This condition must be recog
nized, because, in the acute stage, stroke is a possible complication . MRI typically shows 
an intramural hemorrhage, and, in rare cases, MRA or cerebral arteriography is needed 
to provide definitive evidence of dissection . Patients with typical cluster headaches may 
develop Horner syndrome on the ipsilateral side during an acute attack. (See: http: // 
library.med.utah.edu/ NOVELI.) The Horner syndrome often resolves, but it may become 
permanent after repeated attacks. Some patients, usually midd le-aged men, have Horner 
syndrome and daily unilateral headaches not characterist ic of cluster; no underlying pa
thology can be identified. The term Raeder paratrigemil1al sYl1drome has been used to 
describe this condition. This condition mandates careful patient evaluation, diagnosed 
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A 

Figure 10-4 A. Internal carotid artery dissection. Axial MRI showing blood (arrow) in the wall of 
the right internal carotid artery ("crescent moon sign"), S, Catheter angiogram demonstrates 
"string sign" (arrows), confirming internal carotId artery dissection. (Pan A courtesy of Karl C. Go/nik. 
MD. part 8 courresy of Lanmng B Kline, MD.) 

only after exclusion of possible underlying lesions, particularly pathology in the parasellar 
and cavernous sinus regions. 

Cremer SA, Thompson HS, Digrc KB, Kardoll RH . Hydroxyamphelam ine mydriasis in 
Horner's syndrome. Am J Ophthalmol. 1990; 11 O( I }:71-76. 

Kardoll RH. Denison CEo Brown CK, Thompson HS. Critical evaluation of the cocaine test in 
the diagnOSiS of Horner's syndrome. Arch Opllthafmol. 1990; 1 08(12):384-387. 

Mahoney NR, Liu GT, Menacker SJ. Wilson Me. Hogarty MD. Maris 1M. Pediatric Horner 
syndrome: etiologies and roles of imaging and urine studies to detect neuroblastoma and 
other responsible mass lesions. Am I Oplrtlwfmol. 2006; 142(4):651 -659. 

Maloney WF, Younge BR. Moyer NJ. Eva luation of the causes and accuracy of pharmacologic 
local ization of Horner's syndrome. Am I Ophtlw/mo/. 1980;90(3):394- 402. 

Morales J, Brown SM, Abdu l ~ Ra lim AS, Crosson CEo Ocular effects of apracJonid ine in Horner 
syndrome. Arch Oplltirallllol. 2000, ) ) 8(i),95 ) -954. 

Anisocoria Greater in Bright Light 

With the conditions desc ribed in the fo llowing sections, anisocoria is greater in bright 
light. 

Iris damage 
Blunt trauma to the eye can cause mydriaSiS by damaging the pupillary sphincter. The 
pupil may be relatively miotic after injury, but it soon becomes m idsized and poorly re

~ponsive to bright light in dim illumination. Notches can be seen in the pupillary margin. 
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and the iris may transilluminate near the sphincter muscle. Iris injury occurs frequently 
in patients with head trauma, and the dilated pupil may be mistake nly identified as a sign 
of third nerve palsy due to uncal herniation. 

Because of direct iris sphincter damage. inst illation of pilocarpine 1 % may not lead 
to pupillary constriction. Thus, diagnostic eyedrop testing in patients with traumatic my
driasis sometimes mimics the findings of pharmacologic mydriasis. 

Prolonged or recurrent angle closure can also impair pupillary function as can in 
traocular surgery. Weak or irregular pupillary responses in these settings must be ap
proached with caution. 

Pharmacologic pupil 
When mydriatic medications are instilled in the eye aCCidentally or intentionally, the pupil 
becomes dilated and reacts poorly to light and near stimulation. The sphincte r muscle 
shou ld be examined at the sli t lamp. Drug-induced dilation causes paralysis of the entire 
sphincter, in co ntrast to an Adie pupil, which causes segmental sphincter para lys is. Pilo
carpine may be used to test for drug-induced mydriasis. Pilocarpine 1% causes constric

tion of the pupil in a normal eye or one with an Adie pupil or third nerve palsy but not in 
a pharmacologicaLly dilated pupil. 

With adrenergic mydriasis, the pupil is large, the palpebral fissure is widened, and the 
conjunctiva may be blanched. Accommodation is not impaired. 

Pharmacologic agents stich as those used to treat glaucoma may cause anisocoria if 
they are adm inistered in only 1 eye or if absorption is asymmetric. The anisocoria can be 
pronounced if a patient inadvertently injures the surface of I cornea while insti lling drops 
or if I cornea is exposed, for example, from a Bell's palsy. 

Adie tonic pupil 
Diagnostic features of tonic pupils include sluggish, segmental pupillary responses to light 
and better response to near effort followed by slow redilation. A tonic pupil is caused 
by postganglionic parasympathet ic pupillomotor damage. Seventy percent of patients are 
female. Tonic pupils are unilateral in 80% of cases, although the second pupil may later 
become involved (4% per year). Holmes-Ad;e syndrome includes other features, notably 
diminished deep tendon reflexes and orthostatic hypotension. 

In the init ial stages, a tonic pupil is dilated and poorly reactive. The examiner at the 
slit lamp can usually distinguish segments of sphincte r paralysis and contraction. The iris 
crypts stream toward the area of normal sph incter function, bunching up along the pupil
lary border in areas of normal function and thinning in the areas of paralysis (Fig 10-5). 
After a few weeks. a tonic pupil constricts to near effort with a slow. tonic movement and 
redilates just as slowly, whereas a normal pupil redilates promptly (Fig 10-6). This may 
account for symptomatic complaints of difficulty refocusing for distance. 

The denervated iris sphincter is supe rse nsitive to topical parasympathomimetic solu
tions. Pilocarpine drops (0.1 %) can be used to demonstrate this, as the normal pupil wi ll 
constrict slightly, if at all. (This strength of pilocarpine can be obtained by di luting com
mercial} % solution with sterile saline for injection .) After 60 minutes. the pupils are reex
amined, and if Adie is present, the affected pupil (dilated pupil) will constrict more than 
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A 

Figure 10-5 Adie tonic pupil. A, The pupil is not round; the sphincter contracts from the 
11 o'clock to 1 o'clock areas, with puckering of the iri s stroma. Where the sphincter is para lyzed, 
the reg ions of iris stroma are relatively flat. S, Same patient as in part A The arrow indicates 
the junction of the normal sphincter (NS) and the atonic sphincter (AS). (Reprinted wah permission 

from Thompson HS. Segmental palsy of the IfIS sphmcter In Ad/8's syndrome. Arch Ophthalmol . 1978;96(9):16 15-1620. 

Copyright 1978, American Medica! ASSOCI8fJOn,) 

the normal pupil (Fig 10-7). About 80% of patients with a tonic pupil show cholinergic 
denervation sllpersensitivity. 

Patients with tonic pupils may have accoml11odative symptoms or photophobia. but 
just as often they have no symptoms and report that ani socoria was first noticed by a 
friend or relative. Accommodative symptoms are difficult to treat. Fortunately. they usu
ally resolve spontaneously within a few months of onset. When photophobia from a 

dilated pupil is a problem, topical dilute pilocarpine (0.1 %) may be helpful. With time 
(months to years), an Adie tonic pupil gets smaller. Histopathologic examination of the 
ciliary ganglion in patients with Adi e tonic pupil has shown a reduction in the number of 
ga nglion cells. 

SystemiC cond itions associated with tonic pupils only rarely include varicella-zoster, 
giant cell arteritis, syph ilis. and orbital trauma. Bilateral tonic pupils may be seen in patients 
with diabetes , alcoholism, syphilis, ca ncer-associated dysautonomia. and amyloidosis. 

Kardon RH, Corbett Jj, Thompson HS. Segmental denervation and reinnervation of the iris 

sph incter as shown by infrared videograph ic transilluminatio n. Ophthalmology. 1998; 105(2): 

3 13-32 1. 

Thompson HS. Segmental pals)' of the iris sphincter in Adie's syndrome. Arch Ophthafmol. 

1978;96(9), 16 15-1620. 

Third nerve palsy 

For add itional discussion of third nerve palsy, see Chapter 8. 
Pupillary involvement in third nerve palsy is almost always accompanied by ptosis 

and limited ocular motility. At times, the motility disturbance may be subtle, requiring 
carefu l quantitation with alternate cover testing. Pupillary dysfunction is an important 

1 
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Figure 10-6 Left Adie ton ic pupil. A, In ambi
ent light , the left pupil is larger than the right. 
B, The right pupil reacts briskly to light stimu
lation . C, The left pupil reacts poorly to light. 
0, Both pupils constrict to a near stimulus. 
E, Immediately fo llowing relaxation of a near 
stimulus, the right pupil redllates quickly, but 
the left does so more slowly (tonic response). 
(Courtesy of Lanning B. Klme, MD) 

0 __ _ 

B 

Figure 10-7 A, Right Adie tonic pupil. 8, Following instillation of 0.1 % pilocarpine, the right 
pupil becomes miotic, demonstrating supersensitivity. (Courtesy of Lanning B, Kline, MD,) 
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factor in evaluating an acute third nerve palsy. When the pupil is involved, an aneurysm 
at the junction of the internal carotid and posterior communicating arteries must be ex

cluded (see Chapter 2, Fig 2- 10). If the pupil is spared and all other functions of the third 
nerve are completely paretic, an aneurysm can likely be ruled out. 

Aberrant regeneration of the oculomotor nerve may cause mydriasis and a synkinetic 
pupillary reaction . (See: http://ibrary.med. utah .edu/NOVELI.) Portions of the pupillary 
sphincter contract with attempted movement of the eye, especially medially. 

Czarnecki JS, Thompson HS. The iris sphincter in abe rrant regeneration of the third nerve. 

AIel, Ophthalmol. 1978;96(9) ,1606- 1610. 

Disorders of Pupillary Reactivity: Light-Near Dissociation 

At times, the near response exceeds the best pupillary constriction that bright light can 

produce. This clin ical observation oflight- Ilear dissociation may arise in a variety of set
tings (Table 10-1). 

Afferent Visual Pathway 

Because the pathways subserving Light reflex (more dorsal) and near reflex (more ventral) 

are separated in their approach to the Edinger-Westphal nuclei in the midbrain, patients with 
anterior visual pathway disease still have intact, brisk pupillary responses to near stimuli. 

Midbrain 

Dorsal midbrain damage causes mid position pupils with poor light response and preserved 
near response (see Chapter 7, Fig 7-5) . Associated findings may include bilateral eyelid 
ret raction (CoUier sign), vertical gaze palsy, accommodative paresis, and convergence-

Table 10-1 Causes of light-Near Dissociation of the Pupil 

Cause 

Severe loss of afferent light 
input to both eyes 

Loss of pretectallight input to 
Edinger-Westphal nucleus 

Adie syndrome 

Location 

Anterior v isual pathway (retina, 
optic nerves, chiasm ) 

Tectum of the m idbrain 

Cil iary ganglion 

Pan retinal photocoagulation, Short, posterior ciliary nerves 
retinal cryotherapy, orbital 
surgery 

Third nerve aberrant Course of CN III 
reinnervation 

Mechanism 

Damage to the retina or optic 
nerve pathways 

Infection (Argyll Robertson 
pupils) or compression 

Aberrant reinnervation of iris 
sphincter by accommodative 
neurons 

Aberrant reinnervation 
following damage to short, 
posterior ciliary nerves 

Aberrant reinnervation of iris 
sph incter by accommodative 
neurons or extraocular 
muscle neurons 

Peripheral neuropathy Short. posterior ci liary nervesl Axonal loss 
ci liary ganglion 
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retraction nystagmus (Pari naud syndrome). Typically, midbrain damage causes midposi
tion pupils that are poorly reactive to both light and near stimuli . 

The Argyll Robertson pupil occurs in pat ients with tertiary syphilis involving the cen
tral nervous system. Affected patients have small pupils «2 mOl ) that are often irregular. 
The pupils do not react to light, but the near response and subsequent redilation are nor
ma l and brisk. This feature distinguishes Argyll Robertson pupi ls from bilateral chronic 
tonic pupils. In addition, iris atrophy frequently occurs, port ions of the iris transillumi

nate. and dilat io n is poor after insti llation o f mydriatics. 
Argyll Robertson- like pupils are seen in widespread autonomic neuropathies such as 

bilateral tonic pupils (chronic), diabetes, and chronic alcoholism, as well as in encephalitis 

and following panretinal photocoagulation. Bilateral tonic pupils have been reported in neu
rosyphilis. Serologic tests for syphilis, such as serum FTA-ABS and TPHA, should be consid
ered in the evaluation of patients with bilateral pupillary light- near dissociation with miosis. 

Aberrant Regeneration 

Light- near dissociation can also occur from aberrant regeneration of damaged nerves, which 
restores the near reflex but not the light refl ex. In tonic pupil syndrome, the injured short 
ciliary nerves resprout and accommodative fibers mistakenly reinnervate the iris sphincter. 
Similar misdirection can follow traumatic injury o r chronic compression of the oculomotor 

nerve. In both situations. the pupil near response is restored, but the pupil light reflex remains 
absent or dysfun ctional. Sometimes aberrant regeneration involves the medial rectus fibers. 
In such a case, a pupillary contraction occurs during attempted adduction, including gaze 
deviation. This synkinetic pupil movement can be mistaken for a restored near response. 

Other Pupillary Disorders 

Benign Episodic Pupillary Mydriasis 

Also known as spril1ging pupil, benigl1 episodic pupillary mydriasis typically occurs in 
YOllng, healthy individuals who frequently have a hi story of headache. Episodic mydrias is 
may last from minutes to hours and may be accompanied by mild blurring of vision, peri
ocular discomfort, and headache. Each episode is self-limited , and the condition has not 
been associated with any systemic or neurologic disease. 

Jacobson OM. Benign ep isodic unilateral mydriasis: cl inical characteristics. Ophthalmology. 
1995;102(11):1623- 1627. 

Paradoxical Pupillary Reactions 

In rare cases, paradoxical pupillary constrictio n in dim illuminat ion after exposure to 
light can be observed in patients with congenital stationary night blindness, congenital 

achromatopsia. or dominant optic atrophy. 

Frank JW, Kushner BI, France TO. Paradoxic pupillary pheno mena. A review of patients with 

pupillary constri ction to darkness. Arch OphtJwlmol. 1988; l06( J 1): 1564- 1566. 



CHAPTER 11 
The Patient With Eyelid or Facial 
Abnormalities 

Patients with disorders of the eyelids or facial movement often present to the ophthal
mologist. Some may complain of visual difficu lties (eg, visual loss from ptosis) or pain (eg, 
exposure keratopathy from facial palsy), but most patients are aware of an abnormality in 
the position of the lid. Occasionally, patients will att ribute the problem to the wrong eye, 
for example, mistaking ptosis for contralateral lid retraction or widening of the palpebral 
fissure for contralateral ptosis. Many of these eyel id and facia l problems are neurologic 
in origin . In evaluating these disorders, the clinician should ask about onset and dura
tion of symptoms, as well as associated symptoms. These latter include variabili ty, fati 
gability, and systemic symptoms such as weakness, dysarthria, or difficulty swallowing. 
Congenital ptosis can often be confirmed by a review of old photographs of the patient. 
Patients should be asked about diabetes, thyroid disease, hypertension, sarcoidosis, and 
focal motor weakness. Before discussing these entities) the clinician must carefully exam
ine eyelid function and facial movement. Diagnosis and management of eyelid disorders 
are discussed at greater length in BCSC Section 7, Orbit, Eyelids, and LacrimaL System. 

Examination Techni ues 

An exam inat ion of the eyelids begins with observation of the eyelids' general shape and 
appearance (an S shape may indicate neurofibromatosis IFig II-I; see also Chapter 14] or 
pathology affect ing the lacrimal gland), blink rate (low in Parkinson disease and high in 
blepharospasm), and abnormal movements (synkinesis with other facial muscles). The 
opening of the palpebral fissure should be measured in primary position (adult normal 
is 9- 10 mm, wi th the upper eyelid covering I mm of the limbus and the lower eyelid just 
touching it) (Fig 11 -2). If the ptosis is unilateral, the examiner should veri fy that it is not 
an art ifac t of vertical st rabismus (hypotropia) (Fig 11 -3) or contralateral lid retraction. 
The eyelids should be everted to rule out a local cause of ptosis, such as retained contact 
lens or giant papill ary conjunctivitis. If the ptosis is asymmetric-and espeCially if the 
higher eyelid appears retracted-the clinician should manually raise the ptotic eyelid to 
see if the higher eyelid drops to a new position (Fig 11 -4). 

To evaluate levator function, the examiner measures the total excursion of the eye
lid margin, from downgaze to upgaze, while firmly pressing on the patient's eyebrow to 
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Figure '1 · ' 2-year-old w ith neurofibroma
tosis has ptosis on the right; the S-shaped 
eyelid margin results from the presence of 
a plexiform neurofibroma. {Courtesy of Steven A 
Newman. MD.} 
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Figure 11-2 The upper lid normally crosses 
approximately 1 mm below the limbus . Fis
sure height can be measured by placing a 
ruler between the borders of the upper and 
lower eyelids. 

Figure " -3 A, Patient with pseudoptosis from a large left hypotropia. B, Occlusion of the right 
eye revealed that the left upper eyelid is in a normal position . (Courtesy of Taflq Bhatfi. MDJ 

prevent frontalis action. Normal upper eyelid excursion is 12- 16 mm (Fig 11 -5). In ad
dition , the upper eyelid margin-corneal reAex dista nce (Fig 11 -6) and the upper eyelid 
margin- upper eyelid crease distance are measured (Fig II -?). 

The movement of the eyelid during target pursuit from upgaze to downgaze should be 
observed. Normally, this motion is smoothly accomplished, but there may be eyelid lag in 
patients with thyroid eye disease (Fig 11 -8; see also Chapter 14) or as a result of aberra nt 
regeneration of the third cranial nerve (CN III) (see also Chapter 8 on diplopia). 

In cases of suspected fatigable ptosis caused by myasthenia gravis, the patient fix
ates on the examiner's hand, which is elevated to provoke extreme upgaze. The clin ician 
watches for progressive ptosis as the patient attempts to hold this position. A patient with
out myasthe nia gravis can maintain the position without developi ng ptosis. The Cogan 
lid-twitch sign is identified by having the patient fixate in down gaze for a few seconds and 
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Figure 11-4 A, Patient with ptosis on the 
left from myasthenia gravis that is greater 
than that on the right. B. Manual opening 
of the left eyelid results in greater right
sided ptosis lenhanced ptosisl. This sign. 
although often present with myasthenia 
gravis, is not specific. It may be seen with 
other disorders producing asymmetric pto
sis and is a manifestation of Hering's law 
of equal innervation, (Courtesy of Rod Foroozan, 
MD.) 
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Figure 11·5 Upper eyelid excursion can be measured by splinting the frontalis while asking 
the patient to look down at the floor IAI and up to the ceiling IBI. 

then rapidly refixate straight ahead. The sign appears as an overshoot upward of the eyelid 
and fluttering as the lid settles into position. 

Evaluation of facial motor fun ction includes assessing the strength of the orbicu
laris oculi and other facial muscles. Eyelid closure should be assessed to determine if it 
is incomplete (lagophthalmos). Reinnervation phenomena such as synkinesis with eyelid 
closure and facial tics may be signs of a previous seventh nerve injury (see Fig 11 - 1 I). 
The clinician should note the presence of exophthalmos (thyroid eye disease, discussed 
1 
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Figure 11·6 The marginal reflex distance can 
be measured from the first Purkinje image in 
the visual axis to the upper eye lid position. 
This is norma lly approximately 4-5 mm. 

Figure 1'·8 Eyelid retraction from thyroid 
eye disease IGraves ophthalmopathy). This 
73-year-old woman presented with a 6-month 
history of foreign-body sensation (previously 
treated as "dry eye syndrome"). Eyelid retrac
tion on the left side is enhanced by severe left 
inferior rectus restriction. See also Chapter 14, 
(Courtesy of Steven A. Newman, MD.) 
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Figure "-7 The distance between the upper 
eyelid margin and the primary eyelid crease 
can be measured with a ruler. 

in Chapter l4) or enophthalmos. Enophthalmos may result in apparent ptosis and nar
rowing of the palpebral fiss ure because the eyelid fo llows the contour of the globe as the 
eye retracts into the orbit. Anisocoria (d iscussed in Chapter 10) may suggest sympathetic 
or parasympathetic nervous system involvement, either of which wi ll a lter lid position. 
Finall y, "neighboring" cranial nerves should be assessed. Ifptosis is caused by third nerve 
weakness, the funct ion of CNs IV, V, and VI should also be evaluated. Ocula r motil ity 
should be checked for subtle weakness. Sim ilarl y, if seventh nerve dysfun ction is found, 
facia l sensat ion and hearing should be evaluated. 

Ptosis 

Congenital Ptosis 

The most common form of congen ital ptosis is thought to result from dystrophic devel

opment of the levator muscle without associated innervational abnormalities. Congenital 
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ptosis (Fig 11 -9) may be unilateral or bilateral and mal' be associated with other congenital 
ocu lar or orbital abnorma li ties, including blepharophimosis syndrome, congen ital fibro 
sis of the extraocular muscles. superior rectus weakness, and Marclls Gunn jaw-winking 
syndrome (F ig 11 - 10). This last phenomenon is a synkinetic movement of the eyelid as
sociated with jaw movement. In the external pterygoid- levator form of the syndrome, the 
eyelid elevates with movement of the mandible to the opposite side, jaw protrusion, or 
wide opening of the mouth. With the internal pterygoid-levator form, the eyelid elevates 
when the teeth are clenched. In some patients with Marcus Gunn jaW-Winking, ptosis mal' 
worsen with movement of the jaw, although this is not com.mon. Congeni tal tumors, such 
as hemangiomas and neurofibromas, may also lead to congenital ptosis. These tumors 
are typicaUy associated with a palpable mass. Whatever the origin of a child's congenital 
ptosis, the ophthalmologist must be aware of the potential for amblyopia as a result of oc
clusion or anisometropia. 

Acquired Ptosis 

Table 11 - 1 su mmarizes the 1110St cOl11mon causes of acqui red ptosis . Neu rogenic ptosis 
req uires careful attention to associated abnormalities in pupillary size and extraocular 

Figur. 11-9 Congenital ptosis of the right 
upper eyelid in a 2-year-old child. (Courtesy of 
Rod Foroozan, MO.) 

Figure 11-10 Marcus Gunn jaw-winking 
syndrome. A. This 25-year-old has mild 
right upper eyelid ptosis. B. Opening the 
mouth results in eyelid retraction . ThiS 
pattern indicates synkinesis between the 
fifth nerve and the third nerve. (Reprinted 
WIth permiSSIon from LeVIn LA. Arnold AC. eds 
Neuro-Ophthalmology; The Practical GUide. New York 
Thieme; 2005.) 
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Table 11 -1 Causes of Acquired Ptosis 

Neurogenic 
Third nerve palsy 
Horner synd rome 
Ophthalmoplegic migraine 
Apraxia of lid opening 
Miller Fisher syndrome 

Myogenic 
Prog ressive external ophthalmoplegia 
Steroid eyed rops 
Myotonic dystrophy 

Neuromuscular 
Myasthenia gravis 
Botulism 

Aponeurotic 
Disinsertion 
Attenuation 

Traumatic 
Eyel id laceration 
Postsurgical ptosis 
Foreign body 

Mechanical 
Chalazion 
Cicatrici al 

movements. Cerebral ptosis refers to ptosis in association with a les ion of the cerebral 
(typically right) hemisphere. The ptosis may be bilateral or unilateral, and in the majority 
of cases it is transient. 

Averbuch -Heller L, Leigh RJ, Mermelstein V, Zagalsky L, Streifler TY. Ptosis in patients with 
hemispheric strokes. Neurology. 2002;58:620- 624. 

Suspicion of systemic disorders such as myasthenia gravis. progressive external oph
thalmoplegia, and myotonic dystrophy (discussed in Chapter 14) requires questions re
garding the patient's general strength, fatigability, and family history. Botulism poisoning 
leads to bilateral ptosis associated with poorly reactive pupils and ophthalmoplegia. Pa
tients also have associated facial paralysis and generalized proximal muscle weakness. 
Areflexia, ataxia, and ophthalmoplegia characterize Miller Fisher syndrome. a variant of 
Guillain -Barre syndrome (discussed later in the chapter). In addition to bilateral ptosis, 
these patients may also have facial diplegia, as well as respiratory and swallowing difficul
ties. Chronic use of steroid eyedrops is thought to lead to ptosis as a localized steroid
induced myopathy of the levator muscle. 

Levator aponeurotic defects are the most frequent cause of acquired ptosis, replacing the 
former concept of "senile" ptosis. The ptosis is caused by stretching. dehiscence. or disinser
tion of the levator aponeurosis. Because the levator muscle itself is healthy, levator fun ction 
is usually normal. Patients with aponeurotic defects usually have a high eyelid crease. 
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Traumatic and mechanical causes of acqu ired ptosis are generally evident from in
spection of the eyelids and require appropriate medical or surgical therapy. 

Pseudoptosis 

Pseudoptosis encompasses conditions sllch as brow ptosis and laxity and dermatochalasis 
that mimic true ptosis. Pseudoptosis can also be caused by microphthalmos or by phthisis 
bulbi, conditions resulting in the eyelids not being adequately supported by the globe. 
Hypotropia also causes pseudoptosis, because the perception of eyelid position is related 
to the position of the eye (see Fig 11 -3). Contralateral lid retract ion may also give rise to 
pseudoptosis. 

Apraxia of Eyelid Opening 

Apraxia of eyel id openi ng is a rare disorder causing unilateral or bilateral ptosis. Thought 
to be supranuclear in origin, it is characterized by inabili ty to voluntarily open the eye
lids, associated with frontalis contraction and facial grimacing. It is often associated with 
extrapyramidal disease such as Parkinson disease, Shy-Drager syndrome, Huntington 
disease, Wilson disease, and progressive supranuclear palsy. It has also been seen follow
ing bilateral frontal lobe infarcts. Apraxia of eyelid opening may be seen in patients with 
essential blepharospasm. 

Tozlovanu V, Forget R, Iann i A, Boghen D. Prolonged orbicularis oculi activity: a major factor 

in apraxia of lid opening. Neurology. 200 1 ;57(6): 1 0 13- 1 018. 

E elid Retraction 

Eyelid retrac tion is considered to be present if, with the eyes in primary position, the 
sclera is visible above the superior corneal limbus. It is usually acquired but may be pres
ent at birth. Preterm in fants occasionally have a benign transient conjugate down gaze 
associated wi th upper eyel id retraction. This finding is thought to be caused by imma
ture myelination of the vertical eye movement system and immaturity or dysfunction of 
the extrageniculocalcarine visual pathways. Many normal infants (80% of children 14-18 
weeks of age) have an eye-popping reflex when ambient lighting levels are reduced. 

Causes of eyelid ret raction are listed in Table 11 -2. The most common cause of eyelid 
retract ion in adults is thyrOid eye disease (see Fig 11 -8). The eyelid retract ion (Col/ier 
sign) in dorsal midbrain sYl1drome (see Chapter 7, Fig 7-5) is a less common cause. Un ilat
eral eyelid retraction as a result of contralateral ptosis may occur in patients with levator 
aponeurotic defects; this phenomenon results from Hering's law of equal innervation. Bi 
lateral eyelid retraction can be associated with thyroid eye disease, fami lial periodic paral 
ysis, Cushing syndrome, and midbrain disease, or hydrocephalus with vertical nystagmus. 
Unilateral eyelid retraction is caused chiefl y by thyroid eye disease but may also occur 
from aberrant regeneration of the third nerve (see Chapter 8, on diplopia), Marcus Gunn 
jaW-Winking syndrome (see Fig 11 -10), and idiopathic levator fibrosis. Subconjunctival 
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Table 11-2 Causes of Acquired Lid Retraction 

Neurogenic 
Dorsal midbrain syndrome 
Progressive supranuclear palsy 
Aberrant regeneration of third nerve 
Marcus Gunn jaw-winking 
Sympathomimetic eyedrops {eg, phenylephrine hydrochloride, apraclonidinel 

Myogenic 
Thyroid eye disease 
Myasthenia gravis 
Postsurgical (ptosis repair, orbicularis myectomy) 

Mechanical 
High axial myopia 
Buphthalmos 
Orbital fracture with entrapment 
Proptosis secondary to orbital mass 

injections of botulinum toxin and several surgical procedures have been used to reduce 
the degree of eyelid retraction in patients with thyroid eye disease. 

Chang EL, Rubin PA. Upper and lower eyelid retraction.Tllt Ophtha/mol Clin. 2002;42(2):45-59. 

Abnormalities of Facial Movement 

Facial (seventh) nerve weakness is a frequent clinical problem that the ophthalmologist 
may be asked to evaluate. Assessment of the facial nerve includes testing not only motor 
fu nction but also sensory and autonomic functions. Motor funct ion can be readily as
sessed by observation. With the patient at rest, any asymmetry of facial expression or 
eyelid blink is noted. The palpebral fissure on the side of seventh nerve paresis will be 
wider as a result of the relaxed tone of the orbicularis oculi muscles. The clinician can test 
the various muscle groups by asking the patient to smile, to forcibly close the eyes, and to 
wrinkle the forehead. The degree to which the eyelashes become buried on each side can 
reveal subtle orbicularis oculi weakness. The corneal blink reflex provides an assessment 
of both seventh and fifth nerve function. The clinician can whisper or use a quiet watch 
to test hearing and assess possible involvement of the eighth nerve as a result of cerebel
iopontine angle tUlllors. 

Testing autonomic functions such as salivation. lacrimat ion, and sensation can help 
to localize seventh nerve lesions. Sugar or vinegar placed on the anterior two thirds of the 
tongue can be used to test taste. Cutaneolls sensation can be tested along the posterior as
pect of the external auditory canal and tympanic membrane. Lesions of the seventh nerve 
from the cerebeLiopontine angle to the geniculate ganglion typically impair all functions 
of the nerve, whereas lesions distal to the gen iculate ganglion affect only certain functions, 
depending on their location, as shown in Figure II-II. A dissociation of motor, sensory, 
and autonomic functions is also possible with pontine lesions proximal to the joining 
of the motor portion of the seventh nerve with the intermediary nerve. Testing should 
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Figure 11·11 Distribution of seventh nerve and topical diagnosis of lesions. 

1. Supranucfear facial palsy: contralateral weakness of lower two thirds of the face with some 
weakness of the orbicularis oculi; retained expression 

2. Nuclear facia! palsy: facial monoplegia (congenital) plus sixth nerve nucleus involvement 
(ipsi lateral gaze pa lsy) and frequent ataxia, occasional Horner syndrome 

Peripheral lesions result in facial monoplegia including the orbicularis oculi and frontalis 
muscles, plus: 

3. Cerebellopontine angle: decreased tearing, dysgeusia, loss of salivary secret ion, loss of 
taste from anterior two thirds of tongue, hearing impairment, nystagmus, vertigo, ataxia, 
and adjacent cranial nerve findings IV, VI) 

4. Geniculate ganglionitis (Ramsay Hunt syndrome, zoster oticus): same findings except with
out involvement of brainstem and other cranial nerves 

5. Isolated ipsilateral tear deficiency due to involvement of vidian nerve or sphenopalatine 
ganglion (accompanying sixth nerve palsy with cavernous sinus involvement) 

6. Fallopian canal: involvement of nerve to stapedius muscle, dysacusis, involvement of 
chorda tympani, loss of taste to anterior two thirds of tongue, impaired salivary secretion 

7. Distal to chorda tympani: isolated paralysis of facial muscles 
8. Distal to branching of seventh nerve after it leaves stylomastoid foramen: only certain 

branches of seventh nerve are affected (localized facial; in addition, bilateral seventh nerve 
palsy may result from weakness) 

In addition, bilateral seventh nerve palsy may result from congenital conditions (Mobius 
syndrome), sarcoidosis, Guillain-Barre syndrome, or neurofibromatosis type 2 (bilateral acous
tic neuromas) . (Adapted with permiSSion from Klme LB, Bajandas FJ. Neuro-Ophtha lmology Review Manual. 5th ed. 

Thorofare, New Jersey: Slack; 2000.) 

include functions of the fifth , sixth, and eighth nerves, which, if abnormal, may help local 
ize the cause of a seventh nerve palsy. 

Any aberrant facia l movements at rest or during volitional movement should be noted 
(Fig 11 - 12). Following any facial neuropathy, but most common ly as a result of Bell's palsy, 
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A 

Figure 11-12 Facial nerve synkinesis. Misdirection may occur w ith recovery of seventh nerve 
function following trauma or surgery. A, In this 54-year-old patient, aberrant regeneration of 
the left seventh nerve following resection of a cerebeliopontine angle meningioma caused 
eyelid closure when she attempted to smile IB). (Courtesy of Steven A. Newman, MD.) 

regenerat ing axons may reinnervate muscles different from those originally served; such 
aberrant regeneration can cause synkinetic movements. In this situation, the involved fa 
cial muscles may remain weak. When axons originally destined for the orbicu laris oculi 
reinnervate the lower facial muscles. each blink may cause a twitch of the corner of the 
mouth or a dimpling of the chin. Conversely, movements of the lower face~such as purs
ing the lips, smiling, or chewing with the mouth closed- may produce involuntary lid 
closure. 

Other disorders of aberrant facial innervation include lacrimation caused by chewing 
(crocodile tears), in which fi bers originally supplying mandibu lar and sublingual glands 
reinnervate the lacrimal gland by way of the greater superfiCial petrosal nerve. This syn
drome usually follows severe proximal seventh nerve injury and may be accompanied by 
decreased reflex tearing and decreased taste from the anterior two thirds of the tongue. 
Marcus Gunn jaw-winking syndrome is caused by anomalous commu nication between 
the trigeminal (pterygoid) and oculomotor (levator) nerves. 

Seventh Nerve Disorders 

Disorders of Underactivity of the Seventh Nerve 

Facial weakness or paralysis may occur with supranuclear, nuclear, or in fra nuclear les ions 
(Table 11 -3). 

Supranuclear lesions 
A lesion in the facial portion of the precentral gyrus results in a contralateral paralysis of 
voli tional facial movement, which involves the lower face more severely than the upper 
face (upper motor neuron lesion). Emotional and re fl ex facial movements such as smiling 
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Table 11-3 Etiologies of Facial Paralysis 

Idiopathic Bell's palsy 

Infections 
Herpes zoster 
Lyme disease 
Acute or ch ronic otitis media 
Other: syphi li s, meningitis. infectious mononucleosis. varicella. enterovirus, rubella, m umps, 

leprosy, tuberculosis, mucormycosis. tetanus, diphtheria, human immunodeficiency virus 

Pontine infarct or hemorrhage 

Pontine demyelination 

Neoplasms 
Pontine glioma 
Cerebellopontine angle 
Intratemporal bone 
Parotid gland 
Other: sarcom a, hemangioma, histiocytosis X. leukemia, lymphoma, epidermoids 

Trauma 

Miscellaneous 
Congenital facia l paralysis 
Guillain-Barre syndrome 
Sarcoidosis 
Diabetes mellitus 
Vasculitis 

Polyarteritis nodosa 
Wegener granulomatosis 

Melkersson-Rosenthal syndrome 

and spontaneous blinking are usually preserved because they are controlled through ex
trapyramidal pathways. 

With extrapyramidal disorders, such as parkinsonism or progressive supranuclear 
palsy, spontaneous facia l expression is mi nimal, and the spontaneous blink rate is usually 
reduced. Voli tional fac ial movements generally remain intact. 

Brainstem lesions 
IpSilateral facial weakness involving both the upper and lower face may occur wi th a pon
tine disorder. Vascular les ions and intraparenchymal tumors are the most common causes. 
Other evidence of a pontine disturbance is to be expected. such as ipsilateral corneal and 
facial anesthesia, sixth nerve palsy, lateral gaze palsy, cerebellar ataxia, and cont ralateral 
hemiparesis. A dissociation between the autonomic. sensory, and motor functions of 
the seventh nerve may be present. Large lesions of the pons may produce facial diplegia, 
which is also seen in Mobius syndrome, a congenital disorder involving bilateral sixth 
nerve palsies. 

Peripheral lesions 
Peripheral or lower motor neuron lesions result in ipsilateral facial weakness and may 
have a multitude of causes. Testing of the sensory and autonomic functions of the seventh 
nerve helps to pinpoint the responsible lesion. Concomitant impairment of the fifth, sixth, 
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or e ighth cranial nerve or cerebellar signs may indicate tumors in the cerebellopontine 
angle. 

Bell's palsy, which typically occurs in adults, represents the most common type of 
facial neuropathy, but it mllst remain a diagnosis of exclusion. Bell's palsy is characterized 

by the sudden onset of facial paresis. Pain may either precede the palsy or occur concur
rently. Facial numbness may be reported, although cutaneous sensation is usually intact. 
Decreased tearing, diminished taste, and dysacusis also may be noted. 

Al though the etiology of Bell's palsy is unknown, the palsy may be caused by autoim 
mllne o r viral-induced inflam matory or ischemic injury with swelling of the peripheral 
nerve. The external auditory canal and ear should be examined for ves icles caused by 
herpes zoster (Ramsay Hunt syndrome). The incidence of Bell's palsy is higher in preg
nant women and in patients with diabetes mellitus or a fa mily history of BeU's palsy. If the 
facia l weakness progresses over a period of more th an 3 weeks, a neoplastic etiology must 
be ruled out. 

Approximately 85% of patients with Bell's palsy experience a satisfac tory spontaneous 
recovery, although subtle signs of aberrant regeneration are commonly fo und. In these 
patients, recovery typically begins within 3 weeks of onset of the deficit and is complete by 
2-3 months. In the remaining pat ients, recovery is in complete. and aberrant regeneration 
is common. Complete facial palsy at the time of presentation . impairment of lacrimation, 

dysacusis, and advanced age are all poor prognostic signs. Electrical stimulation testing 
provides an assessment of the degree of nerve degeneration and has been reported to be 
helpfu l in predicting recovery. 

Corticosteroids are common ly used to treat Bell's palsy, and evidence from meta
analyses and randomized trials supports their efficacy. It is postulated that edema of the 
nerve within a tight fall opian canal contributes to nerve damage. and a 7- 10-day course of 
oral corticosteroids is recommended for patients without specific systemic contraindica
tions who are seen withi n the first 72 hours. Several experimental and clinical reports have 
suggested that a combination of antiviral agents (acyclovir. fumciclovir) and co rticoster
oids may provide additional benefit over the use of corticosteroids alone in the treatment 
of Bell's palsy. However, a large randomized trial found that, although corticosteroids im 
proved the chances of recovery at 3 and 9 months, the addition of acyclovir, either alone 
or in combinat io n with cort icosteroids, conferred no benefit. 

Grogan PM, Gronseth GS. Practice parameter: steroids, acyclovir, and surgery for Bell's palsy 
(an evidence-based review): Report of the Quality Standards Subcommittee of the Ame ri can 
Academy of Neurology. Neurology. 2001 ;56(7):830-836. 

Magaldi JA. Bell's palsy. N EIlgl J Med. 2005;352( 4j,4 16-4 18. 
Sullivan FM, Swan JR, Donnan PT, et al. Early treatment with prednisolone or acyclovi r in 

Bell's palsy. N Ellgl J Med. 2007;357(16); 1598- 1' 607. 

Neoplasms may involve the seventh nerve in the cerebellopontine angle (acoustic 
neuroma [F ig 11 - 13]. meningioma), withi n the fallopian canal, or in the parot id gland. 
Such lesions can compress the seventh nerve, resulting in fac ial synkinesis. Most of these 
lesions are histologically benign and slow growing. When small , they may be missed on 
CT; MRI with intravenous contrast is recommended. Infections may spread to involve the 
seventh nerve from otitis media. 
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Figure 1'-13 Facial nerve palsy. This 60-year-old patient had complaints of ocular irritation on 
the left side following excision of a left acoustic neuroma. A, The left eye will not close due 
to weakness of the left orbicularis ocu li. 8, Fortunately, cornea l sensation remains intact, and 
the patient demonstrates an excellent Bell's phenomenon. (Photographs courtesy of Steven A New

man, MD.) 

Various infectious agents can cause seventh nerve pathology. The nerve may be im
paired from meningitis. Lyme disease, caused by infection with the tick-borne spirochete 
Borrelia burgdorferi, can cause unilateral or bilateral facial palsies. Classic manifestations 
include a characterist ic rash, arthritis, and meningopolyneuritis (see Chapter 14). The 
prognosis for seventh nerve recovery is excellent. Herpes zoster involving the seventh 
nerve is called Ramsay Hun t syndrome. It is diagnosed by the identificat ion of vesicles 
along the posterior aspect of the external auditory canal, over the tympanic membrane, or 
on the pinna. Pain is often severe, and postherpetic neuralgia may result. The prognosis 
for recovery is less promising than with Bell's palsy. An isolated seventh nerve palsy, as 
well as other isolated or multiple cranial nerve palsies, may be the first sign of human im 
munodeficiency virus (HIV) seroconversion. 

The seventh nerve is the cranial nerve most commonly involved in sarcoidosis. The 
site of involvement is usually the parotid gland, which develops noncaseating granulom a
tous inflammation. Seventh nerve involvement is frequently bilateral yet asymmetric. 

Facial diplegia may occur in Guillain-Barre syndromeJ especially in the variant known 
as Miller Fisher syndrome, when ophthalmoplegia and ataxia are also present. Cerebrospi
nal fluid analysis reveals an elevated protein level with a normal cell count, and deep ten 
don reflexes should be absent. A high percentage of patients with Miller Fisher syndrome 
have GQlb IgG autoantibodies in their serum. Recovery is generally complete, and the 
serology improves with clinical improvement. 

A seventh nerve palsy may occur with head trauma. The Battle sign (ecchymosis over 
the mastoid) may be present, and fractures of the temporal bone should be suspected. 
A congenital facial palsy is frequently related to birth trauma from forceps and tends to 
resolve. 

In Melkersson-Rosenthal syndrome, recurrent unilateral or bilateral fac ial paralysis is 
accompanied by chronic facial swelling and lingua plicata (furrowing of the tongue). The 
etiology of this disorder, which usually begins in childhood or adolescence, is unknown. 
The facial swelling is frequently marked and may be bilateral, even when facial paresis is 
only unilateral. 
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Given the large diffe rential diagnosis of seventh nerve weakness, etiologic consid
eratio ns in specific cl inical settings deserve emphasis . Bilateral seventh nerve palsies are 
most frequently due to sa rcoidosis, bas ilar men ingitis (bacterial, viral, spirochetal), and 
Gu iJlain -Barre syndro me. Recurrent unilateral seventh nerve involvement is often caused 
by diabetes melli tus, Lyme disease, and Melkersson-Rosenthal syndrome. Progressive sev
enth nerve palsy is highly suggestive of a neoplast ic et iology, with tumor invasion (brain
stem, cerebellopontine, parotid gland) or diffuse infiltration (meningeal carcinomatosis). 
Further, accompanying crani al nerve palsies will aid in topographic localiza tion of the 
lesion. 

Treatment 
In cases of o rbicularis oculi involvement, treatment of corneal exposure may be necessary. 
Art ificial tear preparat ions (preferably preservative free) and lubricants are suffic ient in 
mild cases. Taping the eyelid shut wi th lubricating ointment in the eye for sleep may be 
necessary. Moisture chambers have been used at night. Patients should be advised to avoid 
a dusty o r Windy environment. Breakdown of corneal epithelium indicates the need fo r 
punctual plugs, tarsorrhaphy, or the injection of botuli nu m toxin type A (Botox) to induce 
ptosis. 

In the setting of a facial nerve palsy, the most crit ical question is the status of the 
trigemin al nerve. Loss of corn eal sensation combined with a facial nerve palsy is a partic
ularly d iffi cult clinical problem. The risk of neurotrophic combined with neuroparalytic 
kerati tis demands an aggressive approach that possibly includes ea rly tarsorrhaphy or gold 
weight implant. 

Surgical treatment may include attempts at reinnervatio n with hypoglossal to facial 
anastomosis o r transfacial cable grafts. Unfortunately, these procedures, even when suc
cessful , tend to protect th e cornea poorly. Silicone bands (Arion sling) tend to be unpre
d ictable, and implanted spri ngs have a high incidence of extrusion. The Simplest and most 
successful surgical treatment for corneal problems associated with chronic facial nerve 
palsies is the use of gold eyelid weights. Because there is a tendency to implant too small a 
weight, preoperative evaluation should include trials of va rious weights taped to the eyelid 
surface. The heaviest weight that can be lifted clear of the visual axis should be chosen. 
Although the weight is more visible when implanted low over the tarsus, this position is 
more predictable than placement over the septum. The weight can be removed later if 
facia l nerve funct ion recovers. 

Dresner Sc. Ophthalmic management of facia l nerve paralysis. Focal Points: Clillical Modllles for 
Ophthalmologists. San Francisco: American Academy of Ophthalmology; 2000, module 4. 

Ra hman I, Sadiq SA. Ophtha lmic management of fac ial nerve pa lsy: a review. 5urv Opll t/wl-
1110/.2007;52(2):12 1- 144. 

Disorders of Overactivity of the Seventh Nerve 

Disorders of the seventh nerve, its nucleus, or the pyramidal o r extrapyram idal pathways 
may produce hyperexcitable states. Essential blepharospasm, hemi facial spasm, and facial 
myokym ia are the 3 most common disorders of overactivity (Table 11 -4). 
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Table 11 -4 Comparison of the Common Causes of Seventh Nerve Overactivity 

Essential 
blepharospasm 

Hem ifacia l spasm 

Facial myokymia 

Eyel id myokymia 

· Presumed 

laterality 

Bilatera l 

Unilateral 

Unilateral 

Unilateral 

Essential blepharospasm 

Site of Dysfunction

Basal ganglia 

Facia l root in 
cerebel lopontine 
angle 

Facial nucleus or 
fascicle in pons 

Unknown 

Etiology 

Unknown 

Nerve 
compression 
by blood 
vessel or 
tumor 

Glioma, 
multiple 
sclerosis 

Unknown 

Treatment 

Botulinum toxin 
(preferred 
treatment) 

Medical: 
Haloperidol. 
clonazepam, 
other drugs 

Surgical: 
extirpation 
of eyel id 
protractors, 
selective 
seventh nerve 
section 

Botulinum toxin 
(preferred 
treatment) 

Medical: 
Carbamazepine, 
baclofen, other 
drugs 

Surgical: 
microsurgical 
decompression 
of facial root 

Treatment of the 
underlying 
cause 

Reassu rance, 
botulinum toxin 

This bilateral condition consists of episod ic contraction of the orbicularis ocul i. Onset 
usually occurs between ages 40 and 60. Initiall y, the spasms are mild and infrequent, but 
they may progress to the point that the patient's da ily activities are severely disrupted. In 
advanced cases, the patient's eyelids cannot be pried open during an episode of spasm. Fa
cial grimaci ng and other movements may be associated with blepharospasm (Meige sy"
drome) (Fig 11 -14), and cogwheeling in the neck and extremities or other extrapyram idal 
signs may be noted. Tardive dyskinesia secondary to neuroleptic and antipsychotic drugs 
can produce spasms that involve the mouth. Extrapyramidal disorders such as parkin
sonism, Huntington disease, and basal ganglia infarction may be accompanied by some 
degree of blepharospasm. 

The exact cause of benign essential blepharospasm is unknown, but increasing ev
idence using functional neuroimaging suggests that it is caused by basal ga ngli a dys
function. The clinician evaluating a patient with blepharospasm should exclude causes 

1 
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Figure 11-14 Essential blepharospasm with 
Meige syndrome. This patient has contraction 
of the orbicularis oculi muscles in association 
with facial grimacing. (Courtesy of Eric Eggenberger, 
DO.) 

of reflex blepharospasm, in particular severely dry eyes, intraocular inflammation, and 
meningeal irritation. Stress may exacerbate the condition. Neuroradiologic studies are 
generally u nrevealing. 

T he efficacy of medical therapy, including neuroleptics and benzodiazepines, for 
blepharospasm is generally limi ted. Currently, the treatmenl of choice for essential 
blepharospasm is injection ofbotu!inum toxi n into the orbicularis oculi muscle. 

Dutton JJ , Fowler AM. Botulinum toxin in ophthalmology. SlIrv Ophtha/mol. 2007;52(1): 
\3-3 1. 

Although there are several types of botuli num toxin , only type A has been used exten
sively in cl in ical practice. The effect of the toxin is temporary, las ting only a few months, 
so th at repeated injections are necessary. The efficacy of the drug relates to its abi li ty to 
cause muscle weakness. Complications slI ch as ptosis, exposure of the cornea, diplopia, 
and local ecchymosis are usually mild and transient. The dosage va ries fro m 2.5 to 5 units 
per injection site and 4 to 8 sites per eye. The central portion of the pretarsal orbicularis 
should be avoided to minimize the chance of induCing ptosis. 

OccaSionally, when medical treatment fails, surgical therapy consisting of the me
ticulous extirpation of the eyelid protractors may be indicated. Selective ablation of the 
seventh nerve is an alternative procedure that carries the risk of greater complications and 
has a lower success rate. See also BCSC Section 7, Orbit, Eyelids, a/ld Lacrimal System. 

Essential blepharospasm may cause psychological distress, with some patients with
draWing sOcially as the symptoms worsen. Thus, counseling may be as valuable as the 
medical and surgical management of the condit ion. The Benign Essential Blepharospasm 
Research Foundation (BEBRF) (http://www.blepharospasm.org) has provided education 
and support to blepha rospasm sufferers and aided research efforts since 198 1. 

Ben Simon GJ, McCann JO. Benign essential blepharospasm. Jilt Ophthalmol Cli ll . 2005;45(3): 
49-75. 

Patel BCK. Anderson RL. Essential blepharospasm and related diseases. Focal Poillts: Cli1lical 
Modules for Ophthalmologists. San Francisco: American Academy of Ophthahnology; 2000, 
module S. 
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Hemifacial spasm 
Hemi facia l spasm is characterized by unilateral episodic spasm that involves the facial 
musculature and typically lasts from a few seconds to mi nutes. The d isorder frequently 
begins as interm ittent twitch ing of the orbicularis oculi muscle but) over the course of 
several years, spreads to involve all the facial muscles on I side (Fig 11-15). Episodes may 
increase in frequency for weeks to months and then abate for months at a time. Seventh 

nerve function is usually intact, although over t ime subtle ipsilateral facial weakness may 
develop. 

The pathogenesis of hemi fac ial spasm is most commonly compression of the sev
enth nerve root exit zone by an aberrant vessel. Abnormal fir ing in the motor nucleus 
or ephaptic tra nsmission of nerve impuJses causes innervation di rected toward 1 muscle 
group to excite adjacent nerve fibers directed to another muscl e group. Less com monly 
(perhaps I % of hemi fac ial spasm), tumors wit hin the cerebellopontine angle or previous 
seventh nerve injury m ay lead to the spasms; therefore an MR I of the brain, incl uding the 

course of the fac ial nerve, is typically performed to exclude a compressive lesion. 
Botuli num toxin type A injection into the facial muscles has proven very effective and 

is the treatment of choice for hemifacial spasm in most patients. Reinjection is required at 
intervals of several months. Hemi facia l spasm responds to lower doses of botulinum toxin 
than does blepharospasm. Side effects are sim ilar to those seen in patients with blepharo
spasm treated with botulin um toxin . 

Carbamazepine, cJo nazepam, or bacJofen may provide improvement in some patients. 
Facial myectomy and neurectomy have been shown to give patients with hemifacial spasm 
limited relief. Suboccipi tal craniotomy with placement of a sponge between the seventh 
nerve and the offendi ng blood vessel (m icrovascu lar decompress iol1) may be considered in 

advanced cases. 

Spastic paretic facial contracture 

Spastic paretic fac ial contracture is a rare disorder characterized by unilateral facial con
tracture with associated fac ial weakn ess. Typically, it begins with myokymia of the or
bicularis oculi muscle, which gradually spreads to most of the ipsilateral facial muscles. 
At the same time, tonic contracture of the affected muscles becomes evident. Over weeks 
to months, ipsilateral facia l weakness develops, and voluntary fac ial movements of the 

Figure 11-15 Hemifac ial spasm. This 73-year
old woman has intermittent twitching involv
ing the entire right side of the face. (Courtesy of 

Rod Foroozan, MD.) 
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affected side diminish. Spastic paretic facia l contracture is a sign of pontine dysfunction 
in the region of the seventh nerve nucleus, often caused by a pontine neoplasm. Damage 
to the nucleus causes facial weakness, and involvement of supranuclear con nections leads 
to facial spasticity. 

Facial myokymia 
Facial myokymia is characterized by continuous unilateral fibrillary or undulating con 
traction of facial muscle bundles. When confined to the eyelid, it is most col11ll1only a self
limited, benign condition. Occasionally. these rippling rnovements begin within a portion 
of the orbicularis oculi and may spread to involve most of the facial muscles. 

Facial myokymia typically signifies intramedullary disease of the pons involving the 
seventh nerve nucleus or fascicle. It is usually the result of a pontine glioma in children 
and multiple sclerosis in adults. Rarely, myokymia occurs in Guillai n-Barre syndrome. 
Myokymia may be relieved with carbamazepine (Tegretol), phenytoin sodium (Dilantin) , 
or injection of botulinum toxin. 

Intermittent fluttering of the orbicularis (benign facial fasciculations) is relatively 
common. The phenomenon usually lasts for days or weeks. 

Banik R, Miller NR. Chronic myokymia limited to the eyelid is a benign condition. J NClI 

roophthalmol.2004;24(4):290- 292. 

Other conditions 
Rarely, focal cortical seizures are manifested by gross clonic movements involving I side 
of the face only. The eyes deviate away from the side of the seizure focus during the epi
sode; the patient's ipsilateral hand may also have clonic movements. Frequently, Todd pa
ralysis, a transient supranuclear faciaJ paresis, foLlows the seizure and the eyes may deviate 
toward the side of the prior seizure focus. The electroencephalogram should be abnormal 
during the clonic episodes. 

Habit spasm such as facial tic or nervous twitch is relative.ly COl11rnon, particularly 
in childhood, and is characterized by stereotyped, repetitive, reproducible facial move
ments that can be promptly inhibited on command. These movements tend to disappear 
in time without treatment. Only rarely does Tourette syndrome present with facial twitch
ing alone. 

Coats DK, Paysse EA, Kim D-S. Excessive blinking in childhood: a prospective evaluation of99 
children. Ophthalmology. 200 I; I 08(9): 1556- 1561. 

Reflex blepharospasm results from fifth nerve irritation (usually from a severely dry 
eye), intraocular inflammation, or meningeal irritation (usually associated with photo
phobia). Treatment of the underlying cause may alleviate the symptoms. Oral facial dys
kinesias (tardive dyskinesia) seen after long-term use of major tranquilizers may persist 
even after the drugs are stopped. 



CHAPTER 12 
The Patient With Head, Ocular, 
or Facial Pain 

Evaluation of Headache 

Headache is a common complaint presented to the ophthalmologist. When pain extends 
to the orbits. the patient and referring physician may assume that the eyes are in some way 
responsible for the d iscomfort. Often the patient may have fea rs. perhaps unspoken. of a 
brain tumor. 

The history (Table 12-1) is the most important part of a headache evaluation because 
the ocular examination is normal in the vast majority of patients with headache. 

In addition to having a complete ophthalmic examination. the patient complain
ing of headache should be screened systemically by having the blood pressure and pulse 
measured and being examined neurologically for menin geal signs (neck stiffness). point 
tenderness. and symmetry o f cranial nerve and motor functions. Any complaint of visual 
phenomena should prompt carefu l visual fi eld testing. 

In 1988. the International Headache Society published a class ification scheme for 
headaches that includes primary headaches (migraine. tension-type. and cluster) and sec
ondary headaches (headaches resulting from other causes). In 2004. th is classification was 
revised to incorporate more recent concepts regard ing the primary headache syndromes 
and includes a new category, chronic migraine, for patients who have migraine for IS or 
more days per month. 

Headache Class ificatio n Subcommittee of the Inte rnational Headache SOCiety. The International 
Classification of Headache Disorders. 2nd ed ition. Cephalalg ia. 2004;24(suppl 1):9- 160. 

Table 12-1 Important Clinical Points of the Headache History 

Nature of the headache (sharp or dull , throbbing or constant, "squeezing") 
Daily pattern of headache (worse in the morn ing or later in the day. waking the pat ient from sleep) 
Location of the headache (unilateral or bi lateral, localized or diffuse) 
Associated phenomena (scintillating scotomata. flashing lights, nausea or vomiting, vert igo. 

ptosis. tea ring , paresthesias, weakness) 
Precipitating or alleviating factors (supine position, bending over, coughing, foods) 
Overall pattern (when headaches began, chronicity. recent change in pattern) 
Family history of headaches 

293 
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Several clinical feat ures may suggest the need for neuroimaging and additional diag-
nostic testing: 

• sudden onset of severe headache 
• unexplained change in headache pattern 
• headaches without response to typical therapies 

headaches that are related to physical exertion or change in body position 
new onset of headaches after the age of 50 years 
new headaches in a patient with cancer or immunosuppression 
headaches with focal neurologic signs or symptoms (including papilledema and 
homonymous hernianopia) 
headaches with a history of fever, neck stiffness, change in mental status, or change 
in behavior 

Medina LS, D'Souza B, Vasconcellos E. Adults and children with headache: evidence-based 
diagnostic evaluation. Neuroimaging C/in N Am. 2003; 13(2):225- 235 . 

Patients over age 50 with new headaches should be suspected of having giant cell 
arteritis (temporal arterit is). Other symptoms of this condition include jaw claudication, 
fever, weight loss, scalp tenderness, polymyalgia, fatigue, and visual complaints. An eryth
rocyte sedimentation rate (ESR; Westergren method) and C-reactive protein help screen 
such a patient, but a normal ESR does not exclude the diagnosis (see Chapter 14). Ten
derness over the temporal artery (particu larly if the arte ry is enlarged or nodular) may 
further raise suspicion . 

Headache caused by elevated intracranial pressure, as with intracranial mass lesions or 
idiopathic intracranial hypertension, is typically global, constant, and worse in the morn
ing. Bending over or moving the head often worsen it, as do Valsalva maneuvers such as 
coughing and straining. Vomiting may occur, even without nausea. Other focal neuro
logic signs, non localizing signs such as sixth nerve palsy, or papilledema may be present. 
Headaches that awaken patients at night are more likely to have a Significant pathologic 
basis. 

A sudden severe headache with stiff neck, changes in mentation, or focal neurologic 
signs suggests intracranial hemorrhage. Neuroimaging is urgently required in these cases. 
Headache caused by meningitis may be chronic and not associated with focal neurologic 
deficits. Neck stiffness and pain on fl exion , back pai n, pain on eye movement, and photo
phobia may reflect meningeal inflammation. 

Diamond ML, Solomon GO, eds. Diamolld and Dalessio's Tile Practicillg Physicim15 Approach 
to Headache. 6th ed. Philadelphia: Saunders; 1999. 

Silberstei n SD, Lipton RB, Dod ick OW, eds. Wolff's Headache and Olher Head Pail! . 8th ed. 
New York: Oxford University Press; 2007. 

Migraine and Tension-type Headache 

Migraine is a condit ion consist ing of repetitive bouts of headache. More frequent in 
women than in men, it is extremely common and may underlie most episodes of head
ache pain. Familial tendency is strong, and the patient may report having had motion 
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sickness as a ch ild. Onset typically occurs at puberty or young adulth ood. and the head
aches may decrease after menopause. There may be hormonal variat ion. Unilaterality. 
pulsating character. associated nausea or vom iting. photophobia. and aggravation with 
rout ine physical activity all support the diagnosis of migraine. Migraine may be exacer
bated by menstruation . pregnancy, hunger. stress. certain foods (chocolate, wine, etc). and 
sleep deprivation. 

Spector RH. Migraine. Focal Points; Clinical Modules fo r Ophthalmologists. San Francisco: 
American Academy of Ophthalmology; 2000, module l. 

Migraine with aura 
Previously termed classic migraine, m igra ine with aura (30% of migraine) is heralded by 
neurologic symptoms that are usually visual. Imagery bui lds lip over minutes with positive 
phenomena lhat typically have movement. The classic for tification spectrum begins with 
a small scotoma near fixation that grad ually expands (Fig 12- 1). The scotoma is bounded 
by a zigzag. shimmering. colorful or silver visual image that moves temporally in to the 
periphery and then breaks up. Loss of vision may occur (see Chapter 5). most com mon ly 
hemianopic but frequen tly perceived by the patient as monocular (in the eye ipsilateral 
to the hemianopia). The aura usually lasts less than 45 minutes and is typically followed 
by a throbbing headache on the contralatera l side of the head. Most patients experience 
associated nausea. photophobia. and phonophobia. W hen untreated. th e attacks typically 
last from 4 to 72 hours. 

Basilar-type migraine (preViously classitled as complicated migraine) is thought to 
result from transient ischemia with in the distribution of the basi.lar artery and may be 

Figure 12·1 Visual aura of mi
graine. The aura commonly 
begins in the peripheral visual 
field, spreads centrally, and 
fades in the reverse order. 
The times at bottom right of 
each image represent min
utes from the time the visual 
aura begins. (Courtesy of Rod 
FOfOozan, MD.) 
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accompanied by bilateral visual loss, diplopia, vertigo, dysarthria, ataxia, and loss of 
consciousness. 

Studies of the pathophysiology of migraine have found evidence for primary dysfun c
tion involving the afferent sensory neurons of the trigeminal nerve and have emphasized 
genetic factors wi th a significant familial incidence (familial hemiplegic migraine, a rare 
autosomal dominant inherited for m of migraine, has been mapped to chromosome 19). 
Activation of the trigeminal nucleus caudalis is thought to cause the release of vasoac
tive chemokines at the vascular endings of the trigeminal nerve. These neuropeptides are 
thought to cause dilation of the pial arteries, increase vascular permeability, and induce 
an inflammatory response that activates trigeminal afferents with in the waLls of blood 
vessels. 

It has been suggested that migraine is a variant of a channelopathy in which there is 
increased neuronal excitability. This condi tion may underlie the spreading depression in 
the occipital region thought to be responsible fo r the visual aura and the changes in the 
blood vessels resulting in pain and other symptoms of bas ilar-type migraine. These stud
ies have also provided a basis for developing the family of triptans that function by inhibit
ing release of vasoactive neuromediators. 

The typical headache lasts several hours. In basilar-type migraine, a focal neurologic 
deficit may be par t of the aura, or it may occur with the headache and then persist. This 
defic it is usually transient, but permanent defic its related to intracranial infarction do 
occur. 

Hupp SL, Kli ne LB, Corbett JJ. Visual disturbances of m igraine. 5t1rv Ophthalmol. 1989;33(4) : 

22 1- 236. 

Migraine without aura 
Previously called common migraine, migraine without aura (65% of migraine) has no pre
ceding neurologic symptoms. The headache may be global, not strictly unilateral, and it 
can last hours to days. Distinguishing between this type of headache and the very com
mon tension-type headache (discussed later in the chapter) is frequently quite difficult. 

Migraine aura without headache 
Some patients may report only the visual symptomatology of m igraine aura without any 
associ ated headache. The occurrence of visual symptoms of migraine without headache 
(acephalgic migraine; 5% of migraine) must be differentiated from transient ischemic 
attacks (TIAs) . Visual migraine equivalents include scintillating scotomata, transient 
homonymous hemianopia without positive visual phenomena, peripheral visual field 
constrict ion progress ing to tunnel vision or complete visual loss, transient monocular vi
sual loss, and episodic diplopia (usually vertical and accompanied by other neurologic 
symptoms). Symptoms typically last less than 60 minutes and tend to develop and remit 
progressively during that time. A posit ive patient history or family history of migraine 
with aura is helpful for the diagnosis, as is a description of the deficit. The classic scintil
lati ng scotoma with fortificat ion spectrum is suggestive of migraine. Residual visual fi eld 
defects may indicate another underlying process, such as cerebrovascular disease or a vas
cular malformation. 
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Often attributed to migraine, vasospasm may, less commonly, affect only 1 eye (some
times referred to as retinal migraine), resulting in monocular visual loss. Transient retinal 
opacification and narrowing of the retinal arterioles may be seen during symptomatic 
episodes in some patients. 

Winterkorn JM , Kupersmith Mj, Wi rtschafter JD, Forman S. Brief report: treatment of va so

spasti c amaurosis fugax with calcium-channel blockers. N Engl J Med. [993;329(6):396-398. 

Evaluation of patients with migraine 
If the patient has a typical history of migraine and a normal neurologiC and ophthalmic 
examination, neuroimaging studies are unlikely to show an intracranial abnormaLity. A 
history of alternating hemicranial headaches suggests a benign etiology, but most patients 
with headaches that always occur on the same side of the head are also likely to have mi 
graine. OccaSionally, a mass lesion or a large vascular malformatio n is heralded by typical 
migraine symptoms (Fig 12-2; also see Chapter 14). In these cases, however, there are 
often residual visual fi eld defects. This finding underlines the importance of visual fi eld 
testing in the evaluat ion of patients with presumed migraine. Referral of patients with 
suspicious headaches to a neurologist is prudent. The foll OWing findings may suggest the 
need for additional evaluation in patients presumed to have migraine: 

A 

Headache or aura always occurs on the same side. 
Headache precedes the aura. 
Neurologic deficit, including visual field defect, persists after aura resolves. 
Features of aura are atypical {more than 1 aura occurring in a Single day, lack of 
expansion of or change in aura}, 

Figure 12-2 Occipital lobe arteriovenous malformation. A, Axial T2-weighted MRI showing an 
irregular hypointense mass (arrow) suggestive of a vascular lesion within the righ t occipital 
lobe. a, Lateral projection cerebral arteriogram confirms that the lesion is an arteriovenous 
malformation (arrow). (Courresy of Rod Foroozan, MD.) 



298 • Neuro-Ophthalmology 

Silberstein SD. Prac tice parameter: evidence-based gUidelines for migraine headache (an 

evidence-based review): report of the Quality Standards Subcommittee o f the American 

Academyof eurology. Neurology. 2000:55(6):754-762. 

US Headache Consortium. Evidence-based guidelines in the primary care setting: neuroimag

ing in patients wilh nanacule headache. Available at: www.aan.col11. Accessed 5 Feb ruary 
2008. 

Tension-type headache 
TenSion-type headaches are chronic. described as aching or viselike. typically worse at the 
end ofthe day. and often precipitated by stress. The specific pathophysiology and treatment 
of tension-type headaches remain unclear. They may be associated wit h depression . 

Treatment of migraine and tension-type headache 
The specific type of headache and the needs of the patient should guide treatment. Some 
patients, for example, need only reassurance that they do not have serious intracranial 
disease. PreCipitating or contributing factors should be eliminated as much as possible. 
Certain foods provoke headaches in some people. and patients shou ld consider avoid
ing chocolate. nitrates. monosodium glutamate. aged cheese. caffeine. red wine and 01 her 
alcohol. aspartame (NutraSweet). nuts. and shellfish. The role of estrogens and oral con
traceptives is uncertain , but a temporal re lat ionship between initiation of hormone ther
apy and the development of migraine symptoms indicates that the hormones should be 
discontin ued. 

Other environmental migraine triggers include stress or relief from st ress (eg, after 
a final exam or presentation. first day of vacation. weekends). change in sleep patterns. 
fumes or strong scents such as perfumes and cigarette smoke, and exercise. 

Migraine therapy can be divided into acute and prophylactic management. For acute 
relief. various agents can be used. including d ihydroergotamine. se rotonergic agents. non
steroidal anti-inflammalory drugs (NSAlDs). and other combined preparations that in 
clude caffeine. (Chronic caffeine intake. however. worsens headaches.) An antiemetic agent 
may also be necessary. The "triptans:' which are serotonin S-HT IBflD-receptor agonists , are 
available in different formulations (oral. injection. nasal spray). They are useful for symp
tomatic relief of migraine but may be contraindicated in patients with basilar-type mi 
graine. These drugs can. rarely. produce myocardial infarction and are typically not used 
in patients with suspected or known coronary artery disease. Topiramate, an antiepileptic 
y-am inobutyrate (GABA) agonist. has been increaSingly used in patients with migraine. 
Pericranial botulinum toxin injections have been found to be effect ive for some patients. 

Symptomatic treatment has its limitations; in particular, the use of pain medications 
more than a few times weekly can lead to analgesiC rebound headache. Patients with mi
graine may overuse analgesics and develop a constant headache Ihat is relieved only with 
the continuous use of pain medications. Therefore. a thorough medication history frolll 
headache sufferers is important. AnalgeSiC rebound headaches require the withdrawal of 
analgeSiCS. and hospitalization may be needed. 

Goadsby PJ. Recent advances in the diagnOSiS and management of migraine. BNlj. 2006; 

332(7532):25-29. 

Goadsby PJ. Lipton RB. Ferrari MD. Migraine-current understanding and trea tment. N Eligi 
J Med. 2002;346(4):257-270. 
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Prophylactic treatment is warranted if headaches disrupt the functions of daily life be
yond what the patient is willing to tolerate. ~-Blockers, calcium channel blockers, tricyclic 
antidepressants, selective serotonin reuptake inhibitors (SSRls), sodium valproate, and 
topiramate may be used, as may NSAlDs if their potential for causing analgesic rebound 
headaches is kept in mind. 

Tension-type headaches are more li kely to respond to treatment with tricycl ic antide
pressants and NSAIDs, although the overall success rate is not as high as with migraine. 
Various forms of biofeedback may be helpful. 

Trigeminal Autonomic Cephalgias 

The trigeminal autonomic cephalgias include cluster headache, paroxysmal hemicran ia, 
and short-lasting unilateral neuralgiform headache attacks with conjunctival inj ection 
and teari ng (SUNCT). They are primary headache disorders characterized by unilateral 
head pain that occurs with ipsilateral cranial autonomic findings. 

Cluster headache occurs most freque ntly in men in their 30s and 40s and is typically 
precipitated by alcohol use. It is characterized by excruciating bouts of pain localized be
hind 1 eye, in the distribution of the ophthalmic division of CN V. Associated symptoms 
include ipsilateral tearing, conjunctival inj ection, rh inorrhea, and postganglionic Horner 
syndrome. The pain may wake patients from sleep and cause them to pace with a sense of 
restlessness, rather than sleep it off. It typically lasts less than 2 hours. Headaches occur 
in clusters of episodes over days or weeks, then remit for month s or years, suggesting that 
the hypothalamus may playa role in the pathogenesiS. Cluster headaches can be diffi
cult to treat. The headache may respond acutely to inhal ed oxygen, methysergide maleate 
(Sansert), subcutaneous sumatri ptan, or dihydroergotamine. A 10-14-day tapering dose 
of predn isone is often successful in aborting the cluster cycle. Verapamil is useful for 
prophylaXiS. 

Paroxysmal hemicrania is characterized by short, severe attacks of pain with cranial 
au tonom ic features that occur several times per day. The headache typically lasts between 
2 and 30 minutes but may continue for hours. A dramatic resolution of the headache oc
curs with indomethacin, whi ch helps to dist inguish this from the other trigeminal auto
nomic cephalgias. 

SUNCT is characterized by unilateral orbital or temporal pain that is severe and throb
bing or stabbing. The headache typically occurs more than 20 times per day, lasts 5-240 
seconds, and is often associated with conjunctival injection and tearing. 

Icepick Pains and Idiopathic Stabbing Headache 

Episodic brief, sharp, jabbing pains occur more commonly in those with migraine than 
in people with other types of headaches. Cluster headache sufferers also have a high in
cidence of idiopathic stabbing headache, typically located in the same area as the cluster 
pain. The most C0111mon location is in the distribution of the ophthalmic division of eN V: 
the parietal area, orbit , and temple. The pain lasts less than a second or may occur as a se
ries of stabs. A variant of this entity, the jabs and jolts syndrome, consists of knifelike pain 
lasting less than a minute. Idiopathic stabbing headache often responds to indomethacin , 
and many patients improve with standard headache prophylact iC agents. 
1 
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Inherited Encephalopathies Resembling Migraine 

Mitochondrial myopathy and encephalopathy, lactic acidosis, and strokelike episodes 
(MELAS) is a mitochondrial disorder that occurs in children and young adults. The 
symptoms (headache, nausea, vomiting, transient hemianopia, and hemiparesis) suggest 
migraine. but permanent neurologic disturbance is seen with spongiform cortical degen
eration. Serum and CSF lactate levels are elevated, and T2 pathology may be seen on MRI 
in the temporal, parietal, and occipital lobes. Point mutations may be seen in the mito
chondrial DNA. 

Headache resembling migraine may occur as the initial symptom of cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CA DASIL), an 
autosomal dominant angiopathy that has been associated with a mutation in the NOTCH3 
gene on chromosome 19. Headaches occur in 30%-40% of patients with CADASIL and 
often arise later in life than typical migraine. Recurrent lacunar strokes with neurologic 
deficits and cognitive decline eventually occur. Widespread leukoencephalopathy, par
ticularly within the temporal and frontal lobes, is seen on MR!. 

Bousser M-G. Biousse V. Small vessel vascu lopathies affecting the central nervous system. 

J Neuroophthalmol. 2004;24(1)66-61. 

Ocular and Orbital Causes of Pain 

There is a popular misperception that "eye strain" due to refractive errors and strabis
mus is a common cause of eye and head pain. Although refractive errors and strabismus 
shouJd be corrected as appropriate, and such corrections can sometimes ameliorate pain, 
ocular or orbital pain has many more important causes. The eye is heavily innervated by 
sensory nerve fibers (see Chapter I), and inflammatory, ischemic, and even neoplastic 
involvement of the eye and orbit can produce pain. True ophthalmic causes of eye pain 
include dry eyes and other forms of keratitis, acute angle-closure glaucoma, and intraocu
lar inflammation . These conditions are most commonly diagnosed through examination 
of the cornea, anterior segment, and anterior vitreous by slit lamp. Keratitis sicca, or dry 
eye, is a very common cause of ophthalmic discomfort. Exacerbated by visual tasks that 
decrease blink frequency, especially work on the computer, it has various causes and re
sults from conditions that either decrease tear production or increase tear evaporation. 
Keratitis sicca is one of the characteristic features of the autoimmune Sjogren synd rome. 
Evidence of fluorescein or rose bengal staining, abnormal tear breakup time, or decreased 
Schirmer test may help confirm dry eye syndrome. Pain on awakening may be related to 
recurrent erosion syndrome. Angle-closure glaucoma may be confirmed with intraocu
lar pressure measurements and gonioscopy. Posterior segment examination with indirect 
ophthalmoscopy or sli t- lamp biomicroscopy may reveal evidence of choroidal or retinal 
inflammation or posterior scleritis. Sclerit is is usually accompanied by ocular tenderness. 
These causes of ocular pain are discussed in more detail in BCSC Section 7, Orbit, Eyelids, 
and Lacrimal System; Section 8, External Disease and Cornea; and Section 9, Intraocular 
Inflammation and Uveitis. 

Idiopathic orbital inflammation usually produces severe eye pain or pain on eye move
ment, variably accompanied by ocular motility abnormalities, eyelid edema, and proptosis 
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(see the discussion in BCSC Section 7, Orbit, Eyelids, and Lacrimal System) . Periorbital 
pain may be the initia l mani festation of inflammation within the cavernous sinus (Tolosa~ 
Hunt syndrome). Pain with eye movement commonly accompanies an inflammatory optic 
neuropathy (see Chapter 4), often in associa tion with decreased vision, visual field changes, 
and an afferent pupillary defect. 

Fazzone HE. Lefton DR. Kupersmith MJ. Optic neu ri tis: correlation of pain and magnetic reso
nance imaging. Ophthalmology. 2003; 1 10(8), 1646- 1649. 

Rapidly expanding tumors of the orbit , orbital apex, and cavernous sinus may also 
produce eye pain. In these cases, other signs wi ll likely be present, such as a visual field 
defect, proptosis, pain or resistance with retropulsion of the globe, an afferent pupillary 
defect. or an abnormal optic nerve appearance. 

Harooni H. Golnik KC, Geddie 8, Eggenberger ER, Lee AG. Diagnostic yield for neuroimaging 
in patients with unilateral eye or facia l pain. Call J Ophtha/mol. 2005;40(6):759-763. 

Levin LA, Lessell S. Pain: a neuro-ophthalmic perspective. Arch Ophtlmlmol. 2003;121(1 1): 1633. 

In addit ion, periocular pain may actually be referred facial pain, discussed later. 

Photophobia 

Photophobia occurs most frequently as a result of ocular inflammatory disorders, includ 
ing keratitis, uveitis (particularly iritis), and less commonly from chorioretinitis. Pho
tophobia may also arise because of meningeal irritation (meningitis and subarachnoid 
hemorrhage) and migraine. 

Facial Pain 

Pain associated with ischemia. such as carotid dissection or microvascular cranial nerve 
palsy, often localizes around the ipsilateral eye. Most often, pain in the eye area is a mani
festation of a headache. OCCipital neuralgia produces pain and tenderness over the greater 
OCCipital nerve that radiates to the ipsilateral eye area. 

Patients may refer localized facial pain to the eye. Common sources of facial pain in
clude dental disorders and sinus disease. Other facia l pain syndromes include trigeminal 
neuralgia, glossopharyngeal neuralgia, temporomandibular joint syndrome (TMJ) , carot
idynia, and herpes zoster neuralgia. The onset of facial pain in an elderly patient raises the 
possibility of giant cell arteritis. Facial pain is occasionally a sign of nasopharyngeal car
cinoma or metastat ic carcinoma affecting the trigeminal nerve or the dura at the base of 
the brain. In some patients with constant facial pain that is typically deep and boring, no 
etiology may be identified (sometimes referred to as atypical faCial pail1). Treatment may 
be difficult and usually requires a combination of anticonvulsants and antidepressants. 

Trigeminal Neuralgia 
Trigeminal neuralgia, also known as tic douloureux, typically occurs during middle age 
or later. It is most commonly caused (80%-90% of cases) by vascular compression of 
CN V, although a few reports describe trigeminal neuralgia from demyelinating d isease 
1 
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or a posterior fossa mass lesion. The pain is almost always unilateral (95%) and usually 
involves the maxillary or mandibular distribution of CN V, only rarely «5%) involVing 
the ophthalmic division alone. Chewing, tooth brushing, or a cold wind may precipitate 
paroxysmal burning or electric shock-li ke jabs, lasting seconds to minutes. There may 
be periods of remission. Sensory function in the face should be normal on test ing; any 
abnormality increases likelihood of a neoplasm. All patients shou ld have neuroimaging 
of the posterior fossa, preferably with MRI. Treatment options include use of gabapentin 
(Neuro ntin), pregabalin (Lyrica), carbamazepine, phenytoin, baclofen , clonazepam, and 
valproic acid; selective destruction of trigeminal fibers (rhizotomy); or surgical decom
pression of CN V in the posterior fossa. 

Glossopharyngeal Neuralgia 

In glossopharyngeal neuralgia, paroxysma l pain occurs unilate rally in the region of the 
larynx, tongue, tonsLi . and ear. Hoarseness and coughing may be present . Pain can be trig
gered by swallowing and pungent flavors. It is treated with the same medications used fo r 
treat ing tr igeminal neuralg ia and also may be aUeviated by microvascular decompress ion. 

Carotidynia refers to pain arising frol11 the cervical carotid artery and is typically neck 

pain that radiates to the ipsilateral face and ear. Carotid dissection should be excl uded. 

Occipital Neuralgia 

Paroxysmal stabbing pain in the distribution of the greater or lesser OCCipi tal nerves may 
be confused with other causes of head and fac ial pain. Tenderness may be elicited with 
pressure over the affected nerve. Injection of local anesthetic agents relieves the pain and 
is helpful in confirming the diagnosis. 

Temporomandibular Oisease 

Pain from the temporomandibular area may arise from either the joint or the muscle. 
Joint pain exacerbated by cheWing or talking suggests joint disease. A click or pop with a 
limited jaw opening may be present. Pain fro m the muscle is more difficul t to diagnose, 
as it may be referred to the ear, preauricular area, or neck. Jaw pa in or claudication in an 

elderly patient may be an early symptom of giant cell arterit is. 

Carotid Dissection 

Carotid dissect ion often produces pain localized to the face (see Chapter 14). It is often 
accompanied by sympathetiC dysfunction (Horner syndrome) due to involvement of the 
sympathetiC fibers in the wall of the carotid artery (see Chapter 10, Fig 10-4). 

Herpes Zoster Ophthalmicus 

When herpes zoster involves the tr ige minal dermatomes, pain may arise in the affected 
region days before a vesicular eruption is seen (Fig 12-3). The pain is described as ach
ing or bu rning. OccaSionally, no vesicles are apparent (zoster sille herpete). Acutely, the 
pain may be exacerbated by concomitant iritis (seen on slit-lamp examination ). The pa in 
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Figure 12-3 Herpes zoster ophthalmicus. 
This 63-year-old woman developed left-sided 
scalp pain and a rash in the V, distribution on 
the left side . (Courtesy of Rod Foroozan, MD.) 

may persist long after resolution of the acute infect ion (postherpetic neuralgia), and it can 
be extremely discomforting and difficult to treat. Pregabalin (Lyrica), gabapentin (Neu
rontin) , tricyclic antidepressants, and the topical lidocaine patch 5% may be effective in 
some patients. There is evidence that acute treatment with antivirals may decrease the risk 
of severe postherpetic neuralgia. A vaccine for herpes zoster may be helpful in reducing 
the morbidity of postherpetic neuralgia. 

Pavan- Langston D. Herpes zoster: antivirals and pain management. Ophthalmology. 2008;115 
(2 Suppl),S 13-S20. 

Neoplastic Processes 

Pain associated with fa cia l numbness raises the possibility of pathologic involvement of 
the trigemi nal nerve, such as neoplastic processes that affect the nerve in the area of the 
cavernous sinus and the Meckel cave. Meningiomas affecting only the parasellar region do 
not generally produce pain . More rapidly growing tumors, such as aggress ive undifferenti
ated malignancies, may produce pain in a larger percentage of patients. Facial cutaneous 
malignancy, the treatment of which is often not recalled by the patient because it occurred 
years previously, may be associated with perineural invasion and cause progressive pain, 
numbness, and multiple cranial nerve palsies. 

Mental Nerve Neuropathy 

An additional form of facial pain associated with numbness is the syndrome of the "numb 
chin;' which most frequently accompan ies an inflammatory or a neoplastic process. Sar
coidosis has been associated with a painfully numb chin. The most common neoplastic 
processes are lymphoma and metastatic breast carcinoma. Rarer causes include osteo
sarcorna, fibrosarcoma, plasmacytoma, metastatic lung and prostate carcinoma, coUagen 
vascu lar diseases, trauma, periodontal disease, and sickJ e cell disease. 

, 



CHAPTER 13 
The Patient With Nonorganic 
Ophthalmic Disorders 

Visual complaints that have no physiologic or organic basis are called nonorganic. There 
are 4 categories of involvement, including disorders of 

I. the afferent visual pathway (acuity, visual field ) 
2. ocular motility and alignment 
3. the pupils and accommodation 
4. eyelid position and function 

Patients who have ophthalmic problems with no discernible organic cause present 
a formidabl e diagnostic challenge. Malingering is willfu l feigning or exaggeration of 
symptoms, and litigation involving monetary compensation or disability is frequently 
an issue with these patients. Secondary psychologic gain is often the underlying basis of 
Munchausen syndrome, in which patients intentionally induce phYSical damage. Hysteria 
is a subconscious expression of nonorganic signs or symptoms; patients with hysteria are 
often unconcerned about their incapacitating symptoms ("Ia belle indifference"). Malin 
gering cannot always be clea rly differentiated from hysteria, and the terms functional, 
nonphysiologic, and nonorganic are used to refer to the entire spectrum of disease. Both 

types of patients are evaluated with similar techniques to ascertain the valid ity of the 
symptoms. It is essential to remember that a Significant number of patients with actual 
organic disease may also exhibit superimposed nonorganic behavior or may exaggerate an 
organic visual disturbance (so-called nonorganic overlay). Stripping off the overlay from 
the underlying organic pathology is a challenging, time-consuming task for the clinician. 
Th is chapter discusses the most frequently used clinical techniques for assessing and iden
tifying nonorganic visual loss. 

The first step in identifying the nonorgan ic patient is to have a high index of suspi
cion . The physician's suspicion is often raised during the history when the pattern of visual 
loss does not fit the common sequence of known diseases. For example. trivia l external 
trauma to the eye would not be expected to cause long-term disabling visual loss. In ad

dition, potential secondary gain factors may become evident during the history. Some 
patients may be more fo cused on impending litigation or disability determinat ion than on 
the diagnosis or treatment of their complaint. Other patients who are naive, worried, and 
eager to convince the phYS ician of their visual deficit tend to have a «positive» review of 
ophthalmic symptoms and often are suggestible during the histor y- taking process. 

\ 305 
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"Everything counts" is the gUiding principle. Each piece of information about the pa
tient, from the time the appointment is made through the completion of the office visit, 
may help direct the exa mination. For exa mple, in a tertiary neuro-ophthalmi c practice, 
it was shown that patients who wore sunglasses to their appointments were more likely 
to have nonorganic visual loss. Throughout the encounter with the patient, the physi

cian should continually observe the patient's general behavior and ocu lar capabilities. 
Ca n the patient successfully ambulate into the room and into the chair? Ca n he or she 
find and shake the physician's silently outst retched hand on arrival? Is there a problem 
with nonvisual tasks sti ch as signing in ? The best results are always achieved by avoiding 
confrontation. The patient's story sho uld be li stened to and recorded in an ern pathetic 
fashion. 

Suspicion increases as the ophthalmic examination progresses without uncovering 
any objective abnormalities to corroborate subjective visual symptoms. The key issue is 
the mi smatch between obj ective and subjective examination findings. The examiner must 
be patient, persistent, and fac ile with the tests being used so the patient remains unaware 
of the examiner's goal: demonstrating better function ( in acu ity, visual fields, ocular mo
tility) than claimed. The concept of misdirection is important. In other words, some ex

aminat ion techniques rely on the fact that the patient believes a particular eye or function 
is being tested as part of the normal eye exam ination, but in reality the examiner is trying 
to confirm a nonorganic disorder by demonstrating a non physiologic response, improved 
visual acuity or ocu lar funct ion. 

A diagnosis of a no norga nic component can be confirmed when the patient does 
something that should no t be possible based on the stated symptoms. Other tests may 
suggest that the patient is not cooperating but do not prove a nonorganic disorder. The 
examination must be tailored to the individual and the specific complaints. The results of 

the exam ination (particularly the patient's response to various testing situations) should 
be recorded. 

The scope and the economic impact of nonorganic ophthalm ic disorders are both dif
ficu.lt to measure. Somatic manifestations of psychogenic origins are prevalent in all field s 
of medicine. One study concluded that they were the basis of at least 10% of visits to family 
physicians. Currently, no such data are available for visual complaints. In the mid- J980s, 
Keltner and coworkers estimated that fra udulent disability cla ims totaled $1 bi llion for a 
single year in the state of California, and that did not include the costs of medical evalua
tion and legal fees. Clearl y, extrapolating from these data, the cost to society of nonorganic 
ophthalmic disturbances is enormous. 

Arnold AC. Nonorganic visual disorders. In: Albert OM, Jakobiec FA, eds . Principles alld Prac
tice afOphthalmology. 2nd ed. Philadelphia: Saunders; 2000:4317-4324. 

Bengtzen R, Woodward M, Lynn MJ, Newman NJ, Biousse V. The "sunglasses sign" predicts 
nonorganic visual loss in nellro-ophtha lmologic pract ice. Neurology. 2008;70(3):2 18-221. 

Keltner IL, May WN, Johnson CA, et al. The California syndrome. Functional visua l com
plaints wi th potentia l economic impact. Ophthalmology. 1985;92:427-435 . 

Kline LB. Techniques for diagnosing funct ional visual loss. In: Parrish RK II , ed. The University 
of Miami Bascom Palmer Eye Institute Atlas afOphthalmology. Philadelphia: Current Medi
cine; 20000493-50 I . 
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Miller NR. Neuro-ophthalmologic manifestati ons of nonorganic disease. In: Miller N R, New

man NJ, Biollsse V, Kerrison IB, eds . Walsh and Hoyt's Clinical Neuro-ophthalmology. 6th ed. 

Baltimore: Wi lliams & Wilkins; 2005: 13 15- l334. 

Examination Techni ues 

A number of different exami nation techniques are used with patients with nonorganic 
disorders. These techniques fa ll into 4 groups, depending on whether the disorders are of 
the afferent visual pathway, ocular motility and alignment, the pupil s and accommoda
tion, or eyelid position and function. 

Afferent Visual Pathway 

When the afferent visual pathway is involved, exam ination techniques depend on whether 
the dysfunction is an acuity loss (complete or partial, bilateral or monocular) or a visual 
field defect. 

Bilateral no light perception 
Several tests. both visual and nonvisual, are used when a patient complains of complete 
bilateral blindness (ie, no light perception). 

Nonvisual tasks Indirect evidence of a nonorganic component to complaints of total 
blindness may be obtained by a patient's inability to perform nonvisual tasks. These in 
clude writing and bringi ng their fingers together with arms in an extended position. As 
this latter task is proprioceptive, it does not require visual input. Failure to perform these 
tasks adequately does not prove a nonorganic disorder, but it should aler t the clinician to 
problems (conscious or unconscious) with patient cooperation. 

Pupillary reaction The presence of a normal pupillary reaction suggests that the anterior 
visual pathways are intact. However. it does not prove nonorganic loss, as there could 
be involvement of the bilateral anterior visual pathways or postgeniculate radiations. An 
aversive reaction to the light by a patient who claims not to see anything establishes at least 
some level of afferent input. 

Optokinetic nystagmus drum Traditionally, the easiest test to perform with a patient who 
claims total blindness is to slowly rotate an optokinetic nystagmus (OKN) drum in front 
of the patient. While doing so, the physician should ask the patient what he or she sees. 
If the patient claims to see nothing while the eyes move with the drum, a nonorganic 
component has been established. It is possible for malingerers to purposely minimize or 
prevent the response by looking around or focusing past the drum. 

Mirror test Although used somewhat less commonly (probably because a large mirror 
is not available), the mirror test is even more difficult to fool than is the OKN drum test. 
A large mirror is slowly moved side to side in front of the patient wh ile the examiner ob
serves eye posit ion. If the patient states that he or she sees nothing wh ile the eyes move 
with the mi rror, a subjective-objective mismatch has been documented (Fig 13- 1). 
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Figure 13-' Rotating a mirror in front of a patient who claims no light perception bilaterally 
produces shifts of ocular orientation in the direction of the mirror rotation. Such ocular move
ment demonstrates that the patient is capable of following his or her own reflection. (Illustration 
by C. H. Wooley.) 

Shock value Although perhaps primarily of historical interest (and found in military 
manuals to detect malingering), tests designed to elicit surprise can still be occasionally 
employed. Something dropped or an unexpected behavior may elicit evidence of visual 
activity. 

Electrophysiologic testing Visual evoked potentials (VEP) playa limited role in assessing 
a possible nonorganic disorder. Both fa lse-positives and fa lse- negatives are possible with 
VEP. The results of VEP are best used to confirm other fi ndings. Increased latency may 
suggest an organ ic component to the patient's complaint. Normal YEP in a patient who 
presents with severe monocu lar or binocular visual loss and a normal clin ical examination 
supports the diagnosis of nonorganic disturbance of vision. Abnormal pattern-reversal 
visual evoked response in a patient with a normal neuro-ophthahnic examination should 
not. by itself. lead to the diagnosis of organic defect. Through a variety of techniques (inat
tention. lack of concentration. meditation), a patient can willfu lly suppress a visual evoked 
response. See also "Visual evoked potential" in Chapter 3 of this volume. 

Morgan RK, Nugent S, Harrison JM, et al. Voluntary alteration of pattern visual evoked re

sponses. Ophthalmology. 1985;92: 1356- 1363. 

Monocular no light perception 
All of the tests listed under binocular no light perception may be performed unilaterally. 
In addition, however. several additional app roaches are possible. They are based on ocular 
viewing confusion and tests that require binocu larity. 
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Relative afferent pupillary defect In the setting of claimed complete visual loss in 1 eye 
only, other evidence to support optic nerve dysfunction should be present. [n most cases 
this wou ld include the presence of a relative afferent pupillary defect (RAPO) (see Chap
ter 3). The absence of an RAPO does not confi rm a nonorganic disorder, but it substan
tially increases suspicion in the setting of a normal eye examination. 

Base-out prism test Placing a 4-6 0 prism base-out in front of I eye with both eyes open 
should normally elicit an inward shift ofthat eye (either as a conjugate saccade followed by 
a convergent movement of the opposite eye or by a convergent movement alone). Move
ment that occurs when the prism is placed over the "bad" eye indicates vision in that eye. 

Vertical prism dissociation test A 4 D prism is placed base-down in front of the "good" 
eye of a patient claiming monocular visual loss. If the subject has symmetric vision in both 
eyes, 2 images should be seen, one above the other. If the subject is able to see the letters 
only with the "good" eye, then only 1 image should be seen (Fig 13-2). 

Golnik KC, Lee AG, Eggenberger ER. The monocular vertical prism dissociation test. Am J 
Opll"millloi. 2004; 137{ I), 135-l37. 

Confusion tests Several tests have been devised to confuse the patient as to which eye is 
actually being used. These tests need to be performed so that they appear to be simply a 
normal part of the exami nation. Any suspicion on the part of the patient is likely to lead 
to closure of I eye at a time, which will defeat all of these tests. 

In thefogging test, a trial frame is placed on the patient. Plus and minus spheres (4-6 0 ) 
are placed in fro nt of the "bad" eye, and plus and minus cylinders (4-6 0), with their axes 
aligned, are placed in front of the other eye. The patient is asked to read the chart while the 
front lenses are rotated. On the sphere side, rotation will make no difference, but on the cyl
inder side, vis ion will become severely blurred as the axes are rotated out of alignment. [fthe 
patient continues to read, he or she is doing so with the "bad" eye. 

In the red-greell test, duochrome (Worth 4-dot) glasses are placed over the patient's 
eyes, with the red lens over the "bad" eye. The red-green filter is then placed over the 

A B 
Figure 13-2 Monocular vertical prism dissociation test. In the setting of nonorganic visual 
loss. the patient will describe seeing 2 images. lover the other (AI . True organic visual loss 
will render the patient unable to see the second image or to see only a very blurred second 
image IB) . (Courr8sy of Lanning Kline, MDJ 

\ 
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Snellen chart, exposing half the letters on a green background and the other half on a red 
background. The green lens will prevent the good eye from seeing the red background let
ters. If the red letters are read, the patient is reading with the "nonseeing" eye. 

In the Polaroid slide test, the patient may wear the Polaroid lenses available with the 
Titmus stereoacuity test while reading a specially projected chart with corresponding Po
laroid mters (Fig 13-3). Letters or lines may be selected that indicate the patient is reading 
with the "bad" eye. 

Stereopsis testing Stereopsis requires binocular vision. Patients may be tested on the 
standard Titmus test (using their appropriate near correction and the Polaroid glasses). 
Any evidence of stereopsis demonstrates there is vision in the "bad" eye. It should be 
noted that patients with vision in only 1 eye may well detect asymmetries in the first sev
eral circles on the basis of monocular clues. Drawing a false conclusion can be avoided by 
asking the patient what he or she sees. If the detection is monocular, the patient will see 
the circle as shifted to one side. If the circle is "standing out from the page;' the patient has 
binocularity. 

Monocular reduced vision 
Patients with complaints of decreased but not absent vision are more challenging. The cli
nician needs to demonstrate conVincingly that the patient's actual acuity is better than ini 
tially claimed. As patients' acu ity is almost always somewhat better when they are pushed, 
demonstrating a nonorganic component requires a substantial difference between claimed 
and demonstrated acuity levels. Many of the tests described for patients with binocular or 
monocular no light perception can be applied to patients with monocular (and binocular) 
reduced vision. 

Confusion tests The confusion tests outlined in the "Monocular no light perception" 
section are useful if substantial acuity reduction is claimed in 1 eye. The fogging test, 

Figure 13-3 Specialized polarized projector charts are obscured when a patient looks through 
1 lens of the Polaroid glasses (A) but are seen when he or she looks through the other lens IB). 
(Courtesy of Steven A. Newman, MD.) 
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red-green duochrome test, and Polaroid slide test have the potential to give a quantita
tive acuity measurement if the patient is cooperative enough to continue reading. Unlike 
assessment of a patient who claims monocular blindness, it is not sufficient to simply 
demonstrate that the patient can read at all ; the physician must determine how far down 
the chart the patient can read. 

Stereopsis As mentioned earlier, binocular vision is necessary for stereopsis. The pres
ence of stereopsis (as measured by the Titmus test) indicates at least some vision in both 
eyes. Attempts have been made to equate acuity and quantitative stereopsis (Table 13- 1). 

Binocular reduced vision 
Assessing claims of binocula rly reduced vision is the most difficult situation. Proving a 
nonorganic disorder requires the patient to admit to seeing better than initially claimed. 
This kind of testing is a contest of wills; sometimes the doctor quits before the patient 
does. It is imperative not to squeeze the examination into a limited time block. If neces
sary, the patient should be rescheduled. 

Bottom-up acuity The examination begins with acuity determination on the smallest li ne 
on the Snellen chart (20/1 0). If the patient cannot see these letters, the examiner announces 
the use of a "larger line" and then goes to the 20/15 line and several different 20/20 lines. 
The examiner continually expresses disbelief that such "large" letters cannot be identified. 
If the patient st ill denies bei ng able to read the letters, he or she is asked to determine the 
number of characters present and whether they are round, square, and so on. Once the 
count is established, the examiner might suggest that the characters are letters and the first 
one is easier to identify than the others. By the time the "very large letters" (ie, 20/50) are 
reached, the patient often can be cajoled into reading optotypes much smaller than those 
read on initial acu ity testing. 

A variation of the bottom-up acuity technique requires time and repetition to demon
strate an improvement in visual acuity. Small (\1, D) plus and minus lenses are alternately 
added and subtracted while the patient is asked how many letters are visible and what 
shape they have. The process may be expanded by using small cylinders. It is sometimes 
possible to gradually improve the best-recorded acuity with th is method (sometimes a 
challenging refraction). 

Table 13·1 Relationship of Visual Acuity to Stereopsis 

Visual Acuity in Each Eye 

20/20 
20/25 
20/30 
20/40 
20/50 
20no 
20/100 
20/200 

Average Stereopsis (Arc Seconds of Image Disparity) 

40 
43 
52 
61 
89 
94 

124 
160 

Adapted from Levy NS, Glick EB. Stereoscopic perception and Snellen visual acuity. Am J Ophthafmof. 
1974;78:722-724. 
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"Visual aids" The examiner can have the patient wear trial frames with 4 lenses equal
ing the correct prescription but suggest that they are special magnifying lenses that might 
allow improved vis ion. The potential acuity meter can also be presented as a means of "by
passing the visual block," Improvement in e ither case suggests a nonorganic component. 

Use of alternative charts Often, patients can be persuaded to see substantially better by a 
switch in optotypes. For example, a patient who refuses to read smaller type than 20/200 

using standard optotypes might read much better using tumbling Es or numbers. 

Specialty charts Charts are available with a 50 optotype on top instead of the 400 opto
type. Patients who say that they can read only the "top line" immediately improve th eir 
resolution by 4 lines. Alternatively, the standard chart may be moved farther away. 

Visual field defect 
Although less common than acuity loss, complaints of difficulty seeing to 1 side are 
occaSionally made by patients. The problem may be binocular but is more commonly 
unilateral. The field defects may take many forms but are most common ly nonspecific 
constrictions. 

Automated perimetry Before discussing techniques that are useful in testing patients with 
suspected nonorganic visual field defects, it is important to point out what should not be 
done. Automated perimetry has substantially improved standard visual field testing, but it 
should not be ordered for patients with suspected nonphysiologic visual fields. Although 
there may be a high incidence of abnormalities in the reliability indices (false-positives, 
fa lse-negatives, and fixation losses), completely normal indices are not incompatible with 
feigned visual field defects. It is actually quite easy to fool these machi nes. If motivated, 
a mildly sophisticated observer can reproduce homonymous defects, altitudinal defects, 
even arcuate and central scotomata. There are no characteristic changes in automated pe
rimetry that would confirm the suspicion of a non organic deficit. An unusual situatio n in 
which automated perimetry might be pursued is that of a monocular defect that appears 
to respect the vertical midline. If repeating the field with both eyes open produces a simi
lar, or even incomplete, defect, a nonorganic component is present (Fig 13-4). 

Keane JR. Hysterical hem ianopia . The "missing half" field defect. Arch Ophthalmol. 1979;97: 
865- 866. 

Smith T], Baker RS. Perimetric findings in functional disorders using automated techniques. 
Ophthalmology. 1987;94: 1562- 1566. 

Stewart]E Automated perimetry and malingerers. Can the Humphrey be outwitted? Ophthal
mology.1995;102:27-32. 

"Non-field testing" In the sett ing of a dense field defect, the patient is evaluated with 
confrontation testing. The area where the patient "can't see" is carefully identified. Later, 
the patient is tested for "motility." As part of this examination, stimuli are placed in vari
ous areas of the patient's peripheral field, including those areas where the patient "couldn't 
see:' Accu rate saccades to these nonaud itory targets indicates intact visual field. 

Confrontation testing In some cases, confrontation testing ("silent visual fields") might 
ini t ially appear to confirm a dense visual field defect. The patient is subsequently asked 
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Figur. 13·4 "Missing half" fi eld defect. A 
33·year-old man complai ned of decreased 
vision temporal ly in the right eye follow ing 
a motor vehicle accident . Automated perim
etry de monstrates a normal field on the left 
IA) and a temporal defect on the ri ght IB). Vi
sual fields pe rformed with both eyes open Ie) 
demonstrate persistence of the field defect. 
indicating a nonorganic basis for the visual 
complaint. (Courtesy of Karl C. Golnik, MD.! 

to count fingers in the "nonseeing" field , being instructed to report "none" when none are 
seen. As the test progresses, the examiner begins showing fin gers wi thout saying anything. 
A response of "none" each time the fingers are put up confirms vision in that area. 

Goldmann perimetry The visual field is tested in a conti nuous fashion in a clockwise or 
counterclockwise direction starting with the 14e stimulus. A common nonorgan ic re
sponse shows a spiraling isopter getting closer and closer to fixation as testing continues. 
As larger stimuli (IlI4 e and V4e) are employed, there is often further constriction , result
ing in overlapping isopters (Fig 13-5) . It is important to make sure there is no step across 
the vertical or nasal horizontal midline. A step across the midline may indicate that at least 
some phYSiologic component is present in the fi eld abnormality. 

Tangent screen testing The patient is tested with a 9-mm white st imulus at 1 m. The 
areas of patient response are marked and the patient is moved back to 2 m. The tangent 
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Figur.13-5 A 59-year-old woman complained of 1 year of headaches. A. B. Automated s tatic 
perimetry program 24-2 with a V-sized test object demonstrated severe constrict ion. C, 0 , 
Subsequent Goldmann visual f ields revealed crossing and spiral ing isopters, indicating non
physiologic constriction of the visual fields. (Courtesy of Steven A Newman, MD.) 

test is then repeated using an 18-mm white sti mulus. The field should expand to twice the 
origin al size. Failure to expand (tubular or gun -barrel field) is nonphysiologic and indi 
cates a nonorganic component to the field constrict ion (Fig 13-6). 

Ocular Motility and Alignment 

Voluntary nystagmus 
Voluntary nystagmus is characterized by irregular, brief bu rsts of rapid frequency, low 
amplitude, and pendular eye movements with no slow phase. Most commonly they are 
horizontal , although on occasion they may be vertical or torsional. The eye movements 
are bilateral and conjugate and are often associated with convergence, fluttering eyelids. 
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c::J Funnel vision (normal ) 
c:::J Tunnel vision (nonorganic) Target at 1 m Target' at 2 m 

Figure 13-6 Nonphysiologic lack of visual field expansion (tubular or gun-barrel visual fields) is 
best demonstrated at the tangent screen. (Illustration by C. H. Wooley.) 

blinking, or strained facia l expression. Voluntary nystagmus is difficult to maintain for 
longer than 10- 12 seconds. Patients often complain of oscillopsia and reduced vis ion. 
These ind ividuals are identified and di fferentiated from ind ivid uals with ocular fl utte r by 
the volitional appearance of the ocu lar movement disorder, absence of nystagmus when 
distracted. unsustained movement. and the lack of other neura-ophthalmic abnormalities 
(typica lly cerebeLlar features). 

Gaze palsy 
Patients may report inability to move the eyes horizontally or verticall y. Such claimed gaze 
palsies may be overcome by a variety of maneuvers, including oculocephalic testing (doll's 
head phenomenon), optokinetic testing, mirror tracki ng, and caloric testing. 

Spasm of the near reflex 
Spasm of the near reflex is characteri zed by episodes of intermittent convergence. in 
creased accommodation. and miosis, Patients generally complain of diplopia and. at times. 
micropsia. The degree of convergence is variable. Some patients demonstrate marked 
convergence of both eyes, resulting in a large esotropia; others show a lesser degree of 
convergence, with only 1 eye turning in. This syndrome may be mistaken for unilateral 
or bilateral sixth nerve palSies, d ivergence insufficiency, hori zontal gaze paresis. or ocu
lar myasthenia. However, the variabili ty of the eye movements, the lack of other neuro
ophthalmiC abnormalit ies, and the occurrence of miosis with convergent eye movements 
help in reaching the correct diagnosis. Further, when ductions are examined with 1 eye 
occluded or with oculocephalic testing, both eyes demonstrate full abduction, and the 
Ill.iosis seen with the eyes in an esotropic position immediately resolves. Although spasm 
of the near reflex is almost always observed in nonorgan ic patients, it has been associated 
with Arnold-Chiari I malfo rmat ion, posterior fossa tumors, pituitary tumors, and head 

trauma. 

, 
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Pupils and Accommodation 

Fixed, dilated pupil 
Few patients provoke more anxiety than those with headaches and a fixed, dilated pupil. 
The differential diagnosis can be narrowed to 3 basic processes: pharmacologic blockade, 
oculomotor nerve palsy, and Adie tonic pupil. Pharmacologic blockade may occur because 
of inadvertent or purposeful application of mydriatic or cycloplegic eyedrops or contami
nation of the fingers from placing a scopolamine patch to prevent motion sickness or 
postoperative nausea. 

The pilocarpine test readily distinguishes parasympathetic denervation from phar
macologic blockade. In the latter, 1 % pilocarpine cannot overcome the receptor blockade, 
and the pupil remains large. A fixed, dilated pllpil from injury to the third cranial nerve 
will constrict briskly in response to 1 % pilocarpine, whereas an Adie pllpil will constrict 
with O. I % pilocarpine because denervation supersensitivity will be present. Pupillaryab
normalities are discussed at greater length in Chapter 10. 

Changes in pupil size 
Widely dilated pupils may be seen in young patients, most likely caused by increased lev
els of circulating catecholamines. Rare patients are able to voluntarily dilate both pupils. 
Intermittent miosis occurs in spasm of the near reflex (discussed earlier), accompanied by 
esotropia and accommodation. 

Changes in accommodation 
Weakness or paralys is of accommodation sometimes occurs, primarily in children and 
young adults. Such patients are unable to read unless provided with an appropriate plus 
lens and, even then, may complain of inability to read clearly. Failure of a patient with 
normal distance vis ion to read despite appropriate near vision correction should alert the 
clinician to the possibility of a nonorganic cond ition. 

Spasm of accommodation is seen with the syndrome of spasm of the near reflex. Pa
tients may complai n of blurred distance vision and often can produce 8- 10 D of myopia. 
Refraction without and with cycloplegia during the period of spasm establishes the pres
ence of the induced myopia. 

Eyelid Position and Function 

Ptosis 
Eyelid "droop" from nonphysiologic causes can usually be distinguished by the position 
of the brow. In the setting of true ptosis, the brow is usually elevated as the patient tries to 
open the palpebral fissure. With orbicularis overactivity, the brow is lowered. 

In addition, patients who feign ptosis cannot simultaneously elevate the eye and main 
tain a drooping eyelid. Thus, with upward gaze, the ptosis will "resolve:' Often the patient 
will realize this and not cooperate. In such cases, the examiner can use his or her thumb 
to manually elevate the ptotic lid and the patient will then look upward. The examiner's 
thumb is then slowly moved away. If the ptosis returns, the condition may well have an 
organic basis, but if it "resolves;' then it is nonorgallic. 
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Blepharospasm 
Nonorganic blepharospasm may be unilateral or bilateral. At times, it may cause 110110r
ganic ptosis. Pressure over the supraorbital notch is often useful in inducing a patient with 
nonorganic blepharospasm to raise the eyelids. Most cases of nonorganic blepharospasm 
occur in ch ildren or young adults and are often triggered by an emotionally traumatic 
event. 

Mana ement of the Nonor anic Patient 

In general, patients with nonorganic visual c0I11plaints are best managed with an under
standing approach and words of encou ragement. Confrontation is seldom of benefit to 
either the patient or the doctor. It is prudent to allow patients a graceful way out of the 
situation by reassuring them that although their disorder does not suggest underlying 
damage to the central nervous system, they do, in fact, have a problem that wi ll resolve 
over time. Often, the symptoms will clear with 1 or 2 follow-up visits, and patients should 
be reassured of an "excellent prognosis:' This is usually more effective in children than 
adults. Children may be further encouraged through the prescription of "eye rest" -for 
example, removing "overuse of television." 

In patients with combined organic and nonorganic (nonorganic overlay) complaints, 
it is best to deal wi th the former problem and attempt to downplay the latter. Frequently, 
with appropriate management of the organic visual disturbance, the patient's anxiety wi ll 
be alleviated and the nonorgank complaints will resolve. in some cases, consultation with 
a psychiatrist or psychologist may be warranted for an underlying psychologic illness. Fi
nally, it is always prudent to follow a patient with what initially appears to be a nonorganic 
visual disturbance. Occasionally, an organic disorder becomes apparent later and can be 
dealt with appropriately. 

1 

Catalono RA , Simon TW, Krohel GB, Rosenberg PN. Functiona l visual loss in chi ldren. Oph
thalmology. 1986;93:385-390. 

Kathol RG, Cox TA, Corbett Jj, Thompson HS. Funct ional visual loss. Follow-up of 42 cases. 

Arch Ophthalmol. 1983;101:729- 735. 

North American Neuro-Ophtha lmology Society. 29th Annual Meeting. Controversies sess ion: 

functional visual loss. Snowbird , Utah. 8- 13 February 2003. 

Scott lA, Egan RA. PrevaJence of organiC neuro-ophthalmologic d isease in patients with func

tional visual loss. Am , Ophthafmo/. 2003; 135:670- 675. 



CHAPTER 14 
Selected Systemic Conditions 
With Neuro-Ophthalmic Signs 

Certain neurologic and medical disorders are seen common ly enough and affect vision 
with such regularity that they deserve separate emphasis. Although the discussion that 

follows is not comprehensive. it is intended to cover many aspects of diseases with which 
ophth almologists should be familiar. 

Immunolo ic Disorders 

A variety of immune system- mediated disorders produce neuro-ophthalmic signs and 
symptoms. Giant cell arteritis, multiple sclerosis, myasthenia gravis, thyroid eye disease, 
and sarcoidosis are the most common. 

Giant Cell Arteritis 

Giant cell arteritis (GCA), or temporal arteritis, is an inflammatory granulomatous vascu
litis that affects large and medium -sized arteries. Incidence increases from age 50 upward, 
and women are 2-4 times more li kely to be affected than men. Early diagnosis and treat

ment of GCA can limit or prevent permanent visual loss. 

Clinical presentation 
Systemic symptoms of GCA include headache and tenderness of the temporal artery or 
scalp. law claudication (pain or weakness worsening with chewing) is the symptom most 

specific for the disorder, but other symptoms include malaise, anorex ia and weight loss, 
fever, joint and muscle pain, and ear pain. Systemic sequelae can include cerebrovascular 
ischemia, myocardial infarction , and aortic aneurysm or dissection. 

Visual symptoms may include transient or permanent visual loss. diplopia. and eye 
pain. Arteritic anterior ischemic optic neuropathy (AAION) is the most common cause of 
visual loss (see Chapter 4, Fig 4-8), but central retinal artery occlusion, cilioretinal artery 
occlusion . posterior ischem ic optic neuropathy. and ocular ischemic syndrome also occur. 

Ocular motor cranial nerve palsies can result in transient or constant diplopia. 

Diagnosis 
A high level of suspicion of GCA is paramount when encountering patients over age 50 
with the visual symptoms just described. Diagnostic evaluation begins with laboratory 

319 
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tests of the erythrocyte sedimentation rate (ESR), complete blood count (CBC), and 
C-reaclive protein. Most cases of GCA show marked elevation of the Westergren ESR 
(mean 70 mm/hr; often> 1 00 mm/hr) , but the level may be normal in lip to 16% of cases. 
The ESR rises with anemia and with age; levels above the laboratory's listed upper limit 
of normal are common in patients over 70 without arteritis. A more accurate estimate 
of the upper normal value is obtained by using these formulas: [age]/2 (males) or [age + 
10]/2 (females). Measurement of C-reactive protein , which may be more specific and less 
affected by increasing age and anemia, may increase diagnostic accuracy and is currently 
recommended in conjunction with the ESR. Thrombocytosis (increased platelet count) 
may suggest active disease. A normochromic normocytic anemia may be present. 

Diagnosis is confirmed by temporal artery biopsy. which is recommended whenever 
clinical suspicion or laboratory studies suggest the possibility of GCA (see BCSC Sec
tion 4, Ophthalmic Pathology and Intraocular Tumors). Negative biopsy does not rule out 
arteritis. False- negative results have been estimated at 3%-9%, relating in part to the pos
sibility of discontinuous arterial involvement ("skip areas") and missed lesions; biopsy 
segments should be 2-3 cm long to minimi ze the risk of insufficient sampling. If an ini 
tial biopsy is negative, a contralateral biopsy should be considered if the clinical picture 
is highly suspicious. Other imaging strategies (color Doppler ultrasonography, positron 
em ission tomography, and magnetic resonance imaging [MRI[) are being investigated for 
the diagnosis of GCA, but firm conclusions regarding the accuracy of these techniques 
cannot be made as yet. 

Treatment 
When GCA is suspected, early therapy is critical and should begin immediately; confir
mational temporal artery biopsy should be done expeditiously to avoid compromising test 
results. intravenous methylprednisolone (l g/day for the first 3-5 days) is often recom
mended when visual loss is present. For patients with suspected GCA, but without visual 
loss, oral prednisone 60-100 mg/day is sufficient. The corticosteroids are tapered slowly 
over 3- 12 months or more, depending on response. Corticosteroids do not generally re · 
suit in visual improvement. but usually they will prevent the occurrence of new ischemic 
events. The risk of recurrent or contralateral optic nerve involvement on corticosteroid 
withdrawal has been reported at 7%; thus, tapering must be slow and careful. Recurrent 
symptoms should prompt reevaluation for disease activity. 

Foroozan R, Danesh·Meyer H, Savino Pl , Gamble G, Mekari ·Sabbagh ON, Sergott RC. Throm
bocytosis in patients with biopsy· proven giant cell arteritis. Ophthalmology. 2002;109(7): 
1267- 1271. 

Hayreh SS, Podhajsky PA, Raman R, Zimmerman B. Giant cell arterilis: validity and reliability 
of various diagnostic criteria. Am J Ophtlwlmol. 1997; 123(3):285- 296. 

Multiple Sclerosis 

Patients with multiple sclerosis (MS) frequently have visual complaints, and often the oph
thalmologist is the first physician consulted. Familiarity with both the ocular and neuro
logiC consequences of MS is important in gUiding the ophthalmologist to the appropriate 
diagnosis. 
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Epidemiology and genetics 
The prevalence of MS in the United States ranges from 6 to 177 per 100,000. Multiple scle
rosis is relatively rare throughout Asia and Africa. The disease affects women more often 
than men (2: 1 in some series). It is relatively uncommon in children under 10 years of age, 
and the incidence is highest among young ad ul ts (25-40 years of age). However, examples 
of onset even after the age of 50 are not rare. 

Although the cause of MS remains unknown, multiple facto rs appear contributory. 
Epidemiologic studies suggest that genetic fac tors playa role. The risk of developing MS 
is approximately 20 times greater in first -degree relatives of patients with the disease. 
Furthermore, identical twins show a tenfold greater concorda nce of the disease than do 
fraterna l twins. Population-based concordance studies suggest that 2 or more genes are op
erative for MS susceptibil ity, and there is a strong association wi th HLA-DRB I ant igen. 

No specific viral etiology has been identified, but an acquired agent, such as a vi rus, 
may precipitate an autoimmune process that attacks myelin. 

Kantarci O. Wingerchuck O. Epidem iology and natural history of multiple sclerosis: new in

sights. Gllrr Opill Nellrol. 2006;19(3):248-254. 

Mayr WT, Pittock SJ. McClelland RL. lorgensen NW, Noseworthy JH, Rodriguez M. Incidence 
and prevalence of mult iple sclerosis in Olmstead County. Minnesota, 1985-2000. Neurology. 
2003;61( 10): 1373-1377. 

Noseworthy JH. Lucchinetti C, Rodriguez M, Weinshenker BG. Multiple sclerosis. N Eng/ J 
Med. 2000;343( 13):938- 952. 

Course and prognosis 
Multiple sclerosis is usuall y a chronic relapSi ng disease, but the course of the disease is 
variable. Spontaneous remissions occur, and 90% of patients have a relapSing course in 
Ihe early stages. An interval of months or years may precede a clinical relapse (relapsing
remitting MS), although the pathologic disease burden in the central nervous system 
(eNS) accumulates even in the absence of clinical act ivity. Within 10 years, approximately 
50% of patients with relapsi ng-remitting disease develop a slow, apparently continuous 
deteriorat ion of the neurologic status (secondary progressive for m). In 10%-20% of pa
tients, the disease progresses inexorably from onset with no recognizable attacks (primary 
progressive form). Progressive MS is more common when onset occurs in older patients, 
whose overall disability tends to be greater. Near total disability and. rarely, death withi n 
1-2 years of onset may result after a fulminant course. In contrast, about 20% of patients 
experience a relatively benign course without serious disability or reduction of life span . 
As a rule, the longer the interval between the first attack and first relapse, the better the 
prognos is. 

Vukusic S, Confavreux C. Prognostic factors fo r progression of disabi li ty m the secondary pro
gressive phase of multiple sclerosis. J Neural Sci. 2003;206(2): 135- 137. 

Pathology 
Although MS is classically considered a demyelinating di sease, axonal damage does occur 
early and is an integral part of the disease process. This axonal loss is manifest as "black 
holes" on MRI (Fig 14-1). Myelin destruction is seen in association with local perivascular 
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Figure 14-1 Axial MAl scans of a patient with multiple sclerosis show demyelinating plaques. 
A, Tl-weighted MRI postgadolinium demonstrates e nhancing white matter lesions bilaterally, 
as well as "black holes" (arrows). B, T2-weighted MR I shows periventricular multifocal hyper
intense white matter lesions consistent with demyelination. C, A fluid-attenuation inversion 
recovery (FLAI R) scan confirms periventricular white matter lesions. (Reprmted wIth permission from 

Slack: Lee AG, Brazis P\.I'V, Kline LB. Curbside Consultation In Neuro-Ophthalmology: 49 Clinical Ouestions. Thorofare. 
NJ: Slack, 2009.) 

mononuclear cell infi lt ration and is fo llowed by myelin removal by macrophages. The 
next stage is characte ri zed by astrocylic proliferat ion with product ion of glial fibril s. The 
term multiple sclerosis stems from the presence of these numerous gliot ic (sclerotic) le
sions, which take on spherical. ovoid. or other 3-dimensional configurations but appear 
as plaques on the surface of brain sections. Plaques are often situated in the white matter 
at the ventricular margins, the optic nerves and chiasm, the corpus ca llosum, the spinal 
cord, and throughout the brainstem and cerebellar peduncles. Peripheral nerves are not 
involved, and all other organs are normal in uncomplicated cases. 

Dutta R, Trapp BD. Pathogenes is of axona l and neuronal damage in multi ple scl eros is. Neurol
ogy. 2007;68(22 SuppI3):S22-S31. 
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Clinical presentation 
The diagnosis of MS is made by identifying neurologic symptoms and signs that occur 
over time and that affect differe nt areas of the CNS. Ocular symptomatology is commonly 
part of the clinica1 picture of MS. and various ocu lar complications are discussed in the 
following sections. Nonocular signs and symptoms attributable to MS may precede. fol 
low. or coincide with the owlar signs. Initially. many symptoms of MS are so transient 
or benign that the patient may fail to remember previous episodes. Typicall y. significant 
episodes last for weeks or months. The physician must ask specifically about transient 
diplopia. ataxia. vertigo. patchy paresthesias. bladder or bowel dysfunction. and extremity 
weakness. Fatigue and depression are cOl11mon and may precede the onset of focal neuro
logic deficits. Because the symptoms of early MS are often so evanescent and unaccompa
nied by objective neurologiC findings. patients are sometimes considered hysterical. 

The cerebellum. brainstem. and spinal cord may be involved singly or simultaneously. 
thus producing mOIlO- or polysymptomatic complaints. Some of the more common no1'/
ocuLar symptoms include 

Cerebellar dysfunction: ataxia, dysarthria. intention tremor, truncal or head tituba
tion. dysmetria (sometimes described by the patient as poor depth perception) 
Motor symptoms: extremity weakness, facia l weakness. hemipares is. o r paraplegia 
Sellsory symptoms: paresthesias of face or body (especially in a bandlike distribution 
around the trunk). Lhermitte sign (an electric shock-li ke sensation in the limbs 
and trunk produced by neck flex.ion). pain (occaSionall y. trigeminal neuralgia) 
Mental changes: emotional instabili ty. depression. irritability. fatigue; later in the 
course, cognitive dysfu nction 
Sphincter disturbances: frequen cy, urgency, hes itancy, incontinence; urinary reten
tion lead ing to urinary tract infect ion 

It has been suggested that infection, trauma, abnorma l reaction to certain foreign 
substances such as drugs or vaccinations, stress, exertio n and fa tigue. and increased body 
temperature may induce attacks of MS. No adequately controlled studies have examined 
these issues. Multiple sclerosis is typically quiescent during the third trimester of preg
nancy and may flare lip after delivery, suggest ing hormonal influences. 

Kantarc i 0, Wingerchuck D. Epidemiology and natural history of multiple sc lerosis: new in 

s ights. Cur,. Opill Nellrol. 2006; 19(3):248-254. 

Optic neuritis 
The clinical signs and symptoms of optic neuri tis are discussed in Chapter 4. Even after 
th e recovery of visual loss from demyelinating optic neuritis, tran sient deterioration of 
vision may be bro ught o n by exercise and by even small elevation s of body temperature 
(Uhth off symptom ). So me patients with optic neuriti s note phosphenes (bright fla shes 
of light) with move ment of the affected eye or photisms (light induced by noise. smell. 
taste. or touch). Optic neuritis is recognized clinically during the patient's course of 
MS in up to 75% of cases. It is one of the presenti ng features of MS in approximately 
25% o f patients. Evidence of optic nerve involvement appears in over 90% of cases at 
so me po int. regardless of symptoms. according to Visually evoked potenti al response 

1 
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data. Furthermore, autopsy studies show anterior visual pathway demyelinatio n in vir
tu ally all pat ients with clinical MS. 

Patients frequently want to know their risk of developing MS after an episode of optic 
neuritis. The IS-year follow-up of the Optic Neuritis Treatment Trial (ONTT) showed 
that the presence or absence of abnormalities on MRI scan of the brain obtained at study 
entry during an episode of optic neuritis was the strongest predict ive factor in determi n
ing the likelihood of developing MS. Overa ll , clinically definite MS developed in 50% of 
patients in l 5 years. However, the probabili ty of developing clinically defi nite MS based 
on MRI scan appearance ranged from 25% in patients with no lesions on MRI to 72% with 
I or more lesions. Cerebrospinal fl uid (CS F) analysis in a subgroup of ONTT patients 
showed that oligoclonal banding had predictive value for the development of MS only 
in pat ients with a normal MRI scan at study ent ry. Patients with a prior history of optic 
neuritis and nonspecific neurologic symptoms were at higher risk of developi ng MS. (See 
also "Retrobulbar optic neuritis" in Chapter 4.) 

The clin ical profi le of optic neur iti s: experience of the Optic Neuriti s Treatment Tr ial. Optic 
Neurit is Study Group. Arch Ophllwfmol. 199 1; I 09( 12): 1673- 1678 . 

Cole SR, Beck RW, Moke PS, Kaufman 0 1, Tourtell otte WW. The predictive value ofCSF oligo
clonal banding fo r MS 5 years after optic neuri tis. Neurology. 1998;5 1 (3}:885- 887. 

Optic Neuritis Study Group. Multiple sclerosis risk after optic neuriti s: fi nal optic neuritis 
treatment trial foltow-up. Arch Neural. 2008;65(6}:727- 732. 

Funduscopic abnormalities in multiple sclerosis 
Nerve fib er layer defects are discussed in Chapter 3. Perivenous sheathing and fl uorescein 
leakage occur along peripheral veins in approximately 10% of patients with MS. Autopsy 
stud ies of 47 MS patients confirmed retinitis and periphlebitis in 5%- 10%. Anterior or 
posterior uveitis (including pars plani tis) occurs in 0.4% to 26% of MS patients. This re
ported range is probably due to differences in patient populations, diagnostic criteria , and 
examination techniques. 

Biousse v, Trichet C, Bloch-Michel E, Roullet E. Multi ple sclerosis associated wi th uveitis in 2 
large clinic -based series . Neu rology. J 999j52( I): t 79- 18 1. 

Lightman 5, McDonald WI, Bi rd AC. et al. Retinal ve n OliS sheath ing in optic neurit is. Its sig
nifkance fo r the pathogenesis of mu lt iple sclerosis. Bra in 1987; 11 O(pt 2}:405- 414. 

Chiasmal and retrochiasmal abnormalities 
The white matter within the optic chiasm, optic tracts, and visual radiations is frequently 
involved pathologically with MS lesions. Chiasmal or retrochiasmal visual fi eld defects 
were seen in 13.2% of patients in the ONTT after I year of fo llow-up. Bitemporal and 
homonymous visual field defects generally fo llow a course of recovery similar to that seen 
with opt ic neuritis (see Chapter 4, Fig 4-32). 

Keltner ]L, Johnson CA, Spurr JO, Beck RW. V isual field profil e of opt ic neuritis. O ne-year 

fo ll ow-up in th e opti c neur itis treatment tri al. Arch Ophtha/mol. 1994;112{7} :946- 953. 

Ocular motility disturbances 
Diplopia is a frequent symptom of MS. Attacks of transient diplopia may occur before 
an observable ocular motor defect becomes cl inically apparent. Because MS is a disease 
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of CNS white matter. motility abnormalities are typically localized to the supranuclear. 
nuclear, and fascicu lar portions of the ocular motor system. Internuclear ophthalmople
gia. especially when bilateral. is highly suggestive of MS in someone under age 50 years 
(see Chapter 8. Fig 8-7). Other signs include the complete or par tial paralysis of horizon 
tal o r vertical gaze or a vertical misalignment (skew deviation) not attributable to single 
nerve or muscle dysfunct ion. Although uncom mon, MS must be considered in a young 
adult with an isolated ocular motor cranial nerve palsy and no history of trauma. Because 
ocular motor palsies most likely reflect fascicular involvement. they are frequently accom
pallied by other brainstem findings. Sixth nerve involvement is most commonly reported, 
but partial third or fourth nerve paresis has also been described. 

Nystagmus is frequently seen in MS. It may be horizontal. rotary. or ver tical. Both 
pendular and jerk types of nystagmus may occur. Various types of cerebellar eye find 
ings are commOll, including rebound nystagmus. fixation instability (macrosaccadic 08-
cil.lations), saccadic dysmetria, and abnormal pursuit movements. Concomitant vert ical 
and horizontal nystagmus occurring out o f phase produce circular or ellipticaJ eye move
ments that are highly suggestive of MS. Occasionally. MS lesions produce dorsal midbrain 
(Parinaud) syndrome. Patients with eye movement abnormalities typically complai n of 
diplopia. blurred vision. or oscillopsia. Chapters 7. 8. and 9 discuss ocular motility disor
ders in detail. 

Laboratory evaluation 
No test unequivocally establishes the presence of MS. which remains a clinical diagnosis 
(Table 14-1). The CSF in patients with defin ite MS is abnormal in more than 90% of cases. 
The most common abnormalities are the elevation of immunoglobulin G (IgG). the eleva
tion of the IgG/albumin index. and the presence of oligoclonallgG bands. None of these 
findings. however. is specific for demyelinating disease. 

McDonald WI, Compston A. Edan G, et al. Recommended diagnostic criteria for mul tiple 

sclerosis: guidelines fro m the international panel on the diagnosis of multiple sclerosis. AmI 

Neurol. 200 1;50( 1), 121 - 127. 

Neuroimaging in multiple sclerosis 
An MRI scan with fluid-attenuated inversion recovery (FLAIR) sequencing and gadolinium 
infusion is the neuroimaging study of choice for MS. The MRI scan is particularly sensi
tive for the identification of white-matter plaques in the CNS. and it is far superior to CT 
scan for visualizing the posterior fossa and spinal cord (see Fig 14-1; see also Chapter 2. 
Fig 2-8). The MRI scan shows mul tiple lesions in 85%-95% of patients with clinically defi
nite MS and in 66%-76% of patients with suspected MS. Although the abnormalities seen 
on MRI scan are not specific for MS. multi foca l lesions that are periventricular and ovoid 
are most consistent with the condition. The les ions seen with an MRI scan fluc tuate over 
time. Active lesions wi ll enhance with gadolinium-DPTA (diethylenetriamine pentaacet ic 
acid) administration. Hypointense regions on postcontrast TI -weighted scans (black 
holes) are also a marker of progressive d isease. Lesions in the optic nerves of patients 
with symptomatic optic neuritis may be best visual ized on MRl scan with fat-suppression 
techniques and gadolinium infusion (see Fig 4-22C). 
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Table 14-1 Criteria for Diagnosis of Multiple Sclerosis 

Clinical Prese ntation Additional Data Needed for MS Diagnosis 

Two or more anacks; objective None* 
clinical evidence of 2 or more 
lesions 

Two or more attacks; objective 
clin ica l evidence of 1 lesion 

One attack; objective clinical 
evidence of 2 or more lesions 

One attack; objective clinica l 
evidence of 1 lesion 
(monosymptomatic 
presentation; clinica l ly 
iso lated syndrome) 

Dissemination in space, demonstrated by MRI 
or 
Two or more MRI-detected lesions consistent with MS plus 

positive CSFt 
or 
Await further clinica l attack implicating a different site 

Dissemination in time, demonst rated by MRI 
or 
Second clin ical attack 

Dissemination in space, demonst rated by M RI 
or 
Two or more MRI-detected lesions consistent with MS plus 

positive CSFt 
and 
Disseminat ion in time. demonstrated by MRI 
or 
Second clin ica l attack 

Insidious neurologic progress ion Posi t ive CSFt 
suggestive of MS and 

Dissemination in space. demonstrated by 
1) Nine or more T2 lesions in bra in or 2) 2 or more lesions 

in spina l cord 0(3) 4-8 brain plus 1 spinal cord lesion 
or 
Abnormal VEP:t- associated with 4-8 brain les ions. or with 

fewer t han 4 brai n lesions plus 1 spinal cord lesion 
demonstrated by MRI 

and 
Dissemination in time. demonstrated by MRI 
or 
Continued progression for 1 year 

If criteria indicated are fulfilled. the diagnosis is multiple sclerosis (MS); if the criteria are not completely 
met, the diagnosis is "possible MS"; if the crite ria are fully exp lored and not met, the diagnosis is "not 
MS." 
* No additional tests are required; however. if tests (magnetic resonance imaging [MRIL cerebral spinal 

fluid [CSFI) are undertaken and are negative, extreme caution should be taken before making a 
diagnosis of MS. Alternative diagnoses must be considered. There must be no better explanation fo r 
the clinical picture. 

t Positive CSF determined by oligoclona l bands detected by established methods (preferably isoelectric 
focusing) different from any such bands in serum or by a raised IgG index. 

*- Abnormal visual evoked potential of the type seen in MS (delay with a well-preserved wave form). 

Modified from McDonald WI, Compston A, Edan G. et aL Recommended diagnostic criteria for multiple 
sclerosis: guidelines from the International Panel on the Diagnosis of Multiple Sclerosis. Ann Neurol. 
200 1;50:121-127:Table 3. 

Frohman EM, Goodin OS, Calabresi PA, et al. The utility of MRl in suspected MS. Report of 

the Therapeutics and Technology Assessment Subcommittee of the American Academy of 

Neurology. Neurology. 2003;6 1 (5):602-611 . 
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Diagnosis 
The McDonald criter ia for diagnosis of MS allow for the use of paraclinical data, including 
MRI and CSF resul ts (see Table J 4- J). Multiple sclerosis can be diagnosed on the basis of2 
or more typical attacks with objective cl ini cal evidence of2 or more lesions. Alternatively, 
2 attacks and J objective clinical lesion (an objective physical examinat ion find ing, such 
as a relat ive afferent pupillary defect or internuclear ophthalmoplegia) or J attack and 2 
obj ective c\i nicallesions in combination with a variety of MRI and/or CSF abnormalit ies 
can lead to a diagnosis of definite MS, as described in detail in Table 14- 1. Even an insidi 
ous neurologic progression suggestive of MS can lead to a definite diagnosis if appropriate 
paraclin ical abnormalities are present. Recurrent optic neuritis, in the absence of other 
clinical or laboratory manifestations, is not sufficient for diagnosing MS. 

McDonald WI, Compston A, Edan G, el al. Recommended diagnostic cr iter ia for multiple 

sclerosis: guidelines from the [nternalional Panel on the Diagnosis of Multiple Sclerosis. Alln 
Nellrol. 200 1 ;50(1), 12 1-127. 

Treatment 
Although there is no cure for MS, several therapies slow the disease and ass ist specific 
sympto ms. As in the management of o ptic neu ritis, intravenous high-dose corticoster
oids are often used to treat acute exacerbat ions of MS. Immunosuppressant and immuno
modu lat ing agents may be useful for long-term treatment. Interferon beta- I b (Betaseron), 
interferon beta-l a subcutaneous (Rebif), interferon beta- Ia intramuscu lar (Avonex), and 
glatiramer acetate (Copaxone) all reduce MS exacerbations by approximately one third 
and demo nstrate a positive effect on MRI changes in patients with relapsing-rem itting 
disease. 

Current research suggests that early diagnosis and therapy are advantageous; the 
Controlled High-Risk Subjects Avonex Mult iple Sclerosis Prevention Study (CHAMPS) 
evaluated patients without clinically defi ni te MS who were at high risk for developing the 
disease as defined by a Single demyelinating event (optic neuritis, spinal cord syndrome, 
or brainstem-cerebellar syndrome) and having 2 or more plaques on MRJ scan. Avo nex
treated patients were 44% less likely to develop clinically definite MS or to have progres
sion of disability than those treated with placebo over a 2-year period. The BENEFIT 
(betaferon in newly emerging multiple sclerosis for initiallTeatment) study showed sim ilar 
results for interferon beta-lb. 

Mitoxantrone (Novantrone) has been approved for the treatment of secondary pro
gressive MS; however, this agent (and other im munosuppressives) is associated with po
tent ially serious toxicity. Natalizumab (Tysabri) is a recombinant monoclonal ant ibody 
that prevents transmigration of leukocytes fro m the vasculature across the endothelium 
into the CNS. Tysabri has been associated with 3 cases of progressive mult i foca l leuko
encephalopathy (a serious viral infect ion of the CNS th at is usually fa tal) and 2 cases of 
melanoma; it should be used with caution by physicians experienced in MS therapy. Sev
eral additional agents have been used to treat MS, including low-dose oral methotrexate, 
pulsed corticosteroids, cyclophosphamide, and others. Novel agents and combinations of 
immunomodulating therapies are be ing invest igated. 
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Good in DS. Amason BG, Coyle PK. Frohman EM . Paty OW; Therapeutics and Technology 

Assessment Subcommittee o f the American Academy of Neurology. The use of mitoxan

trone (Novantrone) for the treatment of multiple sclerosis: report of the Therapeutics and 

Technology Assessment Subcomm ittee orthe Ame rican Academy of Neurology. Neurology. 
2003;61 (10): 1332-1338. 

Hartung HP, Gansettc R. Konig N. e{ al. Mitoxantrone in progressive multiple sclerosis: a 
placebo-controlled. double-blind. randomised. multicentre trial. LOflcet. 2002;360(9350): 

2018-2025. 

Interferon beta- I b is effec tive in relapsing-remitting multiple sclerosis. I. Cli nica l results of a 

multicenter. randomized, double-blind. placebo-controll ed trial. The II;NB Multiple Sclera · 

sis Study Group. Neurology . 1993;43(4):655- 66 1. 

O'Connor Pi CHAMPS. The erfects ofintramusculaf interfe ron beta·la in patients with high 

ri sk for development of multiple sclerosis: a post hoc analysis of data from CHAMPS. Clill 
Til" 2003;25( 11 ):2865- 2874. 

Rudick RA . Sandrock A. atalizumab: alpha 4· integrin antagonist select ive adhesion mo lecu le 

inhibitors for MS. Expert Rev Neurotller. 2004;4(4):57 1- 580. 

Myasthenia Gravis 

Myasthenia gravis (MG) is an immunologic disorder character ized by weakness. Symp
toms may improve with rest. Most patients with MG develop neuro-ophthalmic abnor
nlalities. Although the disease is usually a systemic disorder, half the affected patients 
have ocular symptoms and signs at onset, so the ophthalmologist is frequently the first 
physician encountered. The muscles and nerves are intact in MG, but the acetylcholi ne 
receptor sites for neuromuscular transmission are blocked by immune complexes. My
asthenia gravis may be caused, unmasked, or worsened by drugs such as procainamide. 
quinidine. polymyx in and aminoglycos ide antibiotics. monobasic am ino acid antibiot ics, 
corticosteroids, ~-blockers, calcium channel blockers, chloroquine, lithium, phenytoin, 
cisplatin, magnesium . and statins. 

Drach man DB. Myasthenia gravis. N Ellgi / Med. 1994;330(25): 1797-18 10. 

Purvin V, Kawasaki A, Smith KH , Kesler A. Stati n·associated myasthenia gravis: report of 4 

cases and review of the literature. Medicine (Baltimore). 2006;85(2):82- 85. 
Smith KH. Myasthenia g raVis. Focal Points; Clinical Modules for OphtlJailllologists. San Fran· 

cisco: American Academy o f Ophthalmology; 2003. module 4. 

Clinical presentation 
The hallmarks of MG are flu ctuation and fa tigability (although these are not invariably 
present). Clinical signs and symptoms usually worsen in the evening and with use of the 
eyes and may improve with rest. The most common sign of MG is ptosis, which may be 
unilateral or bilateral. It tends to vary, with the eyelid being more ptotic in the eveni ng, 
after exertion, or afler prolonged upward gaze. Cogan eyelid twitch, elicited by haVing 
the patient saccade from downgaze to upgaze, is a brief overelevation of the upper eyelid. 
Another eyeLid sign is enhancement of ptosis; in keeping with Hering's law of innervation. 
when the more ptotic eyelid is manually elevated, the less ptotic eyelid inevitably falls (see 
Chapter II , Fig 11 -4). Fatigue of ptosis should be assessed by asking the patient to sustain 
upgaze for 1 minute or longer. 
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Myasthenia gravis frequently causes d iplopia. The diplopia may be variable, bOlh dur
ing the day and from one day to another. T he ocular motility pattern may simulate ocular 
motor cranial nerve paresis (usually sixth or partial pupil-sparing third nerve palsy), in
tranuclear ophthalmoplegia, supranuclear motility disturbances (eg, gaze palsies), or iso
lated muscle "palsy" (eg, isolated inferior rectus). Total ophthalmoplegia can occur. Any 
changing pattern of diplopia, with or without ptosis, should suggest myasthenia gravis. As 
with ptosis, fatigue of ophthalmoplegia can also be assessed by having the patient sustain 
gaze in the direction of paresis. Orbicularis oculi weakness is often present in patients 
wi th ocular myasthenia gravis and, if present, can be diagnostically crucial in differentiat
ing MG from other causes of ophthalmoplegia. 

Pupillary abnormalities and sensory disturbances are not encou ntered with myas
thenia gravis. Their presence should provoke a search for another di agnosis. Systemic 
symptoms and signs that are encountered in MG include weakness in the muscles of mas
ticalion and in the extensors of the neck, lrunk, and limbs; dysphagia; hoarseness; dys
arthria; and dyspnea. Dysphagia and dyspnea can be life threatening, and they require 
prompl treatment. Thyroid eye disease occurs in about 5% of MG patients. Its appearance 
can occaS ionally complicate the clinical ophthalmic ftndings. 

Diagnosis 
The diagnosis of MG is made clinically by identifying typical signs and symptoms, phar
macologically by overcom ing the receptor block through the adm inistration of acetylcho
linesterase inhibitors, serologically by demonstrating elevated anti- acetylcholine receptor 
antibody titers or anti-muscle-speciflc kinase ant ibody, and electrophysiologically by 
electromyography (EM G). 

I f an obvious abnormality is present on examination, an edrophonium chloride (Ten
silon) lesl, a sLeep lesl, or an ice-pack lest can con flrm the diagnosis of MG. Testing the 
patient after exercise or when the patient is tired may facilitate the response. Before per
forming the Tensi lon test, the clinician should warn the patient of the short-lived bul often 
discomforting potential side effects of edrophonium, including diapho resis, lacrimation, 
abdominal cramping, nausea, vomiting. and salivation. Atropine sul fate (0.4- 0.6 mg) 
should be immediately available, and some physicians treat with atropine (0.4 mg subcu
taneously) before administering the ed rophonium. 

Although major side effects from edrophon ium are rare, bradycardia, respiratory ar
rest, bronchospasm, syncopal episodes, or cholinergic crisis may be precipitated by IV 
edrophoniurn administration. The patient's pulse and blood pressure should be monitored 
throughout the procedure, which should be performed with the patient seated in a chair 
that can be reclined and with resuscitation equipment on hand. The ophthalmologist must 
be prepared to deal with severe side effects by injecting atropine sulfate IV and maintain
ing vital signs. Tensilon can cause severe bradycardi a and bronchiolar constrictio l1i thus. 
for patients with a history of ca rdiac or pulmonary disease. consultat ion with the primary 
physician before performing the Tensilon test is wise. 

In most protocols, 2 mg (0.2 cc) of edrophonium are flrst injected intravenously 
th rough a butterfly needle as a test dose. The patient is observed for 60 seconds. If the 
symptoms disappea r or decrease (for example, the eyelid elevates or motility improves), 
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the test is considered positive and can be di scontinued. If no response is elicited, another 
dose of 4 mg edrophonium is given. If there is still no improvement. the final dose of 4 mg 
is given. Administering the drug in divided doses seems to cause fewer adverse effects. 
However, many patients develop minor side effects (fasc icuJations. warmth. nausea) 110 

matter how it is given. When the ocular symptom is sign ificant (such as complete ptosis). 
the end point (eyelid elevation) is often dramatic. However. a subtle deficit such as mini 
mal diplopia may require that other means be used to better defin e the end point. Maddox 
rod tests with prisms or diplopia fi elds may be performed before and after edrophonium 
(see Chapter 8). False-positive responses are rare. A negative test does not exclude the 
diagnosis of MG. and repeat testing at a later date may be needed. 

An alternative to the Tensilon test is the neostigmine methylsulfate (Prostigmil1) test. 
This test is particularly useful in children and in adults without ptosis who may require a 
longer observation period for accurate ocular alignment measurements than that allowed 
by edrophonium. Adverse reactions are similar to those with edrophoniuITI . The most 

frequent side effects are salivation, fascicu lations, and gastrointestinal discomfort. Intra
muscular neostigmine and atropine are injected concurrently. A positive test produces 

resolution of signs within 30-45 minutes. 
The sleep lest is a safe. simple offi ce test that el iminates the need fo r Tensilon testing 

in many patients, After haVing the baseline deficit documented (measurements of ptosis, 
motility disturbance). the patient rests qUietly with eyes closed for 30 minutes. The mea
surements are repeated immediately after the patient "wakes up" and opens his or her 
eyes. Improvement after rest is highly suggestive of MG. 

The ice-pack test is often helpful fo r diagnosi ng patients. but only if they have ptosis. 
An ice pack is placed over lightly closed eyes fo r 2 minutes. Improvement of ptosis occurs 
in most patients wi th MG (Fig 14-2). One exception is the patient with complete myas
thenic ptosisj the cooling effect may be insufficient to overcome the severe weakness in 
these patients. 

Goln ik K, Pena R, Lee A, Eggenberger ER. An ice test in the diagnosis or myasthenia gravis. 
Ophthalmology. 1999; 1 06(7), 1282- 1286. 

Ode! JG, Winterkorn JM, Behrens MM . The sleep lest for myasthenia gravis. A safe alternative 
to Tensiloll . ) elifl Neuroophthalmol. 199 1; II (4):288-292. 

Seybold ME. The office Tensilon lest for ocular myasthenia gravis. Arch Neurol. 1986;43(8) : 
842-843. 

Figure 14-2 A, A 57-year-old woman with myasthenia gravis presented with moderate, variable 
left ptosis. B, The left ptosis improved after a 2-minute ice-pack test. (CourresyofKarlC. Golnik, MO.) 
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Other diagnostic tes ts for myasthenia gravis include serum assays for anti-acetylcho
line receptor antibodies or anti- muscle-specific kinase (MuSK) antibodies and electro
physiologic test ing. Three types of acetylcholine receptor antibody tes ts are commercially 
available. Binding an tibodies are usually requested, because they are detected in approxi
mately 90% of patients with generalized MG and 50% of patients wi th ocular MG. Block
ing antibodies are rarely present ( I %) without binding antibodies. Modulating ant ibodies 
are present as freq uently as binding antibodies. Blocking and modu lating antibody testing 
is usually reserved for patients who are negative for the binding antibody and for whom 
evidence of autoimmune MG is necessary. An assay for anti -MuSK antibodies may detect 
MG in some patients who do not have anti-acetylcholine receptor antibodies. 

Electromyographic repetitive nerve stimulation shows a characteristic decremental re
sponse in many patients with systemic myasthenia gravis. Single-fiber electromyography 
is most sensit ive for MG. All myasthenic patients must be inves tigated radiologically for 
thymomas, wh ich are visible on a CT scan in 10% of these patients. Malignant thymomas 
are present in a small percentage of patients. Because there is a high coexistence of my
asthenia gravis with o ther autoimmune disorders, serologic testing should be done for 
thyroid dysfunction and pernicious anemia. 

Evo li A, 'fonali PA, Padua L, et al. Clinical correlates of anti-MuSK antibodies in generalized 
seronegative myasthenia gravis. Bmill. 2003;126(pt 10):2304- 2311. 

Weinberg DH , Rizzo JF Ill, Hayes MT. Kneeland MD, Kelly JJ Jr. Ocular myasthenia gravis: 
predictive value of single-fiber electromyography. Muscle Nerve. 1999;22(9): 1222- 1227. 

Treatment 
Medical treatment for myasthenia gravis includes acetylcholinesterase inhibitors, corti
costeroids, and other immunosuppressant agents. Thymectomy is the treatment of choice 
in patients with generalized MG who have thymiC enlargement; purely ocular MG is usu
ally not treated by thymectomy. Of course, any patient with a thymoma requires thymec
torny. Short-term therapies such as intravenous immunoglobulin or plasmapheresis are 
occasionally necessary. 

Myasthenia gravis is a systemic disease with disastrous potential. Although purely 
ocular myasthenia gravis does exist, as many as 85% of patients who present with ocular 
MG will develop systemic MG over the next 2 years. Because MG patients may develop 
respiratory and other li fe-threatening manifestations of the disease, it is prudent to man
age them in cooperation with a neurologist. If ocular signs remain truly isolated for more 
than 2 years, the disease is likely to remain clinically ocular; nevertheless, late conversion 
to generalized MG is possible. 

Richman DP, Agius MA. Treatment of autoimmune myasthenia gravis. Neurology. 2003;61 ( 12): 
1652-1 66 1. 

Thyroid Eye Disease 
Thyroid eye disease (TED), also known as thyroid-associated orbitopathy and Graves oph
thalmopathy, is an autoi mmu ne inflammatory disorder whose underlying cause remai ns 

1 
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unknown. The clinical signs. however, are characteristic and may include a combina
tion of eyelid retraction, eyelid lag, proptosis, restrictive extraocular myopathy, and optic 
neuropathy. The disease activity in the 2 eyes may be remarkably asymmetric. Although 
typically associated with hyperthyroidism, thyroid eye disease may accompany hypothy
roidism or, in rare cases, Hashimoto thyroiditi s; in some patients, characteristic eye find

ings occur without objective evidence of thyroid dysfunction ("euthyroid Graves disease"). 
The course of the eye disease does not necessarily parallel the activity ofthe thyroid gland 
or the treatment of thyroid abnormalities. 

Eyelid signs 
Upper eyelid retrac tion is often one of the first clinical signs of TED (Fig 14-3A). When 
accompanied by eyelid lag (decreased depression of the eyelid when the patient looks 
downward), it is virtually pathognomonic for thyroid eye disease. Mild asymmetric eyelid 
retraction is occasionally mistaken for contralateral ptosis. Look at old photographs if 
there is a question about which eye has the abnormal eyelid position. 

Proptosis 
The proptosis seen in approximately two thirds of patients with TED tends to be strictly 
axial without dystopia. Asymmetric amounts of proptosis are not at all uncommon; in 
some cases, the involvement may appear to be unilateral. Any patient with suspected thy
roid eye disease should have exophthalmos measured with a Hertel exophthalmometer. 
With severe proptosis. incomplete eyel id closure may result in corneal drying accompa
nied by discomfort and blurred vision. 

A 

Figure 14-3 Ocular manifestations of Graves 
disease. AI Left eyelid retraction, proptosis, 
and fat prolapse into upper and lower eye
lids . B, Marked limitation of elevation of the 
right eye due to restriction by an enlarged 
inferior rectus muscle. C, Coronal CT scan 
showing bilateral enlargement of all rectus 
muscles. (Part A courtesy of Steven A. Newman, MD; 

parts B, C courtesy of Karl C. GO/nil .. MD.) 

c 
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Extraocular myopathy 
Extraocular muscle enlargement often restricts ocular rotation (Fig 14-3B, C). Most pa
tients with ophthalmoplegia have asymmetric involvement that often leads to ocular mis
alignment and diplopia. Cli nically, the in ferior rectus muscle is most commonly involved, 
followed by the medial rectus and superior rectus. Thus, double vis ion is most frequently 
seen when the patient attempts to look up or out, because these affected muscles tether the 
eye, producing incomplete movement and misalignment. As discussed in Chapter 8, TED 
is the most common calise of restrictive strabismus. 

Compressive optic neuropathy 
In 5% of patients with TED, the muscles are sufficiently enlarged at the apex of the orbit 
to compress the optic nerve (see Chapter 4, Fig 4-23). Optic nerve dysfunction usually re
sults in disturbance of vis ion (blurred, dim, or dark vision). Signs of optic nerve involve
ment include decreased SneiJ en acuity, color vision, and contrast sensitivity. as well as loss 
of peripheral vision. Visual field defects may include both central scotoma and arcuate vi
sual field defects. Occasionally, the visual field defects are asymptomatic. Asymmetric optic 
nerve involvement is accompanied by a relat ive afferent pupillary defect (RAPD), but no 
RAPD will be seen if the compression is symmetric. Optic disc changes may include disc 
edema or late optic atrophy. Often, however, the optic disc appears normal (retrobulbar 
optic neuropathy). 

Diagnosis 
The diagnosis of TED begins with clin ical suspicion. Although abnormal thyroid func
tion tests (quanti tat ive thyroid-stimulating hormone [TSH]) , together with the charac
teristic eye signs, are strong diagnost ic indicators, thyroid status may be ent irely normal, 
even in the presence of orbitopathy. Patients with euthyroid TED can present a diagnos
tic dilemma, but the pathognomonic combination of signs such as eyelid retraction and 
multiple enlarged extraocular muscles secure the diagnosis in the absence of thyroid dys
function. In such cases, thyroid-stimulating immunoglobulins, anti - thyroid antibod ies, 
and anti-peroxidase ant ibodies may help establish the diagnosis. Measurement of the ex
traocular muscle cross section by B-scan ultrasonography or coronal CT or MRl images 
is often helpful (see Fig 14-3C). Unlike with inflammatory myosit is, the insertions of th e 
muscles into the globe (tendons) are usually spared. The differential diagnosis of proptosis 
is extensive and includes orbital inflammatory disease, orbital masses, and carotid cavern
ous fistula. In the setting of eyelid retraction, other conditions to be considered include 
dorsal midbrain syndrome and aberrant regeneration of the oculomotor nerve. 

Treatment 
The regulation of thyroid abnormalities is an important part of the care of patients with 
TED. However, in some studies, treatment w ith radioactive iodine has been associated 

with an exacerbation of o rbital disease, and some authorities suggest that concurrent cor
ticosteroid therapy may reduce the incidence of this effect. Smoking cigarettes has been 
identified as a risk factor for the progression of TED, and patients should be encouraged 
to quit smoking. Corticosteroid therapy (1.0- 1.5 mg/kg prednisone) may be effective in 

, 
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decreasing the orbital inflammation, but the side effects of chronic cor ti costeroid therapy 
(>2 months) typically outweigh the benefit. 

Therapy should be tailored to the signs and symptoms. Many patients require only 
supportive care for ocular symptoms, such as topical ocular lubricant ointment at night 
and artificial tears during the day. Taping the eyelids shut at night may also be effective 
in patients with lagophthalmos. For acute cases with severe corneal problems related to 
exposure, tarsorrhaphy may be necessary. Recession of the upper and lower eyel id retrac
tors may be done for chronic eyelid retraction. Eyelid surgery should be deferred if orbital 
surgery or eye muscle surgery is contemplated. 

The diplopia associated with TED is related to progressive muscular fibrosis. Al
though short-term corticosteroid therapy may help control ac tive inflammation , no spe
cific treatment can reverse fibrosis. In acute cases, double vision associated with restrict ive 
strabismus can be eliminated by occlusion. After the deviation becomes stable, eye muscle 
surgery may achieve realignment. Optical realignment may be possible with spectacle 
prisms. either prisms ground into the lenses or Fresnel Press-On prisms. Debate exists as 
to the efficacy of radiotherapy in mild to moderate TED. It is unlikely that radiation will 
improve proptosis or extraocular motility, although it may help decrease the acute inflam 
matory symptoms. 

The presence of optic nerve dysfun ction requires prompt therapeutic intervent ion. 
In most cases, a trial of moderately high doses of oral corticosteroids may result in sub
stantial improvement in optic nerve fun ction. Pulsed IV corticosteroids have also been 
employed. However, the optic nerve dysfunct ion usually recurs as corticosteroids are 
tapered. If Significant active inflammation is present (conjunctival injection, ch emosis), 
radiation therapy (20 Gy in 2-Gy fractions) may provide some benefi t. The definiti ve 
treatm ent is to surgica lly decompress the optic nerve in the orbital apex. Although any of 
the 4 orbital walls may be decompressed, removal of the posterior med ial wall is usually 
most effective. This surgical maneuver may be accomplished endoscopicaLly, as an ex
ternal ethmoidectomy (through the caruncle) or through the maxillary sinus (Caldwell 
Luc). When proptosis is the major feature, removal of the orbital floor (by way of an 
eyelid or conjunctival incision or through the maxillary sinus) and pOSSibly the lateral 
wall may help decrease the globe prominence. Patients need to be aware that decom 
pression surgery may adversely affect ocular motility and eyelid position. Thus, eyelid 
and extraocular muscle surgery should be deferred if orbital decompressive surgery is 
contemplated. 

See SCSC Section 7, Orbit, Eyelids, and Lacrimal System, for a more extensive discus
sion of TED; and Section 1, Update on General Medicine, for further coverage of thyroid 
abnormalities. 

Brad ley EA , Gower EW, Bradley OJ , et al. Orbi tal radiation for Graves ophlhalmopathy: a report 
from the American Academy of Ophthalmology. Ophthalmology. 2008; II S( 12):398-409. 

Sarcoidosis 

Sarcoidosis is a multisystem granulomatous disease of unknown origin. Middle-aged 
adults are most commonly affected; the annual incidence for blacks is about 3 times that 
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for whites (2.4% vs 0.85%). Histopathology shows noncaseating granulomas with accu
mulation of lymphocytes (C D4). The lungs are involved most frequently, but the eyes, 

liver, lymph nodes, skin, and musculoskeletal system are commonly affected. Neurologic 
manifestations occur in 5%- 15% of patients and include meningitis, hydrocephalus, pa
renchymal involvement (hypothalamic most commonly), encephalopathy, seizures, dural 

venous thrombosis, vasculit is, and periphera l neuropathy. 

Gullapalli D, Phillips LH. Neurologic manifestations of sarcoidosis. Neural Clin. 2002;20( 1): 

59-83. 

Rybicki BA, Iv1ajor M, Popovich J Ir, Ma liarik MI, Iannuzzi Me. Racial diffe rences in sar

coidosis incidence: A 5-ycar study in a health maintenance organization. Alii J Ep idemiol. 
1997; 145(3),234-241. 

Intraocular manifestations 

Iritis, cataract, vitr iti s, retinal vasculitis ("candlewax drippings"), and chorioretinitis can 
occur in sarcoidosis. For further d iscuss ion of these manifestations, see BCSC Section 9, 
Int raocular Illj7anmlatiofl a'1d Uveitis. and Section 12, Retina and Vitreous. 

Neuro-ophthalmic manifestations 

Facial nerve palsy is the rnost common cranial neuropathy. Optic neuropathy also occurs 

and may man ifest as either a papill itis o r retrobulbar optic neuropathy. Less commonly, 
a sarcoid granuloma may occur at the optic nerve head (see Chapter 4, Fig 4-13). Infre
quently, sarcoid may cause neuroretinitis (disc swelling with a macular star of exudates), 
optic perineuritis (disc s\velling without visual loss o r increased intracranial pressure), o r 
papilledema. Visual loss may also occur from chiasmal and retrochiasmal visual pathway 
involvement. Sarcoidosis ca n also cause ocular motor cranial nerve palsy, gaze palsy, and 
a variety of pupillary abnormalities, including tonic pupil, Horner syndrome, and Argyll 

Robertson pupils. 

Frohman LP, G ri go rian It, Sielory L. Ncuro-ophthaLmic manifestations of sa rcoidosis: clinical 

spectrum. eva luation , and management. ] Nellrooplzthn/lIIol. 200 1 ;2 1 (2): 132- 137. 

Katz 1M. Bruno MK, Win terkorn 1M. Nea lon N. The pathogenesis and treatment o f optic 

disc swelling in neurosarcoidosis: a unique therapeutic response to infliximab. Arch Neurol. 
2003;60(3 ),426-430. 

Diagnosis 

Although most patients with neurosarcoidosis have abnormalities on MRJ scan. about 
18% do no lo The most common neuroimaging abnormalities found are meningeal and 
leptomeningeal enhancing lesions. HOlVever, none of the abnormalities found on MRI 
scan are specific. Establishing a defi ni te diagnosis can be difficult. A ngiotensi n-converti ng 
enzyme (ACE) is elevated in 52%-90% of patients if sarcoidosis is active. Gallium sca n is 
not speCific, but the combination of posit ive ACE and gallium scan is reported to be 100% 
specific and 73% sensitive. Bronchoalveolar lavage, lymph node biopsy, and conjunctival 
biopsy may be of value. A chest radiograph may direct the biopsy, but CT scan of the chest 

is indicated if clinical suspicion is high . 
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Christoforid is GA, Spickler EM, Recio MY, Mehta BM. MR of eNS sarcoidosis: correlation of 
imaging featu res to cJinicaJ symptoms and response to treatment. AJNR. J 999;20(4):655-659. 

Treatment 
Corticosteroids are the mainstay of treatment, but methotrexate, cyclosporine, cyclophos
phamide, azathiopri ne, chlorambucil, and chloroqu ine are occasionally used in cortico
steroid-dependent patients. Radiotherapy has been proposed as an alternate or adjunctive 
treatment , but the long-term efficacy is not clear. 

Inherited Disorders 

Numerous inherited disorders result in neuro-ophthalmic signs. Certain myopathies and 
neurocutaneous syndromes (phakomatoses) are the most common inherited systemic con
d itions. Inherited optic neuropathies are discussed in Chapter 4 of this volume. 

Myopathies 
The extraocular muscles are affected by several inherited conditions that result in mito
chondrial dysfunction . 

Chronic progressive external ophthalmoplegia 
Chronic progressive external ophthalmoplegia (CPEO) is an inherited mitochondrial 
myopathy characterized by slowly progressive, symmetric ophthalmoplegia and ptosis 
(Fig 14-4). The majority of patients with CPEO have a mitochondrial DNA (mtDNA) 
point deletion , but nuclear DNA mutations that drive mtDNA mutation can also cause 
CPEO. Thus, the mode of inheritance can be mitochondrial (maternal), autosomal, or 
sporadic and the disorder may not be transmissible to the next generation. Patients often 
present with ptosis and usually do not develop diplopia despite ophthalmoplegia. This 

Figure 14-4 A 42-year-old with a 2-year history of progressive ptosis and ophthalmoplegia. 
Biopsy of the deltoid muscle showed ragged red fibers consistent with CPEO. (Courtesy of Steven 

A. Newman, MD.) 
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cond ition is most often mistaken for myasthenia gravis. Family history and old photo ~ 

graphs can be helpful in differentiat ing the 2 conditions. CLinical findings are usual ly 
evident by the second decade of life. Systemic symptoms may include generalized musd e 
weakness. Histopathology of musd e biopsy shows the characteristic "ragged red fibers" 
(Fig 1 4 ~5) and mitochondrial proliferation, and electron microscopic studies show i ndu ~ 

sion body abnormali ties of the affected mitochond ria. 
The Kearns~Sayre syndrome is also an inheri ted mitochondrial myopathy. It indudes 

CPEO, pigmentary retinopathy, and cardiac conduction abnormalities, and variably in ~ 

d udes cerebellar ataxia, deafness, and elevated CSF protein. Cardiac evaluation is essen~ 
tial to rule out conduction defects. 

Bau V, Zierz S. Updat.e on chronic external ophtha lmoplegia. Strabismus. 2005; 13: 133- 142. 

Ocu/opharyngea/ dystrophy 
Oculophary ngeal dystrophy is a hereditary condition, usually autosomal dominant, with 
onset in the fifth and sixth decades of li fe. The typical presentation is progressive dys ~ 

phagia fo llowed by proximal musd e weakness and ptosis. Most patients develop CPEO. 
Pathologic studies show a vacuolar myopathy. The disease is class ically seen in patients 
of French-Canadian ancestry. The only causative mutation described to date is a triplet 
repeat expansion consisting of2- 7 additional base triplets in a repeat sequence in exon 1 
of the polyadenine binding protein nudear I (PA BPN J) gene. 

Myotonic dystrophy 
Myotonic dystrophy, a dominantly inherited multisystem disorder, also produces ophtha l ~ 

moplegia that may mim ic CPEO. Two types have been identified, type I, due to muta~ 

tion on chromosome 19, and type 2, due to mutation on chromosome 3. Blood tests for 
these mutations can confirm the diagnosis. Symptoms usually start in late childhood or 
early adu lthood with myoton ia that is worsened by excitement, cold, and fatigu e. It is eas~ 
i1 y detected by asking the patient to shake hands; the patient will not be able to qUickly 

Figure 14·5 Histopathology of muscle in a patient with Kearns-Sayre syndrome shows ragged red 
fibers (arrows). Specimen stained with modified Gomori trichrome. (Courtesy of Eric Eggenberger. 00.) 



338 • Neu ro-Ophthalmology 

release his or her grasp. This myopathy is unusual in that it affects dista l li mb musculature 
first. Wasting of the temporalis and masseter muscles produces the typical "hatchet face:' 
The myopath ic facies, fronta l balding, and ptosis cause a distinct and remarkably sim ilar 
appearance_ 

Ocular findin gs include ptosis, pigmenta ry retinopathy, ophthalmoparesis, and poly
chromatic lenticular deposits ("Christmas tree" cataracts). The pupils are miotic and 
respond sluggishly to light. Other features include low intelligence, insulin resistance, 
hearing loss, cardiomyopathy, cardiac conduction abnormali ties, testicular atrophy, and 
uterine atony. Electromyography provides the definite d iagnosis by demonstrat ing the 
typical myotonic discharges. 

Neurocutaneous Syndromes 

NeurocutaneOLls syndromes. or phakomatoses. are disorders characterized by the presence 
of hamartias and hamartomas involving di ffe rent organ systems, such as the skin, eyes, 

CNS, and viscera. Six entities are classically grouped under this category: neurofibromato
sis, tuberous sclerosis (Bourneville syndrome), cerebrofacial angiomatosis (Sturge-Weber 
syndrome), retinal angiomatosis (von Hippel disease), ataxia-telangiectasia (Louis- Bar 

syndrome), and Wyburn-Mason synd rome (Table 14-2). K1 ippel -Trenau nay-Weber syn
drome has been included by some authors. A syndrome of cave rnOliS hemangioma of the 
retina associated with CNS angiomas (von Hippel- Lindau) is ye t another var iant of the 
phakomatoses. The phakomatoses are d iscussed at length in BCSC Section 6, Pediatric 
Ophthalmology and Strabismus. In this chapter, we emphasize the neuro-ophthalmic fea
tures of these conditions. 

These disorders are characterized by tumors formed from normal tissue elements: 
hamartomas and choristomas. A hamartoma is composed of elements normally found at 
the involved site. The glial ret inal tumors of tuberous sclerosis are a type of hamartoma. 
Hamartias are sim il ar to hamartomas histopatho logicall y, but they do not grow. Hamar
tomas and hamartias differ from true neoplasms in that they seem to be anomalies of tis
sue formation rather than cellular proli ferations arising in previously normal tissue. They 
lack the capability for limitless proliferation exhibited by true neoplasms. Choristomas 
are tumorlike growths composed of tissue not normally present at the site of growth. All 
phakomatous les ions are hamartomas, hamartias, or choristomas. 

Neurofibromatosis 
The 2 most common fo rm s of neurofibromatosis are von Recklinghausen neurofibromato
sis (NF 1) and bilateral acoustic neurofibromatosis (NF2). NF 1 is the more common form 

of the disease. It is inhe ri ted in an autosomal dominant manner and has been linked to 
chromosome 17. General features include multiple neurofibromas, pigmented skin le
sions. osseous malformations. and associated tu mors. The disease is defined by the pres
ence of multiple cutaneous pigmented macules (cafe-au-Iait spots), neurofibromas, and 
iris (Lisch) nodules (Fig 14-6)_ Mild cases may show only iris nodules associated with 
cafe-au -Iait spots. 

Neurofibromas are histologically benign and may take the form of either fibroma mol
luscum or pleXiform neurofibromas. They may involve the eyelid and face, occaSionally 



Table 14-2 The Phakomatoses 

Condition 

von Hippel-Lindau disease 
(retinal angiomatosis) 

Sturge-Weber syndrome 
(encephalofaciaJ 
angiomatosis) 

Neurofibromatosis type 1 
(von Recklinghausen 
disease) 

Neurofibromatosis type 2 

Tuberous sclerosis 
(Bourneville syndrome) 

Ataxia -telang iectasia 
(Louis-Bar syndrome) 

Wyburn-Mason syndrome 
(racemose angioma) 

Description 

Retinal angioma supplied by 
dilated tortuous arteriole 
and venule; may be 
multiple 

Capillary hamartia (nevus 
f lammeus) of skin. 
conjunctiva, episclera, 
and/or uveal tract, and of 
meninges 

Occasionally congenital, 
widespread hamartomas 
of peripheral nerves and 
tissue of neural crest 
derivation 

Bilateral acoustic 
schwannomas 

Mental deficiency, seizures. 
and adenoma sebaceum 

Progressive cerebellar 
ataxia, ocular and 
cutaneous telangiectasis, 
pulmonary infections 

Retinal and midbrain 
arteriovenous (AV) 
communication 
(aneurysms and 
angiomas) and facial nevi 

Associated Ocular Conditions 

Retinal exudates, 
hemorrhages. retinal 
detachment. glaucoma 

Glaucoma (especially with 
upper eyelid involvement 
by nevus flammeus) 

Neurofibromas of eyelid and 
orbit, uveal melanocytic 
nevi, retinal glial 
hamartomas, congenital 
glaucoma. optic nerve 
glioma, absence of greater 
wing of sphenoid with 
pulsating exophthalmos 

Posterior subcapsular 
cataract, combined retinal 
RPE hamartoma 

Angiofibromas of eyelid 
skin; glial hamartomas of 
retina and optic disc 

Conjunctival te langiectasis, 
anomalous ocular 
movements. and 
nystagmus 

AV communication 
(racemose angiom a) of 
retina , with vision loss 
depending on location of 
AV communication 

Associated Conditions and Ri sks 

Cerebellar capillary 
hemangiomas, 
malformation of visceral 
organs 

Diffuse meningeal 
hemangioma with se iZure 
disorder, hemiplegia or 
hemianopia. or mental 
retardation 

Similar hamartomas 
of CNS, peripheral 
and cranial nerves, 
gastrointestinal tract; 
malignant transformation 
possible 

Meningioma, glioma, 
neurofibroma 

Adenoma sebaceum 
(angiofibromas), cerebral 
glial hamartomas 

Dysarthria, coarse hair 
and skin, immunologic 
deficiency, and mental 
and growth retardation 

AV aneurysm at midbrain; 
intracranial ca lcification 

Transmission 

Autosomal 
dominant, 
chromosome 
3p25 

Sporadic 

Autosomal 
dominant NF1: 
chromosom e 
17ql1 .2 

Autosomal 
dominant 
22q11.2 

Autosomal 
dominant, 
chromosome 
9q34 

Autosomal 
recessive, 
chromosome 
11q22 

Sporadic 

Modified from Isselbacher KJ , Braunwald E. Wilson JD. eds. Harrison's Principles of Internal Medicine. 13th ed. New York: McGraw-Hili; 1994:2207- 2210. 
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Figure 14·6 The most common ocular finding in neurofibromatosis type 1 (NF1) is the pres
ence of iris Lisch nodules. These are often light-colored in a patient with dark irides tA) but 
may be relatively darker in patients with light irides IBI . The diagnosis is often suggested by 
cutaneous findings, including cafe-au-Iait spots (e) or skin neurofibromas (0) . (Part A courtesy of 
Mark J. Greenwald, M D; parts 8-0 courtesy of Steven A. Newman, MD.) 

causing marked deformities (see Chapter 11. Fig 11 -1). Lisch nodules are pigmented iris 
hamartomas present in 94%-97% of patients with NF l who are over the age of 6 years. 
These nodules do not become symptomatic but may prove helpful in establishing the di
agnosis, especially when discovered in asymptomatic relatives. 

Other ocular involvement in neurofibromatosis includes congenital glaucoma and ret
in al astrocytomas. Osseous defects may involve the orbi t, conunonly the greater wing of the 
sphenoid, with associated orbital encephalocele. Vertebral and long-bone defects are seen 
as well. Multiple tumors ofthe brain, spinal cord, and meninges, as well as of the cranial, pe
ripheral, and sympathetic nerves, may be encountered in these patients. Optic nerve or chi
asrnal gliomas in children are frequently associated with neurofibromatosis. These lesions 
cause proptosis and visual loss but are rarely life threatening. Treatment for these lesions is 
controversial. Additional neoplastic associations include pheochromocytoma and menin
giorna. See Chapter 4 for a discussion of gliomas and meningiomas of the optic nerve. 

Sayar A, Cestari DM. Neurofibromatosis type I: genetics and clinical manifestations. Sem i" 

Opltl/lG/mo/. 2008;23( I }AS- 51. 

Bilateral acoustic neurofibromatosis (NF2) is less common than NF l. Also transmit
ted as an autosomal dom inant trai t, NF2 is linked to chromosome 22. On ly about 60% of 
patients with NF2 have cafe-au-lait spots or peripheral neurofibromas, and Lisch nodules 
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are not a feature of this disease. Bilateral acoustic neuromas usually present symptomati
cally in young adul thood. O ther CNS tu mors may occur but not as freq uently as in NFl. 
Other ocular find ings may include combined retinal-RPE hamartomas and posterior 
subcapsular cataracts. 

Ferner RE. Neurofibromatosis 1 and neurofibromatosis 2: a twenty-first century perspective. 

Lallcet Nellrol. 2007;6(4),340- 35 1. 

Tuberous sclerosis 
Also known as Bourneville syndrome. tuberous sclerosis is transmitted as an autosomal 
dom in ant tra it. There are 2 tuberous sclerosis genes: 1 at chromosome 9q34 (TSCl), the 
other at 16p 13.3 (TSC2). The gene products tuberm (TSC1) and hamartin (TSC2) form 
a heterodimer that inhibits cell growth and proliferation. The exact mechanism by which 
mutations in these genes resu lt in tuberous sclerosis is unclear. It has classically been char
acterized by the tr iad of adenoma sebaceum, mental defiCiency, and epilepsy, although 
presentation shows great variability. Most patients have seizures, but many have normal 
mentation. The so-called sebaceous adenomas are actually hamartomatous angiofibromas 
that common ly appear in a butterfly d istr ibution over the nose and cheeks (Fig 14-7). 
Other skin lesions include periungual fibromas, cafe-au-Iai t spots, and shagreen patches 
(large, leatherl ike, hyperpigmented, ra ised patches that are typically located on the trunk). 
The ash-leaf spot, a leaf-shaped area of ski n depigmentat ion that fluoresces under a Wood 
lamp) is considered pathognomonic fo r tuberolls sclerosis. 

Calcified astrocytic hamartomas (b rain stones) are frequently evident on plain skull 
x-ray and CT scan. Other visceral involvement that has been described includes cardiac 
rhabdomyomas, rena l cysts. and angiomyolipomas. The characteristic ocular fi nding is an 
astrocytic hamartoma of the reti na or optic disc. 

Cerebrofacial (encephalotrigeminal) angiomatosis 
The inheri tance pattern of cerebrafacial angiomatosis, or Sturge- Weber syndrome, is spo
radic. The characterist ic skin lesion in Sturge-Weber syndrome is nevus j1ammeus (port
wine stahl), an angioma involVing skin and subcutaneous tissues that usually fo llow the 
distribution of CN V (the trigeminal nerve) (F ig 14-8). This lesion is present from birth, 
usually unilateral, and common ly associated with a parieto-occipital leptomeningeal he
mangioma ipsilateral to the facial vascular hamartoma. Calcification of the cortex un 
derlying the hemangioma can be seen radiographically. A CT scan is best for showing 
the calcification, but MRI will demonstrate leptomen ingeal enhancement typical of this 
condition. Seizures are a major problem in these patients. 

Unilateral congenital open-angle glaucoma is seen in 30%-70% of patients with 
Sturge-Weber synd rome and is usually associated with an angioma of the upper eyelid. 
Onset of glaucoma may occur at any time; tonometry should be performed early and 
repeated periodically. Heterochromia iridis has been described . The characteristic fu ndus 
lesion is a choroidal hemangioma, a solitary, yelJ ow*orange, moderately elevated mass 
see n in the poste rior pole of up to 50% of these patients. More diffuse uveal involvement 
can give the fundus a confluent "tomato catsup" appearance (see Fig 14-8). Exudative reti
nal detachments may occur in association with these lesions. 

1 
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Figure 14·7 A. The hallmark of tuberous sclerosis is ad
enoma sebaceum involving the cheek, particularly pres
ent in the area of the nasolabial fold . Other classic skin 
find ings include the presence of an ash-leaf spot IBI. best 
seen with ultravio let light. and subungual lesions Ie). D, 
Ophthalmic find ings include the presence of astrocytic 
hamartomas on funduscopic examination . E, Intracranial 
hamartomas often line the subependymal surface. They 
frequently calc ify, becoming obvious on CT scan. (Parts A, B 

courtesy of Mark J. Greenwald, MD; parts C, E counesyof Sleven A. New

man, MO; part 0 reprinted from Kline LB, Foroozan R, eds. OptiC Nerve 

Disorders . 2nd ad Ophthalmology Monograph 10. New York: Oxford Uni

verSity Press. In cooperation with the American Academy of Ophthalmol

ogy; 2007: 164./ 

/. 

Klippel-Trenaunay-Weber syndrome may be a variant of cerebrofacial angiomatosis. 
Nonocular find ings include cutaneous nevus fl ammeus and hemangiomas, varicosities, 
associated hemihypertrophy of the limbs, and intracranial angiomas. The cutaneous le
sions and vascular anomalies are sometimes amenable to laser treatment. Ocular involve
ment, usually congenital glaucoma and conjunctival telangiectasia, is uncommon. 
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o 
Figure 14-8 Sturge-Weber syndrome. A, This 1-year-old was referred for a port-wine stain in
volving the V, and V2 dist ributions on the right side, a classic finding in Sturge-Weber syndrome. 
These patients often have congenital glaucoma. 8, In an infant with congenital glaucoma, the 
globe may enlarge significantly (buphthalmos I. C, Associated cortical vascular malformations 
following the gyral pattern may also occur (arrow). They may be seen on MRI scan. Patients 
may also have diffuse choroidal hemangiomas causing increased hyperemia and redness of 
the choroid. 0 , Choroidal hemangioma. E, Contralateral normal eye. (Parts A, B courtesy of Steven A. 

Newman, MD: part C courtesy of Mark J. Greenwald, MD; parts 0, E courtesy of James J. Augsburger; MD,! 
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Retinal angiomatosis 
Also known as von Hippel disease, retinal angiomatosis is transmitted by autosomal domi
nant inheritance. The disease may also occur sporadica ll y. The characteristic ocu lar lesion 
is a retinal capillary angioma: a globular, smooth-surfaced, pink retinal tumor fed by a 
single d il ated, tortuous retinal artery and drai ned by a sim ilar-appearing vein (Fig 14-9). 
These lesions are often multiple and are bilateral in 50% of cases. Serous exudation can 
cause retinal detachment. 

Cerebellar hemangioblastomas are seen in approximately 25% of patients wi th retinal 
angiomatosis. and this association is known as von Hippe/- Lindau disease. Hemangioblas
tomas may also occur in the brainstem or spinal cord and may be associated with syrinxes 
in these regions. 

Patients with cerebellar angiomas may also have renal, pancreatic, hepatic, or epididy
mal cysts and pheochromocytomas or renal cell carcinoma. Several of these mul tisystem 
manifestat ions are potentially lethal. Early detection of the ret inal abnormali ty by the oph
thalmologist shou ld prompt referral of the patient for a thorough systemic investigation. 

Ataxia-telangiectasia 
Ataxia-telangiectasia, or Louis-Bar syndrome, is considered the most common cause of 
progressive ataxia in early childhood. It is characterized by progressive cerebellar ataxia 
and oculocutaneous telangiectasia. Thymic hypoplasia, with defect ive T-cell function 
and illllllunogiobulin defiCiency, pred isposes patients to recurrent sinopul mona ry infec
tions. The genet ic ab normali ty is localized to chromosome 11. and the inheritance pattern 
is generally autosomaJ recessive. This genetic defect results in inactivation of a criticaJ 
protein kinase that regulates the response to DNA double-st rand breaks. Cli nical mani
festations of ataxia-telangiectasia occur because of this resultant defective DNA damage 
Signaling. Conjunctival telangiectasia is almost always seen, espeCially as the child grows 
older (Fig 14- 10). Ocular motili ty deficits are the classic eye find ings-specifically, hori
zontal and vert ical supranuclear gaze palsies. At first, the patient shows an inabi lity to 
in itiate saccades, which may be associated with head thrusting and abnormalities of the 
fast phase of optokinetic nystagm us. Pursu it becomes impai red, and eventually the disease 
leads to total ophthalmoplegia. However, oculocephalic responses remain intact. Patients 
who do not succumb to recurrent infections have a high incidence of malignancy. 

Figure 14-9 Patients with von Hippel syn
drome often develop angiomas of the retina. 
(Courtesy of Steven A. Newman, MD. ) 
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Wyburn-Mason syndrome 

Figure 14-10 Abnormally dilated and tortuous 
conjunctival vessels in the left eye of a child 
with ataxia-telangiectasia. (Courtesy of Mark J. 
Greenwald, M D.) 

Wyburn -Mason syndrome refers to the association of an intracranial arteriovenous mal
formation (AVM) with an AVM of the ipsilateral retina (racemose angioma) (Fig 14-11). 
The inheritance pattern is sporadic. The A V M consists of direct communications between 
the arteries and the veins without an intervening capill ary bed. The vessels are usually 
fully developed and may involve any part of the posterior pole. They are usually increased 
in number, size, and tortuosity. Spontaneous hemorrhage from these lesions may cause 
decreased vision. Because of the association between retinal and intracranial AVMs, an 
MRI scan of the brain should be obtained in patients with a ret inal AVM. Associated 
AVMs may be seen in the midbrain. basofrontal region. or posterior fossa. and they may 
be associated with spontaneous intracranial hemorrhage or convulsions. AVMs can also 
involve the maxilla. pterygoid fossa. or mandible. Orbital AVMs may be associated with 
mild proptosis, conjunctival vascular dilation, or a bruit. 

Selected Neuro-Ophthalmic Disorders Associated With 
Pregnancy 

Several neuro-ophthalmic abnormalities occur with greater frequency or can be exac
erbated during pregnancy or the postpartum period. These include cerebral venous 
thrombosis. pituitary apoplexy (Sheehan syndrome) . posterior reversible encephalopathy 

Figure 14-11 Racemose angioma of the retina 
in Wyburn-Mason syndrome. (Courtesy of MarK J 
Greenwald, MD.) 
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syndrome (PRES), and lymphocytic hypophysitis. Venous sinus thrombosis is discussed 
later in this chapter under cerebrovascular disorders, and pituitary apoplexy is discussed 
in Chapter 4 (see Chapter 4, Fig 4-3 1). In addition, preexisting pituitary macroadenomas, 
meningiomas, and o rbital and choroidal hemangiomas can undergo expansion during 

pregnancy. 

Sheth BP, Mieler WF. Ocular complications of pregnancy. Curr Opill Ophtlwl11lof. 200 1; 12(6): 
455-463. 

Posterior Reversible Encephalopathy Syndrome 

Posterior reversible encephalopathy syndrome (PRES) is characterized by headache, altered 
mental status, seizures, and visual disturbances (transient visual loss, scotomata, pho
topsias, dimming of vision); MRI shows edema involving the white matter of the cere
bral posterior regions, especially parieto-occipital lobes, but frontal and temporal lobes 
may be in volved (Fig 14- 12). Causes include acute hypertension, preeclampsia/eclampsia, 
and immunosuppress ive agents (eg, cyclosporine, tacrolimus). The abnormalities seen o n 

neuroimaging are reversible, and the visual prognosis is usually excellent. 

Finocchi v, Bozzao A, Bonami ni M, et al. M:1gnctic resonance imag ing in posterior reversible 
encephalopathy syndrome: report of three cases and review of li terature. Arch Cyneca! Ob
stet. 2005;27 1 ( I ):79-85. 

Lymphocytic Hypophysilis 

Lymphocytic hypophysitis is a rare neuroendocrine d isorder characterized by autoimmu ne 
inflammation of the pituitary gland, with various degrees of pituitary dysfunction, in
cluding permanent hypopituitarism. The histopathology consists of an initial monoclo
nallymphocytic infiltrate, wh ich can heal with minimal sequelae or progress to fibro sis. 
Cli nical presentatio n may mimic pituitary tumor) incl uding chiasmal visual field defects 
and acute-onset diabetes insipidus. Imaging characteristics and endocrine testing are not 

Figur. 14-12 Axial FLAIR MRI scan showing revers
ible bilateral posterior circulation signal abnormalities 
in a patient with transient cortical blindness and pre
eclampsia. (Courtesy of Lanmng 8. Kline, MD.) 
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specific. The diagnosis should be considered if these symptoms and signs occur during 
pregnancy, but surgical treatment is required if vision is compromised. 

Cerebrovascular Disorders 

Comprehensive disclission of cerebrovascu lar disorders is beyond the scope of this text. 
An overview of common condit ions causing neu ro-ophthalmic signs and symptoms is 
given in the following sections. 

Transient Visual Loss 

Trans ient neurologic or ophth almic symptoms in middle-aged or elderly patients suggest 
a vascular origin. Localization of the symptoms and signs determines whether they resu lt 
from ischem ia in the vertebrobasi lar or the carotid artery territory. Although recurrent 
cerebrovascular ischemia is a concern . the major calise of death in these patients is coro
nary artery disease. Thus. efforts to control risk factors for cardiovascular disease, such as 
hypertension, diabetes melli tus, and hyperlipidemias, accompanied by cessation of smok
ing, should be considered before diagnostic and therapeutic efforts are directed exclu
sively at the cerebrovascular circulation. Ca rotid system disorders whose main symptom 
is transient visual loss are discussed in Chapter 5. 

Vertebrobasilar System Disease 

The vertebrobasilar arter ial system (posterior circulation) is composed of the vertebral, 
basilar, and posterior cerebral arteries. These blood vessels supply the occipital cortex, 
brainstem. and cerebellum. 

Clinical presentation 
Patients with vertebrobasilar insufficiency often present to the ophthalmologist first, 
because ocular motor and visual symptoms are prominent (Fig 14- 13). Nonophthalmic 
symptoms of transient ischemic attacks (TlA s) in the vertebrobasilar system include 

atax.ia, imbalance, or staggering 
vertigo combined with other brainstem symptoms such as deafness or vomiting 
transient dysarthr ia and dysphagia 

• hemiparesis. hemiplegia, and hemisensory disturbances 
drop attacks (patient suddenly falls to the ground with no warning and no loss of 
consciousness) 

Bilateral blurring or dimm ing of vision occurs almost as frequently as vertigo. The pa
tient may complain of the sudden bilateral graying or whiting out of vision. The attacks of 
dim ming last seconds to minutes and may be accompanied by flickering or flashing stars. 
Photopsias may occur, closely mimicking the scintillat ing scotomata of migraine. These 
attacks are frequently repetitive and may occu r alone or in combination with the other 
transient symptoms of vertebrobasilar insufficiency just mentioned. Migraine can produce 
similar symptoms, with or without an associated headache, and is discussed in Chapter 12. 
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Figur. 14-13 A 58-year-old woman had a sudden onset of diplopia and vertigo. On examina
tion, she was found to have a right third nerve palsy and ataxia. Symptoms and signs resolved 
over 24 hours. The cerebral angiogram showed marked stenosis of the basilar artery (arrow). 
(Courtesy of Karl C Golnik. MD,) 

Homonymous visual fi eld changes without other neurologic symptoms suggest in
volvement of the posterior circulation. Highly congruous homonymous visual field 
defects without other systemic symptoms are typical of oCcipital lobe infarcts. Patients 
compl aining of reading difficulties without obvious cause should have a careful visual 
field and Amsler grid examination in search of centrally located congruous homonymous 
visual field defects. 

Levin LA. Topical diagnosis of chiasmal and retrochiasmal disorders. In: Miller NR, Newman 

NJ, eds. Walsh and Hoyt's Clinical Neuro-Ophthalmofogy. 6th ed. Vol 1. Phi ladelphia: lip

pincott Williams & Wilkins; 2005:539-554. 

The visual manifestations of cortical in farct ion are detailed in Chapter 4. Cerebral and 
cortical blindness, caused by bilateral occipital lobe lesions, is characterized by amaurosis, 
normally reactive pupils, and an unremarkable fundus appearance. Frequently, pat ients 
with cerebral blindness will deny their blindness (Anton syndrome) (see Chapter 6) . 

Ocular motor disturbances are common with vertebrobasilar insufficiency, and 
diplopia is a frequent complaint. Examination may reveal horizontal or vert ical gaze pal
sies, internuclear ophthalmoplegia. skew deviation. ocular motor cranial nerve palsies. 
or nystagmus. An ipsilateral, central Horner syndrome may be present with pontine or 
medullary infarcts (Wallenberg syndrome). 

Etiologies of posterior circulation ischemia 

The most frequent causes of vertebrobasi lar TlAs and stroke are atheromatous occlusion, 
hypertensive vascular disease (lacunar in farction), microembolization (either from the 
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vertebrobasilar system or from the heart). fl uctuat ions in cardiac output. and arterial dis
section. The following have all been associated with symptoms and signs of vertebrobasi
lar ischemia: polycythemia. hypercoagulable states. congenital aplasia or hypoplasia of a 
vertebral or posterior commu nicat ing artery, anem ia. and vasospasm. Mechanical factors 
such as cervical spondylosis and chiropractic man ipulat ion of the cervical spine have also 
been implicated in vertebrobasilar occl usions resulting in severe neurologic deficits. A 
less C0l11 111011 cause ofvertebrobas ilar dysfunction is a reversal of blood flow in the veTte· 

bral artery (subclavian steal). caused by a proximal occlusion of the subclavian artery that 
produces an unusual alteration in the direction of flow in the ipsilateral vertebral artery. 
Lowered pressure in the distal segment of the subclavian artery can siphon. or steal. blood 
from the vertebral artery and produce fluctuating symptoms of vertebrobasilar artery 
insufficiency. 

Clinical and laboratory evaluation 
The evaluat ion of posterior circulation ischemia is similar to the medical workup for ca· 
rot id system disease. Neuroimaging should be performed on all patients with homony
mous visua l field defects and other signs of brain stem or cerebellar dysfunction. Magnetic 
resonance angiography (MRA) and computed tomographic arteriography (CTA) are the 
best noninvasive methods of evalua ting the posterior circulat ion. Carotid Doppler imag
ing is not sufficient for evaluat ing suspected posterior circulation symptoms. Sometimes 
conventional angiography is necessary to visualize the aortic arch, the configu ration of 
the vertebrobasilar vessels. and the extent of filling from the anterior circulation through 
the circle of Willis. 

The exami ner is much less likely to fi nd a trea table structural vascular abnormal 
ity with posterior circulation ischem ia than with carotid system disease. The evaluation 
of these patients generally emphasizes a search for underlying cardiac or systemic dis
orders. including hypercholesterolemia. hypertension. d iabetes mellitus. and postural 
hypotension. 

Khan S, Cloud Ge, Karry 5, Markus HS. Imagi ng of vertebral artery stenosis: a systematic 
review. ] Neurol Ncurosllrg Psychiatry. 2007;78( I I ): 1218- 1225. 

Treatment 
Most patients with vertebrobasilar TIAs are treated medically with anti platelet therapy or 
anticoagulants. Intravascular stent placement can be used in select patients with either 
carotid or vertebrobasilar stenosis. 

Cerebral Aneurysms 

Cerebral aneurysms are localized dilations of the vessel wal l. They are present in approxi
mately 5% of the popu lation but rarely become symptomatic before age 20. They may 
be an isolated finding and are common ly associated with hypertension. Less common 
predisposing conditions include arteriovenous malformat ions, coarctation of the aorta. 
polycystic kidney disease. and connective tissue d iseases (such as fibromu scular dysplasia. 
Marfan syndrome. and Ehlers-Danlos syndrome). A fam ilial occurrence is pOSSible. and 
tobacco use has been shown to be a risk factor. 
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Figure 14-14 shows possible locations for cerebral aneurysms. The most common type 
of intracranial aneurysm is the saccular, or "berry:' aneurysm that arises at arterial bifurca
tions. Of these aneurysms, 90% are supratentorial and 10% are infratentorial. Aneu rysms 
arising from the internal carotid artery and basilar artery may produce neuro-ophthalmic 
manifestations. In general , those >10 01111 in size are most likely to rupture. Because high 
morbidity and mortality result from aneurysm rupture. early detection and surgical inter
vention ca n be life-saving. Aneurysms are termed "giant aneurysms" if they are ~25 mm. 

Clinical presentation 
Unruptured aneurysms. particularly giant aneu rysms, may cause progressive neurologic 
dysfu nction because of their mass effect. An ophthalmic artery aneurysm may cause a 

,y 
ACOA ________ ~~_=--~~-i~ 

ICA 

BA 

PCA 

Figure 14-14 Drawing shows locations for intracranial aneurysms arising from cerebral blood 
vessels. ACoA = anterior communicating artery, BA = basilar artery, ICA = internal carotid 
artery. MCA = middle cerebral artery, PCA = posterior cerebral artery, PCoA = posterior com
municat ing artery, VA = vertebral artery. (Reprinted from Kline LB, Foroozan R, eds. Optic Nerve Disorders. 

2nd ed. Ophthalmology Monograph 10. New York: Oxford Umverslty Press, In coopera tion With the American Academy 

of Ophthalmology; 2007:131.) 
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progressive unilateral optic neuropathy and ipsilateral periocular pain. Anterior commu
nicating artery aneurysms produce visual loss by compressing the optic chiasm or optic 
tract. Aneu rysms at the junction of the internal carotid and posterior communicating ar
teries produce an ipsilateral third nerve palsy. Typicall y, pain occurs around the ipsilateral 
eye or the forehead. The combination of headache and a partial or complete third nerve 
palsy with pupil involvement should raise suspicion of an aneurysm , particularly in persons 
under age 50. However. pain may be absent with un ruptured aneurysms. TlAs, cerebral 
infarction, and seizures may occur because of flow phenomena or distal embolizatio n. 

Intracavernous carotid aneurysms typically produce a cavernous sinus syndrome. 
These aneurysms often are a fusiform enlargement (dolichoectasia) and not berry type. 
Cranial nerves III, IV, and VI and the ophthalmic branch ofCN V are involved, singly or 
in combination. Because they are confined by the walls of the cavernous sinus, these aneu

rysms typically do not rupture but cause progressive neurologic dysfunction. Aneurysms 
in this location often produce facial pain and should be considered in the differential 
diagnosis of painful ophthalmoplegia. 

A ruptured aneurysm is a neurosurgical emergency. Patients develop symptoms and 
signs of subarachnoid or intraparenchymal heillorrhage. The headache of a ruptured 
aneurysm is often described as "the worst of my life" and Illay be localized or general
ized. Nausea, yomiti.ng. and neck stiffness signify meningeaJ irritation from subarachnoid 
blood. In rare cases, fever may be present. Elevated intracranial pressure may produce 
papilledema and sixth nerve palSies. Patients may be disoriented, lethargic, or comatose. 
Altered mental status is a poor prognostic sign. 

Ocular hemorrhage may accOinpany subarachnoid hemorrhage. Intraretina1. prereti 
nal, subhyaloid , vitreous, subconjunctival, o rbital, or optic nerve sheath hemorrhage may 
be present. Ocular hemorrhages are most likely produced when intracranial pressure in 
the optic nerve sheath exceeds ocular venous pressure, reducing ophthalmic venous drain 

age and causing venous rupture. The combination of vitreous and subarachnoid hemor
rhage is called Terson syndrome (Fig 14-15). Many patients recall symptoms of a "sentinel 
bleed" before the major rupture. Transient or mild neurologic symptoms with headache 
are most commonly described. 

Laboratory investigation 
The defi nitive diagnostic test for suspected aneurysm is a cerebral arteriogram. A 4-vessel 
study of both carotid and vertebral arteries is imperative, because 10% of patients have 

1 

Figure 14-15 A ruptured intracranial aneurysm 
may produce hemorrhage within the ret ina. 
preretinal space, or vitreous (Terson syndromel . 
(Courresy of Sreven A. Newman, MD.) 
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multiple aneurysms. If the aneurysm has ruptured, vasospasm may prevent its accurate 
visualizat ion. Likewise, a thrombosed aneurysm might not be visible on arteriography, 
because its lumen will not fil l. 

MRI scan demonstrates most aneurysms >5 mm in size_ High-quali ty MRA ca n de
tect aneurysms as small as 3 mm. M RA is useful as a screening test for unruptured aneu
rysms; it is less expensive than angiography and has no associated morbidity (Fig 14- 16). 
CTA can also detect relatively small aneurysms. However, if there is a high level of suspi
cion for aneurysm, a negative MRA or CTA does not obviate the need for conventional 
cerebral ar teriography. 

Computed tomography scanni ng is useful acutely after aneurysm rupture to detect 
the presence of intraparenchymal and subarachnoid blood. An enhanced CT scan can 
demonstrate large aneurysms, but CT scan ning is not an acceptable screening test for 
unruptured aneurysms. If subarachnoid hemorrhage is suspected and the CT scan is neg
ative, lumbar puncture is indicated to confi rm the presence of subarachnoid blood. How
ever, a lumbar puncture should not be attempted in the face of midline shi ft or evidence 
of cerebral (uncal) herniation. 

Prognosis 
Modern technology (MRA, CTA) has dramatically increased the detection of un ruptured 
intracranial aneurysms. Their risk of rupture is related to size; aneurysms < I 0 mm have a 
rupture rate of <0.05% per year. Giant aneurysms (~25 mm) have a 6% rupture rate in the 
first year. Once an aneurysm has ruptured. the morbidity and mortali ty rate is signifi cant. 

Figure 14·16 A, Sagittal view of the brain on a 
T2-weighted MRI scan shows a low-intensity 
signal in the subarachnoid space anterior to 
the medulla (arrow). contiguous with the ver
tebral artery inferiorly, consistent with flow· 
ing blood . B, MRA shows a vertebral artery 
aneurysm (arrow). C, The same aneurysm, 
as demonstrated by conventional arteriogra-
phy (arrow). (Courtesy of Leo Hochhauser. MD.) C 
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The proportion of patients who die at the time of rupture is 30%. If untreated, another 
33% die within 6 months of rupture, and 15% more die within 10 years. Many of those 
who surv ive suffer severe neurologic deficits. 

Unruptured intracranial aneurysms: risk of rupture and risks of surgical intervention. Inter
national Study of Unruptured Intracranial Aneurysms Investigators. N Ellgl J Med. 1998; 
339(24),1725-1733. 

Treatment 
Treatment of symptomatic aneurysms prior to rupture is ideal. Supportive treatment to 
stabilize the patient includes efforts to lower intracranial pressure with hyperventilation 
or mannitol, treatment of cerebral vasospasm with calcium channel blockers and blood 
volume expansion, and control of blood pressure. 

The definitive treatment is surgical clipping of the aneurysm, but intravascular tech
niques such as as coil embolization or stent placement are replacing clipping as the pre
ferred treatment of many aneurysms, depending on size, locatioll, and aneurysm anatomy. 
When aneurysm clipping is technically impossible, ligation of the feeding artery or carotid 
artery is someti mes necessary. 

Arterial Dissection 

Dissections may develop in the internal carotid artery or in any of its branches, as well as 
in the vertebral and basilar arteries. Dissection may arise either extracraniaUy or intracra ~ 

nially and can be traumat ic or spontaneous. 

Clinical presentation 
The clinical featu res of dissection are variable. Patients may suffer stroke, which typically 
occurs within the first 30 days of the dissection. The most common presentation of inter
nal carotid artery dissection is headache with ipsilateral ophthalmic signs and contralat
eral neurologic deficits (see Chapter la, Fig 10-4). The headache is usually located on the 
ipSilateral forehead, around the orbit, or in the neck. A bruit may be present. Sometimes 
symptoms are delayed for weeks or months foUowing traum a. Transient or permanent 
neurologic symptoms and signs include amaurosis fugax, acute stroke. monocular blind ~ 

ness, and ipsilateral Horner syndrome (see Fig 10-4). If the dissection extends to the in 
tracranial carotid segment, cranial neuropathies can occur, producing diplopia, dysgeusia, 
tongue paralysis, or facia l numbness. 

The visual loss associated with carotid dissection may be a result of embolic occlusion of 
the ophthalmic artery, central retinal artery, short posterior ciliary arteries, or retinal branch 
arteries. Alternatively, ophthalmic artery occlusion may be caused by the dissection itself. 
Reduced blood flow from carotid dissection is a rare cause of ocular ischemic syndrome. 

Forty percent of dissections affect the vertebral and basilar arteries. General features 
of these dissections are headache, neck pain, and signs of brainstem and cerebellar dys
function (Fig 14- 17). Ocular motor cran ial nerve palsies are common ly seen, and patien ts 
may progress to quadriplegia, coma, and death. 

Biousse V. Touboul PI, D'Anglejan~Chatil1on J, Levy C, Schaison M, Bousser MG. Ophtha l ~ 

mologic manifestations of internal carotid artery dissection. Am J Ophtha/mol. 1998; 126( 4): 
565-577. 
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A 

Figure 14·17 This 75-year-old woman wi th a 10-year history of hypertension presented with 
acute onset of left facial pain, double vision, and dizziness. On examination, her visual acuity 
was 20130 OU, but she had 2 mm of left ptosis (A) and anisocoria, with the left pupil smaller 
and dilating poorly. Right-beating nystagmus in primary position increased on right gaze and 
was associated with a torsional component. 8, MRI scan revealed an infarct of the territory 
supplied by the left posterior inferior cerebellar artery, producing her central Horner syndrome 
plus skew deviation and nystagmus (Wallenberg syndrome). (Courtesy of Steven A. Newman, MD.) 

Diagnosis 
An MRI scan is the diagnostic test of choice for extracran ial carotid artery dissection. 
Rout ine MRI scanning shows a false lumen or an area of clott ing in the cervical portion 
of the carotid artery (crescent moon sign; see Fig 10-4) and may identify areas of brain 
in farction. Selective arteriography is useful for defining ext racranial and intracranial dis
section and for visualizing the vertebrobasilar system. Carotid Doppler imaging is not 
sufficient if dissection is suspected. 

Treatment 
The treatment of arterial dissection is controversial , depending on the extent and loca
tion of the dissection and the patient's overall condition. Extracranial carotid dissect ions 
involving the proximal portion of the internal carotid artery may be treated surgically. 
Anticoagul ation therapy is often administered, although recanalization of the artery can 
occur with or without its use. Vertebrobas ilar dissect ions cannot be approached surgicaUy, 
but bypass procedures are sometimes employed. 

Beletsky V, Nadareishvili Z, Lynch J, Shua ib A, Woolfenden A, Norris JW; Canadian Stroke Con

sortium. Cervica l arte rial di ssection: time fo r a therapeuti c clin ica l trial? Stroke. 2003;34( J 2): 

2856-2860. 

Arteriovenous Malformations 

Like aneurysms, AVMs are usually congenital and may be fami lial. Symptoms typically 
develop before age 30 with a slight male preponderance, and 6% of patients also have an 
intracranial aneurysm. Intracranial hemorrhage with or without subarachnoid hemor
rhage is the initial presentation in half of the cases. In contrast to patients with saccular 
aneurysms, those with AVMs are much more li kely to become symptomat ic before a hem 
orrhage occurs (Fig 14- 18). Seizures are the nrst man ifestation in 30% of affected pat ients, 
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Figure 14-18 A, This 24-year-old man was referred with a 2- to 3-year history of prominent 
blood vessels in the right eye. B, C, Visual acuity was 20/20 bilaterally, but visual fields dem
onstrated a left homonymous hemianopia . 0 , A T2-weighted MRI scan demonstrated a large 
right basal ganglia arteriovenous malformation (AVM) (arrow). E, A right internal carotid angio
gram confirmed the basal ganglia AVM (arrow). (Courresyof Steven A. Newman, MD.) 
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whereas 20% have headaches or other fo cal neurologic deficits initially. The neurologic 
symptoms may be progressive or trans ient. 

Of the 90% of AVMs that are supratentorial. abo ll t 70% are cortical and 20% are deep. 
The remaining I 0% are located in the posterior fossa or dura mater. Early mortality occurs 
in up to 20% of cases when bleeding takes place. and the rebleeding rate is 2.5% each year. 

Most AVMs bleed into the brain. producing headaches and focal neurologic deficits. 
The neuro-ophthalmic manifestations of an AV M depend on its location. Cortical 

AVMs in the occipital lobe may produce visual symptoms and headaches that resemble 
m.igraine. The visual phenomena are usually brief and un formed, but typical migrainous 
scintillati ng scotomata may. rarely. occur (see Chapte r 12. Fig 12-2). Hemispheric AVMs 
may produce homonymous visual field defects. Signs and symptoms of brain stem AVMs 
are not specific and may include diplopia, nystagmus. dizziness, ocu lar motor nerve palsy, 
gaze palsy. anisocoria, o r pupillary light- near dissociation. Reports o f transient monocu
lar visual loss caused by a steal phenomenon from an intracra nial AVM are rare. 

Some patients with AVMs report a subjective intracranial bruit, and occasionally the 
examiner will detect a brui t with auscultation of the skuLl over the AVM. 

Abnormal arterial communication with one of the dural venous sinuses (dural AVM) 
results in elevated venous pressure and in turn increased intracranial pressure. Dural 
AVMs account for 10%- 15% of intracranial AVMs. Patients often have tinnitus and an 
audible bruit in addition to signs and symptoms of increased intracranial pressure. Dural 
AVMs are difficult to diagnose without catheter angiography and may be mistaken for 
typical idiopathic intracranial hypertension (llH ) (see Chapter 4). Dural AVMs should be 
considered in the pat ient who does not fit the usual IIH demographics and who has no 
other demonstrable cause of increased intracranial pressure. 

Diagnosis 
If bleed ing is suspected. an unenhaneed CT scan will show the hemorrhage. Although 
unruptured AYMs are typically seen on an enhanced CT scan, MRI scanning is more 
sensitive for visualizing sma)) AYMs. MRI scan demonstrates the heterogeneous Signals 
representi ng the various elements of the lesion: blood vessels, brain, flOWing and clot
ted blood. calcium. hemorrhage. or edema. Calci fi ed AVMs are sometimes identifiable 
on plain radiographs or CT scan. Cerebral angiography is reqUired to clearly show the 
anatomy and to define the feeding and draining vessels of the AVM. 

Treatment 
The location of the AVM. the anatomy of feed ing and draining vessels. and the size of 
the lesion all affect the choice of treatment. Surgical resection . ligation of feeding vessels. 
embolizat ion, and stereotactic radiosurgery can be used alone or in combination. Seizures 
usua lly improve with anticonvulsant therapy. 

Kupersmith MJ, Vargas ME. Yashar A, et al. OCCipital arteriovenous malformations: visua l dis
turbances and presentation. Neurology. 1 996;46{4}:953- 957. 

Cerebral Venous and Dural Sinus Thrombosis 

Occlusion of the cort ical and subcortical veins produces focal neurologic symptoms and 
signs, including neuro-ophthalmic findings. The cavernous sinus, lateral (transverse) 
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sin us, and superior sagittal sinu s are most com monly affected. Each produces a distinct 
clinical syndrome. Lateral and superior sagittal sinus thrombosis are more common in 
pregnancy and may present with headaches and papilledema and may simulate IIH. 

Sloan MA,Stcrn 8J. Cerebrovascular disease in pregnancy. Cllrr Treaf OptiollsNeurol. 2003;5(5) : 

39 1-407. 

Cavernous sinus thrombosis 
Cavernous sinus thrombosis (CST) in the septic form results from an infection of the face, 

sphenoid or ethmoidal sinuses, or oral cavity. Rarely, otitis media or orbital cellulitis is 
the calise. Patients develop headache, nausea, vomjting, and somnolence. There may also 

be fever, chiLls, tachycardia, evide nce of meningitis, or generalized sepsis. Ocular signs 
from anter ior infection (facial, dental, orbital) are initially unilateral but frequently be

come bilatera l. They include orbital congestion, lacrimation , conjunctival edema, eyelid 
swelling, ptosis, proptosis, and ophthalmoplegia. Sixth nerve palsy is the most consistent 
early neurologic sign. Corneal anesthesia, facial numbness, Horner syndrome. and venous 
stasis retinopathy can occur. Treatment includes the administration of antibiotics, antico
agulants, or corticosteroids and surgery. 

The signs and symptoms of aseptic CST resemble those of septic CST, but clinical or 
laboratory examination shows no evidence of infection. Pain around the eye is common, 
but orbital congest ion is typically less severe than with septic CST. Anticoagulation or 
anti platelet therapy is often used. 

Lateral (transverse) sinus thrombosis 
Lateral sinus thrombosis may be septic or spontaneous (see Chapter 2, Fig 2-[ [ ). With the 
widespread use of antibiotics, septic thrombosis has become rare, but it may result from 
otitis media. 

Patients develop features of systemic infection as well as neck pain, tenderness of the 
ipsilateral jugular vein, retroauricular edema, and sometimes, faci al weakness. Severe fa
cial pain also may occur and when accompanied by sixth nerve palsy is called Gradenigo 
syndrome. The pseudotumor cerebri- Iike syndrome caused by lateral sinus thrombosis 
was o riginally called otitic hydrocephalus. Complications include meningitis and exten
sion of the thrombosis. It is treated with antibiotics, mastoidectomy with incision and 
drainage of the lateral sinus, and intracranial pressure- lowering agents. Prompt treatment 
yields an excellent prognosis. 

Lateral sinus th rombosis is much more likely to be spontaneous and produce a 
pseudotumor cerebri- like syndrome with increased intracranial pressure. The most com
mon ophthalmic signs are papilledema and sixth nerve palsy. 

Superior sagittal sinus thrombosis 
Aseptic thrombosis is more common than septic thrombosis in the superior sagittal sinus 
(SS5). Septic thrombosis is most commonly a result of meningitis. Other causes of septic 
SSS thrombosis include paranasal sinus infection, pulmonary in fections, tonsillitis, dental 
infections, pelvic inflammatory disease, and otit is media. SSS thrombosis ca n occur dur
ing pregnancy. immediately postpartum, or with oral contraceptive use. Vasculitis and 
systemic inflammatory disorders predispose to this condition. , 
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The symptoms and signs depend on the extent and location of the occlusion within 
the SSS. With thrombosis of the anterior thi rd of the sinus, symptoms are mild or absent. 
Posterior SSS th rombosis may produce a cli nical picture similar to pseudotumo r cerebri , 
with headaches and papilledema. It is a diagnosis to consider in atypical pseudotumor 
cerebri patients. such as slim women and men. If impairment of cerebral veno us drainage 

is marked, altered mental status, seizu res, and focal neurologic signs may develop. Cere
bral blindness is a rare complication. With increasing intracran ial pressure. the condit ion 
can be fatal because of intracerebral hemorrhage and brain hern iation. Treatment is di
rected toward the underlying condition. Anticoagulation, fi brinolytic agents, and intra
crani al pressure-lowering treatments are used. 

Diagnosis 
Abnormalit ies can be seen on unenhanced and enhanced CT and MRI scan , although 
neither test is sensitive enough to be used alone. Standard MRI scan is useful to determ ine 
whether a brain abscess. infarction. hemorrhage. or edema is present. Magnetic resonance 
venography (MRV) is a sensit ive and non invasive method used to visualize the throm
bosed vessels directly. Cerebral angiography demonstrates vascu lar occlusion and is par
ticularly useful fo r visuali zing the internal carotid and ophthalmi c arter ies. 

Neuro-O hthalmic Manifestations of Infectious Diseases 

Myriad infectious diseases rnay result in neuro-ophthalmic mani festations. This text cov
ers the most common infections encountered in the United States. 

Acquired Immunodeficiency Syndrome 

Because of the frequency of ophthalmic complaints in human immu nodeficiency virus 
(H IV) infection, ophthalmologists are often the first physicians seen by a patient with 
acquired immunodeficiency syndrome (AIDS); thus, they must be aware of the di fferent 
presentations of AIDS. Although considered separately in this text, several factors may 
be involved in a single patient. Neuro-ophthalm ic disorders may resul t from infection by 
H IV or from secondary opportunistic infections and malignancy. The eye, afferent visual 
pathways, and ocular motor system can all be affected. BCSC Section 9, Intraocular 111-
flammat ion and Uveitis, discusses the fo llowing conditions in detail. 

Central nervous system lymphoma 
High-grade B-cell non-Hodgkin lymphoma is the second most common malignancy 
in AIDS and the most common neoplasm to affect the CNS. CNS lymphoma can cause 
d iplopia fro m thi rd, four th, or sixth nerve involvement. Lymphomatous infilt ration of 
the orbit and optic nerve may lead to disc swelling and visual loss. The diagnosis is made 
by confirming the presence of neoplastic lymphomatous cells in the spinal flu id or by 
performing stereotactic brain or meningeal biopsy. Changes shown on MRI scan may re
semble those of toxoplasmOSiS, but they are typically periventricu lar wi th subependymal 
spread. Treatment consists of a combination of radiotherapy and chemotherapy. 
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Cytomegalovirus 
Cytomegalovirus (CMV) is most commonly encountered by the ophthalmologist when 
the patient develo ps ret inal lesions. CMV ret ini tis is often the presenting manifestation of 
AIDS. It is a common opportunistic infection in AIDS patients and a major cause ofvisual 
loss. The early lesions are dry, white, granu lar retinal opacifications that may resemble 
cotton -wool spots or "crumbled cheese;' located at the posterior pole or peripheral ret ina. 
Subsequent findi ngs include retinal exudates, vascular sheathing, retinal hemorrhages, 

choroidal inflammation, and exudative retinal detachment. Untreated CMV retinitis is a 
potentially blinding condition. 

Within the CNS, CMV causes optic neuritis and brainstem encephalitis. Anter io r 
optic nerve infection produces acute visual loss with optic disc swelling. This condition 
usually occurs in patients with severe CMV reti nit is. Others develop anterior optic neu
ropathy with m inimal retinitis (Fig 14- 19). Posterior optic neuropathy, which is rare, is 
characterized by slowly progressive visual loss without disc edema. Brainstem involve
ment may produce ptos is, internuclear ophthalmoplegia. ocu lar cranial nerve palsies, 
horizontal and vertical gaze paresis, and nystagmus. 

The diagnosis of CMV infection is made clinically, based on the characteristic ocular 
findings. Serologic tests and cultures may be inconclusive. CNS disease is often difficult to 
confirm , and the d iagnosis is often made presumptively in the presence of elevated CMV 

titers in the blood and CSF. See BCSC Section 12, Retina and VitreoLls, for a complete dis
cussion ofCMV diagnosis and treatment. 

Herpesvirus 
Herpes Simplex and herpes zoster can cause infection in patients with AIDS. Acute outer 
retinal necrosis produces photophobia, ocu lar pain, fl oaters, and decreased visual acuity. 
Ophthalm ic findings include panuveitis, vitritis, ret in al arteri tis, disc edema, and a necro
tiz ing retinitis that initially spares the posterior pole. 

CNS encephalitis is the most common mani festation of herpes infection (Fig 14-20). 

Radiculit is may occur, producing herpes zoster ophthalmicus and Ramsay Hunt syndrome. 
In general, neuro-ophthalmic findings are uncommon with herpesvirus infection . 

Human immunodeficiency virus 
HIV infection itself causes acute and chronic eNS manifestations. Acute aseptic men
ingi tis and meningoencephali t is affect 5%- 10% of patients, just after HIV infection. 
Headache, fever, and meni ngeaJ signs may accompany a mononucleosis-like syndrome. 
Occasionally, altered mental status, seizures, optic neuropathy, and cranial neuropathies 
occur, most commonly seventh nerve paresis. 

HIV encephalopatl1Y, or the AlDS dementia complex, begins with impaired memory 
and concentration, behavior changes. and mental slowness. Abnormal pursuit and sac
cadic eye movements and saccadic intrusions (square-wave jerks) may be present. Late 
manifestations include profound dementia, behavior changes, psychosis, psychomotor 
impairment, weakness, visual neglect. visual hallucinations, seizures, and tremor. An 
optic neuropathy may develop. Ocular signs of HIV infection include cotton-wool spots, 
perivasculi tis. and retinal hemorrhages. MRI scanning demonstrates cerebral atrophy and 
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Figure 14· 19 A, Disc appearance of a 42-year-old woman w ho presented with a 3-week history 
of noticing infe rior shadows 00. B, Visual acuity was 20/20, but visual field testing demon
strated an inferior arcuate visua l field defect. The patient's past medical history was remark
able for transfusion 18 months prior. with evidence of subsequent Pneumocystis pneumonia. 
She was found to be HIV positive, and a diagnosis of CMV optic neuritis was made. (Courtesy 

of Steven A. Newman. MD.) 

areas of white matter hyperintensity on T2-weighted images that correspond to areas of 
demyelination produced by the virus. 

Mycobacterium 
Mycoba cterium tuberculosis and M avium-intracellulare can infect the brain and eye. The 
neuro-ophthalmic man ifestations of tuberculous meni ngitis include photophobia, third 
and sixth nerve paresis, papilledema, retrobulbar optic neurit is, and anisocoria. Cerebral 
infarction can result from obliterative endarteritis. Neuroimaging studies may show hy
drocephalus, abscess formation , granulomas, and en hancement of the basal men inges 
with contrast administration. 



Syphilis 
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Figure 14-20 Axial FLAIR MRI scan showing 
bi lateral tempora l lobe signa l abnormalities in 
a pat ient with herpes encephalit is. (Courtesy of 

Joel Cure. MD.) 

Syphilis frequently accompanies HI V infection, probably because of the shared risk of 
sexual transmission. Ophthalmic presentations include papillitis. retinal hemorrhages. ar
terial and ve n OllS occlusions. vasculitis, chorioretinitis, necrotizing vasculitis, optic neuri
tis, and uveitis. Meningovascular syphilis produces visual field defects and ocular motility 
disorders (ocular motor cranial nerve palsies) in some patients. 

The diagnosis of syphilis may be difficult to make in an immunocompromised host. 
The CSF may show one or more of the following changes: positive syphilis serology, el
evated protein , or pleocy1osis. However, both false-negative and fa lse-positive serologic 

results are more common in the patient with HIV The CSF VDRL alone cannot be relied 
upon to confirm CNS infection. A course of aqueous penicillin G (l2~24 million U/day 
IV for 10- 14 days) is recommended, with reexamination of the CSF to determine the ef
fect iveness of treatment. 

Progressive multifocalleukoencephalopathy 

Originally described in patients wi th Iymphoproliferative disorders and impaired cell

mediated immunity, progressive multifocalleukoencephalopathy (PML) occurs in 1%-4% 
of patients with AIDS. The disease is caused by the IC vi rus, a polyomavirus that de
stroys oligodendrocy1es. Gray matter is relatively spared. The central visual pathways and 
ocular motor fibers can be affected. Neuro-ophthalmic manifestations include homony

mous hemianopia, blurred vision, cerebral blindness, prosopagnosia, and diplopia. Other 
neurologic findings are altered mental status. ataxia. dementia. hem iparesis. and focal 
deficits. 

MRI scan shows areas of demyelination. most frequently in the parieto-occipita l re
gion. PML typically involves the subcortical white matter, with focal or confluent non 
enhancing lesions (Fig 14-2 1). Therapy is aimed at correcting the underlying immune 
defiCiency state. and prognosis is poor. 
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Figur. 14-21 Progressive multifocal leukoencephalopathy (PMl) in a patient with AIDS. A. 
Axial FLAIR image demonstrates increased signal in the left occipital lobe white matter. spar
ing the overlying cortex . B, Axial gadolinium-enhanced T1 ~weighted spin echo image (same 
location as part A) demonstrates a nonenhancing hypointense lesion in the left occipital white 
matter. T1 hypointensity is typical of PML lesions. Note the absence of mass effect and negli
gible enhancement. (Courresy of Joel Cure, MO) 

Toxoplasmosis 
Ocular toxoplasmosis is not a com mon complication of AIDS. but CNS toxoplasmosis 
affects approximately one third of AIDS patients. Ret inal lesions are usually found adja
cent to blood vessels. Toxoplasmic optic neuritis is rare, characterized by subacute visual 
loss and optic nerve swelling. at times accompanied by a macular star (neuroretinitis). 

CNS toxoplasmosis produces multi focal lesions. with a predilection for the basal gangli a 
and the frontal, parietal, and occipital lobes. Patients develop headaches, foca l neurologic 
deficits. seizures. mental status changes. and fever. Neuro-ophthal mic findings include 
homonymous hemianopia and quadrantanopia. ocular motor palsies, and gaze palsies. 
Lifelong ant itoxoplasmosis treatment is necessary to prevent recurrences. 

MRI scann ing typica lly shows multiple lesions that are isointense with the brain on 
T I-weighted images and isointense or hyperintense on T2 -weighted images. Gadolinium 
administration reveals enhancement. 

Bakshi R. Neuroimaging of HI V and AIDS related illnesses: a review. Frollt Biosci. 2004;9: 

632-636. 

Currie J. AIDS and neurooophthalmoIogy. Curr Opill Ophthalmol. 1995 ;6(6):34 - 40. 
Ormerud LD, Rhodes RH, Gross SA, Crane LR, HOllch in KW Ophthalmologic manifestations 

of acquired immunodeficiency syndrome- associaled progressive multifocalleukoencepha. 
lopathy. Ophthalmology. t 996; I 03(6);899- 906. 
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Lyme Disease 

Lyme borreliosis is caused by infection with Borrelia burgdorferi, a spirochete transmitted 
by deer ticks. The disease typically occurs in 3 stages and can produce ocular and l1euro
ophthalm ic mani fes tat ions. Lyme disease is d iscussed further in BCSC Section 1, Update 
Ofl GeNeral Medicine, and Section 9, intraocular Inflammation and Uveitis . 

In stage I, 60%-80% of patients develop a localized infection characterized by a skin 
rash (erythema chronicU1l1 m;grans) that is sometimes associated with fever, regional 
lymphadenopathy, and minor constitutional symptoms (Fig 14-22). This stage typically 
occurs within days or weeks of infection. The ocu lar fin di ngs include conjunctivi tis. 
photophobi a, periorbi tal edema, diffuse choroidi tis, exudative retin al de tachment, and 
iridocycl it is. 

Stage 2 follows withi n days or weeks and represents disseminated infection through 
the blood or lymphatic system. Stage 2 is associated with symptoms in the skin, nervous 
system, or musculoskeletal si tes. Annular or malar rash, arthra lgia, pancarditis, lymph 
adenopathy, splenomegaly, hepatitis, hematuria, proteinuria, malaise, and fatigue may 
be present. Neuro-ophthalmic find ings at this stage consist of keratitis, panophthalm i
tis, papilledema (pseudot'u111or cerebri - like syndrome), granulomatous iri tis, vitrit is. pa rs 
pla ni tis, and orbital myosit is. Two thirds of patients have ocu lar find ings at this stage. 

Figure 14-22 Erythema chronicum 
migrans, the characteristic skin rash 
of stage 1 Lyme disease. (Courtesy of 

Roben L. Lesser. MD.) 
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Cranial neuropathies can occur, most commonly facial nerve palsy, optic neuriti s, menin 
git is with headache and neck stiffness, and rad iculopathies. 

Stage 3 represents persistent infect ion. Arthritis and scleroderma-like skin lesions are 
prominent. Keratit is and neurologic conditions predominate, including chron ic encepha

lomyelitis. spastic paraparesis. ataxic gait. subtle mental disorders, and chronic radicu
lopathy. The neurologic picture may resemble MS, clinically and radiographica ll y. 

The diagnosis is made clinically when the pat ient has been exposed to an endemic area 
(the patient might not recall a tick bite) and shows the typical rash of erythema chronicum 
migrans. The presence of an elevated Lyme antibody titer in the serum or CSF is helpful. 
The ELISA is typically used for screen ing, but the Western blot technique confirms the 
diagnosis. 

Treatment should be orchestrated by an infectious disease specialist. 

Balcer LJ. Winterkorn JM, Galetta SL. Neuro-ophthalmic manifestations of Lyme disease. 
J Neuro-aphthalmol. 1997; 17(2): 108- 121. 

Fungal Infections 

Fungal infections are caused by species that proli fe rate either with polymorphonuclear 
leukocyte deficiencies (aspergillosis, mucormycosis, blastomycosis, candidiasis) or with 
defective T-cell fun ction (cryptococcosis, histoplasmosis, coccidioidomycosis). The 2 
main types of fungi are molds and yeasts, although some fungi can have characterist ics 
of both . 

Molds (filamentous fung i) are composed of hyphae, which extend and branch to form 
a mycelium, enabling the mold to grow. Molds reproduce when a portion of the hyphae 
breaks off. Aspergillosis and mucormycosis are CNS infections caused by molds. 

Yeasts are round, with outpouchings ca lled buds or pseudohyphae. Yeasts are septated 
and reproduce by budding: the parent cell divides and one of the daughter nuclei migrates 
into a bud on the surface of a cell. Cocc idioidomycosis, cryptococcosis, and histoplasmo
sis are caused by yeasts. Candida ca n grow as a yeast or a mold. 

Weinstein JM . Viruses (except retroviruses) and viral diseases. In: Mil ler NR, Newman NJ, eds. 
Walsh and Hoyt's Clin ical Neuro-Oplllhalmology. 6th ed. Vol 3. Philadelphia: Lippincott Wil 
liams & Wilkins; 2005:2775- 2825. 

Aspergillosis 
The Aspergillus fungus grows in hay, grain , decaying vegetation, soil , and dung. It is con
tracted by inhaling or cheWing grain. breathing in a building during renovation, or eating 

contaminated foods (pepper). The most freq uent mode of transmission is inhalation of 
spores. Many species of Aspergillus infect humans. The 3 main types of in fections are al
lergic aspergillosis, aspergillomas, and invasive aspergi llosis. 

AllergiC aspergillosis affects the bronchopulmonary system and the paranasal sinuses. 
Neuro-ophthalmic fmdings are rare; they occur secondarily with sphenoid sinus involve
ment. Signs and symptoms include optic neuropathy, proptosis, diplopia, and headache. 

Aspergillomas, or fungus balls, may arise in the orbit, paranasal sinuses, or brain. 
They can occur in either imlllullocomprom ised or immunocompetent patients. Orbital 
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aspergillomas produce symptoms of orbital masses, with proptosis, visual loss, diplopia, 
and pain. Orbital lesions also typically involve the sinuses or brain. Extension to the optic 
canal, cavernous sinus. optic nerves, and optic chiasm produces neura-ophthalmic find 
ings (Fig 14-23) . Intracranial aspergillomas act like mass lesions in causing progressive 
neurologic deficits. 

Invasive aspergillosis typica lly occurs in immunocompromised patients. Most pa
tients initially have pulmonary involvement, although the skin , orbit, or sinuses may be 
the nidus of in fection. eNS infection occurs secondarily by either direct or hematogenous 
spread of organisms. Ophthalmic manifestat ions include acute retrobulbar optic neuropa
thy, endophthalmitis, orbital apex syndrome, and cavernous sinus syndrome. Vascular 
invas ion produces cerebral infarction or hemorrhage. Meningitis, intracranial abscess. 
epidural and subdural hematoma, mycotic aneurysm formation, and encephalitis are seri· 
ous sequelae of invasive aspergillosis. 

Treatment includes systemic corticosteroids and antifungal agents such as ampho· 
tericin B. New azoles such as voriconazole and posaconazole may be superior to ampho
tericin B in the management of invas ive aspergillosis. Su rgical intervent ion is necessary to 
treat aspergi llomas and invas ive aspergillosis. The mortality rate for invasive aspergillosis 
is extremely high (>90%) . 

Figur.14-23 This 82-year-old woman presented with a 6-week history of left brow and orbital 
pain. A. 4 weeks prior to evaluation she suddenly lost vision in her left eye and 1 week later 
she developed ptosis and proptosis. B. CT scan revealed a destructive lesion at the orbital 
apex, which on fine-needle aspiration biopsy Ie) proved to be an aspergilloma. 

, 
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Levin LA, Avery R, Shore JW. Woog H, Baker AS. The spectrum of orbital aspergillosis: a cli ni
copathological review, Surv Dpllt/lalmol. 1996;41 (2): 142-154. 

MetcalfSC. Dockrell DH. Improved outcomes associated wi th advances in therapy for invas ive 

fungal infections in imtnunocompromised hosts. J Infec t. 2007;55(4):287- 299. 

Mucormycosis 
Mucormycosis is caused by several different mold fungi of the Zygomycetes class. These 
fungi, which inhabit decaying matter, are ubiquitous but of such low virulence that infec
tion occurs only in debilitated hosts. The mold enters the body through the respiratory 
tract and proliferates, causing hyphal invasion of tissues. It grows rapidly, producing a 
more acute infection than other fungi. These organisms have a predilection for blood 
vessels; and hemorrh age, thrombosis, and ischemic necrosis are hallm arks of the disease. 
Aneurysm and pseudoaneurysm formation in the intracranial vascu lature can produce 
devastating consequences when rupture occurs. The 2 types of mucormycosis producing 
ophthalmic involvement are rhinocerebral and CNS mucormycosis. 

Rhinocerebral mucormycosis usually occurs in patients with diabetes, patients taking 
corticosteroids, or neutropenic patients receiving antibiotics. The initial infection spreads 
fro m the facial skin, nasal mucosa, paranasal sinuses, or the hard palate (Fig 14-24). The 
fungus spreads to the nearby blood vessels, affecting the orbital vessels, carotid arteries, 
cavernous sinuses, or jugular veins. Orbital and neurologic signs are produced by in farc
tion, thrombosis, or hemorrhage. Untreated, rhinocerebral mucormycosis may bring 
about rapid deterioration, leading to death wi thin days. A few patients develop a chronic 
course with Uttle indication of systemic iUness. 

Most patients have headache or fac ial pain. Other symptoms and signs depend on 
the location of the in fectio n. Orbital involvement produces orbital swelling, pain on eye 
movement, conjunctival injection and chemosis, corneal ulceration, ophthalmoplegia, 
and visual loss. Retinal infarction, ophthalmic artery occlusion, and optic nerve infiltra
tion are mechanisms of blindness. Other common presentations are pain ful diplopia and 
cranial neuropathy. An orbital apex, cavernous sinus, or chiasmal syndrome may be pres
ent. Neurologic signs include hemiparesis, aphasia, seizures. and altered mental status. 

Central nervous system mucormycosis is very rare. The fungus usually gains access to 
the CNS from the nose or paranasal sinus) but there is no nasal, sinus, ocular, or orbital 
d isease when the neurologic manifestations appear. In fection of the orbit, palate, nose, 
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and sinuses typically occurs secondarily. Meningitis. abscesses, cranial nerve involvement, 
and seizures are com mOil. 

The diagnosis of mucormycosis requires a high index of suspicion, because many of 
the laboratory investigations are nonspecific. Computed tomography scan may demon
strate bone destruction, soft- tissue alteration in the paranasal sinuses and o rbit, air- fluid 
levels in the sinuses and o rbits, o r brain abscess forma tion. MRI scan, MRA, and arteriog
raphy may be helpful for showing vascular thrombosis. The definitive test is a biopsy that 
demonstrates vascular invasion, tissue necrosis, eschar formation, inflammatory cells, and 
non septate hyphae. 

Mucormycosis has a mortali ty rate of about 50%. The underlying systemic disease 
should be treated and immunosuppressant agents eliminated, if possible. Therapy includes 
aggressive surgical debridement of necrotic tissue and administration of amphotericin B. 
The new tr iazole, posaconazole, shows promise in the treatment of mucormycosis. Hyper
baric oxygen may be helpful. 

Spell berg B. Edwards J, Ibrahim A. Novel perspectives on mucormycosis: pathophysiology, 

presentat ion and management. Clin Microbial Rev. 2005;18(3}:556-569. 

Cryptococcosis 
Cryptococcus neoformans, the most common fungus causing cryptococcosis, is found in 
pigeon droppings and contaminated soil. Although it is ubiquitous, it rarely causes in fec
tion in otherwise healthy people. However, infection does occur in approxi mately 10% of 
patients with AIDS, and it is the most common life-threatening mycosis in these patients. 

The most common neuTo-ophthalmic abnormality is papilledema from cryptococcal 
meningitis. The onset of sym ptoms is usually insidious, with a waxing and wan ing course. 
Headache. nausea, vomiting. dizziness, and mental status cha nges are the most com mon 
complaints. Diplopia from unilateral or bilate ral sixth nerve palsies may occur as a false 
localizing sign of increased intracranial pressure. Inflammation at the base of the brain 
produces other cranial neuropathies. Photophobia, blurred vision, retrobulbar pain, hom
onymous visual field defects. or nystagmus may occur. 

OptiC nerve involvement manifests as a retrobulbar neuritis, producing gradual visual 
loss ove r hours to days. It is postulated that adhesive arachnoiditis is one cause of visual 
loss with cryptococcal infections. The infiltration of organisms within the visual pathways 

and the perioptic meninges has been shown postmortem. Other ophthalmic complica
tions include papilledema, ret inochoroidi tis, and cotton-wool spots. 

The diagnosis is confirmed by demonstrating the C neoformans capsular ant igen or 
by isolat ing the yeast in the CSF. Most patients with CNS cryptococcosis have dissemi
nated disease. with evidence of infection in the blood, lun gs, bone marTOW, skin, kidneys. 
and other o rgans. Seru m antigen titers are helpful for this reason. 

Antifungal treatment consists of amphoter icin Band flucytosine. Int rathecal ampho
tericin treatment may be necessary. Fluconazole or itraconazole is used for maintenance 

therapy. Visual loss caused by papilledema can be prevented with CSF shunting or optic 
nerve sheath fenestration. The mortality rate of patients with treated CNS cryptococ
cosis is 25%-30%. The prognosis is worse in pat ients with an underlying malignancy or 

AIDS. 

Perfec t JR, CasadevaU A. Cryptococcosis./llfect Dis Clill North Am. 2002; 16(4 ):837-874 . 
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PriOR Diseases 

Prion diseases, also known as transmissible spongiform encephalopathies, include kuru in 
New Guinea; sporadic Creutzfeldt-Jakob disease (C/O), which is found worldwide; and a 
new variant ofC/O (vC/D) found mostly in the United Kingdom and France. Variant C/D 
has been linked to bovine spongiform encephalopathy ("mad cow" disease), which is a 
pri~n disease in cattle. 

Prions are infect ious agents formed by the conversion of a normal cell surface protein 
(PrPC) to a misfolded cell surface protein called PrPCJD or Prpsc (for the animal prion 
disease scrapie). Upon association with a normal Prpc molecule, an abnormal PrPCJD in
duces a conformational change in the normal protein, resulting in propagation of the ab
normal form. The resulting accumulation of the abnormal prion protein alters neuronal 
function, causing the symptoms of C/O. Sporadic C/O may result from somatic mutation 
in the pri~n protein gene or, more likely, from the spontaneous, random conversion of a 
normal pri~n protein to an abnormal pri~n protein and the subsequent expansion of the 
altered form. About 10% of CJD cases are familial and due to inherited mutations in the 
PrP gene. 

Creutzfeld-Jakob disease (C/O) is uniformly fatal, presenting as a rapidly progressive 
dementia that results in death, usually in 8 months. The most commonly reported visual 
symptoms include diplopia, supranuclear palsies, complex visual disturbances, homonymous 
visual field defects, hallucinations, and cortical blindness. Occasionally, in the Heiden hain 
variant of C/O, patients present primarily with isolated visual symptoms. 

Diagnostic testing includes MR!, electroencephalogram (EEG), lumbar puncture, 
and possibly brain biopsy. MR! diffusion-weighted images show typical high-intensity 
cortical and basal ganglia lesions. The EEG shows typical periodic sharp wave complexes 
(PSWCs) . Cerebrospinal fluid usually contains the 14-3-3 protein. Brain histopathology 
shows a spongiform degeneration. No treatment is currently available. 

Buono LM. Prion disease.Int Ophtha/mol Clil1. 2007;47(4):121 - 129. 

Radiation Therapy 

Several types of radiation therapy (RT) are currently available, and techniques continue 
to evolve and emerge with scientific advances. Traditional whole-brain RT, which is used 
to treat cerebral malignancies, is delivered in fractions over approXimately 1 month. More 
recent advances, such as 3-dimensional conformal RT, use a computer to help concentrate 
radiation in a precise area; this is accomplished through the use of complex asymmet
ric 3-d imensional shapes. Radiation surgery (radiosurgery) refers to linear accelerator or 
gamma knife techniques, which are distinct from traditional radiation therapy. Radio
surgery is typically given in a Single sitt ing, using computer-based techniques to focus 
radiation at the desired regions. These techniques may treat malignancies, occasional in
flammatory lesions, and vascular malformations. 

Complications of RT directed at the nervous system may take several forms and can 
occur years after therapy. Immediate complications include transient swelling of the in
volved tissue. Later complications of neuro-ophthalmic interest include radiation necrosis , 
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Figure 14-25 A, Axial and (B) coronal Tl-weighted fat-suppressed MRI of a patient with ra
diation optic neuropathy. Radiation was performed for a pituitary adenoma, and the patient 
developed visual loss 00 > OS months after the radiation . MRI demonstrates enhancing optic 
nerves (arrows) in the prechiasmal region. (Photographs courresy of Eric Eggenberger, 00.) 

cranial neuropathies. and ocular nelll"amyotonia (see Chapter 8). Radiation necrosis in
volves death of nervous system tissue with attendant edema. This may simulate the imag
ing appearance of recurrent neoplasm on traditional MRI or CT imaging. Occasionally, 
functional imaging techn iques such as PET or magnetic resonance spectroscopy (M RS) 
are required to sepa rate these entities radiographically; neoplasms generally display a hy
permetabolic profile, whereas radiation necrosis is hypo metabolic in nature. 

Of greater concern to the neuro-ophthalmologist is radiation optic neuropathy. This 
rare complication typica lly occurs months after radiation administration and produces 
subacute optic neuropathy. Radiation optic neuropathy is in part dose- related, being more 
likely to occur with higher doses (of len >5000 cGy). M RI scan of radiation optic neuropa
thy usually demonst rates an enhancing optic nerve (Fig 14-25). Treatment is often inef
fective, but anticoagulat ion, hyperbariC oxygen, and corticosteroids have all been used. 
Ocular neuromyotonia occurs months to years after radiat ion treatrnent. This uncommon 
syndrome produces episodic "spasms" of eN Ill , IV, or VI, causing recurrent short-lived 
episodes of diplopia. Although rare, this entity is important for the ophthalmologist be

cause it responds to carbamazepine. 

Barnett GH, Lindsey ME, Adler JR , et al; American Assoc iation of Neurological Surgeons; 

Congress of Neurological Surgeons Washington Committee Stereotactic Radiosurgery 1:1Sk 
Force. Stereotactic rad iosurgery- an organized neurosurgery-sanctioned defin ition . J Neu 

rosllrg. 2007; I 06( 1),1 - 5. 
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Study Questions 

Although a concerted effort has been made to avoid ambiguity and redundancy in these ques

tions, the authors recognize that differences of opinion may occur regarding the "best" answer. 

The discussions are provided to demonstrate the rationale used to derive the answer. They may 

also be helpful in confirming that your approach to the problem was correct Of, i f necessary, in 

fi xing the principle in your memory. 

I . The medial orbital wall is composed of all of the following bones except: 

a. ethmoid 

b. palatine 

c. maxilla 

d. sphenoid 

2. The brainstem hori zontal saccad ic generator is the 

a. nucleus ret icularis tegmenti pontis 

b. paramedian pontine reticular formation 

c. interst itial nucleus of CajaJ 

d. rostral interstitial nucleus of the medial longitudinal fasciculus 

3. The test least likely to be helpful in determining nonorganic visual loss is 

a. Goldmann perimetry 

b. automated perimetry 

c. confrontation visual field tes ting 

d. vertical prism dissociation test 

4. A 20-year-old, previously healthy, man complai ns of head ache and has a fixed, dilated left 

pupil. His examination is otherwise normal. Which of the following is least likely to be 

helpful in the initial evaluation? 

a. dilute (0.1 %) pilocarpine test 

b. 1 % pilocarpine test 

c. cocaine test 

d. observat ion 

5. A 54-year-old woman reports visual loss in the right eye occurring over 3 days. Vision is 

no light perception in the right eye. What fi nding would suggest non organic visual loss? 

a. direct pupillary light reaction 

b. no eye movements when a mirror moves over the right eye 

c. no eye movements when a 6 D base-out prism is placed over the right eye 

d. no monocular optokinetic nystagmus when the OKN drum is rotated from the pa

tien t's left to right 
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6. Which of the following characte rizes the vest ibular ocu lar refl ex? 

a. It conveys information concerning angular head acceleration. 

b. It subserves pursuit eye movements. 

c. It is concerned with the accuracy of saccad ic eye movements. 

d. It conveys auditory input to the bra in. 

7. Which of the following is characteristic of saccadic eye movements? 

a. They always travel at a constant high rate of speed. 

b. They vary the ir speed in accord with the in tended amplitude of the movement. 

c. They are rarely used to explore environmental space visually. 

d. They often overshoot their target in normal individuals. 

8. A horizontal gaze palsy is indica tive of which of the followin g' 

a. a les ion of the ipsilateral frontal lobe 

b. a les ion of the contralateral frontal lobe 

c. damage to the pontine gaze centers 

d . carotid territory cerebral infarction 

9. A pupil-sparing third (oculomotor) nerve palsy with aberrant regeneration 

a. may rarely be due to diabetes 

b. often indicates a structural lesion compressing the oculomotor nerve 

c. is best evaluated with CT 

d. may be "m icrovascular" in origin and requires assessment of stroke risk facto rs 

10. Which of the following is true of fourth (t rochlear) nerve palsies? 

a. They are a common cause of diplopia postt rauma. 

b. They can genera lly be diagnosed by observation of the ductions. 

c. They are associated with abducting nystagmus. 

d. They are commonly related to compressive les ions, such as aneu rysms. 

11. Which of the following is a form of jerk nystagmus? 

a. ocular flutter 

b. oculopalata l myoclonus 

c. opsoclol1uS 

d. downbeat 

12. Dm .. mbeat nystagmus often local.izes to wh ich area? 

a. parasellar region 

b. dorsal midbrai n 

c. cerebral hemispheres 

d. cervicomedullary junction 

l3. Which of the following statements regard ing the pupils is true? 

a. Dense amblyopia can cause an ipsilateral afferent pupillary defect. 

b. Dense macular scars of age- related macular degenerat ion typically produce afferent 

pupillary defects. 
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c. Optic tract les ions cannot produce afferent pupillary defects because the fibers are post

ch iasma!. 

d. Bilateral afferent pupillary defects are seen with bilateral optic neuropathies. 

14. W hich of the following statements regarding perimetry is false? 

a. The automated visual field is the best peri metric means of quantitating visual field 

loss. 

h. The Amsler grid is the best visual fie ld test for assessing metamorphopsia. 

c. Goldmann perimetry is the best visual field test for those who require active interac

tion with the examiner. 

d. The tangent screen is the best visual field test for patients with multiple sclerosis. 

15. A 35-year-old woman presents with sudden painful loss of vision of her right eye. Her 

examination reveals vis ion of 20/80 00 and 20/20 as. Pupils demonstrate an afferent 

pupillary defect of the right eye. A dellse inferior altitudinal defect encroaches 011 central 

fixat ion aD, and the left visual field is normal. The remainder of the exami nation is nor

mal , including the fundus examination. How would you counsel this patient? 

a. She is unlikely to have optic neuritis because the optic nerve on examination is normal; 

however, she needs an MRI scan of the orbits to rule out a tumor. 

b. She has optic neuritis and should begi n one of the proven treatments for multiple scle

rosis (MS) to prevent its onset. 

c. She has optic neuritis and should have an M Rl scan of the brain to assess her risk for MS. 

d. She should have an MRI scan to rule out a tumor. as well as take oral cort icosteroids to 

assess the benefit. 

16. A 28-year-old obese woman complains of transient visual loss lasting seconds in the right 

eye when rising from a bent position. Examination reveals normal acuity au with bilat

eral disc edema. W hat is the best course ofaction? 

a. medical therapy for intracran ial hypertension; no need for neuroimaging 

b. CT of the brain, then medical therapy for intracranial hypertension 

c. MRI, MRV,lumbar puncture, then medical therapy for intracranial hypertension 

d. CT of the brain, then a shunting procedure for intracranial hypertension 

17. A 77·year-old hypertensive man complai ns of sudden loss of vis ion in the left eye. He is 

found to be 20/25 OD and light perception OS, with a dense left afferent pupillary defect. 

Right fundus examination demonstrates a normal optic disc but a number of cotton-wool 

spots. Examination of the left eye shows pallid disc edema and cotton-wool spots as well. 
What is the appropriate sequence of evaluation in this patient? 

a. immediate erythrocyte sedimentation rate (ESR) and C-reactive protein ; the office to 

call patient wi th results 

b. immed iate ESR and C-reactive protei n, then the institution of corticosteroids, followed 

by a temporal artery biopsy 

c. immediate ESR and C-reactive protein, then a temporal artery biopsy, followed by the 

institution of corticosteroids, depending on biopsy results 

d. immediate ESR and C-reactive protein. then the institution of corticosteroidsj no bi

opsy necessary if clinical suspicion is high 
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18. Which of the following would be the best imaging study in a patient with a right optic 

neuropathy and third nerve palsy? 

a. MRI of the brain and orbits with contrast and fat suppression 

b. MRA of the head and neck 

c. cerebral arter iography 

d. M RI of the brain with contrast 

19. W hich of the following clinical findings would make CT preferable to MRI in a patient 

with optic neuropathy? 

a. history of multiple sclerosis and optic neuritis 

b. history of cochlear implantation 

c. history of allergic reaction to iodinated contrast 

d. history of pituitary adenoma 

20. Which of the follow ing condit ions involvi ng the facia l muscles is most likely to be unilat

eral? 

a. apraxia of eyelid open ing 

b. essential blepharospasm 

c. hemifacial spasm 

d. Guillain-Barre syndrome 

21. A lesion causing facial palsy and ipsilateral decreased hearing and nystagmus is most 

likely 

a. a pontine stroke 

b. a cerebeUopontine angle tumor 

c. Bell's palsy 

d. a parotid gland tumor 

22. Which of the following clinical findings is most likely to suggest the need for additional 

diagnostic testing in a patient with headaches? 

a. headaches that alternate sides 

b. family history of headaches 

c. change in the pattern of headaches 

d. headaches precipitated by certain foods 

23. A patient with unilateral pain with eye movement, a relative afferent pupillary defect, and 

normal ocular motility most likely has 

a. inflammation within the cavernous sinus (Talosa-Hunt syndrome) 

b. optic neuritis 

c. trigeminal neu ralgia 

d. myositis 

24. Visual hallucinations may occur as <1 result of all of the following except: 

a. bilateral visual loss (Charles Bonnet syndrome) 

b. sildenafil citrate (Viagra) 
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c. cancer-associated re tinopathy 

d. parietal lobe lesions 

25. A patient with a normal eye examination , includ ing visual fi eld testi ng, is unable to see 

both a pen and bottle held in front of him . Th is is known as 

a. optic atax.ia 

b. prosopagnosia 

c. simultanagnosia 

d. Anton syndrome 

26. Which of the following characterizes alexia without agraphia? 

a. It results frolll a disconnection between hem ispheres. 

b. It is a form of visual -spatial relationship disruption. 

c. It occurs when the dominant parietal lobe is damaged. 

d. It is part of Balint syndrome. 

27. A previously hea lthy 24-year-old woman complains of blurred vision and mild pain 

around the right eye fo r 2 days. Visual acuity is 201 100 OD with a right RAPD. Fundus

copy is normal. An MR] shows 2 ovoid periventicular white matter les ions. Which of the 

following statements is true? 

a. She should be treated with intravenous methylprednisolone to ensure visual recovery. 

b. Her risk of developing multiple sclerosis is 25% over the next 15 years. 

c. Immunotherapy (eg. interferon beta- Ib) should be considered to decrease the risk of 

developing multiple sclerosis. 

d. It is unlikely her vision will improve. 

28. A 67-year-old woman developed variable double vision 1 month ago and appears to have 

fatigable ptosis. She has no systemic symptoms. Which of the fo llowing statements is 

true? 

a. A normal anti -acetylcholi ne receptor antibody level effectively ru les out myasthenia 

gravis. 

b. Her ri sk of developing generalized myasthenia is about 20%. 

c. The 30% occurrence of concomitant thyroid eye disease may complicate the diagnosis 

of myasthenia. 

d. An improvement of2 111m in ptosis fo llowing a 2-minute ice applicat ion to the eyelid 

confirms the diagnosis of myasthenja. 

29. Which of the following conditions does not predispose an individual to specific intracra

niallesions? 

a. ataxia- telangiec tas ia (Louis-Bar) 

b. racemose angioma (Wyburn-Mason) 

c. retinal angiomatosis (von Hippel-Lindau) 

d. tuberous sclerosis (Bou rneville) 
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30. A 78-year-old man with ischemic heart disease and hypertension experiences a single 

IO-minute episode of painless visual loss in his left eye. He describes the episode as a "gray 

wi ndow shade" being pulled down and then released. Which is the most likely etiology of 

his visual loss? 

a. migraine 

b. vertebrobasilar ci rculation insufficiency 

c. Uhthoff phenomenon 

d. retinal artery embolus 

31. The main finding of the North American and European trials (NASCET 1991 and ECST 

1995) that compared medical therapy to carot id endarte rectomy in patients with symp

tomatic carotid stenosis was that 

a. there is no difference between med ical and surgical therapy in preventing stroke 

b. medical treatment is superior to surgical treatment for reduci ng the risk of ipsilate ral 

stroke in patients with severe (~70%) carotid stenosis 

c. surgical treatlnent is superior to medical treatment for reducing the risk of ipsilateral 

stroke in patients with severe (;?:70%) carotid stenosis 

d. su rgical treatn1ent is superior for reducing the risk of ipsilateral stroke, regardless of 

the degree of carotid stenosis 

32. A healthy 50-year-old woman acutely develops a painful. postganglionic Horner syn

drome. Imagi ng should be directed to find what pathology? 

a. brainstem stroke 

b. apical lung tumor 

c. carotid dissection 

d . multiple sclerosis 

33. All of the following are features of Adie tonic pupil except: 

a. segmental contraction of the iris sphinc ter 

b. poor light refl ex 

c. predilection for children and adolescents 

d. cholinergic denervation supersensitivit-y 

34. Dyschromatopsia and a relative afferent pupil defec t in a patient wit h 20120 visua l ac uity 

most likely indicates a disorder of the 

a. retina 

b. optic nerve 

c. optic radiation 

d. visual cortex 

35. In a 78-year-old wo mall with sudden loss of vis ion and a history of malaise, weight loss, 

and earache, which of the following is Illost appropriate? 

a. CT scan of brain and orbits 

b. MRI of brain 
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c. immediate referral to a neurologist 

d. evaluat ion of erythrocyte sedimentation rate and C-reactive protein 

36. The most impor tant factor in determining the workup ofa patient with acu te third nerve 

pa lsy is 

a. age of patient 

b. pupil involvement 

c. presence or absence of pain 

d. visual acu ity 

37. Leber hereditary optic neuropathy is associa ted with 

a. sex-linked recessive transmission 

b. au tosoma l recessive transmission 

c. a pathognomonic optic nerve appearance 

d. a mitochondrial DNA mutation 

38. The most likely cause of transient binocular loss of vision in a 2 1-year-old woman is 

a. migraine 

b. thromboembolism 

c. pseudotulllor cerebri 

d. cerebral arteriovenous malformation 

39. A patient wi th sudden o nset of severe headache, sL'{th nerve palsy, and a bitemporal visual 

field defect likely has 

i.\. a ruptured ophthalmic artery aneurysm 

b. pituitary apoplexy 

c. meningeal carcinomatosis 

d . multiple sclerosis 

40. A n isolated sixth nerve palsy in a patient older than 50 years is most often due to 

a. demyelinating disease 

b. traumatic brain injury 

c. microvascu lar ischem ia 

d. brain tumor 

\ 
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l. b. The medial wall of the orbit is composed of the maxillary. lac rimal. sphenoid. and eth 
moidal bones. The palatine bone forms a small area of the orbital fl oor. 

2. b. The excitatory burst neurons for generating horizonta l saccades are located in the para· 
median pontine reticular formation (PPR F). Horizontal smooth pursuit eye movements 
ar ise from the nucleus of the si.x th nerve. The nucleus reticuiaris tegmenti pontis contains 
the long-lead burst cells within the brainstem. Located with in the midbrain, the inter
stitial nucleus of Cajal contains inhibitory bllfst neurons fo r ve rtical saccades and is the 
vertical integrator for vertica l gaze. The rostral interstitial nucleus o f the mediallo llgitudi 
nal fasciculus, which is also located in the midbra in, is the vertical and torsional saccadic 
generator. 

3. h. Visual field abnormalities with automated perimetry can often be feig ned by patients 
with nonorganic visual fleld loss, even in the setting of reliable testing ind ices. In non· 
organic visual fiel d loss, Goldmann perimetry can demonstrate spiraling or overlapping 
(reversal) of isopters. Confrontation visual field testing can be used to show nonorgan ic 
pe ripheral visua l field loss when the patient responds correc tly to the number of fingers 
held in the previously unseen visual fie ld. Patients with nonorganic unilateral visual loss 
will indicate double vision with the vertica l prism dissociation test. 

4. c. The cocaine test is helpful when evaluating a pa tient with a miotic pupil suspected of 
having a Horner pupil. The dilute (0.1 %) and I % pilocarpine tests should be considered 
in a patient wi th a fixed and dilated pupil possibly due to an Adie pupil or pharmacologic 
mydriasis, respectively. 

5. a. Any d irect pupilJary light reaction indicates some level of afferent visuaJ fun ction. A 
negative mirror test, negative monocular O KN response. and negative base-out prism test 
are all indicative of organic and profou nd visual loss. 

6. a. The vestibular ocular reflex (VOR) is primarily involved in senSi ng angular head ac
celeration and conveys this information to the ocular motor centers to faci litate rapid 
and compensatory eye movements, allowing the fovea to remain on the targe t of regard. 
Although the eighth cranial nerve transmits both cochlear (hea ring) and vestibular infor
mation , the VOR is not concerned with auditory information. 

7. h. Saccades follow a "main sequence" pattern, with increasing velocity in proportion to the 
intended amplitude of the movement; accordingly, larger saccadic eye movements travel 
at a fas ter rate of speed than do small saccades. Saccades are the primary method used 
when exploring space visually. Hypermelr ic. or saccades that overshoot their target, are 
always abnormal, generally indicating cerebellar dysfunction. Saccades are eas ily tested at 
the bedside by having the patient d irec t his or her gaze between targets. 

8. c. A horizontal gaze palsy typ ically indicates damage to the ipsilateral pontine horizontal 
gaze center (eg, a right pontine horizontal gaze center les ion produces a right gaze palsy; 
the eyes will be deviated to the left and unable to 1110ve flilly rightward). Gaze prefer
ences indicate a supranuclear lesion of the frontal eye fie lds; a right frontal lobe les ion 
produces a tendency for the eyes to be deviated to the right . bllt this can be overcome by 
the vestibular ocular refl ex (hence the supranuclear nature of the lesion). Carotid territory 
infarctions would not be expected to affect the pontine horizontal gaze centers. 
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9. b. Aberrant regeneration indicates compression of the outside of the oculomotor nerve; 
the most common pathologic entities producing th is are aneurysm, tumor (meningioma), 
or trauma (easily seen in the history). Dependi ng on the individual case fea tures, this is 
often best evaluated by M Rl or angiography (contrast or noninvasive angiography such 
as e TA or MRA). Aberrant regeneration never results from a microvascular (eg, diabetic) 
third nerve palsy or myasthenia gravis. 

10. a. Fourth nerve palsy is the most common cause of posttraumatic d iplopia. It requi res 
alternate cover testing in all positions of gaze to determine if the pattern con forms to the 
Parks- Bielschowsky 3-step test. Although internuclear ophthalmoplegia is commonly as
sociated with abducti ng nystagmus, it is not a fea ture of fourth nerve palsies. Aneurysmal 
compression rarely causes a fo ur th nerve palsy. 

11 . d . Downbeat is the only form of jerk nystagmus among this group. In order to be classifi ed 
as nystagmus, a slow phase is required; accordingly, fl utter, square waves, and opsoclonus 
are saccad ic intrusions because they have only fas t phases and no slow phases. Oculopala
tal myoclonus is a form of pendular nystagmus, which has only slow phases. Downbeat 
nystagmus has a fas t and a slow phase, thus quali fying as a form of jerk nystagmus. 

12. d. Downbeat nys tagmus often 10caJizes to a lesion in the cervicomedullary junction. 

13. a. Dense amblyopia has been reported to cause a mild relative afferent pupillary defect 
(RA PD). Macular sca rs, despite the profound cent ral loss of acuity, do not cause an affer
ent pupillary defec t. O ptic tract lesions may result in an RAPD of the eye contralateral to 
the lesion because each tract contains more crossed fibers than uncrossed fibers. Because 
RA PD measures the afferent input of 1 optic nerve versus the other, there is no such th ing 
as bi lateral RAPDs. 

14. d . Automated visual fie lds offer Significa nt adva ntages over manual perimetry. but quanti 
tative analys is is more un iform, comparable, and useful for scienti fic studies. The Amsler 
grid allows the patient to explai n the distortion he or she sees. Goldmann perimetry offers 
an advantage for child ren and the elderl y, who need more interaction with the exam iner, 
but it requi res a skilled technician o r examiner. The tangent screen is most useful in test
ing fo r nonorganic visual loss. 

15. c. This is the most common clinical presentation of optic neuritis: acute painful loss of 
vision in a woman between L8 and 45 years of age. The Optic Neuritis Treatment Trial 
(ONTT) recommendations include all MRI scan of the brain to assess the risk of multiple 
sclerosis. If the patient has 1 or more white maHer lesions, her risk is 72% in a IS-year 
period, whereas the patient with a normal MRI (zero leSions) has a 25% risk of MS; the 
highest rate of conversion falls within the first 5 years. The overall rate of conversion of 
all patients to MS is 50% at 15 years. Patients with abnormal MRis should be re fe rred to a 
neurologist to determine if the patient should begi n one of the es tablished treatments to 
delay the onset and progression of MS. 

16. c. Although idiopathic int racranial hypertension (I IH) is a lead ing cause of papilledema, 
it remains a diagnosis of exclusion. Before establish ing the diagnosis of I1H , all patients 
with papilledema should undergo emergent neuroimaging to rule out a mass lesion, sub
sequent lumbar puncture wi th documentation of the opening pressure, and a determ ina
tion of spinal flu id composition. The majority of patients respond favorably to medical 
therapy. Surgical treatment should be reserved for patients who fa il maximal medical 
therapy. 
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17. h. This patient has suffered ischemic optic neuropathy. Given his age, profound degree of 
visual loss, bilateral cotton~wool spots, and pallid disc edema, giant cell arteritis should 
be considered Likely. The risk of contralateral visual loss is imminent (within days), and 
therefore corticosteroids should be instituted immediately, followed by a temporal artery 
biopsy. A biopsy is important to support long-term corticosteroid use in older patients, 
who often have other medical problems that place them at high risk for corticosteroid
induced complications. 

18. a. The combination of an optic neuropathy and third nerve palsy suggests that the prob
lem involves the orbital apex. MRI is better than CT in delineating soft-t issue disease de
tail. Fat suppression should be used to eliminate the hyperintense (bright) signal created 
by orbital fat, which would obscure the anatomical contents of the orbit. 

19. h. Cochlear implants are metallic and a contraindication for MRl. 

20. c. Hemifacial spasm is characteristically unilateral, whereas apraxia of the eyelid opening, 
essential blepharospasm, and Gu illain -Barre syndrome cause bilateral abnormalities. 

21. b. The cerebellopontine angle lies in close proximity to the eighth (vestibu loacoustic) 
nerve and the seventh (facial) nerve. A pontine stroke would not cause decreased hearing. 
Bell's palsy causes a facial palsy without nystagmus. 

22. c. A family history of headaches is often seen in patients with primary headache disorders 
such as migraine and tension headache. Some known precipitants of migraine include red 
wine, monosodium glutamate, and caffeine. Recurrent unilateral headaches, especially if 
they alternate sides, are characteristic of migraine. A change in the pattern of headaches 
may indicate a structural lesion. 

23. h. Pain with eye movement and a relative afferent pupillary defect are clinical hallmarks 
of optic neuritis. Processes isolated to the cavernOliS sinus are not associated with optic 
neuropathy and are often associated with ocular motor cranial nerve palsy resulting in 
diplopia. Isolated myositis and trigeminal neuralgia are not associated with an optic 
neuropathy. 

24. h. Sildenafil citrate (Viagra) may cause perception of a blue tinge (an illusion). Formed 
and unformed visual hallucinations may occur secondary to severe bilateral visual loss 
(Charles Bonnet syndrome). Cancer-associated retinopathy frequently causes flashing 
lights (unformed hallucinations), and parietal lobe lesions may produce either formed or 
unformed hallucinations. 

25. c. Simultanagnosia is a failure to integrate multiple elements of a scene. A patient with 
optic ataxia will reach for an object and miss it. Prosopagnosia is the inability to recognize 
faces. Anton syndrome is the denial of visual loss; it usually occurs with cortical blindness 
due to bilateral parieto-occipital lesions. 

26. a. Alexia without agraphia results from a disconnection between hemispheres (occipital 
lobe to dominant angular gyrus). It is not a form of visual-spatial relationship disrup
tion (eg, simultanagnosia). Damage to the dominant parietal lobe produces alexia with 
agraphia. Balint syndrome comprises the triad of simultanagnosia, optic ataxia, and ac
quired oculomotor apraxia. 

27. c. Several studies have shown that patients at high risk for developing MS (I neurologic 
episode and 2 or more plaques) have less risk if treated with immunotherapy. Intravenous 
methylprednisolone may hasten visual recovery but does not alter the ultimate recovery 
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of vision. Her risk of developing MS is 72% over the next 15 years (lor more plaques and 
I episode of optic neuritis). Vision usually improves over 3 months. 

28. d. The ice test is safe and confirmatory when improvement of at least 2 mm of ptosis oc
curs. Anti-acetylcholine receptor antibodies are positive in only about 60% of patients 
with ocular myasthenia. As many as 85% of patients who present with ocular myas the
nia go on to develop system ic myasthenia. If the patient has ocular myasthenia for only 
2 years, the conversion rate is about 10%. Concomitant thyroid eye disease occurs in about 
5% of patients. 

29. a. Ataxia-telangiectasia. Wyburn-Mason syndrome includes midbrain arteriovenous mal 
formations; retinal angiomatosis includes cerebellar hemangioblastomas; and tuberous 
sclerosis is named for the intracranial hamartomas (tubers) that occur. 

30. d. The historical description is particularly important in the evaluation of a patient with 
transient visual loss. Migrainous visual loss typically progresses to a maximal deficit over 
20 minutes, is often accompanied by positive visual phenomena, and usually affects both 
eyes. Vertebrobasilar insufftciency causes a transient homonymous hemianopic deficit. 
Uhthoff phenomenon is visual loss associated with increased body temperature and in
dicates demyelinating disease, an unlikely disorder for a 78-year-old man. Retinal artery 
embolus produces acute, pain less, monocular visual loss that usually lasts for less than 
5 minutes and often has an altitud inal pattern described as a "curtain" descending over 
vision. 

31. c. NASCET prospectively compared the effectiveness of carotid endarterectomy with 
medical management in pat ients with symptomatic carotid arte ry stenosis. Patients with 
amaurosis fugax. carotid T lAs. or mild strokes were randomized to either medical man
agement. which included daily aspirin, or carotid endarterectomy followed by medical 
management. Subsequent stroke was sign ificantly reduced in patients with 70%-99% ca
rotid stenosis who underwent surgery, provided that the morbidity and mortality rates for 
angiography and surgery at the treating facility were acceptable «4%). Surgery was not 
better than med ical therapy in patients wit h moderate (50%-69%) carotid stenosis. 

32. c. Acute, painful Horner syndrome is an emergency and should be considered a carotid 
dissection until proven otherwise, particularly if accompanied by other neurologic defi 
cits. sllch as visual loss. hemispheric dysfunction, difficulty swallowing (dysphagia), or 
distorted sense of taste (dysgeusia). Most cases can be diagnosed from noninvasive imag
ing (head and neck MRJ with and without contrast). The reason for such urgency in these 
patients lies with the high risk of emboli zation to the eye or brain within the first 2 weeks 
following a dissection. Early anticoagulat ion is generally recommended. 

33. c. A tonic pupil represents injury to the postganglionic parasympathetic pathway. Most 
cases of unilateral tonic pupil are idiopathic, called Adie pupil; occur in women between 
the ages of20 and 50 years; and do not require neuroil1laging. 

34. b. Although dyschromatopsia and a relative afferent pupi llary defect might occur with 
extensive retinal disease, these findings are characteristically seen with optic nerve disor
ders. Lesions of the optic radiations or visual cortex do not cause pupil abnormalities. 

35. d. This patient has a history strongly suggestive of giant cell arteritis. Erythrocyte sedi
mentation rate and C-reactive protein elevations further support the diagnosis, which is 
confirmed histologically with a temporal artery biopsy. The ophthalmologist should initi
ate treatment and take steps to confirm the diagnosis without delay. 



390 • Answers 

36. h. The status of the pupil in a patient with acute third nerve palsy, regardless of age, pres
ence or absence of pain, or level of visual acuity, is critically important. A patient with 
pupil involvement should be considered to have an intracranial aneurysm until proven 
otherwise. 

37. d. Leber hereditary optic neuropathy is related to a mitochondrial DNA mutation, most 
frequently at the 11778 position, less commonly at the 3460 and 14484 locations. The 
mutation is transmitted by mitochondrial DNA inherited from the mother. Thus, only 
women transmit the disease. 

38. a. Thromboembolism, pseudotumor cerebri, and cerebral arteriovenous malformations 
can cause transient loss of vision, but they are much less likely to do so than migraine, 
which occurs in approximately 20% of women and is often associated with transient mon
ocular or binocular visual disturbances, with or without headache. 

39. b. Sudden loss of vision, headache, and ocular motor nerve palsies occur with rapid ex
pansion of a pituitary tumor into the suprasellar and cavernous sinus regions. Prompt 
neuroimaging and emergency management are essential in these cases. 

40. c. Sixth nerve palsies can occur with demyelinating disease, traumatic brain injury, and 
brain tumor, but they most commonly occur in adults with vasculopathic risk factors and 
are thought to be due to microvascular ischemia. Spontaneous recovery within 3 months 
typically occurs in these patients. 
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differentiation. 134-135, 1351 
b-\.".we. of elect roretinogram, 109. Sce also 

Electroretinogmm 
Baclofen. for nystagmus, 257 
Balint syndrome. 194,2 10 
Band atrophy. in optic tract syndrome. 166 
Bartollella "e"selac. cat -scratch disease caused b)'. 130 
Basal ganglia. 36, 40[. 41 ,6 1 

dysfun ction of in blcpha rospnslll, 289 
Base-oul prism test, in nonorganic ophthal mic 

disorders. 309 
Basilar artery. 12. 13I. 21. 22/ 

aneurysm of, 350. 3501 
cra nial nerve relationship and, 52/ 
dissection of. 353, 354 
median perfor-llors of, 2 1-23 

Basilar plexus. 27/ 

Index . 393 

l3asilar-type (complicated) migraine, 185,295-296. Sec 
also Migraine headache 

Basilar vein of Rosenthal. 26 
Battle sign, 287 
BehavioraVpsychiatric disorders. hallucinations! 

illusions in. 188t 
Bell 's palsy. 286 
[Jenedikt syndrome. 226 
Henign episodic pupillary myd riasis, 274 
Benign facial fascicu lations, 292 
Benign paroxysmal positional vertigo. nystagmus and. 

250 
Benign retinal vasculit is (pa pil1ophlebilis), 131 - 132. 

132f 
Ilernasconi -Cassinari. artery of, 16 
nerry (saccular) aneurysm, 350 
Best-corrected visual acuity. in 10\'" vision assessment, 

92 
Beta (p)- interfcron , for multiple sclerosis. 327 
Betaseron. Sec Interferon beta 
Bilateral acoustic!central (type 2) neu rofibromatosis, 

338. 339t. 340-341. See also Acoustic neuromas! 
neurofibromas 

Hilateral no ligh t perception, testing, 307-308, 308/ 
Bilateral vision/bilateral visual loss. See Binocular vision 
Binocular blu r. 2 15 
Binocular diplopia. 218 
Binocular transient visual loss. 173. 185-186 
Binocular visio n 

assessment of 
low vision e,'alllation and, 91 
nonorganic disorder evaluation and, 311-314. 313/. 

314J. 315f 
lransientioss and, 173, 185- 186 

13ipolar cells. 16,28,29 
Birth tra uma. congenital faci.1I palsy and, 287 
Bitemporal visual field loss. chi asmal lesions causing. 

159-162. 160f. 161f 
IJlcpharospasm 

essenti al. 289-290, 289t, 2901 
nonorganic. 3 17 
rcOex, 292 
transient visual loss and. 175 

Blind spot , 27 
idiopathic enlargement of, 11 2- 11 3 

Blindness. Sce also Visualloss/impairment 
bilalernl. test ing. 307-308. 3081 
cerebral/cortical. 172. 195 
day, in cOile dystrophies. 114 
monocular, testing. 308-3 10. 309I. 3101 

Blindsight. 196 
Blinking. abnormal. illusions caused by. 188 
Blood oxygenation level-dependent (BOLD) imaging. 

69.80 
Blowout frac tures. diplopia :lfter, 238-239 
lllunltrauma. See (l/so Trauma 

anisocoria caused by, 269-270 
pupil irregularity caused by. 263 

Blurred vision/blurring 
ocula r misal ignment and. 215 
vertebrobasilar insuffiCiency and, 186.347 

Bobbing, ocular. 210. 2SI/, 259 
BOLD (blood oxygenation level- dependent) imaging. 

69.80 
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Bony orbit. See Orbit, bony 
Borrelia burgdorferi, 363. Sec also Lyme disease/Lyme 

borreliosis 
Bottom~up acuity testing. in l1onorganic ophthalmic 

disorders, 31 1 
Botu linulll toxin, type A 

for blepharospasm. 290 
for corneal exposure in facial palsy, 288 
for hemifacial spasm, 291 
for migraine headache. 298 
for nystagmus, 258 

Botulism poisoning, ptosis/facial paralysis caused by, 280 
I~ourneville disease/syndrome (tuberous sclerosis), 3391, 

341 
Bovine spongiform encephalopathy ("mad cow" 

disease),368 
Bow tie atrophy, 30j. 166 
BPPV. See Benign paroxysmal positional vertigo 
Brachium conjullctivum, 20/, 46, 48 
Brai n. See specific structure and Ill/der Cerebrnl 
Brain stones (calcified astrocytic hamartomas), in 

tuberous sclerosis, 341,342/ 
Brainstem 

lesions of 
arteriovenous malformations, 356 
coma caused by, eye movements and, 258-259 
facial weakness/paralysis caused by, 285 
gaze palsy caused by. 210. 21 1/ 
vestibular d isorders and, 205 

in ocular motility. 37. 42-49, 44/. 45/. 46f, 47/. 49/ 
BrainSlem encephalit is 

cytomegalovirus infection causing. 359 
saccadic intrusions and. 256 

I3rainstem neural net\\'ork, 40 
I3rainstem pursuit generalors, 42/ 
Brainstem saccade generators, 40. 40/ 
Breast cancer 

metastatic, numb chin associated with, 303 
paraneoplastic~induced saccadic intrusions and, 256 

Brodmann area 8, 40 
Brodmann area 17 (striate cortex), 28/. 34, 35f See {llso 

Visual (calcarine/occipital) cortex 
Brodmann area 18 (paraslriate cortex), 28/. 34. See (liso 

Visual (calcarine/occipital) cortex 
Brown syndrome, 239-240, 240/ 
Bruits, carotid, 180 
Bruns nystagmus, 250 
Huccal nerve, 6 1 
Budge~ Waller, ciliospinal nucleus of, 63 
Bull's-eye depigmentation, in cone dystrophies, 114 
Burst cells, 46, 46/ 

C·reactive protein. in giant cell arterit is/ AAION, 126t, 
320 

c~wave, of electroretinogram, 109 
CA DASI L. See Cerebral autosomal dominant 

arteriopathy with subcorticlll infarcts and 
leukoencephalopathy 

Cafe-au-tail spots 
in neurofibromatosis, 338, 340/ 
in tuberous sclerosis, 341 

Cajal, interstitial nucleus of, 38, 39j. 42-44, 44/. 203 
skew deviation and, 222 

Calcarine artery, 22/ 

Calcarine corlex. See Occipital (primary visuall 
calcariJle/striate) cortex 

Calcarine fissure, 34, 35/ 
Calcifications, neuroimaging in evaluation of, 82t, 87 
Calcified astTocytic hamartomas (bmin stones), in 

tuberous sclerosis, 341,342/ 
Calcium embolus, transient visual loss and, 177, 178/. 

179t 
Catdwell -Luc procedure, for thyroid eye disease, 334 
Canal. See specific type 
Canal of Dorello. 50 

sixth nerve injury/palsy at, 235 
Cancer-associated retinopathy. 11 2, 11 4- 11 5, 190 
CAR. See Cancer-associated retinopathy 
CAR an tigen (recoverin), 11 5 
Cardiac emboli, transient visual loss and, 177- 178, 179/ 
Carotid arter ies 

common, IJ/ 
dissection of, 353, 354 

neuroimaging in evaluation of, 821, 354 
pain caused by, 301, 302 

external, 12, 13-15, 13[ 15/ 
internal, II/. 12, 13/. 14/. 15, IS/, 16, 17f, 18f, 20/ 

aneurysm of. 164,350, 350j. 35 [ 
chiasmal syndromes caused by, 164 
third nerve palsy and, 229, 273, 351 

cra nial nerve relationship and, 52! 
dissection of, 353 

Horner sy ndrome and, 267, 268, 269f, 302, 353 
ncuroimaging in evaluation of, 821 
stenting of, 182- 183 
ul trasonography in e\'aiualioll of. 81.180 

Carotid bruits, 180 
Carotid cavernous sinus fi stula, 237-238, 237/ 

ncuroimaging in evaluation of, 821 
Carotid endarterectolllY, for carotid stenosis, 181- J 82 
Carotid stenosis/carotid territory ischemia 

neu roimaging in evalmltion of. 81, 82t, 180 
stroke risk and, 18 1, 1811 
transient visual loss caused by, 173, 174, 177- 183, 

179/. 183- 184 
treatment of, 181- 183 

Carotidynia, 302 
CAS. See Carotid arteries, stenting of 
Cat-scratch disease, 130 
Cataract, "Chri stmas tree," in myotonic dystrophy, 338 
Cata ract surgery 

diplopiil after, 239 
illusions caused by, 188 
pupil irregularity caused by. 263 

Catheter/convent ional/contrast angiogmphy, 77, 79! 
in aneurysm detec tion, 229 

Cavernous sinus, 6/. 10,26, 26/. 27/ 
abducens nerve in, 50-5\ 
carotid arter), fistulas and, 821, 237-238, 237/ 
ophthalmoplegia caused by lesions of, 236-238, 237/ 

Cavernou s sinus syndrome. 351 
Cavernous sinus thrombosis, 357 
Central caudal nucleus, 53 
Central nervous system 

lymphoma of, 358 
mucormycosis of, 366-367 

Central retinal artery, 13f, 14/. IS, 16,31 
Centra l retinal vein, 19/. 24, 24/ 



Central vestibular nystagmus, 2491, 250-253, 2511, 252J 
Cephalgias, trigeminal autonomic, 299 
Cerebellar arteries 

anterior inferior, 21, 22J 
cranial nerve relationship and, 52J 

posterior inferior, 21, 22J 
superior, 20f, 22f, 23 

cranial nerve relationship and, 52J 
Cerebella r hem:lngioblastom:l, wi th retinal angiomatosis 

(von Hippel- Lindau disease), 3391, 344 
Cerebellopontine angle tumors 

Bruns nystagmus and, 250 
seventh nerve (facial) palsy and, 286, 287J 
six th nerve palsy and, 234 

Cerebellum, 48- 49 
dysfunction of in multiple sclerosis, 323 

Cerebral achromatopsia, 194 
Cerebral aneurysm, 349-353, 350f, 35 If, 352J 

neuroimaging in diagnosis of. 77, 79f, 80. 821 
ruptured, 351. 351J 
third nerve palsy and, 228, 228f, 273, 35 1 

aberrant regeneration and, 232 
divisional p"lsy and, 231 
pupil-involving palsy and, 229, 229f, 273, 35 1 
pupil-sparing pa lsy and, 230 
in younger patients, 231 

Cerebral artery 
aneurysms of, 350f See also Cerebral aneurysm 
anterior, 20-2 1 

cranial nerve relationship and, 52J 
middle, 20, 20j: 21 

crani"l nerve relationship and, 52J 
posterior, 12, 19, 20f, 22J 

cr"llial nerve relationship and, 52J 
Cerebral :lutosomal dominant arteriopathy with 

subcortical infarcts and leukoencephalopathy, 
migraine-like heildache in, 300 

Cerebral/cortical blindness, 172, 195 
Cerebral diplopia, 218 
Cerebral peduncles, 20J 
Cerebral ptosis, 280 
Cerebral venous thrombosis, 356-358 
Cerebrofac ial (encephalotrigeminal) angiomatosis! 

Sturge-Weber syndrome, 339t, 34 1-342, 343J 
Cerebrospinal fluid , in syphilitic serology, 361 
Cerebrovascular disease, 3-17-358. See also specific type 

(HId Stroke 
fourth nerve palsy caused by, 234 
internuclear ophthalmoplegia caused by, 225 
neuro-ophthalmic s igns of, 347-358 
neuroimaging in evaluation of, 82t 
sixth nen'e palsy caused by, 234, 235 
third nerve palsy c:lused by, 230 
transient visual loss caused by, 173 

Cervical ganglia, 63 
Cervicofacialtfunk, of cranial nerve VII (facial), 61 
CFEOM 1 (congenital fibrosis of extraocular muscles 

type I) syndrome, 240 
Channelopathy, migraine headache and, 296 
Charles Bonnet syndrome, 191 
Chemotherapy (cancer), for optic nerve glioma, 152, 

153 
Chiasm (optic), 28f, 31-32, 32f, 33/ 

gliomas involVing, 151, 164 

Index. 395 

lesions of, 159- 165 
anterior chiasmallesions and, 159-161, 160J 
bitemporal visual loss patterns and, 159-162, 160f, 

161/ 
mid-chiasmallesions and , 161 , 161J 
in multiple sclerosis, 324 
neuroimaging in evaluation of, 82t, 84, 84f 
parasellar lesions and, 162- 165. 163J 
posterior chiasma I lesions and, 161 

Children 
Horner syndrome in, 267- 268 
idiopathic intracranial hypertension in, 124- 125 
nellroimaging in, 82t 
nystagmus in, 245- 247. See also Nystagmus 

monocular, 246-247, 2511 
optic nerve sheath meningioma in, 149 
third nerve palsy in, 231-232 

Cholesterol emboli (Hollenhorst plaques), transient 
visllalloss and. 175f, 177, 179t 

Chorda tymp"ni. 61 
Choristomas, 338 
Choroid,28 
Choroidal artery 

anterior, 19- 20, 20J 
lateral, 20J 
posterior, 22J 

ChorOidal vein, 24 
"Christmas tree" cataracts, in myotonic dystrophy. 338 
Chronic migraine, 293. See also Migraine headache 
Chronic progressive external ophthalmoplegia (C PEO), 

336-337.336/337/ 
ptosis in, 280, 336, 336J 

Cigarette smoking 
optic neuropathy and, 154 
thyroid disease and, 333 

Ci liary arteries 
anterior, 14J, 16- 18 
long. 13f, 14f, 18 
posterior, 14J. 18- 19 
short,13f, 14f, 18 

Ciliary ganglion, 59f, 66J 
Ciliary muscle spasm (spasm o(;lccommodation), 3 16 
Ci lioretinal artery, 18, 19/ 
C iliospinaJ nucleus of Budge- Waller. 63 
Cilostazol, for carotid artery disease, 182 
C ingulate gyrus. 63 
Circle of Willis, 20 
Circle ofZinn-Haller, 19 
Circular venous plexus, 27J 
CJD. See Creutzfeldt- Jakob disease 
Classic migraine, 191 .295, 296f See also Migraine 

headache 
Claude syndrome, 226 
Claudication, jaw 

in AAION, 125 
in giant cel l arteritis, 319 

Clinoid process, anterior, 7f, 9J 
Clivus (umbo), 7 
Clonazepam, for nystagmus, 257 
Clopidogrel, for carotid artery disease, 182 
Cluster headache, 299 

Horner syndrome and, 268 
CMV See Cytomcgaloviruses 
CN_ See Congenital nystagmus 
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eNS. See Central nervous system 
Coagulation, disorders of, transient visual loss and, 

184- 185 
Cocaine 

anisocoria diagnosis and, 264, 265f, 266, 267 
Horner syndrome diagnosis and, 26Sf, 266, 267 

Cochlear artery, 21 
Cochlear nerve, 48 
Coenzyme QlO> for Leber hereditary optic neuropathy, 

138 
Cogan lid- twitch sign, 276- 277, 328 
Cogwheel (saccadic) pursuit, 2 J3 
Collateral vein, anterior, 24/ 
Collateral vessels, retinochoroida! (optod li ary shunt 

vessels), 25,149 
in optic nerve sheath meningioma, 149, ISO! 
in papil!edcma, 121 - 122 

Colliculus 
facial,61 
superior, 39f, 40j, 4 I, 61 

Collier sign 
in convergence-retraction nystagmus, 256 
in dorsal midbrain syndrome, 211, 273, 281 

Colloid bodies. See Optic disc (optic nerve head), 
drusen of 

Colobomas 
optic nerve/optic disc, 143 
pupil irregularity and, 263 

Color plate testing, pseudoisochromatic, in low vision 
evaluation, \04- \05 

Color vision 
defects in 

cortical lesions and, 194 
in dominant optic atrophy, 139 
in optic neuritis, 144 
simultanagnosia and, 194 

retina as source of changes in, 189 
testing, in low vision evaluation, 104- 105 

Coma, eye movements in patients in, 258- 259 
Comitance, spread of, 219 
Comitant (concomitant) de\'iations, 219 
Commissure, posterior, 38, 39f 
Common carotid artery, 13f 
Common migraine, 296. See also Migraine headache 
Communicating arteries 

an terior, 20 
aneurysm of, 350f, 351 
crania l nerve relationship and, 52f 

posterior, 19, 20J, 22J, 23 
aneurysm of, 350J, 351 

third nerve palsy and, 228f, 229, 229f, 273, 351 
crania l nerve relationship and, 52f 

Complex cells/neurons, 34 
Compressive optic neuropathy 

intraorbitallintracanalicular, 149-154 
optic glioma causing, 151 - 154, l SI}; 1521 
optic nerve sheath meningioma causing, 149-15 1, 

150f.1501 
in thyroid eye disease, 147- 149, 148f, 333 

Computed tomographic angiography (CTA), 69, 78-80 
advantages/disadvantages/contra indications and, 861 
in aneurysm detection, 229, 229f 
in carotid artery evaluation, 180 
in cerebral aneurysm, 352 

Computed tomography (CT scan), 70- 72, 71f 
advantages/disadvantages/contraindications and, 

86-88,861 
Cone dystrophies, 114 
Cones, 27-28 
Confrontation testing, 98 

in non organic opht halm ic disorders, 312-313 
Confusion tests, in nonorganic ophtha lm ic disorder 

eval uation 
monocular no ligh t perception and, 309- 310, 310f 
monocular reduced vision and, 310- 311 

Congenital anomalies, of optic disc and nerve, 141 - 143, 
142j; 143f 

Co ngenital fibrosis of extraocular muscles type I 
(CFEOMl) syndrome, 240 

Co ngenital fibrosis (congenital cranial dysinnervation/ 
ageneSiS) syndro mes, 240- 241, 241 

Congen ital nystagmus, 243, 244f, 245 - 246 
Congeni tal oc ular motor apraxia, 209- 210 
Congen ital ptosis. See Ptosis 
Congenita l tilted disc syndrome (Fuchs coloboma), 

142- 143,142f 
Congruolls visual field defects, retrochiasrnal les ions 

prodUCing, 165 
Conjugacy, saccad ic system evaluation and, 203, 209 
Conjunctiva, telangiectasia of, in ;\taxia- telangiectasia, 

344. 345f 
Conjunctival a rteries, 14f 
Consensual response, in pupillary reaction to light, 262 
Con trast/ca thete r/conventional angiography, 77, 79f 

in aneurysm detection, 229 
Con trast sensitivity, testing, 105- 106 
Contrast sensit ivity funct ion (CSF), 105 
Cont rast threshold, 105 
Convergence, 198 

assessment of, 204 
disorders of, 213 - 214 

Conve rgence insufficiency, 213, 2221 
Convergence-retraction nystagmus. 44, 251 t, 256 
Convergence spasm, 214, 2221 
Converse bobbing, 259 
Copaxone. See Glatiramer 
Cordarone. See Amiodarone 
Corectopia, 264 
Cornea, disorders of 

decreased vision and, III 
eye pain and, 300 
illusions caused by, 188 

Co ronal suture, 7 
Cortex, occipital/visual. See Occipita l (primary visual/ 

calcarine/striate) cortex 
Cortical/cerebral blindness, 172, 195 
Cortical syndromes, 191 - 196, 1921 

recognition disorders and, 192-194, 1921, 193f 
vision/visual deficit awareness disorders and, 1921, 

195-196 
visual- spatia l relationship disorders and, 192t, 

194- 1 95, 195f 
Cort icosteroids (steroids) 

for Bell's palsy. 286 
for giant cell arterit is/AA!ON, 126-127, 1261, 320 
for idiopathic intracranial hypertension, 124 
for multiple sclerosis, 327 
for optic neurit is, 146 



ptosis caused by eyedrops containing. 280 
for thyroid eye disease. 148- 149. 333- 33.J. 334 
(or traumatic visual loss, 156- 157 

Cotton-wool spots, in AA ION, 125- 126 
CPEO. See Chronic progressive external 

ophthalmoplegia 
Cranial dysinncrvation, congenital (co ngenital fibrosis/ 

agenesis syndromes), 240- 241,241 
Cranial fossae 

anterior, 6/. 7, II/ 
middle.6f, 8, I I/ 

neuroimaging in evaluation of, 821 
posterior, 6/ 

neuroimaging in evaluation 0(, 82t, 85. 88 
Cnmial nerve II (optic nerve). See Optic ne rve 
Cnm i<11 nerve III (oculomotor nerve) , 10f, 39, 39f, SOf, 

5 If. 52f, 53-55, 53f, 59f. 6(,/ 
aberrant regenerat ion of, 232, 232/ 

pupillary reactivi ty disorders and, 273t 
diplopia associated with lesions of. 223. 227 

aberrant regeneration and, 232, 232f 
horizontal gaze and. 45f 
palsy or. See Third nerve (oculomotor) palsy 
saccadic system and, 40 

Cranial nerve IV (trochlear nerve). 10f, 39. 39f, 50f, 
51-53, 5 If. 52f. 53f. 59/ 

diplopia caused by lesions of, 223, 226- 227 
palsy of. SCI.' Fourth nerve (trochlear) palsy 
saccadic system and, 40 

Cranial nerve V (trigeminal nerve). 53J. 57-60. 57/. 58/. 
59/ 

facia l pain caused by lesions of, 303 
V l (ophthalmic nerve), 53/. 59, 59/ 
V l (maxillary nerYe). 53f, 59/. 60 
V) (mandibu lar nerve), 53f, 59f, 60, 61 

Crania l nerve VI (abducens nerve). 10j. 39, 39f. 50-5 \. 
50f. 5 If. 52f. 53f, 59/ 

diplopia caused by lesions of. 227. 233- 234 
horizonta l gaze and. 4'1- 46, 45f. 210 
p,tlsy of, Sec Sixth nerve (abducens) palsy 
saccadic system and, 40 

Cranial nen·e VII (facial nerve). 5 If, 52/. 60- 61, 62f 
aberrant regeneration 0(. synkinesis in, 284. 284/ 
autonomic function 0(, testing, 282- 283 
brainstem lesions involving. 285 
diplopia and, 227 
di stribution of, 283/ 
eva lu;l tion of, 282- 284, 283/ 
facial movement abnormalities caused by disorders 

of, 277, 282-292 
o\'eractivity and, 288-292, 2891, 290[, 291/ 
underact ivity and, 284- 288. 284f. 285(, 287/ 

fixed. di lated pupil caused by damage to, 316 
peripheral lesions involVing, 285- 288. 287/ 
sarcoidosis involving, 287. 288, 335 
supranuclear lesions involving. 28'1- 285 
surgical ablation of, for essential blepharospasm, 

290 
synkinesis caused by lesions 0(, 284f. 286 
tumors involving, 286, 287/ 

Cranial nerve VIII (auditory nerve). 39. 45/. 48 
Cra nial nerves. 38. 50-55. 5 If. 52-53! See also specific 

lIerve 
ocu lar motor, 38. SO-55. 5 If. 52-53f 

palsyJparalrsis of 
isolated, See specific Iype 
in Lyme disease, 364 
microvascular. 301 
multiple, diplopia caused by, 236 
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in multiple sclerosis, 325 
ncuroimaging in evnl uation of, 85. 85/ 

Craniofacial bones. 5, 7-8f 
Cra niopharyngiomas. 163f, 164 

n)'stagmus caused by, 254 
~Crescent moon Sign," in internal ca rotid artery 

aneur)'sm, 269/. 354 
Creutzfeldt -Jakob disease, 368 
CRN. Sec Convergence-retraction nystagmus 
Crocod ile tears. 285 
Cross-over test, alternating, 216 
CryptococCl/s l1eofonllmls (cryptococcosis). 367 
CS'I: See Cavernous sinus thrombosis 
crlcr scan. See Computed tomography 
CrA. See Computed tomographic angiography 
CYlomegaloviruses, in HIV infection/AIDS, 359, 360f 

0 · 15 test, in 10\\1 vision evaluation. 105 
Darkschewitsch. nucleus of, 39f, 42 
Day blindness (hemeralopia), in cone dystrophies, 114 
Deafness (hearing loss), vestibular nystagmus and, 248, 

2491,250 
Decibel, 100 
Decompression, orbital. for Ih)'roid c)'e disease. 149,334 
Decreased vision. See Low vision; Visualloss( 

impainncn t 
Deep temporal artery, 15/ 
Deiters. ascending tract of, "Sf. 46- 47 
Delirium, hallucinations and. 187 
Dementia 

AIDS-associated (HI V encephalopathy), 359- 360 
hallucinat ions and, 187 

de Morsier syndrome (septo-optic dysplasia), 141 
Demyelination/delllyelinating disease 

internuclear ophthalmoplegia caused by. 225 
multiple sclerosis, 321 -322, 322f. See also Multiple 

sclerosis 
neuroimaging in evaluation of, 82t 
optic neuritis and. 144. 1'15f 

illusions and, 189 
Dentate nuclt·us. 48 
Depigmentation, bull·s-cyc. in cone dystrophies. 114 
Depression of eye (downgaze) 

extraocu lar muscles controlling, 55-56, 56/ 
limi tation of, 210-2 11 
in premal'Ure newborn, 212 

Dermopathy, nephrogenic nbrosing, gadolin ium 
causing. 72 

Desaturated IS-hue test, Lanlhony, in low vision 
evaluation, 105 

Deviations. 211 - 113 
in comatose patients. 258 
comitant (concomitant), 219 
incomitant (noncomi tant ), 2 19, 220/ 
lonic.211 - 2 13 

Devic syndrome (neuromyelitis optical, 147 
Diabetic papillopathr. 130- 131 , 131/ 
Diamox. See Acetazolamide 
Diffusion -\\1eighted imaging (DWI). 69. 73, 78/ 
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Digital subtraction angiography. 77 
Digoxin, visual changes caused by. 189 
Dil:!tor muscle, tadpole pupil caused by spasm of, 263 
Diplopia. 215- 241 

binocular, 2 18 
in Hro\vn syndrome, 239-240, 2401 
after cataract su rgery, 239 
cavernous sinus/superior orbital fissure lesions 

causing, 236-238, 237/ 
cerebral,218 
comitnnl deviations and, 219 
in congenital fibrosis (congenital cranial 

dysinnervation/agenesis) syndrome, 240- 241, 
241/ 

divergence insufficiency and, 222t, 234 
fourth nerve palsy causing, 232-234, 234f 
history in, 215 
incomitant deviations and, 219, 220/ 
infranudcar causes of, 226-238, 22Sf, 229/, H2/. 234[' 

237/ 
internuclear causes of, 224-226, 224[, 22Sf, 226/ 
localil,.ltion of lesions causi ng, 220. 22 lf 
monocular, 188.218 
multiple cranial nerve palsies causing, 236 
in multiple sclerosis, 324-325 
in myasthenia gravis, 238, 329 
myopathic/restrictive/orbital causes of, 238-241, 

240f. 241/ 
ncuroimaging in evaluation of, 84 
neuromuscular jUllction causes of, 238 
neuromyotonia causing, 235, 369 
nuclear causes of, 223-224 
one-and -a- half syndrome and, 225-226, 226/ 
orbital myositis causing, 239 
orbital neoplasia causing, 239 
paretic syndromes causing, 226-235, 228[' 229f. 232f. 

234f. 236 
restrictive syndromes differentiated from, 218, 219f 

physical examination in, 215-218, 21~(, 217/ 
restri ctive syndromes causing, 238-241, 240j. 241/ 

paretic syndromes differentiated from, 218, 2 [9f 
posttnlum:ltic, 238-239 

sixth nerve pa lsy causing, 234-235 
skew deviation 'lIld, 222- 223, 222t 
supranuclear causes of. 220-223, 222t 
thalamic esodeviation and, 222(, 223 
third nerve palsy/aberrant regeneration causing, 

228- 232, 228f. 229f. 232/ 
in thyroid eye disease, 238, 333, 334 
vergence dysfunction causing. See Vergence system. 

disorders of 
Dipping. ocular. 259 
Dipyridamole, for carotid artery disease. 182 
Direct response, in pupillary reaction to light, 262 
Direct traumatic optic neuropathy. 156, 156/ 
Disc edema. See Optic disc (optic nerve head), edema of 
Disconjugate/disjullctive nystagmus, 244 
Disconnection syndromes, 192 
Dissections (arterial), 353-354, 354f See (/[so specific 

type or arlery affected 
Dissociated nystagmus, 244, 254 
Distance visual acuity, in low vision, testing, 92 
Divergence, 198 

Divergence insufficiency/paralysis, 214 , 2221. 234 
Divisionallhird nerve palsy, 231 
Dix - I-Iallpike maneuver, 250 
DLPN. See Dorsolateral pontine nuclei 
DNA, mitochondria l, diseases associated with deletions/ 

mutations of, Leber hereditary optic neuropathy, 138 
Dolichoectasia, intracavernous carotid aneurysm as, 35 [ 
Doll's head maneuver/phenomenon, 208 
Dominance columns, ocular, 34 
Doppler imaging, carotid, 8 1 
Dorello canal. 50 

sixth nerve inju ry/pals)' at. 235 
Dorsal meningeal artery, 16 
Dorsal midbrain (Parinaud) syndrome, 44, 2 11 , 2 12! 

eyelid retraction in, 21 1, 273, 28 1 
Dorsal subnucleus, of cranial nerve VII (fa ci al), 61 
Dorsal vermis, 43j. 48-49 
Dorsal visual processing stream, 204 
Dorsolateral pontine nuclei, 38, 41 , 43f 
Dot -and -blot hemorrhages, 183, 184, 184/ 
Double Maddox rod testing, 216-2 18. 217f 
Double-ring sign, in optic nerve hypoplasia, [41 , 141f 
Double simu ltaneous stimulation , in confron tation 

testing, 98 
Double vision . See Diplopia 
Downbeat nystagmus, 49, 251 - 252, 2511, 252/ 
Drop atl<lcks, 347 
Drugs. See (/Iso specific drug or drug group 

fixed , dilated pupil caused by, 316 
hallucinationslillusions caused by, 1881 
optic neu ropathy caused b)" 154 

Drusen 
gianI, 136. 136/ 
optic disc/nerve, 133-136, 134f, 135f. 136/ 

astrocytic hamartoma differentiated from, 136, 
136/ 

extruded,133 
papilledcma/pseudopapilledema and. 120, 120f, 

134- 136,135/ 
Dry eye syndrome, pain and, 300 
DSA. Sec Digital subtraction angiography 
Duane synd rome, 235, 240- 24 1, 24 If, 241' 
Ductions, 2 [5 

forced, in diplopia, 218, 219! 
Duochrome (red-green/bichrome) test. in nonorganic 

ophthalmiC disorder evaluation 
monocular no light perception and, 309-3 10 
monocular reduced vision and, 31 1 

Duplex ultrasonographr See a/so Ultrasonography 
in carotid artery evaluation, 8 1, 180 

Dura l arteriovenous malform'ltioll , 356 
Dural rings, 16, 18f 
Dural sheath, opt ic nerve, 30, 31 
Dural si nus thrombosis, 356-358 
Dural tail, 85/ 
OWL See DiffUSion-weighted imaging 
Dynamic visual acuit)" vestibular ocular reOex and. 201 
Dyschromatopsia. See Color vision, defects in 
Dysgeusia, Horner syndrome and, 268 
Dyskinesia 

tudive 
blepharospasm and, 289 
facial movements and, 292 



Early-onset (childhood) nystagmus, 245-247. Sce also 
Nystagmus 

monocular, 246-247. 2511 
RCA. Sce Ex ternal carotid artery 
Eccentric gaze, 47 
Echocardiography, in cerebral ischemia/stroke, ISO 
Eclampsia, transient visual loss and, 173 
Edinger-Westphal nucleus, 53-54, 65, 66/ 
Edrophonium 

in myasthenia gravis diagnosis, 329-330 
toxic reaction/side effects of, 329 

Efference copy information. 4S 
Efferent visual pathways/efferent visua l system, 37-56, 

197. Sec also Ocular motility, control of; Ocular 
motor pathways 

EigJlI-and-a-half syndrome, 226 
Electromyography, in myasthenia gravis, 33 [ 
Electrophysiologic testing of retina 

in low vision evaluation, 108- 1 [0,1 [0/ 
in nonorganic ophthalmic disorders, 308 

Elcctroretinogram, 109- [ 10,110/ 
in multiple evanescent white dot syndrome, [14 

Elevated intracranial pressure. See intracranial 
hypertension 

Elevation of eye (upgaze) 
in Brown syndrome, 239-240, 240/ 
extraocular muscles controlling, 55-56, 56/ 
limitation of. 210-211 
in newborn, 212 

Emboli, transient visual loss caused br, 175f, 176t, 
177- 183, 17S/. 179f, 179f, ISlt 

clinical/ laboratory evaluation of carotid artery disease 
and, 180-IS I 

prognosis/stroke risk and, 181 ,1811 
treatmen t of carotid artery disease and, 18 1- 183 

En grappe nerve endings. for tonic (slow twitch) fibers, 
55 

En plaque nerve endings, for fast twitch fibers, 55 
Encephalitis 

brainstelll 
cytomega lovirus infection causing, 359 
saccadic int rusions and, 256 

herpes, 359, 360/ 
Enceph:llopathy 

HIV, 359- 360 
inherited, migraine-like headache and, 300 
posterior reve rsible, 346, 346/ 
transmissible spongiform, 368 

Encephalotrigemin:ll angiomatosis. See Cerebrofacial 
(encephalot rige m i nal) angiomatosis/Stu rge-Weber 
syndrome 

End·stopped cells/ neurons, 34 
Endarterectomy, carotid, for carotid stenosis, 181-182 
Enopluhalmos, 278 
EOMs. See Extraocular muscles 
Epilepsy. See also Seizures 

hallucinations and, 190 
transient visual loss and, 186 

Episcleral u tery, 14/ 
Episcleral plexus, 24 
Epley procedure, for BPPV, 250 
ERG. See Electroret inogram 
Erosions, recurrent corneal, eye pain in, 300 

\ 
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Erythema migrans/erythema chronicum, in Lyme 
disease, 363, 363/ 

Erythrocyte sedimentation rate 
in giant cell arteritis/AAION, 126t, 320 
in NAION, 1261 

Esodeviations, thalamic, 2221, 223 
Esotropia 

latent nystagmus and, 246 
tha lamic. convergence spasm and, 214 

Essential (physiologic/simple) :lnisocoria, 264, 2651 
Essential blepharospasm, 289-290, 2891, 2901 
Ethanol. Sec Alcohol 
Ethmoid/ethmoidal bone (lamiJla papyracea ), 5, 7, 7f, 

Sf. 9, 9/ 
Ethmoidal air cells/ethmoidal sinuses, 7, I I/ 
Ethmoidal arteries, 12, 13f, 14f, 15-16, 18 
Ethmoidal complex, 7,12 
Ethmoidal foramina, anterior/posterior, 12 
Ethmoidal sulU re, frontal, 7 
Ethmoidectorny, for thyroid eye disease, 334 
Et hn ic backgrou nd , spasmus Ilutans and, 247 
Ethylene glycol, optic neuropathy caused by, 154 
EW. See Edinger-Westphal nucleus 
Examination, ophthalmic 

in diplopia, 215- 218, 216f, 217/ 
in 10\\1 vision evaluation, 92-1 10. See a/so Low vision, 

assessment of 
in transient visual loss evaluation, 174-175, 175/ 

Excavated optic disc 
congen ital anomalies and, 143 
in glaucoma, 139-140, 141/ 

Excydotorsion , extraocular muscles in . 55-56, 56/ 
External carotid artery, \2, 13-1 5, 13f, 15/ 
External jugular vein, 26 
Extinction, parietal lobe lesions causing, 98 
Extracran ial trunk, of cranial nerve VII (facial), 61 
Extraocular muscle surgery, for nystagmus, 258 
Extraocular muscles, 38, 55-56, 56/ 

congenital fibrosis of, type I {CFEOM 1),240 
innervation of, 50-55, 5 If, 52-53! See also Cranial 

nerves 
Extr;locu lar myopathy. See also specific disorder 

neuro-ophthalmic signs of, 336-338, 336f, 337/ 
in thyrOid eye disease, 332f, 333 

Extruded d ru sen, 133 
Eye 

depression of (downgaze). See Depression of eye 
dry, pain and, 300 
elevation of (upgaze). See Elevation of eye 
information about position of (efference copy 

informalion).48 
Eye fields, fron tal, 40. 40f, 202, 204 

ocu lar deviations caused by lesion of, 21 1- 212 
Eye movements. See Ocular motility 
"Eye strain:' pain and, 300 
Eyedrops (topical medications). corticosteroid , ptosis 

c:lused by, 280 
Eyclid myokymia, 289/, 292 
Eyelid springs, for corneal exposure in facia l palsy, 288 
Eyelid weights, for corneal exposure in facial pals}'. 288 
Eyelids, 61 - 62 

,Ipraxia of opening of, 281 
creases of, 62 
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disorders of, 275- 282. See also specific disorder 
evaluation of, 275- 278, 276f, 277f, 278/ 
nonorganic, 3\6- 3! 7 
in thyroid eye disease, 332, 332f 

drooping. Sec Ptosis 
examination of, 275- 278, 276f, 277J, 278! 
excursion of, 275- 276, 277f 
mal positions of, in nonorganic disorders, 3 16-317 
margin of 

distance from corneal renex and, 276, 278/ 
distance from upper eyelid crease and, 276, 278/ 

muscles of, 61 - 62 
plexiform neurofibroma involving, 275, 276/ 
retraction of, 281 - 282, 2821 

in convergence- retraction nystagmus, 256 
in dorsal midbrain ( Parinaud) syndrome, 211, 273, 

281 
ptosis and, 275 
in thyroid eye di sease, 276, l7B/, 28 J, 332, 332J, 334 

vilscular supply of, 15 
venous drainage of, 26 

Facial angiofibromas, in tuberous sclerosis, 341, 342j 
Facial artery, 12, 14f, 15 , 15f, 16 
Facial colliculus, 61 
Facial contracture, spastic paretic, 291 - 292 
Facial diplegia, in Guillain-Barrt': syndrome, 287 
Facial fasciculations, benign, 292 
Facial genu, 227 
Facial grimacing, blepharospasm associated with , 

289- 290, 290j 
Facial motor pathways, 60- 62, 621 See also Cranial 

nerve VII 
Facial movement abnormalities, 282- 292 

cranial nerve VII disorders causing, 282- 292 
overactivity and, 288- 292, 2891, 290j, 291/ 
underactivity and, 284 - 288, 284f, 285t, 287j 

evaluation of, 277 - 278 
Facial muscles, innervation of, 51! 52f, 60-6\,621 See 

also Cranial nerve VII 
Faciill myokymia, 289t, 292 
Facial nerve. See Cranial nerve VI [ 
Facial numbness, pain associated with, 303 
Facial pain, 301 - 303 

atypical, 30 I 
Facial paralysis/weakness, 62f, 282-284, 283f, 284-288, 

284f 
bilateral, 288 
brainstcm lesions causing, 285 
diplopia and, 227 
in H IV infection/AIDS, 359 
peripberallesions causing, 285- 288, 287j 
progressive, 288 
recurrent, 288 
in sarcoidosis, 287, 288, 335 
seventh nerve lesions causing, 284-288, 284f, 285t, 

287f 
supranuclear lesions causing, 284-285 
treatment of, 288 

Facial synkinesis, 284f, 286 
Facial tic (habit spasm), 292 
Facial vein, 25, 25f, 26 
Facial venous system, 26 

Falciform ligament, 31 
Fallopian canal, 61 
False-negative responses, in perimetry, 104 
False-positive responses, in perimetry, \04 
Farnsworth-Munsell lOO-hue test, in low vision 

evaluation, \05 
Farnsworth Panel D- l 5 test (Farnsworth Dichotomous 

Test for Color Blindness), in low vision evaluation, 
105 

Fascicular ocular motor nerve palsies, 226 
Fasciculations, benign facial, 292 
Fast twitch fibers, 55 
Fastigial nucleus, 48, 49 
Fat-suppression techniques, in MR], 73, 76J; 76t 
FEFs. See Frontal eye fields 
Fiber layer of Henle, 29 
Fibroma, in tuberous sclerosis, 341, 342j 
Fibrosis, congenital, 240-241, 241 
Field defects. See Visual field defects 
IS-hue test, LanthollY desaturated, in low vision 

evaluation, 105 
First-order neuron lesions, Horner syndrome caused 

by, 267 
Fixation (visual), 198, 1981, 199 

assessment of, 199-200 
disorders 0(, 204-205 
nystagmus affected by, 249, 2491 
spasm of. See Ocular motor apraxia 
VOR suppression and, 206- 207, 207j 

Fixat ion loss, in perimetry, 104 
Fixed, dilated pupil , 316 
FLAIR (fluid-attenuated inversion recovery) technique, 

69,73, 73j, 731, 761, 77j, 78f 
in multiple sclerosis, 322f, 325 

Flashing lights. See also Photopsias 
optic neuritis causing, 190,323 
retinal disease causing, 189- 190 

Flocculonodular lobe, 48 
Fluid-attenuated inversion recovery (FLA IR) technique, 

69,73, 73j, 731, 761, 77j, 78f 
in multiple sclerosis, 322f, 325 

Fluorescein angiography, 107, 107j 
in AAION, 126, 126t 
in drusen versus papilledema differentiat ion, 135, 

13Sf 
in multiple evanescent white dot syndrome, 113 
in NAION, 126t, 128, 1281 
in optic neuritis, 1281 

Fluphenazine, oculogyric crisis caused by, 212 
Flutter, ocular, 25 I t, 255- 256, 255j 
fMRI. See Functional magnetic resonance imaging 
Foca l e lectroretinogram, 109 
Fogging, ror nonorganic ophthalmic disorder evaluation 

monocular no light perception and, 309 
monoclllar reduced vision and, 310- 311 

Folate/folic acid, deficiency of, opt ic neuropathy caused 
by, 154 

Foramen (foram ina) . See specific type 
Forced ductions, in diplopia, 218, 2 19j 
Foreign bodies, neuroimaging in evaluation of, 821 
Formed hallucinations, 172, 189, 190. See also 

Hallucinations 
Fortification spectrum, in migraine, 295, 295j 



Foster Kennedy syndrome/pseudo-Foster Kennedy 
syndrome, 127. 1281 

Fourth nerve (trochlear) palsy. 232-234. 2341 
diplopia and, 223, 226-227, 232-234. 2341 

Fovea (fovea cent ralis), 28 
Foveation, 199,204 
Fovi lle synd rome, 227 
Frenzel goggles, in nystagmus 'Issessment, 201,244 
Frequency-encoding analYSiS, 69 
Fresnel prisms, for thyroid eye disease, 334 
Frontal artery, I'lf. 18 
Frontal bone,S, 7, 7f, 8f, 9, 91 
Frontal ethmoidal suture, 7 
Frontal eye fields, 40, 40f, 202, 204 

oc ular deviation s caused by lesion of, 21 1-2 12 
Frontal lobe, 28f 
Frontal nerve, !Of, 59, 59-60, 59[ 
Fron tal sinuses, 7, Ilf 
Frontoethmoidal suture. 8f 
Fron tosphenoid suture, 7f 
Frontozygomat ic suture, 7f 
Full -field electroret inography, 109 
Functional imaging, 80 
Functional magnetic resonance imaging (fMRI ), 69, 80 
Functional visual loss. See Nonorganic (functional! 

nonphysiologic) ophtha lm ic disorders 
Fundus 

evaluation of 
in low vision evaluation, 95-97, 96f, 97f 
in transient visual loss evaluation, 175, 175f 

in Leber hereditary optic neuropathy, 137-138, 137f 
in multiple sclerosis, 324 

Fungal infection , neuro-ophthalmic signs of, 364-367, 
365[' 366f 

Fun gus ball (aspergilloma), 364-365 , 3651 
Furosemide, for idiopathic intracrania l hypertension , 124 
Fusional development nystagmus syndrome (latent 

nystagmus). 246 

Gabapentin, for nystagmus, 258 
Gadoliniu m, 69, 72, 77 

in multiple sclerosis imaging, 325 
Gain/gain adjustment (eye movement), 48 

pursuit system and, 204, 213 
vestibular ocular reflex, 20 I 

Galen, vein of, 26 
Gam ma (y)-aminobutyric acid (GABA) agonists, for 

nystagmus. 257-258 
Gamma knife technique, 368 
Ganglion cells, retinal, 28, 29, 30f 

rat io of to photoreceptors, 29 
Gasserian (trigeminal) ganglion. 59. 59f 
Gastric bypass surgery. for weight loss in idiopathic 

intracranial hypertension, 124 
Ga7.e. See also Ocular motility 

horizontal, 44- 46, 451 
positions of 

extraocular muscle action affected by. 55 
nystagmus amplitude affected by, 244, 247-248 

psychic paralysis of. See Ocular motor apraxia 
vertical, 42-44. 441 

Gaze deviation. periodic alternating, in comatose 
patients, 259 

1 
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Gaze-evoked nystagmus, 244f, 247-248 
in internuclear ophthalmoplegia, 224-225 

Gaze palsy/preference, 210-2 11 , 21 If, 212! 
in ataxia -telangiectasia, 344 
in comatose pati ent , 258 
ipsilateral, 50 
nonorganic,315 
psychic. See Ocular motor apraxia 

GCA (giant cell / temporal arteritis). See Arteritis, giant 
cell 

GDx nerve fiber analysis, 8 1 
Geniculate body/nucleus/ganglion 

lat eral, [9-20, 20f, 28f, 33 
lesions of, 167-168, 1671 

medial,20j 
Gcnicu localcarine pathways (optic radiations), 20j, 2 [, 

28[.34 
lesions of, 165- 172 

Gennari, line of, 34 
Gerstmann syndrome, 168, 194 
Giant aneurysm, 350, 352 
Giant cell (temporal) arteritis. See Arteritis, giant cell 
Giant drusen, 136. 1361 
Glat iramer, for multiple sclerosis, 327 
Glaucoma 

childhood (congenital/infanti le/j uven ile) 
in neurofibromatosis, 340 
in Sturge-Weber syndrome, 341 , 343f 

normal-tension , 140 
optic neuropathy/optic nerve changes in, 139- 140, 141j 
pain caused by, 300 

Glial cells, retinal. 28-29 
Glioblastomas, optic nerve (maligna nt optic gliomas), 

153- 154 
Gliomas, optic nerve/pathway/chiasm , 151-1 54, 15 If. 

152/, 164 
malignant (gliobla stomas), 153-154 
in neurofibromatosis, 152, 153,340 
nystagmus caused by. 153 

Gliosis, of retina, of peripapillary nerve fiber layer, 121, 
121f 

Gliotic (sclerotic) lesions, in multiple sclerosis, 322 
Glossopharyngeal nerve, 661 
Glossopharyngeal neuralgia, 302 
Gold eyelid weights. 288 
Goldmann perimetry, 99-100 

in nonorganic ophthalmic disorders, 313, 3141 
Gonioscop)', in pupillary examination, 262 
Gradenigo syndrome. 235, 357 
Granulomas, in sarcoidosis, 335 
Granulomatous disease, optic nerve involvement and, 

144 
Grating acu ity, cont rast sensitivity and. 105 
Graves ophthalmopathy. See ThyrOid eye disease 
Graysca le map, 100- 101, 102f, 103f 
Greater (major) arterial circle, 14f, 18 
Greater superficial petrosal nerve, 16,61 
Gruber (petroclinoid) ligament , 50 
Gui llain-Barre syndrome 

facial diplegia in , 287 
Miller Fisher variant of. 280, 287 

Gu illain-Mollaret triangle lesion, oculopalatal 
myoclonus and, 253 
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Habenular complex, 39f 
Habit spasm, 292 
Hair cei!s, 47, 47f, 48 
Hallucinations, 187, 188/, 189-19\ 

cortical origin of, 172, 190-\9\ 
nonvisual causes of, 188! 
ocular origin of. 189- 190 
optic nerve origin of, 190 

Hallucinatory palinopsia, 191 
Haloperidol, oculogyric crisis caused by. 212 
Hamartias, 338 
Hamartin, 341 
Hamartomas, 338 

astrocytic (astrocytomas) 
malignant, \53- 154 
retina\' optic disc drusen differentiated from, 136, 

136/ 
in tuberous sclerosis, 341, 342J 

Hardy- Rand-Ritt ler color plates, 105 
"Hatchet face," in myotonic dystrophy, 338 
Head 

bony anatomy of, 5- 7, 6f, 7-Sf, 9-IO[ 
vascular anatomy of, 12- 27 

arterial, 12- 23, 13- 14J, IS;; 17f, 19f, 20f, 22f, 23J 
venous, 23- 27, 24- 25f, 27/ 

Head movements, abnormal, spasmus nutans and, 247 
Head-shaking nystagmus, 200-201 
Head thrust maneuver, VOR ga in evaluation and, 201 
Head thrusts, in ocular motor apraxia patients, 209 
Head trauma 

an isocoria caused by, 269-270 
conve rgence insufAciency caused by, 213 
fourth nerve palsy caused by, 234 
optic nerve damage caused by, 156-157, 156! 
pupil irregularity caused by, 263 
seventh nerve palsy caused by, 287 

Headache, 293-300, 293t 
in AAION, 125 
analgesic rebound, 298 
cerebral aneurysms causing, 351 
classificat ion of, 293-294 
cluster, 299 

Horner syndrome and, 268 
evaluation of, 293-294, 293t 
in giant cell (temporal) arteritis, 125,294,319 
history in, 293t 
in Horner syndrome, 268 
idiopathic stabbing, 299 
intracranial hemorrhage causing, 351 
intracranial hypertension causing, 294 

idiopathic, 123, 124,294 
migraine. See Migraine headache 
primary, 293 
secondary, 293 
tension-type, 298, 299 
with visual loss, 92. See also Migraine headache 

transient, 174 
Heari ng loss (deafness), vestibu lar nystagmus and, 248, 

2491,250 
Heidelbe rg retina tomography, 81 
Heimann-Bielschowsky phenomenon, 247 
Hemangioblastomas, cerebellar, with retinal 

angiomatosis (von Hippel-Lindau disease), 3391, 
344 

Hemangiomas (hemangiomatosis). See also Angiomas 
(angiomatosis) 

of orbit, transient visual loss and, 177 
racemose (Wyburn -Mason syndrome), 3391, 345, 

345/ 
Hemeralopia (day blindness), in cone dystrophies, 114 
Hemianopia 

bitemporal, chiasmallesions causing, 159- 162, 160f, 
161/ 

homonymous. See Homonymous hemianopia 
Hemicrania , paroxysmal, 299 
Hem ifacial spasm, 2891, 291, 29 11 
Hemispatial neglect, 196 
Hemorrhages 

intracranial 
arteriovenous malformations causing, 354, 356 
headache caused by, 294 
ruptured aneurysm causing, 351 

neuroimaging in evaluation of, 82/, 88 
ocular, with subarachnoid hemorrh age, 35 1 
retinal, dot-and-blot, 183, 184, 184/ 
subarachnoid 

arteriovenous malformations causing, 354 
with ocular hemorrhage, 35 1 

Henle fiber layer/ Henle layer, 29 
Hereditary optic neuropathy, Leber, 137- 139, 137/ 
Hering's law of motor cor respondence, eyelid retraction 

and,281 

\ 

Herpes simplex virus, in HIV infection/AIDS, 359, 361/ 
Herpes zoster 

cranial nerve VI I involvement and, 286, 287 
in HIV infection/ AIDS, 359 
ophthalmic manifestations in, 302- 303, 303f, 359 
without vesicles (zoster sine herpete), 302 

Herpes zoster ophthalmicus, 302- 303, 303f, 359 
History 

in diplopia, 215 
in headache, 2931 
in low vision assessment, 91-92 

HIV infection/AIDS, 358-362, 360f, 36 If, 362/ 
atypical mycobacterial infections and, 360 
cytomegalovirus infection in, 359, 360/ 
encephalopathy in , 359- 360 
herpesvirus infection in, 359, 361/ 
lymphoma in, 358 
nellro-ophthalmic signs oL 359- 360 
progressive multifocalleukoencephalopathy in , 361, 

362/ 
seventh nerve palsy in, 287 
syphilis/syphilitic chorioretinitis in, 361 
toxoplasmosis/Toxoplasma retinochoroiditis in, 362 
tuberculosis and, 360 

Hollenhorst plaques (cholesterol emboli), transient 
visual loss and, 175f, 177, 179/ 

Holmes-Ad ie syndrome, 270_ See also Adie tonic pupil 
Homonymous hemianopia, 84, 91 

arteriovenous malformations causing, 355f, 356 
cortical injury causing, 29, 34 
hallucinations within, 191 
lateral geniculate body lesions causing, 167-168, 1671 
low vision evaluation and, 91 
occipital lobe lesions causing, 169-172, 1701, 1711, 

172/ 
OKN testing in evaluation of, 208 



optic tract lesions causing, 165- 167, 166f 
parietal lobe lesiolls causing, 168- 169 
tcmporallobc lesions causing, 168, 169/ 
in vcrtebrobasilar disease. 3'18 

Hori7.Qnlal cells. 28 
Horiz.onlal gaze, 44 - 46, 45f 
Horizon tal gaze palsy, 210, 211f 
Horner syndrome, 265f, 266-269. 267f, 268f, 269f, 302 

carotid arlery dissection causing, 267, 268, 269f, 302. 
353 

congenital, 266, 267 
localization oflcsions causing. 267. 268f, 269f 
ncuroimaging in evaluation of, 86 
pharmacologic testing for. 265,(' 266- 267. 267f, 268/ 

Houllsneld unit, 69 
HRT. Sce Heidelberg retina tomography 
Human immunoddicienC)' virus (HIV) infect ion. Sec 

HI V infection/AIDS 
Human leukocyte antigens (H LA), in multiple sclerosis, 

321 
Hutchinson sign. 59 
Hya line bodies. See Optic disc (optic nen'e head), 

drusen of 
Hyaloid artery/system, persistence/re mnants of, disc 

edema differentiated from, 120 
Hydrocephalus, otitic, 357 
Hydroxyamphet:uninc, in Horner syndrome diagnosis. 

265f, 267, 268/ 
Hypercoagulable states (hypercoagulability), transient 

visual loss and, 184- 185 
Hyperfluorescence, angiographic, in multiple 

evanescent \\'hite dot syndrome. 11 3 
Hypermetric saccades. 203. 209 
Hyperviscosi ty. transient visual loss and, 184- 185 
Hypofluorescence. angiographic. in multiple eva nescent 

white dot synd rome, 113- 11 '1 
Hypol1lelric saccades, 203, 209 
Hypoperfusion 

systemic, scotomata caused by, 172, 183 
transient visual loss caused by. 1761, 183- 184 

Hypophyseal artcry, inferior, of tentorium, 16 
Hypophysitis, lymphocytic. 346- 347 
Hypothalamus, 63 
Hypolropia, ptosis and. 275. 276/ 
Hysteria, 305 

Ice,pack test, (or myast henia gravis, 330, 330f 
tccpick pain, 299 
Idiopathic intracranial hypertension (pseudotumor 

cerebri ). 123- 125, 1231 
headache in. 123, 124,294 

Idiopathic multiple cmn ial neuropathy syndrome, 236 
Idiopathic orbital innamm:lIion. 300-30 1 
IIH. Sce Idiopathic intracranial hypertension 
Illusions, 187. 187- 189, 1881 

cortical o rigi n of. 189 
nonvisual causes of. 1881 
ocular origin of. 187-189 
optic nerve origin of. 189 

Immunoglobulin G (lgG), in neuromycli tis optica, 147 
Immunologic disorders. neuro-ophthalmic signs of. 

3 19-336. Sce also Sp(~ciflC riisorller 
Immunotherapy/immunosu ppression. for mul tiple 

sclerosis. 146,327 
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INC. See Interstitial nucleus of Cajal 
In comitant (noncomilanl ) deviations, 2 19, 220f 
Incongruous visual fidd defccts, rctrochiasmallesions 

producing. 165 
Increased intracranial pressure. See Intracranial 

hypertension 
incyclotorsion. extraocular muscles in, 55-56. 56f 
Indirect traumatic opt ic neuropathy, 156 
I ndoc-ranine green angiography 

in low vision evaluat ion. 107 
in multiple evanescent white dot syndrome, 

113- 114 
Infantile nystagmus syndrome. 244f, 245- 246 
In fants. Sec (lIsa Newborns; Childrcn 

monocular nystagmus in, 247 
Infarction. Sec also specific lypeltiss/4C! or organ i"volvcri 

neuroimagi ng in evaluation of, 821 
Infeclion (ocular). neuroi maging in eval uation of. 821 
Infectious disease 

neuro-ophthalm ic signs of, 358-368 
seventh ner\'e pathology caused by, 287 

Inferior hypophyseal artery of tentorium. 16 
Inferior 11llirginal arcadc. 14f 
In ferio r meatus, 12 
I nfcrior muscular artery. 18 
Inferior oblique muscles. 55. 55-56, 56f 
Inferior oblique subnucleus, 54 
Inferior ophthal mic vein. 10f, 24f, 25, 27/ 
Inferior orbital fissure, 7f, 8, Sf, 9f. 12 
Inferior palpebral \'cin, 25f 
Inferior pet rosal sinus. 26. 27f, 50 
Inferior rectus musclcs, tOf, 55, 56! 
Inferior rectus subnucleus. 54 
[nferolateral trunk. 16 
Inferonasal crescent, in congenital tiltcd disc syndrome. 

142 
Innltrativc les io ns. orbital, 132. 133f, 158-159 
In n lt rativc optic neuropathy. 132, 133f, 158- 159 
[ntlllll1l1lation 

o rbital,300-301 
pupil irregularity and, 263 

Inflanunaloryoptic neuropathy, pain in. 301 
In fran uclear pathways, 3S, 50-55, 5 If. 52-53f. 197 

disorders of, 226-238. 228f, 229f. 232f, 234f, 2371 See 
(lisa Diplopia 

I nf raorbital artef)'. 1'if. IS/, 16, 19 
Infraorbital canal, 8 
Infraorbital nerve, 59f, 60, 61 
Infraorbital vci n, 24f 
Infrat rochtcar aflery, 14f. 16 
Inherited disord ers 

migraine-Iikc headache and, 300 
ncuro-ophthalmic s igns of. 336-345. See eliso specific 

disorder 
Innominate artery. 12 
IND. Sec Intcrnuclear ophthalmopl egia 
Interferon beta, fo r multiple sclerosis, 327 
Internal auditory arter)" 21 
[mernal carotid artery. I If, 12, 13f. 14f, 15, 15f, 16. 17f, 

I Sf, 20j 
aneurysm of, 164, 350, 350f, 35 I 

ch iasmal syndromes caused b)'. 164 
third nerve palsy and. 229, 273. 35 1 

cranial nerve relationshi p and. 52f 
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dissection of. 353 
Horner syndrome caused by, 267. 268, 2691. 302. 

353 
Internal jugular vein. 26 
Internuclear lesions, diplopia C<ll1sed by, 224-226, 224f, 

225f, 226f 
Internuclear ophlhalmoplegia, 46, 224-226, 224f. 22SJ, 

2261 
dissociated nyst'agmus and, 254 
in multiple sclerosis, 325 
pursuit dysfunction in, 213 
,,'all-eyed bilateral, 225, 225[ 

Interplexiform cells, 28 
inlcrpuise lime (TI), 70 
Intcrstitialnudeus of Cajal, 38, 39f, 42-44, 441, 203 

skew deviation and. 222 
interstitial nucleus of medial longitudinal fasciculus, 

rostral, 38, 39f. 42, 44f, 46f, 199. 199-200 
Intra-ax ial ocular motor nerve palsies, 226 
Intraca nalicular region of optic nerve, compressive 

lesions of, 149 
lntraca\"ernous carotid aneurysms, 35 1 
intracranial hemorrhage 

arteriovenous malformations causing, 354, 356 
headache caused by, 294 
ruptured aneurysm causing, 351 

Intracranial hypertension (increased intracranial 
pressure) 

headache caused by, 294 
idiopathic (pseudotllmor cerebri), 123-125. 1231 

headache and, 123, 124.294 
optic disc edema in. See Papilledema 
ruptured aneurysms causing, 351 
symptoms associated with, 11 7 

Intracranial region of optic nerve, 31 
Intraocular surgery. See Ocular (intraocular) surgery 
Intraorbital region of optic nerve, 30-3 1 

compressive lesions of. 149- 154. See also specific 
lesioll 

Intrinsically photosensitive retinal ganglion cells, 28. 32 
IllIrusions, saccadic, 200, 204-205. 208, 243, 244, 

254-256,255f 
with normal intersaccadic intervals, 254-255, 255/ 
without normal intersaccadic intervals, 255-256, 

255f 
Inverse bobbing, 259 
Inversion recovery (JR) imaging, 69 
Iodine, radioactive, for thyroid (Graves) disease, orbital 

disease exacerbation and, 333 
ipRGCs. See Inlrinsicatly photosensitive retinal ganglion 

cells 
Ipsilateral gaze palsy, SO 
IR (inversion recovery) imaging, 69 
IridodialYSiS, pupil irregularity and. 263 
Iris 

abnormalities of 
anisocoria and, 265f, 269- 270 
pupil irregularity caused by, 263 

absence of (aniridia), pupil irregularity and. 263 
evaluation of, in pupillary exa mination. 262 
heterochromia of, in Horner syndrome, 266 
malformation of, pupil irregularity and, 263 
segmental palsy of, anisocoria and, 265/ 

traumatic damage to 
anisocoria and. 265j. 269-270 
pupil irregularit), and. 263 

\ 

Iris diaphragmliris diaphragm pattern, 183 
Iris nodules, in neurofibromatosis, 340, 3401 
Ische mia 

carotid territory, transicnt visual loss and, 173, 174. 
\77-183, 179j. 183- 184 

facial pain associated with, 30 1 
occi pital, transient visual loss caused by, 185-186 
ocu lar (ocular ischem ic syndrome), 183-184. 184/ 
time course of visual loss and, 91 

Ischemic optic neuropat hy 
anterior, 125- 129, 1261 

arteritic, 125, 125- 127, 126j. 1261,316 
nonarterit ic, 125. 126j. 1261, 127- 129, 1281 

posterior, 157- 158 
Ischemic uveitis, 184 
Island of vision , in perimetry, 99 
Isopter, 99 

Jabs and jolts syndrome, 299 
Jaw claudication 

in AAION, 125 
in giant cell arteritis, 319 

Jaw-winki ng ptosi s/syndrome, Marcus Gunn, 279, 279f, 
284 

JC virus, in progressive multifocalleukoencephalop<lthy, 
361 

Jerk nystagmus, 243, 2-14 
in multiple sclerosis. 325 

Jugular bulb, 26 
Jugular veins, external/internal, 26 
"Junctional syndrome;' 160, 160/ 

Kearns-Sayre syndrome. 337. 337/ 
Kerati tis 

in Lyme disease. 364 
pain caused by, 300 
sicca (dry eye syndrome). pain and, 300 

Keratoconus. I I I 
Kinetic perimetry, 99 
Klippel-Trenaunay- Weber syndrome, 342 

Labbe, vcin of, 26 
Labyrinth, 47[. 48 
Labyrinthine segment of crani" l nerve VI I (facial), 61 
Lacrimal artery, 13f, 14j. 15f, 16-18 
Lacrimal bone. 5, 8f, 9, 91 
Lacrimal fossa. 8f, 9/ 
Lacrimal glands, parasympat hetic innervation of, 66 
Lacrimal nerve, !OJ. 59, 59j. 60, 67 
Lac rimal vein, 24/ 
Lagophthalmos 

assessment for, 277 
in thyroid eye disease, 334 

Lambdoid suture, 7 
Lamina cribrosa, 19f, 29/ 
Lamina granularis interna, 34 
Lamina papyracea (et hmoid/ethmoidal bone), 5, 7, 7/ 
Lanthony desaturated IS-hue leSI, in low vision 

evaluation, 105 
Lanthony tri tan plates, in low vision evaluation, 105 



Lasix. See Furosemide 
Latency (visual reaction time). saccadic system 

evaluation and. 203, 208 
Latent/manifest latent nystagm us. 246 
Lateral choroidal artery, 20/ 
Latera l gaze. altermlting skew deviation on, 222, 2221 
Lateml geniculate body/nucleus, 19-20, 20j. 28j. 33 

lesions of, 167- 168, 167/ 
Latera l long posterior ciliary arteries, 18 
Lateral medullary syndrome QfWallcnberg (Wallenberg 

syndrome). 21, 195,205-206 
Lateral ophthalmi c vein, 10/ 
Lateral orbi tal wall. 7j. 9 
tateml palpebml artery, 14/ 
Lateral rectus muscles. 10j. 56, 56/ 
Lateral (transverse) si nus thrombosis, 357 
Lateral subnucleus, of cranial nerve VII (facia l), 61 
Lateropulsion, ocular, in Wallenberg syndrome, 206 
Leao, spreading depression of, 191 
Leber hereditary optic neuropathy, 137-139, 137/ 
Lens disorders, ill usions caused by. 188 
Lenticular irregularities, decreased vision and, III 
Lesser (minor) arterial circle. 1<If, 18 
Leukocoria, 263 
Leukoencephalopathy 

with cerebral autosomal dominant arteriopathy and 
subcort ical infarcts, migraine-like headache in, 
300 

progressive Illultifocal, in HIV infection/A IDS, 361, 
362f 

Levator aponeurosis 
eyelid retraction and, 281 
ptosis and, 280. 2801 

Levator muscle (levator palpebrae superioris), 10j. 62 
congenital ptosis caused by dystrophic development 

of,278-279 
evaluation of function of, 275- 276.177j. 27S/ 

LGB. See Lateral geniculate bodyfnucleus 
Lhermitte sign, in multiple sclerosis. 323 
LHON. See Leber hereditary optic neu ropathy 
Lid, Lids. See E)'elids 
Lid margin . Sce Eyelids, margin of 
Lid-twitch sign, ogan, 276-277, 328 
Light. pupillary response \0. Sce Pupillary light rcnex 
Light- ncar dissociation, 273-274, 274t 
Light rencx. See Pupillary light renex 
Lightning streaks of Moore, 189 
Limbic system (cingulate gyrus), 63 
Line ofGennari . 34 
Lingua plicata, in Melkersson- Rosenthal syndrome, 287 
Lingual nerve, 66/ 
Lisch nodules, 340. 340j 
Long ciliary arteries. \3j. 14f, 18 
Longillldinal fascicu lus, medial, 38, 39j. 42, 44f, 4Sj. 46 

diplopia caused by disruption of. 224-226, 224J, 225j. 
226f 

dissociated nystagmus caused by it.osions of, 254 
rostral interstitial nucleus of, 38. 39j. 42, 44j. 46j. 199, 

199-200 
Longitudinal/spin .lattice relaxation time (Tl). 70, 72 
Loop of Meyer, 34 
Louis- Har syndrome (ataxia· telangiectasia), 339/, 344, 

345f 
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Low vision. See also Visualloss!impairment 
assessment of, 91-110 

adjunctive testing in. 104-110 
Amsler grid testing in. 9S- 99 
associated symptoms and, 91-92 
best-corrected visual acuity and, 92 
color vision and, 104- 105 
confrontation testing in, 98 
contrast se nsitivity and, 105-106 
distance visual acuity and, 92-
electrophysiologic testing in, 108- 110, IlOj 
electroretinography in, 109- 110, I I0j 
nuorescein angiography in, 107. 107j 
fundus examination in , 95- 97, 96j. 97j 
history in, 91-92 
near visual aeuit)· and, 92 
ncuroimaging in, 83 
nonorganic disorders and. 310-314. 31 1t. 3 \3j. 

3 14f. 315f 
optical coherence tomography in, 108 
perimctry in, 99-104. tolj. 102j. 103j 
photostress recovery test ing in, 106 
potential acuity meter testing in, 106 
pupillary testing ::lIld, 92-95, 94J 
refraction in, 92 
time course and, 91 
visual evoked potentia l tcst ing in. 108- 109 
visual field testing in. 97-10-1, 101j. 102j. 103f See 

also Visual field testing 
bilateral/binocular, 91 

nonorganic disorders and. 311-314. 313j. 314J, 
315f 

classification and management 0(, II 1- 172. See also 
specific causat;'·e factor 

unilateral/monocular, 91 
nonorganic d isorders and, 310-311, 311/ 

Lumboperitoneal shunting, for idiopathic intracranial 
hypertension, 124 

Lung cancer, para neoplastic-induced saccadic intr usions 
and,256 

Lyme d isease/Lyme borreliosis, 363-364, 363/ 
Lymphocytic hypophysit is. 3,16-347 
Lymphomas 

in HlV infection/AIDS, 358 
numb chin aSSOciated with, 303 

M cells (magnocellular neuronsfsystem), 28, 33 
Macropsia, 189 

migraine and, 191 
Macrosaccadic oscill ations, 255, 255/ 
Macrosquare· wavc jerks. 205, 254, 255j 
Macular disease 

decreased vision and. 112 
illusions and. IS8 
transient visual loss and, 175, 176 

Macu lar electroretinogram, 109 
l\ .. lacular Slar. 130, 130j 

in toxoplasmic optic neuritis. 362 
Maculopathics, 112- 115 
"Mad cow" disease (bovine spongiform 

encephalopathy),368 
Maddox rod/Maddox rod testing, 216, 2 16/ 

double, 216-21S. 217j 
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Magnetic resonance angiography (MRA ). 69, 77-78. 79/ 
advantagesfdisadvantages/contraindications and, 

86- 88,86t 
in aneurysm detection, 229 
in carotid artery evaluation, 180 
in cerebral aneurysm, 352. 3521 

Magnetic resonance imaging (MRI), 72-74. 73f, 74J, 75f, 
761, 77f, 78/ 

advantages/disadvantages/conlraindications and, 861 
in arterial dissections, 354, 354/ 
in cerebral aneurysm, 352, 352J 
functional (fMRI), 69, 80 
in multiple sclerosis. 322J, 325 
in NAION, 1281 
in optic neuritis, 83- 84,1281,144,145/ 

Magnetic resonance spectroscopy (MRS), 69, 80 
Magnetic resonance venography (MRV), 77- 78, 79f 

in idiopathic intracranial hypertension, 123 
Magnoccllular neurons (M cells/system), 28, 33 
Main sensory nucleus, of cranial nerve V (t rigeminal ), 

57,57/ 
Main sequence, 202 
Major (greater) arterial circle, 14f, 18 
Malingering, 305 
Mandibular nerve, See Cranial nerve V (trigemina l 

nerve), V J 

Manifest latent nystagmus, 246 
MAR. See Melanoma-aSSOciated retinopathy 
Marcus Cunn jaw-winking ptosis/syndrome, 279, 279f, 

284 
Marcus Gunn pupil (relative afferent pupillary defect) 

in multiple evanescent white dot syndrome, 113, 
113/ 

in optic tract syndrome, 167 
testing for, 92~95, 94/ 

Marginal ilrcades, 14f, 15 
Marginal reflex distance, measurement of, 276, 278f 
Mastoid segment of cranial nerve VI I (facial), 61 
Maxilla/maxillary bone, 5, 7, 7f, 8f 
Maxillary artery. 12, 15f 
Maxillary nerve. See Cranial nerve V (trigeminal nerve), 

V, 
Ma.xillary sinuses, 7, 7f, 11f 
McDonald criteria, for multiple sclerosis. 3261. 327 
Mechanical anisocoria, 266 
Media. ocular/optical. See Optical medium 
Medial com plex, 54 
Medial geniculate nucleus, 20f 
Medial long posterior ci liary arteries, 18 
Medial longitudinal fasciculus , 38, 39f, 42, 44J, 45J, 46 

diplopia caused by d isruption of, 224- 226, 224f, 225f, 
226/ 

dissociated nystagmus caused by lesions of, 254 
rostral interstitial nucleus of. 38, 39f, 42, 44J, 46j. 199. 

1 99~200 

Medial orbital wall, 8f, 9, 10 
Medial rectus muscles, 10f, 55, 56f 
Medial superior temporal area, 41, 42f, 204 
Medial temporal area, 41, 42f, 204 
Median perforators, of basilar artery, 21 - 23 
MedRF. See Medullary reticular formation 
Medullary reticular formation, 39, 39f 
Meige syndrome, 289, 290f 

Melanoma -associated retinopathy, 112, 115 
MELAS (mitochondrial myopathy with encephalopathyl 

lactic acidosis/strokelike episodes) syndrome, 
migfiline-like headache and, 300 

Melkersson -Rosenthal syndrome, 287 
Memenatine, for nystagmus, 258 
Meniere disease, nystagmus in, 250 
Meningeal arlery 

dorsa l, 16 
middle, 12- 13 
recurrent, 14f, 15f 

Meningeal nerve. middle, 60 
Meninges, neuroimaging in evaluation of, 821 
Meningiomas 

cerebellopontine angle 
Bruns nystagmus and. 250 
sevent h nerve (facial) palsy and, 286 

MR imaging of, 85, 85/ 
optic nerve sheath, 149- 151, 150f, 1501 
orbital, transient visual loss and, 177 
paraseliar, 164 

Meningitis 
cryptococcal,367 
tuberculous, neuro-ophthalmic signs of, 360 

Meningohypophyseal trunk, 16 
Meningovascular syphilis, 361 
Mental acuity disturbances. in multiple sclerosis, 

313 
Mental nerve neuropathy, 303 
Mesencephalic nucleus, of cra nial nerve V (trigeminal), 

57,57/ 
Metabolic illlliging, 80 
Metamorphopsia,99, 188- 189 
Methanol toxicity, optic neuropathy caused by, 154 
Methylprednisolone 

for giant celi arteritis/AAION, ! 26,320 
for optic neuritis, 146 

MEWDS. See Multiple evanescent white dot syndrome 
Meyer loop. 34 , 168 

lesions affecting, 168 
mIVEP. Sec Multifocal YEP 
j\·tG. See Myasthenia gravis 
Micropsia. 189 

migraine and, 191 
Microsaccadic refixation movements, 199 
Microvascular cranial nerve pa lsy, pain associated with, 

301 
Microvascular decompression su rgery, for hemifacial 

spasm, 291 
Midbrain 

lesions of 
convergence insufficiency caused by, 213 
corectopia caused by, 264 
pupillary reactivity disorders and, 273- 274, 2731 

vertical eye movements and, 42-44, 44f 
Midbrain corectopia, 264 
Middle cerebral a rtery, 20, 201, 21 

cranial nerve relationship and, 52f 
Midd le c ranial fossa,6j. 8, Ilf 

neuroimaging in evaluation of, 821, 88 
Middle meningeal artery, 12- 13 
Middle meningeal nerve, 60 
Migraine equivalent (acepba lgic migraine), 296-297 



l"ligraine headache. 294-298 
acephalgic.296-297 
with aura (classic migraine). 191,295,2961 
without aura (common migraine). 296 
basilar-type (complicated migraine). 185.295-296 
chronic. 293 
evaluation of. 297-298, 297f 
hallucinations and. 191 
inherited encephalopathies resembling. 300 
ophthalmoplegic. 231 
retinal/ocular, 184- 185. 190.297 
transient visual loss caused by. 17'1, 184- 185. 185 
treatment of. 298-299 
visual phenomena of. 19 1 

Millard-Gubler syndrome. 227 
Mil ler "isher syndrome, 280, 287 
r-,·tinor (lesser) arterial circle. 14J, 18 
Mirror test, in nonorganic ophthalmic disorders, 307. 308f 
j\'lisdirection, in nonorganic ophthalmic disorder 

evaluation, 306 
Mitochondrial DNA disorders 

chronic progressive external ophthalmoplegia, 336 
Leber hereditary optic neuropathy. 138 

Mitochondrial myopathy 
with encephalopathyllactic addosis/strokelike 

episodes (MELAS), migraine-like headache and, 
300 

neuro-ophthalmic signs of, 336-338, 336f. 337f 
Mitoxantrone. for multiple sclerosis. 327 
MLF. See Medial longitudina l fasciculus 
MLN. See Manifest latent nystagmus 
Mobius syndrome. 2 10, 2'11,285 
Molds, 364 
Monocular diplopia. 188.218 
Monocular no light perception, testing, 308-310. 309f. 

310/ 
Monocular nystagmus of child hood, 246-247. 25 1 t 
Monocular reduced vision, 91 

in nonorganic disorders. 3 10- 3 11, 3 111 
Monocular transient visual loss, 173, 175- 185, 1761. See 

(liso Transient visual loss 
carotid artery disease and, 173. 174, 177- 183. 179J. 

183- 184 
embolic causes of, 175J. 1761, 177- 183. 178j. 179f. 

1791.1811 
clinical/laboratory evaluation of carotid artery 

disease and, 180- 181 
prognosis/stroke risk and, 181, 1811 
treatment of carotid artery disease and, 18 1- 183 

hypoperfusion causing. 176t. 183- 184 
ocular pathology causing. 175- 177, 176t 
optic nerve disorders ca using, 176t 
orbital causes of, 1761. 177 
systemic causes of. 177- 184 
vasculitis causing, 176t. 183 
vasospasm/h)rperviscosity/hypercoagulabi lity 

causing, 174. 1761, 184- 185 
Moore. lightning streaks of. 189 
Morning glory disc. 143 
Mossy fiber input, 48 
Motor nucleus, of cranial nerve V (trigeminal), 59 
Motor pathways, facial, 60-62. 62f Sec also Cranial 

nerve VII 

\ 
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MOTSA. See Multiple overlapping thin-slab acquisition 
MRA. Sec Magnetic resonance angiography 
M It!. See Magnetic resonance imaging 
M itS. Sec Magnetic resonance spectroscopy 
MS. Sce Muhiple sclerosis 
MST area. Sec Medial superior tempo ral area 
MT area. See Medial temporal area 
mtDNA. See Mitochondrial DNA 
Mucor (mucormycosis), 366-367, 366f 
Nlulberf)' lesions (astrocyt ic hamartomas). 136. 136f 
MUlier cellslfibers, retinal. 29 
MUlier muscle (superior tarsal muscle), 63, 64, 64f 

in Horner syndrome. 266 
Multifocal electroretinognull , 110. 1101 
Mullifocal VEP, 109 
Multiple evanescent white dot syndrome (MEWDS). 

113- 114, 113f 
Multiple overlapping thin ·slab acquisition (MOTSA), 

for magnetic resonance angiography, 77 
Multiple sclerosis, 320-328 

ch iasmallretrochiasmal abnormalities in. 324 
diagnostic criteria for, 326t, 327 
epidemiology and genetics of, 321 
funduscopic abnormalities in, 324 
J-ILA association in, 321 
laboratory evaluation in, 325. 3261 
nellroimaging in, 821, 322f. 325-326 
nonocular symptoms of, 323 
ocular flutter caused by. 256 
ocular motility disturbances in . 324-325 
optic nerve involvement and. 144- 146. 14SJ. 

323-324 
pathology of. 321-322. 322f 
presentation of. 323 
prognosis for, 321 
treatment of, 327-328 

Munchausen syndrome, 305 
Muscle-specific kinase (MuSK), antibodies to, testing 

for in myasthenia gravis, 331 
Muscles. Sce specific mllscle and Extraocular muscles 
Muscular arteries. inferior/superior. 14f. ISf. 18 
MuSK. See Muscle-specific kinase 
Myasthenia gravis. 328-331 

clinical presentation of, 328-329 
diagnosis of, 329-331, 330f 
diplopia in. 238, 329 
extraocular motor dysfunction in, 227 
neuro-ophthalmic signs of. 328-33\ 
pselldo-INO caused by. 225 
ptosis in, 276-277, 277f. 280, 328 
treatment of, 331 

Mycobllcterilllll 
tlvium/(Ivilllll-imrllcellulflre.360 
tuberculosis, 360 

Mydriasis/mydriatics 
anisocoria and, 265f. 270 

iris damage and. 269- 270 
benign episodic. 274 

Myelination. of nerve fiber layer, optic disc edema 
dirferentiated from, 120- 121, 12l! 

Myelitis, optic nerve involvement and, 147 
Myoclonus, oculopalataJ, pendular nystagmus and, 253 
Myogenic ptosis, 280t 
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Myokymia 
eyelid, 2891, 292 
facial, 2891, 292 
superior oblique, 256-257 

Myopathies 
diplopia caused by. 238-241,240[, 241/ 
mitochondrial, with encepha lopathy/lactic acidosis! 

strokelike episodes (MELAS), migraine-like 
headache and. 300 

neura-ophthalmic signs of. 336-338, 336J. 337J 
in thyroid eye disease, 332f, 333 

Myorhythmia, oculomasticatory. 257 
Myositis, orbital, 239 
Myotonic dystrophy, 337-338 

ptosis in, 280, 338 

NA10N. See Nonarteritic anterior ischemic optic 
neuropathy 

Nasal artery. 14f 
Nasal radiating fibers. 29, 30/ 

visual field defects and, 11 6 
Nasal retina, 28f, 31 
NASCET (North American Symptomatic Carotid 

Endarterectomy Trial), 181 -182, 183 
NasOCiliary nerve, IOj, 59, 59/. 60 
Nasolacrimal duct. 12 
Natalizumab, for multiple sclerosis, 327 
Near reflex, spasm of, 3 15 
Ncar response, in pupillary eXamination. 262 

light-near dissociation and, 273- 274, 2731 
Ncar visual acuity, in low vision, testing, 92 
Neocerebellum, 48 
Neoplasia 

diplopia caused b}', 239 
facial pain associated with, 303 
neuroimaging in evaluation of, 821 
ocular flutter caused by, 255- 256 

Neostigmine, for myasthenia gravis diagnosis, 330 
Neovascu larization, pupillary reaclivity and, 263 
Nephrogenic fibrosing dermopathy, gadolinium 

causing, 72 
Nerve fiber layer, 30/ 

defects of, 29 
in optic atrophy, 95-96, 96f, 166 

imaging of. 81 
in mUltiple sclerosis, 324 
myelination of, optk disc edema differentiated from, 

120- 121 ,12 1f 
peripapilla ry 

assessment of, 96, 96/ 
gliosis of, 121, 12 1/ 

Nerves, cmnial. See specific lIerve and Cranial nerves 
Nervus intermedius, 61, 66-67, 66/ 
Neural integrator, 38, 42, 47 

in gaze-evoked nystagmus, 248 
in peripheral vestibular nystagmus, 249 

Neuralgia 
glossopharyngeal,302 
occipital,302 
postherpetic,303 
trigeminal (tic douloureux), 59, 301-302 

Neuritis 
optic. Sec Optic neuritis 
perioplic, 147 

Neuroblastoma, in ch ildren, paraneoplastic-induced 
saccadic intrusions caused by, 255-256 

Neurocutaneous syndromes (phakomatoses), 338-345, 
3391. See also specific Iype 

Neurofibromas. See also Neurofibromatosis 
acoustic, 338, 340-341 

Bruns nystagmus and, 250 
seven th nerve (fucial ) palsy and, 286, 287/ 

eyeli d involvemen t and, 275, 276f, 339-340 
Neurofibronmtosis 

bilateral acoustic/cen tral (type 2), 338, 3391, 340-341. 
See also Neurofibromas, acoustic 

eyelid abnormalities caused by, 275, 276/ 
von Recklinghausen (type 1),338-340,3391,340/ 

eyelid involvement and, 275, 276/ 
optic gliomas and, 53, 152. 340 
optic nerve meningiomas and, 149 

Neurogenic ptosis, 279-280, 2801 
Neuroimaging, 69- 90. See also specific modalily 

in aneurysm detection, 229 
clinical principals and, 83-88 

how to order studies and, 88 
what studies to order and, 8 1. 821. 86-88, 86/, 87/ 
when to order studies and. 83-86, 84f, 85/ 

computed tomography, 70-72, 71/ 
in cranial nerve palsy/paralysis, 85, 85/ 
in drusen ve rsus papilledema dilTerenliation, 135f, 

136 
localization concepts and, 81,821 
magnetic resonance imaging, 72- 74, 73f, 74f, 75f, 761, 

nf, 78f 
metabolic and functional, 80 
in migraine headache. 297-298, 297/ 
in multiple sclerosis, 821. 322f, 325-326 
negative stud ies and, 85-86, 88, 89f, 90/ 
in optic neuritis, 821, 83 - 84, 144, 145/ 
selecting modality for, 81,82/,86- 88, 86t, 87/ 
terminology used in, 69-70 
vascular, 74-81, 79/ 
in vertebrobasilar insufficiency, 349 
in visual field defects, 84, 841 

Neuroleptics (antipsychotic drugs), oculogyric crisis 
caused by, 212- 213 

Neuroma, acoustic, 338, 340- 341 
Bruns nystagmus and, 250 
seventh nerve (facial) palsy and, 286, 287/ 

Neuromuscular junction disease, diplopia in , 238 
Neuromuscular ptosis, 2801 
Neuromyelitis optica (Devic syndrome), 147 
Neuro myotonia, 235, 369 
Neuro-ophthal mology 

anatomy and, 5-67 
affenmt visual pathways and, 27-37 
autonomic pathways and, 63- 67 
bony anatomy and, 5- 12 
efferent visua l (ocular motor) pathways and, 37- 56 
sensory and facia l motor pathways and, 56- 62 
vascular anatomy and. 12-27 

neuroimaging in, 69-90. See (i/so Neuroimaging 
pregnancy and, 162, 164.345-347, 346f 
radiation therapy complications and, 368- 369 
systemic conditions and, 319-369 

cerebrovascu lar disorders, 347-358 
immunologic disorders, 319- 336 



infeCiious disorders. 358-368 
inherited disorders. 236-345 

Neuropathy 
mental nerve. 303 
optic. See Optic neuropathy 

Neuroretinitis. 130, 130/ 
cat -scratch disease causi ng. 130 
in sarcoidosis. 335 

Neu rosarcoidosis, 334- 336. Sec also Sarcoidosis 
Neuros)·philis. VDRL tests in. 36 1 
Nevus flammeus (port -wine stain). in Sturge-Weber 

s)'ndrornc, 34 1, 343/ 
Neh'borns. Sec also Infants 

ocu lar deviations in, 2 J 2 
NF L. See Nerve fiber layer 
NMO. See Neuromyelitis optica 
N~IIO - lgG antibody, 147 
No ligh t perception (N LP). testing 

bilateral. 307-308. 308/ 
monocular, 308-3 10, 309f, 3 10/ 

Nodulus. 48 
Nonarteritic anterior ischemic optic neuropathy, 125, 

126j. 126/, 127- 129, 128/ 
Non-field testing. in nonorganic ophthalmic disorders, 312 
Non - Hodgkin lympIH)1ll:ls. of eNS. 358 
NOllorganic (fuIlCiional / nonphysio]ogic) ophthalmic 

disorders, 305-3 J 7 
afferent visual pat hways and. 307-3 14, 308! 309[, 

3 10j. 3 111, 3 13j. 3 14j. 31S/ 
categories of. 305 
examination in, 307-317. 308j. 309f, 31Of, 3 11/, 313f, 

3 14j. 3 1S/ 
eyelid position/function and, 3 16-3 17 
management of, 3 17 
ocular motility/alignment '1I1d. 3 14-3 15 
pupils/accommodat ion and. 3 16 

Nonorganic overlay, 305, 3 17 
Nonphysiologic ophthalmic d isorders. See Nonorganic 

(fu nctionallnonpllysiologic) ophthalmic disorders 
Nontubercu lous (atypical) mycobacteria . in HIV 

infection/AIDS, 360 
Nonvisual tasks, in nonorganic ophthalmiC disorder 

evaluation, 307 
Normal-tenSion glaucoma. See Glaucoma, normal-tension 
North American SYlllptomatic Carotid Endarterectomy 

Trial (NASCET), 18 1- 182 
Nose, inferior meatus of. 12 
NQ1'CHJ gene mutation. in cerebral autosomal 

dominant artcriopathy with subcortical infa rcts and 
leukoencephalopathy (CADASIL). 300 

Nothnagel syndrome. 226 
Novarllrone. See Mi toxantronc 
NPI-I. See Nucleus prcpositus h)'pogiossi 
NRT I~ See Nucleus reticularis tegmenti pontis 
Nuclear lesion s, diplopia caused by, 223-224. Sec fllso 

specific lIerl'e 
Nucleus of Darkschewitsch, 39I. 42 
Nucleus prepositus hypoglossi, 38, 39I. .l5I. 202 
Nucleus raphe interpositus. 38, 44f, 46/ 
Nucleus reticularis tegmenti pont is, 38. 39f, 41 
Numb chin syndrome. 303 
Numbness, fneial pain and. 303 
Nutritional defidcncy, optic neuropathy and. 154-156, 

ISS/ 

Nystagmus, 243-259, 244/ 
acquired, 243. 244/ 

pendular. 24-tj. 253 
Alexander's law and, 248 

Index . 409 

ampliludc of. gaze position affecting. 244. 247-248 
as~essment of, 243-244, 244/ 
Ilrulls, 250 
chi ldhood (early-onset). 145-247 

monocular, 246- 247. 15 11 
congenital, 243, 244f, 245-246 
convergence-retraction. '14. 251 f , 256 
disconjugate/disj unctivc, 244 
dissociated, 244. 254 
downbeat. 49, 25 1-252,25 1 I, 252f 
gaze-evoked, 244[, 247-248 

in internuclear ophthalmoplegia, 224-225 
head-shaking, 200-201 
in internuclear ophthalmoplegia, 224- 225 
jerk, 143. 244 

in multiple sclerosis, 325 
latent/manifest latent. 246 
monocular of childhood, 246-247. 25J f 
in multiple sclerosis. 325 
ocu lopalatal myoclonus/ tremor and. 253 
optic nerve gliomas causing. 153 
optokinetic (OKN), 198- J99. 1981,201 

assessment of. 201 - 202 
dysfunction of. 207-208 

in congenital nystagmus. 245 
parietal lobe lesions and. 168-169 

nonorganic ophthalmic disorder and. 307 
optokinetic after (O KAN). 202 
p~ndular, 243. 244, 244/ 

acq uired, 244f, 253 
in multiple sclerosis. 325 

periodic alternating, 25 If, 252-253 
rebound. 248 
see-saw. 2511, 253-254 
sp;\sm us nulans. 257 
spontaneous 

fixation and, 200 
vestibular imbalance and. 200-201. 205 

torSional, 252 
treatment of, 257-258 
upbeat. 25 11, 252 
vestibu lar, 200-20 1,205. 244f, 248-253. 249t 

cen tral, 2491. 250-253. 25 1 t. 252/ 
peripheral, 248-250. 249t 

voluntary. 256, 3 14-3 15 

Object agnosia, 192 
Oblique muscles, 55-56. 56! See a/so Inferior oblique 

muscles; Superior oblique muscles 
myokymia affecting, 256-257 
nerves supplying, 54 

Oblique subnucleus. inferior. 54 
OCcipital artery. 12 
Occipital bone, 7 
Occipital (primary visual/calcarine/striate) cortex, 

34-37, 3Sj. 36/ 
disorders of. 191-196. 1921 

hallucinations3nd, 112, 190- 19 1 
illusions and. 189 
recognition disorders and, 192- 194. 192t, 193/ 
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vision/visual defici t awareness disorders and, 1921, 
195- 196 

visual-spatial relationship disorders and, 1921, 
194- 195. 195/ 

eye movemen t control and, 37, 38-41, 38f, 39f, 40j. 
42/. 43/ 

Occipital ischemia, transient visual loss and, 185- J 86 
Occipital lobe, 28f 

lesions of, J 69- 172, 170j, 171f, In! 
hallucinations and, 190- 19! 
transien t visual loss caused by, 174, 185 

OCcipital neuralgia. 302 
O ccipital seizures, transient visual loss caused by. 186 
Occipitoparietal pathway, 36, 36/ 
Occipitotemporal pathway. 36, 36/ 
OCT. See Optical coherence tomography 
Ocu lar alignment 

disorders of. See also Diplopia 
nonorganic, 314-315 

tests of, 215-218. 216f, 217/ 
Ocular autonom ic pathways, 63-67 

parasympathetic, 65- 67, 65/. 66f 
sympathetic. 65- 67, 65J. 66f 

Ocula r bobbing, 210, 25 11 , 259 
Ocular deviations. See Deviations 
Ocular dipping, 259 
Ocular domi nance columns, 34 
Ocular fluller. 25 11, 255- 256, 255f 
Ocular hemorrhage. See Hemorrhages 
Ocular ischemia (ocular ischemic syndrome). 183- 184. 

184/ 
Ocular lateropulSion, in VVallenberg syndrome. 206 
Ocular media abnormalities, 11 1- 112 
Ocular migraine. 184- 185. See also Migraine headache 
Ocular motility. See also specific type of eye IIIOI'emcl1l 

assessment of, 199- 204 
in nonorganic disorders, 314-315 
optokinetic nystagmus and, 20 1-202 
pursuit system and, 204 
saccadic system and, 202- 203, 203f 
stabil ity and, 199-200 
vergences and , 204 
vestibular ocular reflex and, 200- 20 I 

control of, 37- 56, 197- 199, 198/. See also Ocular 
motor pathways 

brainstem in, 37, 42- 49, 44J, 45J, 46J, 47J, 49f 
cortical /supranuclear pathways in, 37, 38-41 , 

38J, 39J, .!Of, 42/, 43f See also Supranuclear 
(cort ical) pathways 

disorders of. 197-2 14 
cranial nervcs/ infranuclear pathways in, 38, 50-55, 

51/. 52-53/. 197 
disorders of, 226- 238, 2281, 229J, 232f, 234f, 

237f See also Diplopia 
extraocular muscles in, 55-56, 56/ 

disorders of, 204-214. See also specific disorder 
in ataxia-telangiectasia, 344 
in comatose patients, 258-259 
diplopia and, 2 15- 241. See also Diplopia 
localization of lesions causing, 220, 221/ 
in multiple sclerosis, 324-325 
nonorganic, 3 14- 315 
nystagmus/spontaneous, 243-259. See also 

Nystagmus 

ocula r bobbing, 210, 25 1/, 259 
optokinetic n}'stagmus dysfunct ion and, 207-208 
pursuit dysfunction and, 213 
saccadic dysfunc tion and, 208- 213, 2 11j. 2 12f 

gaze palsy/preference/ tonic deviations and, 
210-213. 21 I/. 212/ 

intrusions, 200, 204 - 205, 208, 243, 244, 
254-256,255/ 

ocu lar motor apraxia and, 194,208,209- 210 
stability dysfunction and, 204- 205 
supra nuclea r, 197- 214. See also Supranuclear 

(cortical) pathwa},s, disorders of 
treatment of, 257-258 
vergence disorders and, 213- 2 14 
in vertebrobasilar insufficiency, 348 
vestibu lar dysfunction and, 205- 207, 206J, 207f 

efferent visual system and, 37-56, 197. See also 
Ocu lar motili ty, control of; Ocular motor 
pathways 

vergences and, 198-199, 1981,204 
assessment of, 204 
disorders of, 213-2 14 

Ocu lar motor apraxia, 208, 209- 2 1 0 
acqui red, 194,210 
co ngenital,209-2 1O 

Ocu lar motor pathways, 37- 56, 197- 199, 198t. See also 
Ocular motility 

brainstem and, 42- 49, 44J, 45f. 46f, 47f. 49f 
cortical input and, 38-41, 38f, 39f, 401, 42j. 43f 
cranial nerves and, 50- 55, 50j. 5 1j. 52-53j. See also 

specific lIerl'e 
disorders of, 204-214 

diplopia and, 226-227 
extraocular muscles and, 55-56, 56f 

Ocular neuromyotonia, 235, 369 
Ocu la r pain. See Pain 
Ocu lar sensory pathwa},s, 57- 60, 57/, 58f. 59f, 197 
Ocula r stability. 199 

assessment of, 199-200 
dysfunction of, 204- 205 

Ocula r (intraocular) surgery, ;Inisocoriil d iugnosis ;Ind. 
270 

Ocular tilt reaction, 205, 206/, 222- 223, 222t 
Ocu logyric crisis, 212-213 
Oculomasticatory myorhythmia, 257 
Oculomotor nerve. See C ranial nerve III 
Oculopalatal myoclonusltremor, pendular nystagmus 

and, 253 
Oculopharyngeal dystroph}', 337 
ODD. See Optic disc (optic nerve head), drusen of 
OKAN. See Optokinetic after nystagmus 
Omnipause cells/neurons, 38, 40, 46, 46/ 
One-and -a-half syndrome, 225- 226, 226f 
100-hue test (Farnsworth-Munsell ), in low vision 

evaluation, 105 
ONSM. Scc Optic nerve sheath meningioma 
OPA I gene, in autosomal dom inant opt ic at roph}', 139 
Open-angle glaucoma. Sec also Gla ucoma 

optic disc appearance in , 139- 140 
in Sturge-Weber syndrome. 341, 343f 

Ophthalmic artery, 1Of. 12, J3f, 141, ISf 16, 18 
aneurysm of, 350-351 
terminal, 18- 19 

Ophthalmic examination. See Examination 



Ophthalmic nerve. See Cranial nerve V (trigeminal 
nerve), VI 

Ophthalmic vein, 10/ 
inferior, !Of, 24J; 25, 27/ 
orbit drained by, 10,24- 25,27/ 
superior, !Of, 24-25, 24f, 27/ 

Ophthalmopathy, thyroid (G ravcs/dysthyroid). See 
Thyroid eye disease 

Ophthalmoplegia 
in ataxia- telangiectasia, 344 
chronic progressive external. 336-337, 336f, 337/ 

ptosis in, 280, 336, 336/ 
internuclear. See Internucl car ophthalmoplegia 

Ophthalmoplegic migraine, 23 1. See also Migraine 
headache 

Ophtha lmoscopy, direct, in low vision evaluation, 95 
Opsoclonus (saccadomanhl), 25 1/, 255-256 
Opsoclonus-myoclonus syndrome, 256 
Optic ataxia, 194 
Optic atrophy. 95-96, 96f, 159 

autosomal dominant. 139. 140/ 
in optic tract syndrome, 166 

Optic canal. 6, 6f, 8, 9f, 1 If, 12,31 
decompression of for traum.Hie visual loss, 156- 157 

Optic ch iasm. See Chiasm 
O ptic chiasmal glioma, 15 1, 164 
O ptic disc (optic nerve head), 29 

atrophy of. See Opt ic atrophy 
conge nital/developmen tal abnormalities of, 141 - 143, 

142f, 143f 
drusen of, 133- 136, 134f, 135f, 136/ 

astrocytic hamartoma diffcrentiated from, 136, 
136f 

papilJedema/pseudopapil1edema and, 120. 120f, 
134 -1 36, 13Sf 

dysplastic, 143 
edema of, 96-97, 97f See (1/50 Papilledema 

in anterior optic ncuropathy, 125, 1261, 127, 128, 
1281 

anterior orbital lesions causing, [32, 133/ 
in diabetic papillopathy, 130- 131 , 131/ 
in neuroretinitis, 130 
in papillitis, 129 
in papillophlebitis, 131 - 132, 132/ 

examination of in low vision cvaluation , 95- 97, 96f, 
97f 

excavation of 
congenital anomalies and, [43 
in glaucoma, 139- 140, 141/ 

in Foster Kennedy syndrome. 127, 128/ 
hypoplasia of,14 1- [42, [41/ 
morning glory, 143 
tilted (Fuchs coloboma). 142- 143, 142/ 
vasculitis of(papillophlchitis) , 131 - I 32, 132/ 

Optic fora men, 9/ 
Optic nerve (cranial nerve II ) 

anatomy of, 10f, I If, 28f, 29- 31,53/ 
blood supply of, 31 
disorders of 

hallucinations and, 190 
illusions and, 189 
relative afferent pupillary defect in, 92, 9S 

dysplastic, 143 
hypoplasia of. 141 - 142, 141/ 

Index . 411 

intracanalicular region of, compressive lesions of. 149 
intracranial region 0(, 31 
intraorbital region of, 30- 31 

compressive lesions of, 149- 154 
in thyroid eye disease, 147- 149, 148/ 
trauma to, 156- 157, [56/ 

Optic nerve glioblastoma (ma li gna nt optic glioma), 
153- 154 

Optic nerve (optic pathway/ch iasm) glioma (pilocyt ic 
astrocytoma), 151 - 154, 151f, 1521, 164 

malignant (glioblastoma), 153- 154 
in neurofibromatosis, 152, 153, 340 

Optic nerve sheath , !Of, 30 
Optic nerve sheath decompression/fenestration. for 

idiopathic intracranial hypcrtension, 124 
Optic nerve sheath meningioma, 149- 151, ISOf, 1501 
Optic neuritis. 1281, 144- 146, 145f, 323-324 

Cf)'ptococcal. 367 
cytomegaloVirus infection causing, 359, 360/ 
hallucinations and, 190 
illusions and, 189 
in multiple sclerosis, 144,323-324 
ncuToimaging in evaluation of, 821, 83-84, 144, 145/ 
nonartcritic anterior ischemic optic neuropathy 

differentiated from, 128, 128/ 
retrobulbar. [44- 146, [45/ 
toxoplasmic, 362 

Optic neuropathy, 11 6- 159 
an terior 

ischemic, 125- 129, 1261 
arteri'ic. 125, 125- 127, 126f, 1261,3 16 
nonarteritic, 125, 126f, 1261, 127- 129. 128/ 

wit h optic disc edema. 116- 132 
without optic disc edema, 133- 142 

autosomal dominant. 139, 140/ 
compressive orbital lesions and. 132, 133f, 149- 154 
congenital disc anomalies and, 141 - [43, 141f, 142/ 
cytomegalovirus infection causi ng, 359 
diabetic papillopathy and, 130- 131, 13 [/ 
drusen and, 133- 136, 134J, 135f, 136/ 
in glaucoma. 139- 140. 14 [/ 
hallucinations and, 190 
hypertensive, 123- 125, 1231 
of increased intracranial pressure. See Papilledema 
infiltrative lesions and, 132, 133f, 158- 159 
inflammatory, pain in, 30 1 
intracanalicular lesions and, 149- 154 
Leber hereditary, 137- 139, 137/ 
neuroimaging in evaluation of. 83 
neuromyelitis optica (Devic syndrome) and, 147 
neuroretinitis and. 130. 130/ 
nutritional. 154- 156. 155/ 
optic atrophy and, 139, [40f, 169 
oplic gliomaand, 1S1 - 154, 151f, 1521 
optic nerve sheath meningioma and, 149-15 1, l 50f, 

1501 
optic perineuritis and. 147 
orbital lesions and, 132, t 33f, 149 
papill itis and, 129 
papillophlebilis and, 131- 132, 132/ 
posterior, 144- [59 

ischemic, 157- 158 
pseudotumor cerehri and, 123- 125, 1231 
radiation-induced, 369, 369/ 
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retrobulbar optic neuritis and, 144-146, 14SJ 
in sarcoidosis, 133f, 144,335 
thyroid eye disease and, 147- 149, 148f, 333 
toxic, 154- 156 
tnlumatic, 156-157, 1561 
visual field patterns in, 116, II?f, 118/, 119J 

Optic perineuritis. 147 
Optic pits (optic holes), 143 
Optic radiations (gcnicu]ocalcarine pathways), 20J, 21, 

28f. 34 
lesions of. 165- [72 

Optic strut. 9, 31 
Optic tract, 28/, 32-33 

lesions of, 165- 167, 166t 
Optic tract synd rome. 19-20, 166- 167 
Optical coherence tomography, 81, 108 

in low vision assessment, 108 
Optical medium/ media, abnormalities of, 111 - 112 

transient visual loss and, 175- 176 
Optics, ofhunlan eye, illusions and, 188 
Optociliary shunt vessels (retinochoroid:ll collaterals), 

25, 149 
in optic nerve sheath meningioma, 149, ISO! 
in papilledema, 121-122 

Optokinetic nystagmus (OKN), 198-199, 1981.201 
assessment of. 201-202 
dysfunction of, 207-208 

in congenital nystagmus, 245 
parietal lobe lesions and, 168- 169 

non organic ophthalmiC disorder and, 307 
Optokinetic after nystagmus (OKAN), 202 
Optotypes. for nonorganic ophthalmic disorder 

evaluation. 3 12 
Oral facial dyskinesias, 292 
Orbicularis oculi muscle. 62 

blepharospasm and, 289, 290/ 
hemifacial spasm and, 29 1 
spastic paretic facial contracture and, 291 
weakness of. in myasthenia gravis, 329 

Orbit 
anatomy of, 7- 12, 9-1 Of, II! 

sensory and motor components, 56- 62 
vascu lar 

arterial supply in, 13- 14f, 15-18 
venous drainage in, 10, 24 - 25f 

bony, 7-12, 9- 1 Of. Ilf 
neuroimaging in evaluation of, 821, 87- 88, 87f 

canals in, 10- 11 
compu ted tomography in ('valuation of, 70- 72, 7 If, 

87, 87f 
disorders of 

compressive, 132 
imaging studies in, selecting, 821, 84, 87- 88, 87f 
infiltrative, 132, 133f, 158- 159 
transient visual loss and. 177 

fissures in. See Orbital fissures 
floor of, 8f 
fractures of, diplopia after, 238 
infection/ inflammation of. idiopathic, 300- 30 1 
lateral wall of. 7f, 9 
magnetic resonance imagi ng in evaluati on of. 73, 76f, 

87-88 
medial wall of, 8f, 9,10 
myositis affecting, 239 

roof of, 7f 
tumors of 

diplopia caused by, 239 
MR imaging of, 75f, 87/ 

ultrasonography in evaluati on of, 81 
volume of, 9 

Orbital apex syndrome, 236 
Orbital decompression, for thyroid eye disease, 149,334 
Orbital fissures, 10 

inferior, 7j; 8, 8f, 9f, 12 
superior, 6, 6f, 7f, 9f, 10 

ophthalmoplegia caused by lesions of, 236- 238 
O rbital rim, 9 
Orbitalis muscle, IOf 
Orbitopathy. thyroidlthyroid -associated/Graves. See 

ThyrOid eye disease 
Oscillations. See Saccadic intrusions/oscillations 
Oscillopsia, 243 

in superior oblique myokymia, 257 
Otic ganglion, 66f 
Otitic hydrocephalus, 357 
Otoliths, 48 

ocular molor disorders and, 205,222 
peripheral vestibular nystagmus and, 249 

Ototoxicity. peripheral vestibular dysfunc tion and, 250 
Ovarian cancer, paraneoplastic-induced saccadic 

intrusions and, 256 

P cells (parvocellular neurons/system), 28, 33 
PABPNI gene mutation, in oculopharyngeal dystrophy, 

337 
Pacch ionian granulations, 26 
Pain. See (liso specific type 

cerebral aneurysms causing, 35 1 
facial, 30 1- 303 

atypica!, 30 I 
headache causing, 293 - 300. See also Headache 
in Horner s)'ndrome, 268- 269, 302 
icepick, 299 
neuroimaging in evaluation of, 85-86 
ocu lar causes of, 300- 301 
in ocular ischemic syndrome, 183 
orbital, 300- 301 

myosi tis causing, 239 
periorbital, 30 I 

in optic neuritis, 91 - 92,144 
third nerve palsy and, 231 
in Tolosa-Hunt synd rome, 237, 30 1 
with visual loss, assessment and, 91 - 92 

Palatalmyoc1onus/tremor, pendular nystagmus and, 253 
Pa lat in e bone,S, 7f, 9- 10 
Paleocerebellum, 48 
Palinopsia, 191 
Pa lpebral artcries, mediaillaterai. 14f, 15f 
Palpebral fissures, measuring vertical height of, 275, 

276f 
Palpebral muscles, 6 1- 62 
Palpebral vein, inferior/superior, 25f 
Palsy. See sperific Iype or Siruciure affected aud ParalYSis 
PAM. See Potential acuity meier 
PAN. See Periodic alternating nystagm us 
Pancoast syndrome, 267 
Panel D-15 (Farnsworth) test, in low vision evaluation , 

105 



Papilledema, 116-117 
acute. 11 6-121. 120/' 121/ 
chronic, 121- 123, 121f, 122/ 
in cryptococcal meningitis, 367 
drusen differentiated from, 120, 120j, 134- 136, 135/ 
pseudopapilledema and. 11 8- 120, 120/ 
pseudotumor cerebri and, 123-125, 1231 
transient visual loss and, 176 

Papillit is, 129 
PapilloTllacular bundletflbers, 29. 30f, 31 

visual field defects and, 116, 119/ 
Papillopat hy. diabetic, 130- 131, 131/ 
Papi lloph lebit is. 131- 132, 132/ 
Papillorenal syndrome, dysplastic opt ic nerve and , 143 
Paradoxical pupilla ry phenomena. 274 
Paraflocculus, 48. 204 
Paralysis (pa resis/paretic syndromes) 

diplopia caused by, 226- 235, 228f, 229f, 232f, 234f, 
236 

restrict ive syndromes differentiated from. 218, 219/ 
in mUlt iple sclerosis, 323 

Pam lysis of gaze, psychic. See Ocular motor apraxia 
Paramedian pontine reticular formation, 39, 39f, 42, 

46f, 199 
Paramedian tracts, 39 
Paranasal sinuses, 7 

neuroimaging in evaluation of disorders of. 821 
Para neoplastic disorders 

retinopathies, 114- 11 5 
S:lccadic inlrusions caused by, 255 - 256 

Parasellar region. 6- 7 
lesions of 

chiasm affected by. 162- 165, 163/ 
meningiomas, 164 
nystagmus caused by, 254 

neuroirnaging in evaluation of, 821, 85, 88 
Parasellar (sphenocavernous) syndrome, 236 
Parastriate cortex (Brodman n area 18),34. See also 

Visual (calcari ne/occipital) cortex 
Parasymp:llhetic ganglia/nerves/pathway, 65- 67, 65f, 66/ 
Paratrigeminal synd rome, Raeder, 268- 269 
Parietal bone. 7 
Parietal cortex, posterior, 36f, 40f, 41 
Parietal lobe lesions, 168- 169 

hallucinations and, 190- 19 1 
Pari eto-occipital artery, 22f, 23, 23f 
Parinaud (dorsal midbrai n) syndrome, 44, 21 1,2 12/ 

eyelid retraction in, 211, 273, 28 1 
Pa rki nson disease/parkinsonism 

convergence insufficiency in, 213 
facial wea kness/paralysis in, 285 
postencephalitis, oculogyric crisis in, 212 
pursuit disorders in, 2 13 

Parks-Uielschowsky 3-step test, in fourt h nerve palsy, 233 
Paroxysmal hemicrania, 299 
Partial third nerve palsy, 230 
Parvocellular neurons (P cells/system), 28. 33 
Pattern -deviation plot, 101 
Pattern electroretinogram, 11 0 
PAX2 ge ne mutation, optic nerve dysplasia and, 143 
Pc. Sec Posterior commissure 
peoA. See Posterior communicating artery 
!'elli -Robson chart. 105 
Pelopsia, 189 

Pendular nystagmus, 243, 244. 244/ 
acquired, 244f, 253 
in multiple sclerosis, 325 

Penicillin, for syphilis, 36 1 

Index. 413 

Perceptual distortion. See Metam orphopsia 
Perc heron , artery of, 23 
Perforators 

of basilar artery. 21-23 
of posterior cerebral arteries, 23 

PERG. See Pattern electroretinogram 
Perimetry, 99- 104, 101f, I02f, 103/ 

Goldmann, 99- 100 
in nonorganic ophthalmic disorders. 313, 314/ 

kinetic, 99 
nonorganic ophthalm ic disorder evaluation and, 312, 

3 13f 
in optic neu ropathy, 118t 
stalic, 99, 99- 100 

automated, 100-104. 10 1f, 102f, 103! 
Swedish interactive thresholding algorithm , 101 
tangent screen in, 99 

Perinellfal invasion. pain caused by, 303 
Perineuritis, opti c (perioptic neuritis), 147 
Periodic alte rnating gaze deviat ion, in comatose 

patients, 259 
Periodic al ternat ing nystagmus, 251t, 252-253 
Periodic alternating skew deviation, 223 
Periopt ic neuritis, 147 
Periorbital pain , 301 

in optic neuritis, 9 1-92, 144 
Peripapilla ry fibers 

assessment of, 96. 96/ 
gliosis of, 121, 121/ 

Peripheral arcade, superior, 14/ 
Peripheral vestibular nystagmus, 248-250, 2491 
Periungal fibroma, in tuberous sclerosis, 341, 342/ 
PET. See Positron emission tomography 
Petrodinoid (G ruber) ligament, 50 
Petrosal nerve. greater superficial, 16.61 
Petrosal sinuses, inferior/superior, 26, 26f, 27f, 50 
Pet rOils bone, 7 

inflammation of, sixth nerve palsy and. 234 - 235 
Phakoma/phakomatoses (neu rocutaneous synd romes), 

338-345, 339/. See also specific type 
Pharmacologic anisocoria, 266, 270 
Phenylephrine, Horner syndrome diagnosis and. 266 
Phosphenes 

optic neu ritis causing, 190,323 
retinal vasospasm (migraine) causi ng, 190 

Photisms, in optic neuritis, 190,323 
Photophobia, 30 I 

in cone dystrophies, 114 
Photopsias, transient ischemic attacks causing, 347 
Photoreceptors, ratio of to ganglion cells. 29 
Photosensitive retinal ganglion cells, 28, 32 
Photostress recovery test, 106 

transient visual loss and. 175, 176 
PhototransduClion,27 
Physiologi c (s imple/essential ) anisocoria, 264, 265/ 
Pie in the sky defect, 168, 169/ 
Pilocarpine 

in Adie tonic pupil diagnosis, 270-271, 272f, 316 
anisocoria caused by, 266, 270 
in fixed, dilated pupil evaluation, 316 
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Pilocytic astrocytoma, optic. See Optic nerve (optic 
pathway/chiasm) glioma 

Pineal gland, 28/ 
"Ping-Pong" gaze, 259 
PION (posterior ischemic optic neuropathy), See 

Posterior optic neuropathy, ischemic 
Pits, optic (oplic holes) , 143 
Pituitary adenoma 

chiasmal syndromes caused by, 161j. 162-163, 1631 
neuroimaging in evaluation of, 821 
in pregnancy, 162 

Pituitary apoplexy (Sheehan syndrome), 162-164, 163/ 
Pituitary autoimmune inflammation (lymphocytic 

bypophysitis),346- 347 
Pixel, 70 
Plaques 

demyelinating, in multiple sclerosis, 322, 322f 
Hollenhorst (cholesterol emboli), transient visual loss 

and, 175J. 177, 1791 
Platelet-fibrin embolus, lr:msienl visual loss and, 177, 

l7Sf, 179/ 
Plavix. See Clopidogrel 
Pletal. See Cilostazol 
Plexiform neurofibromas, eyelid involvement and, 275, 

276f, 339-340 
PML. See Progressive multifocalleukoencephalopathy 
PMTs. See Paramedian tracts 
Polaroid slide test, in nonorganic ophthalmic disorder 

evaluation 
monocular no light perception and, 310, 3lOf 
monocular reduced vision and, 311 

Polyopia, 216 
Pons, horizontal eye movements and, 42 
Pontine lesions 

facial myokymia caused by, 292 
facial weakness/paralysis caused by, 285, 2851 
ocular motility affected by, 210, 258 
spastic paretic facial contraction caused by, 292 

Pontine nudei, dorsolateral, 38 
Pontine reticular formation, paramedian, 39, 391, 42, 

46f, 199 
Port -wine stain (nevus nammeus), in Sturge- Weber 

syndrome, 341, 343f 
Positron emission tomography (PET ), 80 
Post- cataract extraction restriction, diplopia caused by. 

239 
Posterior alveolar nerve, 60 
Posterior cerebral artery, 12, 19,201, 22f 

cranial nerve relationship and, 52f 
Posterior choroidal artery, 22f 
Posterior Ciliary arteries, 141, 18-19 
Posterior commissure, 38, 39/ 
Posterior communicating artery, 19,201, 22[, 23 

aneurysm of, 3S0f, 351 
third nerve palsy and, 2281, 229, 229f, 273, 351 

cranial nerve relationship and, 52f 
Posterior cranial fossa, 6f 

nellroimaging in evaluation of, 821, 85, 88 
Posterior ethmoidal artery, 131, 14f, 15- 16, 18 
Posterior ethmoida l foramen, 12 
Posterior inferior cerebellar artery, 21, 22f 
Posterior optic neuropathy, 144-159 

cytomegalovirus infection caUSing, 359 
infiltrative, 158- 159 

intraorbital/intracanalicular compressive lesions and, 
149- 154, 150f, 150t, 151f, 1521 

ischemic, 157- 158 
neuromyelitis optica and, 147 
optic glioma and, 151 - 154, 151f, 1521 
optic nerve sheath meningioma and, 149- 151, 150f, 

ISOt 
optic perineuritis and, 147 
retrobulbar optic neuritis and, 144- 146, 145f 
thyroid eye disease and, 147- 149, 148f, 333 
toxic/nutritional, 154- 156, 155f 
traumatic, 156- 157, 156f 

Posterior parietal cortex, 36f, 40[' 41 

\ 

Posterior reversible encephalopathy syndrome, 326[' 346 
Posterior superior alveolar vein, 24{ 
Posterior synechiae, anisocoria and, 266 
Posterior temporal artery, 22f 
Posterior vest ibular artery, 21 
Postganglionic Horner syndrome, 267, 268 - 269 
Post herpetic neuralgia, 303 
Postviral optic neuritis, 144 
Potential acuity meter (PAM), \06 
ppe. See Posterior parietal cortex 
PPRF. See Pontine reticular formation, paramedian 
Precentral gyrus, 60 

facial weakness/paralysis caused by lesion of, 284- 285 
Prednisone 

for giant cell arteritis/AAION, 126,320 
for optic neuritis, 146 
for thyroid eye disease, 333- 334 

Preganglionic Horner syndrome, 267 
Pregnancy, neuro-ophthalmic disorders associated Wilh, 

162,164,345- 347,346/ 
Prematurity, oculilr deviations and, 212 
Premotor neurons, 40 
PRES. See Posterior reversible encephalopathy 

syndrome 
Preseptal palpebral muscles, 61-62 
Press-On prism, for thyroid eye disease, 334 
Pretarsal palpebral muscles, 61-62 
Pretectal (Parinaud/dorsa l midbrain) syndrome, 44, 

2 11 ,212/ 
eyelid retraction in, 211,273,281 

Pretecturn/pretectal nuclei, 32, 33, 65, 65/ 
convergence insufficiency caused by damage to, 213 
vertical gaze palsy caused by damage to, 210-211, 

212/ 
Primary ViSWll (striate/occipital) cortex, 28f, 34, 3~f See 

(liso Visual (calcarine/occipital) cortex 
Prions/prion diseases, 368 
Prism dissociation, for nonorganic ophtha lmic disorder 

evaluation, 309, 309f 
Prisms, for thyroid eye disease, 334 
Progressive (chronic progressive) external 

ophthalmoplegia, 336- 337, 336f, 337/ 
ptosis in, 280, 336, 336/ 

Progressive multifocalleukoencephalopathy, in H IV 
infection/AIDS, 36 1, 362f 

Progressive supranuclear palsy 
convergence insufriciency in, 213 
facia l weakness/paralysis in, 285 
pursuit dysfunction in , 213 
saccadic dysfunction in, 208 

intrusions, 200 



Prolixin. See I:luphenazine 
Proptosis (exophthalmos/exorbitism), in thyroid eye 

disease, 332, 332/ 
Prosopagnosia, 193 
Prostigmin. See Neostigm ine 
Proton density images, 73, 73J, 74f, 751, 761 
Prpc, 368 
Pseudo-Foster Kennedy syndrome, 127 
Pseudo- intern uclear ophthalmoplegia, myasthenic, 225 
Pseudo isochromat ic plates, in low vision evaluation, 

104- \05 
Pseudopapi ll edema, 11 8-1 20, 120/ 

drusen and, 120, 1201, 134 - I 36, 135/ 
Pseudoptosis, 2761, 281 
Pseudotumor cerebri (idiopat hic intracranial 

hypertension), 123- 125, 1231 
headache and, 123, 124,294 

PSI'. See Progressive supran uclear pa lsy 
Psychiatric disorders. See Behnvioral/psychiat ric 

disorders 
Psychic paralysis of gaze. See Ocula r motor apraxia 
Pterygoid process, of sphenoid bone, 7 
Pterygoid venous plexus, 24J, 25 
Plerygomaxillary area, 8, 12 
Pterygopalatine fossa, 12 
Pterygopalatine ganglion/nerves, 60, 66f 
Ptosis (blepharoptosis), 277J, 278- 28 1, 279J, 2801 

acquired, 279- 28 1, 2801 
aponeurotic, 280, 2801 
apparent (pseudoptosis), 276J, 28 1 
apraxia of eyelid opening and, 281 
cereb ral ,280 
in chro nic progressive external ophthalmoplegia, 280, 

336,336/ 
congenital, 278- 279, 279/ 
eval uation of, 275- 277, 276J, 277J, 278! 
in Horner syndrome, 266 
Marcus Gunn jaw-winking, 279, 279J, 284 
mec hanical, 2801, 281 
in myasthenia gravis, 276-277, 277J, 280, 328 
myogenic,2801 
in myotonic dystrophy, 280, 338 
neurogenic, 279-280, 2801 
neuromuscular, 280/ 
nonorganic,316 
steroid-induced,280 
third nerve palsy causing, 228, 228f 
traumatic, 2801, 28 1 

Pulfrich phenomenon, 189 
Pulvinar, 20J, 36, 41 
Pupil-involving third nerve (oculom otor) palsy, 229, 

229J, 271 - 273 
Pupil-sparing third nerve {ocu lomotor} palsy, 230-23 1 
Pupillary defects, 261 - 274, See {llso specific Iype {llld 

I/nder PI/pils 
afferent, relative. See Relative afferen t pupillary defect 
benign episodic mydriasis, 274 
examin ation of patient with, 261 
histo ry in, 26 1 
irregulari ty, 263-264 
nonorgani c, 316 
pa radoxica l reactions, 274 
reactivity disorders (light-nea r dissociation), 

273-274,2731 

Index. 415 

size/shape/location abnormalities, 263, 264- 273. See 
(Ilso Anisocoria 

in third nerve palsy, 229, 2291, 230-23 1, 271-273 
Pupillary escape, 93, 941 
Pupillary light reflex (pupillary response to light), 262 

consensual response in, 262 
direct response in, 262 
disorders of, 273- 274, 2731 
nonorganic ophthalmic disorders and, 307 
paradoxical, 274 

Pupillary near reflex, spasm of, 315 
Pupils 

abnormalities of, 261 - 274. See {liso specific Iype 
benign episod ic myd riasis, 274 
examination ofpalient with, 261 - 263 
history in, 261 
irregularity, 263-264 
nonorganic, 3 16 
paradoxical reactions, 274 
reactivity disorders (li ght- ncar dissociation), 

273- 274,2731 
size/shape/location abnormalities and, 263, 

264- 273. See also Anisocoria 
nonorganic, 316 

in third nerve palsy, 229, 229J, 230- 23 1, 27 1- 273 
Ad ie toni c, 54, 265J, 270- 271, 271f, 272f, 316 
Argyll Robertson, 274 
Argyll Robertson- like, 274 
constriction of, in near and light reflexes, 262. See 

also Pupillary light reflex 
deformed (corectopia), 264 
examination of, 261 - 263 

in low vision, 92- 95, 94/ 
fixed, dilated, 316 
irregular, 263- 264 
Marc us Gunn. See Marcus Gun n pupil 
pharmacologic testing of, 263 
reactivitylresponse of to light. See Pupillary light reflex 
size of 

abnormalities in, 263, 264-273. See also Anisocoria 
baseline, 263 
evaluation of, 262 
nonorganic causes of changes in , 316 

springing, 274 
tadpole, 263 
tonic (Adie pupil/syndrome), 54, 265f, 270-271, 271J, 

272J, 316 
trauma affecting, 263 
white (leukocoria), 263 

Purkinje cells, 48 
Pursuit eye movemen ts/pu rsuit pathways/system, 41, 

42J, 431, 198- 199, 1981,204 
assessment of, 204 
dysfunction of, 213 

in ataxia-tel angiectasia, 344 
optokinetic nystagmus and, 168- 169,20 I 

Quadruple sectoranopia, lateral geniculate body lesions 
causing, 167, 167/ 

Racemose angioma/hemangioma (Wyburn -Mason 
synd rome), 339J, 345, 345/ 

Radiation, neuroimaging in evaluation disorders caused 
by,82t 



416 • Index 

Radiation necrosis. 369 
Radiation optic neuropathy, 369, 3691 
Radiation surgery. 368 
Radiation therapy, 368-369 

complications of, 368-369 
neuramyotonia arter. 235 
for optic ncn'c glioma, 152, 153 
for optic nerve sheath meningioma. 149- 150 
for thyroid cye di sease, 334 

Radiculi tis. herpes. 359 
Radioactive iodine. for hyperthyroidism, orbital disease 

exacerbation and . 333 
RadiofrcquenC}' pulses. in MR I, 72 
Radiosurgery, 368 
Raeder paralrigerninal syndrome, 268-269 
Ragged red fibers. 337. 337f 
Ramsay Hunt s)'ndrome. 286, 287, 359 
RAPD. See Relative afferent pupillary defect 
Rebif. See Interferon beta 
Rebound headache. analgesic, 298 
Rebound nystagmus, 248 
Recogni tion disorders, 192- 194, 1921, 193/ 
Recoverin (CA R antigen), 115 
Rectus muscles, 10f, 55-56, 56/. See a/so specific /11l/sele 

nerves supplying, 54 
in thyroid·associated extraocula r m)'opathy, 332f. 333 

Rectus subnuclei, 54 
Recurrent corne:l! erosion, pain caused by, 300 
Recurrent meningeal artery, 14f, IS! 
Rcd.green test, duochrome/hichrome, in nonorganic 

ophtha lmic disorder evaluation 
monocular no light perception and, 309-310 
monocular reduced vision and, 3 11 

Red Maddox rod. 216. Sec also :"'Iaddox rod/Maddox 
rod testing 

Refixation movements, microsaccadic, 199 
Reflex, vestibular ocular. See Vestibular ocular reflex 
I~eflex blephll rospasm, 292 
Reflexive saccades, in progressive supranuclear palsy, 

208 
Refractile bodies/spots, in papilledema, In. 122J 
Refraction. clinical, in low vision, 92 
Relative afferent pupilla ry defect (Marcus Gunn pupil) 

in multiple evanescent white dot synd rome, 113, I 13J 
in optic lract syndrome. 167 
testing for, 92-95, 94J 

in nonorganic ophthalmic disorders. 308 
Relaxation, in MRI. 70 
Relaxation times, in MRI, 70, 72 
Renal coloboma syndrome, d)'splaslic optic nerve and. 

143 
Repetit ive nerve stimulation. electromyographic, in 

m),aslhenia gravis, 331 
Restrictive syndromes, diplopia caused by, 238-24 1. 

240f, 241/ 
paretic syndromes differentiated from, 218, 2 19! 
posttnlUmatic.238-239 

Reticular formation 
medullary, 39, 39J 
paramedian pontine, 39, 39t. 42. 46f. 199 

Retina 
anatomy of. 27- 29. 3D! 
astrocytic hamartoma of, optic disc drusen 

differentiated from, 136, 136J 

disorders of. See specific Iype (I/Ill Ret inal diseasc; 
Retinopathy 

emboli in , See also Emboli 
transient visual loss caused by. 17Sf. 1761, 177- 183. 

17Sf, 179f, 179/, IS " 
gliOSis of peripapillary nerve fiber layer of. 121, 121J 
in HIV infection/AIDS, progressive outer retinal 

necrosis and, 359 
imaging techniques in eva luation of, 8 [ 
nasal, 28f, 31 

Rctinal angiomatosis (angiomatosis retinae, von Hippel/ 
von Hippel- Lindau syndrome/d isease), 339/, 344, 
344/ 

Retinal artt.·ria! arcades, inferior/superior, 16 
Retinal nrtery, central, 13J, 11If, 15, 18f. 19f,31 
Retinal detachment, hallucinations caused by, 189 
Retinal disease 

electrophysio!ogic testing in, 108- 110, llOf 
electroretinogram in, 109- 110, IlOf 
hallucinations caused by, 189- 190 
illusions caused by, 188 

Retinal hemorrhages 
dot ·and· blot, 183. 184, 184J 
in NA10N versus opt ic neuritis, 128 

Retinal migrai ne. 184- 185, 190,297. Sec (lIsa Migraine 
headache 

Retin:ll pigmcnt epithelium (RPE), 28 
Retinal vasculitis, benign (pallillophlebitis), 131-132, 

132/ 
Retinal vasospasm (m igraine), 184- 185, 190 
Retinal vein 

arcade, 23 
central. 19f. 24, 24J 

Retinitis, cytomegalovirus, in HIV infection/AIDS. 359 
Retinoblastoma, leukocoria in, 263 
Retinochoroidal collatcrals (optuciliary shu nt vessels). 

25,149 
in optic nerve sheath meningioma, 149, 150J 
in papi lledema, 12 1- 122 

Reti nopathy 
cancer-associated, 112, 11 4- 115, 190 
mcl:lIloma-associated, 112, 115 
parancoplastic, 11 4- 11 5 
venous stasis, 184 

Retraction , e)'clid. See Eyelids, retraction of 
Retrobulbar optic neuritis, 144- 146, 145f 

in cr)'ptococcosis, 367 
Rt'lrochiasmaliesions, 165- 172 

lateral geniculate body lesio ns, 167- 168, 167f 
in multiple sclerosis. 324 
neuroimaging in evaluation of, 84 
occipital lobe lesions, 169- 172, 170f, 171f. 172J 
optic tract lesions, 165- 167. 166J 
parietal lobe lesions, 168- 169 
temporOillobe lesions, 168, 169f 

Reverse ocular bobbing, 259 
Reverse ocular d ipping, 259 
Rhinocercbral mucormycosis. 366, 366f 
Riddoch phenomenon, 172, 195 
ril\ILF. See Rostral interstitial nucleus of medial 

longitudinal faSCiculus 
Ring sign, in optic nen'e sheath meningioma, ISOJ 
RIP. Sl'e Nucleus raphe interpositlls 
Rods, 27 



Rosenthal , basilar vein of, 26 
Rostral interstitial nucleus of mediallongiludinal 

f'lsciculus, 38, 39J. 42, 44J, 46J. 199, 199- 200 
RT. See R:ldi:ltion therapy 

Saccadesfsaccadic system, 40- 41 . 40f. 46f. 198-199. 
1981.202-203.202/ 

assessment of, 202-203, 203f 
dysfunct ion of, 208-2 13, lllJ. l 12/. 2·13. Seen/so 

S:lccadic intrusionsfosci llations 
in .Itaxia-tt'langiectasia. 344 
gaze palsy/preference/ tonic deviations and. 

210-2 13, 2 11j. 212f 
in internuclear ophthalmoplegia. 224 
ocu ln r motor apraxia and. 194.209-2 10 
in progressive supranuclear pals)', 208 

hypermetric. 203. 209 
hypometric, 203, 209 

Saccadic intrusionsfosci llations, 200. 204- 205, 208, 243. 
24'1. 254- 256, 255J 

m3crosaccadic. 255, 255f 
with normal intersaccadic intervals, 254-255, 255f 
without normal intersaccadic imen'als, 255-256, 

255/ 
Saccadic (cogwheel) pursuit. 2 13 
Saccadomania (opsod onus), 251 t, 255- 256 
Saccular (berry) aneurysm, 350 
Saccule, 47f. 48 
Sagittal sinus, superior, 25-26. 26/ 

thrombosiS in, 357-358 
Sagittal suture, 7 
Salivary (salivatory) nucleus, 66, 66f 
Sarcoid granuloma, 335 
Sarcoidosis, 334-336 

cran ia l nerve VII involvement in. 287. 288, 335 
neuro·ophthalmologic manifestations in, 335 
numb chin associated with. 303 
optic nerve involvement and, 133/. 144.335 

Saturation reco\'cry (SR) imaging. 70 
Scleritis, pain and. 300 
Sclerosis, tuberous (Bourneville discilse{syndrome), 

3391,341.342/ 
Sclerotic (gliotic) lesions. in multiple sclerosis. 322 
Scotomata , 1181 

arteriovenous malformations causing, 356 
in Illigraine aura without headache. 296 
in migraine headache. 295. 295/ 
in multiple evanescent white dot synd rome. 113. 11 3/ 
physiologic (blind spot), 27 

idiopnthic enlargement of, 11 2- 11 3 
systemic hypoperfusion causing. 172, 182 

SE (spin echo) technique. 70, 72 
Sebaceous adenomas, in tuberous scle rosis, 34 1, 342f 
Second·order neuron lesions, Horner syndrome caused 

by, 267. 268J 
Sectoranopia, quadruple, lateral gen icu late body lesions 

causing. 167. 167/ 
See-saw nystagmus, 251t. 253-254 
SEFs. See Supplementary e)'e fields 
Seizures 

arteriovenous malformations causi ng, 354 
facialmoverncllts/ palsy and. 292 
hallucinations and. 190 
ocu lar deviations caused b)'. 211 - 212 

transient visual loss caused by. 186 
in tuberous sclerosis, 34 1 

Sella turcica,S, 6j. 16 
Semicircular canals 

hair cells of, 47, 47/ 

Index . 417 

peripheral \'estibular nystagmus and. 249 
Sensi tivity. spatial contrast. in IO\~ vision evaluation , 105 
Sensitivity threshold, in perimetry, 100 
Sensory nucleus. of cranial nerve V (trigeminal), 57. 

57/. 59/ 
Sensory pathways, 57-60, 57f, 58f, 59f 
Sentinel bleed . before aneu rysm rupture, 351 
Septic thrombosis, 357 
Septo-opt ic dysplaSia (de Morsier syndrome), 141 
Setting sun sign, 2 12 
Shagreen patch, in tuberous sclerosis. 341 
Sheehan syndrome (pi tuitary apoplexy). 162- 164, 163f 
Shock value. in nonorganic ophthalmic disorder 

eva luation, 308 
Short ci liary arteries, 13f. 14j. 18 
Short tau inversion recovery (STIR) technique, 73, 761 
Short-term fluctuation, in perimetry, 104 
Shunting surgery, for idiopathic intracranial 

hypertension. 124 
Sigmoid sinus. 26, 26/ 
Signal error information. 48- 49 
Sildenafil. visual changes caused by. 189 
Silent visual fields. in nonorganic oph thalmic disorders, 

3 12 
Silicone bands. for corne.11 exposure in facial palsy. 288 
Simple (physiologic/essential) anisocoria, 264, 265f 
Simple cells/neurons. 34 
Simultanagnosia, 194, 195f. 210 
Single· photon emission computed tomography 

(S PECT),80 
Sinus thrombosis 

cavernous, 357 
dural,356-358 
lateral (transverse), 357 
superior sagittal. 357-358 

Si nuses. See specific type (I"d Paranasal si nuses 
SITA. See Swedish interactive thresholding algorithm 
Sixth nerve (abducens) palsy, 218. 220f, 234 - 235 

diplopia and, 21 8. 220j. 223- 224. 227, 234-235 
divergence insufficiency/paralysis and, 2 14, 2221. 234 
in multiple sclerosis. 325 

Skcw dc\'iation, 222- 223. 222t 
alternating. 222, 222t 

periodic, 223 
in multiple sclerosis, 325 
neuroimilging in evaluation of, 85 

Skull base. bony anatomy of. 5- 7, 6j. 7-8j. 9- 10/ 
Sleep test, for myasthenia gravis, 330 
Slit-lamp biomicroscop)'/examination , in pupillar)' 

cxamination, 262 
Slow twitch (tonic) fibers, 55 
Smoking 

optic neuropathy and, 154 
th)'roid disease and. 333 

Smooth pursuit system. 41 . 42j. 43f. 198- 199, 1981, 204. 
See also Pursuit eye movements/pursuit pathwaysf 
systcm 

Sncllen cha n , for bottom-up acuity testing, 311 
Sonography. See Ultrasonography 
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Spasm of accommodation (ciliary muscle spasm), 316 
Spasm of convergence, 214 
Spasm of fixation. See Ocular motor apraxia 
Spasm of near reflex, 315 
Spasms 

habit, 292 
hemifacial, 2891, 291, 292f 

Spasmus !lUlans, 257 
Spastic paretic facial contracture, 291 - 292 
Spatial frequency, contrast sensitivity testing and, 105 
SPECT. See Single-photon emission computed 

tomography 
Spectroscopy, magnetic resonance (MRS), 69, 80 
Sphenocavernous (parasellar) syndrome, 236 
Sphenoid bone. 5, 6, 6f, 7, 7f, Sf, 9f, 10 

pterygoid process of, 7 
Sphenoid sinuses, 7, 8, II! 
Sphenoid wings, 6, 6[, 7f, Sf, 9f 
Sphenopalatine ganglion, 67 
Sphincter muscle 

damage to 
anisocoria and, 269-270 
pupil irregularity and, 263 

testing, pharmacologic anisocoria and, 270 
Spin echo (SE) technique, 70, 72 
Spin-latt ice/longitudinal relaxation time (Tl), 70, 72 
Spin-spin/transverse relaxation time (T2), 70, 72 
Spinal nucleus and tract, of cran ial nerve V (trigeminal), 

57-59,57/ 
Spi ral ofTillaux, 55 
Spongiform encephalopathies, transmissible, 368 
Spontaneous nystagmus 

fixation and, 200 
vestibula r imbalance and, 200-20 1,205 

Spread of comitance, 219 
Spreading depression of Leao, 191 
Springing pupils, 274 
Square-wave jerks, 200, 205, 254, 255/ 
Square waves, 199 
SR (saturation recovery) imaging, 70 
Stabbing headache, idiopathic, 299 
Stapedial nerve, 61 
Static perimetry, 99, 99-100 

automated, See Automated perimetry 
Statins, stroke prevention and, 182 
Status epilepticus amauroticus, 186 
Stent placement, carotid artery, 182- 183 
Stereopsis, testing, in nonorganic ophthalmic disorder 

evaluation 
monocular no light perception and, 310 
monocular reduced vision and, 311,3111 

STIR (short tau inversion recovery) technique, 73, 761 
Strabismus 

comitant/incomitant deviations in, 219, 220/ 
diagnosis of, 216, 216/ 
in thyroid eye disease, 238 

St raight sin us, 26, 26f 
Stratum album profundum, 41 
Stratum griseum profundum, 41 
Striate cortex (Brodmann area 17),35/ See also Visual 

(calcarine/occipital) cortex 
"String sign:' in internal carotid artery aneurysm, 

269/ 

Stroke 
arterial dissection causing, 3S3 
carotid artery disease and 

clinical/laboratory evaluation and, 180 
prognosis and, 181, 1811 
transient visual loss and, 177- 183, 179f 
treatment and, 181 - 183 

gaze palsy/preference and, 2 JO 
homonymous hemianopia caused by, 165, 168, 171, 

l72/ 
internuclear ophthalmoplegia caused by, 225 
risk factors for, 181, 1811 

Slurge- Weber disease/syndrome (cerebrofacial! 
encephalotrigeminal/encephalofacial angiomatosis), 
3391,341 - 342, 343f 

Subarachnoid hemorrhage 
arteriovenous malformations causing, 354 
ocular hemorrhage with, 35 I 

Subclavian artery, 21 
Subclavian steal, 349 
Subconjunctival arteries, 14f 
Submandibular ganglion, 66f 
Substantia nigra, 40/ 
Succinate, for Leber hereditary optic neuropathy, 138 
SUNCT,299 
Superficial petrosal nerve, greater, 16,61 
Superficial temporal artery, 12, 14I, lSI, 19 
Superior cerebellar artery, 20I, 22I, 23 

crania l nerve relationship and, 52/ 
Superior colliculus, 39f, 40I, 41,61 
Superior marginal arcade, 14/ 
Superior muscular artery, 18 
Superior oblique mu scles, !Of, 55, 56f 
Superior oblique myokymia, 256-257 
Superior ophthalmic vein, 1 Of, 24-25, 24f, 27/ 
Superior orbital fissure, 6, 6f, 7f, 9I, 10 

ophthalmoplegia caused by lesions of, 236- 238 
Superior palpebral vein, 25f 
Superior peripheral arcade, 14/ 
Superior petrosal sinus, 26, 27/ 
Superior rectus muscles, 10f, 55, 56/ 
Superior rectus subnucleus, 54 
Superior sagittal sinus, 25-26, 26/ 

thrombosis in, 357-358 
Superior segmental hypoplasia, 142 
Superior tarsal muscle of Mliller, 63, 64, 64/ 

in Horner syndrome, 266 
Supplementary eye fields, 40, 40f 
Suppression, in strabismus, 2 I 9 
Supranuclear palsy, progressive 

convergence insufficiency in, 213 
f;lcial weakness/paralysis in, 285 
pursuit dysfunction in, 213 
saccadic dysfunction in, 208 

intrusions, 200 
Supranuclear (cortical) pathways, 37, 38- 41, 38f, 39f, 

40J: 42J, 43J, 197 
disorders of, 197- 214 

diplopia and, 220- 223, 2221 
facial weakness/paralysis caused by, 284- 285 

saccades/saccad ic system and, 40- 41 , 40/ 
smooth pursuit system and, 41, 42f, 43f 

Supraorbital artery, 13f, 14f, 15J, 16 



Supraorbital fora men. 12 
Supraorbital nerve. 59/. 60 
Su praorbital vein. 2Sf 
Suprat rochlear artery. 13f. 14f. lSI. 16 
Supratrochlear nerve. 60 
Supratrochlear vein, 2Sf 
Swed ish interactive thresholding algorithm (S ITA) 

(perimetry). 101 
Swinging flashlight test, for relative afferent pupillary 

defect. 93, 94f 
SWIs. See Squa re-wave jerks 
Sympathetic nerves/pa thway. 63-65. 64f 
Synechiae 

anisocoria and, 266 
pupil irregularity and, 263 

Synkinesis, fac ial, 284f, 286 
Syphilis 

in HI V infection/AIDS, 36 1 
optic nerve involvement and. 144 

Systemic lupus cr)1hcmatosus, optic nerve involvement 
and, I44 

'1'1 (spin -lattice/longitudinal relaxation time), 70, 72 
TI -weighted images, 72, 73J, 731, 74I. 75f, 76I. 76t 
T2 (spi n-spin/transverse relax.llion time) , 70, 72 
T2-weigh ted images. 72, 72-73, 73f, 731. 74J. 75f, 76" 

77j. 78/ 
Tadpole pupil, 263 
Tangent screen, 99 

in nonorganic ophthalm ic disorder evaluation, 
313-3 14.315/ 

TAO (thyroid-associated orbitopathy). See Th)'roid eye 
disease 

Tardive dyskinesia 
blepharospasm and . 289 
facial movcments and, 292 

Target recognition/selection. smooth pursui t 
movements and, 41 

Tarsalmusdes. superior (Miille r). 63, 64, 64f 
in Horncr syndrome, 266 

Ta rsorrhaphy, in thyrOid eye discase, 334 
TE (time to echo), 70, 72 
Tear 111m (tears). dysfunction/alterations of 

dccreased vision/transient visua l loss and, III , 175 
illusions caused by, 188 

Tearing/epiphora, chewing causi ng (crocodile tears), 285 
Tea rs (artifkial), for corneal exposure in racial palsy. 288 
T ED. See Thyroid eye disease 
Telangiectasias, in ataxia-telangiectasia (Louis-Bar 

syndrome), 344, 345f 
TeleopSia, 189 
Temporal (giant cell) a rteritis. Sec Arteritis, giant cell 
Temporal artery 

deep. 15/ 
posterior,22f 
superficial , 12, 14f. 15f. 19 

Temporal bone. 7 
Temporal crescent , 34. 35f, 169, 171, In! 
Temporal rossa. 7. Ilf 
Temporal lobe. 28f 

lesions of. 103/. 168. 169f 
hallucinations and. 190-191 

Temporal nen'e, 61 

, 
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Tempororacialtrunk. or cranial nerve VII (facia!). 61 
Temporomandibular joint disease. 302 
Tensilon test, for myasthenia graviS diagnosis, 239-240 
Tension-type headache, 298, 299 
Tentorium, inferior hypophyseal artery or, 16 
Terson syndrome, 35 1, 35 1f 
Tesla,70 
Thalamic esodeviat io ns, 222f, 223 

esot ropia, convergence spasm and, 214 
Thalamostriate arteries. 23 
Thalamus, 2Sf. 39f. 'II 
Thiamine defiCiency. optic neu ropathy caused by, 15'1 
Third nerve (oculomotor) palsy, 228-232, 228f 

aberrant nerve regeneration and, 232, 232f 
l1neurysm and, 228-232, 228f. 229I. 273. 351 
anisocoria and, 265f, 271-273 
diplopia and. 223. 227 
divisional,23 1 
partial. 230 
pupil-involving, 229, 229f. 27 1-273 
pupil -sparing, 230-23 1 
in younger patients, 23 1-232 

Third -order neuron lesions, Horner syndrome caused 
by. 267 

30" test, 135 
3-step test. Parks~ Bieischo\Vsky. in rourth nerve palsy, 233 
Threshold 

contrast, lOS 
sensitivity, 100 

Threshold st imulus/testing (perimetry). 100 
Thrombosis. cerebral venous and dural si nus. 356-358 
Thymectomy. for myasthenia gravis. 33 1 
Thyroid-associated orbitopathy. Sec Thyroid eye disease 
Thyroid eye disease, 33 1-33'1, 332f 

diplopia caused by, 238, 333, 334 
ex traocular myopathy in, 332f, 333 
eyelid abnormalities and, 332, 332f 

management and, 334 
retraction, 276, 278f. 28 1,332. 332f 

neuroimaging in evaluation or, 82t, 332I. 333 
neuro-ophthalmic signs or, 33 1-334. 332f 
optic neuropat hy in, 147- 149, 148J. 333 
proptosis and, 332, 332f 
radioactive iodi ne afrecting orhital disease and, 333 
smoking and, 333 
strabismus and, 238 
thyrOid (unction tests in, 333 
treat ment 0(, 333-334 

Th)·roid runClion tests. 333 
TI (interpulse time). 70 
T1As. See Transient ischemic attacks 
Tic. racial (habit spasm). 292 
Tic doulou reux (trigeminal neuralgia), 59. 30 1-302 
T ill :lUx, spiral 0(, 55 
Tilted optic disc syndrome (Fuchs coloboma), 142- 143, 

142/ 
Time to ccho (TE). 70, 72 
Time to frpetition (TR), 70, 72 
Tinnitus, vestibular nystagmus and, 248. 249r. 250 
Titmus test, in nonorganic ophthalm iC disorder 

eva luation 
monocular no light perception and, 310 
monocular reduced vision and, 311. 31 t I 
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TMVL. See Transient visual loss. monocular 
Tobacco use 

optic ncuropathyand. 154 
thyroid disease and, 333 

Todd paralysis. 292 
Tolosa· Hllnt syndrome. 236- 237. 301 
Tonic eye deviat ions, 211 - 213 
Tonic (slow twitch) fibers , S5 
Tonic pupil (Adie pupil), 54, 265/. 270-271, 27 I/. 272/. 

316 
'Icpimmalc 

for idiopathic intracranial hypertension, 124 
for migraine headache. 298 

'Ibpomax. See Topiramatc 
Torcular Hcrophili, 26 
'Iorsional nystagmus, 252 
lbrticollis, spasmus nutans and, 247 
'Iourette syndrome, faciallwilching and, 292 
'Ibxic optic neuropathy, 154- 156, IS5[ 
Toxop/(lSltIa (toxoplasmosis). in HIV infection/AIDS, 

362 
TR (lime to repetition), 70, 72 
Tram-track sign, in optic nerve sheath meningioma, 

150f, 1501 
Transient ischemic attacks 

carot id artery disease causing, 181 
stroke following, 181, 18 1/ 
vertebrobasilar,347- 349 

Transient obscuratiolls of vision, 174, 176. See also 
Transient visual 1055 

Transient visual 1055. 173- 186 
age of patient and, 173 
binocuhlr, 173, 185-186 
carotid artery disease causing, 173, 174, 177- 183. 

179f, 183-184 
cerebrovascular disease causing, 173, 1761,347 
duration of, 173-174 
examination of patient with, 174- 175, 175/ 
migraine caUSing, 174, 184- 185, 185 
Illonocular, 173, 175- 185, 1761, 178I. 179I. 179/, 1811. 

See also Monocular trunSienl visual loss 
pauern of. 174 
recovery pauern and, 174 
signs and symptoms associated with, 174 

Transmissible spongiform encephalopathies, 368 
Transverse sinus, 26, 26/ 

thrombosis ill, 357 
Trauma 

convergence insufficiency caused by, 213 
diplopia after, 238- 239 
fourth nerve palsy caused by. 234 
neuroimaging in e\'aiUalion of, 82' 
optic neuropathy caused by, 156- 157, 156/ 
ptosis caused by, 280/, 281 
pupil irregularity caused by, 263 
seventh nerve palsy caused by, 287 

Trigeminal autonomic cephaigias, 299 
Trigeminal dermatomes, herpes zoster involving, 

302-303,303f 
Trigeminal (gasserian) ganglion . 59. 59/ 
Trigeminal nerve. See Cranialnen'e V 
Trigeminal neuralgia (Iic douloureux), 59, 301 - 302 
Trigeminal nucleus, 57, 57f. Sec also ernnia] nerve V 

Tritan defecls (trita nopia), in dominant optic atrophy. 
139 

Tdtan plates. Lanthony. in low vision evaluation, IDS 
Troch lear nerve. See Cranial nerve IV 
1"ropheryma Wllippclii, 257 
T'SCI /TSC2 genes, in tuberous sclerosis. 34 1 
Tuberculosis. in HIV infectionfAlDS. 360 
Tuberculous meningitis, neuro-ophthalmic signs of, 360 
Tuberin, 341 
Tuberous sclerosis (Bourncville d isease/syndrome). 

339/,34 1,342f 
Tumors. Sec also specific 'limor 

neuroimaging in evaluation of. 821 
Tympanic scgmelll of crania l nerve VII (facial). 61 
Tysabri. See Natalizumab 

Uhthoff s)'mptom. 174,323 
Ultrasonograph}'ful trasound,81 

in carotid artery cv,llu;uion, 81, 180 
in drusen versus papil ledema differenliation. 

134-135, 135f 
Umbo (clivus). 7 
Uncus, 54 
Unformed hallucinations, 172, 189, 190. Sec (lIsa 

Hallucinations 
Un ilateral visual loss 

in low vision eva luation, 91 
in nonorganic disordcrs. 310- 31 1,31 1 r 

Upbeat nystagmus, 25 11. 252 
Upga7.e. See Elevation of eye 
Urinary sphincter disturb:lnces, in multiple sclerosis. 

323 
Utricle, 47I. 48 
Uveitis, ischemic. 184 
Uvci tis-glaucollla-hyphcllla (UGH) syndrome. transient 

visual loss and, 175- 176 
Uvula, ventral, 48 

V I to V6 areas of brain . See Visual (calcarine/occipi tal) 
cortex 

Variant Creulzfeldt-Jakob disease, 368 
Vascular syslem 

anatolllyof, 12- 27, 13- 141. 15f, 17f, 19f. 20J, 22/ 
"ler;.I, 12- 23, 13- 14f. 15f, 17f, 19f, 20f, 22f, 23f 
venous, 23- 27. 24 - 25J, 27J 

imaging of, 74- 8 1, 79/ 
selecting modality of, 821 

V:lsculilis 
giant cell (tempoml) arteritis. See Arteritis. giant cell 
optic disc (papillophlebitis), 131 - 132, 132/ 
optic neuritis :lnd, 144 
transielll \,lsu01llo55 caused by. 1761, 183 

Vasospasm 
retinal (migraine), 184- 185. 190,297 
transient visual loss and, 174, 1761, 184- 185 

ve lD. See Variant Crcutzfcldt -Iakob disease 
VORL (Venereal Disease Research Labor<ltory) test. 36 1 
Vein of Galen. 26 
Vein of Labbe, 26 
Veins. See also specific I'ei" 

anatomy of. 23- 27. 24 - 25J. 27/ 
VelOcity, saccadic sy~tern evalual ion and, 203, 208- 209 
Vena vorticosa, 24/ 



Venereal Disease Research LabonHory (VORL) test, 361 
Venography, magnetic resonance (MRV). 77-78, 79/ 

in idiopathic intracranial hypertension, 123 
Venous sinuses, thrombosis of, 78, 79/ 
Venous stasis ret inopathy, 184 
Venous thrombosis, cerebral, 356-358 
Ventral medial rectus subnucleus, 54 
Vent ral uvula, 48 
Vcntriculopcritoneal shunting, for idiopathic 

intracntnial hypertension, 124 
Vergence system, 198- 199, 198/.204 

assessment of, 204 
disorders of, 213-2 1·1 

Vermis, dorsal. 43j. 48-49 
Versions, 215 
Vertebral artery, 12, [3j, 21. 22/ 

aneurysms or. 350/ 
dissection of. 353, 354 

Vertebrobasilar system. 22f See (l/so Ibsilar artery; 
Vertebral artery 

arterial dissections in, 353, 354 
disorders of, 347-349, 3481 

transient visual loss caused by. 186,347-348 
Vert ical gaze, 42- 44, 44] 
Vertical gaze palsy, 2 10-21 1. 2121 
Vertical interpalpebral fissure height . measurement of. 

275. 276f 
Vertical prism dissociation test. in nOllorganic 

ophtha lm ic disorders, 309, 3 10/ 
Vert igo 

benign paroxysmal positional, nystagmus and, 249/. 
250 

transient ischemic attacks causing, 347 
Vestibular artery, anterior/posterior, 21 
Vestibular nerve/nuclei, 39, 44f, 45j. 46, '17-48, 200 

disruption to, 205 
nystagmus and, 249-250 

Vestibular nystagmus, 200-201. 205, 244f, 24S-253. 2491 
central. 249/, 250-253, 25 11. 252/ 
peripheral. 248-250, 249/ 

Vestibular ocular reflex, 49f, 198- 199, 1981,200 
assessment of, 200-201 
d isorders of. 205-207, 206f, 2071 
suppression of, 206-207, 207/ 

Vestibular ocular reflex gain, 201 
Vestibular ocular system, 47-48, 47j. 49f See a/so 

Vestibular nerve/nuclei; Vestibular ocula r reflex 
disorders of, 205-207, l06j. 207/ 

nystagm us and, 200-201, 205. 2441 
Vestibulocerebellum, 48- 49 
Viagra. See Sildcnaf'il 
Vidian GlIlal. 8 
Vidian nerve, 63 
Viruses, optic nerve infections caused by, 144 
Vision 

awareness of. disorders of, 195- 196 
color, defects in. See Color vision. defects in 
decreased. See Low vision; Visual loss impairment 
double. See Diplopia 

Visual acuity 
in autosomal dominant opt ic atrophy. 139 
dynamic. vestibular ocular reflex and, 20 1 
in giant cell artcritis/AAION, 125, 126/ 

in low vision, best-corrected, 92 
in NA 10N, [26/, 127 
in optic neuriti s, 144, 145 
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testing, in nonorganic ophthalmiC disorders, 
307-314. 30Sf, 309f, 3IOf, 31 It. 3 13f, 3I4f, 3 1Sf 

bottom·up test ing and, 311 
"Visual aids:' in nonorgan ic ophthalmic disorder 

evaluation, 312 
Visual alJeslhesia, 195 
Visual (calcarine/occipital) cortex, 34-37, 35f, 36/ 

disorders of. 191 - 196, 1921 
hallucinations and. 172. 190-191 
ill usions and, 189 
recognition disorders and, 192- 194. 192/, 1931 
vision/vis ual deficit awareness disorders and, [92/, 

195- 196 
"isual-spatial relationship disorders and. 192/. 

194-19S. 19Sf 
eye movement control and, 37. 38-41, 3Sf, 39f, 40j. 

42f, 43/ 
Visual deficit. disorders of awareness of, 195- 196 
Visual evoked potential / response 

in low vision. 108- J09 
in nonorganic ophthalmic disorders, 30S 

Visual fie ld defects 
arteriovenous malformations causing. 355j. 356 
chiasmallesions causing 

bitemporal patterns and, 159- 162, 160f, 16 [[ 
parascl1ar lesions and, [62- [65. 1631 

in chronic papilledema, 122, 122/ 
in congeni tal tilted disc syndrome, 142, 1421 
congruous, retrochiasmallcsions prodUCing, 165 
cortical lesions causing. 34 
incongruous, retrochiasmallesions producing. 165 
latera l geniculate body lesions causing. 167-168. 1671 
in Leber hereditary optic neuropathy. 137, 137f, 138 
in migraine aura without headache, 296, 297 
in migraine headache, 295. 295f, 297 
in multiple sclerosis, 324 
in NAJON, 128/ 
neuroimaging in evaluation of, 84, 841 
as nonorganic disorders, 312- 314. 313f, 314/. 315[ 
occipita l lobe lesions causing, [69-172, 170j, 171/. 

172/ 
optic disc drusen causing, 133 
in optic neuritis, 12S/. 144, 1451 
in optic neuropathy, 116, 11 7f, 11 8t , 1191 
optic tract lesions causing. 32-33, 165- 167. 1661 
parietal lobe lesions causing. 168- 169 
peri metric terms and, lIS/ 
in retrochiasmallesions, 165- 172 
temporal lobe lesions causing. J03j. [68. 1691 

Visual fie ld testi ng, 97-104, 10If 102f, !O3/ 
Amsler grid, 98-99 
confrontation testing, 98. 312-313 
perimetry, 99- [04, 10 If, [021, I 03! See (llso Perimetry 
silent , in nonorganic oph thalmic d isorder evaluation, 

312 
Visual loss/ impairment. See (lIsa Blindness; Low vision 

amblyopia causing. 116 
assessment of. 91- 110. See (l/so Low vision. 

assessment of 
awareness of. disorders of, 195- [96 
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bilateral/binocular, 91 
carotid dissection and, 353 
chiasmallesions causing, 159- 165 
classification and management of, 111 - 172. See also 

specific causative factor 
functional. See Visuallosslimpairment, nonorganic 
maculopathies causing. 112-115 
media abnormality causing, 111 - 112 
non organic. 305- 317 

afferent visual pathways and, 307- 314, 30Bj, 309/, 
310f, 311t, 313f, 314f, 315/ 

categories of, 305 
examination in, 307-317, 30B!, 309! 31Of, 311 t, 

313f, 314f, 315/ 
eyelid position/function and, 316- 317 
management of, 317 
ocular motility/alignment and, 314-315 
pupils/accommodation and, 316 

optic neuropathy causing, 116-\59. See also Optic 
neuropathy 

after parasellar tumor therapy, 164 
retrochiasmallesions causing, 165- 172 
in sarcoidosis, 335 
symptoms associated with, 91 - 92 
in thyroid eye disease, 148 
time course of, 91 
transient, 173- 186. See aiso Transient visual loss 
unilateral, 91 

Visual pathways, 5-67 
afferent, 27-37. See also Afferent visual pathways 
autonomic pathways and, 63- 67 

parasympathetic, 65- 67, 65f, 66/ 
sympathetic, 63- 65, 64/ 

bony anatomy of head and, 5- 7, 6f, 7- Sf, 9- 10/ 
efferent (ocular motor), 37- 56. See also Ocular 

motility, control of; Ocular motor pathways 
facial sensory and motor fibers and, 56- 62 
neuroimaging in evaluation of, 84 
vascular anatomy and, 12-27 

Visual processing stream, dorsal, 204 
Visual reaction time (Iatenc),), saccadic system 

evaluation and, 203, 208 
Visual-spatial relationships, disorders of, 192t, 194-195, 

195/ 
Visually evoked cortical potentials (visual evoked 

response) 
in low vision, 108- 109 
in nonorganic ophthalmic disorders, 308 

Vitamin A, defiCiency of. 114 
Vitamin B12 defiCiency, optic neuropathy caused by, 154 
Vitamin defiCiency, optic neuropathy caused by, 

154- 155 
Vitreous, disorders of, decreased vision and, 112 
Vitreous detachment, hallucinations and, 189 
Voluntary nystagmus, 256, 314- 315 
von Hippe! disease/syndrome, 3391, 344, 344f 

von Hippel-Lindau disease/syndrome, 339t, 344 
von Recklinghausen neurofibromatosis. See 

Neurofibromatosis, von Recklinghausen 
VOR. Sec Vestibular ocular reflex 
Vortex veins, 14f, 24 
Vorticose veins, 24/ 
Voxel, 70 
VSR. See Venous stasis retinopathy 

Wall -eyed bilateral internuclear ophthalmoplegia 
(WEBlNO), 225, 225/ 

Wallenberg syndrome (Wallenberg later.1I medullary 
syndrome), 21, 195,205- 206 

Horner syndrome and, 267 
MR imaging in, 7S/ 

Weber syndrome, 226 
WEBINO. See Wall-eyed bilateral internuclear 

ophthalmoplegia 
Weight reduction, for idiopathic intracranial 

hypertens ion, 124 
Western blot analysis, in Lyme disease, 364 
Whipple disease, eye movement abnormalit ies in, 257 
VVhite dot syndromes, multiple evanescent (MEWDS), 

113-114,113/ 
White Maddox rod, 216. See {lIsa Maddox rod/Maddox 

rod testing 
White matter lesions 

in multiple sclerosis, 324 
neuroimaging in evaluation of, 821, S4 

White pupil (leukocoria), 263 
Wilbrand knee, 31,161 
Willis, circle of, 20 
'vViison disease, oculogyric crisis in, 212 - 213 
Worth 4-dot (red-green) test, in nonorganic ophthalmic 

disorder evaluation 
monocular no li gbt perception and, 309- 310 
monocular reduced vision and, 31 1 

Wyburn-Mason syndrome (racemose angioma), 339t, 
345,345/ 

Y -group cells, 39 
Yeasts, 364 

Zi nc deficienc)" vitamin A deficiency and , 114 
Zinn, annulus of, lOf, 3 1 
Zinn-Haller, circle of, 19 
Zoster sine berpete, 302 
Zygomatic artery, 13f 
Zygomatic bone, 5, 7, 7f, Sf 
Zygomatic nerve, 10f, S9f, 60, 61 
Zygomaticofacial artery, 14f, 15f 
Zygomaticofacial nerve, 60 
Zygomaticomaxillary suture, 9 
Zygom;lIicotemporal artery, I Sf, 16 
Zygomaticotemporal foramen, 12 
Zygomaticotemporal nerve, 60 
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